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1. Brief / Introduction

The aim of this student projectwa8t RSGSNX¥YAYS (GKS I OOdz2N> 08 2F ¢ ¢
and observationsvhen he undertook a survey of Newcastle & harbour area in 1828. Another

aim was to locateggain,with some estimate of accuracy) various historical points of interest

around Newcastlas it exists today.

2. Background

Sir Thomas Mitchell (1792 -1855)

Thomas Michell was born 15 June 1792 in the
County of StirlingScotland. Though his parents
were poor, he was educated and proficient in a
number of languages and sciences.

By 1811 havas a second lieutemt in the 9%’
Regiment and served in the Peninsular War
(18081814), chiefly involved in obtaining
topographical intelligence. Mihell attracted the
attention of his superiors sufficiently that they
engaged him to produce plans ofetmajor
Peninsular battlefields, and this task continued
after the war.

Mitchell was promoted to Major in 1826, and in
1827 became the assistant surveygeneral under John Oxley, with the right to succeed him
upon his retirement.

He began the seemingiypossible taskbf a
general survey of New South Wales. Prior to ~ F9urel - Sir Thomas Mitchell
. . . Unknown artist
MitchellQappointment the Survey Department source: National Centre of Biography
was in poor conditiorg instruments and
competent personnel were scarce, and no attempt was made to relate local surveys to a larger
network.

Aspart of these duties, sometimia 1828 he visited the settlement of Newcastle and
undertook a survey ahe harbour and immediate area.

This project is an attempt to reconcile his survey as a whole and estimate the precision of his
survey.
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The instrumehused by Mitchell would have been
one of two supplied to hinby Thomas Jones of
Charing Cross, London.

This instrument measures both horizontal and
BSNIAOFTE | y3f SespitafiaBid
have been able toead (or approximie) anglesto

the nearest minute of arc in both the vertical and
horizontal directions.

The horizontal circle has a vernier scale for accure
determination of angles, and there is a space for a
compass on theantral disc of the theodolite.

An initial opinion is that this instrument is accurate Figure2 - Mitchell's Theodolite
. . . . Source: LPMA

to approximate 5 minutes of aigthis project

attempts to confirm that.

- EOAEAT 160 4AAET ENOAO

CK2YlFa aAldOKStftQa GSOKYAIl dzS @wcastleqtBis wastd foraebs |y Ay A
AYAUGALE 20aSNBIFGA2Y LRAY(Gad IcéstalidhdaSynaliHalizandlal? A vy ( &
second near the high Windmdlthe present day locations of Fort Scratchley and the Obelisk,

respectively.

Using anglar measurements from these two stations he triangulated the location of many points of
interest across Newcastle.

It is unclear what his source of control miglaive been (if there was any) artdnay well have been

his intention to link this local suryewith another at later date. Certainly he was interested in locating
points along the coastline, whether this was to aid in a preparation of maps or merely points of
interest at the time remains to be seen.
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Figure3 - Thomas Mtchell's baseline

Thomas moved from his major baseline onto his observed points and continued to observe points of
interest from these. He continued in this manner, sometimes setting on points previously unobserved
from his survey and using a method eection to locate himself before further continuing his survey.

It not known what his intentions were for the information he collected, and there is no mention in his
notes regarding a connection or relation to a larger survey.
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Sketches

Figure5 - Mitchell's sketch from the Windmill

Mitchell produced a number of sketches in his notes with a startling attention to detail. In these he
identifies most of his observation points with letters and numbers, allowing some abbreviation in his
field notes.

An1830planofNe@l &Gt S 61 & dzaASR SEGSyaArgSte FLN dzy RSNE G
observations. This plaidrawn by Surveyor John Armstrong of the Australian Agricultural Company

around 1830) is considered the most comprehensive record of early Newcastle whiclesuovikis

RFed LG aK2ga SOSNE avYlftft odZAfRAY3I YR RSOFATZI L
observations to actual structures and features of the day.
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Figure6 - Excerpt from Mitchell's Feld book

Mitchell recorded his observations in a generally stawed fashion. He recordeshgular observations
to the nearest minute in a DD.MM format.

As an asidghe never records an angle greater than 1,88aving us to wonder if his instrument read
180 to the left and right.

