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I. Introduction 

The Rapid Gravity Survey System (RGGS) provides a means 

of quickly measuring precisely non-astrogeodetic values of the 

deflections of the vertical. A test vehicle carries an Inertlal 

Positioning System (IPS) which at each of the vehicle's stops 

produces an error velocity which can be related to the inertlal 

platform tilt errors and the deflections of the vertical. An 

optimal determination of the gyro drifts and the deflections of 

the vertical can only be obtained by a post-mission smoothing of 

the data. In this case, accurate data are available a priori 

for the deflections of the vertical at the start and stop of the 

vehicle's mission — as well as the data on the IPS velocity errors 

at each stop. 

The purpose of this report is to develop the equations for 

the position, velocity, and tilt angle errors into a useable algorithm for 

the optimal estimation of the deflections of the vertical. This entails 

three major analytic tasks that will be presented in the succeeding 

section: one, the development of an expression for the velocity errors 

at some time, t , In terms of the known initial conditions at time, 
n 

t • 0, and the unknown variables to be estimated — i.e. the gyro drift 

biases and the values of Z± and n., the vertical deflections at previous 

time Intervals; two, the replacement of £f and m by a smaller .number of 

A * 

values C, and nk — the needed values of C± and i)£ being produced by 

A       A * 

statistical collocation from the C^, nk basis set; three, a least 

squares solution for the gyro biases and the C^, n. that minimises the 

mm mm^ mmmmmmmmmmmm 
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mean square deviation of the velocity errors from their estimates. 

This mathematical development allows the production of a machine 

algorithm for use with actual data. A coded version of the algorithm with 

explanatory comments will make up the final section of this report. 
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II. Mathematical Development of the Error Adjustment Technique 

The differential equations for the horizontal velocity errors are 

of - f "   -Vz  + "i + * w 

dx 
dt (2) 

& • &  . 8 •_ - g*„ + gn (3) 
dt    dt     N Z     N 

—   - tan • R  - (% + CN secZe)| + «^ - 

WE*N + ° (4) 

d*N - *   +  ME*Z * WZ*E +  ß <5> 

d*E - -£   + WZ*N " VZ + Y (6> 
"dt     R 
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where the meaning of the symbols Is as follows: 

*   north position error 

north velocity error 

north vehicle position 

north vehicle velocity 

north vehicle acceleration 

east position error 

east velocity error 

east vehicle position 

east vehicle velocity 

east vehicle acceleration 

azimuth platform >*ttitu«?£ error 

platform tilt v :vt  «»bout ncf-h axis 

platform tilt vci  :  «bout •«»£ axis 

geographic *- ,tu*t» 

normal gravity 

mean earth radius 

earth'8 angular rotation rate 

Schüler rate H ( g/R )1/2 

0 cos • + V /R north spatial rate 

= ~V«/R east spatial rate 

£ Q sin • + ten • VE/R vertical spatial rate 

azimuth axis error angular drift rate 

y 

V 

Y 

VE 

S 
B 

•z 

g 

R 

Q 

\ 

«B 

*Z 

o 
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0 north axis error angular drift rate 

Y east axis error angular drift rate 

£ north deflection of the vertical 

n east deflection of the vertical 

Except for the terns In (1) and (3) involving S and SN, this 
E 

set may be solved In a straightforward manner. These restrictions are 

not really limiting^ as we will show below. The reduced set of equations 

is 

du      g*  - gC (7) 
dt  "    E 

dt  '  u <8> 

dv 
dF  " "*•* + ** (9) 

~5t    tan f    R  - 0 cos • R + f) cos • #g + a    (10) 

f*N  . Z   - n «in f  •_ + 6 (11) 
at^    R E 

' 
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dt 
•rr- • " I  + ft sin f  ^ - ft cos f  *8 + y, (12) 

«here we have neglected terms In V/R relative to the earth rotation 

rate, ft . This Is also the rationale for dropping — at least Initially 

— the terns containing SN and S£ which are of order vehicle accele- 

ration/ g relative to the leading terms. 

Equations (7) - (12) are of the form 

d £     ^ A H  -  I 
dt" 

(13) 

where A is the coefficient matrix, 

V • 0 
v 
s 

•z 

•H 

and 
St 
-gn 
0 
a 
6 
Y 

Assume that the solution to the homogeneous part of (13) has a 

functional dependence, a**. Then, the homogeneous part of (13) is 

( X    - A) (1*) 

i     i  ... --^-. ..  .-... ...^ -^•imrmdtiiraiiftni 
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a standard eigenvalue problem. The secular equation, Det(X-A)-0 

gives, as Its roots, the values of X for which (14) Is satisfied. 

The secular equation Is 

X 0 0 0 0 -g 

0 X 0 0 +g 0 

•1 0 X 0 0 0 

0 •tan e Ocos • X 0 -Ocose 

0 -l 
R 

0 0 X Osln f 

1 
R 0 0 +Ocos • -Oslne X 

- 0 (15a) 

X6 + X4(202 + ft2) + X2(04 + 02fl2sin2 •)  - O204cos2 • -    0 (15b) 
8 8    8 B 

which has roots 

X - ±10 . ±10 ,±K 

where 0 • ( Ä. )1'2 the Schüler frequency, 

fl' - I i (02 +fl2) + 1 { 04 + 20202 (1 + 2cos2e) + 04)1/2]1/2 
Z   s      7    8    8 (16) 

* { oJ + 02 (1 + cos2»)}1'2 

and 

K . [I { ft4 + 20202 (1 + 2cos2») + 04)1/2 - 
2    8     8 

^*o2)]l/2 (17) 

"   0 cos • . 

i.i 
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The eigenvectors may be found by solving (14) for sll the other elements 

of v In terms of one element, using s specific eigenvalue.  The 

eigenvectors are 

,(1). 

h«l + «l> >2 

8 

g   ftsin f 

x2    (X2   + «J ) 

- {(X2   + ft*)2   + Xjn2sin •} /X±n cos f 

- X Asins 

2   2 X, + ST 
1   s 

(18) 

(*> v       refers to the eigenvector associated with the 1-th eigenvalue. 
«a» 

It is also convenient to have the eigenvectors of the adjoint problem. 

i.e., 

yT (X - A) - 0 

which has the same eigenvalues as (14). The eigenvectors here are 

iLT(1) "["I1 [(xi+ n!) (°2 cos2' * Xi)/R» 

(19a) 2X^ ft sin e/R, 

,2 2 
cosVt <xi + n,>/R» 

2 tx2 -ft cos • XJ (XJ + IT 

Qsinp X2 (X2 - ft2 ) r   i  i   s 

. . ..     — •-• -  
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.J aj • «J >] 

where 

a, - 4X?n2n2 sin** + 2<xf + n2 ) (X* + Q2n2 cos2e)/X .     (19b) 

Note that p ' ' is a row vector, and the y's are normalized such that 

yT(D . y(j) m  .   ^      We now diagonal Ire. (13) by applying the 
•»      •»    • ij 

transformation 

q » fp , q - S  p. 
-.  ~~    i    ij J 

where S     - uj(i)    and S~* - v[i} since     y*(1) uJ°l) - «lfc. 

