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HOACOS: A PROGRAM FOR ADJUSTING HORIZONTAL NETWORKS IN
THREE DIMENSIONS

T. Vincenty
National Geodetic Survey 
National Ocean Survey, NOAA

Rockville, Md. 20852
ABSTRACT: Horizontal networks are adjusted
in the simplest way in the height-controlled 
spatial system without reducing observations 
to the ellipsoid. The mathematical model of 
the adjustment is based on the known principles 
of three-dimensional geodesy. A computer 
program based on this method is described.

1. INTRODUCTION
HOACOS is an acronym for Horizontal Adjustment in Controlled 

Space. It is a computer program for adjusting geodetic networks 
in three dimensions, with heights and astronomic coordinates held fixed.

The pervading feature of the mathematical model for the adjust
ment is the forsaking of the ellipsoid as a reference surface.
As used in the adjustment, distances are straight lines in space 
between reference points (marks on the ground), and directions 
are those observed in the plane of the astronomic horizon 
perpendicular to the direction of gravity.

Since this system was first proposed (Vincenty and Bowring 
1978) it has undergone some modifications and acquired the 
designation of a height-controlled three-dimensional system 
(Vincenty 1979b). HOACOS puts this method to practical use.

2. NOTATION
X, Y, Z Cartesian coordinates in the equatorial system
<j>, A astronomic latitude and longitude (ground level 

values), positive north and east respectively
A astronomic azimuth, clockwise from north
S spatial distance
B, L geodetic latitude and longitude 
H height above the ellipsoid
a equatorial radius of the ellipsoid
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e first eccentricity of the ellipsoid 

M, N principal radii of curvature
linear shifts of positions in an astronomic horizon dx, dy
plane, positive north and east respectively

3. MATHEMATICAL MODEL

The position of each point in space is defined by

X = (N + H) cos B cos L
Y = (N + H) cos B sin L
Z = [N (1 - e2) + H] sin B. (D

If the coordinates of two points and astronomic latitude and 
longitude of the standpoint are given, the length of the line 
and the astronomic azimuth at the standpoint can be computed by 
closed equations as follows:

AX = x2 - xx AY L az = z2 -= Y 2 -

C1 = - sin <}> (AX cos A + AY sin A ) + 1 AZ cos 4> 1

D i = - AX sin Ai + AY cos x l
(2)S2 = AX2 + AY2 + AZ2

tan A12 = Dl/C1• (3)

Similarly, we have for the reverse direction 

C2 = sin 4> 2 (A X cos X2 + AY sin X2) - AZ cos <J>2 

D2 = AX sin A2 - AY sin Ag
tan A21 = D2/C2. (4)

The observation equations for azimuth and distance observa
tions have the form

v = a1dx1 + a2dy1 + a3dx2 + a4dy2 + K, (5)

in which the constant term K is the difference between the 
computed and the observed value.

Putting Rx2 = C1Z + D:2 and AA = A2-A1, the coefficients of 
azimuth observation equations are computed by

a, = Dj/Rj2 
2a2 = -chRi
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a3 - "[Dj (cos 4>1cos <j>2 + sin tf^sin <p2cos AA)
+ C1 sin <{> 2 sin A A ] /R1 2 

l4 _=  (C.cos uaAA  --  UjSD. in 4> 1 sin AAJ/R^.
The coefficients of distance observation equations are
al--cl/s 3.3 = -C2/S
a2 = -Dj/S a4 = -D2/S.

The azimuth observation equation is used also for unoriented 
horizontal directions, with the addition of an orientation 
unknown common to all members of the set, with a coefficient of

Relative (unsealed) distances, used for determining the shape 
of the network, are treated in the same way as in program HAVAGO 
(Vincenty 1979a). Each such distance receives a scale unknown 
which is common to all members of the group, with a coefficient 

“S* In a special case of this class of observations all 
distances may be assigned the same scale unknown.

