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NOTICES TO CORRESPONDENTS.

As the Editor cannot undertake to send out proofs for revision, it is
requested that, in order to avoid mistakes, all communieations be written in
a legible hand, and on one side of the paper only. Tt would be greatly to
the .L(I'\'(Lntruft‘ of the A]H‘n‘l‘ '|'!IJ,|L|,l‘ , and all conce ru{f! if thos=e who cannot,
or do not, write legibly would kindly have their communications copied by a
type- writer hefore amulmr them for publication,  As type writers are now
coming into common use, this could easily be done in most cases.

Literary matter for publication should be addressed to the KEditor, Me.
CoW. Adams, Dunedin,

Business letters should be addressed to the Seeretary and Treasuver, My,
Thomas Ward, Grey street, Wellington,

The next number will be published in March, 189G, and it is
requested that all communications intended for that issue should be sent to
the Editor as early as possible,

TO OUR MEMBERS.

“The attention of mewbers is particularly drawn to the decision of the
Counecil on the matter of arrears of subseriptions which is to be brought up
for confirmation at the annual meeting, to be held the first Wednesday in
February, in Auckland.  There is no doubt that this matter is surrounded
with difficulty, as two objects have to he achieved, viz: to keep the roll of
membership as large as possible, and not to offend those members who have
alw ays Lt""lﬂ'!'l |\, }w,.u(]_ their subser IJE_]IIHI &, Members will, however, note that
the matter is before them now officially, for careful consideration on their

part, so that their views can be given effect to at the annual conference.
Perhaps if those members who have “alre: ady paid up to date be exensed any
payment for next year thiz might make the adjustment more even. Be

zood enouch to remember that the main object of the Institute is to enroll
among its ;»(L”]w all the SUrVeyors of the :.Inm,' as without umL‘. l]i’l“llli”’ Can
be done, and a great deal vet remains to raise our quiuamn :_}.uftl\f in the
matter of remmneration of our work, in which there is much room for
improvement, The idea of the Couneil to print yearly lists of the members
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65 TIHE N.Z SURFVEYOL

for exhibition in the various Government offices and places of business
throughout the colony will, T feel sure, commend itgelf to you. This will

show the public who are the members belonging to the Tnstitute, and so
make it more widely known.”

¢ The notice of members is directed to the annual meeting which is to
be held in Auckland on the first Wednesday in February. The following
nominations must he sent to the Seeretary as soon as possible, so that he may
have time to send out the names of those nominated, and ballot papers for
members to vote upon i—

1 Presudent.
2 Viece-Presidents.

G Members of Counecil.
Yours faithfully,

TrHoMAS WARD,

REPORT OF COUNCIL MEETING.

December 10, 1895, -—Council Meeting held. Present—the President,
Vice-President, Mr. Fulton, and the Secretary.

The minutes of previous Council Meetings were confirmned.
3 =

Mr. C. H. Bridge member of Council, wrote regretting his inahbility to
be present, and forwarding his views upon the question of arrears of sub
seriptions,

The Secretary reported that he had replies from the Government upon
the question of erccting certain Trigs, and replacing Standard Blocks in the
city of Wellington @ that the matters would be attended to when a surveyor
could be spaved, also, in compliance with wish of the Council, Mr. Climie
was instructed to lay down a Standard at Palinerston North,  Mr. Hannify,
assistant on the Drainage Board, and authorised surveyor of the Colonies of
Vietoria and New South Wales, wrote to the Council on the matter of his
obtaining a New Zealand Certiticate, asking that the Council urge upon the
Surveyor-General the necessity of setting up a Board of Examiners without
any more delay. M. William Andrew, authorised survevor, applied to be
admitted as member, and forwarded a nomination paper with the names of
Edward Anderson and Alfred T. Rawson as his nominees. The Couneil
decided to inform Mr. Andrew that in accordance with the rules his nomin-
ation must be approved of by the local committee of his district.
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The following accounts were passed for payment :—

£ s .
Messrs, Stone, Son, and Co., printing "xt‘plf‘:nhe] Journal .. 11 6 6
Messrs, W h]lvum}w and Tombs .. . 010 G
Secretary—half-year's salary 1210 0
N.7Z. Times, hali- year ... O 4 G

£33 11 6

The aceount of Messrs. Whitcombe and Tombs was passed subject to
the Secretary being satisfied with the charge made for printing certificate
forms. .

