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DYNAMIC REACTIONS ALONG A RIGID-SMOOTH WALL IN
AN ELASTIC HALF-SPACE WITH A MOVING BOUNDARY LOAD

STEPHEN A. THAU

Department of Mechanics, Illinois Institute of Technology, Chicago, Illinois

Abstract-This paper studies the dynamic forces exerted along the sides of a rigid-smooth wall which separates
an elastic half-space into two quarter-spaces. The boundary of the half-space is subjected to a pressure wave
of arbitrary shape moving with constant velocity. Both the shape and velocity of the wave may change as it
passes the wall. The problems for each quarter-space are analyzed exactly using the method of images in con­
junction with previously established techniques for dynamic half-space problems. Explicit results for the total
force and moment exerted on the wall are presented. These reactions are proportional to the convolution of
the load history with unity and time, respectively. The proportionality constants are evaluated numerically over
a wide range of pressure wave velocities.

1. INTRODUCTION

IN RECENT years many studies have been made on the scattering of stress waves by cavities
and inclusions in elastic media with emphasis on evaluation of the dynamic response of
the scattering obstacle, Some of this work is listed in the recent papers of Thau and Pao [IJ,
who considered the interaction ofshear waves with parabolic shaped cavities and inclusions,
and of Mow and Workman [2J, who treated the problem of a fluid filled cavity struck by
a compressional wave. Other papers are reviewed in the survey article on elastic wave
propagation by Miklowitz [3].

Apparently, however, all the investigations in this area have taken the elastic medium
surrounding the obstacle to be infinite in extent. Therefore, for applications in design of
underground structures set near the ground surface, studies on scattering of elastic waves
by obstacles in a half-space should be useful; and this paper presents such a study.

The problem of scattering of elastic waves by a semi-infinite, rigid-smooth wall of
finite thickness which divides a half-space into two quarter-spaces is treated (Fig. 1). The
surface of the half-space is subjected to an arbitrary pressure wave moving with constant
velocity, Since the rigid-smooth wall is assumed to be stationary, boundary conditions
along its surfaces specify the normal displacement, Ux ' and the shear stress, 't'XY' to vanish.
Furthermore, these conditions imply that the responses in the two quarter-spaces are
independent.

To solve the two quarter-space problems with rigid-smooth vertical boundaries, the
method of images can be used. This is because both Ux and 't'xy vanish identically along the
y-axis in a half-space which is loaded symmetrically about this axis. On the other hand,
it is noted that for a rigid wall with "rough" surfaces (both displacements vanish) the
method of images fails to provide the solution. In fact, the problem of a quarter-space
with a rigid-rough vertical boundary has, so far, been too complicated to solve.

Principal results of this investigation are the normal forces exerted on each side of the
wall and the moments acting at the top of the wall. The former reactions are found to be
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FIG. 1. Geometry of problem and incident waves.

proportional to the integral of the pressure wave load, while the moments are proportional
to the convolution of the pressure wave and time. The proportionality constants are
calculated for a wide range of pressure wave velocities with the Poisson's ratio of the
half-space taken as 0·25.

2. MATHEMATICAL FORMULATION OF PROBLEM

Both the pressure wave load which moves along the surface of the half-space and the
rigid-smooth wall imbedded within (Fig. 1) are assumed to extend indefinitely in the
z-direction. Thus, the medium is taken to be in a state of plane strain in which the z-dis­
placement is zero and the x and y displacements and stresses are independent of z. The
equations of motion for the waves in the elastic quarter-spaces become:

(1)

where V2 is the Laplacian, dots indicate time derivatives,

C2 = (pJp) with £2 = (l-2v)/(2-2v) (2)

are the velocities of the compressional (P) and shear (S) waves, respectively, with p, v, and p
being the shear modulus, Poisson's ratio, and density of the elastic medium.

The compressional wave potential, cjJ(x, y, t), and the shear wave potential, h(x, y, t),
are related to the displacements by

U}. = ocjJjoy-ohjox (3)

and the stresses, t ij , are determined from Hooke's Law:

where Cartesian tensor notation is used in (4) with oij being the Kronecker delta.

