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REPORT.

In framing this report T purpose making it as concise as possible, and shall therefore present
general aspects of the work performed during the year, leaving details to be found in the various
tables and appendices accompanying.

The volume of work performed is rather less than that of last year. This is due, in the case
of the regular staff, in large measure to the fact that no fewer than seven surveyors and five
survey cadets cnlisted and went to the front. Another factor has been the weather, which during
the past year has been exceptionally boisterous, thus militating against survey opelatlom In
consequence of this, also, the cost per acre of surveys has somewhat advanced on last year’s figures,
but is still quite satisfactory.

A summary of the work performed during the year is given in the following tables :—

TABLE A.
Class of Work. Area. Cost per Acre. [ Total Cost.
Acres. £ s d
Triangulation, by staft surveyors .. .. o 146,443 1-70d. 1,034 15 4
Topographical, by staff surveyors. . .. . 218,101 2-32d. | 2,109 2 7
Rural, by staff surveyors .. .. 430,562 1:97s. 42,316 17 4
Rural, by licensed surveyors . .. 20,050 2:57s. { 2,679 17 9
Rural, by licensed surveyors (cost not avallable) . 12,862 .. ..
Vlllage and suburban, by staff surveyors .. .. 5,514 711s. 1,961 11 1
Town, by staff surveyors .. .. .. 105* 23-67s.1 300 13 11
Town, by licensed surveyors . . .. 1041 22-35s.7 3413 0
Native Land Court, by staff surveyors - .. . 102,080 15-22d. 6,475 13 6
Native Land Court, by licensed surveyors . 383,735 16-87d. 26,988 3 3
Native Land Court, by licensed surveyors (costs pa1d 31,008 - .
by applicants)
Gold-mining, by staff surveyors .. . . 98 9-75s. 4716 0
Gold-mining, by licensed surveyors (costs paid by 2,275 . .
applicants)
Roads, by staff surveyors .. .. o 233 miles £22-16§ 5,162 14 2
Roads, by licensed surveyors e o 24 £29-46§ 707 3 4
Roa.dq by licensed surveyors (costs not avalla.ble) . 15 ,, .. ..
* In 254 ssotions. T Peor s2otion. 1 In thirty-one sections. § Per mile,
TasLe B.
. District. Rural Surveys. clgiﬂvé’ ur;:::s_
Acres. Acres.
Auckland .. o .. 151,517 280,507
Hawke’s Bay . .. 50,086 100,770
Wellington .. . . 34,499 86,993
Taranaki .. .. .. 35,302 44,950
Nelson . . .. 113,445 159
Marlboxough o . 11,735 1,308
Westland .. .. .. 9,556 ..
Canterbury .. . . 8,576 186
Otago .. .. .. 9,585 534
Southland .. .. .. 39,173 1,416
Totals .. .. 463,473 516,823
TRIANGULATION.

Very slow progress has been made with this work, on which there has been only one observer,
and, owing to illness and bad weather, his efforts have been somewhat spasmodic. As is pointed
out in Mr. Langmuir’s report (see appendix), if this work is to make satisfactory progress the
staff of observers must be increased. It is hoped that this coming year this work, which is an
important one, will be pushed on with vigour on the lines suggested in his report,
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Owing to lack of staff and the demands of settlement surveys, minor triangulation has been
regtricted to that required for the control of these surveys; and revision of old minor triangula-
tion, which it was intended to have carried out during the year, has had to be abandoned, though
such revision in several districts is urgently required. Aun endeavour will be made to make pro-
gress in this direction next season.

STANDARD SURVEYS.

Owing to the want of specially trained surveyors and apparatus thicre has not been the amount
of work accomplished that I had desired. The prineipal items of field-work were the continuation
of the standard surveys in the suburbs of Auckland, and in Dunedin. The Auckland work has
been executed by Mr. H. M. Kensington, under the direction of Mv. Langmuir, Inspector of
Surveys, while Mr. Neill has continued the Dunedin work. The plan-work in each case has been
kept going, though from lack of staff that of Auckland is falling into arveare The principal work
done by Mr. C. A. Mountfort has been the plans of Wanganui, Gonville, and Nelson, the bulk
of the field-work of which he completed last year. Just before the close of the year Mr. Climie
started a standard survey of Vogeltown. All the surveyors have maintained the high standard
of accuracy which has always been aimed at in this class of survey.

An inspection of the detailed report on his year’s work by Mr. Kensington shows that much
of his time has been occupied in reinstating blocks, and remarking them after they have been
built up or lowered. This has been rendered necessary on account of the alteration of the street-
~ levels by the local bodies, who therefore pay for the reinstatement. In connection with this, and
the appreciation of these standard surveys by local bodies, Mr. Langmuir makes some interesting
remarks in his report, which appears as an appendix to this report.

SETTLEMENT SURVEYS.
Under the heading of “ Rural Surveys,”” in Table A, 463,473 acres are returned as having
been surveyed during the year. Table B shows the apportionment into the various districts.
The average cost of this class of survey for the past year works out at 2s. per acre.

Narive SurvEeys.

During the year staff surveyors completed the survey of 102,080 acres, while 414,743 acres
were surveyed by licensed surveyors. Table B shows the allocation of these acreages between the

¢ eyed Dy Y g
various distriets.

GoLD-MINING SURVEYS.

Thirty-one applications were surveyed, aggregating 2,373 acres, the largest area (1,142 acres,
in nine holdings) being in Westland. The average cost of these surveys is not obtainable, owing
to the fees having been paid by the applicants.

INsPEOTIONS.

The inspections made from time to time by Chief Surveyors and Inspecting Surveyors show
that the work of the surveyors in general is good, though there are exceptions which emphasize
the necessity for systematic inspections.

Prorosep OperaTIONS, 1915-16.

At the close of the year there were in the lLands of staff surveyors 1,324,034 acres of settle-
inent land (including village and suburban), and 191,943 acres of Native land; while in the
hands of private surveyors there were respectively 10,835 acres and 449,268 acres. The distribu-
tion of this is shown in Table 4. Of this a considerable amount of fixed work has been completed,
and before the end of June a large area will be ready for the completion of the plans. As usual,
where advisable owing to weather-conditions, &c., staff surveyors will be called in for the months
of July and August, and will during these months complete their plan-work. Owing to enlist-
ments the field staff has been considerably depleted, and if the usual amount of Crown land and
land for settlements is available this year for survey, more use must be made of the contract
system; and it is probable that there will be no difficulty in placing contracts satisfactorily, as,
owing to the war, private surveyors are finding work rather slack.

There is, as I pointed out in last year’s report, an urgent need of standard surveys both
in town and country. This work can be done satisfactorily only by having a specially trained
staff with the proper appliances. This I hope to be able to arrange for during the coming year.
In the meantime the standard surveys of Auckland, Dunedin, and probably Napier, and some
of the smaller boroughs, will be carried on by the present staff, while the standard survey and
revision of otiginal survey of Vogeltown will be continued by Mr. Climie.

The secondary triangulation and revision of parts of the major and minor triangulations
must be pushed on, but, as I have stated, it cannot be done unless the ficld staff working under
Mr. Langmuir’s direction is much increased. I hope it will he possible to effect this also.

DrAUGHTING STAFF.

In his report (see appendix) the Chief Draughtsman calls attention to the time lost owing
to protracted sick-leave granted to several officers, which has told against the output of worls,
and hampered the process of reorganization which is being carried out. A perusal of the report
gives an idea of the variety of work performed by the Head Office staff. Special features of this
vear’s work are the publishing of maps of the war areas in Furope, the issue of a new form of
'protractor sheet for Land Transfer plans, and the completion of maps of New Zealand on scales
of ten miles and one millionth, which it is expected will be published at an early date.
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Attention is called to the large amount of work required to be done to briug publicatioii
maps up to date, which work demands an increase of draughting staff.

SurveYORs’ Boarp.

The work of the year presented no uunusual features. At the September examination fifteen
candidates sat, of whomn five completed the examination, having previously passed in some sub-
jeets; and at the March sitting eleven candidates sat, of whom one passed the whole examination
aud three completed and passed.

The Secrctary, Mr. C. K. Adams, resigned in December, and left for the Lick Observatory,
California, where he is to spend a year on leave studying in connection with his work as Govern-
ment Astronomer. Mr.” M, C. Smith was appointed Secretary to the Board in Mr. Adams’s
place.

The Board records with regret the death during the year of the following surveyors: Messrs.
H. Baker, J. O. Barnard, P. Bedlington, G. B. Beeve, J. L. Dickie, I.. Simpson, W. C. Spencer,
J. Stewart, and H. Trent.

TipAL SURVEY.

From March to December, 1914, the work was carried out under the dirvection of Mr. C. K.
Adams, Chicf Computer.  In January, 1915, Mr. Adams left for America, and since then the
work has been carried on by Messrs. J. J. Hay and T. G. Gillespie.

The work has comprised the predictions, from harmonic tidal constants already obtained, of
the times and heights of high and low waters for the Povts of Auckland and Wellington, 1916.
Predictions for Wellington, 1917, are nearing completion.

During the year further investigations were made into an improved method of harmonic
analysis.  About three months were taken up in this, and some valuable work was done. On the
completion of the predictions for Auckland, 1917, this investigation will again be taken up, and
if the new method of analysis 1s found to be morve practicable 1t will be used in preference to that
of Sir George Darwin’s.

A start has been made on a new harmonic analysis for Wellington. The hourly heights for
about the first three months have been measured from the gauge-sheets supplied by the Wellington
Harbour Board. These measurements have been done in duplicate, and checked. This work will
alsu be continued on the cownpletion-of the predictions for Auckland, 1917,

MaaneTic OBSERVATORY.

At Christchureh the wsnal work of the observatory has been carried on with efficiency by
Mr. Skey, whose veport, with its illustrative diagrams and seismic records, may be found among
the appendices.

Hecror OBSERVATORY.

The observing for time and time-signalling have gone on us usual at the observatory.
Mr. Adams, Chief Computer, who acted as Government Astronomer, left at the beginning of this
vear to take up a fellowship at Lick Observatory, and since his departure a well-known amateur
astronower from Canterbury, Mr. Westland, has taken charge of the work.

OBITUARY.

During the past twelve months, though there has been much sickness, 1 have ouly to record
the death of one officer, Mr. John Dickie, by which the Department lost the services of a zealous
and efficient officer. At the time of his death he was in the position of Land Transfer Draughts-
man at Invercargill, which position he had held with credit for some years.

There passed away, however, two retired officers, Mr. Horace Baker and My Henry Trent,
cach of whon at the time of his retirement was holding the position of Chief Surveyor. The
former had held the position also of Commissioner of Crown Lands, while the latter, starting as
a cadet in 1863, had risen through the various girades to the joint position of Commissioner of
Crown Lands and Chiet Surveyor.

I have also to record the death of Mr. W. C. Spencer, a private surveyor, who at one time
way on the staff, serving both in the field and office.

CoNOLUSTON.

I cannot conclude this report without paying a tribute of praise to those officers—young
wien with ““ all the world before them "—who have nobly decided to serve their country, giving
their lives it may be, in this time of its trial. Their names and positions are as follows: Staff
surveyors—V. Blake, W. M. Gray, G. Pirrit, S. T. Seddon, F. W. Watson, W. B. de L. Willis;
temporary surveyor—W. 8. Thomson; survey cadets—R. F. Burgess, L. W. B, Hall, T. R.
Ilancock, N. A. Middlemas, L. J. Poff; draughtsmen—G. J. B. Cairnie, T. 8. Couch, E. H.
Ingram, C. L. Purdie, II. B. Randrup; draughting cadets—F. Coleman, R. J. Cornwall, F. H.
Hudson, H. L. Wake, and E. H, Whiting. All honour to them !

The cnlistment of these officers, and the unusual amount of sick-leave granted to officers
during the past year—several of these have had to undergo serious operations—has resulted in
the Head Officc and scveral of the distriet offices having to work short-handed, and I have now
pleasure in recording iny appreciation of the way in which, under these difficulties, officers in
general have kept the work poing.
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APPENDICLES.

APPENDIX IL.—SURVLEYS.

AUCKLAND.

Minor Priangulation —55,160 acres by three staff surveyors is all the work done under this
heading.

Topographical. —The only survey made was of a small grazing-run in Rotorua County, of
6,200 acres.

Rural—The staff surveyed 127,849 acres, a large increase on last year’s return, the principal
areas being in Urutawa, Waiawa, and Kawhia districts. 23,668 acres were surveyed by private
surveyors, being largely subdivisions of land held under lease from the Crown, and land selected
as ‘‘ unsurveyed.”’

Village and Suburban.—The staff surveyed 4,330 acres in 257 sectiom, colmprising prin-
cipally fruit farms at Wuerenga, Henderson, and near Wade.

Town Section Survey.—The 15 acres in 55 subdivisions by a stafl surveyor under this heading
is of workers’ homes at Otahuhu, and 7 acres in 23 subdivisions by a contract surveyor is of an
education reserve at Remuera.

Native Land Survey.—The staff suwrveyed 75,242 acres (o large increase), chiefly in the
Rotorua, Opotiki, and Kawhia Counties. Contract surveyors, 205,265 acres, in 1,173 subdivi-
sions, which is a considerable less avea than lust year, but the average size of the subdivisions
is much smaller.

Gold-maining Survey.—Only 5 claims, of a total avea of 35D acres, have been surveyed by
private surveyors.

Roads, &c.—The statl have this year surveyed neuarly double the length of last year, doing
113 miles scattered over the district; 26 miles were also surveyed by private surveyors.

Other Work.—The usual miscellaneous surveys, inspections, reports, &e., are included under
this heading.

" Inspections.—About the usual number of survey inspections were made, the work examined’
Leing found to be generally satisfactory. One of the chief obstacles surveyors have to contend with
now 1s the difficulty in re-establishing old surveys, and the question of marking all important
corners with more durable material than wood should be raised.

Contract Surveys.—Fifty-four contract surveyors have on hand 1,985 acres of Crown land,
285,067 acres of Native land, and 19 miles of road.

Office-work.—The Land "Transfer Branch examined and approved 771 plans, comprising
106,409 acres, in 5,257 allotments, 1,274 traverse sheets were examined, 170 plans were
recorded, 161 tracings prepared, 23 plans compiled. At the Land Transfer Office 3,454 plans
were endorsed on certificates of titles and 30 plans prepared; 51 plans not yvet checked remain in
office, the average number of plans received per month being about 60.

Native Land Survey Branch : 264 authorities were issued for an area of 318,912 acres; 3 road
surveys also were authorized for a mileage of 10 miles; 414 plansy were received for an area of
376,283 acres in 1,681 subdivisions; 427 plans were examined and approval for an arca of
322,999 acres in 1,703 subdivisions; 66 ordinary compilations were made, and 38 plans compiled
under section 60 of the Native Land Amendwment Act, 1913; 142 plans are now under examina-
tion, and 40 remain untouched; 2,141 schedules of costs were checked for the sum of £21,935;
3,182 endorsements were made on Court orders and other instruments of title; 9 Native Land
Courts were attended, £894 being collected, 434 charging-orders obtained representing charges
amounting to £7,345, and 191 acres 2 roods taken 'in lieu of mortgages; £15,712 2s. 11d. was
collected for survey liens; 414 lithos and tracings were mounted, 249 tracings made for field
data, &c., 217 tracings being made for the Valuation Department. This branch is practically
self-supporting, the cost of examination, compiled plans, &c., being added to the cost of survey,
and recovered in the usual way.

Statutory Plans and Roads Legalization Branch: 282 plans were examingd and approved,
taking and closing 343 miles of road; 618 acres of reserves for various pu®poses, and taking
41} miles for railways; 11 plans were eompiled; 208 tracings made and 75 p]anq entered on
lccmds, 336 new plans were received during the year, and ‘)92 remain unchecked. Through
sick, annual, special, and territorial leave, 150 days were lost during the year; alterations of
rooms in building also hampered the work about three months.

Computing Branch: 219 settlement plans examined and approved; b mining and 6 residence
sites plans for Warden approved, of a total area of 142,792 acres, in 630 sections; 579 traverse
and 36 triangle sheets examined; 419 chain lengths of surveyors’ steel tapes were tested and certi-
ficates for same issucd. 974 tracings for various purposes prepared. Loan proposals over
15 blocks, of 124,978 acres, for £31,915, were prepared. New trig. lithos compiled and revised
for lithograph of 21 survey districts; 248 plans remain unchecked. An exceptionally large
number of plans (262) was received during the year; the average for some time past has been
under 200.
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General: 5,056 plans were endorsed on Crown grants, &c. The total number of plans
cxamined and approved was 1,710; plans compiled, 138; tracings, &ec., made, 2,300. Fees
collected, £190 16s. 6d.

Proposed Operations, 1915-16.—1Twenty-tive staff surveyors have on hand 302,816 acres of
Crown land, 105,208 acres of Native land, 2284 miles of road, and 101 acres of town surveys.
In addition to the above, the larger areas of Crown land and unew purchases proposed to be sur-
veyed for selection aure as follows, arranged in counties: Mangonui, 9,700 acres, national endow-
ment; Hokianga, 5,800 acres (1,000 acres national endowinent); Whangaroa, 2,800 acres (1,600
acres national endowment); Whangarei, 1,000 acres; Rodney, 700 acres; Waitemata, 1,600 acres
(300 acres national endowment); Franklin, 2,300 acres (300 acres national endowment); Waitomo,
500 acres; Awakino, 12,600 acres; Waikato, 3,000 acres, national endowment; Tauranga,
5,000 acres; Piako, 3,000 acres, national endowment; Ohinemiri, 5,000 acres; Thames, 8,000
acres; Coromandel, 6,000 acres.

Accounts.—There has been a large increase in the work of the Accounts Branch this year.

Transfers, &e.—The field staff has been reduced during the year by the transfer of Mr. A. H.
Vickerman, District Surveyor, to be officer in charge of the Roads Branch; by Mr. R. P.
Greville’s (InspedmgTJ Surveyor) appointment to Supcrintendent of Kauri-gum Surveys; Mr.
H. I, lidgecumbe, District Surveyor, to triangulation-work, under Mr. Langmuir. Messrs.
W. B. de L. Willis, ¥. W. Watson, and G. Pirrit, Assistant Surveyors, joined the Expeditionary
Force; Survey Cadets N. A. Middlemas, L. J. Poff, and L. W. B. Hall also joined the same Force.
Messrs, . 1. Mitehell and G. A. Hathaway resigned; Mr. D. I. Barron transferred to office;
Mrv. V. I. Blake transferred to Land Transfer Draughtsman, Gisborne. Mr. A. A. Seaton has
been absent all the year on sick-leave, and has since died. Messrs. Burnley, Leeds, E. V. Blake,
and Surveyor’s Assistant Olsen have been engaged since January on surveys of kauri-gum land
under the direction of Mr. Greville. The only additions to the survey staff have been Messrs.
P. V. Norman and R. M. Mclver (temporary). Messrs. G. J. B. Cairnie, H. B. Randrup,
I'. Coleman, and M. Haworth, of the office stalf, joined the Expeditionary Force. The appoint-
ment and transfer of cadets and temporary draughtsmen have increased the oflice staff by ten
during the year, but in most branches there are still arrears of work. With the rcarrangement
of the rooms and contemplated additions to the staff of officers to be specially trained as draughts-
men, it is confidently expected the trouble of arrears that have been banking up so long will
almost disappear in the next year, or two years at the most.

During the year a superannuated officer, in the person of Mr. W. C. C. Spencer, passed
away. Mr. Spencer had many years of faithful service in the field and office to his credit, during
which time he made friends with all whom he came in contact.

Conclusion.—The work of the office for the last year has been much interfered with by the
continual changes of staff and the structural alterations of the building. I have to specially
thank all officers for their good work and strong efforts during a very arduous and troublesome
year.

H. M. SKEgsr,
Chief Surveyor.

HAWKE’S BAY.

Minor Triangulation.—The proposal mentioned in the report for last year for the extension
of the major triangulation into thiy distriet from the Auckland side was abandoned owing to the
large avca of scttlement surveys requiring attention and the lack of staff to take on this paltlculax
work. 'Phis extension of the triangulation is urgently required for the reason that the present
minor trig. work is generally of a low standard, and, being based apparently on several different
neasurements, is incapable of being brought into harmony without revision on thoroughly reliable
and sound lines. Only a very small area of this class of work was executed during the year, the
work being done for purpose of controlling sectional surveys in the Porangahau district.

Topographical Survey for Selection.—Although only 12,781 acres, at a cost of 1'93d. per acre,
of this class of work has been returned as completed during the year, a large amount of useful
topographical survey has been done in connection with rural and Native surveys carried out by
staff surveyors in different parts of the distriet. Included in these may be mentioned Kaiwaka,
Matakuhia, and Marangairoa Blocks; also on various blocks of which field operations are com-
plete but plans not sent in. The area returned is a careful magnetic topographical survey of
Mangamaire and part of the Whawhakanga Blocks, being subdivided for settlement purposes.
The permanent survey of this block is now nearly complete.

Rural.—During the year an area of 50,086 acres, at a cost of 1'27s. per acre, was executed,
the cost per acre of the previous year being 1'57s. The principal blocks subdivided for settle-
ment were: Kaiwaka (14,483 acres), divided into 5 small grazing-runs; Otawhao (5,045 acres),
into 46 sections; Matakuhia (6,589 acres), into 2 small grazing-runs; and two blocks under
Land for Settlements Act—Gwavas and Springhill Settlemcnts—containing 12,281 acres, and
divided into 31 sections. The balance of the arvea returned is made up of more or less small
arcas in different parts of the district. In every instance the operations have been carried out
in open country, with the cxception of Mr. Gray’s Matakuhia Block, on which there was a large
amount of cutting through heavy bush m rough country, this fact accouuting for his cost being
somewhat higher than the other surveyors’ costs.

Touw.--—l')uring the vear 34 acres of this class was divided into 63 sections, at a cost of 26-09s.
per section, for the purpose of workers’ dwellings, known as Pakowhai and Lomas Settlements,
and situated near Mastings; engineering survey of longitudinal sections was done in connection
with the latter settlement.
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Village and Suburban.—During the year 311 acres of this class of work was divided into
44 allotments, at a cost of 18'43s. per acre. The area is made up of 50 acres known as ‘‘ Gray’s
Bush,”” Te Puia suburbs, and 50 acres at Clive, near Napier. The cost per acre last year under
thils heading wag 3:17s., but the area in that instance was fairly large, and provided 4 allotments
only.

Roads.—During the year 30°10 miles of this class of work was done, at a cost of £18'26 per
mile, as against £21'64 per mile in the previous year, the principal lengths being 9 miles, Marae-
hara Valley Road, and 6 miles, part of Te Pohue - Tutira Road, surveyed in connection with
exchanges on Kaiwaka Block, the balance being for more or less short lengths in different parts of
the distriet.

Native Surveys.—The total area surveyed during the year amounted to 100,770 acres, in
501 subdivisions. Of this area the staff completed 26,443 acres into 43 allotments, at a cost of
11-29d. per acre, as against 22-33d. per acrc last year. These surveys were made up principally
of the Mamngano(m le and 1p at Fast Cape and Mangawhariki Blocks. Private surveyors com-
pleted 74,327 acres, containing 458 allotments, scattered over the whole land district, at a cost
of 16-24d. per acre, as compared with 21-96d. per acre for the previous year.

Field Inspections.—Thirteen Land Transfer and 6 Native Land Court inspections were carried
out during the year, as against 23 in the previous year, principally by Mr. Brook, the results,
generally speaking, being satisfactory. Inspection of the work of staff surveyors was also carried
out by Mr. Brook. Detailed reports of these inspections have already been forwarded to you.

Work +n Progress.—Actual operations are being carried out on the Mangamaire and Wha-
whakanga Blocks (12,481 acres), situated about 69 miles from Napier (this work is now nearly
complete) ; Manawa-angiangi Block (11,5661 acres), vevision survey in the same locality is nearing
completion; Te Pohue-Tutira Road, 14 miles, field-work complete; Heru-a-tureia Block
(3,990 acres), about 44 miles from Napier, field-work just completed; Maungaharuru E.R.
(7,750 acres), in same locality, field-work completed ; Whareraurakau Native Land Court survey
(3,310 acres), in same Iocahtv field-work just commenced; Wharekahika Block (Native Land
Court survey), 42,000 acres, at Bast Cape, field-work to be completed in June; Waipaoa Block
(8,785 acres), situated about 95 miles from Napier, on which a large amount of field-work was
done prior to the last winter recess, the work being then left in abeyance, but Mr. Walshe is
again on the ground rounding off the work done by Mr. Thompson and himself with a view to
completion before the winter recess; Omahaki Block (15,710 acres), situated about 50 miles from
Napier, field-work completed; and Timahanga No. 1 and Waipaoa Ba, b8, and 50, Native Land
Court surveys, containing 23,789 acres, field-work is nearly completed. Mapping of all the above
work is advanced as far as is practicable. With the exception of Native Land Court surveys
mentioned, the work is being done on blocks proposed to be opened for selection at an early date.
Private surveyors have 45,764 acres on requisitions from the Native Land Court under survey.

Proposed Operations.—After completing work in progress staff survevors will carry out sub-
divisional and other operations as follows: Tahora Block, of 49,000 acres, situated about 50 miles
west of Gisborne; Te Putere Block, 8,000 acres, situated about 60 miles in a northerly direction
from Napier; Pastoral Run No. 11, 11,000 acres, situated about 60 miles from Napier in a north-
westerly direction; Pastoral Runs Nos. 13 and 14, containing 32,609 acres, situated in the same
locality ; Mangaorapa No. 1 and Porangahau 1s No. 4, contamlng about 12,783 acres, situated
near to coast, about 70 miles from Napier, in a southerly direction.