The President and the Secretary were instructed to redeposit the funds
of the Institute at the Bank of New Zealand, provided that better terms
weoere not offered by the National Banlk,

Considerable discussion took place on the question of arrears of subserip-
tions, and it was eventually decided, upon the motion of the President,
seconded by the Vice- President, (T Im.’r those members in arrears who fcl.].PcL
to pay the money due by them be written to and informed that their names
will he retained npon the list of members on the pavient of the sum of twao
cuineas (£2 2s } the date of their entrance into the Institute to be the date
of the payment of this smmn; £1 ls of it to be considered as entrance fee,
and £1 ls. as annual suhs—:c]'iptinn for the first year.  (2) That in future the
subscription be fixed at 15s.: 5s. to be retained by the various local
secretaries for local purposes.  (3) That in future all new members joining
pay an entrance fee of £1 1s and £1 1s. for the first year's subscription.

The Annual Meeting was fixed to be held at Auveckland on the first
Wednesday in February next, and the actual fare there and back of one
delegate from each loeal district to be defrayed out of the funds of the
Institute.

The Counecil also decided (4) That ecomplete listz of all members of the
Institute be printed each \,'f-cil for exhibition in the various government
offices and places of business throughout the Colony, with addresses of each,
and date of I‘I].E""]T'.I}’J("[“-\]_'I_I_I,'l,‘ and that members to be notified that if th!‘ are
more than twelve months in arrears that their names will be omitted from
the list.

The Couneil further decided that paragraphs= (1), {2}, {(3), (4} of the
minutes shall be notices of motion for the Annual 1'llu:tmfr next to be held,
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THE APPLICATION OF PHOTOGRAPHY TO TOPOGRAPHIC
SURVEYING.

By Grorce Hrmmprob.

The application of photography to surveying is hased upon the accuracy
with which measurements on the ]Jhut(wra]}hm plate may be made, Photo-
grammetry is the name given to that branch of photography which aims at
the construction of frmnm‘nurtl plans from the photographic image. lts
chief purpose is to measure on the plate the rectilinear co-ordinates of a
point, and convert these into the cor responding angular values,

The discussion of the subject may be divided into two parts.

(1) Photogrammetric construction.

{'_E) l-"Imtngremmietric apparatus,

ProrocnaymuTieic CoONSTRUCTIONS,

To construet a plan from photographs, it is necessary that the point has
been photographed from two positions,  Its place on the plan is determined
by interseetion,

We have to consider two cases.

() The plate is placed wertical, or the axis of the camera is
horizontal,

(6) The plate is inclined, in which ease the axis iz also inclined.
Case L
Tn the following diagram A B C D represents the photographic plate,

exposed when in a vertical position. H s the point in which the plate is
cut by the optical axis. /A A" is the horizomtal line at right angles to the

A FIgI
B

el
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optical axis, and going through H. «» # is a line vertical to the axis, and
through H.—% A"; v+ correspond therefore to the diaphragin of a theodolite.
Let O be the lens, then O H is the distance of the lens from the plate (very
nearly the foeal distance). O H is also the optical axis. Let P be any point
on the earth’s surface, then its place on the plate will be at p. 1ts position
will be fixed by the co-ordinate =, measured along 41, and » mweasured
along v—v". It must be borne in mind that the position of pon the plate
is reversed.

The angle o is the horizontal angle between the optical axis and the line
of sight to the point p. Tt is found from

. H g m
R HO T D
B 1s the vertical angle, and is found from
tan. 8 =29 _ ¥ ¥ Lodus e
! 8] I7i D= cosa 1) see o 1)

O g is found from the A O H g with H = 90°. o and 8 may also be
constructed  graphically, Draw L& (Fig. 2, Freet the perpendicular

HO = D, Measure the coordinates on the ]_!-]ﬂlt‘ and make H g = .
Join g and O, then angle H O ¢ = . Further erccting a perpendicular to

70 = gp Make gp — 3 Join p and O, then anele gy O p = B If the
azimuth of the optical axis is known, we find by the above process the