Ly Fyeé Ol &S saredailyclddt &htl dozie. Hhanks3asa previous project deciphering
these field note§ most of his shorthand hdmenidentified.

Here Mitchell has recorded an observation:
ot 2 A Y (ih§Last Strgd Ay €

Ot 2AYy 06 agn dnMmEK ORAGG20

There are some observations which cannot be fully it ,
deciphered. In one example, Mitchell has taken a

.

YdzYo SN 2F 20aSNBI GA2Ya
which, near as can be determined is a lowihill

present day Cooks Hill.

PA{ANI ¢K2YI A

aAlOKSTE ¢

a
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4. Fixed Points

9IN¥ & Ay GKAA LINRP2SOilx Al 61a ARSYUGAFASR GKI
related to present day locations in order to give soeselof confidence to the location and scaling of

his suney.

One point wasdentified fairly easily, the Windmill / Obelisk poing being as they were (as near as
can be determine) coincident, with the Obelisk being construdieekctly over the site of the

demolished Windmill in 1950.

The location of the oginal Church was found
in a 1995 Conservation Plan locatthg
original 1817 church on an outline of the
Christ Church Cathedral. From this the
location of the original church steeple (which
both Armstrong and Mitchell made reference
to) could be found.

C2NJ I GKANR "gtatigni = a A
200dzLI GAZ2Y o6& i 6KI

in centre of two Principle Crofi NB S (i ¢ ®

There is some confusion as to what is meant
by this. Further examination of the word

G/ NPLXE Aa RAFTTAGdE G
GKAOK ONRYy3Ia GKS LIKNI
062 LINAYOALX S ONRA& a

Mitchell may have been unfamiliar with the

VIEYSa 2F bSgOlFailtSQa
Fi 2 ..
Comparative Plans Christ Churchlggﬁ and Christ Church Cathedral 1995 a visitor tothe town. As near as can be
CHRIST CHURCH CATHEDRAL CONSERVATION PLAN detel’mined,this Ration 10 OCCUpiEd the

Figure7 - Cathedral / Church overlay

Figure8 - Mitchell's 10th Station

centre of the intersection oWatt & and
Church& and it was decided to fix this station
in this position relative to the streets of today.

Point

MGA Easting MGA Northing

Windmill / Obelisk

385833.708] 6355593.419

Church Steeple

385975.047] 6355928.046

Station 10

386264.962] 6355789.374

Tablel- Project Fixed Points

11| tyrteara 2F¥ ¢K2Yra aAiOKSttQa CASER b2

Tim Chisholm @11

G aA
i OKS
0 KS

Cn ¢ O
o

w 2

c:

NE I



N - -~ ~

51 AEOOOET ¢ - EOAEAT 160 OO0O0OAU 1T &£ . AxA

Initial CompNet Adjustment
¢KS YIFIAY FTAY 2F GKAA LINR2SO0 ¢l a (2 | RE&adgd aiidO
method to find the *best fit* was the best way to achieve this.

For this procesComphet v2.8 was usedCompNt isa least squares adjustment package allowing
adjustment of traverse angular observations and distances to find the best solutiot fesiduals.

Using themanualinputY SG K2R Ay /2YLIbSiQa GSEG SRAG2NE aiioOK
a digital format.

: M, 385975.0470, 6355928.0460
G, 385833.7080, 6355593.4190
PSTATIONL

1000, 0.0000, -1, M

1013, 348.2800, -1, G

1027, 68.4700, -1, T

: AEENIAS. 83 -1, 5

Initially, it was assumed that this

would be fairly simple adjustment
exercise, with there being multiple
redundanciesy a A i OKSf f Qa

ZEEEZEEZWNTTM

Figure9 - CompNet manualmput

A number of fixed points had been identified and these given coordinates in the Comp)Net adjustment
to scale and orientate the project.

However, factors relating to the accuracy of this survey (recorded to the nearest minwge), th
YSIF&adz2NBYSyld 2F | ydzYoSNI 2F aK2NI fAySa 6Y2ad LINE
from his first station) and some g®t unidentified observation errors caused the CompNet model to

*fall over* - in a manner of speakingand i

attempt to adjust to project out to infinite

coordinates.

The complexity of the model meant that
small changes in any point coordinate
would have an effect on any angle
referencing that point, which had itself a
flow-on effect on the entire project.