Equation (13) becomes 
dqi (20) 
dt " Mi " ri 

Xifc 

where r • S¥_ with a solution,    q. • ft^«   - r^/X^      (21) 

where c  is a constant. The boundary conditions at t - 0 imply 

ci " qi *t-^ + ri^Xi* and 

X4t X t 
q±(t) - qt(t-0) e *  + r1/Xi (e * - 1) (22) 

To get back into the original basis, we apply the inverse transform to 

(22) and have 
X.t        .   X.t 

MO " S"t (e 3    q4(t-0) + i (e 3  -l)r.) .(O-S^C^ ,j(t-0)+I U*-»«« 

1  *J* -1 1   XAt 

Ij •  SJkWk(t-0) + Sj ^(e *  -l)SJk fk . 

i 

- - —        • •      --     - ••—fji**—*—*—» 
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which completes the solution of the reduced set (7) - (12). 

Returning now to the neglected terms Involving S  and S„, we 

try a perturbation addition to the solution (23). Thus, for example, 

u(t) - uQ(t) + ux(t) + . . . 

where u. is found from (22), and evidently 

du 

dt 
-  - -SK*«„(t) . or E to 

u(t) - uQ(t)- |0SE*t (t-)dt' (24) 

Equation (24) could be integrated numerically given the functional 

form of S_(t). However, the integration time is expected to be a E 

few minutes (3 - 5) and the typical time scale, 1/fi , for variation of 

the solution is " 1/2 hour. This suggests trying a Taylor series for 

t"n 

u(t) - «(t) - [< S_ I     *<n> n7  «t-  . 
0    JO E n-0 *0 

•_ , or 
"o 

Keeping the first two terms in the expansion and integrating by parts 

gives 
u(t) - un(t) - • u(t) - u0(t) - • (t-<»vE i' - 4r <»*> <vL - 

I>E(t' )dt'} 

d*    (t-0) 
- u (t) + (Y(t)  - Y  (0)) o 

0 -d7— 
(25) 

~MMMM«i - •' • 
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where Y(t) Is the east position of the vehicle and we assume that the 

vehicle Is stopped at time t. If we differentiate and approximate 

de d* zn by Q 4    since   zo     <  ß 4   , we can compare the 
w 8 2 i. — -—-   " S S 

dt 0 dt 0 

site of the two terns In (25), and find 
4 

dUQ 

dt   '     • g/R        D 
8 

Ä       W*     VE/R      VE/R 
dt 

or the same order as terms thrown out earlier. However, we wish the 

equations for u and v to be as accurate as possible, since they are 

the ones that enter directly i..to the determination of the deflections 

of the vertical. A further improvement on (25) can be gained by 

expanding the Taylor series for 4  about the mid-point of the integration 

t
2 *%0    ° interval. Then, the -=.    i       term will integrate to near 

2    dt2 
zero, because the acceleration of the vehicle will be close to an odd 

function about the midpoint. In this case (25) is 

l        XJt/2 

u(t) - uQ(t) + (Y(t) - Y(0))  CSjVj» J       SJkwk(t-0) 

At/2 
+ s; j •    sjk v <26) 

where the subscript •„ Indicates the index required to couple to 

the variable, 4 . A similar expression can be derived for v(t). The 

full solution can be written as 

   •• -- • 
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x*t X,t/2 
u±(t) - ts-J • 3 sjk + uljSjlxie       slkJWk(t-o) 

. X.t X-t/2 
• tS-}(eJ_Il)Sjk + uljSjle    Slkl Tfc 

1 
" •lk(t)Pk(t-0) + Alk(t) fk (27) 

where  u.. • 0  1* u,v and J^8 

(Y(t) - T(0)) i-u, j-* 

-(X(t) - X(0)) i«v, j-*r. 

So far we have been concerned with the time evolution of the variables 

while the vehicle is moving. The vehicle makes frequent stops, however. 

During these stops the gyro angular errors, 4X, +N, •  keep evolving, 

while the other variables are held constant by fiat. To describe the 

evolution of angle errors, we extract the relevant equations from 

(7) - (12) and find 

d*. 
-j£  " Q cos f*E + [o - fi cose £ J (28) 

dt N 
"57 " "°8in • *E 

+ * (29) 

. _ • • - • • 
• 
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"St nsin$N - Ü  cos 9 iz    + Y (30) 

where u - v -0 Identically and since x Is constant, we have 

lumped it with ° In (28). The secular equation of (28) - (30) Is 

v (v2 + 02) - 0 

with roots v • 0, v • ±iß 

and transformation matrices 

S' COS 9 
/2 

sin 9 -yrJ 1 

cos 9 sin 9 
•2 

-i 
72 

sin f cos f 

(31a) 

and -1 m 

4M 
-  COS 9 - cos 9 

72 
sin 9 

sin 9 
/2 

sin 9 cos J> 

-1 
72 

l 
"72 0 

(31b) 
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-1 
«here the rows In S' and the columns In S*   are the eigenvectors 

corresponding to eigenvalues 10, -10, 0, respectively.  Referring 

Co (23), we see that the solution of (28) - (30) Is 

«;(t) - S^J eVjt Sjk ^ (t-0) 

-1      v t 
• •£   1 (e J -I) Sik fjj (32) 

where u* • 

•z 

•s and T' 

a - 0 cos • »f 

B 

Y 

v.t 
and  1 (e •* -1) can be understood for v • 0 as  11m - t . 

v*0 

We rewrite solution (32) In terms of all of the variables, i.e. 

Mi - rij(t) wj(t"0) + Hj(t"0) TJ (33a) 

with 

i   iiffch i iilni-   
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r   -     1   i • k • u,v,x 

1 V SiJ e  SJk     *• k " •«» V *E 
(33b) 

» C08 9 1 * *z, fg, *E 

X 

0  elsewhere 

Aik * ^"S1 <eVjt " U  S   l» k - V V *B 

0  elsewhere 
(33c) 

During the course of time during whihe the vehicle Is first stopped 

for a time 6T and then In motion for a time T, the evolution of 

u Is given by 

^(T + #T) - ^(T) rjk(«T) Uk(tK))+[#1J(T)&.k(«t) + Alk(T)] Tk 
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"   *ik (T,6T> "k (t"0) + Aik(T»6T>Tk (34) 

where •   end A.,  ere defined by (34). Ve will refer to 

*(T,6T) end A(T,6T) es time shift operators since they heve the 

effect of updeting y(t) to U(T,T,6T) for eny t . 