(4)
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Boundary conditions along both sides of the rigid-smooth wall (x = ±w) specify the
normal displacement and shear stress to vanish, i.e.,

ux(±w,Y,t) = !Xy(±w,y,t) = O. (5)

To complete the mathematical formulation of the problem, boundary conditions
along the surface of the half-space must be specified. First, however, we shall discuss the
assumptions which are made concerning the pressure wave loading.

The load is taken to occur originally far to the left of the wall (x -4 - (0) and it travels
in the positive x-direction with constant velocity. The instant its front reaches the left
side of the wall (x = - w) is taken as t = 0; the time it reaches the right side is t = to
where, of course, to depends on the wall thickness, 2w. In progressing from the left to the
right side of the wall, both the velocity and intensity of the load are permitted to change.
We shall denote the velocity and variable intensity along the left quarter-space by CL and
PL(t), respectively, and similarly along the right side by CR and PR(t). It is understood that
PL[t-(X+w)/cLJ == 0 for t < (x +w)/cL and PR[t-(x-w)/cRJ == 0 for t < (x-w)/cR.

The velocity of the load along the left-hand quarter-space, CL' is supersonic (i.e., CL is
greater than the elastic wave speeds) so that the elastic waves strike the left side of the
wall initially at t = O. Note that for pressure wave velocities less than the elastic wave
velocities, the problem for the left quarter-space would be indeterminate because dis­
turbances propagating therein would strike the wall at some indefinite time before the
pressure wave reaches the wall. One would have to specify a finite time and position for
the origin of the load in order to consider transonic (c2 < CL < c t ) and subsonic (cL < C2)

load velocities over the left-hand quarter-space. On the other hand, since the inception of
loading of the right-hand quarter-space occurs at a definite position (x = w) and time
(t = to), we can consider the constant velocity of the load thereupon, CR, to be arbitrary.

Now, the remaining boundary conditions become:

(6a)

(6b)
x> w, t < to

x < - W, - 00 < t < 00!Yix, 0, t) = - PL(t - X/CL - w/cL);

{
O;

!yy(x, 0, t) =
-PR(t-to-X/CR+W/CR); x> w, t > to

!Xy(x,O,t) = 0; -00 < x < 00, -00 < t < 00 (6c)

As the above conditions imply, the problems for the left and right-hand quarter-spaces
can be treated separately. This is done in the following section.

3. SOLUTION OF PROBLEM AND REACTIONS ON WALL

Mathematically, the problem in each quarter-space is to solve the equations ofdynamic
elasticity for plane strain, equations (lH4), subject to the boundary conditions (5) and (6).
As explained in the introduction, boundary conditions (5) are satisfied identically along
the y-axis in a half-space with symmetric loading about this axis (Figs. 2 and 3). Hence,
the responses in the left and right-hand quarter-spaces in Fig. 1 can be determined from
the responses in the left half of the half-spaces in Figs. 2 and in the right half of the half­
space in Fig. 3, respectively, with

XL = x+w, X R = x-w, YL = YR = Y (7)
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FIG. 2. Half-space problem equivalent to left-hand quarter-space problem of Fig. 1. (A) Equivalent
steady-state problem for - cr.. < t < O. (B) Continuation of Fig. 2A with t > O. (el Transient portion

of problem with t > O.
FIG. 3. Transient half-space problem equivalent to right-hand quarter-space problem of Fig. 1 (t > to)'

Throughout, xy are the coordinates for the original problem (Fig. 1), and XLYL and XRYR

are the coordinates for the half-space models in Figs. 2 and 3, respectively. The YL axis in
Figs. 2 corresponds to the left side of the wall, while the YR-axis in Fig. 3 represents the
right side of the wall.

3.1 Response in left-hand quarter-space

Consider the half-space shown in Fig. 2A for t < 0 and in Fig. 2B for t > O. It is subjected
to the following two pressure wave loads on its surface:

