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Abstract

This paper pointu out that the nutation terms  of Zhu and Groten  (1989) due to the tidd  poteni.inl n

rbgrm  3 are errcmaous. Correct valueg ale  deduced hero and th~y coirrcidc very well with thooe give]

in KinoEhita  and Souchay (1990), Them  errors explain the discxcpauciea betwec~  the evaluation of tbl

theorieB of Zhu and Groten  (1989) and Kinoshita  and Souchay (1990), which can reach values  up t(

165 pas. AlEo the two le~ding  nubition  terms  dIM to the tidal potential of degree 4 are given. Finall}

some of the computer progrmrn  (NUTC,  F, KSV.1994. F) for avslusting the Ja nutation tcrrm arc alw

Orroneous.

1. Intrfiduction

Duo to tho high accuracy of Very Long Boa.line lntcrfcromctry  (VLB~), prcecnt  theoretical nutatio]

modch should comider  amplitdtn  d llrc  order of a few pus  (= micro arcaecondu).  Thin eopcclal~

applies to rlgjd  Earth mode16  which serve as a b~his for more complicated and realistic Earth model

including elastic and anekntk efkt,n d the mantle,  offute  from outer  and inner core, OCeEIIIS  and th

atrnoBphere  etc. (ZMOA Herring (1990), Matheww  et al. (1901  s)b)).  A{ thio level of accumcj  nutat,ia

t e r m s  duc to the J3 cocficient  of the Darth  should bc taken iuto  accourit. values f~l. lllCIII di~cr  iII Lh

Lwu IIIU8L rcml,L uuLaLicuL  5cricB, Kinoahitri  and Souchay (1990) and Zhuand  Groten (1989), by a facto

of up to two. These  difference were reported by ecveral authora  (e.g. Souchay (1993), Williams (1994):
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but no far DO explanation has been giyen, It is Bhown here that they can be attributed to two errrxs  in

the r.om,p,]t~t.inn met,hnrl  of Zhli Rnrl Croten (1989).

2, Method of computation

The Computation method  Bpplied here h based on the tewereJ part of the  tidal potential and its Z&

t,b-mahip t,n t,he nl~t.ntkm JIneleg. This article t~en achntage of a new t~pnmion  of the  (Iuni.solar)  t!ckd

potential which  wan reoently  given by Hmtmrum  nnd Wcneel (1906).  Although the tidal potcrrtials  used

by Zhu mlt.! Qwt.tII  (1989) wx Bufficicully accurate fvr IJ.JC  purpu.c, ]L.I-G lIJ. IJew.r uuc i. dmmn duo Lo

it8 much eimpler  structure, Using them oxxmaion  coefficients the derivation of corresponding nutation

rx-d%cienin iR straightforwarrl  (see RIRI-I  Hnrtmann, rim-l %-Iffel  (1 994)) arIrl ctin he FxPlninerl by ihe fnllrwiin~

SttpD, I

1) The chmciical formula for the tidnl  potential Wt~d~ (SCC c.g, Merits and Miillcr (1087)) rcad~:

Here, ~tm denote the fully normnliscd  Lcgcndrc functiorm of dcgrcc t c@ order m. r, $, ) nnd rb, 0~,  A~

are the geocentric ~pherical coordinates of a Etation on the Earth and the tide generating body, re~pec.

tively.  ~Mb is the product oi’ the gravitational constant and the ma88 of the IIDecitic body (Moon, SUD,

planets). Equation (1) is evaluated  numerica]]y  using the standard ephemerio  DE!200  from JPL a n d

tranaformcd  into the following Poi~son e.crica: (OCC  Harime.nn  and Wcnsal (1006)  for further dct,aila)

. .
(2)

The  parcmetcr a is taken to be the mcmi-majol  axis of the Earth (a: = 6378138.3 m in the I19RS

1992 StanclardB, McCarthy (1992)), t le the  tlmo reckoned from the epoch J2000 in Julian, centuries.

It should be mentioned that the linear time dependent amplitudes Ci~+ And $m have tbc dimenaiofi

m?/a>.  The rir.gumenta ~rgi(t) refer to epmh 17.00D nnrl fhey ate taken  to be integer comhinnt.icma of

the Doodwn  vsriablea T,s, h, p, NJ, p, (oT equivalently of ~ho Delaunay! argumantp  lM, IS, F, D, 0) snd



the mean longitude Aj (t) of the DIUOM, For the purposes here it i8 sufficient to regard  them a8 lineRr

functions of time

alg{(t)= ~; +&Jif. . (!3)

2) It is known (DCC c.g, Mclchior  and Georis (19G8) w Morita and Mullcr  (1987)) that the torque N ticti~g

on an ax!riymmetrlc  Earth model 10 d!rectly  proportional to the te88eral part (m = 1) of the tid~ pote~ti~,

Dmnting the moment,n of inert.!~ of the Fkt,h  hy A = ~ and ~, one has  to  ]nwRat  ripprcmimatinn

( A )

The higher order partfi of the torquo can bg obtaimd by the replacemer+s  (factor and tidal amplitudo~)

giwn in ,’Cl’able 1, Thie  aleo ~ppliea to all other  fornmlao giwn  below. ‘lho J1 values  of the Earth were

taken  from DE245 and ate b?md  on the QEM-T3S model by Lerch et ah (1994)).