Relative distances depend on a source of scale, such as at 
least one base line (a distance without scale unknown) or two or 
more fixed or constrained points. If no source of scale exists, 
a solution for average scale may be performed. In this case an 
observation equation is used to make the sum of the scale 
corrections equal to zero.
A position is constrained by two equations:

v = dx + K (6a)dx dx
v = dy + K . (6b)dy dy

The constant terms of position equations are computed initiallyby

Kdx = (B " Bo) <M + H)
= (L - L0) (N + H) cos B,

where B, L are assumed coordinates and B0, LQ are constraint
values. After each iteration they are updated by adding the 
shifts dx and dy, respectively, as determined in the adjustment.
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After each iteration the Cartesian coordinates are updated by
dX = - sin (j) cos A dx - sin A dy 
dY = - sin <p sin A dx + cos A dy
dZ = cos <p dx. (7)

Adjusted Cartesian coordinates are transformed to geographic
coordinates by

tan B = (Z/p)/(1 - eQ2) (8)
tan L = Y/X, (9)

using

N - a(l + ~ e2sin2<f>) 
e o2 = e2N/(N + H) .

4. DESCRIPTION OF THE PROGRAM

4.1 Input Formats

The input was designed to be compatible with the existing 
formats of the TRAV10 program (Schwarz 1978). A set of input 
cards for TRAV10 is known as a "travdeck." HOACOS contains some 
additions to the formats of TRAV10 but they do not interfere 
with the structure of existing travdecks.

4.2 Option Card

The option card contains the deck name and various option 
flags for the execution of the program. Some options applicable 
to TRAV10 are not used and some have been added. Among the 
added options are the following:

• A flag instructs the program to read a card containing the 
parameters of the ellipsoid on which the preliminary geodetic 
positions have been computed.

• The adjustment may be performed with a solution for a scale 
unknown common to all distance observations.

• A section of input containing relative distances has been 
added. Each group of such distances is assigned a separate 
scale unknown.

• If relative distances are used, an option may be exercised 
whereby a solution for the average scale of the distances will 
be performed.
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4.3 Processing of Input Data
Before HOACOS can be executed, the input deck must be run 

through a preprocessor (QUIKPROC) that assigns consecutive 
numbers to the stations and places appropriate station numbers 
on observation records.

4.3.1 Station Data
The data for each station include station name, preliminary 

geodetic latitude and longitude, height above sea level, geoid 
height, and some identifying information of no interest in the 
adjustment. As the cards are read in, the sines and the cosines 
o latitudes and longitudes are computed and stored in arrays.
At this time the Cartesian coordinates of the points are computed 
and are also placed in arrays. Station names are stored on a 
disk unit.

4.3.2 Constrained Positions
Each record of this section of the input consists of station 

name, constrained latitude and longitude, and standard deviations 
of the constraints. If the coordinates are left blank, the 
program assumes that they are the same as the corresponding 
preliminary values. Default values of standard deviations are 
0.1 mm for latitude and longitude. The observations are written on a disk.

4.3.3 Astronomic Coordinates
As astronomic coordinates are read in, their sines and cosines 

are computed and stored in arrays, overwriting the previously 
computed geodetic values. This means that if an astronomic 
latitude or longitude is not furnished, it is assumed to be the 
same as the corresponding preliminary geodetic value. Thereafter, 
the input values will not be used again by the program.

4.3.4 Observations Between Stations
As the observations are read, their variances are computed 

using standard deviation codes (which may be furnished on the 
observation card or deduced from the observation type code on 
the card). All information that will be needed later for the 
formation of observation equations is stored on a disk.
Occasionally sea level distances are encountered. These are 

converted to mark-to-mark distances as follows:
q = (sin <t.: + sin <j>2)/2

N = a
/l-ez cp"
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NR 1 + e2 (N/s) 2 (sin <f>2 - sin <f> 1) 2/ (1-e2 )

D s - s3/(24 R2)
^dtTr—rirTTTR-nrj-~(rah)2 /r,S (10)

where s is sea level distance.