(8a)
-CXJ<t<oo

(8b)
-CXJ<t<CXJ

Now, the first term on the right side of equation (8a) is the same pressure wave traveling
over the left-hand quarter-space in Fig. 1 [equation (6a)], and hence it produces in the
left half of the half-space the same elastic waves which impinge on the left side of the wall
in Fig. 1. The second term in (8a) is the "image" load and, since it travels in the negative
Xcdirection, faster than the elastic waves, it produces no disturbances in the left half of
the half-space for t < O. For t > 0, however, it produces in the left half of the half-space
some of the waves which are scattered by the left side of the wall. Note that we say "some"
because, for t > 0, the image load in (8a) is moving over the left side of the half-space as
shown in Fig. 2B; and no such load occurs on the left quarter-space of Fig. 1. Therefore,
to determine the total scattered wave field in the left quarter-space, we must superimpose
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(10)

(9a)

the response in the left half of the half-space loaded as shown in Fig. 2C, i.e.,

!YiXL' 0, t) = PL(t+XUCL); XL < 0, t > °
!yy(XL, 0, t) = pdt-XUCL); XL > 0, t > 0

!Xy(XL, 0, t) = 0; -00 < XL < oo,t > 0 (9b)

to the response in the left half of the half-space in Fig. 2B. Note that the loading in (9)
cancels the undesired effects of the image pressure wave in (8a). Zero initial conditions
are also specified for the half-space problem in Fig. 2C because the total response must be
continuous at t = O.

For convenience we shall treat the half-space problems in Figs. 2A,B and in Fig. 2C
separately, denoting the solutions with subscripts, AB and C, respectively.

For the problem in Figs. 2A,B with boundary conditions (8), recall that both the actual
load, PL(t- xucL), and hence its image, pdt+ xucL), occur originally at XL -> +00, respec­
tively, and t = 0 is defined as that instant when these loads reach XL = 0. Thus, for all
finite values of time, the response to these loads will be quasi-static, depending only on
the variables (t+xucd and YL. The solution to this problem is obtained by the method
with which Cole and Huth [4J determined the steady quasi-static response of a half-space
subjected to a single, moving, concentrated, line load (Pdt) = J(t), where J(t) is the Dirac
delta function). Since this method is also discussed in detail in Fung's text [5J, it is only
outlined here and then the results are given.

Solutions of the equations of motion are taken in the form of outgoing plane compres­
sional (P) and shear (S) waves produced by the two loads in (8a):

cPAB(XL, YL, t) = ljJ[t-(XL +iXYL)/CLJ +ljJ[t+(xL-ayd/cLJ

hAB(XL,YL, t) = cr[t-(xL+PYL)/cLJ-cr[t+(xL-PYL)/CLJ

where

iX = (cUd -1)-1-, P= (cUd -1)-1- (11)

(12)

are real positive numbers, since CL > C t > C2 . The first terms on the right of equations (10)
represent the actual incident waves as shown in Fig. 1. Upon substituting these expressions
into equations (3), (4), and then into the boundary conditions (8), we obtain the results:

j1.t}i(t) = -cI(P2 -1)NpL(t)

j1.ij(t) = 2iXC£NpL(t); N = [(P2_1)2+4aPJ-t

where dots indicate differentiation with respect to time and it should be recalled that
PL(t) == 0 for t :$: 0. This completes the solution of the problem in Figs. 2A,B. To calculate
the reactions it produces on the left side of the wall, we substitute (10) with (12) into (4) to
obtain

!xx(O, YL, t)IAB = 2N(P2 -1)(2a2- p2 -I)pdt- aydcd;

!xx(O, YL, t)IAB = 2N[(P2 -1)(2a2
- p2 -l)PL(t -aYdcL)

+ 4appdt - PYucdJ ; PYUCL < t (13)
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Thus, the effects of the plane incident and reflected P waves, tjJ[t - (IXYL ±XL)/CL], respec­
tively, are seen to occur initially at the left side of the wall at t = IXYLfc L , while the plane
incident and reflected S waves, O'[t-(lXh±XL)/CL], first arrive at t = f3yLfcL. Of course,
we must still superimpose the results from the problem in Fig. 2C to determine the total
stress distribution along the left side of the wall.

To solve that problem (Fig. 2C) we follow the procedure used by Ang [6] who considered
a half-space with a moving, concentrated, line load which started from rest. Again, this
technique is explained in Fung's text [5] and so it is only briefly discussed here.