Other Work.—This consists of miscellaneous departmental duties; inspection of roads, &ec.,
for other Departments; schemes of proposed subdivisions of land for settlement; reports on blocks
proposed to be acquired by the Crown; standard.survey-work in Towns of Hastings, Dannevirke,
Otane; reports on exchanges; reports on roads to be opened and closed; checking of Crown
plans during the winter recess; assisting with arrears in plan-work during winter recess;
examination of unlicensed assistants. _

Office-work.—Land Transfer Branch: During the year 246 plans, consisting of 1,271 allot-
ments, and containing 62,064 acres, were veceived; 256 plans, consisting of 1,501 allotments,
and containing 49,661 acres, were approved; 354 sheets of co-ordinates have been examined and
filed

Computing Branch : During the year 35 Crown plans, consisting of 139 allotments, and con-
taining 51,431 acres. were received ; 38 Crown plans, consisting of 235 allotments, and containing
63,151 uncres, were approved; 1’32 Native plans, consisting of 465 allotments, and containing
100,770 acres, were received during the year; 187 Native plans, lonsisting of 550 allotments,
and containing 84,702 acres, were approved; 145 Public Works and local bodies” plans, consisting
of 1,195 allotments, were received ; 143 plans, consisting of 924 allotments, were approved; 600
sheets of co-ordinates have been examined and filed.

Fees collected for protractor sheets, miscellaneous tracings, sale of lithographs, &c., amounted
to £63 93, 1d. Miscellaneous plans compiled in office, 20.

Tracings, lithographs coloured. &ec. : 27 tracings were made for sale-poster purposes, and
1,984 were made for various purposes- ——ﬂottlerq tracings, tracings for Valuer-General, field data
tracings, and tracings for gazetting purposes. 540 lithographs for various purposes were coloured.

District lithographs Owing to the great amount of routine work requiring attention, prac-
tically nothing has been done in this section, although the Tautane distriet is nearly cmnplote
and a start made with Porangahau. When time permlts this work will be pushed on. Tt is an
urgent necessity in this district, fhe only hthogmphq available being the countv maps, and these
are being revised to fill the gap in the meantime. A four-mile wap showing survey-district
houndaries is getting well on to completion.

General —It will be ohserved that the volume of work has been maintained during the vear,
and that survey operations have been carried out at an all-round decreased cost. Dmmg the vear
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Messrs. Gray and Thompson, of the ficld staff, left with the Expeditionary Force. The work and
costs of these two officers has been taken over bv Mr. Walshe until such time as opportunity offers
for a reallocation of the work.

Mr. Roddick, District Surveyor, attached to the Gisborne office, has been transferred from
the field to the office staff, after a long and arduous term in the field, a change which failing
health made necessary.

Owing to serious 1ill health the Chiet Draughtsman, Mrv. 1. Mackay, has been absent on
sick-leave for some time, Mr. K. Carrington, of New Pl)mouth, fulfilling his duties meanwhile.

The recent acquisition of Natwe hnds and the negotiations now ploceedlng for the purchase
of similar blocks along the route of the Napler—(xlsborne Railway, and in other parts of the
district, will make large demands on the depleted field staff during the coming year,

In conclusion, T wish to tender my thanks to the staff, both field and office, for the active
and loyal way in which they have carried out their duties, and generally for their most willing
lielp and co-operation during the year,

W. H. SKINNER,
Chief Surveyor.

TARANAKI.

Minor Triangulation—No work of this naturs has been done during the past year, but
a scheme of triangles to control some 150 square miles of the Lower Mokau and Mohakatine
basins has heen prepaved, and the work should be undertaken during 1915-16, as it is urgently
needed to cheekk work in hand properly and make a better connection in the triangulation itself.

Standard Surveys.—No true standard work has been done in this district for many years,
and a revision and extension of carlier work in Hawera, Stratford, and Patea is urgently needed,
ax well as a standard survey of main roads from Eltham to Opunake and around the mountain
to control the new railway route and the numerous Land Transfer surveys that are expected
there.  In carrving out his inspections in the places named the office surveyor has had to do
a lot of work that can be utilized in connection with a complete standard survey. Now that
local bodies are searifying the roads and laying down tarred and suchlike surfaces, it is stated
to be very diflicult for surveyors to find and use old marks (pl'lced as they often are in the
middle of the mad) To avoid damaging these new road-surfaces is one reason why standard
surveys are so much needed.

Topoyraphical Surveys for Selection.—Under this heading an area of only 856 acres was
completed, and this was for the Land Purchase Board.

Rural —An arca of 35,302 acres is returned urder this head, the greater part of which is
situated in very rough forest country, where the rainfall is heavy and  continvous and location
of voads difficult.  An additional avea of 11,000 acres has been completed in th> field, but plans
are not yet ready.

Villaye and Suburba acres, in 75 lots, were surveyed in the Aria Township Reserve,
but as plans have not yet reached me this must appear in next year’s return.

Town Section Survey.—An avea of 5°35 acres, comprising 8 lots, was surveyed in the Town
of Ohura for gencral Government purposes.

Native Land Courié Surveys.—The total area of Native land surveyed during the year
amounted to 14,950 acres, the whole of the work with one exception (when a staff surveyor was
employed on an area near his main camp) being completed by private surveyors. Of the 57,538
acres retuined as under survey last year, 37 plans, of 35,462 acres, have been received and
20 approved. A total area of 60,498 acres is now under survey, which I expect to be completed
during the coming vear.  Some of this work is for the subdivision of areas previously surveyed.

Maori Land Board IH”*U(‘?/\ —The subdivisional survey of Mohakatino Parininihi 1p East,
containing 4,425 acres, lece(l in the hands of a staff surveyor (being close to his main camp),
has been completed in the fleld, but as the plans are not in it must be returned next year.

Roads —1In this class .45} miles are returned by the staff and two contract surveyors, while
the field-work of 20 more miles has been completed.

Inspections —Seven inspections were made during the vear, six of Land Transfer surveys
by Mr. Sole, and one of a. Native survey by Mr. District Survevor Wilson. Three of these
inspections were the work of a surveyor of the old sehool, and, a]thml;h not wilfully incorreet,
they showed careless and slipshod work and want of up-to- date methods and proper searching
for old marks.

Other Work.—The expenditure under this heading amounts to £188 16s. 1d., and includes
the inspections mentioned, repairs to trigs., and various miscellaneous isolated surveys of small
areas, where travelling-cxpenses were proportionately heavy.

Chamage Closures——The mean of all closures by the staff, mostly in rough-bush country,
gave an average of 1 link per mile.

Office- work.—The total number of plans checked under all heads in the General Computmg
Branch was 153, Of these, Crown settlement surveys were represented by 39 plans, covering
HR,399 acres in 171 soctions; Native Land Court survevs by 41 plans, of 22,422 acres in 59 sec-
tions; road and railway surveys for Proclamation, &c., by 37 plans, covering 56 miles. The
balance of 36 plans comprised trigonometrical and miscellaneous sarveys. Three candidates sat
for examination as authorized assistants; one passed at his first sitting and one at his second.

Land Transfer: In this hranch 92 plans, with 213 tfraverse sheets, were checked and
approved, covering 303 lots, of a total arca of 7,869 acres. Land Transfer record plans are
hadly needed here, but T had no one available for this work (the Tand Transfer Draughtsman




9 C.—1a.

being also Crown-grant draughtsman), all being required to keep pace with incoming urgent
work,

Titles: The plans placed on instruments of title of all kinds were 1,485, and 577 copies
of leages and licenses were prepared, all by the office staff.

Compilations : For photo-lithography 12 large druwings and tracings were prepared. The
new survey-distriet lithos of Mapara and Tangitu were also completed, while those of Ohura,
Heao, and Mahoe were sent for and brought up to date. The Rangi and Piopiotea West districts
will soon be completed, when we shall be in a position to issue proper county maps of Ohura,
Waitomo, and Whangamomona, all of which are urgently required by other Departments and
the public.

Miscellaneous : The usual demands made on the office staff were attended to, comprising the
supplying of information to the general public; tracings for Rangers and selectors, and diagrams
and tracings to illustrate letters to Head Office, and others; also numerous tracings for Pro-
clanatien purposes and taking roads under the Native Liand Act. Over 45 complete sets of field
data, averaging more than three to the set, were supplied checked to the staff and contract sur-
veyors, while 198 tracings of Wesi Coast Settlement Reserves leases were furnished to the Public
Trust Otdfice for revaluation purposes. For the Valuner-General 161 tracings were prepared, 84
of Land Transfer plans and 77 of Native blocks, while the total of the other miscellaneous tracings
mentioned above amounted to 198.  All recording on existing block-sheets, Crown grant, 40-
chain record maps, reserve, index, and wall maps was kept well up to date, but I had no one
to spave to prepare the many new maps that are urgently required.

Native Land Court work: Two hundred and ten plans have been endorsed for attachment
to Native Land Court orders by the Native Land Draughtsmen, and forwarded to the Registrar,
covering an arvea of 44,043 acres; and 130 Native Land Court plans have been forwarded for
the Court’s use. The survey-costs, including cost of the examination of plans and interest due,
collected for ordinary Native land survevs, amounted to £55H0 11s. 3d. Tracings and field data
for Native surveys have been prepared.and supplied when asked for. Owing to the isolated
position of the New Plymouth office with rvegard to the Native Land Court officials, solicitors,
and surveyors, a great deal of extra correspondence and supply of data iy required from this
office, the outward correspondence relating to Native surveys requiring some 650 letters being
drafted. Twenty-one vouchers, covering 92 subdivisions, for payment to surveyors have been
prepared in this branch and sent vn to the Accountant for checking and payment. Whenever
necessary an officer has attended the sittings of the Native Land Court for the purpose of col-
lecting survey fees, obtaining charging-orders, &e.. and the usual detail work rendered necessary
has been carried out.

Proposed Operations for 1915-10.--A stafl of three permanent surveyors, with one cadet
and one teriporary surveyor, are at present engaged upon settlelent surveys along the eastern,
north-eastern, and north-western boundarvies of this land district, and by the end of next year
I expect to have the northern end of the district cleaned up. The total area to be covered by
these operations amounts to 56,000 acres, of which some 11,000 acres and 20 miles of access road
through Native land are completed in the tield and partly mapped, leaving 35,000 acres of new
country on hand for the coming season 1915-16, situated in the Survey Districts of Aria, Totoro,
Mimi, Waro, Pahi, Tangitu, Rangi. and Pouatu; and the codet above mentioned having now
passed, it is proposed to allot himn an additional 10,000 acres in the Waro Block, explored by
Mr. Larkin but left unfinished by him.

Changes of Staff.—In Augnst last two cadets—one field and one draughting (Messrs. Han-
cock and Hudson)—joined the Expeditionary Force, and we now expect to lose Mr. Saxton (keeper
of the safe) in July on superannuation. Mr. Laing, Distriet Surveyor, retired from the field
Iast May, and joincd the office staff in lien of Mr. W. F. Gordon, who retired on pension; whilst
Mr. Larkin vesigned and left the Department in June. Early in February Mr. Carrington,
Chief Computer, was sent to Napier as Acting Chief Draughtsman there; Mr. Laing took over
his work here, and we have been short-handed ever since.

Although there has been a falling-off lately in the Land Transfer and Native work, which
latter must decrease from now, we are shortly expecting quantities of complicated railway land
plans from the four contracts now under survev; there will alse be some amount of work with
the subdivisions of the valuable West Coast Settlement Reserves, and T am therefore of opinion
that the draughting and computing staff wants strengthening. This, though a small, is a very busy
and valuable district.  Although in most parts a fairly dry season, myv surveyors in Mimi,
Waro, and Pouatu Survey Districts have had very heavy rainfalls.

In conclusion, T wish to veeord my appreciation of the willing and competent assistance
rendered by the whole staff,

G. H. Buruarp,
Chief Surveyo~

WELLINGTON.

Triangulation.—No work of this elass has heen undertaken during the past year by this oftice,
Standard Surrey.-——No work under this heading has been returned, but Mr. J. D. Climie, of
Head Office stafl, is at present engaged upon some intricate work adjacent to the City of Wel-
lington. There are several localities in which standard traverses must soon be made, but no
urgeney is necessary, and what is to be donc may casily await the convenience of the Department.
Topographical Survey.—TField-work and plans of about 90,000 acres of Native land near
Taupo were completed by Mr. Blake, and should prove of great assistance to the Native Depart-

2—-C. 1a.



C.—1a. 10

ment in the determination of individual interests. Of this area, some 80,000 acres are within
the boundaries of the Auckland Province.

Rural.—Under this head an area of 34,499 acres has been returned, of which 9,439 acres,
torming the Poroporo Scttlement, was thrown open for selection towards the end of the previous
year, The Falloon Settlement, corntaining 1,035 acres, was settled during the year, and of the
remaining area about 2,300 acres will shortly be available for scttlement. About 20,220 acres
of the Waimarino Block have been completed. but it is probable that certain constructive road-
works may precede the actual settlement. At the present tirae four staff surveyors have in hand
the subdivision of about 26,670 acres, the greater portion of which should be ready for settlement
early in the ccming vear. .

Village and Suburban Swrveys —This head returns 302 acres, of which some 26 acres will
be used as homestead-sites for sections in the Waimarino, and the balance, being sections of
from 1 to 10 acres near Kakahi and Ohakune, will be offered shortly.

Town Surveys.—The return is comparativelv small, and represents an addition of about
39 sections, aggregating 17 acres. to the present Town of Raurimu.

Natiwe Land Court Surveys.—The total arvea of surveys returned during the vear under the
authority of the Native Land Court amounted to 86,993 acres, and was all accounted for by
private surveyors at schedule rates. An area of 58022 acres ix in hand for the coming vear,
authorities having been issued to private surveyors.

Roads.—The roads returned are independent of settlement surveys, but have been laid off
in two instances to provide access to Crown land and for a deviation in the remaining case.

Other Work.—The main body of settlement survey is surrounded by a fringe of small
surveys, reports, inspections, &c., usually undértaken in the winter recess, and which cannot
be conveniently classified under main headings.

Proposed Survey Operations—Our staff surveyor will go on with the subdivision of the
Waimarine A Block, of about 14,850 acres, and, as the complexities which surrounded this block
have, T believe, been satisfactorily disposed of by the Native T.and Court, I am in hopes that
this year will see the completion of the survey. Three staff surveyors will continue the present
work in hand of about 26,670 acres in the Whirinaki, Retaruke, Ruahine, and Gorge Survey
Districts, and thence proceed with such surveys as mav be necessary. The services of one of
the staff surveyors will be required for some time to assist in unravelling the intrieacies of the
Putiki Native Reserve near Wanganui, a reserve which has earned an unenviable notoriety in
respect to its titles, which, however, through recent legislation are in a fair wav to be rectified.

Examination of Plans —The number of plans approved during the year was 548, of which
241 were for the TLand Transfer Department, 107 for the General Staff Branch, 112 for the
Native Branch, and 88 for the Statutory Plans Branch, and in most cases the examination: is
conducive to a large and varied amount of investigation and correspondence. The new plans
in the General Branch covered 33,860 acres, embracing 168 sections, and in the Native surveys
94,531 acres, comprising 384 subdivisions. :

Land Transfer —In addition to the 241 plans approved, the branch also examined 52 appli-
cations, 1,431 transfers, 211 leases, 84 morvteages. 202 Native Land Court orders, 32 Orders in
Council, 56 Proclamations, 412 new and balance certificates, and 23 other dealings, besides
placing 3,987 diagrams on certificates of title. New and improved sectional indices are now near
completion, and 83 index tracings with plan references have been compiled, which, though only
a portion of what is required very wuch, will be of great convenience to the office and the public.

Native Land Court.-—-Under this heading a large volume of work passes; 112 authorities,
representing 345 partitions aggregating 63,966 acres, have been issued; 431 charging-orders
representing costs of. survey amounting to £7,886 13s. 11d. have heen made, and 300 releases
of liens, representing £4,700 0Os. 1d.. have been sent to Registrar; plans have been endorsed
on 691 partitions and other Court orders; and with the additional work of checking costs and
attending to the despatch of plans to the various Courts, the staff has been kept busv. The total
area of survevs approved during the vear was 94,531 acres.

General Draughting ~—Satisfactory progress hag been made in this branch, despite the general
depression which has been caused by the great Continental strife. Trrespective of the very large
amount of miscellaneous work from a1l transactions «flecting Tand, the following actions may be
mentioned : The preparation of 19 new plans, the compilation of 9 district maps and of 70
tracings for photo-lithography, together with 1,235 tracings for various purposes, and 1,358
diagrams were placed on instruments. Thiz branch of the staff has suffered manv losses and
changes during the vear owing to the war and departmental adjustments. the net vesult being
that at the present time we are four officers short of what we hegun with—viz., two belonging
to the field and two to the office. We shall also certainly lose Mr. Tamason on the 22nd April,
but we hope to get Mr. Crawford back from the Head Office. and to be allowed to retain the
services of Messrs. Freeman and De Castro until some of those who joined the Expeditionary
Forces return.  Now that Mr. Climie is ahout to retire T need a Distriet Surveyor in Wellingfoh
to inspect surveys, to survev blocks near at band, do scattered survevs, and put in the rest of
his time in this office. The details nf the changes mentivned above are as follow: In order to
fill gaps and overtake the arrears of work mentioned in my last annual report, four computing
draughtsmen were temporarily engaged—viz., Messrs. W. F. Burgess, Lamason, Freeman, and
De Castro; Messrs. Blake (Assistant Surveyor), C. L. Purdie (Computing Draughtsman), R. F.
Burgess (fleld cadet), and T. H. Whiting (cadet) joined the Expeditionarv Force: Mr. J. R.
Strachan, District Survevor. who had been at work in this office for the previons twelve months.
was transferred to Nelson; Mr. Roe was transferred to another district, and Mr. Crawford is
lent to the Head Office; Mr. T. A. T.. J. Armstrong was here for a short time., hut has now gone
to another district; the work for which Mr. Burgess was temporarily engaged heing completed.
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e left the service last December; Mr. J. R. H. Thorp, draughting cadet, joined us on the 3rd
June, 1914, but two months later wos lent to the Defence Department, and has only recently
returned to his duties heve. The abuve being the position regarding the staff, I must further
retzark that there has been a dimninution of the work in this branch, especially during the earlier
wonths of the war, and so far as I can foresee the present staff can cope with what there is likely
to be during the next twelve months.

I huve to repoirt my satistaction with the efficient mauner in which the Chief Draughtsman
and other otiicers have performed their duties.

1. N. Broborick,
Chief Surveyor.

NELSON.

Pricugutation —Under this heading 90,000 acres were completed during the year, including
50,000 acres of revision survey in Oparara district; the major part of the bal: namely,
36,000 acres—was iu the Rotovoa district. The average cost is 1'8d. per acre, including that
of the revision.

Tupographical Surcey for Selection.—34,000 acres, at an average cost of 4'3d., was completed,
the main portion, 29,000 acres, being in the Waltakere district.

Rural —113,445 ucres, mostly heavy-bush country, were completed during the year under
this heading, the low average cost, 1'6s., considering the weather experienced, being accounted for
by several very large aveas being included. Eleven staff surveyors, with two unlicensed assistants,
were employed in the carly part of the year (April to August), but only six surveyors from Sep-
tember to March.  One contract surveyor was employed intermittently during the year.

Towse Surveys.—Only two arveas were dealt with uader this heading.

Native Land Court Surveys.——159 acres weve subdivided under this heading into eight lots,
at u cost of T'0ls. per acre, by a contract surveyor.

Road Swiveys.——-Twenty-eight miles were smvnye(l, at an average cost of about £26 per mile,
which is rcasonable considering the rough nature of the ground and the very wet season experi-
enced in the locality of these surveys.

Office-work.—Computing DBranch: 176 plans were examined and approved, in connection
with which there were 849 traverse sheets. These plans comprise 117 sectional plans, dealing
with an area of 165,056 acres; 39 voad plans; 10 mining plans; and balance miscellaneous.

Land Transfer Branch: In this braneh 77 plans and 105 traverse sheets were checked and
approved, covering an arca of 5,432 acres; 364 diagrams were placed on certificates of title,
and 149 deeds and other instruments weve approved.  The Valuation Department was supplied
with 27 tracings of deposited plans wud 176 tracings from certificates of title. Fees collected for
the sale of hthuur(xpln protractor sheets, &e., amounted to £25 6s.

Progused Opevations for 1915-16.—Next year the present staff will be fully employed in
settlenment survey ol the Okari Block, Waitakere Survey Distriet; Rotoroa Block, Rotoroa Survey
District; 'l‘utd]\i survey District; Oparvara, Oparara Survey District, Block at thtle Wanganul
Kongjahu Survey District; andi m surveying numerous (zpphcat]ons fm unsurveyed land in various
parts of the land district.

Office-work . —The office staff, which remains at a minimum strength, has been further depleted
at times owing to the illness of several officers, two of them for a lengthy period.

Changes of Staff—During the vear Mr. F. E. Greeunfield, Chief Draughtsman, was trans-
ferred to Christchurch in a similar capacity, and was succeeded by Mr. A. D. Burns. Mr. W. A.
Curtis, Land Transfer Draughtsman, vetired on superannuation after forty years’ service in the
distriet, and was succeeded by Mr. J. R. Strachan, District. Surveyor, from the Wellington Dis-
trict.  During the interval of six months between the time of Mr. Curtis leaving and
Mr. Strachan’s appointment the position of Land Transfer Draughtsman was held by Mr. P. A.
Dalziell, of this oftice. Mr. J. D. Thomson, District Surveyor, was appointed Chief Draughtsman
in Blenheim. My, Seddon. Assistant Surveyor, and Mr. Whiting, draughting cadet, joined the
Expeditionary Fovce. Messrs. Armit and Waters, Assistant Surveyors, and Messrs. Hemphill
and Sutten, unlicensed assistants, were transferred to Otago.

I desirc to place on record my appreciation of the long and faithful service rendered by

W. 8. Curtis, who during the year vefired from the position of Land Transfer Draughtsman
'm take up that of censor. During a period of forty years Mr. Curtis showed a diligent, acourate,
and exemplary discharge of his duties.

T desire also to thank the officers, both of the office and field staffs, for their services, and in
a special degreo the late Chief Draughtsman, Mr. Greenfield, and the present Chief Draughtsman,
Mr. Burns.

F. A. Trompson,
Chief Surveyor.

MARLBOROUGH.

Triangulution.—A small amount only of subsidiary triangulation necessary in conneotion
with rural surveys was done.

Topographical Survey for Selection.—An area of 51,000 acres, known as ‘‘ Stronvar Run,”
adjoining Hillersden Settlement, has been returned under this heading. The land is described
generally as high, rough, barren country.
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Rural.—Under this heading an area of 11,735 acres is returned at a cost of 1:06s. per acre,
and included in this area is the Wither Settlement survey. An arvea of 27,464 acres, being Land
Transfer survey of Kekerangu BRun, has been separated from work done in connection with
departmental settlement operations.

Lown and Village.—Under ‘‘ Towns,”” 66 sections, including Hillersden, Wairau Valley, and
Golden Bar, containing 23 acves, weve swrveyed, at a cost of 1576s. per section.  Under
“Village,”’ 23 sections, containing 196 acres, were surveyed, at a cost of 2-64s. per acre.

Roads and Ralways. —0]\0111\—1mluwoul Inlet Road, Gore Survey Distriet (4 iiles), i
the only work done under this heading.

Gold-inines Surveys.—Nil.

Nateve Land Surveys. — An area of 1,308 acres was subdivided into 8 sections by private
surveyors at schedule rates.

Other Work.—The expenditure under this heading represents the cost of 6 swall isolated
surveys by Mr. Hunt, amounting to 26 acrves, and a quarter-mile of road-surveys, costing £51 13s.;
6 inspection surveys, £18 12s. 6d.; subdivision of block of Crown land, Wakamarina district,
£17; and resurvey of Hapuku River land, £6 18s. 3d., werce executed by office staff.

Traverse Closuies~—The mean closing evvovs in 10 eircuits, with a length of 25 miles—389
stations—uare 0°79 and 1'29. The work is all in hilly country, rough in places.

Proposed Operativns for 1915-16.—"The scttlement surveys throughout the seasun will be in
the Wakamarina and Teunyson districts, where Mr. Hunt has in hand a block of 6,570 acres and
1,025 acres of scattered applications. In anticipation of the forest reserve in the Upper Opouri
Valley (at present being milled by the Marlborough Sawmilling Cowpany) being cut out,
Mr. Hunt will then proceed with the survey of a block of about 4,000 acres, for which there are
numerous inquiries, so that when the reservation is uplifted the land can be immediately dis-
posed of.

Office-work.—F xamination of plans, &c.: The total number of plans received in the ordinary
Survey Branch was 48, with 71 traverse sheets, comprising 15 departmental plans, containing an
area of 62,900 acres; 2 Native Land Court surveys, with an area of 1,306 acres; 14 computed
plans; 7 tracings prepared for photo-lithography; 285 tracings made; 17 plans of road-surveys;
293 diagrams placed on Crown leases.

Land Transfer Branch: 41 plans and 110 traverse sheets weve received, covering an area
of 61,240 acres; 495 diagrams placed on certificates of title.

Changes n Staff—~Mr. Buins, Chief Draughtsman, was promoted to a similar position in
Nelson, and Mr. Thomson, District Surveyor, Nelson, was appointed in his place. Mr. Couch,
draughtsman, joined the Expeditionary Force in August.

I have to thank the staff for their co-operation and assistance at all times.

’ H. G. Pricg,
Chief Surveyor.

WESTLAND.

Minor Triangulation.—~1 have nothing to report under this heading during the past year.