4.4 Observation Equations

The observation equations are formed before the initial 
adjustment and before each iteration. The observation data 
previously stored on a disk are read sequentially, and the 
equations are formed and written on another unit for use by the 
adjustment package. The weight of each observation is the 
reciprocal of its variance.

No trigonometric functions are computed in forming the observa
tion equations except for an arc tangent for each azimuth and 
unoriented direction (eq. 3).

Distances computed from most recent coordinates are needed 
only in distance observation equations. They are obtained 
without square roots from S2 and the observed value SQ by

S (S2/S0 + S0)/2. (ID
4.5 Adjustment

The adjustment is performed using an adjustment subroutine 
package prepared by William E. Dillinger. The package reads the 
observation equations, reorders the unknowns to reduce the 
profile of the matrix of normal equations, forms and solves 
normal equations, and after the last iteration inverts the 
matrix. Reordering of the unknowns may be suppressed as an 
option. The adjustment is assumed to have converged when the 
shift of each point from the previous to the current value is 
smaller than 0.01 m.

4.6 Postadjustment Computations

The residuals are computed by substituting the values of the 
unknowns in the observation equations. Normalized residuals are 
also computed.

The full variance-covariance matrix of adjusted unknowns is 
used to determine the standard errors of adjusted unknowns and 
the standard errors of adjusted distances and azimuths over lines 
between any points specified in the input.
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The adjusted distances are always printed as straight lines in 
space. The adjusted azimuths are astronomic if observed; 
otherwise they are given as normal section azimuths between 
points in space and referred to the chosen ellipsoid. Geodesic 
distances and azimuths are not computed.

5. CONCLUSION
The height-controlled three-dimensional method of adjusting 

geodetic networks differs from the general three-dimensional 
approach in two respects. It requires a previous determination 
of heights of all points and it treats astronomic coordinates as 
invariable.
The direction of gravity, expressed by astronomic coordinates, 

should be known at all stations from which directions are 
measured, which is also true of classical ellipsoidal geodesy.
If it is not known at some stations, the results will be falsi
fied to some extent, sometimes seriously, irrespective of what 
computational system is used.

The equations for computing distances and azimuths are exact 
and stable. The accuracy of coefficients of observation equa
tions does not depend on the length of the line but only on the 
relative accuracy of preliminary coordinates. Thus the height- 
controlled method can be used safely in all situations, regard
less of lengths of the lines.
Reductions of directions and distances to the ellipsoid are 

not used in the program. These reductions, while useful in 
adjustments by the method of conditions, are unnecessary in 
modern adjustments by variation of parameters.

REFERENCES
Schwarz, C. R., 1978: TRAV10 horizontal network adjustment

program. NQAA Technical Memorandum NOS NGS-12, Dept. Commerce, 
Washington^ D.C., 52 pp. (Available from National Technical 
Information Service, Springfield, VA 22161, accession #PB283087.)

Vincenty, T., 1979a: The HAVAGO three-dimensional adjustment 
program. NQAA Technical Memorandum NOS NGS-17, Dept. Commerce, 
Washington, D.C., 18 pp. (Available from NTIS, Springfield,
VA 22161.)

Vincenty, T., 1979b: Height-controlled three-dimensional system 
for adjustment of networks. (Submitted to Bulletin Geodesique.)

Vincenty, T. and Bowring, B. R., 1978: Application of three- 
dimensional geodesy to adjustments of horizontal networks.
NQAA Technical Memorandum NOS NGS-13, Dept. Commerce, Washing
ton, D.C., 7 pp. (Available from NTIS, Springfield, VA 22161, 
accession #PB286672.)