Whet we wish to do is to express the observed quantities et 

some tine to the unknown gyro biases, a, B, end y   end unknown 

vertical deflections. Let us denote the value of y et time t  as 
-        n 

yn, and let • (T„_,, «T ,) S i*"1  where t -t   - T  +«T . . 
«•» —  n *   U~A    *~ n a-1   n-1  n-i 

Then, for example 

yl - •• y*+ A* ?• 

y2.*V + £V 

- »Vy* •»• *lA'T# + At 

and in general 

yn+1 - S *i y- + °E   B    Ufa*  + Än*n (35) 
1-0 •*• "*  J"0 i-J+1  - •* •*•  •» •» 

In (35) the value of y and, in particular u and v are seen to 

depend only on the quantities for which we wish to solve and on the 

BaaMkailllMglMlif)lIIHHIHiiitia^ 



Initial boundary conditions. Three further points need to be made. 

One» the development so far has assumed that the initial values for 

the succeeding time steps are simply those of the end values of the 

preceding time step. In fact, however, at each vehicle stop the velocity 

errors, u and v, are set to zero, and the Integration continues with 

u • v • 0 as a starting condition. These boundary conditions can be 

incorporated by simply replacing the £ operator by 

flk - *lk(6lk " Mlk> 

where 
M.. -   0    lflc; 1, tfu, v 'Ik 

J    l"k»u,v 

So finally we have 

u n+1 H    TV +   E       S     ^ÄJfJ  • ÄV1 <36) 
i-0 * -       J-0 i-3-0 »»•*••• 

Two, the Tn vectors are, in general, a function of time — at 

least parametrically through the motion of the vehicle. In order to 

achieve best accuracy, we should time center the values taken to repre- 

sent f . Thus, for the gyro drift rates an  - a(t-(t .-+t_V2) 
"* ttrl u 

gives best accuracy. The vertical deflections do not couple into the 

evolution of the system while the vehicle is stopped, so that the 

optimum here is C11'1 " C(t - t   - T. ./2). Since the vehicle motion 
n+1   •"* 

Is probably near to being symmetric about this time, we may write 

 -»—^_. 
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Cn-1 - C(ß°+ 3?*~1]/2»  [Yn + Yn~1]/2) as a more convenient form of 

good accuracy.    Thus, we use 

n([xn + x"-1]/2, (Yn + Y"-
1
]^) 

.n-1 

(37) 

«<t'n+l + tJ/2) 

*  «'«ML + tn]/2) 

as the moat accurate representation. 

Last, equation ( 36 ) is underdetermined.  We want an 

overdetermined system, so as to be able to use a least squares solution 

for the vertical deflections and gyro biases. Thus, we substitute 

for ?n and nn by the form 

'  *" - Jl V h + Ji bnk\ 

'••Ji    c«k^\2idnk\ 

The terms with n in the determination of C» and vice versa, enter 

because the deflections are strongly cross correlated. The exposition 

is simplified if we define 
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r   3 l1 

21-1 

21+2 

(e>  2N 

then  rv ' - Z   a . K 
1   k«l ik • 

where the (e) superscript denotes an estimate. We would like to Minimize 

the variance of the estimation error, or 

.<e),2 ? s (r± - r}
e))2 - r[ - 2r1r1<

e> + r{e> 

9      2N 2N 2N 
"T4    "    2f4   . S    »41, K   *   *    £   »41.»* 1*t** 1    1 k-1  lk k k-1 1-1 Ik 11 k 1 

To minimise P, we find 

£  . 0 - -2^ • 2 JJ an Vl 6a Ik 
(38) 

Taking expectation values of both terms In (38) gives 

<riV   - A aii «W 

The covariances are matrices and we can solve for a, and have 

•lk "<,i,i> <fiV 
-1 

where <^1
f
v
>~    is the Inverse matrix of <*i*v

> • To specify 

    --   -  ->-M^-»Ui. 
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<rn-ir2i-i> " K^X> 

<t2i-l»r21-2 >   •   <cln1> - <n1C1> (39) 

<r2i-2* '21-2* * <nV y 

The needed covarlances are usually estimated using Che assumption of 

an Isotropie .homogeneous covarianee. That Is the power spectrum of 

gravity anomaly fluctuations is a function of neither position nor 

direction. Then the anomaly covarianee is a function only of the 

distance between two points. The covarianee of the vertical deflections 

can be derived given the anomaly covarianee (Shaw et al, 1969). 

A number of models have been used for the anomaly covarianee. 

If 4ftg(r) t« the anomaly covarianee, then 
65 

*« • al  I*gg(r)/0J + (8ln2e " cos2e) fc(r)l 

nn   o  gg   » c 

• --•.. »-20. sin 0 cos e f (r) 
Cn  n5    a c 

where a     is the anomaly variance, o - o /g rtt  and 

r - (J2 • Y2)/D with D the correlation length. The angle 6 

is tan-1(T/X). The function f c(r) can be derived once •  is known. 

A number of models for the anomaly have been used. For example, 
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exponential, Bessel, (Shaw et al, 1969) and second order Markovlan 

(Kasper, 1971) models give 

exponential 

Bessel 

•*. " a. exP ("r) 88   8 

2 
f c(r) - r2 - (1 + 2/r + 2/r2) e"r 

K* m *   r Ki (r) 88   g   1 

^ (r) - 4/r2 - 2Ko(r) - (4/r + r) K^r) 

2  Order Markovlan 

•a,• °l'"[1 + " 

.2 _ -r fc - 6/rz - e"r [r + 3 + 6/r + 6/r2] 

thus, <Cin1> " -20? sin 6 cos 6 f (r ) 0 c 11 

where   6 - tan"1 [ (Y1 - Y1)/ XX1 - X1)] 

«n - £ [ O1 - xV • (Y* - Y*)2 ]1/2 

and the other elements can he filled similarly. 

• •••-       • -- 
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Rewriting (36) to concentrate on the un  and vn variables» 

va have 

"i1  f1 
i-0 <  • 

n-2 n-1   i  *ll   1 

J-0 i-J+l       Ju  k 
V'1 v»' 

(40) 

+  An-1 T?"1 
ttt. K 

where the [ ] ,.  notation means the i, k'th element of the matrix 
Ik 

enclosed in the bracket. It is also convenient to reqrlte T as a 

sum of vectors, i.e. 

