DONATIONS ANNOUNCED. 127

““ Report of Progress.” 1882-83-84. Montreal, 1885. ¢ Maps
o accompany Report of Progress, 1882-83-84""; and ‘“ Catalogue
of Canadian Plants, Part II, Gamopetals®,” by John Macoun,
M.A., F.L.S. Montreal, 1884, From the Director, Geological
and Natural History Survey of Canada.
“The Australian Irrigationist,” No 13. Melbourne, 1885. From
the Editor.

The following papers were read :—

“TaE PapuaANS—COMPARATIVE NOTES oN VARIOUS AUTHORITIES
witH ORrIGINAL OBSERVATIONS,” by Willam E. Armit, F.L.S,,
F.R.G.S., Pages 95-116.

_—

A SHORT ACCOUNT OF THE MEASURE-
MENT OF THE BASE LINE IN CON-
NECTION WITH THE TRIGONOMET-
RICAL SURVEY OF QUEENSLAND.

BY
W. A. TULLY, Esq., B.A., F.R.G.S., &c., SURVEYOR (GGENERAL.

(Prate V.)

I propose giving a short account of the measurement of the
base-line in connection with the Trigonometrical Survey of the
Colony, which was completed last year.

A base-line is the foundation of a trigonometrical survey.
On the accuracy of its measurement depends the correctness of
the mnet-work of triangles, which are established by angular
measurements, commencing from the terminal points of the
base. The exact measurement of a line on the earth’s surface
1s one of the most difficult operations that can be undertaken.
Even with the greatest care and the most approved appliances
only a close approximation to absolute accuracy can be relied
on. Experience proves that no two measurements of the same



128 MEASUREMENT OF BASE LINE,

line exactly agree; there is always a small difference, and
though such difference may be inconsiderable, and even
unappreciable, what is styled “mathematical accuracy’ cannot be
attained. The earlier measurements in such surveys were con-
ducted under circumstances less favourable to accuracy than
those obtaining at the presenf day. We have now the experi-
ence gained by each successive survey, the history of which has
been carefully recorded. It would take too long to give par-
ticulars of the several bases that have been measured success-
fully, although much interesting matter would be found in their
recital.

The chief difficulty is obtaining a unit of length, by means of
which the measurement is made. Almost all substances,
metallic or otherwise, expand and contract with heat and cold :
so that it will be understood in determining the length of any
line when measured by means of a rod, or chain, made of a
material liable to fluctuation, it is necessary to know what its
absolute length is at some known temperature. This tempera=-
ture is usually fixed at abcut 62° Fahrenheit. The standard of
the Ordnance Survey in Great Britain is ten feet in length, and
one of the same length was used in this Colony. This length is
nominal, and is only correct when the temperature is 64°2. The
details of the methods used for determining the length of a
standard would provide material for a separate paper, and I shall
only refer to the subject by mentioning that the comparisons of
standards often occupy months, and the greatest care is taken
that the thermometers and micrometers used are of the best
workmanship. At the Ordnance Survey Office, Southampton,
is a building specially constructed for the purpose. The imner
room, where the comparisons are made, measures twenty feet by
eleven, with thick double walls, and is sunk below the level of
the ground, and roofed with nine inches of concrete. An outer
building entirely encloses and protects the room from external
changes of temperature. This will give an idea of the accuracy
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aimed at in these comparisons. FEach division of the micro-
meter microscopes used is about one-millionth of a yard.

The determination of the temperature is of the utmost
importance. The thermometers used require to be accurately
graduated, and their index errors ascertained by careful com-
parisons with a standard thermometer. The co-efficient for
expansion is the same as that used for steel bars, and amounts
to 007632 inches in one hundred feet for one degree of tem-
perature. This co-efficient is the one invariably adopted, and
has been tested many times by the most careful experiments.
The standard of our Queensland Survey is a bar of steel, float-
ing in mercury, the length of which was determined by careful
comparisons with the standard bars in the Sydney Observatory,
which have been supplied by the Board of Trade in London.
This bar has a length of 9-9998581 feet, at a temperature of 62°
Fahrenheit ; so that, applying the above co-efficient for expansion
of steel, its length at any other temperature can be determined.