TAKILII  1: RcpI~cemcnts to obtoin tkc higher order nu$diion tcrma

—~

degree factor tidal  amplitudes JL (in ~0-’)

9 m ,$/ 1, q 1 1 08’2iR2R

,,

Noto tha~ ZhU aid GJULCtI  (1989) apply only a facto] J3/J7,  HCULX)  lJy 11~.cmu  d’ llmir .implifiudiuu Wey

miss a factor of fiffi, I

3) Because of the amallnem  of the nutation terms considered here a dietin$tion  between effects for an~ular
.

momentum axis, rotation @s and figure axiB ie not made,  Aasumin.$ again our model Earth to be

approximately smisymrnetric  we proceed therefore with the Poisson equafions  in the form



.

(5:

where A+ and A C denote the nut.at.inn angles in longitude and obliquity, renpectiwly.  so denotes th<.,,

obliquity, which takee according to DE200  (6CC Standiah  (1962)) the WIUC 29”26’21’!412 et epuc~ J2000

C is the lugeut p~-incip]e momant  of inertia and for the mean YNUC of the Earth’6  a.n@ar velocity w wc

tde 7,292116 x 10-a Md/Btc.

i
4) ‘lhe  introduction of the time harmonit tirlal development  in the torque  allows the integration o]

s :j
equations (5). Rearranging the sum owr  the tidsd smplitudee  in psh (thuo the nrm  running  only up tc

i/2) with  frcqucncic6  Au*, E _L(wi -- w), which form one UUt6ti~fi  tctmi UIIe ~cls fvr degree z = 2:

The ~r,ale  fa.ck. 772 i~ (approAmately) given by

(7:

and depends on the dimendordess  dynamical ellipticity  Hd7~ s (2 C - A Y B)/(2 C) E JaMoaa/c taker

from Kinoshita and Souchay (1990), B+. z 0.0032740, m thnt E9 s 1 !2,D91 10M, For the corrmpcmding

rp}ani,i,ties  ,& (t= 3) tmd -F!4  (t - 4) we obttin -47, s96 POE and –44.2d7  pas, respectively. The reoult{

p>cocntccl  be low were  obta ined  f r o m  n~;nericzJly  evzduating expresaionb (h) ad (Cb). For the CV.L

degrees of the tidal potenthl  (1 = 2,4) only the ~ine-amplitudca  S21,  % are relevant while for .! = :

the quantity Cal is moat important. (The other t{dAl  Amplitudes Ariee @RIIIIe  nf rrlan~+ary ~Rec.t~ XR.F

t.hmefore their  macnitnrl~fi xr~ very small.) Thus for t - 2 and t - 4 IA+ io proportional to the Burr

and AS to the diffmence  of the two tidal wnplitudce  constituting onc autation tcrml while for t =. 3 it il

juot  the  o ther  way mound.  ‘his hm not IJ.CII  tbkcu i,,Lu accuu,,l  lJy Zhh aud  Grobcn (1989),  Probabl~
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they relied cm the paper of Mclchior and &OIiB  (1968)  and  theorem 2 therein which iu also wrong ir

that context, Mui-eovcr for t = 9 the nutat!on  h longitude / obliqultyi ie proportional to the cos / sir

of the nuta,tion azgument which is again opposite to the crwe of 1 = 2. Note, that some of the  comp~~tel

programs (e.g. NUTC.F  for the Kinoehita  rmd Souchsy (1990) cerieo, KSV.1004.F  foz tha recent  nutat; cu

series based  on VLBI drrta) for evaludkg lLc Js uu~a~ion  torma are ~Bo erroneous alnce they  use tht

2 caee). The COB  / sin dependence ain terchanged t r igonometr ic  functlonu  (namely those for the 1 =

the Ja lon$!itude / obliquity nutation !s cmrer.tly givm in Kirmhita an{ Souchay’s (1990) text, but it if

noted (Souchay  and Kinornhita (1995)) that it is inooxrectly lioted ae sin / coD in their final teblca  28 anc

29.