Since this is an initial value problem, we cannot use the steady, quasi-static solution
in (10). Instead we begin the analysis by applying a Laplace transform in time and a Fourier
transform in Xl. to the equations of elastodynamics (IH4) and the boundary conditions
(9), where

j(XL, YL, s) =fD !(xL, h, t) e- st dt

defines the Laplace transform of !(xL , YL, t) and·

J(~,YL,t) = f:,,"!(XL'h,t)e-i~XLdXL

(14a)

(14b)

is its Fourier transform.
The transformed boundary conditions (9) become

Tyy(~,O,s) = 2SL(~2+sD-1PL(S);

Txy(~, 0, s)'= 0
(15)

(16)

and it can be shown that solutions of the transformed equations of motion (1) which vanish
as YL ---> OCJ and satisfy (15) are

fJ.$c(~'YL,s) = (2~2+s~)~-lTyi~,0,s)e-mYL

fJ.1ic(~'YL,s) = 2im~~-lryi~,0,s)e-nYL

where

and

S2 = s/c2 (17)

(18)

is Rayleigh's function which vanishes only at ~ = ± ish, y being the velocity of Rayleigh
waves in the half space. For real elastic materials, 0·87 < y/C2 < 0,96.

The inversion of the transformed solution (16) throughout the half-space (Fig. 2C) can
be accomplished with Cagniard's method [5,6]. Briefly, this method consists of appro­
priately changing the integration variable in the Fourier transform inversion integral,

(19)

so that the integral becomes the Laplace transform (14a) of some function of time (and
position). Then the inverse Laplace transform operation yields that function.
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Here, Cagniard's method will be used to determine the normal stress, 'xxle' along the
ycaxis. Substituting (16) into the transform of (4) and then into (19), we find

Txx(O, YL, s)le = Iln - 1J~ [(s~ -2si -2e)et(~,YL, s)

- 2in~h(~, YL, s)] d~
(20)

where we have used the fact that Txx is an even function of ~ to halve the range of integration
from (19) to (20). To change (20) to a Laplace transform type integral, let st = mYL and
nYL in the integrals involving ;p and ~, respectively, to obtain:

Txx(O, YL, s)le = ALyZ lpdS)[J
oo

PL(t, YL) e- st dt
YLiel

+Joo SL(t, YL)e- st dtJ
YLle2

where

PL = ° for t < yJc1,

PL = ~(2~2 -1)(2~2 + l52){(~2 - e2)t(~2 - e2+ "I)[(2~2 + l52f
_4~(~2_e2)(~2+l51)t}-1 for t > yJc1 ,

SL = ° for t < yJc2

and

(21)

for

are associated with the non-planar, transient, compressional and shear waves, respectively,
which are scattered along the left side of the wall. In (21) and (22)

~ = C2t/YL' "L = C2/CL, l5 1 = l-e2, l52 = 1-2e2,

AL = - 2"Lc2/n, and e2 = c~/ci = (1- 2v)/(2 - 2v).
(23)

Now, rxx(O, YL, sl is expressed as the sum of two Laplace transforms of known functions.
Therefore, we immediately can invert equation (21) as

'xx(O,YL,t)le = 0;

'xx(O,YL,t~e = ALyZlpdt)*PL(t,YL);

'xx(O, YL, tt = ALyZ 1PL(t)*[Pdt, YL)+ SL(t, YL)];

0< t < yL!c 1

yL!c 1 < t < yL!c2

yL!c2 < t

(24)
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(25)

denotes the convolution of f(t) and g(t).
The total stress distribution along the left side of the wall is the sum of (13) and (24).

From it the resultant normal force, Fdtl, and moment, MOL(t), can be calculated.

(26)

where a positive force acts in the positive x-direction and a positive moment has a clock­
wise sense. The moment in (26) acts at the top of the wall, YL = O. To find the moment at
an arbitrary point on the wall, YL = a, we use

MaL(tl = Modt)+aFL(t).