Having been provided with a standard, it was necessary to
decide how the base should be measured. Having given the
subject careful consideration, 1 determined to use a steel tape of
one hundred feet in length, with such appliances as would
ensure a high degree of accuracy. The experience subsequently
gained in the measurement proves that I was right, as it is now
clearly established that, with proper care, a base-line can be
measured with equal accuracy with a one hundred-foot tape as
with bars of shorter length. The next step was how to ascer-
tain the length of the tape with reference to the bar. The
necessity for doing this had not arisen before, as most of the
base-lines had been measured with wooden or steel rods ten
feet in length. 1 was fortunate enough in having Mr. Adams,
the Surveyor-General of New South Wales, and Mr. Russell,
the Government Astronomer of that Colony to assist me, and
between them they devised an apparatus, by means of which a
tape of one hundred or sixty-six feet can be compared with the
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standard bar, and its length accurately determined. The result
of the several comparisons, and the temperatures at which they
are taken are given in the Appendix A. It will be seen that
two tapes (A and B) were used in the measurement of the base,
and the length adopted for each tape was the mean of twelve
comparisons taken at different times. The apparatus referred to
is similar to those used for comparing bars of assumed equal
lengths. It has micrometer microscopes attached by which the
smallest differences between the bar and each tenth part of the
tape, with which the comparison is made, can be determined.
The temperature is observed by means of the best thermometers,
the index errors of which are known.

The base line is sitnated on the open plain known as the
prairie plain, between Mount Irving and Mount Maria, the
summits of which are the terminal points. The former mount
is about 215°8 feet, and the latter 162-5 feet above the level of
the plain. The principal reason for selecting Mounts Irving
and Maria, as terminal points of the base, were that observations
could be made more accurately from their summits than from
the terminals on the plain, where the atmospheric conditions
were less favourable for the use of telescopes of high mag-
nifying power. At first it was decided that the base should be con-
fined to the plain, on the line extending from one summit to the
other—the length of the sections at each end of the base being
computed by triangulation. When the measurement commenced
it was proved to my satisfaction that the terminal sections could
be measured without risk of error. The ascent to the summit
of Mount Maria is a gradual slope, so that no difficulty was
experienced there. Mount Irving is rocky and more abrupt,
necessitating a track being cleared and levelled In the case
of the latter section the measurement was carried out three
times—two of them in opposite directions. The length was also
computed by means of triangulation, as a check upon the work.
The plain was, moreover, very suitable for the operation in so
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much that it was surrounded by hills, which permitted of
stations being readily obtained for extending the triangulation.

All the preparations having been made, and the plant brought
to the ground, the measurement was commenced on August
24th, 1883, under the superintendence of Mr. District Surveyor
MecDowall, assisted by Mr. R. Hoggan. The base was divided
into ten sections: the six central ones averaging nearly a mile,
and the two others at each end being nearly half-a-mile
long. The terminal points of these sections were marked by
stones sunk into the ground and set in concrete. KEach stone
had a metal plug, upon which a small mark was made denoting
the terminal point of the section. The tapes used on the survey
were about half-an-inch wide, and little more than a hundredth
of an inch thick. The one hundred feet lengths are denoted by
minute dots, or spots, on silver discs, which were inserted in
the tapes, about six inches from each extremity. The method
adopted was as follows :—the tapes A and B were laid side by
side in the troughs. These troughs were made of Kaur
Pine (Dammara robusta), one inch thick, which being a
light wood and a good non-conductor of heat was
found well-suited for the purpose. Each trough was about
fifteen feet in length, so that they could be easily carried;
and whilst the measurement was being carried on with
one hundred feet, the troughing for the mnext one
hundred feet was being placed in position. There was some
difficulty at the outset in devising suitable covers for the
troughing—so as to shade the tapes from the direct rays of the
saun. A strip of blanket was used at first, but was not found to
answer. After some trials, a board, sufficiently wide to shade
the bottom of the trough, whilst allowing for ventilation, was
used, with the best results. Our subsequent experience proved
the boards to be reliable in every way. The troughs were
supported upon pegs set on an even grade by means of a
levelling instrument. Each sub-division of one hundred feet
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was marked by a piece of sawn hardwood, 4 x 4 inches, and
three feet long, strongly driven into the ground. On the top of
the peg a small copper stud, with a flat disc (a copper rivet was
used for the purpose) was inserted to receive the mark at the
end of each hundred feet. Three measurements were made
with each tape, each one distinct and independent, so that every
section has been measured six times. A tension of 20 lbs., by
means of a spring balance, was applied to each tape. The
following extract from the instructions issued for the
guidance of the surveyors employed in the measurement will
supply the particulars in regard to the microscopes used. I
have brought down similar ones for the inspection of members : —