Tn - a + «an + bn 

where 
«an - 

0 
0 
0 
«an 

«0n 

and bl -gnn 

0 
0 
0 
0 

The a vector is the mean gyro drift rates over the mission, and the 

6a vector is the deviations of the drifts from the average. Since we 

assume 

r  - r 
2N 
I 

2n-l " k-1 a2n-l,krk 

nn - r 
II 

2n-2 " kij. *2n-2 *k * 

  - —-•   - . - .  
__ 
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bn    -      I 
k-1 

1   <r*i-lV <flV  1 

<r2n-2V ^lV'1' 

0 

0 

0 

0 

and (40) becomes 

« n-1      < 

v° 1-0 vtk 

(41) 

n-2   o-l      .        A, »_• 
+    f    S        B      f1        AJ    +   An L    ] u ,   a. 

j-0 i-J+1 v»k 

n*2    r        «     .1    {]  i      * J ^ »n-1 ..n-1 It        H      f1    AJ  ]u    6a^ + A        «a. 
J-0        i-J+1 >    T*       ^ 

<r2j-2V<rlV"1 

2N n-2 n-1 

m-l       J-0        l-J+l $k 

+ A u-1 
tt k vA^iv"1 

<r
2n-4rl><rlV 

0 
0 
0 
0 

-1 

0 
0 
0 
0 

1    r      ) a     *? 



which la in a form suitable for least squares analysis. The terms 

involving 6a do not enter into the solution, except to provide an 

estimate of the weighting of each term of the optimal solution. 

However, for the current report we shall use even weights and thus 

drop those terms from the equation. We have then 

n 

Fn   -     _      - An      y?    - Bn      a.   - CH    ~r (42) u v« u      Hk u k Tc        urn 

where A, B, and C are defined by (32). We want to minimise 

M       n2 Z        I      Fn     =  G      which implies 
n-1 u,v % 

j-   - -2 E  E ?l' Bn   -  0 (43) 6\     n-1 u,v « uk 

«6      M 
«T„ • -2 E  E F° cn t       -  0 

n-1 u,v H «  « 
v 

which gives the following set of simultaneous equations 

Bn 
u 
V» 

«!  E  E  Bn  Bn  + r E  E   c"  Bn J n-1 u,v  $,1 " k   m n-1 u,v  ^.m « k 

N       n 
-  E  E  (" - AU u? ) Bn permuted 

n-1 u,v vn   u x 9 ovec k 
V*-       y»K (44) 
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and 

«   ?, E Bn c"    + r   ¥ 
, n-1 u,v ui« 

v» v" 

E  Cu C 
• n-1 u.v  u  u _ y»n v,p 

permuted 
over p 

M 
•  E  E 

n«l u,v  v 

,u"   n  B
v  n 

( n - An u. ) C 
u , 1   u P*l,2 

2N.2N-1 

which Chen give Che desired gyro races and deflections of Che vertical. 

The permutation over p is not carried out for p-1, 2 or p-2N, 2N-1. 

These are ehe values of n and € at the start and finish of the mission 

and are known beforehand. 

 ..- -  
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III. Machine Coded Algorithm 

This section presents a FORTRAN source listing of a coded version 

of the algorithm developed In section II. The program has been 

debugged to the extent possible without actual test data. Notes on 

the programming are contained within the comment cards In the listing. 

Computer printouts not necessary for 
understanding of the report. 

^+4imM 



* 
c *************************************************************************** 

C        PROGRAM FOR THE OPTIMIZED. POST-MISSION DETERMINATION OF 
C THt DEFLECTION UF THE VERTICAL USING RGSS DATA 
C PROGRAM PRODUCED BY PHUtNIX CORPORATION 
c 
c   *************************************************************************** 

CUMMUN   CPHI ,SPHI,TPHI 
BIMtNSlUN   M5U) 

iMfcWslüN   TGÜC3l),TSTUP(51).U(51),V(50),XX(51)»yV(51),XHAT(5n, 
2   YHATCjl),X('30),Y(50),STAHT(b),STtM(b) 
DIMENSION P3I(S0,bt6),XLl50»b,b),UUMMY(6,e>),DUM2(bt6),DUM3(6,6), 

2DUM4(b.6) 
DIMENSION CU£F(100.100),DEFLC100,100),COVAR(100 f100), 

1 SUMAT(100.10n)fF(100)«VAf(100)|SUMAT(100) 
EOUI VALt'MCh ( SUMA 1(100,1) ,SUMA r(D) 
DATA G/9,Ö06bbE2/ 

C 
C        INPUT DATA 
C Nl : « UF POINTS AT WHICH A POSITION IS  SPECIFIED 
C THE FIRST AND LAST POINTS BEING THE START ANO STOP 
C OF THt VEHICLE « THE REMAlNDtK THE POINTS AT WHICH THE 
C DEFLECTION IS TO HE DETERMINED, 
C MSTOP a NUMBER OF VEHICLE STUPS IN A GIVEN MISSION 
C TGU(I) 4 TIME SPENT TRAVELLING ON I-TH LEG 
C TSTOP(I) r TIME. SPENT STOPPED ON I-TH LEG 
C Uli) * X OR NRTH VELOCITY ERROR AT END OF I-TH LEG 
C VII) a EAST OR Y VELOCITY ERROR AT END OF I-TH LEG 
C XXtl) s NORTH POSITION AT END OF I-TH LEG 
C YYU) = EAST POSITION AT END OF l-TH LEG 

XHAT.YHAT = NORTH AND EAST POSITIONS AT WHICH THE 
DEFLECTION IS TO BE DETERMINED. • EXCEPTIONS ARE 
THE FIRST AND LAST VALUES OF XHAT.YHAT WHICH ARE 
THfc STARTING PLACE ANU FINAL STUPPING PLACE OF THE 
MISSION 

TLAT s TfcRFESTRIAL LATITUDE OF THE MISSION 
XIO|ETAÜ,XIFIN,fcTAF)N a IHfc VALUES OF THE NORTH ANDEAST 

DEFLECTIONS OF THfc VERTICAL AT THE START AND STOP UF 
THE MISSION RESPECTIVELY 

STAWT(I) s INITIAL CONDITION VECTOR, CONTAINS IN SEUUENCE» 
G*XI0,G*ETA0,0,,0,,£TA0,XI0 

REAO(S.l)       MSTOP,Nl 
FORMAT(2IS) 