Substituting (13) in (26) we find

FL(t)IAB = 2c2b2(aKn-1 N[pdtl*l]

MOL(t~AB = -2d(apKL)-2[b 1N(fF -1)KZ4 -a2][PL(t)*t]

(27)

(28)

(29)

(30)

where a and pare defined in (11); N in (12); and KL , 15 1 , and 15 2 in (23).
Similarly, we could substitute (24) into (26), but it is easier instead to calculate Fdtllc

and MOL(t)lc by performing the integration over YL indicated in (26) directly on the ex­
pression for Txx in (20). In this manner we obtain

FL(sl = -2b2KLn-ls~iJL(s)J~ .1(e, sHe ::nt(e + sf)

-I - [Jon de
M oL(s)lc = - 2KLn s2pds) 0 (e 2+ s~)(e + sf)

15 4 JOO (2e
2 + s~) de J

- I
S
2 0 .1(e,sHe+si)(e+s~)(e2+sf)

where .1(e, s) is defined in (18). The above expressions are readily inverted, for ifeis replaced
by S2e in the integrals in (29), Fds)lc and Mods)lc are seen to be proportional to PL(S)/S
and PL(S)/S2, respectively. Hence, it follows that

FL(t)lc = -2c2b2KLn-IIL[PL(tl*l]

MOL(t)lc = -2dKLn- 1([2KdKL+1)r In-blJLHpdt)*t]

where

I L = [[(e2 + 8
2)t(e2+ KI)nw] -I de

J L = f~ (2e+l)[(c;2+ 82)(c;2+1)(c;2+ Kf)n(c;)r 1 dc;

(31)
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with n(~)=(2~2+1)2_4~2[(~2+e2)(~2+1)J-t. Since n(~) vanishes only at ~= ±ic2/Y
(0'87 < y/c2 < 0·96 for actual materials) the above integrals are convergent and, in fact,
can be evaluated in terms of familiar, tabulated functions (see Appendix).

Thus, the total normal force on the left side of the wall

(32)

is proportional to the convolution of the intensity of the moving load and unity, whereas
the total moment exerted at the top of the wall,

(33)

is proportional to the intensity of the load convolved with t.
Numerical results for (32) and (33) are shown in Figs. 4. These will be discussed along

with similar results for the reactions on the right side of the wall after the problem for the
right-hand quarter-space is treated.

RL,R 2.8

2.

2.0

1.6

1.2

.8

RR~

3 7 8 9 10
CL,R

C2

FIG. 4. Coefficients for the force on the left and right-hand sides of the wall vs. cdcz and CR/CZ' respec­
tively (v = 0'25).

3.2 Response in right-hand quarter-space

Recalling that the pressure wave in Fig. 1 reaches the right side of the wall at t = to
and that its intensity and velocity then become PR(t) and CR, respectively, we consider the
half-space in Fig. 3 which is undisturbed for t :::;; to and which is subjected to the moving
loads.

'y,(XR, 0, t) = -PR(t-tO-XR/CR);

'yy(xR,O,t) = -PR(t-tO+XR/CR);

'x,(xR , 0, t) = 0;

(34)
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for t > to. The load moving over the right half of the half-space (xR > 0) is the same one
specified in the original problem Ceq. (6b)], while the load moving in the opposite direction
over the left half (XR < 0) is the image load. Therefore, boundary conditions (5) for the
sides of the rigid-smooth wall will be satisfied along the YR-axis in Fig. 3 and the response
in the right half of this half-space will be equal to the response in the right quarter-space
in Fig. 1.

The problem in Fig. 3 with boundary conditions (34) is very similar to the previously
considered problem in Fig. 2C with boundary conditions (9). In fact, if t is replaced by
t- to; XL' YL, and CLby XR, YR' and CR; and PL by -PR in the latter problem, then we have
exactly the problem in Fig. 3. Therefore, the solution of the right-hand quarter-space
problem is readily determined from the solution in the right half of the half-space in Fig. 2C
by observing the aforementioned changes. In particular, the normal stress along the right
side of the wall follows from equations (24) as

'xx(O'YR,t) = 0; 0 < t-to < YR/Cl

'xx(O,YR,t) = -ARYR"I[PR(t-tO)*PR(t'YR)]; YR/C l < t-to < YR/C 2 (35)

'xx(O, YR' t) = -ARYR" I{PR(t- to)*[PR(t, YR)+SR(t, YR)]}YR/C2 < t-to

where PR and SR are determined from (22) by changing KL = C2/CL to KR = C2/CR and
1'/ = c2t/YL to ij = c2(t - to)/YR' Also, AR = - 2KRc2/n and * denotes the convolution
operation defined in equation (25). In evaluating the resultant normal force and moment
we must remember that a positive stress along the right side of the wall acts in the same
direction as a positive force on this side. Hence,

(36)

and the results follow from (30) as

FR(t) = -2C2()2KRn~IIR[PR(t-to)*I]

M OR(t) = - 2c~KRn- 1{[2KR(KR+or In -()l]R}[PR(t - to)*t]

where IRand]R are found from (31) with KL replaced by KR.

