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T echnical Bulletin Series 

This series of Technical Bulle tins was inaugurated to present primarily to the personne l 
o f the Coast and Geodetic Survey and incidentally to others technical information related to 
the Bureau's scientific and technical activities. Since many of the bulletins deal with new 
practices and new techniques, the views expressed are those of the authors and do not nec ­
essarily represent final Bureau policy. 

Technical Bulletin No. 13 describes in some detai l the planning, operations, and results 
of a remarkably accurate horizontal control survey which covered an area of approximately 
four thousand square miles . While the r equirements ca I led for an accuracy of 1:400,000, 
the final r esults were better than 1: 1,000,000. This was partly due to the numerous lines 
measured with the Geodimeter. These measurements were made, for the first time, from 
the tops of tall steel s urveying towers. 
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A Singular Geodetic Survey 

L A:\ I:\·c.; U. S f ~IMO!\. , Mathematician 

lJ .S. Coast and Geodetic llfl"CV 

THE PROBLEM 

ON NOVEMBER 27, 1959, the Director of the 
U. S. Coast and Geodetic Survey r eceived a letter 
from Capt. F. R. Gossett, his liaison officer at 
Cape Canaveral , Fla., r equesting a state ment of 
accuracies of certain triangulation stations in 
F~orida, as r elated to points on the Cape. The 
Air Force was planning a test of its Azusa Mod 
II, an electronic missile-tracking device, and 
wanted a method of checking its operation. To 
attain this check, i t was planned that the missile 
wou_ld be positioned in flight by photographing it 
a~arnst t~rn. star background s imultaneously with 
n.me ba ll_1snc cameras, situated near triangu la­
non stauons at from about 40 to 50 miles from 
the Azusa insta llation a t the Cape. 

It was stated that accuracies of l: 100,000 were 
r~quir~. An investigation of the triangulation 
tymg rn these camera sites indicated that ac­
curacies better than 1:50,000 could not be assured . 
~ plan to strengthen the existing work was set 

rth . It consisted mainly in measuring certain 
the longer lines by Tellurometcr and in s ome 

minor revision of the triangulation. 
By_ the middle of December 1959 the accuracy 

r equirements had risen to 1:200,000 and the es­
timated cost to obtain this was nearly five times 
that required for 1:100,000. This was not the 
end I Another letter dated February 1, 1960, from 
the Director of Range Development, Patrick Air 
Force Base, Fla., requested an accuracy of 
l.:4~0,000 betwe~n the Cape and nine outlying bal­
h_st1c .cam~ra s n es. This immediately created a 
s nuarwn piled high with problems to be solved. 
It meant "giving it the works," a nd the estima ted 
cost went up another 50 percent . 

Now, accuracies of 1:400,000 over a scheme of 
t.r.iangulation some 90 miles long and 45 miles 
wide probably have never been achieved before. 
To assure s uch results, in an absolute sense 
~ould require the measurement of many long bas~ 
h_nes to control the triangulation lengths. Those 
s1des of the triangles which form sort of a trav­
erse from the Cape directly to the camera sites 

would have to be measured. 111is, in the area 
under consideration, would be highly impractica ­
ble if not impossible. The clearing of trees and 
brush and the s taking of so many long base lines 
ac ross country pr esent virtually unsurmountable 
problems. The next best possibili ty considered 
was the Geodimeter . In this connection two ques­
tions arose: (1) could it be operated successfully 
from the top of a Bilby steel rower? and (2) is 
the speed of light, a basic constant for Geodimeter 
measur e ments, known accurately enough? 

To help answer the first question, a Geodimeter 
party operating in the Middle West was instructed 
to experiment with Bilby rowers. T he Chief of 
Party, Ens . J a mes S. Midgely, reported on Febru­
ary 27 that s uch measur ements could be made 
from the regular tripod of the tower, although 
haulmg the gear to the top and oper a ting it in the 
small space on the platform presented some prob­
lems. As to the second question, the accuracy 
pf the constant, the s peed of light, it is believed 
that this is known pr obably to 1:500,000, possibly 
better. But the important thing is that this tri­
angulation was to be the basis for checking out 
electronic equipment which itself employs the 
speed of electromagnetic waves . In this respect 
it is probably better to control the scale of the 
triangulation by Geodimeter rather than by pre­
c ise base tapes. 

After careful consideration of what was r e­
quired and how to meet these requirements, it was 
decided that the area be covered completely by 
a network of not s ingle triangles but of checked 
figures preferably quadrilaterals with two diag­
onals. Also, the triangulation observations must 
?e made on at least each of two nights. One part 
rn 400,000, translated into angle measurement 
is 0'.'5, an accuracy that cannot be assur ed by on~ 
night' s observation, primarily because of the un­
certainties of refraction . Moreover, many s ides 
of the triangulation must be measured by Geodi­
meter, preferably those sides which form a sort 
of traverse from the Cape to each of the three 
groups of outlying cam era sites a nd between the 
camera groups themselves. All plans having 
been made and details decided upon, a series of 
Instructions were written for the triangulation 
reconnaissance, triangulation observations, and 
Geodimeter measurements. 

. "'.tr· Simmons is Chief Mathe matician, Geodesy Di­
v1s1on. The writer acknowledges particularly the as­
sistance of Comdr. Glenn W. Moore and Ens. Ja mes 
S. Midgley for material related to field operations; and 
of Jos_eph L. _Stearn: mathematician in direct charge of 
rhe triangulation adJUStmcnt , for certain statistical data 

the accuracy attained. 

In order that the nine ballistic cameras be 
placed on a Cartesian Coordinate System with the 
instrumentation at the Cape, i t became necessar y 
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to determine not only the topogr aphic e levations 
· the cameras, but a lso the relative geoid heights 
!tween the Cape and the camera s ites . This 

necessitated spirit leve ling to de te rmine topo­
graphic elevations and about 15 astronomic lati­
tudes and longitudes to develop, by astro-geo­
de tic leveling, the relation between the geoid and 
the s pheroid a t the camera locations to within 
about two or three feet. Thus , leve ling and astro­
nomic Instructions were a lso pr epared. Those 
parts of the fie ld instructions which are of tech­
nical ~terest are reprcxluced in the next section. 

THE INSTRUCTIONS 

Reconnaissance 

10 F ebruary 1960 

To: Mr. L. B. Odgers 
Coast and Geodetic Survey 
Post Office Box 4096 
Patrick AFB, Fla. 