REA!"(5,2)CK(I),TGO(I)fTSTQP(nfU(I),V(I),XX(I)tYY(I),Isl,MS) 
FORMATdb.bElO,«) 
WRlTElö,lönU,TGO(I),TSTOP(I),U(I),V(I),XX(I),YY(I),IslfMS) 
FÜRMAT(lX,I5,6(3X,E10.<O) 

C 
101 

102 

READ(5,2)(KII),XHAT(I),YHAT(I),I=1,N1) 
WRITE(6,102)(K(I),XHAT(I),YHAT(I),I31,N1) 
F0RF,ATUHl,U5,2E14i«)) 

C 
HIAl>i5i3)TLAT».X0O,ETA0,XlFIN,ETAFlN 
READ(5,3)(START(Ij,l=l,b) 

3  FORMATl 6E12.U) 
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I 
c 
c 
c 

^PITt(b,103)^ST(lP,Nlf(STAWT(I),l3l,b),TLAT,XIO,ETAO,XlFINlETAFlN 
103 FÜHMAfllM0,^IH/2(|X ,6fclU,4/)) 

SHHl s SIN(ILAT) 
CPHl a COS(TLA1 ) 
TPHI a öPHl/CHMj 

INITIALIZE 1HE TIME ADVANCEMENT OPERATORS 

-  CALL AOVANS 

FIND THE CENTERED VEHICLE POSITION FOR EACH TIME STEP 

DO 200 
X(I) s 

200 YU) s 

1 s l,"!STOP 
(IM) (XX 

1YYUM) 
XX(I))/2, 
YY(I))/2, 

DEFINE THE TIME SHIFT OPERATORS FOR EACH TIME STEP 
THE PSI OPERATOR GIVES THE CONTRIBUTION COMING FROM 
THE VALUES OF THE VARIAÖLES THEMSfcLVES AT THE 
BEGINNINI, OF THE TIME STEP 
THE XL OPERATOR GIVES THE CONTRIBUTION FROM THE 
DRIVING TERMS 

DO 500 I c l,MSTOP 
CALL TIME(TGOU),TSTUP(I),PSI|Xl,NlX,Y) 

300 CONTINUE 

DETERMINATION OF THE COEFFICIENT MATRIX OF THE SET OF LINEAK 
EQUATIONS CONTAINING lHfc. UNKNOWN QUANTITIES. 

C0EF(*,2*N1) CONTAINS THE CONSTANT TERM 
COEFf*,2*NJ-1) I * 3,2,1 CONTAINS THE TERMS INVOLVING 
CGEF(*,J) J * 1 - 2*N1 - a  CONTAINS THE TERMS INVOLVING 

ALPHA,BETA.GAMMA, RESP, THE GYRO DRIFT RATES ABOUT 
VERTICAL,NORTH. EAST AXES, RfcSP. 
THE XI : E1A VALUES AT THE CHOSEN POINTS 

1010 

1020 

INITIALIZATION OF THE CONSTANT PART OF THE COEF MATRIX' 
THE PSI OPERATOR IS SUCCESSIVELY OPERATED UN THE 
INITIAL CONDITION VECTOR, STAKT, Tu PRODUCE THE 
EFFECT OF THE INITIAL CONDITIONS AT THE START OF" THF. 
MISSION ON THE U AND V ERKÜR VELOCITIES. THE DIFFERENCE 
BETWEEN THESE ÜUANTITIES  FORMS PART OF THE TERM INVOLV- 
lEThEEN THESE QUANTITIES  FURMS PART OF THE CONSTANT 
TERM, A CONTRIBUTION DUE TO THE DEFLECTION OF THE VLRTICA 
TERM, A CUNTRIBUTIUN DUE TO THE DEFLECTION OF THE 
OF THE VERTICAL IS SUBTRACTED LATER. 

DO 1000 I = l.MSTOP 
CALL EUUIVU,PSI,DUMMY) 
DO 1010 KK« f,6.. 
ST£M(KM = 0. 
DO 1010 L s l.p 
STEM(KK) • STEM(KK) 
DO 1020 L • 1 ,t> 
STARKE) s STEV.(L) 
C0EF(2*1-1,N2) = U(I) 

• DUMMY(KK,L) * START(L) 

START(l) 

_.... -  i in 
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C0EF(2*I,N2)   s   V(I)   •   STARTC2) 
CUIMTINUI 1000 CONTINUE 

5 
C        DETERMINATION OF THE TERMS IN THE COEF MATRIX WHICH DEPEND 
C        UN THE  DEFLECTIONS OF THE VERTICAL 

C -     FIHST STEP' DEFINE A MATRIX - OEFL - *HlCH GIVES THE VAWA 
C FIRST STEP« DEFINE A MATPJ.X - DEFL • WHICH GIVES THE DEPENDENCE 
C ÜF THE VELOCITY EKRORS ON THE VALUES UF ThE 
C OEFLECTIUNS AT EACH OK THE MIDPOINTS OF EACH TRAVEL LR 
C OEFLECTIUNS AT EACH OF THE MIDPOINTS OF EACH TRAVEL LEG 
C 

DO 1100 I = l.MSTUP 
CALL EUUIVU,XL,DUMMY) 
0EFL(2*I-J ,2*1-1) = DUMV,Y(1,1) 
DEFL(2*l-l,2*l) s DUMMY(1,2) 
DEFL(2*I.2*I-U * DUMMY(2,1) 
UEFL(2*I,2*I) s DUMMY(2,2) 
IF CI.EU.MäTOP) GO TO 1101 
KK s I • 1 
DO 1110 N a KK.MSTUP 
CALL EUUIV(N,P6I,UU*2) 
CALL XMAT{0UM2,DUMWY,DUM3) 
CALL EUUAL(UUM3,UUMMY) 
0EFL(2*N-l,2*1-1) s DUMMY (l,n 
DEFL(2*N-1,2*1) s DUMMY(1,2) 
DEFL(2*N,2*1-1) B DUMMY(l.l) 
DEFL(2*N,2*I) = UUMMY(2(2) 

1110 CONTINUE 
1100 CONTINUE 

SECOND STEP' DEFINE THE MATRIX - COVAR - WHICH , WHEN 
MULTIPLIED bY DEFL GIVES THE DEPENDENCE OF THE COEF 
MATRIX ON THE DEFLECTIONS Al THE DESIRED POINTS 