(37)

3.3 Numerical results for reactions on wall

The total reactions on the left and right sides ofthe wall are given by the sum ofequations
(28) and (30) and by equation (37), respectively. It is observed that these results have tpe
form

FL(t) = c2 RL[PL(t)*I], MoL(t) = -C~BL[pdt)*t]

FR(t) = -c2RR[PR(t-to)*I], MoR(t) = dBR[PR(t-tO)*t]
(38)

where RL,R and BL,R are positive coefficients which depend only on C2/C I = I: (equation 2)
and C2/CL,R = KL,R' These coefficients have been calculated numerically for a Poisson's
ratio of the half-space, v = 0·25, so that I: = (3)-t. Figure 4 shows the variation of RL,R
with CL.R/C2 while similar curves are presented in Fig. 5 for BL,R'

It is seen from both figures that the reactions on the left side of the wall become infinite
as CL ---> C l = 3t c2 • (Recall that the analysis of the problem in the left quarter-space is
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FIG. 5. Coefficients for the moment at the top of the left and right sides of the wall vs. cdcz and CR/CZ'

respectively (v = 0'25).

valid only for CL > cd This is due to the factor a-I = [(CJC 1)2 -lr+ in equations (28)
and can be accounted for physically from Fig. 1 and equations (10). As CL --+ Cl' the incident
plane P wave front becomes parallel to the wall, i.e., rPAB --+ ljJ(t-XJC2)' In such a case the
wall would be subjected to a uniform normal stress over its entire left surface which in
turn would produce an infinite force and moment on the wall. Both coefficients, RL and
Bu decrease monotonically as CL increases, with R L --+ (3)-+ and BL --+ 1 as cL --+ 00.

These limits are indicated on the figures.
The coefficients for the reactions on the right side of the wall are zero for CR = 0 since

this would imply that the right-hand quarter-space is never subjected to load. As CR in­
creases, these coefficients increase and also approach the limits, RR --+ (3)-+ and BR --+ 1
as cR --+ 00. This does not mean, however, that the net reactions on the wall
(FL+FR, MOL +MOR) become zero as CL,R --+ 00, for, although to --+ 0, PR(t) still need not
be equal to pdt).

4. SUMMARY AND CONCLUSIONS

The problem of the dynamic loading of a rigid-smooth wall which divides an elastic
half-space into two quarter-spaces has been studied for the case of an arbitrary plane,
moving, pressure wave load on the surface. Since the boundary conditions along a rigid­
smooth vertical boundary of a quarter-space are identically satisfied along the y-axis of a
half-space subjected to symmetric loading, exact solutions for the present problem can be
determined. The major results presented are the reactions occurring on the wall. For the
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infinitely long wall (in the y-direction of Fig. 1) considered here, these results are valid for
all times. Furthermore, such a wall has infinite mass so that its rigid body motion is always
zero.

Nevertheless, the results of this study may also be applied in the case of a finite wall
for times, t < rxl/cL , where I is the length of the wall. This is because t = rxl/cL is the time
when the front of the incident compressional wave (equation 10) would reach the bottom
of the left side of the wall. The time when the front of the compressional wave would reach
the bottom of the right side is t = to + I/c i which is larger than rxl/cL since rx < cdc l .

