THE TELLUROMETER AFLOAT
by Lieutenant Commander P.c. trenerne

Article received from Kelvin & Hughes (Marine) Limited in July 1961

Since the introduction of the tellurometer in 1957 many words have
been published describing the instrument, and on all the vairous ways in
which it can and has heen used, There is no doubt that it has proved to
be a qreat success, and is now widely used throughout the world. However,
very little mention is ever made as to its value afloat, and, although the
need for it does not often arise, it would be useful to know exactly what
the instrument can and cannot do once taken off dry land,

Occasionally a situation presents itself when the tellurometer could
prove itself extreme!z useful. For example, a beacon may have to be fixed
when it is not possible to set up any instrument, and a triangulation or
intersection cannot be carried out; a buoy may have to be fixed precisely
a large distance from. shore in poor visibility; ships laying Plpelmes o
cableS may wish to fix themselves accurately when moving through the
water, In“fact one can imaging many cases when one could make “use of
the tellurometer if it were Bos,smle to' do so without any appreciable error.
The surveyor may already be in possession of one or two sets of tellurom-
eters whereas to purchasé or hire one of the various types of radio fixing
aids available may prove to be too expensive for a small survey.

In May 1961 it was decided to carry out trials to_discovér exactly
what the limitations were, and also to see’if it were possible to operate at
slow speeds. A small 36-foot tu?,was used for these trials, and the master
instrument was set up on a fripod well lashed into position abaft the
wheelhouse. The remote instrument was set up alongside the radio mast
of Garrison Point Signal Station in Sheerness. =

The first trial was to test the instrument with the boat secured to a
buoy and no difficulties were exPerlenced. Several sets of observations were
takén at two positions, and all results agreed with those obtained from
resection. The best procedure found for observing was that as laid down
on form A where every alternate reading is an A-)- readm]g. This gives
4 sets of A-)- and A— Teadings to be meaned. Before and after each B, C
and D reading there are_two "A-}- readmfg]s and these pairs should also be
meaned. The'B, Cand D readln?s are then subtracted from these means.
It is essential that this be done, Tor, should the boat be moving during the
observations, then the calculated mean value of A-(- should be approximately



Close up of tellurometer. lashed into position over the
engine room.
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Form A for fixing with tellurometer when at anchor.

SURVEY MEDWAY

No 11 Buoy

Pattern Obser‘ved
Readings
A + 09. 5
92.5
A + 09. 0
80.0
A + 07.0
87.0
A + 09.0
97. 0
A + 11.0
93. 0
A+ 10.0

Accepted A

DATE 15 May 1961 TIME 1210 GMT
A Diff.
17. 0
16.5
Mean A 08.0
D 80. 0
A-D 28.0
Mean A 08.0
C 87.0 Distance 12 308 6 |ins.
A-C 21.0
Mean A 10.0
B 97.0
A-B 13.0
18. 0
17. 0
A) 68. 5
08. 6

Tellurometer being operated at two knots.



the value of A-f- at the same time as the bracketed pattern is being read.
There should then be little or no error in the different readings providing
that the readings are taken as quickly as possible.

To make this clear, take the case of the C reading in the example.
Before C was read, A-f- was reading 07 and after C was read A-f was
reading 09. It is, therefore, fair to assume that at the same time as C
was béing read then A-f would be 08, and the A-C difference of 21 can_ be
taken as"correct, ,Usm(% this method no trouble was ever had in relating
the 4 pattern readings to each other. o _

hen adjustm% the master instrument, it is important that the circle
should be as near the centre as possible so that the sum of A-f and A—
Is close to 100. If this is not the case, the A-- reading would be in error,
and would affect the accuracy of the different readings. It is quite easy
to check this as the two A readings can be read in quick succession.

Under way

Several methods of reading were tried out with the boat moving at
speeds of from one to four knots, and the procedure given below ‘was
found to be the most successful. _

(1) Before commencmg}, that boat should be stopped so that the circle
can be centred, as the A— readings_are not used in the observations.

(2) Set pulse amplitude to maximum. This was found necessary mainly
because of vibration in the boat. However, it does make the circle
break easier fo read when, it is moving around. at speed.

(3) With the assistance of a timekeeper, readmgs in the order shown
on form B are taken at intervals of exactI%/_ seconds. Intervals of
exactly 4 seconds were tried later, and this was preferred as it
then gave ample time for the remote operator to change patterns.

. At this stage it might be of assistance to go back to the measuring
Prmmples of the tellurometer. When both instriments are set up ashore,
he breaks in the 4 pattern circles are stationary, but once the master
starts moving, the break in the A circle also moves and rotates approximately
once every 50 feet or every 100 millimicroseconds of measurement. At the
same timé the break in the D circle moves, hut at a slightly slower speed
of 9/10 of a revolution eve(% 50 feet and similarly thé G and B breaks
rotate at 99/100 and 999/1 000 of a revolution respectively. So in actual
fact all four breaks are moving continuously, but at different sPe_eds. As
It 13 ImROSSIb|e to read all the patterns at the same time to obtain a fix,
some other method has to be devised. _

After several trials, it was found best to read the A-(- circle before and
after each B, Cand D circles, and to take the mean of each pair of readln[qs
for computlnfg the A-B, A-C and A-D differences (see fig. lf. For example,
In the case of the D pattern; if an A reading were taken af equal intervals
before and after the D reading, then we Can sa){ that the mean of the
two A readings is the value of the A pattern at the same time as the D
circle is beln? read, The same would apply to the Cand B patterns which
are then subtracted from their respective mean A readings.
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Form B for fixing with tellurometer when under way.