F‘f o.2

|

h __ H

azimuths of all the other points.  If now two pictures of the same part have
been taken from the ends of a base, we may construet a plan by two means,
Firstly, we comwpute for each point the angles o and 8 and then proceed in
the usual way of laying down the points. Secondly, we may proceed
graphically at once. In Fig. 3, 1. and TI. represent the pictures taken at the
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ends of a baseldine. On each picture we see the flags b, &, which are the
signals at the end points.  Lay down the hase O-—0 to any suitable seale,
Ct.}lllp‘llft: the angle a, that is the ancle which the optical axis malkes with
the line of sight to the signal #" at the end O, hy using the co-ordinate b
on plate 11, Likewize compute angle o, using H 4" on plate 1. Lay down
a, « at O and (. In each angle make O H — D = foeal distance and
O'H = D (asarule D = DY Erect perpendiculars at Hoand H. Now
measure for each point X and y on plate T, and the corresponding o ¥ on
on plate I Make H g = o5 H' 5 — o Join Oy and O'—y', produce
both lines. Their intersection (¢ will be the position of the point with
reference to the base-line. The same is done for all points. Should it
happen that when a number of pictures have to be taken, one end of the
base line does not appear on any of the other plates, we simply use a station
previously determined for the orientation of the new picture. This reference
station must be, of conrse, on two consecutive plates,

The difference of elevation may be computed by taking y from the
plates, also taking the values O G and O g from the plan and using the
formula

i ho= 1

%

A

¥

[ E ’

_" FAN o= o
oYy T ey
Fach point is therefore determined twice in elevation. This double deter
mination serves as a check that the right point has been taken when
measuring @, . w, y.

v I Fios N /.

¥ — D ~':r
Lo h
|
G _ V7
G
s ,
p d
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For the direction of the intersecting lines we have to consider only the
proportions of x, «" to D) and IV,  These lengths may be drawn to any.
scale.  The scale of the whole plan depends, of ecourse, upon the scale to
to which O-—0" is drawn.

Fig@ob P

Clase TT.

In Fig. 4a 8§ B B represents the plane of the picture ; B B’ its inter-
section-with the horizontal plane of O O H the optical axis, perpendicular
to the plane of the picture ; W = inclination of O H to the horizontal,
(8 A is the vertical plane through the axis.  All horizontal lines, being
parallel to the plane of the picture, will be in the picture parallel to b A" and

and B B.  All vertieal lines will converge towards &, where a vertical line
through O will intersect the inclined plane of the picture, A point p on the
plate has the coordinates p v = X, H » = y relatively to A A and A S,

The corresponding line of sight O—P is fixed velatively to the optical axis
by a.ngle a and ﬂ_ng‘l“ ﬁ If we project the l'll!l]l'lth i and poupon the horizon

to e and K, we have ¢ K = ¢ p and parallel to A B, We have further in
the right-angled triangle ¢ O K (angle ¢ — 007) ¢ K = X and angle ¢ O K
— . a 18 found from
a
tan. a = O ¢

Further p K parallel and ¢ », and the 4 »p O K (K = 90") angle p O K = g3,
which i1s found from
p K PO

tan. 3 = OK 0K
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To construct these two angles graphically proceed as follows 1—

]'Eg 4ih

Draw triangle A O8 (0 = 907) and O H = D, NMake H» = #.
From » let fall a perpendicular to O A, which intersects O Ain e Prolong

the perpendicular till ¢ K = = Then angle ¢ O K = o FErect in K on
() K a perpendicular and make K p = » ¢, then angle p O K = fi.
To eonstruct a plan we may use again the computing or graphic methaod.
« and B are computed from o, z, D and W = the ineclination of the optical
.H,'Xi..;"-. -
¢ a (1)
an. @ = T — 7
* I cos W — g =in W
Iy sin W+ o eos W (2)
tan., 3 = : —

' {;_L'J cos W — ¢ sin W)+ cos a

To adapt for logarithmic computations, put

Y , . -
D tan. M, then
_ o eoz M (:3:1
an. ¢ = s (W + M)
tan. 3 = tan. (W + M) cos a (4)
or put
sin W o— « D sin W — m
cos W == b 1y cos W — n
then
@ (5)
tan, o — — !
T LT
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m + by cosa (6)
no— ay
The products « ¥, & y may ecasily be computed with a slide rule.

tan. 8 =

It we use the graphic method, we must deduce from the measured
co-ordinates, @ and 3, which we would have obtained had the picture been
taken on a vertical plate.  This is done as follows :—

Put D cot W = ¢
D cosee W — b, then

!Tr-'L'

(L—J
=

Having deduced 2/, ¢ from @ and gy for each point, we compute the
orientation angles a, o' and then construcr the plan hy Fig. 3.

