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The Geodimeter (*), w hen first received in  May, 1954, was unpacked 
and  assem bled in  a darkened room, and w ith  only the handbook as guide; 
p re lim inary  tests and  ad justm ents were m ade to the optical system .

Satisfied th a t the fundam entals w ere understood, in itia l field experi
m ents w ere conducted at Doncaster, near M elbourne, to try  out techniques 
of operating  and  procedure. These tests proved very encouraging and a full- 
scale test w as p lanned on a first-o rder triangu lation  line near M elbourne, 
Mt. Atkinson-Green Hill. A fter a week of M elbourne’s w eather, the rem ains 
of the shelter ten ts were collected, and  a gentler clim ate was sought for 
fu r th e r tests.

D uring these prelim inaries, advice was obtained on the electronic side 
of the equipm ent from  technical au thorities. They m ade valuable sugges
tions in  regard  to power supply, etc., and arranged  to carry  out periodic 
crystal-frequency checks. T heir com m ent —  “ It looks as though it were 
designed for am ateu r m aintenance ” —  was very heartening.

It is in teresting  to note th a t six m onths a fte r the receipt of the equip
m ent, the frequency of crystal No. 1 had  increased by 4 cycles in 10 000 000, 
w hile crystal No. 2 had  increased 2 cycles in 1.01 X 10 000 000.

Twelve m onths later, crystal No. 1 had dropped back 1 cycle, and 
crystal No. 2 had  advanced a fu rth e r 2 cycles.

Transport, Equipment and Communications

W hile operating  near Melbourne, a  Holden utility  van had  been used, 
and although it proved quite satisfactory  for the short distance and light 
loads involved, it w as obviously not the  vehicle for extensive field use. An 
In ternational 10-cwt panel van was finally decided on as m ost likely to 
provide a cushioned ride for the equipm ent while providing space for 
cam ping gear, etc. A Land Rover w ith  tra ile r acts as support vehicle and 
carries the m irro rs . This vehicle arrangem ent w orks very well in  practice,

(*) A detailed study of th is system  w ill appear in the Supplem entary Papers to 
SP 39.



the panel van proving ideal on th e  roads and across country, while the 
L and Rover in  attendance has been used to carry  the Geodimeter short 
distances w here the going was too rough or steep for the In ternational.

O rd inary  office tables had  been used for both Geodimeter and m irro r 
during  the local tests, bu t were obviously unsuitable for general use. Tables 
were designed w ith  angle-iron fram es and  three th readed  tu b u lar steel legs, 
so th a t the legs could be rem oved for travelling, and used for roughly 
orienting  the tables w hen operating.

Auto ten ts  (12 ft by 12 ft) have been used as shelter for both Geodimeter 
and m irror, and have been m oderately  successful. The centre pole has been 
som ew hat inconvenient, and the ten ts  them selves a little too light for use 
on hilltops, a new ten t being to rn  to shreds recently in a high wind. 
A ten t has now been specially designed w ith  a tu b u lar steel fram e and 
w ith  a heavy cotton  canvas cover. T his is now in  use, and there is every 
indication th a t it should be satisfactory .

C om m unications caused no concern. R eporter  VHF transceivers, such 
as are in  use w ith  triangu lation  parties, have proved ideal w here both 
Geodimeter and m irro r have been drive-ons.

W here the m irro r has had  to be carried, the 12-volt accum ulator w ith  
the R eporter has m ade th is set inconvenient. Self-contained W alkie  Phones  
weighing only 10 lb s  com plete w ith  dry  cells, have solved th is difficulty. 
A ttem pts to operate using light signals have been slow and unsatisfactory , 
particu larly  w here the varia tion  of re frac tion  has necessitated frequen t 
alterations of the m irro r alignm ent.

Initial field tests

Consequent upon the poor w eather conditions encountered on the 
M elbourne line, it was decided to check the Geodimeter against the Carrieton  
Base. This is one of the four geodetic baselines m easured by the Royal 
A ustra lian  Survey Corps ju s t  p rio r to  W orld  W ar II.