CALL COLLOC(MSTOP,N1,CUVAR,X,Y,XMAT»YHAT) 
N2P * N2 - U 

THIRD STEP» DO THE MULTIPLICATION 

1150 I = 1,1 
1150 J = 1,1 

COEFU.J) = U. 
DO 1150 L = * **"2 

1150 COEF(I.J) s COtF(I,J) • DEFL(I,L) * COVAR(L,J*2) 
DO 1160 I s |tM2 

UPDATE THE CONSTANT PAKT OF THE COEF MATRIX  TO ACCOUNT FUK THE 
•KNUfcN VALUfcS OF THt DEFLECTION AT THE START AND STOP 
OF THE MISSION 

DO   H55  L   *   1,M2 
COEF(lfN2)   »   C0EF(I,N2) - G *   Xlo   *   DEFL(1,L)   *   COVAR(L,l) 

2 - G *   ETAO*   DbFL(ItL)   *   COVAR(L,2) 
3 - G *XIFIN*   DEFL(I«L)   *   COVARU.N2-1) 
4 - G *ETAF1N*ÜEFLU,L)*C0VAH(L,N2) 

... ... -•,    .....   -     ... 
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c 
c 
I 

1155 CONTINUE 
1I6O CONTINUE 

FILLING IN THOSE PAKTS OF 
GYRO DRIFT.HAIES 

ÜU 1210 N s 1,3 
-  DO 1210 I = 1,2 

1210 COfcHI .N2-«*N1 S XL(1,I,3+N) 
CALL EUUlVd,XL,DUMMY) 

OÜ 1200 I a 2.MSTUP 
CALL EUUIV(ItPSI,L>UM2) 
"ALL tÜUlV(I,XL,UUMi) 
ALL XMAl(i)UM2.IHIMMY,DUM«) 
ALL AÜUtOU^a.OUMJ.ÜUM^Y) 
I) 1220 N s 1,3 
0EF(2 * I « 1,N2 

THE CUEF MATHIX THAT DEPEND UN THE 

1220 CUtF(2*I.N2-«*N) 
1200 CONTINUE 

N2M s N2 - 1 

a • N) B DUMMY(1,3 • N) 
DUMMY(2,3tN) 

1 

1 

DEFINING THE MATRIX - SQMAT - WHICH SULVED GIVES THE DESIRED 
LEAST SQUARES SOLUTION »"UK THE DEFLECTIONS OF THF 
VERTICAL AND tHE GYKU OKIFT HATES, 

DO 1300 I a 1,N2M 
DO 1300 J = 1,N2 
8QMAT(I,J) s Ö, 
DO 1300 N s 1,M2 

;300 SOMAT(l,J) 3 SUMAT(I,J) • COENCK,!) * COEF(N,J) 

AFTER SUBROUTINE SULVE. SQMAT(*,2*N) CONTAINS THE SOLUTION 
VECTOR« THt LAST  THREE ARE THE GYRO RATES AND THE 
RESf ARE THE INFLECTIONS OF THE VERTICAL, 
THE LAST COLUMN IS EUUIVALENCED TO A VECTOR SOMAT 

CALL SOLVE(SUMAT) 
DO 1UOQ i s 1,^2 
F(U s 0, 

DETERMINATION OF THE ACTUAL VARIANCE OF THE SOLUTION 

DO 1400 J s 1,N2M 
«00 Ml) * F(i) • CUEF(I,J) « SQ^AT(J) 

DO l«bO I = l.N-2 
VAH(l) « (F(I) - COEF(IfN2))**2 

«50 SUMSU • SUMSU • VARU) 
SIGMA u   SURTCSUMSG/FLUAT(M2*J)) 
NN K N2 • a 
DO 1U60 I 3 ltNN 
SOMAT(I) » SOMAT(I)/G 

• - • 



C OUTPUT   THE   FINAL   RESULTS 
C 

»RITE(6*110) SL)MAT(NN*J) ,SOMAT(NIM*2) ,30MAT(NN-»3) WRITEC6.UO) SL)MAT(NN*n .S0MATCNIM*2) ,30MAT(NN43) 
110 FOKMATUHlt» FINAL RESULTS »//'GYRO DRIFT HATES»   ALPHA» ,E 12.a ,bX 

2,,WETA« ,El2.a,bX,«JiArtMA' ,F_12.a//' UtFLFC T {UNS UF VERTT/' XI' 
3 ,1/X. «tTA« , WX»MJHTH'P(.).i».nX,H.A.ST PUS»//)      
WPITEC0,111) C SOMA TCI). SUMA T (I *1), XHATU). VH A T<I)» 1 = 1 .N2,2) 
WRITfett»,lU)SUMSiJ, SIGMA, (ItVAKCJ ,1 a 1,H2), „.„„   * 

112 FUHMATUHt.« VARIANCE OF SOLUTION ' ,fc 12,4 ,bX , • SIGMA » ,E 12, H/ 
• «INUlVIUUAL.Si^tRHORS'/dX.Ib.bX^U.aJ) 
STOP 
END 

- --- •--— 
J 



.   1 

SUBROUTINE CULL0C(M,N1,C0VAR,X,Y,XHAT,YMAT) 

C THIS SUBROUTINE  PRODUCES A MATRIX - COVAR - THAT PRODUCES 
C VALUES FOR THh DEFLECTION HF THt VERTICAL AT POINTS, I, 
C FROM THt VALUES OF THt INFLECTIONS AT OTHER POlNlS, J. 
C THIS IS DU^t BY STATISTICAL CULLOCATIUN, 
C FUR A DERIVATION Of- THfc METHOD Stt THE PHOENIX CORP. REPORT 

DIMENSION   CV1(50,50).CVINV(50,50),CV2(50,5Ü),CÜVAR(50,50), 
X(bÜ),Y(bO>.XHAT(50),YHAT(!?0) 

i 

C 

c 

I 
C 

2 
SJGG2   =   SIGMA(1,) 
SlWd   3   ollil)   (1.) 

DETERMINE THt CÜVARIANCES BETWEEN THt DEFLECTIONS AT THE 
C OASIS POINTS.  ODD INRES  DENOTE XI VALUES, EVEN 
C INDICES  ETA VALUES, , ?HE LOVARIANCES ARE DERIVED 
C UNDER THE ASSUMPTION UF ISÜTRUPIC. HUMuGENEOUS 
C COVARIANCt OF THE GRAVITY ANOMALY, 