Topoyraphical Survey.—Comprises 6,450 acres in Waimea and Ahaura Survey Districts pre-
paratory to settlement-work.

Rural Surveys.—Amount to 9,h50 acres in 48 sections, mostly selected in isolated positions,
under the special regulations for Westland and Karamea. This class of work eutails heavy
expense in moving camp, though I try to minimize it as niuch as possible by holding up surveys
till several can be done in one distriet.

Village and Suburban.-——Amount to 284 acres in 18 scctions, being small area taken up under
Part VIII, &c., of the L.and Act.

Road Surve_f/.—Comprise seven miles, at a cost of £15°23 per mile. These roads were laid
off to give access to isolated sections,

Gold-mining Surveys.—Comprise 1,142 acres, in 9 areas, the cost of which was borne by
the applicants.

Survey Inspections.—Several inspections have been made by myself personally, and I am
glad to state that the result showed that the wovks had generally heen carried out well up to the
regulations.

Proposed Course of Operations for the coming Year.—Since Mr. Harrop came into the office
my field stafi has been two below the normal, and I have not vet been able to do anything in
cornection with the Bruce Bay surveys. On my list awaiting survey there are about 22,000 acres,
and this will be augmented by fresh applications during the current year. Tt is therefore
essentinl that the field staff should be strengthened. 1 would also recommend that Mr. Morison
should be provided with a cadet, to be trained in the pmticulﬂl class of work in this district.

Other Work —-Amounts to £72, details of which are given in the schedule; it includes mis-
cellaneous reports and inspections on flood damage, &c.

Office-work —At the beginning of the year there was a shiortage in the draughting staff,
which was increased by the dcparturc of Mr. E.-A. Ingvam, who Jmned the Iixpeditionary Force
in August, and the absence through severe illness of Mr. Staveley for half the year.

The total number of plans received for examination was 93, with 225 traverse sheets, com—
prising—Crown surveys, 50; Land Transfer, 20; mmlng, 8; and plans for local bodies, &c

There were 584 diagrams placed on deeds comp1 ising 306 on Crown leases and 278 on Land
Transfer titles. 302 tracings of all descriptions were made, including those for survey data,
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and 267 lithographs werve coloured; in all, 38 photo-lithographic tracings were prepared, repre-
seuting 16,200 acres of laud for setticent and 647,600 ucres of pastoral runs. Nine compiled
plans were made and 4 plans of surveys exceuted by the Chief Draughtsman during the year.
Tracings and deseriptious for Gazelte notices have been prepared, while the usual routine work
of recording, cross-indexing, wounting plans, &c., is well up to date. The Crown-grant maps
of the Town of Cobden iave been brought up to date, but there are considerable arrears of this
“elass of work, also of block shects and Land Transfer vecord inaps, ‘which the present staff are
not able to overtake.

Changes in Staff.—Mr. A. N. Harvop, Distriet Surveyor, was promoted to be Chief Draughts-
man in this oflice in May, 1914, since which he has been very assiduous in mastering the details
of his new work. Mr. Armstrong, Draughtsman, was transferred to the Wellington office, and
Cadet Norris was appointed in his place.

My cordial thanks are due to both the ficld and ofiice staff for their efficient co-operation in
the various duties allotted to them.

H. D. M. Haszarp,
Chietf Surveyor.

CANTERBURY.

Lriangubation.—No work ol this nature has been done during the year.

Lopography.~The 16,334 acres of topography returned vepresents preliminary surveys of
various estates acquired.

Rural. —Under this heading ounly 8,381 acres has been completed by the stall, comprising
Finlay Downs, Teschemaker, Hillboro, and Copland Settlemeuts, &e. In addition, the survey
of Gletnuark (about 11,400 acres) was almost completed.

Villuge and, Swburban.—There were no surveys of this descriptiou.

Town Section Sureeys.——Only about 10 acres, subdivided into 21 lots, for workery’ homes at
Waimate was exceuted during the year.

Roads.—About [3 miles of standard survey on the Canterbury Plains, near Rangiora,
represents the bulk of the veturn under this heading.

Gold-maning Surveys—There were none.

Coal-mining Swreeys —One mining claim of 1,000 acres waxs surveyed by contract, and paid
for by the applicant. '

Native Land Court Surveys.—Altogether there were 80 subdivisions, comprising 186 acres,
all done by contract surveyors, and mostly paid for by the owners concerned.

Survey Inspections.—During the year 4 field inspections of Land Transfer surveys have been
made, and in 2 cases the result fully justified the expenditure.

Other Work.—Cousists of inspections. reports, road deviations, dvainage. and water schemes,
miscellaneous surveys, &e. :

Proposed Operations for 1916—-16.—This work will cowprise the subdivision of Lees Valley
Block, being Runs 145 and 1454, in conjunction with the adjoining frecholds receutly acquired
(36,200 acres in all); the survey of Glenmark Settlement (11,400 acres), and any new estates that
may be acquired; the continuation of the standard survey of the Canterbury Plaing; the survey
of an extension of the Sunuuit Road, over the Port Hills; and various small surveys in different
parts of the district.

Land Transfer.—During the year 281 plans have been examnined and approved, embracing
51,195 acres; 2,231 transfers, leases, Proclamatiouns, &c., have been dealt with; diagrams (in
duplicate) have been endorsed on 1,709 certificates of title, all the copies having been made in
the office.

Office-work —-During the year 24 Public Works plans, 29 road plans, 4 land-for-settlements
plans, and 31 wmisccllaneous plans have been examined and approved. Isomagnetic charts in
conmection with the reeent magnetic survey of the Dominion by Dr. Farr have been prepared for
reproduction, but these are not all completed. The acquisition of Finlay Downs, Teschemaker,
and Gleniark Settlements has entatled a large amount of office-work.

Changes in the Staff.-—Owing to a variety of causes there have been a large number of changes
in the personnel of the staff. Mr. H. G. Price, Chief Draughtsman, was promoted to the position
of Commnissioner of Crown lauds and Chief Surveyor at Blenheim, and was succeeded here by
Mr. F. E. Greenfield. formerly Chief Draughtsman at Nelson; Messrs. D. Mc¢Donald, Crown Lands
Ranger, and R. J. Cornwall, cadet, have joined the Expeditionary Forces; Mr. S. H. Sapsford,
clerk, was transferred to the Defence Department at Wellington ; Mr. A. E. Rosanowski, clerk,
to the Head Office; Messrs. S. P, Day and C. D. Gaudin. cadets, to the Audit and local Govern-
ment Life Insurance Departments respectivelv; and Miss Sapsford, typiste, to the Public Works
Department at Wellington. Mr. J. G. Nilson, from the Head Office, was appointed Clerk to the
Receiver, and Missex Brake and Tslick joined the staff as typistes, and Messrs. Nightingale and
King as cadets. i

In conelusion, I desire to vecord my appreciation of the heartv co-operation of the staff, both
ficld and office.

C. R. PoLLsN,
Chief Survevor.
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OTAGO!:

Manor Triangulatson and Topoyraphical.~—No work of this nature was done duving the last
year.

Bural. A large amount of work has been carried out, consisting of the subdivision of the
Omarama Runs, Waitahuna Settlements No. 1 and No. 2, (md lelam‘ Settlement, and a nunber
of small bpulrtlng surveys.  Mr. Burton has been engaged on this work during the whole of the .
year, and Messrs. Richmoud, Armit, and Waters, together with three unauthorized assistants,
during part of the year. Mr. Burton returns 8,735 acres as completed, the work of the vest of
the staff being carrvied forward to next year, as, owing to pressure of work, it has been impossible
to complete the plans.  In addition to the foregoing, 600 acres for fruit farms was done under
contract by Mr. R. 8. Allan, and 248 acres carrvied out by private surveyors, the cost being
defrayed by settlers.

Village and Suburbun.—Mr. W, T, Neill returns an area of 13 acres at Balelutha, being an
arca laid off as a rifle range.

Ntandard Survey.—-The standard survey of the City of Duncdin has heen continued during
the year by Mr. W. T, Neill, District Survevor, who reports 25 miles of traversing in the North-
east Valley, including permmanent blocks as completed, and in Roslyn 15 miles is traversed and
about half the blocks finished.  The defective and faulty survevs oviginally made in these portions
of the city require careful examination, and are a source of mnmdmablo expenditure, which was
unforeseen aund not allowed for in the estimated cost of this work.

Town Swrveys—Mrv. 8. T Burton rveturns oue small arca in the Town of Lawrence, and
97 acres in the Town of Alexandra was subdivided into fruit farms under contract by Mr. R. S.
Allan.

Mining Surveys.—The arca surveved for gold-mining purposes wax 237 acres, divided into
8 sections, the whole of the work being undertaken by private surveyors for the fees.

Roads and Railways, de-—Under this heading 27 plans for various statutory purposes were
examined and approved.

Native.—An area of 534 acres, being a portion of the Waikouaiti Native Reserve, was sub-
divided into 25 alletments under contract by Mr. N. Paterson.

Land Transfer —One hundred plans were examined aud approved, comprising an area of
LE167 acres, including b plans of towns approved by the Minister in accordance with the pro-
visions of the Land Laws Amendment Acts; 639 deeds were exaniined and 1,315 diagrams were
put on certificates of title.

Proposed Operations for //zr Year.—My. W. T. Neill, District Surveyor, will continue the
standard survey of the City of Dlmcdm. also subdivision Maia Settlement for workers’ homes
and field inspections: and Mr. 8. . Burton has in hand a number of spotting surveys, and
about 7,000 acres of fruit and settlernent farms on Karnscleugl, also the subdivision of the
Galloway Run, 120,000 acres; Mr. W. D. Armit, the completion of his work on Omarama Run
and Bellamy Settlement, and the subdivision of 2,170 acres of Maraeweka Fstate, acquired under
the Land for Settlements Act; and Mr. F. H. Watevs has the completion of his Omarama work,
and the subdivision of the Benmore Runs, 374,000 acres in all.

Office-work.—During the vear the following plans weve examined : Settlement, 42 ; mining, §,
statutory, 27; Native, 2; Land Transfer, 100: making a total of 176. The number of diagrams
placed on various instruments of title was 962 in the Survey Office and 1,315 in the Land Transfer
Office. 2,277 in all. A new 40-chain map of the Cromwell district was drawn for lithography.,
and similar maps of Skipper’s Creek, Earnslaw, and Strath Taievi districts werc revised and
brought up to date.  Tn all. 46 plans were prepared for photo-litho sale posters, including Waita-
huna Settlements Nox, 1 and 2, Omarama Runs, and Bellamy Settlement. The Land Transfer
record map of Port Chalmers was completed, and two new block maps prepared for the Land
Office. The work of revision of the Valuation Department’s maps is still proceeding as oppor-
tunity occurs, and the major portion of one Draughtsman’s time has been taken up on the Dunedin
standard plans, seveval of which have been copied for the City Corporation. Tracings of various
kinds to the number of 982 were made, and the usual diagrams put on Ranger’s field-books as
needed. The Printer reports the printing of 1,450 litho mes and forms; 1.158 maps were
mounted, in addition to bookbinding and such work as is necessary to keep the various plan
portfohm in a state of good repair.

In conclusion, I have pleasure in reperting that during this busy vear the survevors in the
field and the officers of the draughting staff have carvied out their duties in an efficient manner,
and wish to record my appreciation of their heartv co-operation in the work of settlement.

Romr. T. Sapp,
Chief Surveyor.

SOUTHLAND.

Minor Triangulation —No work of this nature has been done during the past year.

Rural.—Of 39,173 acres returned under this heading, 36,689 acres in 54 sections were sur-
veved by the staff at an average cost of 1:26s. per acre, about 8.000 acres consisting of hilly bush
gountry and the remainder of hilly open land. Contract surveyors completed an area of
2,110 acres in 14 sections at a cost of 2'11s. per acre, made up of 154 acres, Invercargill Rifle
Range, surveyed for Defence Department, and 1,956 acres. sawmill areas in various parts of the
land district. The halance. 374 acres, consists of 4 coal leases in Wairio Survey District, and
1 school-site in New River Hundled. survevcd bv licensed SUIVeyors and paid for bv the applicauts.

Village and Suburban.—Under this headlng 72'1 acres in 21 sections are returned by the staff
at an average cost of 18'34s. per acve, situated in the Town of Woodend and in Waikawa, Hekonui,
and Wakaia Survey Districts; and there are also 14'5 acres in 2 sections, paid for by applicants.
which were surveyed by licensed surveyors.
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Town Section Surveys —These comprise 0°25 acres in 2 sections, surveyed by Mr. C. Otway,
in the City of Tnvercargill, at o total cost of £2 Bs., being a subdivision of an educational endow-
ment section; and 044 ucres. also cdueational land, in the City of [nvercargill, surveved by
Mr. G. I.. Cuthbertson and paid for direct by applicants.

Native Land Court Sureeys.—A subdivision of Ruapuke Nos. 2 and 4 Blocks, Ruapuke Island,
1,416 acres, in 17 sections, wus surveyed by Mr. P. B. Macdonald, at a cost of 34:13d. per acre,
including the survey of toads uccessary for access.

Gold-mining Surveys.—One speeial claim of 100 acres, surveyed hy Mr. T. S. Miller, in
Block VIT, Longwood Survey Distriet, and paid for by the applicants, appears under this heading.

Roads, Rallways, and Water-races.—A total of 1894 miles is returned in this class,
265 miles having heen executed by the staff survevors in connection with access to Crown lands,
at u cost of L1839 per mile; and 10°29 miles by licensed surveyors, consisting prineipally of
road deviations surveved for County Councils, &e., and paid for by them. Costs not available.

Other Work —FExpenditure under this heading includes revision and street-aligument
surveys; redefining boundavies; engineering surveys in connection with protective works Beau-
mmont Settlement. Silver Stream Channel improvement. Taieri Survey District, and Hedgehope
Universitv-cndowment drainage scheme; traverse to define rviver-encroachment, Beaumnont Settle-
ment; reports on sections. inspections, &c.; also completion of large block for landless Natives
in Waimumu Tlundred, a considerable proportion of the pegging and line-cutting having been
left unfinished owing to a proposal, since abandoned, to reserve the land for the Mataura water-
works.

Inspections.—-Five Land Transfer surveys in the Borough of Invercargill were inspected by
Mr. R. 8. Galbraith, Chief Drvaughtsman, during the vear, with generally satisfactory results.
These include survevs by practically all the survevors who sent in Tand Transfer survevs during
the year.

Traverse Closures.-—94'6 miles of traverses, representing 15 separate surrvounds returned hy
staff survevors, show that a very high standard of accuracy has been maintained, the closing
errors aver :Lgmg onlv 0'35 links on the meridian and 0°21 links on the perpendicular per mile.

Proposed Operations.-—Mr. C. Otway will be engaged during the coming vear in the survey
and subdivision of a large bush black of Crown land in Tillburn Survey Distriet (15,000 acres),
a portion of which will, it is haped, be ready for settlement by March next. Mr. D. Macpherson
has at present in hand a small block of ahout 300 acres in Oveti Hundred which he expects to
finish by the end of April. He will then undertake the defining of » nmnber of uncut section-
boundavies in Blocks V and VII, Aparima Hundred, and afterwards subdivide a block of some
2.500 acres in Block XIX, Jacoh’s River Hundred. Mr. N. T, Falkiner is at present engaged
on the survev of 1,460 acres of Crown land in Otara Survev District, and when this is completed
he will undertake the survev and subdivision for settlement of two small blocks of Crown land,
containing ahout 700 acrves, in Oteramika Hundred, being some recentlv-cut-out sawmill areas.

General .—T1 would like to draw attention to the fact that practically the whole of the dis-
tricts of Eyre. Fvre North, Fvreside, Black Hill, Lincoln, and Takitime reqmre a triangulation
and topographical survey, as the only information ava‘llnble is a reconnaissance survey made in
1857. T consider that the work is imperative, and would recommend that an additional survevor
he provided to comience the survey in the coming spring.

Office-work —During the vear 11 new application-maps and 2 new index-maps have been
prepared ta replace-those worn out, 1 working-plan which was hecoming illegible was redrawn,
and 4 index-maps have heen compiled to show the state of the roads in the land district—i.e..
formed. pravelled. &e. One of these maps which has already been brought up to date has proved
most useful, and it is hoped to add the necessarv information to the nther three during the coming
vear. TFour district lithographic maps weve revised—viz., Taringatura Survev District (2 sheets),
Campbelltown and Waimumu Fundreds, and a new drawing of Longwood Survev District is
almost completed. ulso the revision of a number of other maps is well in hand. Fifty-one ordinary
survev plans comprising 39,147 aeves. 31 statntorv plans principally of roads taken and closed.
and 8 plans of new towns for (‘mvomm s approval were checked and approved; 751 diagrams
were endorsed on Crown prants and other instruments of title; B2 lithographic tracings for sale
plans: BOT miscellaneous tracings and 201 working-tracings were prepared: 6 new maps of
ridings were prepared and 1 revised, and 79 Land Transfer and deeds plans were traced for
Valuation Denartment : 20 local hadies’ schedules were prepared in duplieate, and 226 maps of
varions deseriptiond meunted; 3 maps in triplicate were prepared for Justice Department in
comnection with three Supreme Caurt cases, and maps of Waimatukn River Distriet and tracings
of Taieri drainace scheme were made for Government Drainage Fngineer. Mr. Deverell has
been altogether engaged during the vear in the preparation of the lithographic. map of Otago
Land District which he commenced in January, 1914, and which is now nearing completion.

Land Tran<fer —Seventvonine plans, representing 3.075 acves, were checked and approved,
964 diagrams placed on certificates of title, and 472 deeds and other instruments of title
examined and passed.

Changes of Staff.—During the vear there have been considerable changes in the personnel
of the staff. and T regret to have to record the death, on the 12th November last, of Mr. J. L.
Dickie. who was for many vears Land Transfer Dranghtsman here, and who was a most capable
and painstaking officer.  Mr. O. . Goldsmith has since been. appointed Land Transfer Draughts-
man, and as hisz promotion left the position of Computer vacant. he has, up to the present, in so
far as possible. attended to the duties of both positions. Mr. A. Macfarlane, Receiver of Land
Revenue. was promoted to he Chief Clerk at Nelson; Mr. T.. Hav, field cadet. was transferred
ta the Otago Tiand Distriet: and Mr. J. Southern, draughting cadet, resigned.

In conclusion. T wish to thank the officers of hoth field and office staff for their efficient
assistance and co-operation in the work of the past vear. ’

G. H. M. MoCuure.
Chief Survevor
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. APPENDIX II.

Heap Orrrck DRAUGHIING STAFP.

Ong feature of the past year has been the amount of time lost by the absence on sick-leave of
several mewmbers of the stufi for unusually long periods, which has had a detrimental effect on the
output. Other and unusual features have been the preparation of maps of the war areas in
Furope; and the preparation of examination-papers and details for a draughtsman’s examina-
tion, for which, however, no candidate sat. Owing to the absence of the Chief Computer on
leave at the Lick Observatory, California, the duties of Secretary to the Surveyors’ Board were
taken over by the Chief Draughtsman. The completion of new fittings has made possible the
proper indexing of rccovrds as soon as clerical assistance is available; and an investigation of
the state of the publications generally has enabled the volume ot work of that nature required
to be done to be grasped, and it is very considerable. Of the 125 counties in New Zealand,
33 remain still to be drawn and published. while a large part of those published are marked
“ Provisional.””  Of the 997 survey districts, 563 are unpublished still, and no definite plan
of completing this, probably the most useful publication of the Department, is yet properly in
action.  There are also probably well over a thousand small centres of population, towns and
villages, of which maps would be useful but are not drawn,

Revision and rvedrawing of the {-mile sheets of the North Island is in progress, but there is
still a good deal to be done to the large map of Wellington. The new map of New Zealand,
after the outbreak of war, was put aside; it requires. however, but two or three days’ work to
bring it to completion.

A new protractor wus plotted by co-ordinatograph and put to stone during the year, and is
of rectangular shape, giving greater clenrness. The work of standavdizing drawing-papers is
so far advanced in that some 200 samples from the best makers ave in hand for selection of
suitable grades and characters for departmental work and vecords. Colours and other materials
likewise are receiving attention, and it will be possible, it is hoped, shortly to issue a list of
standard draughting materials of unexceptionable character from which to order supplies.

A large amount of miscellaneous work passes through this hranch in the preparvation of
tracings. descriptions, maps, and similar matters for other Departments and the legislative;
and index-maps of all parts of New Zealand are kept up and available for consultation by all
branches.

Two sheets of the international map subdivisions were compiled as an experiment from the mile
lithographs aud reduced to the standard natural scale of 15555, but were not very satisfac-
tory, wnd a further sheet required will be controlled by plotted points.

Peventeen schedules for the Local Bills Comnittee were examined and certified to, 185 plaus
of towns were examined and prepared for statutory approval, 103 drawings were photo-litho-
graphed, 176 technical descriptions were written, 9 surveyors’ bands were tested, 70 plans of
registration distriets and 37 loan-blocks maps were made. Large numbers of maps were mounted
and lithographs disposed of, and all the town plans were traced, and many miseellaneous tracings
and maps were made, while all the land trausactions 'of the Department were brought up on
the county maps.

M. C. SmirH,
Chief Draughtsiman,

Table 1..—RururN oF FIELD-WORK EXECUTED BY HmEAD OFriceE Stare.

B -* SAeco;(-l;;'y ’ N -lvimo-; Town Standard | Rural Standard s
Triangulation. Triangulation. Surveys. Survevs Inspections.
Land District. Cost Fotal Cost Cost No. of SBurveyors. | Other Work.
08 ) Tota, ; o8 i 08 I -
Aron. | hap'Acre. | ATO® | Cogp. | Miles. | Thre, | Miles. o Mile.
: | Staff. | Private.
} o I R . L I !
1 £ ‘ £ ! £ ’ ! £ s d
Auckland .. | Carried|forward . | oes osensi oL | L e b 11,00 7 4
[ ! !
Woellington ..  Carried |forward o 135 Oarri‘ed forwalrd E . .. ‘ 18 | 696 2 3
’ : “ 1
Nelson .. R A 41-00[ S . ‘ e .
; ‘: | 1 . | 1 {
Totals .. | ] 1851 60 | 8075, .. | .. . 18 11,792 9 7
i I ‘

* A large area of triangulation as shown on litograph is in progress in the fleld"
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Table 4.—RrETUrN sHOWING SURVEYORS EMPLOYED AND THE WORK ON HAXD oN 1sT APRIL,

1915.
Surveyors employed. ‘ Work on Hand.
Chietf Surveyors. I ; WN 4
star. | Tempe- ‘ Contract. | Lend District. | Trig. | 5S00e- | moyy ng%gl?r- Roads.
} 8q. Mls. Acres. | Acres. Acres. Miles.
H, M. Skest 15 8 54 Auckland .. .. 304,801 1010 | 890,275 2475
W. H. Skinner 9 1 .. Hawke’s Bay . 106,690 0-1. 1 113,141 22:25
G. H. Bullard 4 .. 6 Taranaki .. 42 56,034 2580 64,923 230
T. N. Brodrick 4 .. .. Wellington .. .. 26,670 .. 72,872 ..
F. A. Thompson .. 4 2 2 Nelson .. .. 115,640 .. .
H. G. Price .. .. 1 . Marlborough .. 7,645 10
H. D. M. Haszard 2 .. Westland .. .. 2,190 e .. ..
C. R. Pollen 2 1 Canterbury .. ‘. 47,300 ‘. .. 41-0
R. T. Sadd . 4 Otago .. . 651,100 .. .. ..
G. H. M. McClure 3 Southland .. .. 16,799 . . 70
. Total staff sur- 47 13 62 . 42 (1,334,869 360'1 | 641,211 340'75
_veyors

Table 5.—-Work poNE UNDER THE LAND TRANSFER ACT, ETC., FROM THE 1sT APRIL, 1914,
1o TeE 31sT MarcH, 1915.

-] 5 -
Plans placgfgl rﬁlélgnstruxxlent g % 3 ; § Maps drawn. o
o ] ] oa 8 gg o %
District. 3¢ = g 2% g 5% | of 4 2 Lithos sold.

2 & 4 K 5 < o EX z

IR : | 85| 2 | FE P2 s £

S 2 38 = AR & | @ 3

|

| £ s d,
Auckland . .. | 1,964 | 3,092 | 3,078 | 3,647 | 1,710 | .. .. 182 3,600 190 16 6
Hawke’s Bay .. .0 407| 2,166 | 1,072 | 748 | 618 407 | .. | 27| .. 30 15 6
Taranaki .. oLosTT 908 | 210 20 | 245 l 577 3 | 12| .. 1719 2
Wellington .. .| B80 | 4,745 | il |2,557 | o548, 880 | 9 | 0| .. 810 6
Nelson .. .. .. 254 464 26| 149 | 9531 204 2 | 12 .. 25 6 0
Marlborongh .. o208 495 18| .. 102t 200 | .. T 25 17 3
Westland . o 28s 104 | 105 27 93 | 202 | 17 | 21 . 6 1 7
Clanterbury . ..l 2681 3,408 84 | 2,231 | 369 | .. . 18| .. 20 9 0
Otago .. . o1oes | 1,812 L. 630 | 176 | 962 | 4 | 46| 1,450 72 811
Southland .. .. 486 | 1,228 1| 472 161 ‘ 606 | 4 | 52| .. 53 14 9
Totals .. .. | 5,879 | 18,207 | 5,375 10,490 ( 4,275 ' 4,218 | 39 | 447 | 5,050 460 19 2

APPENDIX III.—WELLINGTON CITY TRIANGULATION,

During the year Mr. J. D. Climie, Inspector of Surveys, completed a small triangulation survey
covering the City of Wellington, the primary purpose of which was to connect Mount Cook Initial
Station, the origin of latitude and longitude for New Zealand, with the Dominion Astronomical
Observatory known as the Hector Observatory. .