For m easurem ent of these p a rticu la r baselines a t Carrieton, South 
A ustra lia; B enam bra, V ictoria; Som erton, New South W ales; and Jonda- 
i-yan, Q ueensland invar tapes w ere used and frequently  com pared w ith  
four standard  steel tapes w hich h ad  been standardized by the N ational 
Physical Laboratory, Teddington, England, and the tem peratu res of w hich 
were determ ined by the electrical resistance m ethod.

The Geodimeter w ithstood the 650-mile trip  well, and no trouble was 
experienced in  m easuring the 4-mile line. F our sets of two frequency 
readings were tak en  over two nights, the  resu lt having a probable erro r 
of ±  .013 foot, w hile the Geodim eter distance differed from  the m easured 
distance by 0.21 foot.

Satisfied w ith  these in itial efforts, it was decided to a ttem pt m eas
urem ent of a longer line. Maurice H i l l - B la c k  R ock  in  the sam e area provi
ded a line of 19 miles, and also the  f irs t  hitch. W hen the m odulating voltage 
was applied, p ractically  no light em erged from  the projection. A fter chang
ing the valves and  the K err cell, it w as discovered th a t the polaroids were 
not oriented properly  w ith  respect to the K err cell.

This difficulty overcome, an o th er was experienced w hich was not so 
easily elim inated —  m oonlight. E x traneous light com pletely swam ped out 
the  signal, and  the only solution w as to sit it out. Patience was eventually



rew arded, four sets of two frequencies being obtained in two nights, the 
resu lts having a P. E. (*) of .04 foot, i.e. 1 p a rt in  2 600 000. The geodim eter 
distance w as 0.47 foot longer th an  the geodetic distance.

A portion  of a triangu lation  in the vicinity of Broken Hill w as selected 
for the next m easurem ent. An 8^-mile line, Feldspar to T w en ty  Mile, near 
Cockburn, was m easured, the results having a P. E. of 0.03 foot, i.e. 1 part 
in  1 400 000.

The Geodimeter party  then  moved north  to the dry sem i-desert clim ate 
of M arree, travelling over some atrocious roads.

Here, a t Marree, on the 12-mile A ttrac tion  Hill to Mt. A lford  line, a 
firs t experience of really bad atm ospheric conditions w as encountered. 
V ariation  of refraction  caused 30-foot vertical jum ps in the re tu rn  light 
and  it was im possible to keep the light on the receiver long enough to 
obtain a result. A fter several weeks of fru stra ted  attem pts, a re tu rn  was 
m ade to M elbourne, calling at Carrieton base  on the way to see if the 
jo lting  over the country  roads had affected the instrum ent.

The resu lts differed from  the firs t m easurem ent by 0.01 foot, while 
the P. E. of 0.013 foot was 1 p art of 1 700 000.

Upon re tu rn  to Melbourne, the accum ulated  dust collected from two 
dust storm s was removed from  the instrum en t. The quan tity  collected 
indicated  th a t some form of dust proofing w ould be advantageous. The 
zero ind icator in strum en t had  developed an oil leak, so the Geodimeter 
was despatched for repair and a crystal-frequency check.

Zero correction

Mr. G. R. L. Rim ington, Chief Topographic Surveyor, and Mr. H. A. 
Johnson, Senior Surveyor, jo ined the p arty  for the next line m easurem ent 
w hich was at Benambra geodetic baseline. Mr. Johnson  was engaged on 
the original m easurem ent of th is baseline situated  in the A ustra lian  Alps 
in  the NE corner of Victoria.

It w as decided to m easure the line overall, then  in  two parts  as a check 
against the value for the zero correction. This check indicated th a t the 
zero correction should be decreased by .17 foot, and w ith  the am ended 
value, the sum  of the parts differed from  the whole by 0.01 foot. The resu lts 
showed a P. E. of 0.01 foot or 1 p art in  3 000 000.