Prorocramueriic Avpararvs.—The pictures for photogrammnetrie con-
structions may be taken either with a specially-designed apparatus—the
photo-theodolite—or an ordinary camera.  ITn the latter case, however, several
reference angles, boih horizontal and vertical, must be taken, in order to
determine the instrumental constants,

Lexses. — Not every lens is suitable for our purpose.  The chief require-
ments of a lens for photogrammetry is that it shall draw in true perspective-
The lenses which almost fulfil that rvequirement are the so-called symmetric
combinations, and amongst these are, foremost, the Pantascope bv Busch,
Nteinheil's Aplanats, .mcl Voigtliander's Periscopes and Lurjfw:upm "ihe
Periscopes are constructed with a chemical focus—that ig, the chemieal and
visual rays do not unite in the same point: but as camervas for photogram-
metric work usually work with constant focus, this is of no consequence.  As
only certain lenses ave adapted, it will be necessary to examine each lens
before using it for photo -surveying, and to determine the limit of the field
in which the lens draws in true perspective,

The angular aperture of a lens depends upon the sizes of the plates and
the focal distance. The larger the plates and the shorter the focal distance,
the larger will be the angle. Tt is, however, not advisable to employ a large
angle, for the image will be distor L{*d newr the edge of the lens. D hoppe
of the Roval Technical College, Brunswick, used & lens with 40° aperture and
plates 10 centimeters square (-l inches). The focal distance was 137 centi-
meters — (5] inches).  With this lens he surveyed part of the Harz Moun-
tains, Germany.

The method for testing the lenses will be given further on.

The principal apparatus, specially designed for photo-surveying, is the
photo-theodolite. Tt consists of an ovdinary theodolite, with ex-centrie tele-
scope,  The axis carrying the telescope is turned to a ring between the
standavds.  The camera is pushed into this ring, and is kept in its place by
four springs.  When the camera is in its place its optical axis is paralle] to
the line of sight of the telescope,

TvsreuveyTtan Coxarasrs.— The constants to be determined are the
chief wvertical and horizontal lines, which corvespond to the wires in a
theodalite.
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To find the vertical line with a photo-theodolite : Perform first the
usual adjustments for the theodolite ; then direct the telescope to a distant,
welldefined mark.  Move the camera up and down and mark the points at
which the mark will appear on the upper and lower frame of the gronnd
glass. A line joining these two points will be the chief vertical line, The
vertical plane, which intersects the plate in the vertical, will go through the
centre of the illl_it‘{“l-"ﬂ'i*, andd 15(3i]];_;‘ pel]‘;LH('i to the same I;l;uu: i the f.P.]{-.:‘-\'f‘r.nl_\g_t?
will also be at right angles to the axis carrying both camera and telescope.
Further, it must be examined if this plane is also perpendicular to the plate
—that is, if the plate iz parallel to the horizontal axis. Mark the vertical
by joining the two marks on the ground glass frame by a fine wire or string.
Direet this to the flame of a candle.  The vertical plane of the aptical axis of
the camera will then go through the flame and its image on the plate. In
the same plane bring the line of sight of a second theodolite by sighting to
the vertical wire of the camera, then removing the camera, and seeing if the
vertical wire of the theodolite will bisect the flame. If this is not the case,
the theodolite will have to Dbe shifted laterally till the adjustment is perfect.
The photographic plate should now be perpendicular to the line of sight of
the second theodolite.  To test this, insert a plate into the camera, hang a
plumb line in front of the theodolite, so that it will be covered by the
vertical wire of the telescope : next observe the image of the plumbline
reflected from the plate.  1f everything is in adjustment, the vertical wire of
the telescope, the plumb-line and its image will be in the same vertical plane.
I[f this 1= not the case, turn the horizontal ecivele of the photo-theodolite till
the adjustment is effected. The difference between this reading and the
previous position will be the ervor of the plate. In practice it is best to
shift the frame against which the plate lies during exposure. This adjust-
ment should be vepeated until no difference of circle reading appears.