Advantage was taken of this work to tie together the earlier determination of meridian and
standards of length, so as to provide veliable facts to enable comparisons of old and new survey-
work to be made in future work when required, and also to form the connecting-link between
the new secondary triangulation- and the observatory and initial and city and suburban standard
surveys. Mr. Climie has done this work most thoroughly, and has ascertained and brought
together in a form convenient for record and reference a quantity of data which have hitherto
beer scattered through many separate records. Copies of his report and plan follow.

TRIANGULATION ETC., IN CONNECIION, WITH THE MounT Cook, HECTOR, AND WELLINGTON
OBSERVATORIES. R

I am handing in herewith a plan, 30 in. by 30 in,, showing the observations I have made to connect
the new observatory (Hector Observatory) at Kelburn with the Mount Cook Initial Station, also the
connection with the old Wellington Observatory together with the connections with the standard
survey. There is shown on the drawing the work done by Messrs. McKerrow and Marchant in 1877,
and that by Mr. C. W. Adams in 1883. Altogether there are fourteen diagrams (drawn to various
scales) in explanation of all the wotk that has been done in determining the true meridians at Mount
Clook and Wellington Observatories. I have taken much trouble in obtaining all the data that arc
available at this and the District Office, so that the plan should be a reliable record for easy reference

in the future.
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The following is an explanation of cach diagram —

Diagram No. 1.—The triangulation, which is drawn to a scale of 30 chains to an inch, shows the
result of the seventy-four rounds of bearings which have been taken at twenty-two different trig. points.
#&Tho initial bearing for triangulation is Mount Victoria (flagstaff) to Kaukau (349° 11’ 58-8"), which
was determined by Messrs. McKerrow and Marchant in 1877, Their origin was Kaukau to Mount
Yook, which was astronomically determined at Mount Cook by Mr. McKerrow. 1 have extended this
meridian from Mount Vietoria to North Lamp, and thence to the true meridian passing through Mount
Jook to Island Bay, which was astronomically determined by Mr. C. W. Adams in 1883, and by this
extension have ascertained the difference between Messrs. McKerrow and Adams’s true meridian at
Mount Cook to be 2:3 seconds only, and at the old Wellington Observatory (Seddon Monument at
cemetery—-Henry Jackson’s determination) 3 seconds. Therefore the three observed meridians by

Messrs. McKerrow, Adams, and Jackson are in agreement as follows :——

Mr. McKerrow’s . .. 860° 00’ 00”. Date, 1877.
Mr. Adams’s .. .. .. 860° 00" 02:3". Date, 1883.
Mr. Jackson’s .. .. .. 359° 59" B7". Date, 1870.*

The standard of length adopted by me is that of the city standard survey of 1881, corrected by
deducting 0-568 link per mile, which reduces it to the new Imperial standard. The correction of
0-568 link per mile is arrived at as follows (see I. Bk. 2487, p. b, District Office) :—

(1.) The 3-chain }in. band No. 1031 used on the verification city survey in 1906 was, after a
series of tests with the Imperial band, found to be 0-008 links short, which is equal to 0-0027 links
per chain.

(2.) This 3-chain }in. band was compared with the l-chain $in. band used for the 1881 survey
and found to be longer by 0:0126 link ; and by comparison with the Pirie Street base-line laid down
with the 1881 band was 0-0146 link long. These, summarized, are as follows: 0-0126 link by £ in.
band; 0-0126 link by % in. band (added for weight); 0-0146 link by Pirie Street base. Mean, 0-0133 =
0-0044 of a hink per chain. This is equal to 0-352 link per mile, by which the 3-chain band is longer
than the 1906 Imperial standard. These results may be put in diagram form thus :—

|
2
I r% T
8. 00044 k.p.ch.~0352Ik.p.mile 0:0027 k. p.ch=0-216lkp,m. &8
‘«‘E‘ 00071 |p.ch. g
Bl = 0568 p.mile § 5

B
5
Q

That is, 0-0027 + 0-352 = 0-568 link, the total correction per mile to be deducted from the 1881
standard survey trig. distances to bring them into terms of the present chain-standard (Imperial).

The 1881 standard of length (city standard survey) was shorter than the adjacent triangulation
by 1+8 links per mile (see Captain Hewitt on city standard survey, District Office file 10123/60).
Comparison of the base adopted for the major work along the Tararua Range with the Wellington
Trig. : distances show that this is 1-56 links less per mile than the major base, thus showing that the
1881 standard survey base is shorter than the major trig. base by 0-24 link per mile. All these results
put in a diagram are :—

Per Mile

\2 o024k a 0328k % 1238tk &
187k S
) N 1561k &
® § - 1
= S ‘

In computing my work I have accepted the lengths of my 1881 city “griangulation (less 0-568 link
per mile) of sides Mount Victoria — Kaiwarra, Mount Victoria - No. 1 Trig, Mount Victoria — Mount
Albert, and Mount Victoria — Ohiro. These lengths were computed from the Pirie and Riddiford
standard base-lines by Captain Hewitt in 1881, and are sides of polygons corrected in the usual .way
for seconds correction. _

The instrument used, excepting for the sets taken with the 8 in. micrometer, was my 5} in. Cooke
micrometer with a 40-diametey eye-piece, which has given excellent results.

* Mr. Thomas King, F.R.A.8., formerly time-obscrver, writes :— ) i .

“Tn reply to your note of to-day, I am sorry to say that I am unable to give you the dato on which the meridian.
mark for the old time-sorvice observatory in the ccmetery was placed in position on the Tinakori Range. The
observatory was built in 1869, and in January, 1870, the work of the time-service was transferred to it from the small
transit-house which stood on part of the ground which is now the site of the General Post Office, Customhotise Quay.

«T have heard the late Sir James Heotor say that the meridian-mark was crected under his personal direction,
and I gathered that the nocessary obscrvations were taken by himself or by the late Archdeacon Stock, my predecessor
in charge of the observatory. The late Mr. Henry Jackson may, of course, have had something to do with the placing
of this mark; but I have always understood that Mr. Jackson’s astronomical work was done at the Hutt, in a small
observatory erected there for longitude-determination purposes.”

-’
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The average error for twenty-one triangles closed is 3-5 seconds. The smoke and haze of the city
was a cause of much delay and trouble, preventing obtaining even better results.

Elect®LightsFlag Staff

Centre of
Pedistal

© Saggstgthrgk )

o finder
Altazimuth Station

STREET

Vane M%%—Cemr‘e of Transit

Showing Relative Positions of Vane and
N —Transit—

N.Eteko g
Hector @0Opgviy
S.Etako &

Diagrams Nos. 2 and 3 show the connection of the Wellington and Hector Observatories with the
standard survey and each other.
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Diagram No. 4 shows the connection of the old Wellington Observatory with the standard survey
in Sydney Street and Bolton Street, also the, position of;the Seddon Monument with reference to the
situation of the transit pier in 1906.

iron Bolt Trig &7))/ S.5urvey N1948-51 E7285-89
e

Do Cam Ter Base 4846 8590
JDIFF 505 [eXeT}

ALT 64825 FT

OMtVictoria
IRON BOLT TRIG

Soe DiagramlQ

Diagram No. 5 shows the standard survey traverse line in Cambridge Terrace adopted as a bage-
line for connections with Victoria Flagstaff. This was done to check the distance between Mount
Cook and Flagstaff, also to obtain the correct altitude of the latter by connecting with the bench-mark
close to Block 220a.

The differences made in the co-ordinates at Mount Victoria Flagstaff were—North, 0-05 link ; east,
0-01 link ; and in altitude, 0-25 ft. from my values in 1881.

Diagram No. 6 shows connection of North Lamp with the standard survey.

Nitvictoria(ironP

w. 232£86

Referring dMark
5.38202'6
_ Ww28580-4
LDiagram No. 7 shows the triangulation by which the position of Mount Cook Observatory ,was
fixed by J. W. A. Marchant, January, 1877.- On this diagram there is anote showing Low the variation
of 14° 31" 27-b” was arrived at, which has to be added to Jackson’s original triangulation (which was
on a magnetic meridian) to reduce it to the true meridian of Mount Cook.
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Diagram No. 8 shows connection by C. W. Adams in 1883 of Mount Cook Initial with standard
survey and with triangulation, with some additions made by me showing bearings and distances con-

necting it with the Wellingtonland Hector Observatories.

Diagram No. 9 shows connection of Mount Cook Initial and Observatory with the standard survey
by me in 1881, and also showsjMr. Girdlestone’s new Mount Cook Trig. Station (fixed 1914).
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Diagram No. 10.—Plan of Mount Victoria, showing position of—(1) Peg observed from by
Mr. Marchant in 1877 ; (2) the large tube observed from by me in 1881, 1906, and 1914 ; (3) iron bolt
trig. (concreted in) to which the Cambridge Terrace base-line is connected (see Diagram 5).

Diagram No. 11 shows how bearing and distance of Mount Cook — Mount Victoria are determined

for use in my present work.
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Diagram No. 14 shows the reserve at the south-meridian mark, and locality plan for finding same,
F. Book No. 40 contains all the observationsfand has been returned to the safe.

J. D. CrLiMIE,
Inspector of Surveys.




TABLE of DISTANCES in LINKS on the Meridian
and Perpendicular from Initial Station at
Mt. COOK.
Name of Station. Meridian. Perpendicular. | How determined.
Mt. Victoria. . N. 1,976'79 | E. 7,279°84 | Pirie St. base.
New Kaiwarra N. 24,164'25 [ E. 6,752°55 ,
Wades N. 20,82017 | E. 1,783'67 | 4 values.
North Lamp N. 16,730'14 | W, 099 | § V. -
North Etako N. 8,543'49 | W. 3,53520 | 5 .
South ,, N. 8,434’55 | W.3,53469 |5
Ohiro S. 2,252°45 | W. 4,441'74 | Pirie St. base.
S. Mer. Tube S. 5,888'50 | W. 3,526'32 | 2 values.
Flag No. 1 S. 11,053°94 | E. 4,925'72 | Pirie St. base.
Mt. Albert S. 16,414°42 | E. 2,769°'66 "
Flag No. 2 S. 7,773°63 | W. 1,057°75 | 2 values
. 3 S. 16,618'45 | W. 4,941°18 | 2 s
Island Bay .. S. 23,748'62 | W, 1083 "
Iron Bolt, Victoria N. 1,04851 | E. 7,28589 | Pirie St. base.
Hector Observatory .. | N. 8,518'50 | W. 3,535°03 | 6 values.
Well’'gton ' N. 11,07790 | W. 2,081'94 | Standard survey.
%)@ Wades
N. Lam 3:} i///@f
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NOTE.—The Initial Bearing for this tﬁmgulat{on is Mt. Victoria

T

to Kaukau, 349° 11’ 588", obeerved by McKerrow
and Marchant in 1877 ; their initial bearing was
Kaukau to Mt. Cook, which was astronomically
determined at Mt. Cook by James McKerrow. The
true mendian passing through Mt. Cook to North
Lamp and laland Bay was astronomically deter-
mined by C. W. Adams in 1883,

The Standard of Length is that of the City Standard
Survey of 1881, less ‘568 lk. per mile, to reduce to
the Noew Imperial Standard.

H. WILMOT,

Suiveyur General
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APPENDIX IV.—-WELLINGTON STANDARD SURVEY.

Mg. J. D. Cumig, Inspector of Surveys, contributes the following remarks upon the closures obtained
by him in his recent revision of his earlier 1881 (first) standard survey of the streets of Wellington :—

In the revision of the Wellington standard survey made by me in 1881 the following thirty-five
circuits have been completed. Total length, twenty-three milcs, embracing all the hilly portion of
the eity ; average length of circuit, 52:6 chains. Error, 0-055 link north and south, and 0-067 link
east and west, equal per mile to 0-084 link north and south and 0-102 link east and west.

The closures of the traverses to the triangulation (which was specially made in 1881 to a measured
base in Pirie Street) are generally very good, indicating that the triangulation and standard of length
are in agreement, and that Gale’s system of traverse corrections gives satisfactory results. Apparently
the position of Banks trig. is slightly in error, causing the rather larger differences in traverses affected
by that position.

Reviston SurvEY oF WELLINGTON STANDARD, 1906.

Schedule of Standard Circuits computed by Messrs. Heenan and Hocking.

Errors.
ler(():ug;f : Name of Cirouit. Length. ‘—~
\ N.and 8. | E. and W.
Chains.
1 | Cotterville Street and Featherston Terrace . 23 005 0-01
2 | Hobson Street, Tinakori Road, Thorndon Quay, a.nd Dav1s 80 0-00 0-31
Street i Bga -
3 | Fitzherbert Terrace, Hobson, Muturoa, Pipitea, and 61 0 06 0-06
Murphy Streets
4 | Tinakori Road, Hill, Molesworth, and Hawkestone Streets 68 0-10 011
5 | Lambton Quay, Hunter, Featherston, and Customhouse 16 000 004
Streets
6 | May Street Circuit .. .. . 29 0-10 - 003
7 | Murphy, Pipitea, and Molesworth Strects . 41 0-03 0-07
8 | Tinakori Road, Hobson Street, and F1t7herbe1t Terrace .. 34 0-02 0-01
9 | Tinakori Road, Hawkestone, Molesworth and May Streets 47 0-10 0-01
10 | Bolton Street, Wellington Tenace and Aurora Terrace .. 51 019 0-04
11 | Thompson, Nalrn and Webb Streets .. o 45 0-05 0-01
12 | Thorndon Quay, Mulgrave Muturoa, and Dav1s %reets .. 60 006 0-08
13 | Sydney Street and Hill Street Circuit . .. 84 0-03 0-01
14 | Ballance, Featherston, and Taylor Streets Cireuit o 36 0-09 0-05
15 Lambton Quay, Bunny, and Ballance Streets Circuit .. 42 001 0-04
16 | Grey, Customhouse Streets, and Lambton Quay Circuit .. 30 0-02 0-04
17 | Mowbray, Bowen, Bolton Streets, and Wellington Terrace 15 0-04 000
18 | Sydney and Bowen Streets Clrcult .. .. 35 012 0-01
19 | Bouleott, Willis, Dixon Streets, and Wellington Terrace .. 68 0-10 0-00
20 | Woodward and Bowen S‘rreo‘rs Wellington Terrace, and 49 0-00 0-02
Lambton Quay
21 | Manners, Cuba, Dixon, and Willis Streets Circuit .. 38 0-02 0-05
22 | Farish, Manners, and Old Customhouse Streets . 19 0-00 0-04
23 | Clyde Quay and Oriental Bay Circuit . . . 102 0-01 0-24
24 | Roxburgh Street Circuit . . . 44 0-03 0-14
25 | Taranaki, Buckle Streets, Banks Termce, Howard and 93 013 . 012
Wallace Streets
26 | Thompson, Webb, Taranaki, and Hankey Streets .. 68 0-15 0-22
27 | Wright, Hargreaves, Wallace Streets, and New Road .. 51 0-01 0-09
28 ! Howard, Crawford, New Road, and Wallace Streets .. 36 0-07 013
29 | Hall and Revans Streets and Adelaide Road .. 45 i 005 0-01
30 | Crawford, John, Drummond Streets, and Adelaide Road 33 003 0-02
31 Adelaide Road, Stokes, Rintoul, and Hall Streets .. 58 0-08 0-03
32 | Riddiford, Russell, Waripori, and Rintoul Streets .. 92 0:02 010
33 ! Stokes, Rintoul, Luxford Streets, and Adelaide Road .. 84 I 006 0-05
34 | Hill, Molesworth, Hawkestone Streets, and Tinakori Road 68 © 010 0-12
35 ' Wellington Terrace, Woodward Street, Lambton Quay, 94 0-01 0-04
Willis, and Bouleott Streets Circuit |
Totals .. .. .. . .. | 23m. 2¢h.| 194 2:350

For thirty-five circuits the average is—Length, 52:6 chains. Errors—N. and 8., 0-055 ; E. and W,,
0-067 = per mile, N. and 8. 0-084, and E. and W. 0-102; and the largest errors, 0-19 N. and 8. in
51 chains, and 0-31 E. and W. in 80 chains,

4—C. 1a.
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APPENDIX V.

A TRID ACROSS THE TARARUA RANGES FROM GREYTOWN TO OTAKI.
[By H. E. GirprLesToNg, F.R.G.8., District Surveyor.]

(Note.—For a description of the routes over the Tararua Range from Levin and Masterton (Mount Holdsworth),
. with map, sec Appendix VII, Report of Department of Lands and Survey, 1910-11, p. 35.)

ArreENTION s drawn to the Tararua Ranges from time to time by accounts in the newspapers of
different parties which have succeeded in crossing over the Mount Hector Track. Owing to the
absence of information, and particularly of a good map of the locality, few people realize that
within casy distance of Wellington there is an outing which should become one of their most
popular holiday trips. Mount Hector is particularly interesting to Wellington people, as this
is the peak that stands out so clearly, snow-clad on fine winter days, away up at the head of the
Hutt Valley.

The track committee on the Wairarapa side has been working stcadily for some time past,
and a good pack-track has been cut through the bush right on to the open tops, while huts are
in course of crection, which should simplify the journey cousiderably. It is possible to make the
trip from Greytown to Otaki in two days, providing the weather is clear along the main range,
but to do so it is necessary to push ahead all the time, and half the pleasure of the outing is lost.
To avoid disappoiutmment it is well to have a few extra days in hand—there ave some lovely
spots to cxplore——aud if the mist comes on when you have reached the high camps you are pre-
pared to wait for the opportunity to push ahead, instead of having to return disgusted. The
bush portion of the journey can be traversed at any time, but it is absolutely rnecessary to have
clear weather along the tops in order to follow the main range. In this respect the Tararuas
are rather unkind, as the north-westerly wind, which is the prevailing one, almost invariably
brings up the mist. Numbers of people have got up as far as the bush-line and then had to
return owing to the mist and because their time was limited.

I had made two previous attempts last vear when the weather compelled a return, so this
Faster T set out with two companions, havmg a longer time at my disposal, and was fortunate
cnough to get almost ideal weather after the first day. I carried a camera and barometer, and
made notes on my way through with a view to making a map of the route, and herewith give
the following account of our experiences, which should serve as a guide to future climbers : —

We left Wellington by the 4.25 p.m. train on the Thursday, having with us an alpine tent,
sleeping-bags, change of clothes, oilskin cape, ‘‘tucker,”” an alpine cooker, and a slasher. In
order to lighten our load we travelled up in walking-costume of heavy boots, putties, short
pants, grev-flannel shivt, and light coat, and caused a good deal of amusemnent as we marched
down to Lambton Station.

We arrived at Woodside about 8.15, adjusted our swags, and sct out for Basset’s hut. Most
parties prefer to go on to Greytown by train and drive out to Basset’s hut early next morning,
but as it was a clear moonlight night, and we had been over the route before, we decided to push
on that night.

Leaving the station we walked along the railway-line for a few chains till we struck the
Waiohine Valley Road, turned to the left, and then a few chains favther on took the right-hand
turning, pﬂsscd t}m)u;,h a gate, and saw two roads ahead. The one continuing straight ahead
runs to a settler’s homestead, but the one veering to the left is our route. This road runs along
a stouy flat, up a short rvise, through a gate, along another flat past Jackson’s homestead on the
left, down a terrace with the Waiohine River roaring alongside, and through a gate on to a low
grass Hat. After proceeding along this flat for a few chains a small stream is met with, and
Basset’s hut is discerned on the left about 4 chains from the road.

We could not help comparing our journey up in the bright moonlight with a former attempt
in the dark, when we serambled along nearly losing one another, almost tumbled into the Waiohine
River, passed Basset’s hut, and then came back and struck matches for ten minutes before we
located it.

We took fifty minutes to come from the station, and as we neared the hut noticed two horses
feeding in boxes, and approached with some misgivings as to its being occupied. We had our
tent, but as it was now after 9 p.m. we hoped to be saved the necessity of pitching. Pushing
open the door, a pile of pack-saddles, stores, and other gear denoted that the track packers
were making use of it, though probably they had gone out for the holidays.

We soon made ourselves at home, and, gdhng out the alpine cooker, had tea on in a few
minutes. This cooker is worthy of a passing deseription. It consists of a §H1<L11 flat lamp burning
methylated spirvits, a wind-seveen, two pots, a frying-pan which can be used as a lid to the pots,
and a detachable handle that fits everything, the whole outfit bemg made of aluminium, and
fitling togcther into a very compact light parcel. These arve in use in the Mount Cook dlstl ict,
and can be obtained from A. and W. McCarthy, of Dunedin.

Where wood is plentiful down in the low camps the value of this cooker is not very apparent,
but away up along the hlg_,h tops it is delightful to be able to squat down alongside one of the
many beautiful tarns and boil the billy or have some soup without the necessity of scouring the
range for firewood.

We turned in hoping for a nice fine morning, but during the night the wind arose and the
rain came on, necessitating a rearrangement of positions owing to a ]101e in the corner of the roof

Friday turned out a miserable day—a howling gale with rai
we were,  We added to the larder by gathering mushrooms, and lkept oursdve amused by plnylng
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guoits with some old maul-rings which we found in the whare, and also having an eel-hunt in
the adjoining stream, with fisherman’s luck.

At midday two men landed up in a gig, and we found them to be stalkers who were going
over to try their luck in the Tauherenikau Valley, which was being opened for the first time.
They decided to stay the night as the weather was still bad, and we had some very interesting
accounts of deer-stalking adventures in different parts of the Wairarapa around the fire that
evening.

Sagturday morning found the sun shining brightly with the clouds lifting off the ranges, and
our spirits rose accordingly. It did not take us long to have a dip in the stream, get breakfast
over, and fix up our swags. The deer-stalkers were packing their gear on the horses, so leaving
them to go up the road and follow the horse-track, we cut across the corner and made for the
steep zigzag which showed up on the spur above us. This steep pinch is a real good pipe-opener,
and on reaching the top we were glad of a spell to get our second wind. The barometer showed
a rise of 890 ft. from the hut. Here we got the first view of the Wairarapa plains which was
beginning to spread out below us. Ahead of us the track rose much more easily, and our next
spell on the edge of the green bush showed 600 ft. rise and one hour’s journey from the hut.
Looking to the north the Waiohine River shone like a streak of silver in the sunlight with Mount
Holdsworth as a background, below which the saddle, where the mountain-house is located, showed
out very clearly. Away to the west Mount Reeves stood out as a bare brown patch amongst the
surrounding green. The back ranges were becoming clearer, and our spirits rose as the mist
floated away from each peak. The track is well cut through the bush, and, being along the top
of tho ridge, is fairly dry and good walking. The bush is principally birveh, and this accounts
for the absence of bird-life, a stray fantail or a tomtit being all that we saw.

After a stretch of half an hour’s bush travelling we came out suddenly on to a small open
rocky knob, 2,210 ft. altitude, or 350 ft. above the edge of the bush, where a good view was
obtained of the ridge ahead. Another half an hour’s bush track brought us to another rocky
knob in the open, where our deer-stalking friends caught up and passed us with their horses;
altitude, 2,485 ft. The ridge ahead for some distance is open and runs out level, and this was
very much welcomed after our long climb from the Waichine River. Just where the track takes
to the bush again there is an old camp, where water is within easy rcach down to the right.

Another twenty minutes up a steeper grade and we had reached Mount Reeves, altitude
2,949 ft., after two hours and fifty minutes’ journey from the hut. Here we had.a good spell,
and made a start on the prunes and chocolate, which we had kept in a handy position. Mount
Reeves commands a splendid view of the Wairarapa, from Rangitumau Hill above Masterton right
down to Palliser Bay. The different towns are casily picked up, and the topography of the
district shows up like a map. Our interest was more centred on the country towards Mount
Hector. Away down below us we got a glimpse of the Tauherenikau River, and beyond it
could identify the ridge up which the track goes over Bull Mound and on to Omega and Alpha,
besides the main range to Hector.

On our last trip we got no farther than the Tauherenikau River, and the weather was so
thick the whole time that we did not even get one glimpse of the country.

It looked a tremendous drop down into the Tauherenikau, and it is rather disheartening
to think that after climbing up to Mount Reeves from the Waiohine the same thing has to be done
over again from the Tauherenikau to Omega. There is a good leading ridge from Mount Reeves
to Mount Hector over Cone Trig., which would have avoided the big drop into the Tauherenikau,
but the track committee reckoned that the ridge was too rough for a horse-track. However, it
would not take much to cut a walking-track along it, and it would be a good dry route for foot
traffic only, whereas the horse-track is always bound to be a bit muddy.

There is a long burnt spur running out from Mount Reeves in the direction of the Tauhere-
nikau, and it is the intention of the committee to use this spur for the horse-track, as it is much
more direct than the present route. The spurs running in several directions from Mount Reeves
are rather confusing in a fog, and notice should be taken of the tin direction-pointers.

Continuing our journey we followed the ridge along a fairly level grade for about twenty
minutes, and then worked awuy to the left and started the long drop, as we thought, to the river.
After a short down grade the track ran out level, and then up slightly on to a knob, then down
again, another piece of level going, and up slightly on to another knob. We knew we had a
big drop in front of us, but still the traclk kept out level until finally we reached what seemed
to be the end of the spur, with a big drop ahead. I read the barometer, and working it out .
later found that this drop was 1,320 ft.