At B enam bra it was found th a t the  neon glowlamps were not behaving 
efficiently. To the eye they appeared to be functioning, bu t the zero 
ind icato r was becoming increasingly difficult to balance, so a new set of 
neon glowlam ps was installed. The im provem ent w as im m ediate and 
startling .

The m easurem ents of the Benam bra base  were com pleted by December
1954, and upon re tu rn  to M elbourne, the equipm ent was set up in the 
office to check the value for the zero correction. The null indicator could 
not however be set on zero, un til an electronics m echanic located the trouble 
as an unserviceable balance control potentiom eter. This w as replaced and 
the trouble disappeared.

The balance of the in strum en t had  long been unsatisfactory , so the

(*) Probable error.



photom ultip lier was removed for test, w hich showed th a t the tube was 
unstable. The spare tube was com pletely unserviceable.

Conveniently, a new phototube arrived from  Sweden at th is time, and 
a new set of glowlamps was also fitted. This brought about a m arked 
difference.

The flicker th a t had  been in the null indicator since receiving the 
in strum en t disappeared entirely. Balance became easy to obtain and was 
m uch m ore definite, and speed of operating rose accordingly.

Results from  these tests in  the office indicated th a t the zero correction 
should have been .04 foot instead  of 0.17 foot, and th is calibration was 
apparen tly  borne out by the next field m easurem ents.

Further field tests

As the M elbourne w eather had  im proved, a decision was m ade to m eas
ure the Mt. Atkinson-Green Hill line th a t had  been so fru itless in  1954.

Here again, w ith  Mr. R im ington’s assistance, the Geodimeter party  
used the same system  as developed at Benam bra, i.e. m easuring the line 
as a whole, and in  two parts, the difference being 0.016 foot, w ith  a P.E. 
of 0.016 foot or 1 p art in 2 700 000 over the 8-mile line.

This differs from  the Geodetic distance by 0.41 feet or 1 p art in  108 000.
An attem pt was m ade to m easure a 20-mile line, M t . A tkinson-Station  

Peak, bu t poor visibility caused the  attem pt to be abandoned. Another 
crystal check was carried  out, bu t no change was noted.

A new cylindrical condensing lens for the received optics was received 
from  A.G.A. to replace the spherical lens originally fitted. This replacem ent 
made, the office tests were ru n  to check on zero correction.

These tests showed th a t the zero correction should in  fact be reduced 
by the .17 feet previously determ ined at Benam bra.

This upset the Mt. A tk inson  - Green Hill results slightly, m aking the 
sum  of the parts  differ from  the w hole by 0.115 foot, or 1 p art in  385 000, 
b u t improved the com parison of th e  overall distance w ith the trig  distance 
to 0.28 foot or 1 p a rt in  158 000. T his m odification of .17 foot has been 
accepted for the zero correction and applied to all previous and subsequent 
work, w ith a consequent im provem ent of results.

As the behavior of the Geodim eter was now m uch steadier th an  it had 
been previously, a re tu rn  trip  to B enam bra was considered advisable in  May,
1955. W eather conditions in the A ustra lian  Alps had altered radically. 
The sum m er w eather of December had given way to w in ter conditions 
w ith  heavy frosts on the ground and  snow on the surrounding  m ountains. 
Both Mr. B. P. Lam bert, D irector of National Mapping, and Mr. G. R. L. 
R im ington attended these test m easurem ents at Benam bra.

The same procedure was adopted as developed at B enam bra in  Decem
ber. The sum  of the parts  differed from  the m easurem ent of the whole 
by 0.03 foot, and the whole distance (P. E. 0.018 foot or 1 p art in  1 700 000) 
differed from  the baseline m easurem ent by 0.06 foot, i.e. a com parison of
1 p art in  520 000.