“Two microscopes are to be used—one at each end of the
tape. The *following’ one is for the purpose of keeping the
end of the tape and the mark previously made on the copper
stud co-incident, whilst, by means of the ‘leading’ microscope,
a mark is made on the copper stud, as nearly as possible agreeing
with the terminal point of the steel tape. The ‘following’
microscope being set to zero, the ‘leading’ one is used for the
purpose of comparing the mark made on the copper stud with
the terminal point of the tape in each measurement, and regis-
tering the micrometer value of the interval—if any—between
them. The micrometer microscopes used have a value repre-
sented by two revolutions of the screw to one hundredth of
an inch; and with the view of lessening the risk of
error by recording plus and minus readings 1n the field
book, the reading of the ‘leading’ micrometer is assumed
to be twenty revolutions at zero; so that all readings above
twenty are plus, and all below minus. It will be observed
that the reading is from the point marked on the stud to
the terminal point on the tape—the measurement from
a fixed point to one liable to fluctuation by temperature, being
more reliable than were the measurement taken in the reverse

bk

way.
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Immediately after each measurement was made and recorded,
readings were taken from five standard thermometers which
were placed alongside of the tapes at equal distances, fifteen
readings were therefore taken during the three measurements
of each tape. The mean of these readings must approximate
very closely to the true temperature. The thermometers used
were very carefully compared with a standard which was pro-
cured from the observatory in Sydney, and the index errors
determined. It is not probable that the temperature adopted is
more than one-fifth of a degree Fahrenheit in error, but even
were it 1n error half a degree it would not affect the length of
the base by more than 1'3 inches.*

The principal advantage of the system adopted, apart from
the greater speed with which the measurement could be carried
out, was the means i1t provided for checking the work as it pro-
ceeded. In consequence of the length of the tape its fluctuations
as the temperature altered were quite appreciable. I recollect
when working at one of the microscopes seeing the tape visibly
contract as a cold blast of air entered the troughs. It was
often observed that the tape was more sensitive than the ther-
mometers, and we often had to wait until the latter had settled
down to the temperature of the tape. The co-efficient for ex-

*After the base line had been measured six thermometers were supplied
from the Royal Observatory, Kew, England, in response to the following
special application made to G. M. Whipple, Esq., Superintendent :—

‘“ QUEENSLAND.
“ SURVEYOR-GENERAL’s OFFICE,
“ BRISBANE, 22nd Jan., 1884.

“8SIr,—I trust I am not trespassing on your kindness in asking you to
assist me in procuring a set of thermometers for the use of this depart-
ment, in connection with the measurement of base lines in the field.