Down we went, and the lower we got the muddier we found the track. Pack-horses do not
take long to churn up the ground on these steep portions, coming down with all feet together,
sliding half the time. : ’

We slid about just as much as the horses, with our swags on our backs upsetting our halaunce.
At last we heard the sound of the river, and, crossing a small creek, came out on to Mr. Work-
mann’s camp on the Tauherenikau River bed. Whilst we boiled the billy Mr. Workmann, who
is doing contract work for the committee, gave us a short deseription of the track ahead. He
mentioned that the track was to be deviated and brought direct from Mount Reeves to the Tau-
herenikau River, meeting it just where the spur across the river leads up to Omega. A hub was
being erected up under Alpha, and another one was to be built in the Tauherenikau. This
should be a favourite spot in time to come, as here the river rushes down between shinglc-beds
and srpall clearings, with steep bush-clad spurs towering up on hoth sides, and altogether
charming spot. '

Wq sat in the sun smoking and having a real gO(_)d spell, enjoying the surroundings and the
varn with Mr. Workmann—but not the sandflies—until we realized that we still had sone distance
to go and time was getting along.

is a
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It had taken us just an hour to come from Reeves, and in that time we had lost 1,830 ft.
of our morning’s climb, so we knew we had a good pull ahead to make up. Saying goodbye to
our deer-stalking friends, who were camping close by, we shouldered our swags and were once
wore on the trail. We weiit down the river-bank for about 20 chains, first through a small grass
clearing and then through the bush track, and then came out on the river-bed.

Several partics have had some trouble picking up the track aliead at this point, but we were
well inlormed, and fnmediately on striking the river-bed we kept our eyes open for sigus on
the other side.  We soon lucated an opening in the birch-trees, with a small notice tacked up to
an adjoining tree. The river was too deep to cross dry-footed, so one of our party took off his
boots and carvied il others ancross.  This looked so comical that the caumera fiend took a vecord.

Starting up the other side we found that all reports about the track were true. It was a
stiff pull and no mistake, and to make things worse, the recent packing had made the track
muddy. Our boots beecame clogged and made the going very heavy. Up we went with numerous
spells, ovcasionally glancing at the barometer to see how we were faring. At last, at an altitude
of 3,320 ft., or 2,200 ft. above the Tauherenikau, we came out on to an open rocky knob, where
we were able to enjoy a good view after an hour and three-quarters climb. The peep down
the Tauherenikau was particularly fine. Mount Reeves stood out plainly on the other side,
and we had the satisfaction of knowing .that we had more than caught up what we had lost in
hieight before Tunch.  The much-discussed Cone Ridge stood out right in front of us, with Mount
Holdsworth away beyond.

Our swags were heginning to feel heavy, but the barometer gave us a good deal of hope by
showing us that Omega was only about 350 ft. above us. The back ranges were wonderfully
clear, and we only hoped that we would get such another day on the morrow.

Pushing onward again, we climbed up a steep pinch and came out on to the flat swampy
top known as Bull Mound. Here the horse-track turns down to the left to avoid the bog. We
had been advised to keep along the open top and pick up the track again farther on, as it was
better walkiug.  Peeping out amongst the bog we saw the tivst of the pretty gentian mountain-
Howers which ave so voticeable along the Hector Ridge. 'The top is fairly clear, with a few small
patches of scrub, and when we came to a harder surface we picked up the horse-track again,
and soon the swell of burnt birch denoted a camp-site somewhere in the vicinity. Sure enough,
in a little cosy corner, we struck the tent belonging to the men who were erecting the hut under
Alpha.  We debated whether to boil the billy here, but the afternoon was drawing on and we
still had some distanee to go.  However, we had some chocolate and biseuits, and shouldered our
swags again, :

The ridge rises a little, still open along the top to a rocky knoll. We thought at first that
this was Omega Trig., but decided afterwards that Omega was the serubby knob a little distance
ahead, which appeared a little higher in altitude. After leaving the rocky knoll the track makes
over to the right of the spur, cuts into the serub, and drops down into a well-defined saddle
350 ft. below in the direction of Alpha.

We were now on the main range, as the summit runs from Rimutaka over Mount Marchant
to Omega, and then takes a big bend to the west to Alpha and on to Mount Hector. From the
saddle there 1s a sharp rise np a zigzag, which the men who were making the track named
““Hell’s Gates.””  We were getting tirved, and did not wonder at the name after we had climbed
the 595 ft. to the top. Down the other side the grade is much easier, and we could see Alpha
standing out ahead of us, with our proposed camping-place inside the edge of the bush below.
The sight of the end of our loug day’s journey cheered us up, and we commenced to step it out,
singing at the tops of our voices, when we suddenly ran into the hut-builders returning to their
camp under Omegu, and we shut up like rat-traps. We had a yarn with them, and then dropped
gradually down to a flat saddle 365 ft. lower than the knob we had just passed over, and then
started an easy climb towards Alpha. A short distance ahead chips on the track denoted the
site of the hut, which was only just commenced, and five minutes later we came to an open space
in the scrubby bush, where a couple of old tent-poles and the charred logs of an old fire told us
that we Lad at last reached our camping-spot.

It had taken us three hours and fifty minutes from the Tauherenikau River.
6 o’clock, with the atmospliere almost down to freezing, betokening with the cle
Whilst t’\vo of the party pitched the tent, the other went for water. The best place is about three
minutes’ walk up the track, just outside the bush on the right. There is a small watercourse
which appears dry, but a search discovers a little pool under an overhanging flax-bush. It did
not take us long to get the tent pitched, as it was slung on a rope, but it was nearly dark by
the time we had cut the scrub for the bunk.

The beauty of the alpine cooker now usserted itself, for we tied the tent-door, sat on our
swags, and had a three-course dinner in no time. It also warmed up the tent and made things
I\;_ell'y cmxifm.'_tublc.. /}[tel we had .i_'h}ished te.a we lit our pipes and strolled around in the moon-

ght gathering odd bits of dead timber. _After a good deal of coaxing we managed to get a fire
going, and sat toasting our toes and yarning over the day’s journey.
1ightillt)gw£; :h]clr;l(:]f%rl)iht“ltillllts]iﬂ)es,t 1)&1trix;)er|\' (;}1311?7; \\;Vot a 'clmul' in the sky, and o full moon
about five hours 'l‘lhe(nI the cold q\x;lx{i;éiledus *e wnd ol e " ly and slept soundly for
about awa us, and each one tried to persuade the others to get
up and replenish the fire.  As the man that got up stood a good chance of losing his blankets, no
move was made.
. “Lﬁ\fet(;lo;??e&fifm?nd ﬁ)(r)ll‘tr}t]terllntegvals until daylight, ’\.vhen a puff of wind on the tent brought
§ @ ention, y breeze—this meant mist on the ranges. We rose and had a

look around. Northerly breeze all right, with mist creeping throuch the 1 j 3
Mount Holdsworth : we mnust be away at once. g 8 ¢ range Just south of

It was just
ar sky a frosty night.
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We watched the sun rise over the Maungarakis, away on the far side of the Wairarapa
Hats, and kept an anxious eye on Mount Hector for signs of mist whilst we were cooking breakfast.
We soon packed up our gear, and shortly after 8 a.m. were on our way to Alpha. It was a
glorious morning; the ground was hard with frost, and the atmosphere was most cxhilarating.

A few minutes brought us to the edge of the bush, and it was most interesting to notice how
the limbs of the stunted birch-trees were clothed with moss right to the very tips. Long icicles
hung down from a damp bank, and the snow-grass glistened in the sunlight as if covered with
diamonds.

In half an hour we were on the suwnnit of Alpha, 720 ft. above our camp, and stopped to
admire the most beautiful panoramas spread out before us. All the principal features of the
Wairarapa were spread out like a map, with the sea showing up away in the distance. Welling-
“ton appearcd no distance away looking right down the Hutt Valley. Kapiti Island stood out
in bold relief, with the South Island beyond. The coast-line irom Otaki north could be easily
discerned curving around and disappearing in the distance towards Wanganui. It was too
hazy to the north to discern Mount Egmont or Mount Ruapehu, although the main range as
far as Mount Duudas stood out very clearly in the morning light. Looking to the south the
main spur leading down over Quoin to the Otaki Forks showed out very distinetly, and one of
our party, who had made the trip from Kaitoke the previous year, was able to point out the route
he had followed on that occasion.

We could have spent some time drinking in the view, but all the time we were watching
Mount Hector with anxious eyes. Leaving Alpha we dropped 360 ft. to a saddle, and on the
way down cale across the first patches of the interesting edelweiss which is so much beloved
by alpine climbers. The botanist is in his glory rambling along the mountain-tops, as every
step brings into view some interesting alpine growth.

A little farther ahead we came to the first of the tarns which are such a feature along the
top of the Tararuas. A steady climb ahead for some time and a turn to the west brought us
to a prominent knob, from which a long high ridge branches off towards Renata and Kapa-
kapanui, one hour and twenty-five minutes’ journey ifrom camp. This knob is 40 ft. higher
than Alpha, but so far is not nmamed. The ridge ahead veers around sharply to the north,
forming an easy-sloping semicireular curve, which has the appearance of a large dress-circle.

Mist was now beginning. to collect around the top of Hector, so we plugged steadily ahead
through the snow-grass, passed over u small knob, and dropped slightly to a saddle 700 ft. lower
than Hector. We brought out the emergency rations of prunes and chocolate, and each keeping a
prunc-stene in his mouth to suck, we made up a narrow ridge to another prominent knob, where
we found ourselves in the mist. TFrom this point a long spur runs out in a south-easterly direc-
tion into the head of the Taulcrenikau River, and is one of the places where a party coming from
Hector to Alpha would be likely to g wrong in a mist. The other place is the ridge leading to
Renata, where there is also a change in the general direction of the main ridge, with a long spur
running out. We could follow the main ridge without much difficulty, as we were rising all
the time. '

The track committee intend at some future date to pare a line through the tussocks over these
knobs to act as « guide; and this should be most useful to any parties caught in the mist on the
way along the ridge. '

The barometer showed we were not far below Hector, and by and by a round knob loomed
up through the mist like a gigantic beehive. We scrambled up, thinking we had reached Hector,
but discovered no cairn, so we dropped down the other side and saw another beehive ahead ;
scrambled up this to find we were again disappointed, and immediately ahead we scaled a third
beehive. This was getting monotonous, so we looked at the barometer and discovered we still
had about 150ft. to ascend. Iinally, we saw a bigger mound ahead showing dimly through
the mist, and a few minutes later reached the cairn—three hours’ tramp from our camp,

We could not see more than a few chains ahead, so only stopped long enough to put our
names on a piecc of paper and insert it in a bottle which contained many others.

A 1ift in the mist showed us a tarn in a basin to the north, so we descended and found the
tarn was really a spring situated in a basin alongside a prominent rock. The alpine cooker
soon had some tomato-soup and fried whitebait ready, and we sat down to enjoy our lunch.
We were just about on the lower level of the mist, and as we were having our meal it kept lifting
up and down like a curtain, giving us most charning views of the main range north, with Mount
Holdsworth, Mitre Peak, Mount Dundas, and Mount Crawford showing out m()l'e’prominently
amongst a mass of broken ridges. The mist still covered the top of Hector, and seemed to keelp
to the basin at the head of the streams running down into the Waiotauru River,

. We had a good spell, enjoying our smoke, spread out on the snow-grass in the sunshine.
This would be a g‘lO]"lOU.S spot for a hut, though the absence of firewood would necessitate parties
bringing a cooker of some description.

There is another tarn on the south side of Hector, to the east of the ridge ‘before the first
beehive from Hector is reached, which we passed in the mist, where several parties have camped
and put the night in on their journey through. Our spring is 500 ft. below Hector aln?ost
directly north, a little higher than the saddle between it and the west peak, and a bit to the
There are also other tarns quite handy to the ridge just below the saddle on each side.

As we .pgcked up our th‘i.ng's again after lunch the mist lifted, and we could see the west
peak standing out abead. Sidling round to the saddle 535 ft. below Hector we
west peak, and found that it was only 155 ft. lower than the trig. ’

For some distance ahead the I'idge,.whioh is still the main Tararua Range, widens out,
dropping suddenly on the west and running out in easy basins on the east, with a succession of
tarns nestling amongst the snow-grass. We thoroughly enjoyed this part of the journey, rambling

right.

ascended the
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along in the sunshine admiring the beautiful gentians which were growing everywhere in great
profusion, and locating the different peuks along the ranges on either side.

Coming to the end of the easy country, we conld see Deunan away Dbelow, with Tabletop
just ahead lLiding the ridge down to the Otaki Forks. Before we commenced the steep descent
we made a detour up to a knob on the right to get a view of the main range north, which we
leave behind here after following it from Owega. A glovious view up the Otaki River rewarded
us, and also a very interesting one along the range itself. It was vather unfortunate that a
fogged plate spoilt the photo taken from this point, as it was a very interesting one from a
topographical point of view. The barometer height, 4,700 ft., coincided with a former reading
recorded.

Coming down from Heector in thick weather it would be rather difficult to keep to the ridge
leading down to Dennan, as it drops fairly steeply ahead, and other spurs run out north towards
the Otaki River. All the way down we passed through a regular garden of gentians, and col
lected o small bunch, which we photographed on the spot.

There is a saddle, 3,860 1t. altitude, a drop of 84U ft. from the last knob just before
Dennan is reached, and ]ILIl a short rive of 150 ft. to the trig.—two hours fifteen minutes’ easy
going from Hector. This climb over the trig. can be dodged by scrambling round the side, but
nothing much is guined, as the scrub is fairly thick.

On I)unn(m there i o small eatrn of stones, and a board with “ Mt. Crawford”’
carved in large letters thereon. 'This is an crror, as Mount Crawford is a much higher peak
away to the north on the main range. ‘

The sun by this time was well over to the west, and lit up the Otaki River and the sea-coast
in a charming manner. From Dennan a long spur runs down towards the Waiotauru River
to the left, which would have to be borne in mind in thick weather. Our route lay in the direc-
tion of the Forks, down a short steep ridge to an easy flat-topped one covered with beds of astelia,
mutton-bird scrub, and snow-grass about the height of the knees. There is an old camping-spot
here, with water a short distance to the left, which would make a good site for a whare.

We met with a couple of Wellington boys who had camped on the edge of the bush below
Tabletop the previous evening, and were having a ramble up. the ridge. Tabletop is a short
rise ahead, 3,450 ft. altitude, and about thirty minutes’ journey from Dennan. From here the
bush ridge leading down to the Forks shows out very plainly. A drop of 290 ft. through thick
serub, where a narrow worn track makes the going much casier, brought us to the end of the
bush ten minutes later. There is a good track cut through the bush right down to the Forks.
The ridge drops steadily, barring a couple of short rises up to small knobs, stunted trees give
way to taller trees, the moss-covered trunks and banks of kidney-ferns are left behind, mixed
timber is met with, and after fifty minutes’ steady travelling an old camp-site is reached, where
a sign-board indicates water in a handy position. A barometer reading showed that we had
dropped 1,480 ft. from the edge of the bush. '

The afternocon was drawing on, so after a short spell we continued on down through bush
country for some distance, passed an old bushfelling camp, and came suddenly out on to a new
burn. The country to the left has been felled, and we scrambled over tree-trunks in and out
amongst the stumps until we came out on to older-grassed land, and saw the Forks about a mile
below. We kept to the spur for some distance, and then made over to the left towards the
Walotauru River, which we reached after one hour fifty minutes’ journey from the edge of the
bush below Tabletop, and four hours and a-half from Hector.

We forded the river, and selected a camp-site just above a deep pool on the bauk on the other
side. In half an hour we had enjoyed a swim, pitched camp, and were sitting in front of a good
fire watching the tea cooking. Our provisions had lasted out well, so we were able to enjoy a
really good meal. Compared to our bivouac camp under Alpha the previous evening, this camp
was 1uxuly, and we sat before the fire toasting our toes and yarning about the day’s experiences
until well into the nlght

We had an easy journey to Otaki for the Monday, so took things very easily. After a fine
swim and breakfast we sat in the sun for some time on the river-bank, and did not make a start
until 10.40 a.m. The weather still continued fine, and we congratulated ourselves on our good
fortune. From our camp-site we made straight up on to the good metalled dray-road which leads
to Otaki. Therc is some very pretty bush scenery just before the junction of the Waiotauru and
the Otaki is reached, which justified the camera being brought into play. Right in the corner,
between the rivers, is the site of Judd’s hut, known to former climbers, but recently a new
building has been erected. A suspension bndgu crosses the Waiotauru River immediately above.

VVb read the barometer on the road above the junction, making it 370 ft. altitude; and
saying goodbye to the ranges we started out along the metalled road for Otaki at 11.10 a.m.
We were feeling in splendid trim, and stepped it out gaily, admiring the many charming peeps
of the Otaki Gorge on our way along. We reached the Waihoanga Bridge in an hour and a
half, and boiled the billy for lunch.

The dray-road to Otaki keeps to the left of the river until the railway is reached, and does
not cross the river until a short distance from the station. We intended to go via the Walhoanga
Road, the other side of the river, which is only a horse-track for half of the distance, but is much
shorter.

After lunch we crossed the bridge, turned to the left, and followed a dray-road for a short
distance, leaving it where it turned sharply up a rise to the right. We passed through a gate
straight aliead, and skirted round under a terrace and down to the edge of the river-bed, follow-
ing the horse-track. Then we rose up the side of a steep bluff through pretty bits of scenery,
.md down again to a flat where the horse-track merges into a good metalled road.

As we passed a wool-shed we saw a settler busy with sheep Noticing our swags he guessed
that we had come over the ranges, and when he found that his surmise was correct he asked us
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into his residence and treated us most hospitably. We bade him adieu, and, cutting out the
remainder of the distance in good time, arrived at the Otaki Station in one hour thirty-five
minutes’ walking from the Walhoanga Bridge. We had a wash and a’ change, and caught the
5 p.m. train for Wellington, thoroughly satisfied with our Easter holiday trip.

Carrying a swag right through might seem rather a strenuous task for many, but we were
in good form and used To the game. A much easier way would be to drive out from Greytown
to Basset’s but, arrange for a pack-horse to carry swags to Alpha, walk along the ridge and down
to the Forks. and lmv( a trap ready there to drive to Otaki. IHowever, the weather-conditions
have a good deal to do with the trip, and might prevent any definite arrangements being carried
out. The best plan is to camp high up and be prepared to wait for the right weather for the
trip along the range.  Hall the lwauty of the outing lies in the glorious views obtained.
Nothing i to he ga‘in‘ou by trying to push through in the mist, and the party stands a good
chance of being lost on the way.

It took us about five hours to go from Alpha to Dennan, so there is some chance of parties
being overtaken by mist on their way through. In such cases lines pared through the tussock
over knobs where blind spurs run out would be of great assistance. Later on, when all the huts
are erected, the route should become well known to Wellington people.

Ag the crow flies, the distance from Greytown to Otaki Station 1s about twenty-three miles;
Greytown to Woodside is three miles; Woodside to Basset’s, two miles and a half; from Basset’s
hut to the Otaki Forks is about twenty miles by the track; Otaki Forks to Otaki Station, twelve
nmiles by Hautere Road and about ten by the Waihoanga Road.

Distances in rough country are very deceiving, and a much better indication is given by
the times taken. The following is a list of the times taken by our party between the main
points, remembering that we swagged everything right through: Woodside to Basset’s, b0
minutes; Bassct’s to Mount Reeves, 2 hours 50 minutes; Mount Reeves to Tauherenikau River,
1 hour; Tauherenikau to Omega, 2 hours 15 minutes; Omega to camp near Alpha, 1 hour
35 minutes; camp to Alpha Trig., 30 minates; Alpha to Mount Hector, 2 hours 30 minutes;
Mount Hector to Dennan, 2 hours; Dennan to cdge of bush, 40 minutes; bush to Waiotauru
River, 1 hour 50 minutes; Forks to Waihoanga Bridge, 1 hour 30 minutes; bridge to Otaki
Station, 1 hour 35 minutes : total, 19 hours B minutes.

There is a splendid paper on the botany of the Tararuas, which also deseribes the route
from Kaitoke, by Mr. B. C. Aston, F.I.C., ¥.G.8., which is to be found in the “ Transactions
of the New Zealand Institute,”’ Vol. xlii, 1909.

APPENDIX VI.

EIGHT-INCH TRANSIT THEODOLITE.

Mr. H. E. GirpLESTONE, who is using one of the 8 in, transit theodolites by Troughton and Simms,
No. 219, on the new secondary triangulation, has put on record his method of reading the micrometers
to show the error of run and corrections; and also a description of the vertical circle of the instrument
with its reading, setting, and level corrections. These are published here to render them accessible
to other observers and to investigators of the results achieved in this particular triangulation. A
description, with illustrations, is also given of the breakwind which Mr. Girdlestone uses while at work.

WIND-SCREEN USED ON SECONDARY TRIANGULATION.

The following is a description of the wind-screen used in secondary trig. stations in the Wellington
District, photos of which appear in this report. It is simple to erect, light to carry, will stand a good
breeze, and has proved very effective throughout the work. Four bamboo poles are stuck in the
ground. to form a square of 6 ft. sides. The tops are connected with a rope, and then each pole is
s‘rayod out in two directions with ropes attached with rings to iron spikes driven in the ground. Four
other bamboo poles are lashed about 44 ft. from the ground around the square. A canvas screen,
4 ft. 6 in. high and 24 ft. long, is put round the poles and drawn taut by short ropes running through
evelet-holes at intervals around the top and bottom.  Above the canvas the calico blinds are tied to
the uprights, the bottom of the blinds being just below the top of the canvas. These blinds run on
cords top and bhottom, six separate pieces pinned together with safety-pins forming one side. The top
piece is a calico square fastened in the centre to a rope running diagonally across between the top of the
uprights, and the corners tied down just below the tops of the blinds. In breezy weather the top
piece can also be pinned at intervals to the blinds.

In observing, the blinds are left unpinned in the directions of the surrounding stations, and are
drawn apart whilst sighting, and immediately closed again when the object has been intersected. When
the wind and sun are from the same direction only two of the blinds will be required.

Most of the signals are of wood, bolted down to four posts. These nuts can be unscrewed, and the
signal is not too heavy to shift temporauly aside. This enables the wind-sereen to be properly erected,
when the light for reading is then much better than under the wooden tripods, and there 13 more room
to work. Some of the signals are permanently fixed, and in these cases the canvas and blinds are
adjusted to fit round the struts.

As only one observer is doing the work ineach? district, the signal being moved aside
does not interfere with the work.

When the wind is fairly strong extra bamboo poles can be placed at mid-distance between the
uprights and stayed out. Tt is really surprising what the screen will stand, seeing that it is such an
apparently light construction.
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CorrecTION TOR RUNS oF MICROMETERS, 8 IN. TRANSIT THEODOLITE.

In observing for secondary triangulation purposes with the 8 in. micrometer theodolite I have been
recording the reading of the parallel wires of the micrometer on both back and forward divisions on
the horizontal plate. At the end of each’set}] -have shown the mean runs of each micrometer for the
period of observation. These means will vary from time to time according to the changes in tempera-
ture. At the preserit time the error of the B micrometer is about 1 second, and the A micrometer
about 2 scconds, the mean being 1+5 seconds. The greatest correction for runs will be half the total
error, so that at the present time the correction wou Id be about 0-75 second.

Although the &in. theodolite is divided to seconds on the micrometer screw-head, it is
difficult to guarantee any single reading to 1 second, so that the correction for run would be
beyond the powers of the ingtrument. Ry showing the mean runs for each period of observation it
can be seen at a glance whether the micrometers are in good adjustment. As long as: the mean error
is less than 2 seconds (giving the greatest correction less than 1 second) I do not think it should be
considered, from a practical point of view.

In case the increase in the mean error of the runs makes it necessary to apply a correction, I here-
with give my method of rcading, with examples of the application of the correction.

The horizontal plate of the 8 in. theodolite is graduated to 5-minute intervals; the comb in the
micrometer gives the extra minutes, and the graduated screw-head the seconds. The micrometers
are placed opposite one another at right angles to the telescope, and there is an extra microscope for
reading the degrees and minutes, placed close to one side of the telescope. As the microscopes reverse
the ficld of view the degree-figures on. the plate and division-lines are engraved upside down, so that
on looking through they are scen right side up, the numbers increasing from left to right. - In reading
the comb of the micrometers the nunmiber of notches between the zero-line and the first division on the
plate to the left indicate the number of minutes by which the zero-line has passed, providing that the
mstrument is in adjustment. By turning the graduated screw-head of the micrometer to give an
mercasing reading, the parallel wires travel from right to left. In observing it has been my practice
to briug “the par allel wires beyond the division-mark to the right, come care{ully back and intersect,
noto the seconds, then screw on in the same divection until the left-hand division is intersected, and
again note the seconds. Both readings are thus taken with the parallel wires working from right to
left.

When T first began observing with this instrument I called the first reading the *“ back ” reading
and the second one the *“ forward.” This is an error, as, owing to the microscopes reversing the field
of view, the numbers on the plate increase from left to right, so that the left-hand division should be
called the “ back reading. However, in order to keep the work i in the field-book consistent I am still
recording as I commenced. The corrections will therefore require a little alteration from the usual
rule. In all my observations b refers to the right-hand reading, and f to the left.

Example I. (See Diagram.)
Zero-line coming midway between the divisions on the plate.

Let b read .. .. .. .. .. 360° 02" 30"
and f read .. . . . . 28
rey ——
' Error in run . -2

Here the actual reading of the interval, instead, of being ﬁve complete turns, is 2 seconds short.

As the zero-line is midway between the divisions the correction to each reading will be the same
—that 19, half the total run. To increase the interval reading, the corrections will be + 1” to the for-
ward figures and — 1” to the back figures (since it is working opposite to the way the divisions on the
screw-head are numbered).