After re tu rn ing  to M elbourne and carry ing out ad justm ents to the 
light conductor, the Geodimeter p a rty  was to have m easured the baseline 
at Millicent, South A ustralia. Heavy ra in  prevented th is m easurem ent, and 
the party  moved on to Carrieton.
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Specim en of field  book show ing observations and com putations

At Carrieton, the system  of m easuring used at B enam bra was repeated, 
the in term ediate  station being about ^ mile from  the W estern  term inal.

Spherical m irror

The A. G. A. Spherical Reflex System had recently been received and 
for the firs t tim e th is  was put into operation seriously.

Both plane and  spherical m irro rs were used a t each station. W ith  the 
plane m irro r, the sum  of the parts  differed from  the w hole by 0.16 foot, 
while w ith  the spherical m irror, the agreem ent was exact, but unknow n 
system atic errors w ere evident w hen using the plane m irro r over the short 
line.

The probable errors over the 4 miles were :
P lane m irro r 0.003 foot, i.e. 1 part in 7 600 000.
Spherical m irro r 0.009 foot, 1 part in 2 500 000.



The plane-mirror distance differed from the measured distance by 0.07 
foot, and that of the spherical mirror by 0.03 foot, giving comparisons of
1 part in 327 000 and 764 000 respectively.

Reasonably satisfied, the party proceeded to Eyre Peninsula, where an 
attempt was made to measure a 12-mile line near Cleve : Mt. Nield to Mt.  
Priscilla.

Here the party met with the first trouble that could not be coped with 
in the field, so the equipment was returned to Melbourne.

The trouble was traced to the photocell box, a dry solder joint appear
ing to be the culprit.

Serviceable once more, it was decided to postpone the attempt at Cleve, 
and instead to move north to Mildura.

W hile preparing to measure this line, trouble struck again. Symptoms 
similar to those at Cleve reappeared. A thorough investigation of the photo
cell box revealed that a loose screw was causing an intermittent short 
circuit.

Horizontal refraction

The only line suitable in the Mildura area was Pnschendale to Yeltn, 
a 5 |-m ile line over fairly flat country. Nowhere is the line of sight more 
than about 30 feet above the ground, while at both ends of the line, level 
ground stretches for a considerable distance before falling away, and to 
complete the picture, there is a bad graze in the middle. The spherical 
mirror was used and vertical refraction did not prove very troublesome, 
but horizontal refraction was severe. At the mirror end of the line, horizon
tal movement of the projected beam was of the order of 30 feet.

These far from ideal conditions made balances particularly difficult 
to obtain, and each set of two frequencies took 1 to 1 | hours to complete 
instead of the usual 30 to 45 minutes of operation. The P. E. for this 
measurement was 0.012 foot or 1 part in 2 400 000.

Next step was at Ouyen, where an 11-mile line, Kulwin  to Blue Hill, 
was measured under conditions much the same as at Mildura. The operating 
time was still 1 to 1  ̂ hours per set, but the measurements finished with  
a P. E. of 0.021 foot or 1 part in 2 800 000.

The next measurement, a 13-mile line, View Hill to Mt. Alexander,  had 
been selected near Bendigo, with high terminal marks and a good fallaway 
at each end; conditions looked about ideal, so it was something of a shock 
when the same frustrating conditions as at Mildura and Ouyen occurred.

Next night, however, produced perfect conditions; operating time was 
reduced to 20-30 minutes per two frequency sets, with a P. E. of the results 
of ±  0.012 foot or 1 part in 5 800 000.

Three lines were selected in Gippsland, Victoria, for measurement. 
These measurements presented no difficulties, apart from poor visibility.

From Thorpdale, two lines were measured : the first of 13 miles, 
Thorpdale-Eccles Minor,  produced a P.E. of ±  0.029 foot or 1 part in
2 300 000; the second of 15 miles, Thorpdale-Hooghli j , a P.E. of 0.029 foot 
or 1 part in 2 100 000.