It should be pointed out that - although the method could be aDIdied ii principle to the main-nutati~r

terms due to J2 too - the remlia will nni he ~atixfying dm ta the vario~o amurnptions  and approQm&

tiona mad~l abov.. Howevar, ramlte uoing o more cloborntc  computatioti  method will bc plcscntcd  in ~

subsequent paper.

S) IL io caMy to derive alBo values for the precesdon

potentieJ.  In that cme AW vminhes  and one obtains

Nummir.  a] vnl.wa  are  given in Table 5.

3. Results

and obllqulty  rate! due to these  parta of the Cida

(88

(8b

I

In Table 2 all nutatinn terms  due to the  35 coefficient are given (HW$ = thie paper, KS - Kino’hit

and Souchay (1990), ZG = Zhu md Crotcn  (I!)89)). E)cvcn amplitudc5  t$uc to the Moon are larger thu
,

1 pae.  No nutatirm tcrmo due h l.he sun ariso Bincc tho Bolar tidal poto~tial  of degree S i6 already ver,

small,
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TJRt.R 2: Nut~tion  due to th. .7t coefficient (in pa,; em for A+,  & for Ac)

— —.—. . . .— ..— .—— —

lM 1S F D Q period (d) A#+pA~s A$K9  A$ZG ACXWS  Acxs ACZQ

–1 u 1 03

- 1 . 0 1 0 2

-1 0 1 01

-10100

101-21

0 0 1 0:2
.“

0 0 1 0 1

0 0 1 00

1 0 1 0 1

0 0 3 oa

o 0.., s o 2

65502.276

8159.136

3231.496

2190.360

19s.680

27.432

27.S22

27,212

1.3.719

0.107

9.095

-13.R

98.6

-104.0

33,2

-1 .2

3,0

-16.2

‘(,5
.
-1.3

=2.6

-1 .0

-fi.o - 2 . 7

30.0 30!0 17.6 19.0 -10.0

-lOGOO -150.0 -89,0 -89.0 30.0

W,u 0.0

-1.0

1.4

–16.0 -20.0 -13.5 –14.0 -

8.0 0.0

-1.1

–1!1

- 0 . 5

Uain~ the s.mne computation method one obtains ior the two largest  nutation terms due to Ji VHIIIRI

given in ‘lkhle  S.

TABLE S Nut8tion  due to xhe Jt cocflldent (ln PO; ah for A*, COB  for Ac)
—

iu ig F D ~ perind (d) A~HWt3  ~?Hw$
— — .

0 0 0 0 1 6708.384 -0,7 6.B

0 0 0 0 2 3S99.192 0.6 -0.3

For nutation terme due to J4 Kinoehiba  and Souchay  (1990) mention the .0.7 pas longitude tcnn, but no

the larger obliquity trim which slightly  nxceeds their 5 pau threBhold.  In ~ Figure  1 and 2 w; show fo

the time interval lWO -2050 the differences between the evaluation of our nUt8tiOn Beries due to JS an(

those of Kinoshita and Souchay (1990) ~d Zhu and Groten  (1989), respectively. The values for the rm

J  m a x i m u m  differencxw  in pm ate given i n  Table  4 .

6
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rmB mu rma max

13ws-lN 3 . 3 9,9 2.8 8.2

HWS-ZG  4 1 0 7  9S.8 86.8 166,2

J4 0,6 1,1 4.8 7.1

Table 5 gives precession  and obliquity Imlea  duc b J3 Uld J4, Tho proccmiou rate due to J4 is in good

agrcrmenl  with tbc  theoretical equ&tion given by Kinoshita (1 B’(’() and the value ot’2 600 WM/J.cV given,“

in Kinoshita  and Sor.rchay  (1990). The rates frem  Jo are redly ● xceedingly long period termrn  duo to tha

motion of the perihelion of the earth’a  orbit compared to the equinox.

dcpcc body A+ A;

3 Moon –5.7 –1.1

Sun -2.6 -0.5

‘rotd –8.4 –1.6

4 Moon 2S1S.3 0.0

. ——— —..—

4. Conclusions
!.

Uaiug au imlcpcmlcnl  procedure for computing the nutatlone  flom  the  earth’s Ja, a conflict between the

series of Kinorjhita  and SOUChV (1990) and Zhu and Groten  (1989) hag been resolved. The formar myieo

is cmrect  and ia extended to Emaller coefficients here, Given ihe accuraty  of modern obnervatiorrE1  the
/

nutt.tiom due to J~ ohould be included in cornpute.tions of the cnrth’a ozicntation in apace.
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Fmmm I: Difl’erericet  f o r  dp (in paa)
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