,1



9

W

X
w

I
I

X

H
Q

W
Oa

O

<
a

<
CL

< H H H i

O'
o m m o r-
• • • • 

W W w O

3
“3

N KH O <
3 I' 3 3 a:
o a- m o
HH PJK)

o o o «
oO O CD

O o o
3 • H•  C\J•  IO• Q

3
o o o o

o
3 ID

3 0 0 0 2
CD O

O

3 3 in o
3 *-««-• CM

O O O o

CO
UJ
I—
c 2 2 

O O O 00 3 3

< < < ►- < < <
»— »— t—00 CO GO 00 *—« co co co3

Q.

CJ

2
3
0C2 .j

*-• 3



10

S
DE

CO CO CD CD CO CO CO CO CO CO• • • • • • • • •o o o o o o o o o  .ved.CD
C CD T< SX 0 0 3 3 0 0 a.

CD :*• *) o H ^  ec

O' ncr af* t

OIOS IT' siC\j d

vO vO »H _i O' HO z> *H CM“5

o Ot—»
t- U CD < H- U CD < K 

CJUJ z z 2 2 UJ WOO O CO O O O CO 
•-< cr -« X*— uj ►— »— t— Ul

fc- <3 < < < »- CD U U
2 »- I- 222 zzz ►-< to to CO CO *-< o o o o o o

< <r « o — < < <*- >- H-H- CO CO CO CO CO CO

2 2 Z 2 Z 2 2 2 2
OOO 030 OOO

<<< <<< <r<<*— »— »— i— t— ►— 2 2 2 COCOCO COCOCO COCOCO OOO
s:< < < o < <
a: *- h-o i co co CO CO CO

3o
u

r
3

3- to ry h ^ fo cm h 3

2I *H C\j c\j co ro ro ro o O2 cr cro x
3

o »h ru *> ct- in o s »- < 2 »H CM K> 3 3 H- CM CM CMX X CO -J2 -<
-< 3



11

0 0

T
o o 

3 o o 0.
0 .0

o in 00
25
0

30

UJ
IB
<
Q. X o in

cm 

-1
.5
  0o cm .0

CDO' or*- < 2(T CL  0 0 

>UJ 1.
5

0.
0

3

25
0

30
0

K) a:
o>- x 00  _i x o r»

uj 3 U O CO
u 3 • o o 35

2 
51
9

< o o o
CL 01 01»- • • co CO 00 0. 0.

<
O   3 N-x 5o cmcl- 17 83

7

o »H 9>- 3 3 02o
Q. .9 0.9u 5x X H-o U. OO   9 0ID ^ 5 9 3 0 3  0 09 9mo 00d Xee a:r O 3 3f x 00 M x o inf <r UJ 0 3 27

8 

o • 00 o • • 01s h- 3 0e CO 0. 0.
01
09
3 

er ug ui   o in e 2CO o in d o cr» O O' 28
0

6 O O' 83
2

01.9X UJ o O' 0.o 3 in 59 3
*—   .  o o* 9i oUI 5 ss Xa < C 00   . 9 0_J K)K)o 2 3CO • 

UJ CO = < X  2 Cec on X 2 a O UJ i O UJ r •OXav h2 J  sum 

, o ►-9 2 03 CO3 O 3 UJ CO9 X 3 2 2 CO Id. I— 3 *-< O UJ Q CO COu • co «a 3 -* 3 3 W Z J
*- 3 >- uJ 3 3 CO S’ >— U h 2= •3 3 3 X 10 H ID 2 «X UJ X X CD O I- 2 < U h-  nt • < U. -H x <r 3 1- u yj oh •o x <r 33 co x h co CO  I  ►— CO 3 X ig > O 3 2 < co Ci ►-« X X Ul I- tUJ U U CO 3 3 O  ce H O I- I- w 2 2 2 CO X ►-« N ew f 2 3 3 o 10 h z jroioyujiioioh O s CO S 0. UJ H^<00HX0>0 2<r I rt O 3£ *-« 21 X H-OX22>— I— 2*-* 10 2 > 3 T ei n o n o < <f-iI-OOU3<I-COCLCX SI < < A tn x <r o X^COXXUSi- <X »- 3 2 UJ < i- i— T nu UJ Ll. CO U<2*-*-X»-tC03C0OXC0 2 CO CO S i 3 O CO UJ l-hO(OlOHNHlJHXZCQ 3 3f 3 X UJ X L> -*COU<X<3«X3X3lD30u 3 3