Subject: Instructions- Reconnaissance for 
Special Surveys, Cape Canavera l, 
F la., Project 40000-920 

1. Upon your arrival a t Patrick AFB, in ac­
cordance with telegraphic instruc tions dated 3 
Feb. 1960, you will r eport to Capt. Franklin R. 
Gossett, our liaison officer. From him you will 
_L•tain details as to requirements of this assign-

ent. Patrick AFB is r eques ting us to deter­
mine the horizontal positions of certa in inland 
s ites with an accuracy of 1:400,000 r e lat ive to 
sites at the base. This, as you know, exceeds 
any Drevious r equirement we have had, and will 
call for extreme ca r e in all of our operations 
and for extremely strong triangulation figures. 
You, assisted by Mr. Lonnie G. Shiplet, will plan 
the reconnaissance; Party 607, under the direc­
tion of Comdr. Glenn W. Moore, will observe the 
triangulation beginning about 1 March 1960. One 
or two Gecxli meter teams will a lso be ut i lized. 

2. The s ites to be connected to CapeCanavera l 
are the following triangulat ion s tations: Jackson, 
Kenan, and Coon in Osceola County, Fla .; lndrio 
in St. Luc ie County; Clarkson and Brookside in 
Indian River County; Mait a nd Gene in Seminole 
County; and Padgett in Volusia County. Captain 
Gossett will identify the control at Cape Canaveral 
to which these s ites are to be connected . 

3 . You will plan reconnaissance connecting the 
above sites by a complete cove r age of th e area 
with quadrila teral figur es , calling for both diag ­
onals to be obs e rved. T he quadr ilatera ls should 
be as strong as poss ible ; that is , they s hould ap­
proach squares and shall be fa i r ly uniform in 
size. They should be composed of lines as long 
as possible, rarely less than eight miles. Stations 

· ould be placed on firm ground to provide maxi -
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mum s tability for rowers. Maps with a d iagram 
illus tra ting the desired type of figure and s pac ing 
are being furnished to you. 

4. In providing this r econna issance, you s hould 
not acrempt to connect to a ll existing s tat ions , 
but to use only those that wi 11 fit into your s pac ­
ing. It will proba bly be well for you to make a 
pre liminary survey of the area to determine the 
maximum uniform s ize o f quadrilatera ls tha t can 
be establi shed. Tree heights will be the deter­
mining factor in this r espect. You should deter­
mine nor onl y the gene r a l heights of trees but 
a lso the locations of isolated groves of trees of 
unus ua 1 height in order tha t these may be bypassed 
wherever poss ible . 

5. You will indicate on your r econna issance 
sketch a ll lines that provide visibility from the 
ground at one station to a rower at the other end. 
111is information will be needed in the selection 
of lines to be measured with a Gecxlimcter, which 
will be numerous. 

Triangulation 

16 February 1960 

To: Comdr. Glenn W. Moore 
Coast and Gecxlet ic Survey 
Post Office Box 309 
Benton, Il l. 



Subject: Instructions -Triangulation, 
Specia l Surveys , Cape Canaveral, 
Fla., Project 40000-920 

l. Purpose. Patrick AFB has requested us to 
determine the positions of nine stations, in three 
groups, to a n accuracy of 1:400,000 in relation to 
control at Cape Canaveral. The nine stations 
are: Jackson, Kenan, and Coon in Osceola Coun­
ty, F la. ; lndrio in St. Lucie County; Clarkson and 
Brookside in Indian River County; Mait and Gene 
in Seminole County; and Padgett in Volusia County . 
You will undertake the triangulation observations 
and should arrange to discontinue your present 
project about l March and move your party to the 
vicinity of Patrick AFB. 

2. Description. lt is intended to connect the 
four groups of stations by a network of quadrilat­
eral figures of fairly uniform size. These figures 
will compose a network covering the area lying 
between the four groups of stations. 

3 . Specifications and Special Precautions. This 
is the most exacting horizontal control ever under ­
taken by the Bureau. Conscientious attention to 
details and a general tightening up all a long the 
line will be indispensable requirements. Nothing 
valuable will be lost by avoiding haste. While 
economy is important to this as to all projects , 
precision of operations will be the over-riding 
rule. 

Observations s hall conform to specifications 
for First- Order, Class I, Triangulation, revised 
as follows: 

(a) Each station shall be occupied on at least 
two nights. A set of observations on each night 
shall normally consist of 16 positions of the cir­
cle, never less than 12 positions . When the means 
of the two sets, taken on each of two nights, differ 
by more than one second, a third set sha ll be 
taken on a third night. When three sets are avail­
able, the values of directions to be used in the 
computations shall be taken as, in order of pref­
erence, (1) the mean of two sets which agree 
within one second, (2) the mean of the two sets 
in closest agreement, (3) the mean of all three 
sets, and 0) -as a last resort-any combination 
of the three sets including the use of any one set 
alone. Methods (3) and ( 4) shall not be employed 
unless it can be clearly demonstrated that either 
is required to best satisfy angle and side condi­
tions. 

(b) The average triangle closure shall not ex­
ceed 0'.'70, and the maximum triangle c losure 
shall seldom exceed 2'.'0. 

(c) For a regular quadrilateral in which the 
triangles have been closed by applying one-third 
the closure to each angle, the side check shall 
not exceed 1.5 times the tabular difference for 
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one second of the log sine of the s mallest angle 
entering into the computation. For more corr 
plicated figures, the factor of 1.5 may be replac~ 
by one-third the number of triangles involved. 

All instruments and signal lights s ha ll be col­
limated immediately before the observing period. 
In case of any doubt of movement of the rower, 
the collimation s hould be checked immediately 
after the observing period. Special caution shall 
be employed in the collimation operations , such 
as resetting the collimator and redetermining the 
center of the instrument and the lights. This 
should be repeated until there is assurance that 
the collimation is correct within two or three 
millimeters. 

Your records shall contain complete notes as 
to date, time, weather conditions, approximate 
direction and veloc ity of the wind, the name of the 
observer, a nd the number and type of the theod­
olite . Special care sha ll be exercised in leveling 
and maintaining the level of the theodolite. The 
observers s hould be cautioned not to hurry their 
observations, but to be particularly careful in 
obtaining precise paintings. Everything that may 
work against precision in operations shall be 
avoided and nothing reasonable that will be fav­
orable to accuracy of results s hall be overlooked. 

