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Abstract

In this work, we have studied the solution of the second order dif-
ferential equation with two turning points case. It is well known that
the solutions of the equation are obtained by the asymptotic solution.
The aim of this article is to show the higher order distribution nega-
tive eigenvalues of Sturm-Liouville problem with Neumann boundary
conditions in two turning points case.
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1 Introduction

In the case of ordinary differential equations the book by Wasow [6] discusses
several aspects with detail and rigour. One of the basic tools in the sturm-
liouville theory is the idea of asymptotic of solution, for example see [1]. The
start of the systematic investigations of the asymptotic eigenvalues of sturm-
Liouville problems has been made in Haupt [3] and Richardson[4]. In [5] we
obtained the positive asymptotic eigenvalues for sturm-liouville problems with
boundary condition w'(a) = w'(b) = 0 with two turning points. The purpose
of this paper is to derive asymptotic eigenvalue for differential equation
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in which the independent variable £ range over (a,b), and u is a large parameter
and the ¢(&) is continuous function on (a, b). We also saw the asymptotic eigen-

values for equation (1), when the boundary conditions are w(a) = w(b) = 0
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with one turning point (see [2]). In this paper we study the negative asymp-
totic eigenvalues with Neumann boundary condition w'(a) = w’(b) = 0 with
two turning points case.

2 Relevant properties of parabolic functions

In this paper we will consider the equation (1). Any particular integral of the
equation whereas the general solution of the corresponding homogeneous equa-
tion. This section we study the standard form of approximating differential
equation
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when [ > 0, the turning points are at x = 4205 and for large positive [ when

I = 1p? and z = puyv/2, by [1] the solutions of (2) are in following form
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where n = 2 [¥(72 — 1)d73, k(3p* = %e*w;ﬂ +0 (efafr;ﬁ) and W (312, nyv/2),

2
W(%/ﬂ, —1y/2) are two independent solutions of (2).

3 Derivative of solutions

For next section, in Neumann boundary condition, we need the derivative of
. . 1 1 =5
solutions. For this purpose, let § = (52%1)2 then fl—g =0 = i({Q —1)2p7 —

(&% - 1)% 11 so the derivative of solutions (3) and (4) are in form of
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We consider differential equation (1). By [1] for & > 0 have two solutions in
following form

NI

W (G, —6V2u) e
(©

wi(,€) = KF (W G, eI e, sl ) = K

u
2



Differential equation with two turning points 63

where €¢; and €y are error terms. So the derivative of this solution are
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Lemma 1 The asymptotic form of Ai(u3n), Al(u3n), B;(un), Bi(u3n) are
3

given by (v — 00, > 0), a0 = %unf -

M Msysi 1
Ai(—u%m) ~ 1003041—1—1 fsma’ A;(—Uénb) ~ u%n‘lﬂTl {M3sina — Mycosa},
2w2usn,
Y Vs (8)
— 1 _
Bi(—u%nb) ~ 2cosoz1 - llsmoz7 Bg(—u%nb) ~ u%nb‘lel {Mjcosae + Mysina} .
2m2usy,
(9)
3
For ¢<0,a<—-1, pB= %wﬁa — 7 the Airy function are given by,
M; Mgsi 1
Ai(—udn_g) ~ scosP 16%6, Al(—uin_y) ~ uinl,m {Mysing — Mscosf} |

or3usn’,
(10)

1 _
7Bf(_u%7]_a) ~ u%nf(ﬂr% {Mcos3 + Mgsinf3},

(11)

2 Mgcos3 — Mssin3
~ 114
2wzusnt,

where the M; are given by

My = 32320(—1) —*—, My = 37320 (—1)° —24H—,
(Fun; )% (%u‘gf)%“
MS = ?ozo(_l)s(g V2§)2 ) M4 = io(_l)sﬁa
3 UMy ? 3 UMy s
My = 2 o(—1) 24—, My = £ o(—1) 52—,
(Fun?,)? (3un?,)?s+1
00 s s _ N\~ s Vas
M7 = s:O(_l) 2 VQ% 2e MS — s:O(_]') ﬁ
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We suppose
Y = —Misina + Mycosa, Yy = —Mjzcosa + Mysina,
1= a/(b)(—=Micosa—Msysina), L, = o/ (b)(—Mszsina+M,cosa
1 2
Y3 = —Mgcos3 — Mssinf, Yy = —Mjscos3 + Mgsin3,
Yy = 5/(a)(—M50035—1]\465m5), Yy = 5’(@)(—M5sm@+M6cosﬁ),
0= —-1)7, v =(a2—1)7.