The following example will illustrate this :

Cirvele reading in normal position — 3577 2070
“ . when plate was in
the camera — 357° 19°.5

This shows an error of L' which is quite inappreciable. With plates
20 centimeters long an error of 5" would produce an ervor of 0-15 millimeters
on the plate, also quite inappreciable.  As the plates are seldom parallel, it
will be necessary to make several observations, turning the plates through
1507,

The second constant which has to be determined is the chief horizontal
line, the line from which the co-ordinates for the vertical angles are measured.
To find this line, we first have to make the optical axis of the camera
horizontal, or the frame against which the plates will lie, vertical. Set up at
some distance from the photo-theodolite a level and a levelling staff.  Turn
the photo-theodolite till the tmage of the staft on the plate is visible in the
telescope of the level.  If the reading on the image is the same as on the
stafl’ direct, the El];lt,z-' will he IIE'['IN’IHHC'H]:I[' to the line of sight of the level,
and therefore vertical, It this is not the case, move the eamers up or down
till the L'ezi.(]in;_g:_a cuiiluiih.’, and note the inclination gi\'un to the p]:‘ﬂ-e on the
vertical eirele,

Should an exposure be made with camera axis horizontal, the vertical
circle must be set to this reading. If the observation is to be made with
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axis ineclined, this reading must be added or subtracted to the inclination of
the camera in order to obtain itz troe value.  To determine now the
horizontal line, make the frame vertical by the above operation, place a
lesve llln"' stalf in front of the camera and o Pu*l hehind it Observe the H{LLH'
Lh]m,rrh the objective of the camera, and also after removing the camera.
Make the readings to be the same in both caszes by shifting the level in height,
When this is fl-me marls on the frame the 1mmL~. in which the horizontal
wire of the level 1\-1].1 intersect it. A line joining these marks will be the
horizontal line.  The marks, bhoth for vertical and horizontal, should be made
distinet enough on the frame, so as to appear also on the plate after exposure.
All ervors of adjustment of the camera may be eliminated by making two
expozures in different positions of the camera (cirele richt  cirele left) and
l'.éi.king the means of the measurements.

Derersivarion or tHE Ivace Distance.—The distance of an image
from the common cenire of an objective is very near the same as the focal
distance. Tt is of great importance to know this distance accurately. To
find it, put up a number of signals and meazure carefully the angles between
them. From the same point take a photograph of the signals, and
after developing the plate measure the hovizontal l'iJ-l'l]l{lT"Iltt”‘w In the fol
lowing figure let O be the station, P,AB,C the signals, o', ", o, the angles

£ F' o~
NN SIS
A e O

C."

)

between them. Set up at O and bisect signal P by the vertieal li:}e of the
camera,  Expose a plate, and afterwards measure the coordinates o, o, &
Then the distance of the lmage from the centre of the objective is found by
Do & tan «, — 2" tan ', and so on for every angle, If the lens
draws 1n true I_;.q:]k.l'u{'q(;\,r- thron fljl!l!L its f1+]fi the \';13_11[‘_5 [Ji_" ] _Sht_]u]_(l he
always the same. The d]TTk.TE‘I.R{‘ between the values of D \w'lll_gn-'fe, there-
fore, a measure of the accuracy of the lens, and the whole operation is at the
game time a test for the lens.

The above adjustments are those of a photo-theodolite, T will give now
the operations necessary to use an ordinary camera for photogrammetry.
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They have been used in 1574 by Dr. Tordan, now profeszor of geodesy at
the Rowval Technieal College, Hanover, to make a survey of the Oasis Dachel,
in the Lybian Desert, in connection with the expedition of AMr. Roblfs, of
which Dr. Tordan was astronomer.

When exposure is mode, the camera axis should be made horizontal by
means of levelling serews and levels,  After developing the plate, we assume
that the centre of the plate is the point in which the vertical and horizontal
lines intersect each other.  To determine its true position it is necessary to
measure with a theodolite two horizontal and two vertical angles.  To find
the chief vertical we compute by the well-known problem of Pothenot the
three-point problem,

Tet be in figure (G).