Consideration is being given to a plan for you 
to te lephone each night's resu lts to the Washimr­
ton Office. You will be informed if it is decid 
to have you do this. 

4. Reconnaissance. The reconnaissance for 
this work will be undertaken by Mr. L.B. Odgers 
assisted by Mr. Lonnie G. Shiplet. Mr. Odgers 
is being transferred from New Mexico to Florida 
and should arrive about 18 February. Mr. Ship­
let will begin preliminary work on reconnaissance 
on 15 February. In addition to this, Mr. John V. 
Crusemeyer, who is preceding your party to Cape 
Canaveral, may assist Mr. Odgers until such time 
as he may be needed for your operations. 

5. Geodimeter Measurements. It is intended 
that numerous lines in the network v.ill be ob­
served with Geodimeters. If possible we will ob­
tain the use of a Micro-Dist (Electro-Tape) in­
strument for length measurements also. Mr. 
Odgers has been directed to identify lines that 
will be inte rvisible station to station from the 
ground at one end. Ens. James S. Midgley is 
working on a platform to support the Geodimeter 
at various sections of the Bilby tower so that it 
may be possible to a void the necessity for a ground 
station. The Geodimeter bases will be selected by 
this office, possibly through consultation with you 
and Mr. Odger s. You should extend whatever help 
is necessary to the Geodimeter party to keep all 
phases of the work progressing together. 



Geodimeter 

9 March 1960 

1'0: Ens. James S. Midgley 
Coast and Geodetic Survey 
General Delivery 
Cocoa, Fla. 

Subject : Instructions- Geodimeter measure­
ments , Cape Canaveral, Fla. , 
Project 40000-920 

l. General. Upon receipt of these Instructions, 
you will suspend operations on your present as­
signment in Missouri, Arkansas, and Illinois, 
proceed to the vicinity of Cocoa, Fla., and under­
take Geodimeter measurements on Project 40000-
920. This project consists of a 1:400,000 survey 
by triangulation, strengthened by numerous Ge­
odimeter measurem ents . It will extend from 
Cape Canaveral, south to the vicinity of Stations 
Jackson, Kenan, and Coon in Osceola County and 
northwesterly from Cape Canaveral to the vic inity 
of Stations Mail and Padgett. Your party comple­
ment has been increased to provide for two Ge­
odimeter teams. An additional Navy-owned Model 
2A Geodimeter will be delivered about the mid­
dle of March by Mr. Austin C . Poling of this of­
fice. At a later date, your present Model 2 Ge­
odimctcr may be replaced by a second Model 2A 
converted from a Model l. Two Kytoon balloons 
· 1r elevating intermediate thermometers along 

te line between stations arc being ordered. You 
will test one of these balloons as soon as possible 
and notify this office as to the results. If prac­
tical, additional balloons will be ordered. If not 
practical, EP I aluminum towers will be furnished, 
or a method of elevating the thermometers will 
be devised on the party. Capt. Franklin R. Gos­
sett, Liaison Officer at Patrick AFB, has been 
requested to find a supply of helium gas. Addi­
tional sensitive thermometers for the end sta­
tions and reversing frames and thermometers 
for the intermediate stations are being procured 
by this office. Five additional radios will also be 
furnished in the near future. 

2. Description. Approximately 35 to 40 lines 
\Vill be measured on this project. The lines will 
be selected in this office after the reconnaissance 
sketch is received. 

3 . Operations. You will attempt to measure 
two Geodimeter lines each working night from 
each master station. Additional men for erecting 
the center towers, hoisting the Geodimeter, and 
manning the s tations will be furnished by Com­
mander Moore, Chief of Party 607, after his build­
ing operations arc suffic iently advanced. A high 
degree of cooperation with Party 607 will be nec­
essary. Until both Geodimeters are in operation, 
you will detail your excess personnel to assist 
~arty 607. 
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4 . Specifications. (a) Each line will be meas­
ured with at least two nights' observations with 
six complete sets each night. If the spread be­
tween the two nights' observations exceeds 2.5 
cm., additiona l nights' observations will be made 
until any two nights' observations are within the 
above limit. All observations within a spread 
of 4.0 cm. (including the two accepted sets) will 
be meaned. Predetermined factors for computing 
the results on the stations will be prepared; wild 
sets approximately 5 cm. from the mean will be 
reobserved. Observations will not be taken on 
absolutely calm nights or when previous experi­
ence has shown that erroneous r eadings may r e­
sult. Extreme care will be used in collimating 
the towers and measuring eccentricities. For 
example , lightkeeping or observing tarps will be 
placed on the outer tower before collimating; 
after the nights' observations, the towers will be 
re-collimated if the wind has increased and/or 
changed direction appreciably. 

(b) For this project, additional temperature 
readings will be taken along the line between sta­
tions. At the beginning of observations one in­
termediate station will be used. The station will 
be placed within 0.1 mile of the line between the 
Geodimeter and mirror stations, if possible. It 
will be placed near the center point between sta­
tions if practicable, but any point along the center 
@ne-third segment will be acceptable. The to­
pography will be taken into account, and the he ight 
of the center thermometer made as near the line 
of s ight as possible. ln the case of the Patrick 
Base, consideration will be given to anchoring a 
small boat along the line between the base ends. 
If this is impractical, the center thermometer 
station may be placed on the shore. For every 
determination, the location of the intermediate 
thermometer station/s will be spotted on the 
topographic map and an overlay showing the end 
and intermediate station/s will be furnished with 
the results. For field computations, the center 
thermometer readings will be given a weight of 
four with each end thermometer given a weight 
of one. Thermometer readings will be interpo­
lated to 0. 1° C. When the aluminum towers are 
used, a horizontal arm not less than 2 feet in 
length will be devised for hoisting the thermom­
eter and protecting it from striking the tower. 
Thermometer readings at all s tations will be 
taken before and after each set. Additional in­
termediate thermometer stations will be used 
along lines of very unlike terrain, or where tests 
may show that divergent temperatures will be 
encountered along the line. 

(c) Additional notes on Geodimeter operation 
are attached to these Instructions. 