“I am anxious to have 12 thermometers sent to me of a class suitable
for recording the temperature in such measurements where great accu-
racy is required. It is found, by experience, in sudden changes of
temperature, that the steel tapes are more sensitive than ordinary
standard glass thermometers; and it is possible that some modification
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pansion was as before stated ‘007632 inches for each degree of
the thermometer, so that it was easy to determine whether any
excess or deficiency in the length of the tape agreed with the
micrometer. The corrections from one to six degrees are as
follow :—

1° 00763 inches. 4° 03052 inches.
22 Le01826, 5% DBl H
g 092229 . 6. DdbyS

- :One to eight revolutions of the micrometer represent the
following fractional parts of an inch, viz.:—

1 revolution. ‘005 inches. 5 revolutions. 025 inches.
2 e P 6 2 ‘030 )
3 = (0] /R 7 e ‘035
A (a0 3 5 ‘040

It will be seen by a comparison of these values that three
revolutions of the micrometer nearly equal the correction for
two degrees of temperature, whilst the expansion or contraction
for five degrees of temperature nearly equals eight revolutions
of the micrometer. The relative valunes of the micrometer

of the clinical thermometer might be devised to answer the purpose.
‘What is required is sensitiveness, combined with stability of construction.
It will be understood that very delicate glass thermometers are so liable
to break that they are practically worthless in field use.

“The thermometers should be graduated to 0-2 of a degree, and should
range from 32 to 125 degrees. I enclose a letter from Mr. Cassella, who
appears to have given the subject some consideration. You might, at
your convenience, arrange to see him and ascertain whether he has any-
thing to suit my wants. Any expense will be met as soon as you
advise me.

“You will excuse my troubling you in this matter. I wish to have the
most suitable class of instruments that can be procured, and I believe
you can assist me better than anyone else.

“T have the honor to be, Sir,
“Your obedient servant,
“(Signed) W. ALCOCK TULLY,
“G. M. WarprPLE, Esq., “ Surveyor-General.
“ Superintendent Royal Observatory,
“Kew, England.”
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measurements and the corrections for temperature were readily
borne in mind, and, whilst the measurement was being carried
out afforded a most efficient check, any divergence being at once
noticed, and as it indicated that the thermic conditions of the
tape and the thermometers did not agree, one or more additional
measurements were taken until the opposing differences were
reconciled. Whilst the temperature was steady the micrometers
and thermometers worked together most harmoniously—rapid
fluctuations on the contrary produced conflicting readings. The
advantage of having such a check cannot be over-rated. It gave
an additional value to the work. The confidence which it
engendered reacted on the observers and enabled them to give
a more undivided attention to the details than was possible
under other circumstances.

I give in appendix B the computed lengths of each separate
measurement and the difference between the mean of each
section. The difference between the mean of the three measure-
ments of each tape was -1845144 inches, which is not quite

25 of an inch. The adopted lengths of the tapes were as

follow :—
Tape A - - - 99-9980561 feet
Tape B - - - 99-9976211 ,,
Difference - - ‘0004350 ,,

This fractional part of a foot is nearly equivalent to ;1 of an
inch. This difference in length between the two tapes, were it
constant throughout the entire distance from end to end of the
base, would have amounted to 1'8 inches; but as the actual
difference between the measurement by each tape was not quite
-2 of an inch, it proves that about an inch and a half of the
theoretic difference was absorbed by errors of observation or
other counterbalancing cause. The measurement by each tape
has equal weight, and the mean of the two is only affected by
the above absorption to the extent of *7 of an inch. The above
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values in dealing with a base exceeding seven miles in length
are so small that it is scarcely necessary to take account of
them, and T only refer to them in this paper to show how the
difference in the computed lengths of the tapes was disposed of.
In order further to test the accuracy of the measurement of the
whole line, a system of triangles was established by which the
length of half the line was computed and compared with the
measured length of the same portion. The differences between
the computed and measured length of the half was found to be
only 936 of an inch, which is a most satisfactory proof of the
care exercised in the measurement as well as of the system
adopted in carrying it out.

The line was measured, as before stated, in grades from peg to
peg in 100 feet lengths. These lengths represented the
hypothenuse of a right-angled triangle of which the side next
in length represented the actual horizontal length between the
pegs. A reduction of the measured length to the horizontal
had to be made and computed for each subdivision. The correc-
tion, unless for the two terminal sections, was very small. The
measured length being the hypothenuse, and the rise or fall
between the pegs, as the case may be, being the smallest side of
the triangle, 1t was easy to find the third side. For convenience
of calculation the difference of the squares of these two sides
was found by the well-known formula of multiplying the sum
and difference of the sides, and then extracting the square root
of the product. This gave the horizontal length. The total
correction for reduction to the horizontal was 31-123 feet, of
which 19-732 feet was for the Mt. Irving section, and 11°225
feet for that of the Mt. Maria end.