DO 500 I a lfNl 
DO 500 J = \,N1 
R s SfciRTCCXHilU) -XHAT(JEE**2 • (YHAT(I) - YHAT(J))**2) 
STH s CYHATU) - VHAT(J))/H 
CTH 8 (XHAT(l) • XHAT(J))/R 
CV1(2*I-1,2*J-1) s SIGQ2 * (PHIüG(R)/SIGG2 •(STH**2«CTH*«2)*FC(R)) 
CVi(2*l,2*.l) = SIGD2*(PHIGG<R)/SlGG2«(LTri*ii.i*- STH**2)*FC(R)) 
CVI(2*I»J,2*J)s      -2, * S1GU2 * STH * CTH * FC(R) 
CVJ(2*l,2*J-i) = CV1(2*I-1,2*J) 

500 CONTINUE 

INVERSION OF THE CVl MATRIX  IS FOOND IN CVINV 

CALL MATINVCCV1,CVINV) 
DO t>00 K s 1 ,M 

C        DETERMINATION OF THE COVARIANCES BETWEEN THE BASIS SET AND 
C THE SET OF POINTS DETERMINED BY THE MISSION LEGS, 

DO 600 I a 1,N| 
R s SMRTUX(K) - XHAT(I))**2 • (Y(K)-YHAT(I))**2) 
STH a(Y(K) - YHATU))/R 
CTH = (X(K) - XHAT(I))/R 
CV2(2*K-l,<i*l«l) s Ulavi   *(PHIGG(R)/SIGG2 *(STH**2« CTH**2)*FC(R)) 
CV2(2*K-l,I*I) s -2,*SIGU2*STH*CTH*FC(R) 
CV212**,1*1-1) = LV2(2*K-l,2*I) 

600 CONTINUE 
N2 « 2*N1 
M2 s 2*M 

C 
C .      PRODUCTION OF THE COVAR MATRIX BY MULTIPLICATION OF CV2 BY 

CVINV 

DO 700 L s 19«I2 
DO 700 K s i,N£ 
COVARCL.K) s 0. 
DO 700 I a 1,N2 



' 
1 

700 COVAR(L,K) s COVAR(L,K) • C V2U , I) *C VINVCI ,K ) 
RETURN 
END 
»•UNCTION SIGMA(X) 

C        THIS FUNCTION ANÜ ITS ENTRIES GIVE THE NECESSARY VALUES FOR 
C THt COMMUTATION  Uf- THh DEFLECTION CUVARIANCES, 
C        CURRtNTLY, IHt FUNCTION ASSUMES A SECOND URUER MAWKUVIAN 
C  s STrtüCTUWt »-UH THt A^'JMALY COVARIANCE.  VAR IS THt 
C VARIANCE Of« THE ANOMALY  ANO Ü IS IHt CORRELATION 
C Lt'MOTH 
C 

DATA VAR,D,G,RUüT2/3,36E»2,«Eb,9,öQ6bbE2,l.«1421/ 
SIGMA 3 VAfi 
RETURN 
ENTRY SIGO(X) 
SIGO s VAR/Ü/RÜOT2 
RETURN 
ENTRY PHIGG(H) 
0 a R/L> 
PHIGG a VAR*EXP(-U)*(1,*Ü) 
RETURN 
ENTRY FC(R) 
G» c R/U 
Fq s 6,/U**2 • EXP(-d) * (0*3. • b,/Q**2) 
RETURN 
END 
SUBROUTINE ADVANS 

C        THIS SUBROUTINE PROVIDES THE VALUES OF THE NECESSARY TIME 

C        THIS ENTRY iNITIALIZES*THE VALUES OF THE NECESSARY 
C EIGtNVECTUR MATRICES 

COMMON CPHJ.S^HI.TPHI 
COMPLEX R(b),R(2KC(b).C2(b),D(2),D2(2),S(6,b),SINV(b,6),T(3,3), 
TIN V ( 3. 3). PH (b, b ), PHI (e . b), VI. (6, b), VIHö,b),PU(3,3),VP( 3 ,3) 

DIMENSION RPHUA,6J,RVLI(6,6) ,RPO(3«3),NVP(3,3),RPHÖU,6), I/IHCHOIUII    nrnunini »r*vi.jivo,oj »nrUU|J» ,nvr\jt 
! DUMMY(b,b),t)UM2(b,b),RSI(bOtb,b),XL(bO,b,b) 
DATA G,REARtH,OMtGA/9.bübbbt2,b,37103E6,7.2yi 
OMEGAS = SURTCG/REARfH) 
DO 200 I s l,o 
DO 200 J s I,o 

200  RPHOCI.J) a 0, 
DO 210 I = 1,3 

210 KPHUCiil) = I. 

FIRST FOR THE TIME WHEN THE VEHICLE IS IN MOTION 

R CONTAINS THE ROOTS OF THE SECULAR EQUATION 

K(!) * (0..1.) * OMEGAS 
R(2) «-WC15 
Al 9   OMEGA**2 • 0MEGAS**2 
bl 9   SUHHU^tGA**!! •u^tGAS**«*2,*UMEGA**2*UMEGAS**2*(l,1-2.*CPHI2)) 
R<3) * (0,,1)*SQRT(0,5 * Al • 0,5 * Öl) 
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H(Ö) • • R(3) 
R(5) » Cl,.0,)*SüRT(0.5*bl> 
H(6) » -R(5) 

Ü.5*A1) 

FILL IN THE VALUES FÜR THE 
ITS INVERSE SINV 

I • 1.6 

TRANSFORMATION MATRIX, S, AND 

500 

DU   500 
A   s   (W(I)**2   •   0*"EGAS**2) 
b«2./H<l)*A**<»MK(I)**a    •    (ÜMEGA*UMfc&AS*CPHl)**2) 

2   •   «,   *   R(l)**i   *    (0MfcM*ni*£ÜA$*SPHI)**2 
3(1*1)    s   A/b/*fcAkTM*((U'-'EGA*CfJhI)**<i   •   K(IJ**2   ) 
8(1,2)   a   2,*Kli)**3*llMk(,A*SPHI/|}/Pf A«TH 
S(I,3)   a   (UM£UA*CPHI)**?   *   A*   H(I)/n/REARTH 
S(I,a)   a   -ijMtGA   *   CPHI    *   k(I)**«>*A/H 
(I,b)   a   OM£GA*SPHI*W(I)**2*(R(I)**2-üM£GAS**2)/ö 

A/M   *   k(l)**i 
* U*A/W(I) 
a G*UMki,A*SPHJ 
= G*A/K(I)**2 
s -(A**2 • (R(I)*OMEGA*SPHI)**2)/(R(I)*OME.GA*CPHI) 
a -HU) * OMEUA*$PHI 
s A 

3(1, b) s 
SINV(1,1) 
SINV(2,I) 
3INV(3,l) 
S1NV(U,I) 
SINVC5.1) 
SINV(6,1) 

