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1. As is well-hnown, the unsteady three-dimensional potential motion of 
au inviscid caapressible fluid is described in vector form by the follow- 
ing equation: 

a% ap-Gdivc+cgrad 2 
( 

g++ (I.11 

where a is the velocity of sound and c is the velocity vector of the air 
flow. 

Assuning that the air flows about the w%ng with constant velocity c in 
the positive direction along the x-axis and that the disturbances intro- 
duced by the wing are small, the perturbation velocity potential $1 will 
satisfy the wave equation in a rectangular coordinate system 

Here M is the Mach number of the mdisturbed flow. 

As a consequence of its linearity the solution of this equation is the 
expression 

where q(X, y, t) is the source distribution on the surface of the W+J, 

(1.4) 

The region of integration S lies within the forward characteristic 
Mach coue whose apex is at the given point. 
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‘Ihe value of the function for a displacement of its argument by an 
amount r can be determined with the help of the following exponential 
differential operator: 

/(rrtr)=evp(fr$)101 

Using this operator on the source distribution and keeping in mind 
the notation of (1.41, the expression for the velocity potential q$ can 
be represented as 

(1.5) 

After writing the hyperbolic cosine and the exponential function as 
the series expansions 

formula ( 1.5) can be represented as (W 

We will represent the double series under the integral sign in the 
form of a series with respect to the orders of the derivatives. 
finally obtain 

91 (r, y, 2, t) = 

s 

where n = l/2 m if I is an even run&z, and n = 1/2(n + 1) if R 
odd nunber. 

‘lbe pressure difference on the top and bottan of the wing at 
is equal to 

AP(G Y, t) --BP@++ (1.8) 

lhen ue 

(1.7) 

rls t) dEd? 

is an 

any point 

lhe value m = 0 corresponds to the steady theory and the velocity 
potential in this case (remembering that O! = 1) is 

Retention of the first two terms of the series corresponds to the 
quasi-steady theory. In the case of periodic motion the operator d/at = io 
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(where 0 is the circular frequ4ncy of the oscillation). lhis case is 
exaain4d in detail in I 1 I . 

2. The result obtained can b: applied to the solution of problems 
associated with the detenaination of the aerodynmic forces ou an elastic 
wing of finite span resulting from the action of sn arbitrary aperiodic 
disturbance. la particular, ne will apply the given sethod to the calcu- 
lation of the air loads which act on an elastic aircraft as it encounters 
a vertical air gust of arbitrary spatial form. For this the wing is r4- 

prellwated as a free, elastic plate synaetric with respect to the x-axis 
and having th4 origin of the coordinate systear located in its leading 
edge. Elastic deformations in a coordinate systen fixed in tht aircraft 
are assumed in the form 

I= w j(+S Y)Pj(') (2-f) 

j=k 

where 10.(x, 
are ink&own 

y) is the form of the oxcillatioos of the jth mode and pi(t) 
functions of the time. 

‘hen the source distribution in a new fixed-in-space systex of coordi- 
nates is expressed in the following form: 

xhere 24 is the vertical deformation of the center of gravity of the 
plate, xg is the coordinate of the center of gravity, 6(t) is the sngle 
of pitch, g(t) is the angle of roll, and M(*, y, t 1 is the velocity of 
the vertical gust. 

For practical problems it is sufficient in tha mqjority of cases to 
restrict oneself to thr44 or four forms of the elastic oscillations 
(j = 1, 2, 3, 4). Further , the pnsaure diffwence on the wing is d&w- 
mined from forxmla (1.8) and the system of differential equations for 
the maotion of the aircraft is forsmd. Lisriting oneself to a certain 
n&r of terxs of the series (1.7) depending on the capabilities of the 
electronic coaqmter, 
am be determined. 

th4 Wd5m functions pi(t), 8(t), Z*(t) and+(t) 
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