5. Calibrations. Before beginning operations 
with the Model 2 Geodimeter, you will calibrate 
the instrument on a SO-meter range , using invar 



tapes . The Model 2A Geodimeter is being ca li ­
brated in this office. All Geodimeters used will 
be re-cali brated afte r comple tion of use on th is 
project. You will make frequency drift calibra­
tions of the Geodimeter s . At weekly interva ls, 
you will make frequency checks on each instru­
ment. Use of the frequency counter/swill bear ­
ranged through Capt. F r a nklin R. Gossett. 

Leveling 

3 March 1960 

To: Mr . Spellman J . Diez 
Super visor y Cartogra pher 
Coast and Geodetic Survey 
P. 0 . Box 631 
Augusta, Ga . 

Subject: Ins tructions- Leveling: Special 
Surveys, Cape Canaveral, Fla ., 
Project 40000-920 

1. About 14 March 1960, you will discontinue 
leveling in Georgia and South Carolina and trans­
fer the personnel of your party now wor king in 
Georgia a nd South Ca r olina to the vicinity of Pat­
rick APB, F la. In Florida you will undertake 
leveling requested by the Air Force Missile Test 
Center, Patr ick AFB, Fla. Before leaving Geor ­
gia and South Carolina , you s hould br ing your 
work to as satis factor y a conclusion as possible. 

2 . You will be furnished maps on which are 
shown nine tr iangulation stations as follows: 
Jack son, Kenan, a nd Coon in Osceola County; In­
drio in St. Lucie County ; Clarkson and Brookside 
in India n River County; Mait and Gene in Seminole 
County; and Padgett in Volusia County, Fla. You 
will run s ufficient second-order leve ls to deter­
mine the elevations of these nine triangulation 
stations. You will also deter mine the elevations 
of needed marks at Cape Canaver a l. All spur 
lines will be double-run. Suggested routes of 
leveling will be shown on maps fu rnished with 
your tie da ta . 

3. Upon your arr ival at Patr ick AFB , you will 
consult Capt. Franklin R. Gossett, C&GS, Air 
Force Missile Test Center , Post Office Box 4096, 
Patr ick AFB, Fla. , and Comdr. Glenn W. Moore. 
Captain Gossett will designate the marks to which 
you will run second- order leveling in the vicinity 
of Cape Canaver al. Commander Moore is in 
charge of a party observing triangulation on th is 
Project . 

Astronomic 

6 April 1960 

To: Lt. Comdr. Allen L. Powell 
Coast and Geodetic Survey 
Post Office Box 4096, 
Patr ick Air Force Base, Fla. 
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Subject: Astr onomic observations for Special 
Sur veys, Cape Canaveral, Fla. 

1. Rela tive geoid heights are required at cer ­
tain stations being observed by the party of Comdr . 
Glenn W. Moor e under Project 40000-920 . This 
will require modified first - order astronomic lat­
i tude and longitude observations atapproximately 
12 stations in the project. It has been determined 
pr acticable for your party to accomplish these 
obser vations a t s uch times as can r easonably be 
spa r ed from your other activities. 

2 . At this time , six stations have been selected 
for the astronomic observations. These are: 
Padgett, Volus ia County; Mail and Gene, Seminole 
County; and Jackson, Kenan, and Coon, Osceola 
County. The r emaining stations will be selected 
by this office when additional information is avail­
able . 

3. You will e mploy standard fi r st-order as­
tronomic equipment and procedures, except that 
latitude may be determined on one night with a 
minimum of e ight star pairs and longitude may 
be determined on one night with a minimum of 
three star sets. 

TRlANGULA TlON OBSERVATIONS 

Towers 

Special tower building precautions were taken . 
Anchor legs wer e r e inforced by welding a reir 
forcement just above the anchor plate. All 4" 
8" x 42" oak anchor plates were either new or in 
good condi tion. The tops of the inside anchor leg~ 
were securely c lamped to the tower legs . A strap 
iron collar was welded around the bottom of the 
welded section . Adjustable heads were made true 
and level and c lamped in place by the builders 
with two V-clamps on each leg. The legs on the 
adjustable heads wer e extended about a foot by 
welding on pieces. The building party leveled the 
light plate with shims. The collimation party 
clamped a tribrach on the adjustable head with 
C-clamps and the tribrach remained in place 
either until it was found eccentric or until the 
tower was dis mantled. Lights were shown from 
the tribrach wherever possible. A plastic tribrach 
center was designed to center and hold the lights . 
All vertical braces were put on. Since there were 
not enough of these braces to go around, a special 
one was designed that was adjustable to four dif­
ferent lengths and several hundred were made in 
a machine s hop in Cocoa . This vertical brace 
will work in any position, both on the inside and 
the outside tower s . 

There were a few towers that caused some dif­
ficu lty. The tr ouble at Jim was found in the sand 
bags in the "V" of the diagonals. These touched 
both towers. The trouble at Sharpes was founrl 
to be in the adjustable head. Two V-clamps h< 



stripped thr eads . The trouble at Oafb was caus ed 
· y using regular rower nuts on standar d mach ine 

) lts. The towe r bolt and nut arc just a shade 
iarger tha n a Stam.la rd machine bolt and nut. After 
two nearly s e r ious acc idents caused by the heads 
popping off faulty towe r bolts , the parry r esorted 
to the us e of s tandard bolts and heavy -duty nuts 
in place of a ll r egula r towe r tie bolts. 

Ve Yf i cal Collimation 

Unusual collimation precautions wer e taken . 
A s pecia l party was ass igned to deve lop a methoJ 
to accomplis h the collima tion in accordance with 
pa ragr aph 3(c) of the Ins t r uc tions . A -1 - foot s ta nd 
was built over a stake about 125 feet be low a 5 
mm. hole in thecatwalkofthcCocoa Wa te r Tower. 
A tribrach was center ed over the s ta ke a nd this 
was used for s tarn.la rdizations . It was found that 
the s tandard Burea u colli mator can be r e li ed upon 
for an accuracy of about S mm. when collimating 
a 116-foot towe r. A T-2 th coJolit e with a d iag­
onal eyepiece wou ld g ive nn accuracy of bette r 
than 2 mm. A 7-inch r epeatcrequ ippcdwith d iag­
onal eyepiece and te lescope level could a lso be 

Vertical collimation with T - 2 theodolite . 
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A 90-fooc Bilby srccl cower comple te . 

uscJ but with J ifficulty and awkwardness . Enough 
observations were taken to establish tha t the in­
ner tower is about four times as stable as the 
outer rower a nd tha t the rower s do not move more 
tha n a mi ll imeter or so with the sun . 