NOw DU THE SAM£ FOR fcHEN THE VEHICLE IS STOPPED 

P(l) • C0..1,)* OMEGA 
P(2) a -pur 
Al B 1,/SQRT(2,) 
T(l,l) a -CPHI * Al 
TU,2) a SPHI * Al 
TU,3) a (0,,1.)*A1 
T(2il) a TCI,1) 
T(2#2) e T(l,2) 

a - TU.3) 
s SPHI 
a CPHI 
a 0 
,1) 

T(2,3) 
T<3 1) 

T(3,3) 
TINVU 

F 

:!' 
TINVU 
TINVU 
TINV(2,1 
TINV(?,2 
TINV(2,3 
IINV(3,1 

x 
3 

-CPHI * Al 
TCI«1) 
SPHI 
SPHI * Al 
TINV(2.|) 
CPHI 
-10. .1.) * 
T1HVC3.1) 

Al 

MATRICES 

INV(3,2 
TlNV(3.3> a 0 
ENTRY TlMfe.(Tl,T2,PSl,XL,N,XPOS,YPUS) 

THIS ENTRY ACTUALLY CALCULATES THE 
Tl IS THt TIME THt VEHICLE 
T2 IS THfc TIMt SHIPPED 
THE DERIVATION ÜF THt VARIOUS GPtRATlÜNS PERFORMED 
HERE IS FOUND IN THE PHOENIX CORP, REPORT 

T a Tl * 0,5 
DO 600 K « 1,6 

TIME SHIFT 
IS MOVING 

L_ MtfM—waawiM 
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C(L5   *   CfcXP(RCK)M) 
600   L2<*)   a   C(D   *   LIM 

DO   700   I   *   1,6 
0U 7ÜU J s 1,6 , 
PH(I.J) a I0.,0.) 
PHI(I.J) s(0,,(j.) 
VLU.J) * (y.,u,S 

"VL1(I,J>   •   (0.,0.) 
PHHIJ)   a   PMKI.J)    •   C2(K)*SINV(I,K)*S(K,J) 

VLIU.J)   •   VLKI.J)   •   (C2(K)«(t.,0.))/R(K)*SINVCI,K)tS(K,J) 
700   VIU.J)   =   VLU,J)    +   ((K)*SlNV(i,ft)*S(K,J)) 

DO eoo i s i,b 
PHKi,n * PHI(J,I) • pH(«fi)*(Ypns(n+n«YposcN)) 
PHI(2,I)   a   PHU2«fj   -   PH(a,I)*(xPUS(N*l)-XPÜS(N)) 
VL1U,I)   *   VL1(1,1      •   VL(U,1)   *   (YPUS(N*1>   -   YPUS(N)) 

800   VllU.i)   =   VLK2.I)   •   VLCa.I)   *   (XPUS(N*U   -   XPOS(N)) 
DO   610   1   a   1,0 
DO   610   J=l,b 
pphid.j) = we:AL(PHin,J)) 

•••••- ,J» 
pphid.j) = we:AL(PHin,. 

810   KVUU,J)   =   KfcALCVLIU,. 
D(n   s   CfcXP(PU)    *   T2) im^HHieiu ..MI :txP(P(i) * n) 
00   900   1   a   l,i 
00   900   J   a   1 ,i 
POCI.JJ   •  0CJ)   *   TINV(Iil)*r(l,J)   •   0(2)   *   TINV(I,2)*T(2,J) 

TlNV(I.i)   *   T(3,J) 2        •   T1NVII.5)   *   T(3.J) 
900   VP(I.J)   *   (0(l)-l.)/Pll)*TINV(I,t)*T(l,J) 

2  • (DU)-l.)   /  PC2J   *   TINV(I,2)   *   T(2,JJ   • 

8 0   910   I   a   i,J 
0   910   J   a   1,3 

T2  *   TINV(I,3)   *   T(3,J) 

KPO(I.J)   «   Pt.AL(PU(IiJ)) 
910   KVP(l.J)   a   HtAL(VP(I,J)) 

00   <id0   1   a   1,3 
RPHU(3+I,3)   s   -OMttA*CPHI/HEAHTH*KVPni,l) 
00 9«?0 J a 1,3 
KVP0(3*1,3+J) = PVP(I,J) 

920 KPHU(3*1,3*J) a kPU(l,J) 
CALL XMAt (HPHljHPHUtOUf-'^Y) 
CALL   tUUKN.Päl.OLMMY) 
00   W   I   •   1,0 
00   950   J   a   1,2 

950   PSI(N,J.J)   a   5, 
CALL   XMAT(KPMl,KVPU,0DWwY) 
CALL   AüüjHVLl,0UyMr,uijN'2) 
CALL   t\ 
RFTUNN 

.L„twUHN,»L,00M2) 

END 
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HANDY MATRIX OPERATIONS NUT FOUND IN FORTRAN 

EUU1V  MAKES A SMALL' StC „ , 
t«U£V  SETS A SMALL bXfe MATRIX EQUAL TO A SECTION A LARGER 

iJNt, LOUI IS Tht INtffcRSt 
ADO ADOS TAU MATRICES, XMAT MUL1IR11ES TWO MATRICES AND 
EQUAL SETS ONE MATRIX EUUAL TO ANOTHER 

SUBRUUTlNt EUUIV(N,A,B) 
DIMENSION A(50,6,6),b(o,6> 
DO 200 I s 1,6 
00 200 J « 1,6 

200 6(1,J) = A(N,1,J) 
RETURN 
END 
SUBROUTINE XMAT(A,B,C) 
DIMENSIUN A(t>,b) ,B(6,6) ,C(0,6) 
DO 200 I c 1,6 
DU 200 J = 1,6 
ClltJ) • o. 
OH   200 K = 1,6 . 

200 C(I,J) s C(I,J) • A(I,K) * B(K,J) 
RETURN 
END 

SUBROUTINE EQUAL(A,B) 
DIMENSION A(6,6),b(b,b) 
DO 200 I s 1,6 
DO 200 J s t,b 

200 B(l.J) = A(I,.J) 
RETURN 
ENO 

SUBROUTINE AOD(A,B.C) 
DIMENSION A(6,(J),B(6,6) ,C(ö,6) 
DO 200 1 = 1,6 
DU 200 J s 1,6 

200 C(I,J) * A(I,J) • B(I,J) 
KETURN 
END 

SUBROUTINE EQUI(N,AfB) 
DIMENSIUN A(b0,b,6),B(6,6) 
DO 20.0 I * 1,6 
DO 200 J = 1,6 

200 A(N,I,J) = ö(I,J) 
RETURN 
END 

J 
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