Therefore, the reactions on a finite wall, held fixed, are correctly given by equations (38)
for t < rxl/cL . To determine the subsequent rigid-body motion of a finite wall, one can use
the rigid-fixed reactions given here for t < rxl/cL as "forcing functions" after the "transfer
function" or free vibration solution is known. This method of splitting the reactions on a
rigid mobile inclusion into rigid-fixed and free vibration portions is discussed in a previous
work [7].
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APPENDIX

Expressions for the coefficients, RL,R and BL,R' appearing in equations (38) contain the integrals, I L.R and
h,R' respectively, which are defined in equations (31) and immediately following equation (37). Dropping the
subscripts L,R we have

I = f' [(~2 +;)t(e + /(2)n(~w I d~
• 0

J =L (2e+l)[(~2+t)(~2+l)(~2+/(2)n(~Wld~
n(~) = (2~2 + 1f _4~2[(~2 +tH~2 + l)J!

when Poisson's ratio is 0·25. Rationalizing the denominators in (39) we obtain

(39)

(40)

(41)



where

and

Dynamic reactions along a rigid-smooth wall

f,(~) = (~2+W[(~2+K2)(~2+t)(e+a~)W+a~WI

f2(~) = ~2W + l)(e +!)-2 fl(~)

f3(~) = (e +!)[(e +t)(~2+ lW 1fl(~)

U~) = ~2W+t)-lfl(~)
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(42)

(43)

(44a)

Each of the above functions,/;(~), can be expressed as a sum of partial fractions of the form C/(e +b2 ) where C
and b2 > 0 are constants. The details are lengthy, but straightforward and we are left with four different types
of integrals. In the expression for I we must integrate terms of the form

Ii = ([W+rr)tW+b2W'd~;

and in J we have integrals of the form

J 1 = [(~2+b2)-1 d~ (44b)

J 2 = r [(~2+~)(~2+I)J-t(~2+b2)-ld~ (44c)
o

Making the substitutions ~ = r,x(l-x2)-t, ~ = btanx, and ~ = 3- t tanx in 44a, b, and c, respectively, we
obtain

Ii = J: [b2+(rr-b2)x2J-I dx

= [b(rr-b2)!r l tan- I[(rr-b2)!/bJ; b2 < rr

b2 = rr

b2 > r?

(45a)

(45b)

(45c)

In (45c), K(i) is the complete elliptic integral of the first kind with parameter, i; and IT is the elliptic integral of
the third kind with parameter, i, amplitude, n/2, and characteristic, [1-(3b2)-'J [8].

Therefore, in the manner just outlined, we can obtain explicit expressions for I and J in terms of tabulated
functions [8].

(Received II April 1967; revised 3 July 1967)

A6cT]l8KT-B pa60Te HCCJIe,l\yeTcJl ,l\HHaMH'IeCKHe CHJIbI ,l\eiicTBYIOII.\He B,l\OJIb CTOpOH lKecTKOii H rJIa,l\Koii
CTeHbI, KOTOpaJi pa3,l\eJIJleT ynpyroe nOJIynpocTpaHCTBO Ha ,l\De '1eTDepTH npOCTpaHCTBa. Kpaii nOJIynpo­
CTPaHCTBa HaXO,l\HTCJI no,l\ BJIHJlHHeM BOJIHbI ,l\aBJIeHHJI, npOH3BOJIbHOii ljIOPMbI, ,l\BHlKYLQeHCJI CnOCTOJlHHOii
CKOpOCTbIO. «I>opMa H CKOpOCTh BOJIHbI MoryT H3MeHJlTCJI npH nepexo,l\e CKB03b CTeHbI. PeWaIOTCJI TO'lHO
,l\De 3a,l\a'lH ,!\JIJI KalK,l\OH '1eTDepTH nOJIynpocTpaHCTBa, HCnOJIb3YJl MeTO,l\ oTo6palKeHHil B CBJl3H C BblDe,l\­
eHHbIM paHee aHaJIH30M,!\JIJI ,l\HHaMH'IeCKHX 3a,l\a'l nOJIynpocTpaHCTBa. )l,aIOTCJI BJlBHOii ljIopMe pe3YJIbTaTbi
,!\JIJI cYMMapHoll CHJIbl H MOMeHTa, BbI3bIBaHHblX Ha CTeHe. 3TH peaKL\HH JlBJIJlIOTCIi npOnOpL\HOHaJIbHbIMH
CDepTKe HCTOpHH Harpy3KH, OTHOCHTeJIbHO C e,l\HHHL\eii H HOBpeMeHL\. BbIDe,l\eHO '1HCJIeHHO KOHCTaHTbI
nponOpL\HOHaJIbHOCTH ,!\JIll WHpOKoro Kpyra CKopOCTeii BOJIHbI ,l\aBJIeHHJI.