For £ < —1 the solutions of equation (1) are in form of

1 1
wi(u,a) = Q%W%u’%(a2 — 1)’i77faﬁ(—M5 sin 3 + Mg cos 3),

2mzusnt,
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PN

wy(u,a) = 2_%u_i(a2 — 1)7% (Mg cos 8 — Mssin 3), (12)

similarly
3 1 1
wo(u,a) = 27 5u"1(a® — 1)1 (Ms cos 3 + Mgsin 3). (13)

The derivative of w(u, a) and wy(u,a) are in form of
wy(u, @) = 27Fu (3t + ) wy(u, @) = 27FuE (' + 07,

(14)
where

2 1 ;
§' = —gul@® =0, = B,y =(a"=1)75, vy =By, U= Bt
(15)

4 Asymptotic of the eigenvalues

Now we will study distribution of eigenvalue of equation (1) with Neumann
condition w'(a) = w'(b) = 0. The eigenvalue of equation (1) are the zero of
A(u) = 0 where A(u) is defined as following form

w

Aw) = | , (16)

therefore we get
wi (u7 b)wé(’% &) - w’(u, &)wé(’% b) =0
A(u) = [v'3 =75 (a)a] ("2 +005) — (Y ba+75'(a)s) (0'dhr +041) = 0 (17)

A(u) = [y (Mgcosf — Mssin3) — ' (Mscos3 + Mgsin3)]

X [9’ (Mzcosa + Mysina) + oy, (—Mzsina + M4cosa)}
— [ (MscosB + Mgsinf3) + v (—Mssinf + Mycosf3)]

[

X [0 — (= Mysina + Maycosa) + 0 (—Mycosa — Masina)] = 0.

Here we have My = M5 = ug + O(u™"') and M3 = up+ O(u™?)

Mg cos 3 — Mssin 3 = i(—l 2_5+1 cos 3 — Z —= sinp
5=0 (Fun?,)> ! ( un’? )
= ( u12 — u3g +...) cos B—(ug— +...)sin B = —(up+O(u™")) sin 3.

sun,  (FunZ,) sun’,
(18)
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Similarly we will have
—Ms cos 3 — Mgsin 8 = —(ug + O(u™")) cos 3

Mjcosa + Mysina = O(u™")
—Mssina + Mycosa = —(vg + O(u™1)) sina
M cos 3+ Mgsin 3 = (ug + O(u™")) cos 3
—Mssin 3 + Mg cos 3 = —(ug + O(u™")) sin 3
— M sina + My cosa = —(ug + O(u™)) sina
—M, cosa — My sina = —(ug + O(u™")) cos . (19)
Therefore by substituting (19) in A(u) then we will have

Au) = [(—7/ sin 3 — yBiucos 3) (ug + O(U_l))] [O(u_l) — Oayu(vy + O(u™")) sin oz} —

[(7’ cos 3 — yBrusin 3) (ug + O(u_l))} {(—9’ sin @ — fau cos a) (ug + O(u_l))} =0
(20)
where 3 = fju and o/ = aju. By deviation (20) to u then

[O(u™) = 781 (g + O(u™)) cos B[O(u~?) — flas (v + O(u™")) sin a] -

O(u™) = 7B (1o + O(u™)) sin F[O(u™) — s (g + O(u™1)) cosa] = 0 (21)
O(u™) +40p1a1(ug + O(u™))(vg + O(u™)) sina cos f—
(O(u™) + 40B1a (g + O(u™)) (ug + O(u™)) sin Bcosa) = 0. (22)
By deviation from ;3,760 in (22) then we will have

[O(u™")+(ug+O0(u™)) (vo+O(u™1)) sin a cos B—(ug+O(u™)) (ug+O(u")) sin Bcosa = 0

For uw — oo we have

up+Ou™)  M;
an . cot 8 v+ O(u1) L

since tanﬁ:ﬁ—i—%g—i—%—i—... then we see that

M, 3 0B
s 200

tan o = ]
ana M0 T3 T s

M,
ﬁz tanﬁ:

we suppose tana = x and we get arctan of two side, therefore
T 1 1 1

a=nrwm+arctanr=nmn+ - — —+ — — — + ... | >1
2 x  3x3 bad ]
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Hence we get

2 3 7 3r 1
Zomz 0 — = _ = -2
5 Ul 4—n7r—|— 1 x(l+0(m )),
at last .
2nm + ¢ 3
w = nmw T (1_‘_0@72))'
4.2 2 2
377b My X

Theorem 2 Under the conditions of the given Neumann problem, the eigen-
values of Neumann at the origin are

2nm + 3T 3
= 2 _ (1+0(™)).

3 3
4,5 ]
37 20y x

Unp
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