Corrected reading = 360° 02" 29", which is equal to the mean readin 545 360° 02’ 29",
q g ~o

b rosds 260 0F 30

£ 28
ettt e,
Meon $gp o2 29

258 -~wuiwmaly

R, §
Zzero NS

b resds. 350 00 04-
£ . G2

Mean deo: o 03

Grodusled Screve-bhesd
af Miaromeler:

—t
Zero ...l
[N |

Comb

ragds 30 0458
56
Mear, 360 oq 57

DiAGRAMS TO ILLUSTRATE MICROMETER READINGS OF 81N, TRANSIT THRODOLITE,
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Facr RigHT, DEPRESSION. Facr Riaur, ELEVATION,

VerTicAL CIircri oF Micromumrsr THroponite No. 219,

Nore.—In the above diagrams the cirele is shown as fixed in one position, but it can be moved
to any position by unscrewing the clamp and turning the circle by hand.

Example II. (See Diagram.)

Zero-line almost coinciding with the left division-mark.

Let b read .. .. .. .. .. 360° 00’ 04"
and f read .. . . KR . 02
Error in run. . .. — 2

Here the whole run must be applied to the b reading. The interval is again 2 seconds short
of five complete turns, and must be inereased, giving a correction g —2 to the b reading (since
it is read backwards against the screw-head numbering).

Corrected figures : b = 360° 00’ 04" — 2" = 360° 00" 02"
f = 02 —0 =360 00 02.

Correction to the mean reading b_-;—_f would be half the total run : 360° 00" 03" — 1" = 360° 00’ 02",

Example III. (See Diagram.)
Zero-line almost coinciding with the right-hand division-mark.

Let b read .. .. .. .. .. 360° 04’ 58"
and f read .. . . . .. 56"
Error in run .. .. .. — 9"

Again the interval reading is short of the five complete turns, but this time the whole run has to be
applied to the f reading.

A plus correction to the actual figures will increase the interval reading :—

Corrected readings: b = 360° 04" 58" 4 0" = 360° 04’ 58"

f= 56 +2 = 58.

The correction to mean reading * T/ will be 17 360° 04’ 57" 4- 1 = 360° 04’ 58".
b+f
run vary from 0, when the zero-line of the micrometer is midway between the division-marks (3.6., at

reading 2’ 30”), to half the total run when at extreme ends with opposite signs. Any intermediate
reading can be corrected relative to the zero-line of the micrometer. When f reading is less than b

From the preceding cxamples it will be seen that the corrections to the mean reading for

the correction to l_‘_';f will be minus from 0’ to 2’ 30" and plus from 2’ 30" to 5. When f is more than
b the signs will be reversed.

H—C. 1a.
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To simplify matters the corrections can be put in tabular form.

Example from F.B. 34, p. 19.
Mean error in run for mic. B .

Mean run for mic. A

Sum

Total mean run ..
Extreme correction = half run
This 0-73” is distributed over two and a half revolutions of ‘rhe mwrometer screw-head = 150", since
when the zero-line comes at mid-interval there is O correction.

A change of 0-1” of run-correction is equal to °

T3
Tablg.

fion

Limits for 0-1 Run-
correction.

0" 16-8"
0 373
0 578
1 183
1 388
1 593
2 198

2 300

Run-correction,

correction,

Limits for 0-1 Run-

7
6
_5 4
g
s
o
g
o

4’ 432"
4 227
4 022
3 417
3 212
3 007
2 402

2 300

5{ = 20-5" of the screw-head reading.

Working from 2’ 30", adding and subtracting half 20-5” gives figures 2’ 40-2” and 2’ 19-8”; and
from these figures, adding and subtracting the full 20-5” gives the remainder of the figures for the table,
Since the f readings arve less than the b readings, the sign is 4+ from 2’ 30” to 5’ 00”, and — from

2" 30" to 0",

In using the table it is not necessary to correct every individual reading, but the figures may be
grouped. mto sets of face left and right readings, and the corrections applied to the means.
Taking the first four columns F. B. 34, page 19, and grouping the face left and right readings, gives

the following results :—

i
: : M
Mark, . Face. | Mic. ' . 1. b—fer bef‘;l Run- Corrected
: 5 correction. Means.
Brooklyn L ‘{ K 3607 00 (0); Egg
iI|oB 11| g0
RyA 1| g0
360 00 07-7 07-0 07 7-3 — 07 | 360 00 07-0
5
Wadestown L { K 203 15 2)8 82
B 17 17
R 12 10
203 15 12:0 | 102 1-8 111 —0-7 203 15 104
Belmont . L { j]i 218 20 gg gg
R B 34 34
{ A 30 27
218 30 30-0 28-7 1-3 29-3 — 06 218 30 28-7
B 251 44 30 30
Somes .. L { A 33 31
B 36 35
C I 30 | o1
251 44 322 30-7 15 314 + 06 | 251 44 320
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o trig. Brooklyn the mean bearing is 360° 00’ 07-3". Looking up the table we see that 0’ 07-3"
comes between 0 and 0’ 16-8”, so the run-correction is — 0-7”, giving final mean as 360° 00’ 07-0".
Similarly, to Somes the mean is 251° 44’ 31-4". Looking up the table we see that 4’ 31-4" comes
between 4’ 22-7” and 4’ 43-2", and. the run-correction is -+ 6, giving final mean as 251° 44’ 32:0”.

The run-corrections can thus be made for any position of the zero-line of the micrometer.

VERTICAL ANGLES WITH THE 8 IN. TRANSIT.

The vertical circle of the 8 in. micrometer theodolite which is being used on the secondary-
triangulation work is somewhat different from the usual pattern, and consequently requires different
rules for obtaining vertical angles and applying the level-corrections. The circle is graduated con-
tinuously from 0° to 360°, in the reverse direction to that in which the hands of a clock move. It is
not rigidly attached to the telescopic axis, but can be moved round and clamped in any position,
similarly to the horizontal plate. The level is attached to the micrometers, and is divided continuously
from left to right, from O to 35 divisions. Both level and micrometers are fixed to one of the standards
of the instrument, and there are no clip-screws.

To obtain a vertical angle the following method is adopted, no matter in what position the circle
is clamped : Level the instrument and take face-leit and then face-right readings to the object, booking
both C and D micrometers. Add 180° to the mean of the face-right readings, and take the difference
between this and the mean of the face-left readings. The result “will be double the vertical angle to
the object. If the face-left figures are the greater, then the angle will be an elevation; and if less,
then it will be a depression,

Ewxample I.—Vertical Observations at Kaukou.

Centr e Cent: Ny mmag
Yace. | Mic. | Somes Island Apex. | E, 0. 1‘31-11-_1(;) Ct(;:)rnec- Belmont Apex. E. 0. fi;oc (';gl‘f('
. . . . )
| ‘ ;
‘ ¢ 0°03" 07" | 295 | 60 I776|—14 2°43’ 35" | 300f 60| 180 | —29
D 03 02 i 43 30 :
R i ¢ 185 20 21 65| 306 186 | —46-7 182 39 55 60| 30:0| 180 | — 29
D 19 31 ! 39 071
Dep. 2 38 9575 i _ 215\ Elev.0 02 0075 1o
In working out the vertical angle I adopt the following method :—
Ezxample 11.
Somes, Belmont.
1. Mean of face left .. .. 0703 04-5” 2° 43" 32-5”
2. Mean of face right plus 180° .. 5 19 56-0 2 39 310
3. Difference .. .. .. 5 16 515 0 04 OL5
4. Half difference - .. 2 38 2575 0 02 0075 = Vertical angle.
5. Sum of half difference and lesser
of face left or right .. 2 41 3025 2 41 31-75 = True level reading.
6. Sum of lines 4 and 5.. .. 519 560 2 43 325 = Checks with lines 1 or 2 above.

Line 4 gives the vertical angle, and as the face-left readings are less than the face-right readings
to Somes, the angle is a depression. To Belmont the face-lelt readings are greater, go the angle is an
elevation.

Line 5 gives the true-level reading, and these figures should come out approximately the same
for all objects observed to, right through one set. Should it be desired to set the telescope to point
true level, all that is necessary is to set the mean of the C and D micrometers to this reading if face
left, or to reading - 180° if face right.

Line 6 checks the working in a similar manner to taking out the half-angles when side-pegging
a road.

To take another set, unclamp the circle, leaving the telescope clamped on Somes Island signal,
and turn the circle by hand until the reading is 45° 03’. Reclamp the circle, and proceed as before.

Bxample 111

i' Centre

Centro |

Face.| Mic. | Somes Island Apex. L. 0. L“+0 | ’L‘l"l)i)w Belmont Apex. E. 0. E’;O ngﬁc-
B | i ‘ ] :
¢ 45° 03’ 21" f29~5; 55 175 | ez 17 l29 | 5 | 170 129
D 03 10 i ! 43 30 ‘
Rl € 23022 50129 170 ‘ +29| 227 40 03 561295 175 | 0
{| D 19 33 | : | 39 11

I | -

| Dep. 2 38 217 44| Elev. 0 01 592 + 14
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Similar sets can be taken at + 90° and, -+ 135° on original set, and the final mean will be free from
errors due to eccentricity of axis. It has been my practice to take four sets at 0, 45° 01, 90° 02', and
135° 03" round the circle. The vertical readings are always taken after 10 a.m. and before 3 p.m.
There is sometimes a fair difference in the angles, due to refraction, but the mean of four sets taken
on different days should be the best obtainable.

Level-corrections.

The level is divided from left to right from O to 35 divisions, so that when the instrument is face
left the larger figures are at the eye end; and when face right, at the object end.

The sum of the eye and object bubble readings divided by 2 gives the position of the centre of
the bubble. If this coincides with 17-5, the centre division of the scale, there will be no level-correc-
tion, but, if not, then the following rule has to be followed :—

If E——Zt—(—) comes less than 17-5, then the correction is a plus to the actual circle reading on the
circle, whether the instrument is face left or face right ; if more than 17-5, then the correction will be
a minus to the actual circle reading.

To get the value of one division of the level scale T took a number of readings all round the circle
by the usual method of slightly altering the level of the instiument and noting the differences by micro-
meter and level readings. This worked out at 573 seconds, although the Kew certificate which came
out with the instrument gave the value as 8 seconds. Adopting my figures, I made out the following
table to simplify the working :— .

Brample IV,

E4-O Seconds
g Correotion.
15-50 L1146
15-75 1003

16-00 1 859
16-25 1+ 716
16-50 1+ 573
1675 1+ 430
17:00 + 286
17-25 1 143

17:50 0-00

1776 — 143
18-00 — 2:80
18-25 — 430
18:50 — 573
1875 — 716
19:00 —~ 859
1925 —10:03
19-50 —11-46

In Examples T and IIT, to get the level-corrections, work out the value E—|2-9 and look up the table

in Example IV, keeping an eye on the sign. This correction can he applied to the actual circle-readings
before working out the vertical angle, and then the result would be the true vertical angle free of level-
error. For instance, take Example II : the figures would be, to Somes,—

Face left 0° 03" 045" — 14 =0° 03’ 031"
Face right 5 19 56:0 —4§:7=5 19 503

_ 5 16 472
True vertical angle =2 38 23:6

2 41 267
5 19 50:3

My own method is to take out the angle as in Example II and apply the correction to angle after-
wards. To do this the following rule must be remembered : Change the sign of the correction opposite
the lesser of the face-left or face-right readings; take the algebraical sum of the two corrections, and
—5T414 gk
— .

divide by 2. Thus in example we have This gives for the final angle

2° 88’ 25-756" — 2-15 ='2° 38’ 23-6", which is the same as by method shown above.
In obtaining the final vertical angle from the different sets I put down the angles with
their corrections for level-error alongside and take the mean.
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Ezample V.
At Kaukau,

Circle set at { Somes Island. Level-correction.
Dep.
0 .. .. . 2° 38 25-1" —2-1
45 . .. .. 2 38 217 -~ 14
90 .. . .. 2 38 11-2 — 14
135 .. . .. 2 38 207 -+ 29
Swn . . .. 79-3 +0-8
Final vertical &ng\la . 2 38 198 + 02

In keeping my ficld-book I show by different colours the actual figures read as printed above in
roman, the means of different sets and level-corrections in italic, and the final means of the sets in
antique.

The height of the axis of the instrument and different parts of the signal are noted as each trig.
station is visited.

In Example V above, the figures taken with cirele set at 90 differ from the other vosults. This
is due to refraction, which is proved by observations to other signals taken at the same time. At
every trig. station I get variations, up to about 10 scconds, even though the observations are taken
at the same time of the day, so I spread the observations over a number of days and take the mean
of the fot. It is not often that three out of the four sets agree so closely as in the example given.

APPENDIX VII.

REPORT ON THE MAGNETIC OBSERVATORY.

As in previous years, the regular observational work of the Observatory has been thoroughly carried
out, and this ycar two years’ magnetic curves have been measured at hourly intervals. Towards the
end of 1914 a temporary assistant was appointed (Mr. H. 8. Richards), who had been previously em-
ployed here. His services were specially employed on the work of computation of the curve-measure-
ments made from the 1905 magnetograms, &c., and tabulation of the hourly values therefor. I have
to congratulate Mr. Richards, who is a graduate of the New Zealand University, upon his selection. as
Rhodes Scholar for the year, and to wish him success in his studies at Oxford. I wish also to recognize
the valuable services of Mr. T. Maben throughout the year.

Every effort has been made to secure accuracy in the published tables by checking wherever
possible, and any errors that have escaped detection must be very small, and are certainly very few.
In no case can they appreciably affect even the mean for a single day.

A number of diagrams are attached to this report, and some remarks thereon are given below
under separate headings.

Meteorological observations have been made twice daily, and three times on week-days, at times
9.30 a.m., 12 noon, and 5 p.m. These have been published daily for public information, and a monthly
synopsis furnished to the Meteorological Department, which has kindly offered a meteorological equip-
ment for the Amberley sub-station when it is in operation. A self-recording rain-gauge, or pluvio-
graph, has been installed here, as it is useful in obtaining the rate of rainfall, and it is further proposed
to obtain an evaporimeter. The recording barograph and thermograph have been in continuous
operation.

ApiE MAGNETOGRAPHS.

During the year these have been kept in continuous operation, and the resulting magnetograms
have been developed and measured. The usual absolute observations for the determination of base-
line values have been duly made. The magnetograms have been measured at hourly intervals, and
the measurements converted, base-line values and temperature corrections applied, and the results
tabulated for magnetic declination (D) and horizontal magnetic force (HF).

These tables are published herewith, and a glance will show that very satisfactory leglstjatwn
has been obtained. The few gaps in the tables are due to lamp-failure in all cases but the 1st January,
part of which day’s register of D and HF was lost through the failure of a holding-clip in the record-
ing mechanism. On the 27th January the HF recording- la,mp failed for the first paﬂt of the day, but
a mean for thirty whole days was still obtained. In a similar way the record of HF for the 14th
December was lost, this being the only day’s record of HF entirely missing. In D no day’s record is
entirely missing, the only loss being the last fourteen hours of the 1st January.



C.—1a. 38

The mean values {or the year of the magnetic elements are as follows i-—

Magnetic declination, east . . . oo 167 4484
Horizontal magnetic force . . . .. 0-224130 c.g.s. unit.
Inclination . . . . . .. 67°59-8 8.
Northerly component of fome . . . .. 0-214626 c.g.8. unit.
Kasterly » . . . .. 0064584 c.g.s. unit.

Vertical ' .. .. . .. 0-bb465 c.g.s. unit.

Total magnetic force .. . . .. 0-69822 ¢.g.8. unit.

Mrmxe Seismoarary No. 16.

A table of forty-two earthquakes recorded by this instrument is appended, and four of the prn-
cipal seismograms are reproduced herewith. Records of some of the more distant earthquakes were
not obtained, their effect here being too slight, although they were of a character to do damage at
places near their origin. 'The m%blument was workmg well throughout the year, and a controlling
value of the the boom period was obtained almost daily.

Vicror Diacrams or Divenan Horizontat DistursBiNe FORCES FOR SEASONS.

These diagrams are drawn from the mean values of N (northerly component of forces) and B
(easterly component), computed from the monthly means of horizontal force and declination for Green-
wich mean civil hours. They exhibit clearly the mean diurnal ranges for various Greenwich hours
in N and E.

The radius vector drawn from l to the curve at any given hour represents in direction and magni-
tude the horizontal disturbing component of force at the given hour. The scale marked on the axes
is applicable also to the radii vectores in deducing the dmtmbmg -force equivalent.

The diagram for the year 1914 exhibits a very general similarity to that published already for the
year 1913 (see annual report, 1913-14). In both cases 0 h. comes on the geographical south meridian,
and 8 h. just slightly to the west of the geographical north meridian. Kven the nocturnal loop
from 8 h. to 16 h. is remarkably similar in the two years in every respect. This seems to indicate that
the inclusion of stormy days has not affected the value of the diagrams as showing the characteristics
of diurnal variation. Slow changes in this diagram may, however, probably be expected in after-
years.

The diagram for summer months is also generally similar for the two years 1913-14, but in the
1914 diagram the nocturnal loop exhibits a slightly increased change of E between 14 h. and 16 h.,
the loop clearly opening. The small but pronounced increase of E from 12 h. to 13 h. still persists,
and is of approximately the same extent. Between b h. and 9 h. the rate of change in E is not altered,
but the variation of N becomes much smoother for 1914.

The vector diagram for equinoctial months (1914) exhibits minor changes as compared with that
for the previous year. With regard to daylight hours, the most noticeable change is that 0 h. on the
curve has moved away from the geographical south meridian. The time of occurrence of the least
horizontal force has evidently moved slightly ahead, and this is even noticeable to a slight extent in
the diagram for the year.

The nocturnal loop in the equinoctial 1914 diagram-exhibits greater smoothness, and, in fact, has
opened out and become a simple invagination owing to the 12 h., 13 h., and 15 h. N values now becom-
ing greater than the N values for 9h., 10h., and 11 h. However, the general variation occurring
between 8 h. and 15 h. is still shown to be an increase of force to the north-west from 8 h. to 11 h. and
a decrease from the north-west from 11 h. to 15 h., a phenomenon also exhibited in the mean diagram
for the year.

In the winter dlagmm is noticed the greatest difference with the previous year’s diagram. The
general shape is the same, and the large amount of diurnal change in N occurring from 23 h. to O h.
(24 h.) persists. The variation from 16 h. to 20 L. also seems to be similar. The diminished rate of
variation of N between Oh. and 1h., and its increase from 1h. to 2h., are shown in the incurving at
Lh. The nocturnal loop becomes more irregular, and in the curves for both years it may be suspected
of being somewhat influenced by the occurrence of magnetic storms, the effect of which may even be
systematic over a close group of four months together; for it must be remembered that the other
three diagrams each embrace more time than this one, the summer and equinoctial diagrams being
cach taken over two periods separated by these four winter months. The consideration of the mean
winter variation over a number of years may be expected to disclose the origin of the apparent irregu-
larity of the night variations in winter.

The nocturpal loop in winter occurs between 7 h. and 15 h., and, strangely enough, is as large or
larger than that in the equinoctial diagrams or in the year diagrams.

1t is plainly evident from the diagrams that the rule is, in summer, greater day variations and less
night variations; in winter, less day variations and greater night variations. In summer the hours
1L h. to 15 h. are characterized by large variation in N and small variation in E. In winter these
hours are characterized by a small variation in N and a large variation in H.

Comparing the winter diagrams for the mean of years 1902, 1903, 1904, with 1913 and 1914, it
appears that, relatively, the early morning range in H, as from 16 h. to 23 h., has been gradually
assuming a large proportion to the afternoon range, as from O h, to 5 h,



39 ' O—1a.

MeAN MonTHLY CURVES oF DIuRNAL CHANGE, 1914, wiTH SEASONAL CURVES.

These curves are shown plotted for declination and for horizontal magnetic force. They are of
the same character as those for 1913, and those for declination call for little comment ; indeed, their
resemblance to the declination curves for 1913 is startling, when one considers that all days ave
included, stormy or calm. The declination curve for July, 1914, is evidently not so smooth as the
one for 1913, printed in the previous report, and the same remark applies to the July curves for hori-
zontal force. This want of smoothness has made itself evident to some slight extent in the mean winter
vector diagram of horizontal disturbing forces. The tendency to an invagination of the curve at 19 h.
in the mean winter curve still persists, and this slight effect not being masked gives one confidence in
the reliability of the mean winter curves and the deduced winter vector diagram. In the correspond-
ing H diagram also a slight peak persists at 20 h.

In 1914 the February curve in H ends with a downward trend from 23 h. to 24 h., whereas in
1913 the trend is upward between these hours, corresponding in appearance rather with fhe termina-
tion of the 1914 January H curve. In HF also, in February, 1914, a decrease is shown from O h. to
1h., whereas in 1913 an increase is shown in February between those hours, as has happened in
January in both years.

In May, June, and July, from O h. to 1 h. G, the decrcase of H shown in the 1913 curves has
diminished in the 1914 curves It was small for May, 1913, and has become a slight increase of H in
May, 1914.

Curves or MEAN DivrNAL RANGES.

These two diagrams show the mean daily amount of change of declination, and of horizontal
magnetic force, for each month of the years 1913, 1914. For convenience in reading off values the
ordinates of the 1914 curves are drawn in.

The diagrams are instructive, showing clearly the great difference in diurnal range between summer
and winter, and the continuity of this phenomenon from year to year. The curves for the two years
roughly approximate to each other, more especially the two declination-range curves. The minimum
mean diurnal range of declination occurs in June, and the maximum in December, or at the depth of
winter and the height of summer respectively.

In the HF curve, however, it is remarkable that the minimum range seems to occur in May, with
a secondary minimum in July and a third in September. It will be intervesting to find whether this
phenomenon will persist in future years, for if it persists it will show May, July, and September are
less stormy months than June and August in horizontal force, although in regard to declination the
coincidence of the two curves at the June ordinate secem to indicate a probable ** quietness ”’ in June
in declination. It requirés many years’ results, however, to yield reliable evidence upon such ques-
tions, and it requires consideration not of declination and HT ranges, but of force-ranges in the N, I,
and V components.

The large peak in HF range for November, 1914, indicated in the diagram is possibly due to
greater storminess in November, 1914, than usual comblned with a less than usual degree of stormi-
ness in December, 1914.

The general ag1eement of the curves for the two years is very satisfactory, and would not be
evident unless the instruments were functioning well.

MAGNETOGRAMS REPRODUCED

Twelve magnetograms are reproduced, showing records for twenty-four days. Some of these are
shown simply as examples of stormy days during the year; others are typical examples, showing
remarkable features not confined to these days.

HF, 21st and 22nd February : Two almost ““ calm ”” days. The mean value for the 21st is 0-22423.
On the 21st the curve is that of an undisturbed day, but the 22nd shows a sudden commencement of
disturbance just before 12 h.; the HI has been lower than on the 21st for the preceding six hours,
and the sudden increase, though it tends immediately to diminish, persists for several hours after-

wards, gradually diminishing. The mean for the day is 0-22421, very slightly lower than the mean
for the month. Shortly after 14 h. on the same day a similar sudden stop in the opposite direction
is noted, followed by a uniform increase of force, and similar phenomena recur in a less marked degree
at 17 h. to 18 h.

Dec., 3rd and 4th March : These exhibit the oceurrence of pronounced peaks of minimum decli-

nation or'currmg within some few minutes at the same hour on successive days.

Dec., 6th and 7th April; HF, 6th and 7th Aprll The most stormy day of the year, 1nv01vmg a

range of about ° of declination, and 100 ¢ in horizontal force. This storm commences and
ends in a gradual manner. The rapid change of compass-direction, over more than }° in about a
quarter of an hour, occurring at 163 h., is especiaily remarkable.

Dec., 8th and 9th April: Remarkable peaks of small declination ocour between 5 h. and 9 h. on
the 8th’ April, followed seven hours after by a sudden considerable increase of declination, which
gradually disappears in the course of a few hours.

Dec., 5th and 6th July : On the 5th July a large sudden decrease of declination occurs, which
gradually disappears in the course of three hours. It is possible that a displacement in this d1reehon
is annulled more rapidly than in the case of a sudden increase of declination.

Dec., 29th and 30th July: On the 29th is apparent a storm of comparatively short duration,
with a large range for most of the time in one direction. On the 30th another sharp commencement
of a disturbed period, commencing with a phenomenon similar to that on the 5th July.

Dec., HF, 2nd and 3rd August: These curves exhibit remarkable sharp peaks. On the 2nd
these approx1mately coincide for D and H, but on the 3rd a rapid diminution of easterly force alone
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precedes a large increase in both easterly and horizontal force, which attain a maximum at the same
time, and thereafter rapidly diminish.

HF, 26th and 27th August: These exhibit, like the December curves for the 3rd and 4th March
above, the occurrence of similar large but short disturbances on comparatively calm successive days,
at the same hour, and due to solar influence. It would be instructive to compare these periods with
the same periods on the magnetograms obtained in the hemisphere illuminated at the time.

HE, 27th and 28th October, 29th and 30th October: These comprise a long stormy period.
with two portions of remarkably large amplitude. 'They may be especially valuable for comparison
with the corresponding magnetograms obtained at other observatories.

MaaNETIC SURVEY.

Work upon the discussion of the data obtained is proceeding, and all available older observations
made in past years by the Admiralty are being considered with a view to determining the variation
of secular change in these regions. In this connection it should be mentioned that next November
the Carnegie special ocean magnetic surveying-vessel of the Department of Terrestrial Magnetism of
the Carncgie Institution of Washington will visit Lyttelton, and afterwards engage in a south com-
plete civcumpolar observational cruise. I should especially like to have the Amberley sub-station
equipped sufficiently to regularly operate during this cruise, and to enable the necessary observations
for the standardization of their instruments to be done there. Their sea instruments are of new types,
and capable of much greater accuracy than the older instruments used, and their observations will be
of especial value in correcting the magnetic variation given upon the charts of these southern seas.
It certainly would be of considerable advantage for the ship’s observers to be able to carry out stan-
dardization in a place beyond the influence of stray earth-currents. A small grant of £200 would be
well spent in achieving this end, and enable us to co-operate much more successfully with their work.

