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1. Brief / Introduction  
 

 

The aim of this student project was tƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ŀŎŎǳǊŀŎȅ ƻŦ ¢ƘƻƳŀǎ aƛǘŎƘŜƭƭΩǎ ǎƪŜǘŎƘŜǎ 

and observations when he undertook a survey of Newcastle & harbour area in 1828. Another 

aim was to locate (again, with some estimate of accuracy) various historical points of interest 

around Newcastle as it exists today.  

 

 

2. Background  

Sir Thomas Mitchell (1792 -1855)  
 

Thomas Mitchell was born 15 June 1792 in the 

County of Stirling, Scotland. Though his parents 

were poor, he was educated and proficient in a 

number of languages and sciences.  

By 1811 he was a second lieutenant in the 95th 

Regiment and served in the Peninsular War 

(1808-1814), chiefly involved in obtaining 

topographical intelligence. Mitchell attracted the 

attention of his superiors sufficiently that they 

engaged him to produce plans of the major 

Peninsular battlefields, and this task continued 

after the war. 

Mitchell was promoted to Major in 1826, and in 

1827 became the assistant surveyor-general under John Oxley, with the right to succeed him 

upon his retirement.  

He began the seemingly impossible task of a 

general survey of New South Wales. Prior to 

MitchellΩǎ appointment, the Survey Department 

was in poor condition ς instruments and 

competent personnel were scarce, and no attempt was made to relate local surveys to a larger 

network.  

As part of these duties, sometime in 1828 he visited the settlement of Newcastle and 

undertook a survey of the harbour and immediate area.  

This project is an attempt to reconcile his survey as a whole and estimate the precision of his 

survey. 

  

Figure 1 - Sir Thomas Mitchell 
Unknown artist 
Source: National Centre of Biography 
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3. -ÉÔÃÈÅÌÌȭÓ Survey of Newcastle  
 

 

 

-ÉÔÃÈÅÌÌȭÓ )ÎÓÔÒÕÍÅÎÔ 
 

The instrument used by Mitchell would have been 

one of two supplied to him by Thomas Jones of 

Charing Cross, London.  

This instrument measures both horizontal and 

ǾŜǊǘƛŎŀƭ ŀƴƎƭŜǎΦ CǊƻƳ aƛǘŎƘŜƭƭΩǎ ƴƻtes, it appears to 

have been able to read (or approximate) angles to 

the nearest minute of arc in both the vertical and 

horizontal directions.  

The horizontal circle has a vernier scale for accurate 

determination of angles, and there is a space for a 

compass on the central disc of the theodolite.  

An initial opinion is that this instrument is accurate 

to approximate 5 minutes of arc ς this project 

attempts to confirm that.  

 

-ÉÔÃÈÅÌÌȭÓ 4ÅÃÈÎÉÑÕÅÓ 
 

¢ƘƻƳŀǎ aƛǘŎƘŜƭƭΩǎ ǘŜŎƘƴƛǉǳŜ ǿŀǎ ǘƻ ǎŜǘ ǳǇ ŀƴ ƛƴƛǘƛŀƭ ōŀǎŜƭƛƴŜ ŀŎǊƻǎǎ bŜwcastle ς this was to form his 

ƛƴƛǘƛŀƭ ƻōǎŜǊǾŀǘƛƻƴ ǇƻƛƴǘǎΦ IŜ ŎƘƻǎŜ ǘǿƻ Ǉƻƛƴǘǎ ŀǎ Ƙƛǎ ƛƴƛǘƛŀƭ άōŀǎŜƭƛƴŜέ ς a station on Signal Hill and a 

second near the high Windmill ς the present day locations of Fort Scratchley and the Obelisk, 

respectively. 

Using angular measurements from these two stations he triangulated the location of many points of 

interest across Newcastle.  

It is unclear what his source of control might have been (if there was any) and it may well have been 

his intention to link this local survey with 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.  

 

Figure 2 - Mitchell's Theodolite  
Source: LPMA 
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Figure 3 - Thomas Mitchell'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 of resection 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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-ÉÔÃÈÅÌÌȭÓ &ÉÅÌÄ .ÏÔÅÓ 

Sketches 

 

 

 

 

 

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.  