The base was computed by logarithms, so that each stage of
the process, from the entry in the field notes to the final deter-
minations, could be traced step by step. It was a more laborious
process than the ordinary arithmetical way, but it has the
advantage of showing every detail of the calculation, and has
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necessarily greater weight than if the base were calculated in
the other way.

[At this stage the author exhibited, for the information of
members, a book in which the results of the computations had
been entered, and also some other papers relating to the
subject. |

The base line being measured on a plain with an average
height of 1298 feet above the sea level had to be reduced to
that level. This reduction was effected by the formula:—
“ Multiply together the base and height, and divide the product
by the radius of the earth, and the quotient will be the correc-
tion to be deducted from the base.”” This correction amounted
to 2:2520 feet which had to be subtracted from the measured
length.

The probable sources of error were also investigated. Noune
of them were likely to affect the accuracy of the work, and as
they would not act in the same direction, the result would be
according to the law of compensation that one would tend to
counteract the others.

The whole work depends on the correctness of value given to
the standard bar used on the survey. It will be understood
that a very small error in the length of the bar will more than
overbalance all other errors that can arise.

The several sources of error are as follow :—

I. Error in determining correct temperature.

2. The co-efficient used for expansion not being applicable to
the steel of which the tapes were composed.

3. The liability of the tapes being out of line. It may be
mentioned that a declination of one inch out of the line in three
places throughout the whole base will give a possible error of
‘64 inches. A declination of one inch from the straight line
in the middle of each tape would produce an error of 0-05 inches
in the whole base.

4. Frictional error by affecting the tension.
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5. Errors in micrometers. This would necessarily be very
small, if any, as the micrometers are only responsible for the
measurement of 1'018 inches of the whole base.

The extreme error possible under any of the above—Nos. 1
and 2 —would not exceed an inch, and in the others it would
amount to a very small fraction. Having given the question
careful consideration it was determined not to make any allow-
ance for these small errors.

1 have endeavoured to give a general idea of the details of the
measurement, avoiding as far as possible technicalities which
would only be understood by the profession. As a rule the
‘general public take little interest in the execution of these
surveys. They may acknowledge them to be necessary, but do
not care to know the processes by which they are carried out.
I am glad of the opportunity the Royal Society has afforded me
of placing the results of the measurement on record, and trust
I have succeeded in interesting the members whilst dealing with
a somewhat dry subject :—

APPENDIX A.

DETERMINATION OoF THE LENeTH oF TAPEs A AND B USED IN
MEASUREMENT OF BASE LINE.
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Date of Mea- | Tempera- | Length at 62deg. || DaterfMea- Tempera- | Length at 62deg. {
surement. ture. * | Faht. surement. ture. Faht.

1883. FEET. 1883. FEET.
Sep. 14 665 99-9977453 || Sep. 14 679 99-9969564
S 660 999978127 PR |5 665 99-9970344

Nov. 7| 725 | 99:9983970 || Nov. 8 | 72:0 | 99:9977527
. 71 730 | 999980835 , 8| 735 | 999974246
7| 735 | 999980573 8| 735 | 999975248

1884. 1854.
May 16 | . 61-0 | 999975325 | May 16 | 630 | 99-9976441

. L) 6100 |-99:997a197 » 17 | 625 | 99-9978327
Aug. 8 | 640 | 999982328 || Aug. 7 | 64:0 | 99-9973815

s 8| 646 99-9985049 »» 1| 650 | 999980631

s 9| 635 | 999986753 59 64 999985667

Nov. 1| 72:0 | 999968217 || Nov. 1 740 | 99°9976355
3| 720 | 999964533

23

Adopted mean - 999980561 || Adopted mean - 99.9976211
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