It would be of great advantage if a free railway pass between Christchurch and Amberley were
issued to the Director of this observatory.

ANTARCTIC.

Permission was kindly given by the Under-Secretary for the use of the integrating curve-measur-
ing machine here in the work of measuring up the splendid series of magnetograms obtained by the
Australian Antarctic Expedition in Adélie Land. As Mr. Webb, the magnetic observer to the
Expedition, could not afford time enough to do the actual measurement himself, a lady assistant was
procured at the expense of the Expedition, and the work of measurement is now far advanced.
Mr. Webb, it should be stated, is himself spending his spare time in computations necessary in
connection with the final evaluation of the results of the measurement.

Henry F. SxEv, B.Sec,,
Director, Magnetic Observatory, Christchurch.
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Rrecorns or Mrive SEisMoGRAPH No. 16, AT CHRISTCHURCH.
Latitude, 43° 81’ 50" S.; longitude, 172° 38’ 9” E.; time employed, Greenwich civil time.

Date.

1014,
April 9

o 11
o 20
., 23
» 25
May |
» 8
» 18
. 206
» 29

June 18

. 20
W 20

»o 20
s 21
o 2D
. 20
206
. 20
July 8
Aung. 4
» 4
5 22
33 22
Sept. 29
29
Oct. 6
" 8

, 27

» 28
Nov. 8
» 8
» 8
» 8
5 10
,» 24
Dee. 20

105,

Jan, 3
LR "—)
" 5
10

Fob. 25

Commencement,
H. M.
3 4641
16 330

16

5

23
23

14

6

20

90

27:0

300

440

170
243

216
20
72

180

26-0
7-0

170

14-5

305

49-8

18-6

130

14:0

19-6
83

370

14-0

24-0

361

82

19-9

39
340

390

330
405

Maxima,
. M.

3 501

3 511

3 5241
16 41-5
16 49-8

16 536
L6 544
14 300
14 45-4
16 339
16 359

7 460
5 428
5 460
23 560
24 63
24 98
14 452
14 50-0
14 567
15 08
15 28
15 78
6 335
6 370
20 385
20 400
20 440
20- 540
8 370
8 3905
8 404
8 414
8 422
8 43-3
10 410
23 480
23 502
8 24.7
19 2904
19 350
19 3500
19 575
3 276
5 310
6 100
21 340
4 275
9 135
6 22-5
15 178
1 314
1 503
19 20-8
12 236
4 170
0 216
0 228
5 102
11 436
12 168
20 267
6 41-0
6 434
6 450
12 90
12 172
12 240
14 277

0 111
14 499
i4 530
23 50-0
24 80
23 41-3
20 481
20 535

A x;m;‘g . Duration, Remarks.
Millimetres. H. M.

3 .. B.. 17 seconds.

30 ..

2-9 2 10
109 .. Tirst larger motion commences 16h. 41-7 m.
190 Ve H:
190 . i
180 | 4 18

.. 1+ Duration uncertain ; air-tremors in progress.

20 ..

20 2 15

1-0 1 8

51 ..

32 1 22

4.6 0 45

2:0 ..

2-8 L0 T..W. commence 24 h, 14-3 m.

6:0 .

10-0

240

221

240 ..

180 1 15 End uncertain ; air-tremors.

5-0 ‘e

740 1 51 L.W. commence 6 h. 45 m,

2.8 .

40 .

2:1 ..

20 1 30 Duration uncertain,

195

70

70

6-9 .

59 ..

6-2 10 End uncertain.

30 .. [solated maximum ; amongst air-tremors.

740 ..

40 34 End uncertain.

10 1 0

4-0 ..

4.6
231 ..

4.0 14 End uncertain.

1-8 0 20

3:0 1 0

40 0 30 Duration uncertain.

1-0 0 52 Long swelling.

08 0 b

20 0 47

06 0 30

50 .. Duration of large waves 8 m.

4-0 0 15 Origin N.E. of South Tsland, New Zealand,

0-7 0 4
265 0 23 Violent motion ; in midst of air-trcmors.

2.4 1 0 End uncertain.

0-6 17 Irregular waves to 0 h. 36 m. approx.
220 .. Tokomaru shock: L.W. end at 0 h. 281 m
170 ..

0-7 0 4 End uncertain,

26 0 25 Duration uncertain.

40 0 10 »

20 0 10 s

50 ..

78 ..

35 1 0

30 ..

58 ..

4-0 1+ Air-tremors in progress,

17:5 .. L.W. commence 14 h, 234 m,

(i Duration uncertain.

50 1 35 L.W. commence 0 h, 79 m.

49 ..

49 1+

2:9 ..

2-8 1 50 )

13 1 20

49 ..

20 1 55 L.W. commence 20 h. 42-9 m.
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APPENDIN VIIIL

LIMITS OF ERRORS IN SURVEYING.
[By W. T. Nwrr.r, District Surveyor, Dunedin.]

At the present time, when greater accuracy is required in field operations in connection with
standard traverses and major triangulation, the writer is of opinion that the limit cf error of the
various classes of measurements should be reduced to a uniform standard, based on the mathe-
matical theory of the probability of errors of observation. The following is an endeavour to attain
this desirable end, which may be of interest and value to professional surveyors in the Dominion.

Part 1. Limvrts or ERRORS 1¥ SURVEYING.

Under the regulations for conduecting the survey of land in New Zealand for 1897 the following
are the extreme errors allowable : — .
(1.) Minor triangulation, 2 links per mile. Irror in the summation of angles of a triangle,
30"
(2.) Closing error of traverses, 4 links per mile. IError of bearing, 3.
(8.) Closing error of city traverses, 2 links per mile.

These values were revised under the 1908 regulations, and are given as follows :---
(1.) Minor triangulation, 6 in. per mile. Error in the summation of angles of a triangle,
20/!

(2.) Closing error of traverses, 4 links. Error of bearing, 2'.
(8.) Closing error of city traverses, 1 link per mile.

All work having error in excess of these limits requires revising.

The degree of accuracy attained in field operations depends on a number of causes, among
which are —weather-conditions ; instability of the ground, as in peat, swamps, and moss growths in
forests, and, in town work, the vibration of the traffic, &¢. The carefulness and accuracy of the
surveyor and the chainmen are large factors in the accuracy of any survey. The principal factor,
however, affecting the accuracy of a survey is dependent on the instruments and apparatus used in
the performance of the work, and this factor alone will be the subject of the following theoretical
investigations :—

A Determination of the Closing Ervor in Traverses made with a &§in. Transit Theodolite and
a long Steel Band.

Investigations of the effects of errors in surveying require the application of the results
derived from the theory of errors. Oune of the most important results is the probability curve, or
curve of errors, the equation of which is-— .

y = ke 1 1)

This is termed the exponential law of errors, t and & being constants, and ¢ the base of the
Napierian system of logarithms.

Fromn equation (1) a criterion of the degree of uncertainty of the result of a number of
measures is deduced. The criterion of the degree of uncertainty of the result of a series of equally
good mrasures or observations has three distinet definitions,—

(1.) The mean error, or the average error, is defined as the arithmetic mean of the
separate errors taken all with the same sign.
(2.) The error of mean square is defined as the square root of the arithmetic mean of the
squares of the individual errors.
(3.) The probable error is such that there are as many errors of greater magnitude as
‘ there are of smaller magnitude.

The following table, from Airy’s ‘“ Theory of lrrors,”” shows the connection between the mean
error, the ervor of mean square, and the probable error, and, when one is known, by use of the
table it can be converted to either of the other two.

Proportions of the different constants,—

Error of Mean . Probable

— ‘ Modulus. Mean Error. Square, Error.
_ [ e e _
In terms of modulus 1-:000000 0.564189 [ 0707107 |~ 0:476949
In terms of mean error ... 1772484 | 1-000000 \ 1:263314 ‘ 0845369
In terms of mean error of square ... 1-414914 0797885  1-000000 | 0674506
In terms of probable error... 2:096666 | 1'182916 |  1:482567 ‘ 1-000000
{

These three criteria—namely, the mean error (B,), the error of mean square (E,), and the
probable error (£ ,)—are equally good from a theoretical standpoint, and in selecting one of them
for the purpose of testing the accuracy of a field traverse preference is given to that which is easiest
to compute—viz., the mean error.
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In selecting the mean error as a test of the accuracy of field measurements, the same test
must be applied to determine all the instrumental constants. Thus the mean ervor of reading and
sighting of a theodolite and the mean ervor in the chaining constant must be used throughout.
If eitber the probable ervor or the error of mean square is used a different set of instrumental
constants will ensue, but all leading to the same final result.

From the table of constauts the relation is,—

B, = 1183 B, ()
E, = 0798 E, (3)

It is necessary to remark that the above errors are true errors, as distinet from apparent
errors. Hor instance, the difference between the sum of three angles of a triangle and 180°is a
true error, but the difference between each value of a series of measures of a base-line and the
arithmetic mean is an apparent crror, because the true length of the line is an unknown quantity.
The values ure,—

1

Appavent wean error of arithmetic inean = + = ' (h
v
. . EIJ] ~
True mean ervor of arithmetic mean = + Vi )
W=

In fixing the limits of error perimnissible in field-work the accuracy aimed at should not be
diflicult o obtain with the steel tape and theodolite, without special apparatus. A spring balance
to register the pull and a thermonieter to give the the temperature are necessary.

The crrors in traversing arc duc to two causes: (1) Errors in the linear mceasurements;
(2) errors in the angular measurements.

Cumulative error in linear measurement is represented by—

c =C V/L (6)

where ¢ is a constant depending on the apparatus used, and / the length of the line.

FPor a steel band, on the level, using plummets to effect the marking of the terminals, the
value of ¢ has been determined to lie between £ 00015 and 4 0:0020. Adopting the value
0002, and taking a stretch of 5 chains, gives, from (6)—

¢ = + ‘022 v/ 500
=+ 045 (7

The above result is open to criticism, but most chainmen would undertake to ineasure a
distance and keep the marking of the separate lengths within the above limit without any special
precaution.

The result in (7) includes the error due to inaccurate tension, error due to imperfect alignment,
and the personal errors of the chainmen, &e.

When the measured distance is inclined to the horizon the effect of the errors due to angular
reading and refraction have to be determined and combined with the result in (7). TFor lengths
between § and 10 chains the value of refraction can be taken as 30”. Angles of elevation will be
30" too great, and angles of depression 30" too swmall. In taking these observations in the
field a forward reading is usually taken for the frst band-length and a backward sight for the
second length. If, then, the grade does not change sign (that is, change from, say, uphill to down-
hiil) the effects of refraction will balance each other.

In cases where vertical angles are large, and close readings are required, reciprocal angles can
be taken without any undue expenditure of time: thus the refraction can be eliminated by suitable
methods of observation, and will not be included in this investigation.

The error due to imperfect reading and sighting of the vertical circle of a & theodolite in
good adjustment, for the purpose of obtaining the slopes, can be taken as 1'.

The average slope of all the lines of a traverse to embrace all kinds of surveys is difficult to
determine. For road traverse the grades are confined by regwlation, and an average of 8° can be
taken. The result of experience is thab the number of lines with slopes under 10° is very much
greater than the number of lines with slopes over 10°. By using an average slope of 10° for tho
total length of the traverse a larger mean error will be found than if the correct average were used,
except in the case of surveys in stzep and very broken country.

The reduction formula is—

H = lcosd (8)
Where { is the included distance and ¢ the inclination, the mean error being—
By =+ (B2 cost + BP sinth) )
taking ¢ = 10°, | =500, B = £ 003, E =1, Hy= 405 )

thav is, the mean error of measuring a single baud length for any line, level or inclined, is 4 -05.

The errors in the horizontal angles come under the headings—(a) Errors due to sighting ;
() errors due to reading the vernier; (¢) errors due to imperfect centring.

The error due to sighting depends very much on atmospheric couditions, and to a lesser extent
on the length of the lines, and a constant mean value for all lines can be used.

The reading-ervor is independent of the length of the lines, and the errors of sighting and
reading can be combined and a constant average ervor of 15”7 will be used throughout. The mean
error in reading any theodolite can be found by an examination for the errors due to eccentricity
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and the errors in graduation of the divided circles, by using the constant angle between the two
verniers and finding the readings at intervals of 5° or 10° from 0” to 360°. From these readings the
exact angle between the verniers can be deternmined and the ecceutricity can be computed. Then
by correcting the readings for eccentricity the remainders represent the errors of graduation and
reading. _
Surveyors often find that an instrament used for measuring the angles of a traverse, by reading
one vernier only, consistently gives the bearings of the lines too great or too small when compared
with a check-bearing, and no amount of vepeating vhe work will disclose any appreciable error.
Such results are caused by eccentricity, or the centres of “the axis of rotation and the divided
circles not being coincident. This error is eliminated by taking the mean of both verniers, or by
finding the ervor due to eccentricity, which may amount to 10" in some cases, and correcting
each angle. o
The error due to imperfect centring is almost negligible for long lines, but it
increases very rapidly as the lines shorten. If a maximum error » is decided on. and
A,B,C, thiree consecutive stations of a traverse, then the mean error of centring is—

P13
) 4r . AC
Bo— % 45 "B BC. (10) /

A

(For the mathematical invessigation of the ervor of centring, see * Etfecus of Errors in Swrveying,”
hy H. Briggs).

To determine an average value for r, consideration has to he given to the plummet, and
deflections by wind or other causes. A value of » = 05 will be used.

If the angle ABC is denoted by a,

ACY =/ (AB? 4 BC — 2 AB - BCcos a)

This is greatest when o = 180°, and therefore the mean error of ranging a straight line is greater
than that of making a traverse with the same number of stations or sights, a result proved by
experience.  Having decided on the mean value of the sighting and reading error of the instru-
ment as 15", the maximum centring displacement as 05, and the coeflicient for the band
¢ = 0022, the mean error of any traverse can be computed ane compared with the actual closing
error of the survey. 1If the actual closing error is not greater than the computed mean error the
work can be considered as satisfactory. If, however, the closing error is greater than the
computed mean error, a revision of the survey should be made.

The following is from a closed survey by steel baud and 5 in. theodolite over hilly country.

Denoting the length of the lines by ¢, &, &, &c., 4, the bearings of the lines by B, B,, B,, &c.,
B,, the mean error of the bearings by 4y, b,, b,, &e., b,, the mean error in the latitude of the end
point—

= 4 V1 (Lcos* By + 12 cos® B, + 1, cos* 13,)
b (LGP sint By b 12 b sin® By + 13, 1, cos® B, | (11)

The mean error in the departure of the end point---
= \/»EC"' (I, sin* By + /, sin* By + 4, sin? B))
13, 1% cost 13, + 12, 1%, cost B, + (2, B2, cost By) j (12)
The mean ervor at the end of the traverse-—

- :t \/ l (Jl (ll + /2 + Zn’) + 12‘2 {"22 + 622 bzz + liS b23 + [‘-’n bgn)} (13)

Example of traverse over hilly country—

[ R . ,.A,‘ i e e - R - _

Peg

Number, ‘ Bearing. Distance. Latitude. ‘ Departure. ; Total Latitude, ;: Total Departure,
! Links. o ‘ _ ”‘ ‘
1 271° 49" 20" 1117-2 + 356 — 11166 + 3855 — 11166
2 278 31 00 1093-0 161-9 10810 197-4 21976
3 0346 25 00 3916 3806 920 | 5780 | 22896
4 314 37 00 20178 14173 14363 1995-3 | 37269
5 1280 31 00 5144 + 989 5058 20892 42317
6 235 27 00 3987 - 8097 740-2 1579-5 49719
7 203 08 00 4832 4443 1898 11352 51617
8 227 57 00 8696 a82-4 6457 H552'8 68074
4 340 25 00 4226 | 4+ 3984 — 1416 | 9510 i 59490
10 8 33 20 30395 30057 + 4522 39567 | 54968
11 19 14 00 39137 + 3695-2 1289-3 - 76519 -~ 4207-5
12 . 90 00 00 42092 + 42092 + 76519 ! + 1-7
13 1180 00 00 76523 -~ 76523 | v — 04 -+ 17
- ) B | i - U
Total 266228 H . L
. i !

The actual ervor in latitude is 04, and in departure 17, therefore the total actual ervor is
VO (1T s 175
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To compute the mean error the centring error is obtained by using equation (10), and
cobining the result with the mean sighting ‘and veading ervor of 15" for each angle. A total
error of 54" is found for the bearing of the last line. Then using equation (13) for the total mean
ervor at the end of the traverse, the square of the error due to linear measurement is found to he
1:289, and the square of the mean error due to angular measurement 5519, The total mean error
is 4 (1289 + 5519) = 2-6—about | in 10,000, or about 08 per mile.

The lines in the above traverse being long is favourable to a high degree of accuvacy, and the
actual error is about 7 of the mean error, a result that is satisfactory.

This example shows that for open country, with traverse lines from about 5 chains long and
upwards, the error of the bearing should not exceed 1', and the actual closing error in latitude and
departure should be not greater than 1 link per mile for each: that is, the actual error should be
tess than 1-414 per mile for the length of traverse.

‘The limits of ervor permissible in traverses deduced from the lust example are not applicable to
traverses through broken forest country or for surveys in mountainous localities, where the lines
are usually shors. In a traverse with forty ov fifty lines to the mile the error of reading the chain
at cach station must be considered, and the sighting and reading error should be increased from
158" to 30" for cach line.

The reading end of the band is divided into links, and the 1e(nd1ng taken to the nearest tenth
of a link, either b\ scale or by estimation. When a scale divided into tenths is used the greatest
error that can oceur is 05 link, and since the error may have any value between ‘05 and zero the
mean error of reading the chain for cach station is therefore :025 link. Taking fifty stations to the
mile as an average, the mean error of reading can be found as if it depended on the distance, and
consequently combined with the band cocflicient.  Thus 1f # denote the read'ng-crror when fifty
lines arc taken to the mile, and the average line 160 links in length, then—

r = + 025 v/ 50/8000
+ 177/ V8000 ==-002.

Combining shis with the value of ¢ = ‘002 gives a coefficient of 0029, Using this value, -0029,
for the band coeftlcient and 30" for the sighting and reading crror, with ‘05 as the greatest
displacement in the centring, the mean error cau be computed and serve as a guide to the degree of
aceuracy attainable in this class of work.

Taking the last example, with the lines one-tenth as loug as used there, the mean. errors arc
found to be as follows : The closing error in bearing is 2/ 35" ; the mean closing error is 09.  In
the casge of the angular errors, the error due to mlpufcct centring is nearly equal to the reading
and sighting ervor.  The closmg error is 271 per mile. Tor “work of this class the error in
the bhearing should not exceed 3, and the closing error in latitude and departure should
not exceed 2 links to the mile, thus giving an actual closing error.of 283 per mile on the total
length of the traverse.

The next case to consider is surveys in cities, where greater accuracy is desired. Such
work usually consists in measuring short distances from stamdand marks, and turning angles
oft lines the bearings of which have been accurately measured. When the surveyor, with his
staff and mstlumeuts is on the ground the extra time required to measure the distances twice
and to take mean bealmﬂs is mob great.  For this work the instrumental constants will he
taken as follows: Band coel'ﬁcienb, ‘0015 = ¢; sighting and reading ervov, 10" == v; greatest
centring displacement, 0:015 link = «. This band coefficicnt gives an error of ‘033 for a 500-
band length on the level.

The followmg example is an actual survey on hilly ground, the grades ranging from 30" to

50", the greater number of lines having vertical Lmrrlus between 6° aud 8. In this case all
Lhc opcmblous conncected with the computa,tlon arc shown in full,

Fzample of Cuty Lraverse.

|

g » [ Measured | - ! Tqba,l 1 Total

3 Observed Dearing, Distance. Latitude. Departure, ‘ fégfxgxiel. ; fg)em?n&t:r?
®n ; : .

- ‘ | ,“
Liinks, ‘

1 0:00 000 | 0-00 0-00
2 1647 46" 24" 39099 - 37900 1+ 9609 i — 37900 | + 9609
3 130 50 00 535 00 - 34745 + 40682 ' — 72645 + 502-91
4 Isd5 30 00 250-00 -~ 24885 — 2396 }; —  975-30 + 47895
H 232 00 00 14000 | -~ 86-19 — 11032 | - 106149 + 368'63
6 320 40 00 1006-00 + 7735 — 6388 | — 98414 + 305-25
7871 31 00 29869 | + 605 - 22861 ‘ - 98709 + 7674
B 329 84 15 882:20 | + 76068 = ~— 44681 | — 21741 -~ 370-17
1 59 84 15 49925 + 21740 | + 37012 ‘ - 001 ;, — 005

The actual closing error in this traverse is 0:01 in latitude and 005 in departure, or a total
error of 051 for the traverse of 2956 links.

To compute the mean error due to the constants adapted for the theodolite and band, the
first step is to determine the centring error {from equation (10).
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: 4
Angular centring errot =3, 3B Be Applying this to each station gives the following : —
Square of centring error (using rounded-off values)—

0 w( 4 x 015 490 V' 346
3 % 3-1416) 390 x 430) T 10w
2

(r)) _ 40:) ( 870 _ (lb’

10° \390 x 530) ~ 10w

(3) = 40‘3 L 710 )’“’ N ].% 63
10° (530 x 250) 0™

) = 405 ( 360 ) 4285
: 100 \ 250 x 140) — 10w

(3 = 405 180\ 6695
10° (140 x 100/ = 100
6 - 405 bS-‘JO
O) = wo % vao L
4 od 1020\ 1029

230 x 880) T 100

405 990\ 277

= (880 x 430) T 109

The second step is to determine the mean error in the traverse angles due to the sighting and
veading ervor of 10", This gives v == + 10" = 107" 4-848 in circular measure, .. v* = 1071 x 2350
for each angle.

The error in the bearing of cach line is shown in the following table :—

1. ‘ 2. 3. 4. 5.
2 A 2 . Mea,rn enol)in ] o
a’, I v2, 1+ 9. Begmring. ! ] Line.
10 % % 346 ‘ 10 ¥ x 2350 ' 10 x 2696 | 10* x 2696 2--3
" 718 O 2350 | 10" x 3068 | 10 x 5764 34
10 ™ x 1163 10w % 2350 107" x 3513 1O % 9277 4-5
10 < 49285 1072 x  23-50 107® x 66-35 | 101 % 156912 56
10 ¥ x 6695 10" x  23:560 10" x 9045 | 10 x 249-57 67
10" 6890 | 10%x 2350 , 107" x 9240 1071 x 541-97 -8
10" 1029 10 x 2350 | 10" x 3379 | 10®x 47576 | 8-l
w297 0 10" x 23-50 ‘ 10" x 2627 107 x 402:03  ° [-2
- ,.,,_.,,,{ [ . \ R
10 " x 214:03 1079 % 188-00 ¢ 107% x 40203

The closing error in the bearing is therefore 10 4 4/4:0203 in circular measure or 0’ 42" in arc.
The last step consists in computing the ervor in the total length of the traverse due to the
coefticient of the chain and the errors in the traverse due to the angular errors in each line.

¢ = 0015, 3d = 2956 links, .. ¢?3d = -006651.
The square of the mean error for each line is as follows :—
(2-3) 10" x  26:96 x 530 = -000757

(3-4) 10 x 5764 x 2502 = 000360
(4-5) 1071 x 9277 x 140* == -000182
(5-6) 10~ x 159-12 x 100* = 000159
(6-7) 10 x 24957 x 230* = ‘001320
(7-8) 1071 x 341-97 x 880 = 026482
(8-1) 10 ™ x 375'76 x 430* = -006948

Sum = '036208

+- 4 (-006651 - -036208)
+ +207.
Expressed in terms of a mile it is 56, or 0-395 in latitude and departure.
The errors in the bearing in the above example due to imperfect centring are a little greater
than those caused by the ervor of sighting and reading. This is accounted for by the shree short

Mecan error of closure

If it
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lines 4-5, 5~6, and 6-7. The error of closure due to chaining is small compared with the total
angular error, the (mnulm error being about two and a half times as great as the chaining-error, a
result that shows the superiority of the steel-tape measurements compared with the theodolite
observations. The actual elosing error in the ahove survey, ‘051, represents 1 in 58,000, or *14 pex
mile, or -10 in latitude and departure per mile.

In standard work connecting the permanent monuments of a city survey the closing error
should not exceed this limit ; such small closing errors can only he obtained by the use of special
apparatus for measuring, and high-grade theodolites for the angular work.

‘The results obtained by the above theoretical investigations agree very well with the closing
ervors in the surveys by experienced and competent surveyors ; and for larger limits allowable by
the regulations theve is the disadvantage that carelessness and inaccuracy may be induced in the
field- wmk and frequently mistakes amounting to 5 links are not detected on account of the closing
error being within the presecribed limits.

A summary of the results and a suggested limit for the errors in the three classes of work
investigated can now be given :—

(1.) For traverses in open country which is level and undulating the theoretical value is
0-8 per mile for the closing error in latitude and departure, and 54" for the error
in bearing.

(2.) Traverses in broken forest country or mountainous localities where the lines are
short, theory gives 1'9 per mile in latitude and departure, and 2' 35" for the closing
ervor in the bearing.

(3.) In town surveys the theoretical values are 04 per mile in latitude and departure,
and 42" for the error in bearing.

