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THE FIRST ORDER DERIVATIVE OF FUNCTION (t)
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Abstract: Linear partial differential equations of second order hyperbolic type are involved in describing
oscillating and wave processes in elastic and electromagnetic mediums. In this paper we study two
equations, from the canonical form [1] of equation of hyperbolic type, and using the method of

integration along the corresponding characteristics, we obtain the first order derivative of y, (t) with
respect to t.
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1. INTRODUCTION {u(x,o):(p(x), xe R, G

u,(x,0)=w(x), xeR.

The subsidiary information about the problem
(2)-(3) solutions is

u(x,t)=x(t), 0<t<T, 0<i<n. 4

Linear partial differential equations of
second order hyperbolic type have a wide
range of applications in mathematical physics
problems. They appear in the description of

oscillatory and wave processes in elastic and
electromagnetic environments. Certain types
of first order hyperbolic systems can be
reduced to wave equation [2]. But a second
order hyperbolic equation, in turn, can be
treated as a first order hyperbolic system.

Let consider the set
Q. ={(xt):xe R, 0<t<T},
and the second order hyperbolic equation
u, =a’u, +bu, +cu, +du+F. ()
with the Cauchy data

(1

We wish to find a function from (2)-(4) with
the form F(xt)=> g,(xt)p (t)+h(xt)
i=1

where g;(x,t) and h(xt) are the known
functions, while the unknown functions p, (t),
1<i<n, Let
X <X, <..<X,_, <X, and let the function

are sought.
a(x,t) be positive, bounded and twice
continuously differentiable. The equation of
the E=E(r;x1)

characteristics passing

through a point (X t) is



?j_ii-: gia(gi’r)a

é:i (t;X,t)= X,
=12; g =

©)

where i -lsig, =1.

2. PROBLEM FORMULATION

Let us consider second-order hyperbolic
equation where the coefficients b(X,t) =0 and
c(x,t)=0
circumstances we can establish the following
result [1]:

The equation

are taken zero. In these

u, =a’u, +du+F (6)
is equivalent with the system
r,=Kr,+Dr+®, (7)

where the new unknowns are given by the the
following relations:
)@

1(v 1(v
EE PR RPN

and
r 0 0 0
r=\r,|, K=/0 a 0 |,
ry 0 0 —-a
0 2a’ 2a’
D:i d aa,-—a aa, —a, |,
d —-aa, —a -aa, —a
0
CI>_L F 9)
2a
F

3. PROBLEM SOLUTION

Lemma. Let the system r, = Kr, + Dr + ®
z(t), 0<t<T,
0<i<n.If v=u, by integrating the last two
the the

and the relationships u(x,t)=

equations  of system along

’

corresponding characteristics, then the y; (t)

will take the form

;ti'(t)=R(>q,t)+a(Xi,t)>{ [[Bu+Cv+Hgp]+
L (%.t)
+ [[Bu+Ev+ ng]} (10)
L (%.t)
where
B=C, c-Bh g B CA
2a 2a 2a
1
H :Z: p:(pla"" pn)’ g:(gl""’ gn)’
pg:zpigi' (11)
i=1
Proof. From u(x,t)=y(t), O0<t<T,
and given that u, =V we get relations
v(x,t)zq(x,t)zzi’(t), 0<i<n. But v=
a(r, +r,), that is
v(x,t)=alx,tln (x.)+r (0L (12)
v(x.t)=z (t) (13)

SO

a(x,Dlr, (x,1)+ 1,06, = 7 (1), 0<i<n.
(14)

Integrating equality U, =V results:

u(x,t)=

We integrate the second equation of system
(7), along the corresponding characteristic, as
follows:

+ Iv(x, 7)dr.

(15)

_ 1 _ F
(rz )t - a(rz )x + 7a [drl + (aax at )(rz + I’3 )]+ 28.'
(16)

(x.t)p, (t)+h(xt), (17)
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Integrate the third equation of system (7),

B d (aaX - aT) 1 h along the corresponding characteristic using
(r,), =alr,), + Salt 13> VI 529 T 52 the similar calculations, we have:
(18)
ry (X,t) =1 (52 ,O)+
Using the integral along the characteristic
t + {iu—(aa”—WV+igp+£} (23)
[ (0)=[e&(@xt)o)dr fori=1, LixoL 28 2a Ja” 2a
L (xt) 0
we obtain Make the following notations
B:i, C:a’ax_a‘t’ E:M,
d-u (aa,—a)v 2a 2a’ 2a’
r), = j afr,), + AT :
Li(xt) Li(xt) H :2_aa p:(pla"'a pn)’ g:(gla'“a gn))
L9 h} (19) )
2a PI=2 PG (24)
i=1
d aa, — and obtain
fe) = [l [ | dus BB, h
Lk Ll L 28 2a r,=1,(&,0)+ [[Bu+Cv+Hgpl+ | %
: h L (xt) Li(xt)
+ 2a gp + %} (20) (25)
h
tlor r=r(£.0)+ |[Bu+Ev+Hgpl+ | -
[(rz )t _a(rz )x]: J.[a_tz(é (TQ th)s T)_ LZ(J;,t) sz[,t) 2a
L (xt) 0 (26)
or
—al& (r;xt),7)—= :X,1),7)|d7 =
(51 (T ) T) oX (é (T ) T)} ’ Adding the relations (25) and (26) and

multiplying the result by a(x,t) we obtain:

L(E(Ex)t) -, (£ (0;x1),0)  (21) a(r, +r,)=alr,(£.0)+1,(,.0)]+ax

x{ I[Bu+Cv+ Hop]+ I[Bu+ Ev+ ng]} +

(xt) L (xt)

d (aa,-a) 1 h
+ —Uu+—>—V+—gp+—| (22 h h
a : 2aglo 2a} 22) + —+ | —| (27)
Ll 28 Lk 28



We now consider the relationship
alr, +r, )=V and get to the equation: X J[Bu +Cv+ Hgpl+ J.[Bu + Ev+ Hgp]
L(

1 Xi?t) Lz(xi»t)
30
v(x,t)= R(x,t)++ax ¢0)

4. CONCLUSIONS

x| [[Bu+Cv+Hgpl+ [[Bu+Ev+Hgp]
L (x.t) L, (xt) ]

(28) In this article we found the first order
where derivative of y,(t) with respect to t,
integrating  along  the corresponding
R(xt)=alr,(&.0)+r,(&,.0)]+ characteristics the last two equations of the
h h (29) canonical form of a second order hyperbolic
+a[ —+ I —J equation. This derivative is useful in proving
L 28 L 28 the theorem of existence and uniqueness of the

solution of inverse problem (2)-(4).
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remaining equations are obtained from

equation (28) to orderx =X, 1<i<n.

Thus:
7 ()= R(x,t)+a(x, )x