Since the T - 2 proved to be the bes t, a nother 
was bor rowed from the Air Force and two col­
limating pa rti es were put in the fi e ld when nec ­
essa r y. It became unnecessa ry to collimate irn­
mcJ iately befo r e each obser ving period. After 
the tower had been up a week it proved to be quite 
sta ble . Eve r y Monday a ll rower s in use wer e 
colli mated , then only new towers wer ecollimated 
until near the end of the week when all wer e 
checked again. Us ing this procedur e the r e was 
ver y little eccentr ic ity to apply. Colli ma tors wer e 
a lwa ys used on tripods , and they wer e checked 
da ily a t the ca mp sta ndar d . T wo or more inde­
pendent setups wer e maJe rocollimateeach rower . 
The tri brach was c la mped by the collimation 
pa rty, thus marking the cente r for the theodoli te 
and s ig nal lights . T he transparent plastic center 
fac ili ta ted s h o win g lights from the tribrach. 
Lights between "O" pa rties wer e shown from the 
light pla te . Lines close to grazing wer e s hown 
from the outs ide tower. The extreme car e and 
s pecia l pr ecautions taken assure that ther e is 
ver y little e rror in the work due to eccentric ity. 



Signal Lights 

Special precautions were taken with signal 
lights. Past experience with conventional lights 
ru led these out for work of this high caliber. An 
attempt was made to observe upon the filament 
of a Bureau 6-volt bulb. It was not bright enough. 
A very powerful 6-volt bulb was obtained that was 
bright enough to be seen around the horizon, but 
the current drain was too high. T he same diffi­
culty was encountered with a powerful 12-volt 
bulb. The use of 3-inch plastic reflector lamps 
with PR- 13 bulbs was decided upon. These proved 
satisfactory. An experiment was made with a 
40-wan, 4-foot fluorescent tube powered through 
an inverter by a 12-volt wet battery . The current 
drain was too great. A 20-watt tube can be op­
erated through 130 feet of 18-gage wire from an 
inverter off two fully charged 12-volt batteries, 
S hours a day for a week. A 20-watt tube is feas­
ible to power with wet batteries at the base of a 
tower. Tests show this to be an identifiable and 
good light to point on from distances up to 17 
miles. Such a light would probably give better 
results than the plastic reflector lamps. But 
since the required precision was already achieved, 
it was thought inadvisable to experiment further. 

Some experimentation was done with colored 
filters in an attempt to cut down flaring. There 

T-3 theodolite used in all angle measurements. 
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was some indication tha t a red filter helped some­
what, but again since the required precision wi 
possible with the unfiltered lights, experiment~ 
tion was discontinued. 

There is no known way of correcting for hori­
zontal refraction . Experience seemed to prove 
that the better a light appeared in the telescope, 
the better were the observing conditions. The 
problem is just about as simple as that. Good­
appearing lights produced good r esults. Almost 
a lways, everywhere, the lights look the best just 
after sundown. Turning angles right after sun­
down, rather than calling, identifying, and com­
municating with lightkeepers, resulted in im­
proved observations. 

Automatic Lighters 

Only through the use of automatic lighters was 
it possibl e to complete the observations with so 
few men and in such a s hort tim e. Most of the 
time only two men were available to s how lights 
from the 10 to 12 stations of a full schedule. The 
posted lights ran into the dozens. A total of 19 
automatic lighters were used. Most of the time 
the lighters were charged with 2 banks of 3 dry 
cells in parallel. These will power three PR-13 
bulbs 5 hours per day for 5 days. The automatic 
lighters had to be recharged every week. Like 
any other ins trument the automatic lighter has 
bugs and it takes some time to learn to live wi-'­
them. For most of the lines in Florida the pow< 
needed for a PR-13 bulb was more than that u1 
one dry cell and less than that of two. Proper 
intensity was attained by the installation of rhe­
ostats and the use of three dry cells on all lights. 

T/zeodotites 

All six T-3 theodolites wer e specially serviced 
in the field before observations were begun. The 
grease in the vertical clamps was worked out 
with watch oil. The lower clamps werercmoved, 
thoroughly cleaned and r eplaced with onl y a hint 
of fine spind le oil in them. Special attention was 
given to the horizontal s low- morion scr ew. All 
of the grease was removed during cleaning and 
only a light coating of oil was given to the threads 
and springs. The operation of the horizontal clamp 
and s low-motion screw of each instrument was 
thoroughly checked before it was used. 

Horizontal Angle Observations 

In accordance with paragraph 3 of the Instruc­
tions, special precautions were taken with the 
angle observations in addition to the specifica­
tions for first-order Class I Triangulation. Each 
station was occupied on at least two nights. In so 
far as possible, all directions were observed on 
the same run . Only in very unusual circumstance 



wer e less than three directions observed a t one 
me . Reobser vations were taken whenever the 
1ean of the firs t e ight positions dive r ged from 

tile mean of the second e ight by more than J " , 
a lso when the second night's observations diverged 
from the firs t by more than J" . The horizon was 
c losed on the main r uns . In genera l, the va lues 
used in the fi e ld tr ia ng le computa tions were the 
means of all observations . Only a very few tri ­
angles c losed over J " and the a verage c los ure 
was 0'.'44. No trouble was had in the quadrila t­
eral s in meeting the s ide check of 1.5 times the 
tabula r diffe r ence fo r 1" of the log s ine of the 
s ma llest angle in the computation. Mos t s iJ e 
checks were less tha n ha lf the a llowable. Some 
difficulty was e rrcou nrcred with some of the poles 
common to four quadrilatera ls . 