The third side of this triangle, Hooghlij-Eccles Minor,  is a first-order 
trig line, and the distance computed from the two measurements and the 
included angle differs from the original trig distance by 0.06 foot.



The th ird  line of 12 miles, Camp H ill Gentle Annie, yielded a  P.E. of 
dt 0.017 foot, 1 p art of 3 700 000.

After re tu rn in g  to Melbourne, 14-mile and 21-mile lines were attem pted  
close to the city; w ith the Geodimeter sited near Epping. No trouble, ap a rt 
from  visibility difficulties, was experienced w ith  the 14-mile line, Quarry  
Hill-Mt. D isappoin tm ent,  w hich was finished in three nights of operating, 
b u t poor visibility prevented m easurem ent of the 21-mile line, Q uarry Hill 
to Mt. Dandenong. After several abortive attem pts, th is direct m easurem ent 
was abandoned, and a hill located about halfw ay along the line, near 
Kangaroo Ground, was used, from  w hich the distance was m easured in two 
steps, in  th ree  nights of observing, w ith  P .E .’s for the 10-mile and  11-mile 
sections of 0.005 foot, i.e. 1 p art in 10 000 000.

Improved operating procedure

Up to the tim e of operating from  K angaroo Ground, the  procedure had  
been : four phases against the d istan t m irro r, four phases against the light 
conductor; light conductor moved 20 cm and four m ore phases taken  for 
an in terpolation  factor, then  4 m ore phases against the m irror. The m ean 
of the 8 m irro r readings was taken  and  com pared w ith the m ean of the 
four light conductor readings for the d istance to the firs t null point.

This system  of operating was tim ew asting, particu larly  under difficult 
conditions. Most of the time involved w as used against the d istan t m irro r, 
and on m any occasions a set had  to be discarded because atm ospheric 
conditions deteriorated, and it was im possible to get a final m irro r reading.

Then, too, the tim e factor, and consequently  the delay drift, was fa r 
from  linear, especially when the plane m irro r was being used, and frequent 
realignm ent was necessary. By sandw iching one set of m irro r readings 
between two sets of light-conductor readings, these conditions are im m e
diately overcome. It is only the w ork of a m om ent to obtain an  approxim ate 
delay value for the m irror (two phases suffice) so th a t a light-conductor 
value can be obtained. The system  th en  is : four phases against the light 
conductor, four against the m irror, and  four m ore against the light con
ductor. The light conductor is then  m oved 20 cm and four phases taken  
for the in terpolation  factor.

This has fu rth e r reduced the tim e taken  to obtain a set of two fre
quencies to 15 to 20 m inutes under good conditions. Fig. 1 shows a page 
of the fieldbook w ith  all the actual observations, together w ith  the 
calculations involved.

The Kangaroo Ground lines, m easured  in  December, 1955, com pleted 
a sequence of m easurem ents, and the ra th e r form idable task  of finalizing 
the fieldbooks was tackled.

Velocity of light

Up to th is stage B ergstrand’s value of the velocity of light (299 793.1 
k m /sec) has been used, bu t afte r analysis of the resu lts of local and 
overseas Geodimeter m easurem ents of first-order baselines, together w ith  
recent laboratory determ inations, a decision was m ade to adopt tentatively  
a value of 299 792.5 km /sec. The following tabu lated  resu lts are expressed 
in term s of th a t value.
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Conclusion

Looking back over 18 months of field work, it emerges that the 
Geodimeter is definitely a surveyor’s instrument of outstanding accuracy 
and consistency, and not just a laboratory curiosity. It simplifies baseline 
measurement, and makes the lot of the reconnaissance surveyor much 
happier, as he is not concerned with level areas for the base itself and a 
complicated basenet system. The only requirement is that one hill be a 
“ drive-on ” , and I feel that even this stipulation will be ultimately removed 
as lighter and more portable models become available.


