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 引力势函数 

 

 分离变量法 

 

 勒让德多项式球谐函数 

 

 引力位低阶展开式 

 

 引力场模型 

 

 



单位质量力“元” 

力元对空间积分 



定义引力势 

注意到 

则 



对g(x)求散度  



带入势函的梯度，得到泊松方程 

泊松方程提供了求解引力势的一条途径，然后再通过求解 
梯度得到引力，这往往比力元进行积分更为方便。 

对于密度为0的情况，为拉普拉斯方程 



 牛顿第一定理：球壳内位于其内部任意一点上的物理的引力之
和为零。 

 牛顿第二定理：闭合球壳对位于球壳外任一物体的引力，等于
把球壳所有质量集中于球壳中心上的点质量对该物体的引力。 

 



二体问题中曾经定义过拉梅系数 



如果球壳的厚度忽略不计，求解泊松方程的任务简化为求解球壳内部和外
部的拉普拉斯方程。球坐标系下拉普拉斯方程为 

笛卡尔坐标 

柱坐标 



带入拉普拉斯方程 

左边与phi无关，右边与r,theta无关， 
只能两者都等于常数，如m^2 



第一式积分结果 

第二式变形 

左端与theta无关，右端与r无关，则只能两者等于常数，记为l(l+1) 















第一类与第二类缔合勒让德函数是下面微分方程的
线性独立解。 
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不同递推方法，对累积误差损失不同，这里给出的方法较传统方法 
精度损失较小，推荐使用。 
详见： S.A. Holmes   Jounal of Geodesy  2002 
A unitfied approach to the Clenshaw summation and recursive  
computation of very high degree and order normalised 
 associated Legendre functions  













球谐展开 

勒让德多项式的球谐表示 











加法公式 



















Comparison between different models. 
Normalised zonal coefficients Cl∗0 
and other normalised coefficients Cl m 
∗ and Sl m ∗ . All values should be 
multiplied 
by 1E-6  
 



Anomalies of the geoid in the EGM96 model . This map, using the 

platecarr´ee projection, represents the anomalies of the geoid (in meters) 
relative to the reference ellipsoid, as described by the US model EGM96.  
 
 



The satellite GOCE (Gravity field and 
steady state Ocean Circulation 
Experiment) has improved our 
knowledge of the geoid still further, 
with a very low orbit (200 km) and a 
gradiometer comprising six 
accelerometers with  an accuracy of 
10-12 m s-2  
 

The GRACE mission (Gravity 
Recovery And Climate 
Experiment) comprises two twin 
satellites GRACE-A and B, 
which follow one another 
around24 on the same orbit, 
separated by a distance of 200 
km  
 



 The first satellite data were integrated into existing models and, from 
1970,certain models were established exclusively on the basis of space 
data. The SAO SE-1 model (Smithsonian Astrophysical Observatory-
Standard Earth),considered to be the first satellite-only model, 
presented a degree 8 expansion of the geopotential in 1966. In 1973, 
the SE-3 model (degree 24) used the first laser ranging measurements 
to establish the distances to satellites.  

 The GEM model (Goddard Earth Model) was established by NASA’s 
Goddard Space Flight Center (GSFC) in the United States as a reaction to 
the classified US military models. The first model GEM-1 was published 
in 1972,expanding the potential to degree 12. The GEM-T2 model, 
published in 1990,exploited the data from 31 satellites. It gave a model 
with all coefficients up to degree 36, and some up to degree 50, and it 
also provided a very high order expansion for the tides. 

 The JGM model (Joint Gravity Model) was produced jointly by NASA and 
the University of Texas. In 1994, JGM-2 (degree 70) amended GEMT3 
(degree 50), itself successor to GEM-T2, with the first results from 
TOPEX/Poseidon, and JGM-3 integrated the data from other satellites 
suchas LAGEOS-2. 
 



 The EGM model (Earth Gravity Model) is the result of a collaboration 
between SFC-NASA, NIMA (National Imagery and Mapping 
Agency),and OSU (Ohio State University), which has established 
many models, from OSU68 to OSU91. In 1996 came EGM96S of 
degree 70, with data provided solely by satellites, and EGM96 of 
degree 360, adjoining geophysical data.They used data from 40 
satellites, including satellite to satellite measurements,with the GPS 
constellations26 and TDRSS. The latest model EGM2008 was based 
mainly on GRACE data to achieve an expansion up to degree 2190. 

 Since 2002, the GGM model (GRACE Gravity Model) has been 
developed by the University of Texas using only data from GRACE: 
accelerometer, attitude, and distance between the two satellites (K-
band range-rate).  

 in Europe, the GRGS (Groupe de Recherche en G´eod´esie Spatiale) 
in France and the DGFI (Deutsches Geod¨atisches orschungsinstitut) 
in Germany have worked jointly to produce the GRIM model (GR for 
GRGS and IM for the institute in Munich) . 
 