O the station from which the photographs have been taken.

P, P’, P, three points, the angles between which @ and 3 have been
measured,

The points P/, P7, P, being on the plate in a straight line ¢ and & will
be their relative distances. It is now required to find the position of the
chief point A and the image distance A O — D.  Having measured
« and & on the plate, and ¢ and 3 in the field, we compute the distance
& from

. r - e
) o sin & b sin o
@ — . = = . E
S1I1 e sin /3
1 sin 5" it [Z I A
and sin — g - 7 = tan, {
----—”":A. 51 BN
. . J . maPf k Jlr_?
gin & — sin 8 1 — tan. A o5 X
i e —gtan. {45 -
sl 80 4 SN o 1 4 tan. A art ( + A)
tan. & — &7 _ tan & + d&'eptan (457 + A)
3 2
as & + &7 120° — {(a + f3) is we may compute & and &", using also
the formula tan & — &7 ~, tan. e + Getan. (457 + A)
- = —

Next we compuie the three distances

01 sin &%

(1, & =
\ sln w

Y a sindf b sind”
(2) g = —_
\ sl @ sin 3

] gin 6"
(3) g =

sin 4

The direction angles W, W W the angles between O A and O I,
O P, O P are found from
(1y W 90" — &
(2) W' = 90° — &
(3) W = 90° - &"
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15 g O
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For the imase distance 1Y we have therefore three values
=
D = 5 sin. &
— & sin. &
= g sin. &
or

D = 5 cos W'
— & cos W"
— & ooz W

or expressed in terms of o and 4

D wocos Woeos W7 heos W oeos Wt
i (WS W Sin, (W W

i o

We next comvute the values o, 2", @, or the distances AP, AP",

AP, by

w =& sin. W’ a” == 8" sin. W7 a = & sin. W
— T tan, W’ = D tan. W7 = D tan. W

These are the absolute values of the co-ordinates either + or — according
as the points are to the right or to the left of AL

To check against any error in the computation we may compute every
value by the double formula given. The final check both on computation and
measurement is that

" — z — a and 27 - & = b

The true position of A is then found by measuring the length = from
P towards the right if P’ is to the left of the centre or x” from P
towards the centre. A may also be found by measuring the co-ordinates of
P, P from the assumed position in the centre of the plate and comparing
with the true computed values.
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Having formed the chief vertical we next determnine the hovizontal line,
that is the (ht-,tclr‘u.‘:{‘. of A above or below the centre-line of the plate. Having
measured the vertical angles C' C” for two points we compute

y' o= 1 see. W' W Tans
y" = D sec. WU R sl

This, compared with the measured coordinates on the 11L1L:= (from the
centre lmo} will ive the amount A has to be moved. It is, of course, only
necessary to add these corrections aleebraically to the measured co- uuhlmles
The computations will have to be repe ated for every new plave (different
view) exposed.

The above formula for finding s may be used as the measurement of a
baseline, pmvlr‘hn:v the distance A bhetween the points B P is known, for we
have the proportion—

E = )
.‘_ =T or ;-H' .

s A
0t

1f we have determined onee for all that the point A falls near the
centre of the plate, we need use in the future only two points and the
horizontal angle between them in order to determine A, We should seleet
the two points such that A will lie between them —for instance, PP,

We first measure A — PP’ Next we compute—
w’ a’
tan. w - - tan, W” — — using an (1)
D D

approximate value of D.
Then We — Wrshould be — o and X" - X' — .

[f this is not the case correct the position of A, Compute I from—

D iocos. Wroeos, WY - :
- . and with I compute a (2)
S11n

new value of W' W by (1) lepeat the computation il W7 — W7 and X7
- X" will agree with the observed o and the measured a.