CO vD •-* 3 X 3 cx 3-HO'OIMO'OOiO co co
CD5TU2I- 3 33 II 2 • CO ' CO 3 33 3 NJ 3 M *-• 3 3<r 3 CO CO cr <r



12

^ (Vi H •H *) •-? r-t CM *> 
O' m O o o o o m vc 
O O CO co cr> © vO O ® 
O' CM O o rH K) *) CM CM

in *h H ^ CO © a- cm 
in r+ H H O' O' in cmto K> o r*. © ^ •HO© 

•-* H N © 3) O' S 
Q mom m O' O' O' O O'

u
CD r- CNJ CT' m s a- © 3- © 
< wm ^ o M K) © © © CL © m © «h o« cm sm a 

• • • 
N H H ©OK) N © H

fM CM li (VI If) m »o in
(r»
h- O OK) 
17' • • • 

HIM O •H »H ffi 
© »H ;J- H H O' 
(MMK) N N H 

^ © 
m m O'

•h ©
© *H

CM © © o in mCD © O O K) O' H) 
2 K) ^ © O' r- *h

< O © «H o m m o in O' 
Q O O •-• h* o cm © o r** r*»

*H o O' H o r** o O © K)
a:

n in O'd a- a-
O IM K) OSH

O' CM ^ m

*h O' a- © 
SJ 
<

© vT = «H 
O' »H ©
rH f>J

U 2 2 2 U 2 2 2 U WOO 0 0)0 O O 00 
OC *H M QZ H M M CC 
UJ ►— )— — LJ »- I- *- UJ 
b- < < «I ♦- < <C < I- Z t- h- H- 2 s- K- ♦- 2 2 2 2 
HWW Ifl H W CO © H o o o

< < <
►- s- >-
C/D CO CO

sno 2 2 Z i O O Otis < CO u< < < < <r < < < <o >- s- s-p 2 2 2 00 00 00 CO 00 (/) CO © CO o o o

dl < < < ni © CO ©akt m os CMnuc



13

€) tO IT) *H *4 m 
OOrlrtOINe Ug O tr o o o o o oa <rp

in to N DK)K O H  CD in CM If) OJ K) H (Nl H 9 • • • H M S' N K) 7 H H K) • ••••• 9 cm cm in o o o o o o1i31 H N U) H IO K)  O ID ^ O ov vD Y 00 O O vO (Tv CD L O (Vi (MOH N U • ••••• J ■H in CO ct- CM
rl in s H w

VO W N f*" O K) rl (D O
^ H CO fv S

If) O If) O' ^ O'

a CM 3 IO >0 .o 
CD (Tv CM (TV (TV C\J

H CM O'

 oin O' O O iH O O *-(T D 3 <)A O O t-l <D QI O O O ov cm r- ^ coK a /) n -o «o oF ©mvocNjj'^-
«-* CM »H
cd in o H H MO OHO O vfl cm cvj in in o

cm 2□ CM ^ ifO' ® vo m w sco h a- co (Ma«oam
F-« H if) O'
□ h- O \D CM CO O O O 

r- ov co O' K) m 03-3-

a. 3 CD
2: uj

Q H h
2 rvj <
C <t 2

-OO
cc 2 a:
o <r o
M O
O CD O

CD UJ LJ
H- CD > U U
2 2 2 fh

2 U O 2 < h-) U H U h h s: *-• o ►* ujo 00 *- ►“ HCDO? ? ? 2?U?UJUJ CD «X CD CD M *H OOOO o O CD O CD CD 0 3 2 2 3 3 UJhhcchKcc 3 0 0 0 _J CD

c < <r
k k y h- u u O UJ h w o UJ<r«n-<KK C *- t-*—*—»— ►- *- 2 S 1- 2 z 2 <r «x ECD CD CD CD CD m (D m m CM O 3 3 T