SURVEY MEDWAY DATE 15 MAY 1961 TIME 1309 GMT
Readings observed every 4 secon ds

A O bserved Correc ted Check
Revs Readings Readings Difference

Mean A 89 Mean A-Al
10 4.7 (a)

A-D 12.0 (A-D) i a

Mean A 182.5 Mean A-Al 140. 5
100 1.4 (b)

A-C 93.5 (A-C) =b

Mean A 278.5 M'kumml 236. 5
0.2 (c)

A-B 38.5 (A-B) *c Accepted Distance

Mean A 376 M_Fan Aﬁz 48
4.8 (a)

A-D 35.0 (A-D) *a

Mean A 466.5 Mean A-A2 138.5
c 74 * 100 1.4 (b)
A

-C 92,5

Mean A 558 wkeanm 2 230
0.2 (c)

A-B 39.0 (A-B) *c

Mean A 654.5 Mean A-A3 47.5
D D 92 - 10 4.8 (a)
A

-D 62.5 (A-D) =a

Mean A 745.5 Mean A-A3 138. 5
c c 48 * 100 1.4 (b)
A

-c 97.5 (A-C) =b 96. 1
A7 229.5

Mean A 836.5 Mean A-A3
= 1000 0.2 (c)

A-B 42.5 (A-B) i ¢ 42.3

Speed

We now have an A reading, and 3 djfference readm?s, A-D, A-C and
A-B for each fix. However, these are all values for different times and
positions and will have to be related to one position only. The next step
IS to_consider the relationship between t e A readln? and the three difference
readings. The A circle gives the reading in mil mlcrosecon s the A-D
difference is the distance in tens of mjllimicroseconds: the A-C difference in
hundreds of millimicroseconds, and finally the A-B difference in thousands
of millimicroseconds. Therefore if, for example, the A pattern reading were
to increase by 50 m|II|m|crosec0nds then the A-D difference wotld be
0orb 8reater the A-C difference 50/100 or 05 reater and the

difference 50/1 000 or 0.05 greater, Now in the case % our.fix under wa

we accept the first A reading”of each fix and plot back t edlfference leadin a/s
A-D, A-C and A-B when the first A was taken (see fig. 2). This is best
achieved by calculating how far the A reading has increaséd or decreased
from the fime the first A reading is taken to each D, C and B reading.
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Form B for fixing with tellurometer when under way.

SURVEY MEDWAY DATE 15 MAY 1961

O bserve d Correc ted Check
Readings Readings Difference

Mean A 257.5 Mfanml 175.5
0.2 (c)

A-B 55.5 (A-B) +c Accepted Distance

Mean A 328.0 Mean Aﬂ\z 36
+ 3.6 (a)

Mean A 400.0 Mean A-A2 108
- 100 1.1 (b)

A-C £29.0 (A-C) = b

Mean A 469.5 Mean A-A2 177.5
- 1000 0.2 (c)

A-B 50.5 (A-B) +c

A 542.0 Mean A-A3
29 * 10 3.9 (a)

A-D 13.0 (A-D) * a

Mean A 618.0 M?n m3 115
c 86 1.2 (b)
A

-c 32.0 (A-C) *b

Mean A 693.5 Mdanﬂﬂxa 190. 5
0.2 (c)

This is done by subtractlng the first A reading for each fix from the mean
of the two A readings, taken before and aftér each D, C and B reading.
A seperate column is included_ on the form showing the number of times
the A circle break has rotated since the begmnmq of €ach set of observations.
These amounts of increase or decrease of A are then divided by 10 for the D
?_attern, 100 for the C pattern, and 1000 for the B pattern. ‘The resultant
|géjres are the corrections to be applied to the A-D, A-C and A-B differences
subtracted If the boat IS steering away from the remote and added If
lg,teamlng towards. Finally the distances are taken out from these corrected
qures.
J On the form 3 fixes make up a set (see fig.. 4).. In actual fact the
accepted. fix is the first observed, the time of which is when the first A
reading is taken. The remaining two fixes are really checks on observations
and computations, and in somé cases could be diSpensed with.
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Conclusions

Both methods appear to be successful although when under way one
must accept a possible error of up to 1-2 feet as only the A4 reading is
used. It is imperative that checks should be made fairly frequently when
stopped so that the circle is centred, as any large error in the A4 reading
would obviously place the difference readings in error, and this could make
the extractions of the distances impossible.

An assumption made when fixing under way is that the boat is
travelling at a constant speed between A readings for periods of 8 seconds,
but this seems reasonable.

Five observations were taken at buoys with complete success. Twelve
fixes were taken under way, and only in one was there any doubt in the
correct distance. In this case the boat was travelling at 4.03 knots when
vibration was excessive, and paper had to be jammed in behind the reflector
dishes in order to keep the circle steady. The final answer could have been
50 000 millimicroseconds in error, but this was obviously corrected from
studying previous fixes.

It does appear, therefore, that the tellurometer could become useful

afloat and it is satisfying to know that it can be used under certain
conditions.
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FIG. 1 to calculate difference recidings
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FIG. 2. to adjust difference readings due to movement ofvessel
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FIG. 4. showing 3 fix positions.
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