Specia l precautions were taken with the theod­
olite not norma lly taken on first-order tria ngu­
lation. Each rower was given the "bubble" and 
"twist" tests before observations were sta rted . 
T he theodolite was pointed on a s igna l, read, 
rotated s ever a l ti mes in a clockwise d irection, 
repointcd and read to detect "dr ag• of the ins tru ­
ment base . The 40-power eyepiece was usc<l ex­
c lusively. All fina l paintings wer e made cloc k­
wise against the s low-motion spring. Positions 
were r e jected that had mor e than a 2" horizon 
c losure . Directions were taken over if the col­
. ·ma t ion was in excess of 3" from the mean col-

mation for that position. Directions were r e­
jected if the collimation diverged more than 4" 
fr o m the mean. Directions obviously in e rror 
were rejected. Directions more than 2" fro m the 
mean wer e reobscrved, but those 3" from the 
mean rejected. Observers were instructed to 
check the horizonta l level frequently :rnd rclevel 
when necessar y. They r ecorded L & R p late 
level readings in two Lli rccrions, 90° apart after 
the 8th and 16th positions . 

Connections to Nearby Poiuts 

Specia l precautions were ta ken at each station 
to insure the accuracy of the connections to near­
by points . A ground setup was made at each s ta ­
tion aml the nearby marks turned in with the azi­
muth mark. Eight positi ons were taken to ca m­
era points. In these cases e ight positions wer e 
taken upon the azimuth mark. Azimuth marks 
were set a t least one-half mile from the station. 
At stations near camera positions, one direct 
observation was taken on the camera point fro m 
the top of the tower to chec k for correct degrees 
and minutes. Camera points were measurcu to 
by the tria ngulation pa rty of Commanuer Moor e 
anu checked against traverses run by men fro m 
Comma nder Powell' s parry . In a few instances 

·averses wer e run by both parties . 
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Vertical Angle Obser vations 

Vert ica l a ngles wer e ta ken in connection with 
the tria ngulation observations on this project to 
obtain s lopes for the correction of Geodimete r 
measurements to the horizontal, and e levations 
for the correction of these lengths to sea level. 
Most of the ar ea is cove r ed by U. S. Geological 
Sur vey 1:24,000 topographic quadrang les, and the 
e levations of the stations could be de termined 
from these maps within a foot or two . Loop clo­
sur es carried through the vertica l a ngle observa­
tions were of the order of 1 meter or so in ele­
vation, but some intermediate s ta tions failed to 
agree with the topographic ma p e levations by two 
meters or more. Genera lly, the map e levations 
were cons ide r eu be tter tha n those derived through 
the vertical ang le observations . 

GEODIMET ER OBSERVATIONS 

Progress Achieved 

Of the 200 lines in the tria ngulation net, 43 
were measured with the Geodimeter. This was 
possible only because it had been demons tra ted, 
in a special test, that the Gcodimeter could be 
operated from the top of a 13 ilby s teel rower . 
111ere had been s ome question as to the s ta­
bili ty of the Bilby tower in providing pr oper sup­
port for the ope ra tion of the Gcodimete r . Such 

'apprehensions , however, proved groundless . The 
Geodi meter wa s s imply mounted on top of the in­
ner tripod with no guys or extr a braces a nd no 
trouble was encountered in its oper ation. Ex­
perience indicated thnt the Geodimeter could be 
successfully operated during periods of higher 
winds than the theodoli te. 

The Geodimeter Party started operations la te 
in March 1960 and completed its work a bout the 
midd le of J uly. During the earlypnrt of the proj­
ect only one Geodimeter was e mployed, but la ter 
a second ins trument was put into the schedule. 
At times, a hazy condit ion of the a tmospher e would 
make the Gcodimeter measurements impossible 
for days on end . Because of this, many of the 
longer lines called for in the Instructions were 
replaced by s horter lines, genera lly in the same 
quadrilatera l. This deviation from the origina l 
requi rements he lped progress considerably. 
There were many nights, for example, on which a 
7- or 8- mile line could be measured, when a 12-
or 13- mile line would have been imp")ssible. 

Details of Tower Operations 

Six men are r equired to operate the Geodimeter 
from a Bilby- rower setup when mid- point temper­
atures are taken. The observer a nd the r ecorder 
firs t c limb the tower with a 1/4- inch haul line 
used la ter to pull up the block a nd tackle . The 
block is hooked to a n upper hor izonta l me mbe r 



~G I N" POLE 

Rigging for hauling Geodimeter up the Bilby tower . 

of the obser ver's cage and then the gin poles are 
hauled up and put in place. The blocks arc hooked 
into the eyebolts at the end of the gin poles. Next, 
the plywood head is hauled up and attached to the 
adjustable head of the inner tower by mea ns of 
three specia l c lamps madeof strapiron. A cross , 
filed on the end of the bolt in the center of the 
head, is collimated over the station mark . This 
is used as a reference for small eccentricity 
measurements made later for each line meas­
ured by the Geodimcter. 

The four men remaining on the ground attach 
to the blocks the box containing the electronic 
section of the Geodimeter. 1l1is is hauled up to 
the top of the tower by two men on each of the two 
haul lines. The electronic section is taken out of 
its box and set in place on the tripod whi le the men 
on the ground haul bac k the blocks and attach the 
light conductor box. This second box is then 
hauled to the top of the tower, the equipment put 
in place and the tripod head is again coll imated . 
The firs t empty box is placed on top of the gin 
poles to get i t out of the way, while the light con­
ductor box is left in the observer's cage to serve 
as a desk for the recorder. The remaining gear 
is then hauled up in a bag. 

The haul lines are tied off at the bottom or are 
used as guys, if necessary. Power is supplied to 
the top of the tower by three 50- foot extens ion 
cor ds which run down the tower to the generator 
mounted in a truck. T he height of the Geodimeter 

is then meas ured and everything is r eady for 
Geodimeter operations. 

T wo of the four men on the ground go to thei 
respective mirror stations at which the neces­
sar y measurements and collimation had been com­
pleted ear lier. T he other two men drive the truck 
containing the mid-point temperatur e gear to a 
preselected position as c lose to the center of the 
line as the terrain permits . The r eversing ther­
mometer is e levated and 10 to 15 minutes are 
allowed to permit the thermometer and reversing 
frame to come to a ir temperatur e . 1l1c mid-point 
party then reports to the Geodimcter station by 
radio that observations may begin. After the ob­
servations over this line are completed, the mid­
point party drives to the center of the next line 
to be measured . When this is completed, all men 
return to the Geodi meter sta tion for dismantling 
the gear. 