Figure10- CompNet model failure

12 lylLfteaAra 2F ¢K2Yl a aAiOKStftQa CASfR b2
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Point by Point Adjustment

The CompNet R2dza G YSy (i

gl a

NBaidl NISRZ

Iy R

aAlOKStftQa

Observations were chosen which had been referenced from multiple stations to add redundancies to

the adjustment.

Figurell- CompNet Adjustment taking shape

Linebylinea A G OKSt f Q&

> smia

2 enteredNidd|thé &a@npNet mb@&INBbservations which

caused the model to fail were identified, and isolateldut kept in the modebne way observations to

check the ajlistment.

‘NBW

Figurel2 - Norrintersecting observations (Point K)

'yl teara 27
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Figurel3- CompNet Adjustment with "dummy" distances for on&ay observations (pink lines)

In addition to intersection points acros&iNcastle, Mitchell also recorded a number of emay
observations during his survey

Some of these may have been intentionan observation to the edge of a cliff fateaid in the

drafting of a planfor example; while others might not have been. Mhell recorded a number of
observations from his first station which are not repeated, perhaps as his subsequent travels around
the town revealed them to be of no real significance.

In any case, these observations havecnordinatesolution, but to maintan their relativityin the

FR2dza 0 YSyY (2 & R dzYugedl whildehtériig offiev@yobsgrétitBs. This allowed them to

be adjusted as normal angles, and would enable a manual assessment of the lines of observation after
processing was finished.

NaBRRAGAZ2Y (2 ah il OK&linte@rumberoNriical singléstand lelgvatibnS were

recorded. Mitchell intended some of these to be used to calculate distances, as he has recorded

numbers of subtended angles to the flag staffs on Signahiith were a known height). Others may
KIS 0SSy AyGuSyRSR (G2 SaidrofAakK NRJIAK tS@gSta 27
Island.

Mitchell measured a number of distances to the flag staffs on Signal Hill by a subtense method. Since

the daffs were a fixed height (30 & 40 feet), he could measure the subtended vertical angle and
approximate a distance (assuming slope corrections were negligible).
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6. Adjustment Results z Horizontal Angles

After finalising the list of akervations to be adisted,

. . . Forming normal equations from
CompNet was activateand the final adjustment ’ ST T
Comp|etej_ [~ Azimuths

¥ Reduced distances

I~ Height differences

With a conventional approach, data values tioe  Vertiont anglos
accuracy of the survey can batered into CompNet. [ Slope distances
These values errors in angular measurements I~ GPS vectars
distances, setupstc ¢ can be used to eate
adjustment limits to prevent the least squares
solution adjustingobservation values more than Maxirmum conrdinate inement. 0,006
necessary. At station number: 76

Estimate of variance factor: 1.13
F Test at 95% confidence level: 1.36
Adjustment redundancies: 50

v Solving normal equations

Adjustment measures
Iteration number: 7

Adjustment passes

For this project however, the intention was to

AVOSEAGATLGS ¢K2YIa aAldoOKSeloa LINBOAZA2yEs | yR (K
accuracy of his instrument was not conclugjve

known. Figurel4 - CompNet final adjustment details

CompNet was therefore set to not constrain observations & adjustments, but merely to find the best
fit solutionand calculate the standard deviation

The solution converged after 7 iterations, with an estimation of the variance factbd8fAlong with
at F test a2’ of 1.36, this meant the solution satisfies the basidemia for a correct adjustment as F >
VF.

7. Fixing the Armstrong Plan

Ly 2NRSNJ (G2 dzaS GKS ! N¥YAGNRy3a LIy (42 AR AY |y
referenced relative t@ numberof fixed points.

Due to two of the project fixed points (the Windmill and the Church steeple) being features on the
INYAGNRY 3 LI IFYy>S GKS&S ¢ S NBctizand 6f the lbatlidgyvBadat A G K | (K
which Armstrong had taken bearingsatbn 6 A 1 K aA 1 OKSf ft Qa 20aSNBI GA2yad
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WSTFSNBYOAY3a (KS LIy G2 (GKS&S LRAYyGa F2dzyR I 3I22
breakwall with the present day locatioAlsothe Scott St/Watt St intersection SE Corner appears to
coincide with the present day building corner.