An 1830 plan of NewŎŀǎǘƭŜ ǿŀǎ ǳǎŜŘ ŜȄǘŜƴǎƛǾŜƭȅ ŦƻǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ŎƻƳǇŀǊƛƴƎ aƛǘŎƘŜƭƭΩs 

observations. This plan (drawn by Surveyor John Armstrong of the Australian Agricultural Company 

around 1830) is considered the most comprehensive record of early Newcastle which survives to this 

ŘŀȅΦ Lǘ ǎƘƻǿǎ ŜǾŜǊȅ ǎƳŀƭƭ ōǳƛƭŘƛƴƎ ŀƴŘ ŘŜǘŀƛƭΣ ǇǊƻǾƛŘƛƴƎ ƳǳŎƘ ǊŜƭŜǾŀƴǘ ŘŜǘŀƛƭ ǘƻ ǊŜƭŀǘŜ aƛǘŎƘŜƭƭΩǎ 

observations to actual structures and features of the day. 

  

Figure 4 - Mitchell's sketch from Signal Hill 

Figure 5 - Mitchell's sketch from the Windmill 
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Observations  
 

 

 

 

 

 

 

 

 

 

Figure 6 - Excerpt from Mitchell's Field book 

Mitchell recorded his observations in a generally structured fashion. He recorded angular observations 

to the nearest minute in a DD.MM format.  

As an aside, he never records an angle greater than 180°, leaving us to wonder if his instrument read 

180° to the left and right.  

Lƴ ŀƴȅ ŎŀǎŜΣ aƛǘŎƘŜƭƭΩǎ ƴƻǘŜǎ are fairly clear and concise. Thanks to a previous project deciphering 

these field notes1, most of his shorthand has been identified.  

 

 

Here Mitchell has recorded an observation:  

ώtƻƛƴǘϐ ά{ ǿώƛth] Last Stn ς мΦоуέ 

ώtƻƛƴǘϐ άƛ ǿƛǘƘ όŘƛǘǘƻύ ς пΦплέ 

 

 

There are some observations which cannot be fully 

deciphered. In one example, Mitchell has taken a 

ƴǳƳōŜǊ ƻŦ ƻōǎŜǊǾŀǘƛƻƴǎ ǘƻ άōǳǎƘŜǎ ώƴŜŀǊϐ Ŝƴǘȅ όǎƛŎύέ 

which, near as can be determined is a low hill in 

present day Cooks Hill. 

  

                                                           
1
  ά{ƛǊ ¢ƘƻƳŀǎ aƛǘŎƘŜƭƭǎ !ƴƎǳƭŀǊ hōǎŜǊǾŀǘƛƻƴǎ ŀƴŘ CƛŜƭŘ-bƻǘŜ {ƪŜǘŎƘŜǎ ƻŦ bŜǿŎŀǎǘƭŜέ, Towers & Sumner 2009 
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4. Fixed Points  
9ŀǊƭȅ ƛƴ ǘƘƛǎ ǇǊƻƧŜŎǘΣ ƛǘ ǿŀǎ ƛŘŜƴǘƛŦƛŜŘ ǘƘŀǘ aƛǘŎƘŜƭƭΩǎ ǎǘŀǘƛƻƴǎ ŀƴŘ ƻōǎŜǊǾŀǘƛƻƴǎ ǿƻǳƭŘ ƴŜŜŘ ǘƻ ōŜ 

related to present day locations in order to give some level of confidence to the location and scaling of 

his survey.  

One point was identified fairly easily ς the Windmill / Obelisk point ς being as they were (as near as 

can be determine) coincident, with the Obelisk being constructed directly over the site of the 

demolished Windmill in 1950. 

The location of the original Church was found 

in a 1995 Conservation Plan locating the 

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.  