The suggested limits are as follows: In class (1), 1 link per mile in latitude and departure
and 1’ error in the bearing; in class (2), 2 links per mile in latitude and departure and 3’ error
in the bearing; in class (3), half a link per mile in latitude and departure and 1' error in the
bearings. These errors are either positive or negative, hence she range of the errors is twice the
above amouunts.

Frror due to Imperfect Centring.

The mean error due to imperfect centring is not given in most texi-books on least square.
An analytical investigation is given by Briggs in *“The Rffects of Hrrors in Surveying,” and
the following treatment of the problem is somewhat similay :—

D

Let A, 8, and B denote three consecutive stations of the traverse, and » the maximum error
perinitted in centring. ARSD is the arc of a circle passing through the three stations. Describe a
circle about S as centre with radius ». Then the point over which the instrument is set will lie .
within this cirele, and the probability of it being over C is equal to that of it being over any other
point.  Denote the angles ASB by 2« and ACB by 28. Bisect ASB by the line 8D. Denote
DSC by ¢ and SC by . When the instrument stands over C the angle ACB (28) will be
measured instead of ASB (2a), and the angular error is 2 (8 — «).

Liet AS = Dy and BS = D,

. z sin (a + ¢)
sin SAC = —--2
SIn D

1
or, since the angle SAC is small,

angle SAC = _ e sin (o + ¢)

D,
Similarly, angle SBC = T s I()‘.‘ —¢)
L SAC 4+ SBC = TN (e @) | asin(et )

D, l).,
or2(B—a) = +u (sm ¢) sm + ¢)) (14)
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The value of 2(8 — a) is zoro for any point on the arc TSF, and since the radius » of the small
circle is not great the tangent at S of the are ASB will not differ sensibly from the are TISF within
the small civele.

Therefore from (1) for any point on IISK,

£ €.
‘l,)‘ sin (o + ¢,) = — D, sin (o — ¢.)
N )
Llang,, }): i- })), tan o
) D, ' .
or ¢, = tan ' : (I)%E‘i){) tan a (19)

where ¢, is the angle 198D, Therefore where ¢ is less than ¢, or greater than = + ¢, the error
2 (3 — ) will be positive, and for all values of ¢ between ¢ and T+ ¢, it will be negative. In
other words, 28 is greater or less than 2a according s the point C lies above or below KST.
Suppose the point C o he contained in an elemental area dr by dy, of which dr is in t}le
direction of the radins and dy at right angles, and let the angle subtended hy dy at S be dg. The
number of such points as ¢ within the semicirele above ES8F, in which 2(8 — a) 1s positive, 18,—
1

9

(.0 2fde, diy) (16)

. . de .
Within the elemental area at a distance x from the centre there are « dy such points as C.

Thevelove the sum of the angular ervors lor all points in the semicircle above EST is given by the

definite integral—
/‘bo /7' 2 ( sin ((L + &) + sm_ (@ — ¢)ri_(p
¢'n ‘*_ T « 1)[ ])-4 dfl/

and the mean angular centring ervor is obtained by dividing this resule by (16), and ix-~

9 ¢, roa 8N (@ @) | osin (@ — D),

_4.:'\/ 1 i 1 2 cos 2a
3.7 D? DS DD,
A similar expression with the negative sign determines the mean crror of centring of the

semicirele below ISF: hence the mean centring errvor is—
4r

B, = + 5 2D+ D2 =20, Dy, cos 24)/Dy D,
O
Now, Ay (D4 D2 — 2D, D, cos 20) - AB,
Y . 2
therefore, B o= 4.7 AB (17

5,18 B
The distance between two stations adjacent to the one under consideration is termed by
Mr. Briges a transector.  Thus AB is the transector of the station 8.

Pavr 2. Tamirs or ERRORS IN TRIANGULATION.

In practice the accuracy of triangulation is judged from the measured and calculated length of
a check base, or the agreement of the computed values of any line through a geometrical figure.
A triangulation serves as a back-bone survey, the purpose of it being to establish a number of fixed
points over the conntry with a high degree of uceuracy. These triangulation stations control the
traverses connected with them, and when well placed the traverses will usually run from one
station to the nexs. The accuracy in the triangulation should be such thas when the closing error
in the traverse is being assessed there should be no nced to take the triangulation crror into
account.

Nouw, if 2 denote the error due to the traverse, and ¥ the ervor in the triangulation, the total

orvor z is represented by z = 4 Va? + 1

If 9 in the above expression is one-third of z, z = + \/

1%1; == 1-0dx, or the influence of y on =

is only about 3% of ¥, and can be considered negligible.
[t the error In the traverse has a maximum value of 1 in 6,000, a suitable error in the
triangulation should be 1 in 18,000.

The triangulation error (a) can be divided into the error in the measurement of the base-

line () and the error due to the angular ineasurements (c), and therefore u = + Vb + e

Ilrror an Base-line Measurement.

With the steel ribband it is not difficult to measure a base-line with an accuracy of 1 in
200,000, and the discovevy of invar and its application to the measurement of distances provides a
rapid and inexpensive method of base-line measurement of a high degree of accuracy.

The metal invar 1s an iron-nickel alloy containing about 36 per cent. nickel. The coeflicient of
expansion of invar wires dvawn in the steel-works of Inphy ranges from one hundred to fifty times
less than that of steel,
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It is well known that iron has three different forms—namely, alpha, beta, and gamma iron—
each possessing different physical characteristics. Alpha, or iron about atmospheric temperature,
is highly inaguetic.  Alpha iron heated to a dull red becomes beta, and with increase of temperature
changes to gamma at a cherry red. Beta iron is non-magnetic. The expansion of the iron when
heated on the passage from the beta to gamma form chan(res and a sharp contraction occurs. The
effect of alloying the iron with nickel lowers the tempexahure at which allotropic change takes place,
and with 36 per cent. of nickel the alloy fluctuates between the beta and gamma forms at ordinary
temperatures. This means that invar wires will have a slight expansion until a certain temperature
is reached, and afterwards contract if the temperature increases, the total range depending on the
percentage of nickel added.

The coetfticient of linear expansion of an %* invar tape was determined by Dr. Glazebrook as
follows 1 —

[ = Tu, [1 4+ -0000007, T — -000000008, T?|

T, — 1,
or f = . 4 = 10 % 74T - 10 -* -0089T?
. ag ) _
o 74 — 1'78T = ().
T = 416",

Thus the tape expands from 0° to 41-6°C., and with a further rise of temperature it contracts.

The extension for 1° C. at 0° C. is 100-000073 — 100 for 1 chain, or 10~ x ‘73 ; the extension
for a steel band for 1°C. is 10~ x 11-25; and the extension of this invar tape is about 4 that of a
steel one at 0°C. It is therefore not difficult to obtain with the invar tape an accuracy of + 2u, or
1 m 500,000, in the base-incasurement at a reasonable cost, a result that is considered sufficiently
accurate for primary work. Consequently, when the accuracy of the triangulation is 1 in 18,000
the error of the hase-measurement of 4 9u is negligible compared to the errors of the angular
neasurements.

When the angles ol u triangle have been measured by the same method, the mean angular
error can be taken as of equal amount in each of them ; and since the sum of the angles of a triangle
is sensibly 180", the error in the measurement of each amgle is a known quantity : thus if the sum
of the observed angles is 180° + 12, the correction to be applied to each observed angle is — 4"

Suppose the shree angles of a mla,lwle observed, and one side known : it is required to find the
form of the triangle in order that the other sides may be least affected by errors in the observations.
An admittedly unsatisfactory investigation of this problem is given under ‘* Geodesical operations "
in Todhunter’'s ¢ Spherical Trigonometry ” (4th edition), the result being that an equilateral is the
best-condisioned triangle.

In the case of a single triangle the equilateral is the best-conditioned, as is shown as
follows :——

Let the side (a) and the three angles he measured : then—

sin B ) sm C

- e =a
sin A sin A

If each angle have a mean error ¢, the error in b = be /(cot?A + cot?B), and the mean error in
¢ = ce 4/ (cot*A + cot*C). The smalleqt error in b is when A = B, and the smallest error in ¢ is when
CA = C, or the best result is obtained when the triangle is eqmla,tem.l

When a triangle forms one link in a triangulation scheme, the angular errors will not only
atfect the computed lengths of the unmeasured sides, but will be carried forward through the whole
scheme ; and phe triangle must be treated as an agent for transmitting distance, and each of the
unmeasured sides must be given the same weight. Thus the first condition for the best form is that
the triangle be of isosceles shape The second condition is that the triangle will have the best form
when it fulfils its function as a transmitter of distance with a minimum of error.

In the triangle ABC the second condition is fulfilled when the ratio of the error in
@ or b to the side a or b is the least possible. Thus if I, and /, are the errors in a and b, then

b . .l.‘f is a minimumn.
a b
In an isosceles triangle-—
C=7—92A (1)
and -
= CEI_I] : ¢
. sin C @
da e da da \2 40
o= V(G ) (i) ()™
—_}:\/ (sin*A 2 L a?y?cot?N 4+ a? con"CI»

lsin2C

B, _ | Z)?
e + vlv” (cot?A + QOtzc) + (@) } by (2),

= 5 A/ eorta otz + () Ty
10—C. 1a.
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This has its least value when cot2A cot?A is a minimum.  Putting—
(=l

7y == cot?A + cot?2A

((ll( =2 cot A 4 cot 2\ see?A =0
(493

082N -k 3 cos 2N = — ]

i} A vO—3
cos 2A = 5

A = 66" 15’ nearly.

The theoretical best shape is therefore an isosceles triangle, with the angles adjacent to the
base, equal to 567 15", and the apical angle to 67° 30'. In such a triangle the unmeasured sides are
less than the base in length, consequently a triangulation scheme could not be advantageously laid
out with triangles of this form, but they can be used with advantage to expand a short base by the
quadrilateral method. :

A point of great importance in a triangulation scheme is that the stations should be spread
over the country at fairly regular intervals, and this is attained by triangles not differing much
from the equilateral form: and for economical reasons the shape of the triangles is governed by
the topography of the country to be surveyed, since the stations must usually be fixed on elevated
points that command a clear view of the surrounding country.

By plotting the curve y = cot®?A + cot?2A for values of C between 0 and 180°, at intervals of
10°, a graphical representation is obtained, from which it is easy to see how far the angles of an
isosceles triangle may safely depart from the equilateral form.

I ] I
V
21 /
JORS o
/
\ //

S N W N O 8 8 @ 8 3P ® F OO OO I
° Oo oo oo oo 80 oo Oo Oo oo oo OA Oo oo oo oo °°

The diagram shows that for 18osceles triangles the angle at_the apex may vary from 50° to 90°
and the triangle remain well-conditioned. The ordinate increases rapidly for angles less than 30°
or greater than 120° so that no angle in a triangle should lie outside tlese Iimri’ts a well-kno‘wn
rule which is generallv observed. ’

. The survey districts in the Dominion of New Zealand are about 124 miles square, and the
sides of the minor triangles are usaally from three to five miles in length ; thus there ave usually
about twenty triangles in district, generally depending on a measured base. The error in bhz
;sull/rnna_mon of the three angles in a triangle, according to the latest regulations, is not to exceed
20" By taking 21" as the error in the smnmation of the triangles a correction of 7" for each
angle may be used, and the error in an average set of triangles computed o

Taking the formula— ' ‘

B, . . ) EN\e

WV | (eotd - corC - ( c) ), (3)
where C is the base-line and I, in the error in the base-measurement, by following a chain of
triangles which leads to a check base or returns to the original base a comparison can be obtained
of the measured and computed lengths, and the fractional error thus found can be used as a test of
the accuracy of the angular results. '

. The fractional error in the second triangle, using the computed value of (a) as & new base
gives— ,

E, :
7= £/ |1® (oD + cotiT) + (.lg) ] 4

3

( 2 K 4 e Y K
=+ / v (cot®’A + cot?C -+ cotD + cot®’l) + (JZ“) J by (1).

08I
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Similarly, if # is the n** line—
E

N 2
He + ! v (‘suux of squares of cotaugents of ung]cs) + b" s
P Vo opposite lines used as bases ¢ )

When the triangles are well conditioned, ov are nearly cquilateral in shape, (3) reduces to—

z, v EN?
R (c)

If the »' line returns to the base, and since the error in the base is independent of the angle
observations, the total error due to angular measurcment is given by— '

H, 20 )
c‘ Loy Ey (6)

Taking the triangles around the boundary of a district, a fair average of the number of trinngles
in the chain is 15, and therefore n = 16.

kN

. . ) B, 1
= 77 = ¢ 3:3¢ & & e == PaYaYaTal
Ifv =7 10 7 x 3:394 in radians, then . 5000

This is the most favourable vesult that can be expeeted in this class of survey, since the
triangles are all equilateral. If 50° is*taken as a fair average for obtaining the angular crrors the
: . E, 1
resulting crror due to angular measurement is ¢ = 800"

, very nearly.

These results are usually obtained by actuul experience in minor triangulation, in which the
angles are measured with a 5 in. theodolite.

For the triangulation to be of valte as a controlling agent the accuracy should be L in 18,000
instead of 1 in 9,000, as determined by the error in the summation of the angles of a triangle not
exceeding 21", The accuracy of the work can be increased by reducing the number of triangles,
with a corresponding increase in the length of the sides, or by measuring bases at intermediate
points, or by reducing the error in the siunmation of the triangles. The first method, of making
the triangles larger, is the most economical, but it suffers from the disadvantage that the stations
are widely separated aund are often too distant to be available for checking traverses that do nos
extend from one station to the next. The second method, of measuring base-lines at more
frequent intervals, has very little to recommend it. Iu the first place, suitable base-lines must be
situated on fairly level or casy country to measure over, and even on flat plains the bases would
require to be very numerous to add greatly to the aceuracy of the results. Thus to double the
accuraey, or to obtain 1 in 18,000, would require a measured base-line at every third triangle. The
third method, of reducing the error in the summation of the angles of the triangles, is the most
practicable, but it means the employment of larger and more powerful instruments than 5 in.
theodolites.

To find the error in the summation of the angles ol the friangles, to ensure an accuracy
of 1 in 18,000 between the measured and computed values through a chain of 15 triangles, the
average angles from which the (cotangents)? are used being saken as 50°, gives, by using the
formule (4), 10”; or the mean error in cach angle should not exceed 33", To obtain this result
the methods of observing and the instrument used will require a short notice.

There are two methods in general use for observing angles—namely, repetition and reiteration.
{n repetition, an angle is multiplied a number of times on the graduated limb; the resuls is
obtained by dividing the total angle by the number of repetitions. In the reiteration or direction
method the angle is obtained as the mean of a number of simple measurements on different parss
of the graduated circle.

Let " denote the error in the measurement of an angle. Now, v is a total error due to two
prineipal causes—viz., the error of reading and the error of sighting. Let L, be the mean error in
taking one reading of a vernier or reading-microscope. Now, E, will include the etfects of uneven
sraduation of the divided circle. Let E, denote the sighting-error and be held to include the small
errors duc to imperfect levelling, and instrumental errors not completely eliminated by the act of
observing on both faces. Consider an angle measured by 7 repetitions on each face, by an
instrument equipped with two verniers. Each vernier is read twice in obtaining the multiple
angle on each face. The mean error of reading of the multiple angle is therefore 1 B, A2 for each
vernier. Dividing the multiple angle by # and taking the mean of the two verniers reduces the
reading-error for each face to + H,/n, or a final result of + H,/n A/2 for the mean error of reading.

Again 2n sights are taken on each face, and their influence on the multiple angle is therefore

| — 2 . . .
+ 5. Vou, or + E /\/“ on the quotient, and taking the mean of the two faces + K,/ n is thg
! on

mean error of sighting. o _ ]
Combining the errors of reading and sighting gives: Mean error in an angle measured by

n repetitions on each face,—
B

= P2t . . 7
Vl—:t\,\ani ) ()

©
[

When an angle is measured by n reiterations on each face, the mean of 2n angles is taken,
each angle being measured separately by both verniers. Reading one angle by one vernier a mean
reading-error of 4 X, 4/3 results, which reduces to £ H, by taking the mean of both verniers.

11—C. 1a.
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When the mean of the 2 angles is obtained the readirig-error in the final vesult 1s + K, /\/On
In the measutrement of edch rmg_;le two sights are taken, and the mean error in each due to sné,htm(r

is + B9  The final result as the mean of 2n angles is therefore + K /\/n

Combining the ervors of reading and sighting gives: Mean errvor in an angle measured by

n reiteration on cach face :— ’ 1
Q.E"'Y Vi
vy =k ) { 2;11 + 771/ j (8)
The sighting-error is equal in cach method, and if the reading-error is equal to the sighting-error

oy v - D V3n

or, for an angle measurcd by three repetitions and also by three reiterations on cach face—
vy == VT3
= 265 : 8.

In the introduction to the * Adjustiment of Observations” (2ud edision), by Wright and
Hayford, is the following: * The repeating theodolite has fallen far short of the expectations of 1ts
first advocates, who hoped that with it the errors of measurement of an angle could be reduced
almost indefinitels v. The mechanical difficulties have proved msunnountwble, and the repeating
theodolite is now known to be capable of no greater accuracy than the direction instrument.” The
writer, after several years' experience in testing the two methods with several instruments, concurs
with the above quotation, and is of opinion that preference should be given to the method of
divections, which is usually more expeditious in the field.

The anount of eccentricity and the errors of graduations should be determined for every
inssrument. The avalysis is given 1 most text-books on geodesy and practical astronomy. The
following vesults were obtained by the writer from an 8in. transit instrument by Troughton and
Simms :—

Vertical cirele: Verniers apart, 180° 00’ 14-6"; line of no cccentricity, 497 19" 00" (el. face
right) ; correction to vernier, A — 9:3" (a — 229° 19'). A second analysis of the vertical circle dis-
closed a small error of 151", due to the pivot being of elliptical form. As the instrument is an old
one the wear on the under-surface is quite noticeable.

Horizontal cirele : Verniers apavs, 180° 00’ 03”; line of no cecentricity, 79" 11’ 80”; correction
for a single reading to vernier—A = 4-36" sin (a — 79° 11’ 30"); B = — 4:36' sin (« — 79° 11’ 30).
The mean of the two verniers is free {rom the error due to eccentricity.

In the above formulw « is the angle or bearing under the vernier. In the case of a traverse
running in the direction of 169° or thereabouts, and only one vernier used, the bearing would soon
be affected by the eccentricity.

The wean ervor of oue vernier of the horizontal circle of the above instrument due to errors
of graduation and accidental ervors of reading was found to be 4 2:90”. By taking the mean of the
two verniers this is reduced to + 2:06".

The sighting can be assessed by the observer. An ervor in sighting of 4 2" represent l4in.
at a distance of five miles, and is about equal to one-half the thickness of the signal-pole, and is
probably the maximum displacement of the central wires, in the field of view from the signal, that
occurs with even an indifferent observer. Accepting this value will give 4 283" as the mean
sighting-error in the measurement of an angle. Combining these results by the formula—

(E: B!
nEEs (2_10 + _n,)

where n is three reiterations on each face, the usual number of observations at each station in
minor triangulation.

Substitute these values of H, and K.

(2:06)7  (2:83)*
Vg = 4 M4 A4

or vy = + 189",
The above amount represents the mean ervor in an angle measured by shis 8in. theodolite.

Using this result to compute the accurracy in the chain of triangles gives—

7%

1
o= X 4 K cot 507 = 43000 (nearly).

J

The increased accuracy obtained by using better instruments in a triangulation survey for the
angular measurements is obvious from the above result, and is much preferable to increasing the
size of the triangles or measuring a greater number of base-lines.

The results obtained are that a 5in. theodolite can only be expected to give an aceuracy of
Lin 9,000 in a minor-triangulation survey, and that an accuracy of 1 in 18,000 is required for
controlling the ordinary traverse by 5in. theodolite and long measuring-tapes. Further, the
desired accuracy can be easily obtained or exceeded by adopting 7in. or 81in. theodolites for the
angular work.

Fuller investigations of the results contained in this article can be found by. consulting the
following authorities: « Astronomy " (Chavenet); ¢ Geodesy ' (Crandal); ‘ Effects of Lrrors in
Surveying "’ (Briggs) ; ¢ Progress of Geodesy W (MeCaw); *“ Adjustment of Observations” (Wright
and Hayford).
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APPENDIX IX,

" OEXTRACTS FROM REPORT OF Mr. J. LANGMUIR, INSPECTOR OF SURVEYS.
STANDARD SURVEYS.

Iy addition to 23 miles of new work, an exeeptional amount of veinstatement work has been done i
the City of Auckland durving the vear. This is always a rather complicated work.  Under the nwost
favorrable clreumstances, when due notice of the proposed disturbance is given, and the block can he
short-fixed, then the cost is minimized, but if the blocks arve disturbed before thev are fixed, then the
cost is frequently heavy.  The Auckland City Couneil authorities now, however, appreciate the neces-
sity of working with the Department to maintain the usefulness of the survey which has been executed
af sueh o large cost,  Other local hodies are also for the most part alive to the importance of this class
of survey. and are doing their hest to assist in every way, and pay the cost of the reinstatement of the
Docks when the necessity arises owing to street or road improvements. A considerable amount of
work of this class both in the eity and suburbs of Auckland is still in hand unfinished.

Prorosenp Work ror 1w Year 1915 -16.

The Auckland City Council is desirous of having a complete standard and alignnent swrvey made
of Remuera. Grey Lann, and Aveh Hill, theee local districts which have Tately joined the city. It will
also ask that the survey be taken in hand as soon as possible. The Borough of Onehunga, Mangere
Road Board, and the Manunkau County Couneil have all agreed to bear the cost of the standard blocks
with cast-iron surface hoxes, and it will be a matter for regret if this work cannot be caried out at an
early date. but to do so assistance in the field will be required.  In regard to alignments, T myself
have so far taken the responsibility for all so far determined, and if the surveys of Remuera, (rey
Lomn. and Aveh Hill ave taken in hand therve will be a large amount of this work to undertake as the
work procecds. some of it compheated and difficult. The office is in arvears with standard plans, and
unless fwrther assistance is given in the office progress will, of necessity, he slow.

SECONDARY TRIANGUTLATION.

Large signals were built at thirty-four stations extending over country from Whakarara, aboult
8 miles east of Whangaroa Harbour, to Pohokura, on the boundary between the Auckland and Hawke's
Bav Land Districts.  Building is now going on about Lake Taupo, hut other parties have ceased work
for the present. There are still nine stations in the southern part of the distriet, including White
Ixland. which require signals. and sixteen stations in the novthern part ; these latter will be taken in
hand about Augnst.  The building of thirtyv-four signals does not, perhaps. appear a big twrmout, hut
the parties were not engaged continuously. and a Targe amount of track and other clearing had to he
done. much of 1 in diffienlt country and during bad weather. A congiderable number of the signals
are made of jarrall but in all other cases the timber has been cut and pit-sawn or axed out on the
ground. At one station. © Furuiki,” which s built on the top of a vock. over 1000 superficial fect of
totara was sawn on the ground for the signal required.

Mr. H. F. Hdeecunbe started ohservations on the T4th May, and continued same to the 17th Noveni-
her. when he was granted twentv-eight davs’ sick-leave, but did not take the field again until after
(hristmas, and little sunccess was obtained when he had to leave the work again on the 1st March owing
to a veturn of his illness. The total number of stations observed at were twentv-two, of which eleven
were secondary triangulation, six were old major stations the angles of which were reobserved, and
five were extra stations in the vieinity of Auckland for the purpose of a standard triangulation con-
neetion to the North Shore.

Revition or O Major anp MiNor TRIANGULATIONS.

This 1s & work which should be started at once in fact, the secondary triangulation will not he
of any practical use unsil this is done. T have had a number of permanent signals erected at such
stations as seemed desivable. but at many stations temporary signals will be quite sufficient, and there
is no necessity for these to be erected until the observer is on the ground.  The old work is discon-
neeted also in many places. and new stations are reguired to complete polvgons, &e. Again, new
stations will sometimes be required to take the place of stations destroved or elosed in by plantations,

Taking the three classes of survey which I have been permitted to supervise during the last fow
vears  viz.. secondary triangulation. standard surveys, and revision of major and minor triangulation

much more assistance s required if any practical results are to be obtained within a reasonable
time.  Two observers are required for the secondary triangulation, one extra standard surveyor, one
swrvevor to start the revision of the old major and minor triangulations where required, and, if
possible. a start should he made with the precise levelling of the district.  Dealing with all classes of
worke in hand. the requircinents, in order, appear to be as lfollows @
(1.) Final determination of the values of the new secondary base-lines measured.
(2.) Continunation of the observation of secondary triangles by two observers for the Auck-
Jand District.  Extra observations for true meridian arve required.
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(3.) Computing stall---I presume, in Wellington-—to carry out the computations in connec-
tion with the sccondary triangulation in the first place; but as soon as possible to
also undertake the recomputation and harmonizing of the revised old major and minor
triangulations therewith,

(1.) Revision of the old major and minor triangulations, these two works to be carried out
simultaneously by the same ohservers,

(5.) Continuation of standard and alignment surveys along the main lines of traffic and
close settlement. .

(6.) Precise levelling. .

In regard to major und minor triangulation closes, &e., I have not given much detail, for the
reason that the late Mr. Cussen went fullv into the matter. and his valuable report is available for
reference.  Again. much of the old major work may no doubt be finally adopted, and possibly a good
deal of the minor- --that is, as far as the observations are concerned ; but the whole of the work in the
Auckland District requires field revision, in a sense, to complete series and polygons, with a reeom-
putation of the whole of the old work.

Approginute Cost of Paper.—Proparation, nov guven,; printing (1,350 copies), including diagrams and maps, L1448,

By Authority : Joux Mackay, Govermnent Printer, Welhinglon. 1015
Price ¥s. 64.]
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