General Procedures 

The Gcodi meters used on this project were 
Coast and Geode tic Survey Model 2, No. 114, and 
a borrowed U. S. Navy Model 2A, No. 101. A 
third instrument was available, but it was not used 

Geodimeter be"ing hauled up the Bilby tower. 
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to any extent. Regular obser vational procedures 
were employed, hut because of the high accuracy 

equir emcnts a mid-point temperature was taken 
1 most cases. Although humidity has little ef­

fect on Gcodimeter measur em ents, a change of 
l C' C . in the average temperature over the line a f ­
fects the measured l ength about l: 1,000,000 . T he 
mid-point tempernrurc was taken by hoi sting to 
line height, w ith a SO-foot portable.' TV antenna, a 
deep- sea r eversi ng thermometer, insta lled in a 
speci a l reversing frame. When rhe thermometer 
could not be lifted high enough, a correction v.'as 
appliL·d to the reading by the application of a ver­
tical temperature gradi ent determined on a Bilby 
tower .n one end of the l ine. 

Ir turned out that, on thi s projec t, the mid-point 
temperatures were pr obably not necessary . The 
range of the average temperatures taken nr each 
end of the line and at the m id-point seldom ex­
ceeded 2° C. and usually was cons iderabl y l ess . 

Usually an instrument was used to measure 
two lines on one night from the same rower when 
the plan called for adjacent l ines to be measured. 
Of course a second night' s obser vations were re­
quired over these lines before the measurements 
were complete. No trouhl e was encountered in 
obtaining the 25 mm. check between the two nights ' 
observations . 

Ther e appeared to be a tendency, when the rwo 
Geodimeters were used ro m e:isurc the same line, 

>r the l engths obtained by No. 114 to be roughly 
1e centimeter longer than those obta ined by No. 

101. The evidence was not conc lus ive. The d if­
ference is insensible to the work at hand and is 

.... 
"' "' .... 
0 

"' 

Geodi meccr used for all di stance measurements. 

just <lbout the limitat ion of the Gecx.limeter i tsel f. 

Electro- Tape Observations 

About the middle of May the Geodimeter mcas­
urcm enrs had fallen so far behi nd the triangula­
tion that it was impossible to complete the lines 
without hold ing up rower dismant ling . In an ef­
fort to speed up operations, an attempt was made 
to measure lines wi th the Electro-Tape. E leven 
lines wer e measurcll wi th an average accuracy 

REVERSING THERMOMETER 

/ 
TRIP LINE * PERMITS MA ST TO BE 

CARRIED HORIZONTAL ON 
RACK WHEN COLLAPSED 

Mid- temperature equipm ent. 
(Drawing not to scale.) FIXED SLEEVE 
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of about 1: 90~000. Since the observations were 
~urate enough for the project, observations 
were discontinued on June 10. 

ASTRONOMICAL A D SPIRIT LEVEL 
OBSERVATIONS 

A requirement of the s urvey was the deter mina ­
tion, wi thin about 3 feet, of the relative spheroida l 
elevations of the nine ba llis tic camera points. This 
involved spirit leveling to obtain the topographic 
elevations, and some astronomical observations 
to supply sufficient deflection information for an 
astro-geodetic determination of the spheroid­
geoid relation. 

Accordingly, some 130 miles of double-run 
second- order leveling were accomplished to tie 
the camera points to the leveling net and 15 mod­
ified first-order astronomica l latitudes and longi­
tudes wer e determined a t points selected to best 
support the required astro-geodetic leveling . 
Since there were no unusual problems in those 
operations, details are omitted. 

COMPUTATION OF GEOID HEIGHTS 

A tota l of 24 deflection stations were employed 
to determine geoid heights of the nine BC-4 cam­
era stations with respect to an assumed zero va lue 
for sta tion Hub on Cape Canaveral. Gravimetric 
deflections were determined for two of the stations 
at which astronomic observations were not ava il­
able. Of the 22 astronomic stations used, 15 were 
observed specifica lly for this project. The least­
squares at.ljustment of the geoid height network, 
involving quadrilaterals. triangles, and a c lost.'ll 
loop of 12 stations, int.licated a probable error of 
±5.8 cm. in the gcoid height of Brick, the sta­
tion most distant from Cape Canaveral. The 
maximum range of geoid height throughout the 
network was 191.6 cm. 

MA1 POWER 

T he fo llow ing data on manpower arc only ap­
proximate, but shou ld be of interest to those who 
have had anything to do with geodetic operations . 

Field work started about the midt.lle of February 
1960 and was completed in a little more than 
five months. 

Operation Man- months 

Reconnaissance....... .. .................. 4 
Triangulation observations......... . .. 118 
Geodimetcr observations .. . . . . . . . . . . . . 29 
Spirit level obser vations . . . . . . . . . . . . . . 16 
Astronomic observations... ... ... .. ... 6 
Triangulation-Geodimcter 

adjustment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4* 

*Plus 15 hours of 650 computer time. 
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Opera lion Man- mont lzs 

Leveling adjustment . . . . . . . . . . . . . . . . . . . . 2 
Astronomic computations.. ............ 3 

THE ADJUSTMENT OF OBSERVATIONS 

Gene rat Statement 

The adjustment of the direction and length ob­
servations was carried out simultaneous ly by the 
method o f varia tion of coordinates. Geodimeter 
length measurements were introduced as obser­
vation equations with weights equal to those for 
directions. That is, a correction of 1:206,000 
(arc l ") to a length is considered the same as a 
corr ection of one second to a direction . Only two 
stations were held fixed, Central and Central S. E . 
Base. These points are on Cape Canaveral and 
it was thought best not to upset the conformity of 
this line to the many other points already adjusted 
in the area, particularly s ince its azimuth and 
length had been well determined . T hree Laplace 
azimuths were included in the adjustment, each 
given a weight of one half. 

All length measurements were reduced to the 
geoid. Since the relative geoid heights ranged 
only about two meters over the area, no signif­
icant error was introduced. 

As can be seen by the diagram of the project, 
there is a heavy redundancy of observations, both 
in distance and in direction . This is essential 1 

high positiona l accuracy to be obtained by a leas1 
squares ad jus tment. Observations in this adjust­
ment of 63 sta tions are comprised of 400 hori­
zontal direct ions, 43 Geodimeter lengths, and 3 
Laplace azimuths, or a total of 446 observations. 
The mathematical solution was carried out on the 
650 intermediate electronic calcu lator. From 
the 446 observation equations, 189 normal equa­
tions were formed. These were solved by a 
square-root elimination technique, with an ad ­
ditional routine which determined the weight co­
e ffi cients for the nine selected ballistic camera 
points. 