 

CƻǊ ŀ ǘƘƛǊŘ ǇƻƛƴǘΣ aƛǘŎƘŜƭƭΩǎ млth Station 

ƻŎŎǳǇŀǘƛƻƴ ǿŀǎ ŀǘ ǿƘŀǘ ƘŜ ŘŜǎŎǊƛōŜŘ ŀǎ ά5ƛŀƭ 

in centre of two Principle Crop SǘǊŜŜǘέΦ 

There is some confusion as to what is meant 

by this. Further examination of the word 

ά/ǊƻǇέ ƛǎ ŘƛŦŦƛŎǳƭǘΣ ōǳǘ ƛǘ Ƴŀȅ ǎŀȅ ά/Ǌƻǎǎέ ς 

ǿƘƛŎƘ ōǊƛƴƎǎ ǘƘŜ ǇƘǊŀǎŜ ǘƻ ά5ƛŀƭ ƛƴ ŎŜƴǘǊŜ ƻŦ 

ǘǿƻ ǇǊƛƴŎƛǇƭŜ ŎǊƻǎǎ ǎǘǊŜŜǘώǎϐΦέ 

Mitchell may have been unfamiliar with the 

ƴŀƳŜǎ ƻŦ bŜǿŎŀǎǘƭŜΩǎ ǊƻŀŘǎ ōŜƛƴƎΣ ŀǎ ƘŜ ǿŀǎΣ 

a visitor to the town. As near as can be 

determined, this Station 10 occupied the 

centre of the intersection of Watt St and 

Church St 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 
Table 1- Project Fixed Points 

Figure 7 - Cathedral / Church overlay 

Figure 8 - Mitchell's 10th Station 
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5. !ÄÊÕÓÔÉÎÇ -ÉÔÃÈÅÌÌȭÓ ÓÕÒÖÅÙ ÏÆ .Å×ÃÁÓÔÌÅ 
 

Initial CompNet Adjustment  
¢ƘŜ Ƴŀƛƴ ŀƛƳ ƻŦ ǘƘƛǎ ǇǊƻƧŜŎǘ ǿŀǎ ǘƻ ŀŘƧǳǎǘ aƛǘŎƘŜƭƭΩǎ ƻōǎŜǊǾŀǘƛƻƴǎ ŀǎ ŀ ǿƘƻƭŜΦ ¦ǎƛƴƎ ŀ ƭŜŀǎǘ ǎquares 

method to find the *best fit* was the best way to achieve this. 

For this process, CompNet v2.8 was used. CompNet is a least squares adjustment package allowing 

adjustment of traverse angular observations and distances to find the best solution for all residuals.  

Using the manual input ƳŜǘƘƻŘ ƛƴ /ƻƳǇbŜǘΩǎ ǘŜȄǘ ŜŘƛǘƻǊΣ aƛǘŎƘŜƭƭΩǎ ƻōǎŜǊǾŀǘƛƻƴǎ ǿŜǊŜ ŎƻƴǾŜǊǘŜŘ ƛƴǘƻ 

a digital format.  

 

Initially, it was assumed that this 

would be fairly simple adjustment 

exercise, with there being multiple 

redundancies iƴ aƛǘŎƘŜƭƭΩǎ ǎǳǊǾŜȅΦ  

 

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 minute), the 

ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ŀ ƴǳƳōŜǊ ƻŦ ǎƘƻǊǘ ƭƛƴŜǎ όƳƻǎǘ ǇǊƻƳƛƴŜƴǘƭȅ aƛǘŎƘŜƭƭΩǎ ƳŜŀǎǳǊŜƳŜƴǘǎ ǘƻ ǘƘŜ ŦƭŀƎ ǎǘŀŦŦǎ 

from his first station) and some as-yet unidentified observation errors caused the CompNet model to 

*fall over* - in a manner of speaking ς and 

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.  

 

 

 

  

Figure 9 - CompNet manual imput 

Figure 10 - CompNet model failure 
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Point by  Point Adjustment  
 

The CompNet ŀŘƧǳǎǘƳŜƴǘ ǿŀǎ ǊŜǎǘŀǊǘŜŘΣ ŀƴŘ aƛǘŎƘŜƭƭΩǎ ƻōǎŜǊǾŀǘƛƻƴǎ ǿŜǊŜ ŜȄŀƳƛƴŜŘ ƛƴ ƎǊŜŀǘŜǊ ŘŜǘŀƛƭΦ 

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

the adjustment. 