Constaxt Tyuace Disvasce.—The focal length of a lens is constant
above a certain distance of the objects from the lens. For distances below
this we may compute the corrections applied to D in order to obtain the
true distances,

[f /" — focal length of lens,

K — distance of object from lens,
then
n Do S
and for a given value of f we ean compute a table given o D for different
values of K (3),

O THE INFLUENCE oF THE Erproirs oF ADJUSTMENT UPON THE RESULTS. —
With care and usual measuring instruments, such as magnifying glass and a
vlass sceale, a measurement may be made within 1-10th millimetre, or about
1-250th of an inch. This, with a foeal distance of 200 millimetres (about 8
inches), vives a value of 1'— 2%
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Error or v Verriean Posirioxy oF tne PLaTi. -Suppose the optical
axis of the camera to be horizontal and the plate not vertical, but inclined
through an angle ¥, then, if ¥ is the measzured co-ordinate, the error o ¥ is

d oy = :']’}'. sin. 4, or if % is small =.

Gl

wt oy
D 3438

This formula is suiliciently accurate for all azimuths,

For the horizontal co-ordinate X we have——
. Ny
dX = L
LI S b
Error puve 1o rHeE PLATE NOT BEING AT RIGHT ANGLES To THE OPTICAL
Axis orF THE Casera.— IT the plate is not perpendicular to the optical axis,
this will intersect the plate not in H, the chief point, but in some other
point, whose distance from H will be s @ then the error of the a iz found
from
FA o i AT s -
r,i'iI (V- - . — = = =1, (R
IR e 1
Error pve 10 A wroxo posiTioN oF THE Hortzoxtarn Lise.—This error
alfects the vertical angles only.

d 3 — Aoy cos? 3

D
Error pue 1o A UHANGE oF THE [vMaceE DisTascen —
For horizontal angles o a = & 'ﬁ‘_ b
i zt 4+ D
For vertical angles d 5 = g.'_’ _” I/;\— b

Frror DUR o THE Ixcnivariony oF THE Hortzoxtan Axis.—The inclina-
tion of the horizontal axis is measured by the striding level.  Let this be ¢
then

L FYER
:

el 1 a

g SEET

Error pUE TO THE SpriNkach oF THE PHotocrarn Friv—With good
p]a.l(‘.‘s this error is t']ni'-e_\ ir'|;1}51||‘m‘.§;1,})]{~. \YE"I'I‘.' |.'L}'.E:’;H errors, }'L'."}\‘-'i“‘.'{-'tl": oceur 1t
the measurements are taken from a positive on paper—paper having been
known to contract as much as 5 °0 of its length, 1t 1s best, therefore, to use
only measurements from glass plates,

In a future paper I will give the application of photography to the
determination of latitude and longitude.
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MEAN LOCAL CIVIL TIME OF MOON'S TRANSIT OVER
THE MERIDAN OF 180" EAST OF GREENWICH.

This table gives the mean ecivil time of Moon’s upper and lower
transit, as well as the equation of time.

To save time and make uvse of the figures given in the Nautieal
Almanae without .'|_H.1'-r';1.1i-._-rl= the I-"llTli'LT.-{tltl of thme is ;,.':i\'t':ll for mean mid-
night. This midnight is the midnight at the beginning of the civil day
whose date it applies to.  Thus the equation of time at mean noon at
Greenwich on 3\1:1:}' 5 1s the same as for mean midnight at Long 1807 K, for
May 6 : that is the beginning of the civil day, May 6. Also the times of
wpper and lower transit given in the table are the same as those in the
Nautical Almanae, but the date is inereased one day, and “upper”™ and
“lower” transposed.  Thns mean astronomical times of wpper and lower
transit for May 5, Greenwich, are the mean eivil times of lower and upper
transit at 1807 K. for May 6, The times are given to the nearest tenth of a
minute only, ag being quite sufficient for all purposes connected with the
tides, and the differences for 1 hour arve found by dividing the difference for
two successive transits by 12

The correction for time of moon’s transit for any part of New Zealand
will always be less than the difference given in the last column, as the whole
of New Zealand lies between 1657 and 1807 K. longitude, but the table will
serve equally well for the Australian colonies, by turning the difference of
longitude into hours and decimals and multiplying this dilference by the
numnber given in the last column.  This correction is always additive for
places West of longitude 1207 Fast; that is for New Zealand and the
Aunstralian colonies, for which the table has been speeially prepared.

To avoid the use of “am.” and “poan” the hours are counted from
0 hours to 24 hours, that is from midnight at the beginning of the civil day
to the next midnight.