Determination of the Probable Error of a 
Position 

A measure of the strength of the figure is giv ­
en by the weight coefficients of the stations in the 
figure. These weight coefficients are independent 
of the accuracy of the survey, butthe probable er­
ror of the position of a station is a func tion of the 
accuracy of the survey a nd the strength of the 
figure. The larger the weight coeffi cients, the 
sma ller the probable error of posi tion will be. 

Denote the probable e r ror of a s ingle observa­
tion by r0 , the weight coefficient by u, and the 
probable error of position rp. There will be two 
weight coefficients for each station, one for lat 



tude and one for longitude . Then rp= r0 y ucp+ux • 

here r 0 = .6745 V1:r 2 

in which v is the correction to an observation and 
f is the number of observations minus the num­
ber of unknowns. 

TI1is gives the probable error of a position in 
seconds of ar c whicb can be converted to feet. The 
accuracy of the pos ition of a station is r e lated to 
a fixed sta tion which is assumed to be errorless . 
For example, if the probable error of a station 
40 miles from the fixed station is found to be 
0.25 foot, we say that the relativeaccuracyof this 
station is 1:845,000 . 

Statistics on Observational Accuracies 

Average tr iangle closure (183 triangles) ... . .... . . . ....................... .. . . .... ........ .. .. . 0'.'44 
1 '.'93 
o·: 18 
0'.'77 
1'.'18 

Maxirnun1 triang lt' c losure .. . ... . .. .... .... ... . .... .... . . ......... . ................... . ..... .. . . .. . 
Average correction to a c..li rccti on .................... ... ....... .......... . . ... .. ... . .. ........ . . . 
Maximum correction to a Jirection ........ . ... . . . . . . .. ... . . ......................... .. ......... . 
Maximum correction to an angle ...................... . ... .. .. .... .. .... ... . ..... .......... . .... . 
Average correction to a Geoc..l imeter measurement .......... ....... . . ... .. .. . . . .. .... . . .. . . 1:1,210,000 

1:355,000 
1 '.'07 
1'.'57 

0·:21 •• 
299,792.5 km./sec. 

Maximum correction ro a GcoJimctcr measurement ..... . ... .. ............ . ......... . .... . 
Average correction to a I .a place azimuth ..... .. . .... . . .... . ............. . .. .. .. ....... . ...... . 
Maximum correction to a Laplace azimuth ....... . . . ........ . . ....... .... ....... . .. ... .. ..... . 
Probable error, r 0 , of a s ingle observation .. ... . .. ................. ........ . ........ ...... .. . 
Speed of light c 1nployed . ..... ..... . . ..... . ....... .. . ... . . . . .... ...... .............................. . 

**For a Geodime rer observation this is equiva lent co 1:980,000. 

Probable error, r, is related to standard er­
ror, u, by the equation r=0.674Su. 

Statistics on Positional Accuracy of Ballistic Camera 
Stations, Relative to Station Central 

1mera Di seance 
~:ation from Central Probable error 

Miles Foot 1 part in 

1 67 0.29 1,220,000 
2 58 0.25 1,220,000 
3 49 0.20 1,290,000 
4 59 0.22 1,420,000 
5 49 0.18 1,440,000 
6 5 1 0.18 1,500,000 
7 49 0.18 1,440,000 
8 38 0. 14 1,430,000 
9 51 0.21 1,280,000 

Probable Errors of Certain Unobserved 
Adjusted Lengths 

Length 

Camera Station 9 to Central . .... . 
Camera Station 8 to Central ..... . 
Camera Station 8 to Camera 

Station 9 ...... .... . . ................. . 

Probable error 
1 part in 

2,080,000 
1,530,000 

1,420,000 

*This is not a rigorous expression for the probable 
error of a position; it does nor define the axes of the 
error ellipse. Such a r efinement was nor deemed neces­
sary to the problem at hand, since the accuracy at­
tained far exceeded the specifications. 
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These probable errors were computed by means 
of func tional equations written for the length dif­
ferential as a function of latitude and longitude 
differentials. By means of a bordering technique, 
the weight coefficients of the lengths were found 
a long with the solution of the normal equations, 
and from these the probable errors follow direct­
! y from the relation rs = r 0 vu;-

CONCLUSIONS 

This project has clearly demonstrated that, with 
car eful planning and an assiduous application a nd 
attention to details in the field, a very high de­
gree of accuracy is practicable . lt was con­
firmed, in quite a lucid manner, that the require­
ment of at least two nights ' observations at each 
triangulation station is indispensable if s uperior 
results are sought. The accuracy of the scale at­
tained for the triangulation network was made 
possible only by the use of many Geodimeter 
measurements. It turns out , however , that the 
number of such measurements could probably 
have been substantia lly reduced in view ofthelow 
probable error of an observed direction. Those 
in r espons ible charge of the field work, partic­
ularly the triangulation a nd Geodimeter obser va ­
tions, deserve the appr obation of geodesists 
everywher e. 

It does not follow, as a r esult of this work, that 
comparable accur acies can be attained every­
where. The conditions in Florida a r e singularly 
favorable to high prec ision of operations. The 



terrain is flat, thus no steep lines were encoun­
tered. All observations were made from the tops 
of Bilby towers and over ground covered with 
trees or other vegetation. This avoided the trou­
bles that can arise from the use of 4-foot stands, 
and also reduced the adverse effect of a "boiling" 
atmosphere. Additionally, temperatures were 
quite uniform, making it possible to obtain accu­
rate mean temperatures needed for superior 
Geodimeter measurements. There are many 
parts of the country in which none of these fav­
orable conditions exist and where such high-order 
results might be attained only by unreasonable 
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expcndin1rc of funds and effort, if, indeed, they 
cou ld be attained at a ll. 

Favorable conditions notwithstanding, the n 
sults of this project are quite remarkable. TL 
ultimate accuracy was not, as it never is, reached . 
But the arrainment of a significantly higher ac­
curacy, over this large an area, would require 
operation under the law of diminis hing return-a 
grossly c.lil:;proportionate expenditure o f ti me a nd 
funds. The wr iter feels that a substantial portion 
of the ingenuity, care, and precision built into the 
instruments employcc.l on this work ha ve been 
wrung from them. 
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