 

Figure 11 - CompNet Adjustment taking shape 

 

Line by line, aƛǘŎƘŜƭƭΩǎ ƻōǎŜǊǾŀǘƛƻƴǎ ǿŜǊŜ entered into the CompNet model. Observations which 

caused the model to fail were identified, and isolated ς but kept in the model one way observations to 

check the adjustment.  

 

Figure 12 - Non-intersecting observations (Point K) 
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Figure 13 - CompNet Adjustment with "dummy" distances for one-way observations (pink lines) 

 

In addition to intersection points across Newcastle, Mitchell also recorded a number of one-way 

observations during his survey. 

Some of these may have been intentional ς an observation to the edge of a cliff face to aid in the 

drafting of a plan, for example ς while others might not have been. Mitchell 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 have no coordinate solution, but to maintain their relativity in the 

ŀŘƧǳǎǘƳŜƴǘΣ άŘǳƳƳȅέ ŘƛǎǘŀƴŎŜǎ ǿŜǊŜ used while entering one way observations. This allowed them to 

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

processing was finished.  

In aŘŘƛǘƛƻƴ ǘƻ aƛǘŎƘŜƭƭΩǎ ƘƻǊƛȊƻƴǘŀƭ ŀƴƎƭŜǎΣ a limited number of vertical angles and elevations 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 Signal Hill (which were a known height). Others may 

ƘŀǾŜ ōŜŜƴ ƛƴǘŜƴŘŜŘ ǘƻ ŜǎǘŀōƭƛǎƘ ǊƻǳƎƘ ƭŜǾŜƭǎ ƻŦ ǇǊƻƳƛƴŜƴǘ ǇƻƛƴǘǎΣ ǎǳŎƘ ŀǎ ǘƘŜ Ƴƛƭƭ όάDέύ ŀƴŘ bƻōōȅΩǎ 

Island.  

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

the staffs 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 ɀ Horizontal Angles  
 

After finalising the list of observations to be adjusted, 

CompNet was activated and the final adjustment 

completed.  

With a conventional approach, data values for the 

accuracy of the survey can be entered into CompNet. 

These values ς errors in angular measurements, 

distances, setups etc ς can be used to create 

adjustment limits to prevent the least squares 

solution adjusting observation values more than 

necessary.  

 

For this project however, the intention was to 

ƛƴǾŜǎǘƛƎŀǘŜ ¢ƘƻƳŀǎ aƛǘŎƘŜƭƭΩǎ ǇǊŜŎƛǎƛƻƴǎΣ ŀƴŘ ǘƘŜ 

accuracy of his instrument was not conclusively 

known.   

 

CompNet was therefore set to not constrain observations & adjustments, but merely to find the best 

fit solution and calculate the standard deviation 

The solution converged after 7 iterations, with an estimation of the variance factor of 1.13. Along with 

at F test at 2ˋ of 1.36, this meant the solution satisfies the basic criteria for a correct adjustment as F > 

VF. 

 

7. Fixing the Armstrong Plan  
 

Lƴ ƻǊŘŜǊ ǘƻ ǳǎŜ ǘƘŜ !ǊƳǎǘǊƻƴƎ Ǉƭŀƴ ǘƻ ŀƛŘ ƛƴ ŀƴ ŀǎǎŜǎǎƳŜƴǘ ƻŦ aƛǘŎƘŜƭƭΩǎ ǎǳǊǾŜȅΣ ƛǘ ƴŜŜŘŜŘ ǘƻ ōŜ 

referenced relative to a number of fixed points.  