~ 3 3 A

I— UJ UJ NH— < 1 2
♦
«I
- J

 
 tc
> _J U «a

_l
 
 

ia «£ R

•JWSUTS 0

o 2 »- cd cr a: 0

* CD 3 O O C

1-03022  

3 2 3
x * ooiocD' NG

2 2 c 2 2 2
H D ►—< ►—I ►—«r s s > AT

I

o
 
 o 

X
y 1 X J

2 2 303
-* u_ a. CD UP

U

< < < CD CD U CD X UJ

     CD xJ CD ¥- h~ H-2 2 2 2 2 2 2 2 2 UOd 3 3 O 3 _i OOO OOOOOO UXX £L 0. 2 Q_ «a OOUI 5: 5: < 51 Kt X aJ > OO OOa < < < <<<<<< Q- Of < O U O J—d I— ►— h- CD CD CD CD UJ CD CD CD CD CD CDDE u>T <S ir a IT \0 N B O' U z> CM CM CM CM CM CM OOOOOOJ 0 3D u> a.A c



(Continued from inside front cover)

NOS NGS-6 Determination of North American Datum 1983 coordinates of map corners. T. Vincenty, October 
1976, 8 pp (PB262442). Predictions of changes in coordinates of map corners are detailed.

NOS NGS-7 Recent elevation change in Southern California. S.R. Holdahl, February 1977, 19 pp (PB265- 
940). Velocities of elevation change were determined from Southern Calif, leveling data 
for 1906-62 and 1959-76 epochs.

NOS NGS-8 Establishment of calibration base lines. Joseph F. Dracup, Charles J. Fronczek, and Raymond 
W. Tomlinson, August 1977, 22 pp (PB277-130). Specifications are given for establishing cali
bration base lines.

NOS NGS-9 National Geodetic Survey publications on surveying and geodesy 1976. September 1977, 17 pp 
(PB275181). Compilation lists publications authored by NGS staff in 1976, source availa
bility for out-of-print Coast and Geodetic Survey publications, and subscription information 
on the Geodetic Control Data Automatic Mailing List.

NOS NGS-10 Use of calibration base lines. Charles J. Fronczek, December 1977, 38 pp (PB279574). De
tailed explanation allows the user to evaluate electromagnetic distance measuring instru
ments.

NOS NGS-11 Applicability of array algebra. Richard A. Snay, February 1978, 22 pp (PB281196). Condi
tions required for the transformation from matrix equations into computationally more effi
cient array equations are considered.

NOS NGS-12 The TRAV-10 horizontal network adjustment program. Charles R. Schwarz, April 1978, 52 pp 
(PB283087). The design, objectives, and specifications of the horizontal control adjustment 
program are presented.

NOS NGS-13 Application of three-dimensional geodesy to adjustments of horizontal networks. T. Vincenty 
and B. R. Bowring, June 1978, 7 pp (PB286672). A method is given for adjusting measurements 
in three-dimensional space without reducing them to any computational surface.

NOS NGS-14 Solvability analysis of geodetic networks using logical geometry. Richard A. Snay, October 
1978, 29 pp (PB291286). No algorithm based solely on logical geometry has been found that 
can unerringly distinguish between solvable and unsolvable horizontal networks. For leveling 
networks such an algorithm is well known.

NOS NGS-15 Goldstone validation survey - phase 1. William E. Carter and James E. Pettey, November 
1978, 44 pp (PB292310). Results are given for a space system validation study conducted at 
the Goldstone, Calif., Deep Space Communication Complex.

NOS NGS-16 Determination of North American Datum 1983 coordinates of map corners (Second Prediction). 
T. Vincenty, April 1979, 6 pp. New predictions of changes in coordinates of map corners 
are given.

NOS NGS-17 The HAVAGO three-dimensional adjustment program. T. Vincenty, May 1979, 18 pp. The HAVAGO 
computer program adjusts numerous kinds of geodetic observations for high precision special 
surveys and ordinary surveys.

