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Tables of Zeros of Cross Product Bessel Functions 
ip'(t) Y,'(4) - J,'(4) Y,'(t) = 0 

By Helmut F. Bauer 

In the calculation of frequencies for various modes of oscillations in a container 
comprised by a sector of the annulus between two concentric circular cylinders filled 
to a height h with incompressible liquid, in wave guide theory and in many other 
applied problems involving annular or sectional cavities, the roots of the cross 
product of Bessel functions 

(1) A-(t) = J0'(k,)Y,'(t)-Jp'(t)Yp'(ki) -O, p _ 0 

are of considerable interest. The functions J,( ) and Yp( ) are Bessel functions of 
order p of the first and second kind respectively. Here k is a parameter and 
O < k < 1. 

If p = 0 

(2) to = J-(0) Y,(ki3-J (ki) Y, = 

and if km-> 0, the zeros of A/,() approach those of Jp'(t) = 0. 
J. McMahon [1] gave an asymptotic expression for the roots of equation (1). 

However, the lowest root was not known, until D. 0. North [2] and H. Buchholz 
[3] mentioned its existence. Curves showing values of the roots of the expression 
(1) are shown in a few cases by D. Kirkham [4] for p = 0, 1, 2, 3, 4. The purpose of 
this paper is to extend the range of the index p and present the lowest ten roots 
for p 0(1)25, k = 0(0.1)1.0. Bridge and Angrist [5] give the first eleven zeros 
for p = 0(1)12 and k = 1.1, 1.2, 1.5, (0.5)5.0. The present tables extend the range 
of k. The calculation of the roots was accomplished by interpolation of A,( ) = 0. 

For the calculation of the derivatives of the Bessel functions the series expanison 
was used in the argument range 0 < x ? 5.0 for the Bessel function of first kind and 
0 < x < 5.75 for the Bessel function of second kind. For larger arguments the 
asymptotic expansions were employed. For the cases in which argument and order 
of Bessel functions are nearly equal the results of Reference [6] have been used. 
The roots are correct to at least the fourth digit. 

Received June 7, 1963. 
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The present paper presents the zeros for p = 0(1)11. Graphs of the zeros 
versus the parameter k (0 < k < 1) and more extensive tables for p = 0(1)25 
are available from the author on request. 
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