Figurel7 - Watt St/ Scott St Intersection
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8. Station Locations & Observations

Station 1 & 7 (Station on Signal Hil I)

Overview
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natural start to any survey of Newcastle in his day. It
occupied (and does to this day) a commanding viewpafint
Newcastle, the harbour, Nobbys Island and the-lging

peninsula of Stockton to the north.

Mitchell began his survey by measuring to a number of
points across Newcastle, with (one may assume) the
intention of finding the location of these by interd@m of

angles from subsequent stations.

He returned here for his seventh set of observations to
coordinate the 30 & 40 foot flagstaffs, suggesting he
realised an opportunity to use the staffs to determine
distances from his stations to Signal Hillingthe course

of his survey.

Ashas been mentioned previousiiy, K A &

gl a

set of observationsand it isnoted there are a number of
points(c, g, X) observed from Signal Hilhat he did not
measure agaiq either they were not visible fromany
other point, or he mistook them for more important structures.
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There are a few points Mitchell references frequently in his subsequent stations but does not mention
here ¢ not being a local, he must have belatedly realised their importance and bdgsmang them,
but did not return to Signal Hill to observe them.

Reduced Angle Observations

Most observations fall into the >\B
NI y3asS 206

AaSNDI GA2ya
nature would not lend themselves to accurate observations (tops of hill,et2 A y @ a

I R 2 dza i, Wwifhé tew haticgaBl& outliers including close
0 and atmes whiEl2réXléct natdradl feaused and 8 thefri
afteéez
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Station 1 Observations

From To Observation Final Angle Adjustment
a m 60° 55' 0" 60° 22' 38" -0° 32' 22"

b m 35°29'0" 35° 25' 51" -0°3'9"

d m 28°16' 0" 28° 13' 44" -0° 2' 16"

e m 25°30' 0" 25° 27" 44" -0° 2' 16"
f m 23°15'0" 23°4' 42" -0° 10' 18"

g m 11°32'0" 11° 33' 59" 0°1'59"

h m 15°0' 0" 14° 51'26" -0° 8' 34"

[ m 19° 40' 0" 19° 36' 10" -0° 3' 50"

k m 12°16'0" 12°13'43" -0° 2" 17"

I m 6° 55' 0" 6° 55' 40" 0° 0" 40"

low toe d m 30° 16' 0" 30° 13' 44" -0° 2' 16"

m c 2°8'0" 2°10' 16" 0°2'16"

m n 3°43' 0" 3°45' 16" 0°2'16"

m 0 19°13'0" 19° 14' 50" 0°1'50"

m p 10° 40' 0" 10° 44' 0" 0°4'0"

m q 11°37'0" 11°39'16" 0°2'16"

m r 23°0'0" 23° 11' 50" 0° 11' 50"

m S 63°3' 0" 62° 58' 22" -0° 4' 38"

m t 68° 47' 0" 68° 46' 48" -0°0'12"

40 foot staff t 15°59' 0" 16° 16' 29" 0° 17' 29"
30 foot staff t 20° 16' 0" 20° 39' 10" 0° 23' 10"
m u 16° 24' 0" 16° 18' 23" -0° 5' 37"

t Vv 72°34'0" 72° 37' 50" 0° 3'50"

t w 77°9'0" 77°9' 42" 0°0'42"

t X 101° 52' 0" 101° 54 27" 0°2'27"

t 7 33°54' 0" 33° 56' 28" 0° 2'28"

10 2nd Station 10° 58' 0" 10° 54" 46" -0° 3' 14"

t 1 56° 6' 0" 56° 8' 27" 0°2' 27"

SW Side Pagoda t 10°55'0" 10°55'0" -0°0'0"

t North Side Pagoda 0° 00" 0° 00" 0° 00"

19|!'ylrteaira 2F ¢K2Yla aAlOKStftQa CAStR b2

Tim Chisholm @11




Adjusted Station Location

Station 1

Point
Coordinates

Northing

Easting
| 387016.225 6356272.111

Bearing Ma,.
AXxis

Min. Axis

Maj. Axis
32.801m

| 76°47 48"

20.922m

Armstrong Plan Coordinates

Northing

none

N/A

Easting

none

N/A

Location on Armstrong Plan

b 2

CASER

A
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Location in Present z Day Newcastle
The location of Sition 1 today is on the grassy slope justtothesefth &G 2F C2 NI { ONJ G O
fortifications.
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