NOS NGS-18 Determination of astronomic positions for California-Nevada boundary monuments near Lake 
Tahoe. James E. Pettey, March, 1979. Astronomic observations of the 120th meridian were 
made at the request of the Calif. State Lands Commission.

NOAA Technical Reports, NOS/NGS subseries

NOS 65 NGS 1 The statistics of residuals and the detection of outliers. Allen J. Pope, May 1976,
133 pp (PB258428). A criterion for rejection of bad geodetic data is derived on the
basis of residuals from a simultaneous least-squares adjustment. Subroutine TAURE is 
included.

NOS 66 NGS 2 Effect of Geoceiver observations upon the classical triangulation network. R. E. Moose 
and S. W. Henriksen, June 1976, 65 pp (PB260921). The use of Geoceiver observations is 
investigated as a means of improving triangulation network adjustment results.
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NOS 67 NGS 3 Algorithms for computing the geopotential using a simple-layer density model. Foster 
Morrison, March 1977, 41 pp (PB266967). Several algorithms are developed for computing
with high accuracy the gravitational attraction of a simple-density layer at arbitrary 
altitudes. Computer program is included.

NOS 68 NGS 4 Test results of first-order class III leveling. Charles T. Whalen and Emery Balazs, No
vember 1976, 30 pp (GPO# 003—017—00393—1) (PB265421). Specifications for releveling the
National vertical control net were tested and the results published.

NOS 70 NGS 5 Selenocentric geodetic reference system. Frederick J. Doyle, Atef A. Elassal, and James 
R. Lucas, February 1977, 53 pp (PB266046). Reference system was established by simulta
neous adjustment of 1,233 metric-camera photographs of the lunar surface from which 2,662 
terrain points were positioned.

NOS 71 NGS 6 Application of digital filtering to satellite geodesy. C. C. Goad, May 1977, 73 pp (pb-
270192). Variations in the orbit of GE0S-3 were analyzed for M, tidal harmonic co
efficient values which perturb the orbits of artificial satellites and the Moon.

NOS 72 NGS 7 Systems for the determination of polar motion. Soren W. Henriksen, May 1977, 55 pp
(PB274698). Methods for determining polar motion are described and their advantages and 
disadvantages compared.

NOS 73 NGS 8 Control leveling. Charles T. Whalen, May 1978, 23 pp (GPO# 003-017-00422-8) (PB286838).
The history of the National network of geodetic control, from its origin in 1878, is pre
sented in addition to the latest observational and computational procedures.

NOS 74 NGS 9 Survey of the McDonald Observatory radial line scheme by relative lateration techniques.
William E. Carter and.T. Vincenty, June 1978, 33 pp (PB287427). Results of experimental 
application of the ratio method of electromagnetic distance measurements are given 
for high resolution crustal deformation studies in the vicinity of the McDonald Lunar 
Laser Ranging and Harvard Radio Astronomy Stations.

NOS 75 NGS 10 An algorithm to compute the eigenvectors of a symmetric matrix. E. Schmid, August 1978, 
5 pp (PB287923). Method describes computations for eigenvalues and eigenvectors of a 
symmetric matrix.

NOS 76 NGS 11 The application of multiquadric equations and point mass anomaly models to crustal move
ment studies. Rolland L. Hardy, November 1978, 63 pp (PB293544). Multiquadric equa
tions, both harmonic and non-harmonic, are suitable as geometric prediction functions for 
surface deformation and have potentiality for usage in analysis of subsurface mass redis
tribution associated with crustal movements.

NOAA Manuals, NOS/NGS  subseries

Geodetic bench marks. Lt. Richard P. Floyd, September 1978, 56 pp (GPO# 003-017-00442-2) 
(PB296427). Reference guide provides specifications for highly stable bench marks, 
including chapters on installation procedures, vertical instability, and site selection 
considerations.
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