Due to two of the project fixed points (the Windmill and the Church steeple) being features on the 

!ǊƳǎǘǊƻƴƎ ǇƭŀƴΣ ǘƘŜǎŜ ǿŜǊŜ ǳǎŜŘΣ ŀƭƻƴƎ ǿƛǘƘ ŀ ǘƘƛǊŘ ǇƻƛƴǘΣ άhέ ς the end of the loading wharf ς at 

which Armstrong had taken bearings alonƎ ǿƛǘƘ aƛǘŎƘŜƭƭΩǎ ƻōǎŜǊǾŀǘƛƻƴǎΦ  

Figure 14 - CompNet final adjustment details 
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Figure 15 - Armstrong Plan Fixed Points 

 

 

 

 

 

 

Fixed Points G, M & O 
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wŜŦŜǊŜƴŎƛƴƎ ǘƘŜ Ǉƭŀƴ ǘƻ ǘƘŜǎŜ Ǉƻƛƴǘǎ ŦƻǳƴŘ ŀ ƎƻƻŘ ǊŜǎǳƭǘ ǿƘŜƴ ŎƘŜŎƪƛƴƎ ǘƘŜ ŀƭƛƎƴƳŜƴǘ ƻŦ !ǊƳǎǘǊƻƴƎΩǎ 

breakwall with the present day location. Also the Scott St/Watt St intersection SE Corner appears to 

coincide with the present day building corner. 

 

Figure 16 - Armstrong's breakwall - overlay with Aerial 

 

Figure 17 - Watt St / Scott St Intersection 
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8. Station Locations & Observations  

Station 1 & 7 (Station on Signal Hil l)  

Overview  

¢Ƙƛǎ ǎǘŀǘƛƻƴ ƛǎ ǘƘŜ ŦƛǊǎǘ ŜƴǘǊȅ ƛƴ aƛǘŎƘŜƭƭΩǎ ƴƻǘŜǎΣ ŀƴŘ ŀ 

natural start to any survey of Newcastle in his day. It 

occupied (and does to this day) a commanding viewpoint of 

Newcastle, the harbour, Nobbys Island and the low-lying 

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 intersection 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 Hill during the course 

of his survey.  

As has been mentioned previously, ǘƘƛǎ ǿŀǎ aƛǘŎƘŜƭƭΩǎ ŦƛǊǎǘ 

set of observations, and it is noted there are a number of 

points (c, q, x) observed from Signal Hill that he did not 

measure again ς either they were not visible from any 

other point, or he mistook them for more important structures.  

There are a few points Mitchell references frequently in his subsequent stations but does not mention 

here ς not being a local, he must have belatedly realised their importance and began observing them, 

but did not return to Signal Hill to observe them.  

Reduced Angle Observations  

 

Most observations fall into the > 5Ψ ŀŘƧǳǎǘƳŜƴǘ ǊŀƴƎŜ, with a few noticeable outliers including close 

ǊŀƴƎŜ ƻōǎŜǊǾŀǘƛƻƴǎ όолκпл Ŧƻƻǘ ǎǘŀŦŦǎΣ tƻƛƴǘ άŀέ ) and others which reflect natural features and by their 

nature would not lend themselves to accurate observations (tops of hills, etc ς tƻƛƴǘǎ άŦέΣ άŜέ ϧ άǊέύΦ 
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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'' 

i m 19° 40' 0'' 19° 36' 10'' -0° 3' 50'' 

k m 12° 16' 0'' 12° 13' 43'' -0° 2' 17'' 

l 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 o 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 v 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° 0' 0'' 0° 0' 0'' 0° 0' 0'' 
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Adjusted Station Location  

Point Station 1 

Coordinates Easting Northing 

  387016.225 6356272.111 

  
 

  

фр҈ όнˋύ /ΦLΦ 9ƭƭƛǇǎŜ   

Maj. Axis Min. Axis 
Bearing Maj. 

Axis 

32.801m 20.922m 76° 47' 48" 

  
 

  

Armstrong Plan Coordinates 

  Easting Northing 

  none none 

ɲ N/A N/A 

 

Location on  Armstrong Plan  
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Location in Present ɀ Day Newcastle 

The location of Station 1 today is on the grassy slope just to the south-Ŝŀǎǘ ƻŦ CƻǊǘ {ŎǊŀǘŎƘƭŜȅΩǎ 

fortifications. 

 

  




























































































































































































































































































































