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ZONAL AND TESSERAL HARMONIC COEFFICIENTS FOR THE
GEOPOTENTIAL FUNCTION, FROM ZERO TO 18TH ORDER

By James C. Kirkpatrick
Lyndon B. Johnson Space Center

SUMMARY

The zonal and tesseral harmonic coefficients for the geopotential function are
given in unnormalized form, from zero tc 18th order.

INTRODUCTION

The coefficients of the geopoten ial function, both zonal and tessersl, are
usually published in normalized form so that all coefficients have about the same
order of magr.itude. Although this practice is useful, it obscures the actual mag-
nitude of the coefficients. This type of publication results in an unwieldy reference
for computation purposes, and it requires the evaluation of lengthy factorial
expressions to arrive at useful data. This report has been prepared to provide
the user of the coefficients of the geopotential function with a ready reference for
the zonal and tesseral harmonic coefficients. The data for this work were obtained
from reference 1.

DISCUSSION

The geopotential function V is given as

g o R’E n n
- E E g i
= n=o(T) mE=0 an(sm ®) [Cnm cos(mA) + Snm sin (mk)] (1)

where € is the gravitational parameter, having units of lengthaltimez; r is the

magnitude of the position vector to the point in question, having units of length;

RE is the equatorial radius of the attructing body (in this case, the Earth), having

units of length; Cnm and Snm 2re the harmonic coefficients; an(sin @) is the
Legen-re polynomial function of degree n and order m given by the expression



<

t
. m 1 (-1)"(2n - 2t)! . n-m-2t
an(sin @) = cos ((p)z—n tz:=0 T - -s-T0T sin () (2)

where £ is the greatest integer equcito (n-m)/2 if n - m is even and the
greatest integer equal to (n-m - 1)/2 if n - m is odd, ¢ is the latitude of the
point in question, and A is the east longitude of the point in question.

The l.armonic coefficients are further classified as follows. When m =0,
the harmonic coefficients are called zonal; when n # m, the harmonic coefficients
are called tesseral. For the particular case in which n = m, the harmonic
coefficients are called sectorial. It may be seen from equation (1) that there are no
zonal Sno coefficients. Further, CnO = _JnO where Jno refers to the usually

published zonal harmonic coefficients. The term COO = +1 as the geopotential

function is associateu «~ith an inverse square law of attraction. Tables I and II con-

tain the unnormalized harmonic coefficients Cnm and Sn o ¢ respectively. The

normalized barred values are converted to unnormalized values as follows.

1

[(2 - smo)(zn +1)(n - m)! 2

» 8 - (n+m)! ] cnm' S'nm 3

nm nm

where Sm0=1 for m =0 and Smo=0form#0.

CONCLUDING REMARK

Th~ information presented in this report is in a form designed for immediate
use for either hand or machine computation of the geopotential function end its
gradient.

Lyndon B. Johnson Space Center
National Aeronautics and Space Administration
Houston, Texas, April 21, 1976
986-16-00-00-72
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