Exavrre L-——Required the apparent civil local time of moon’s upper and
lower transit at A Ibourne on Gth May, 1=96
Long. of AMelbourne Observatory — 1447 58" 277 E,
Ol 20-09m, E, in time
= 2h. 20T, W oof 180°

Moon's upper transit Gth May — Th. 6-Cm, Lower = 19l 272m.
Correetion 1°7 = 2°33 +  40m, = <+ 40m,
Equation of time = +  aA+5m. = 4+  35m,
Melbourne apparent civil time 6th May Th. 14-Tm. 10h. 34-Tm.

For places East of 1807 L. lone. take ont the guantities for the day following in
the taliles, and subtraet the correction for the difference of longitude,

ExawpLe TT—Reqguired the apparent local civil thime of moon’s upper
and lower transits at Apia, Samoa, on 6th May, 1896 —
Long. of Apia = 1717 44" 007 W
Thhe 260, W oin time
O, 33 1m. E of 1so

Moon's upper transit 7th May - Th, 47 2m. Lower — 20h. 6-0m.
Correction 1°7 = 33 = - RTTR == o~ 09m.
Eguation of time = o = <+  3bm.
Apia apparent civil time 6th May  Th. 49'0m, 20h, 9-6m.
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— Moos's Trassir, DT, for

Trmme, | L-i-:]”"" | Lewer. | 1 hour. | S04 __l'[';.'-m‘. : 1-_““ 1_! 1 hour.
m h hom i I Mag m b om | h i 11
32 . 12 188 25 | 1 124G 0472 13 1380 0 22
37 0442 113 180 25 | o — 124 1357 14 46| 22
11 1428 | 14108 23 | 8 | _ 129 2308 14 573 | 22
46 28380 15 42 29 | 4 — 1 P24 15 5100 23
B0 B 0T 05 S4h 2l | 5 | = 117 42000 16 486 | 24
a0 Fiss 16 4200 20 || 6 — 115 | 5 175 17 466 | 24
S0 A GUR 1T 08 2 7 SlltE 6 15T 18 444 24
Ged |5 H50 0 18 196 2] S 0 — 110 T o127 19 do4 | 28
B8 | 6447 10 1u4 24 O — 108 8 7.2 20 850 | 24
T2 T 86820 39, 22 10 | —— 105 0 8370 21 218 20
TGOS 31721 01, 23 11 — 108 9 4adn |22 70 18
80| 928§ 21 877 | 23 12 — 100 | 10 254 | 22 492 1-7
S84 |10 E6eE 22 550 | 24 13 | — 97|11 95|23 203 17
S8 011 228 23 4008 | 22 14 | -~ 01 | 11 450 | — — 16
G |12 1500 - R | 15 - 0.2 12277 | 0083 16
9613 31 0410 20 16— B0 13 G0 0472 198
LR I I T 1 253 19 | 17 8613 475 P2yl 17
201 32T 2110 12 | 18 | — 83 14504 2 86| 18
Pl 1270 2 520 17 14 - 80 15 164 | 2 a0l 19

[ 18516 3822 18 23 L 7T 50| 34007 | 201
16305 4110 16 o1 | — T4 16 5001 | 4 321 292

I TV R B ST 18 P 71017 Aa0 | 5 2h8 | 203

17 852 5516 18 23 — G818 523 6 236 24

|18 304 6 158 14 24 — G5 19493 0 7 210 24
19209 7 40| 22 | 85 G2 20 440 8§ 173 | 22

2 251 7 660 2 28 | — 50021855 0119 22

21 2401 8542 | 25 | o7 — BB 22307 10 47 2
22952 O 546 2.5 1| 25 A3l 23 223 10 A60 | 21

23 2357 . 10 537 2.5 W 5| — — 11 452 | 22

— — |11 8511 2.5 30 146 0145 i2 412 22
023812516 23 31 — 4°3 1 85013 365 | 23

| A .

| 1 — 40 2 51 14 343 24
3G, 1 186 13 440 | a2 2 i — 37 3 41|15 342 25
138 1 2 106 14 359 | 21 3 24 4 44 6 344 | 2+5
1390 3 08,15 258! 2-1 4 - 31 Ho40 1T 830 24
4G 3304 16 165 1 21 | ] — 2E 6 10|18 280 0 243
14°1 4 4000 17 67 :E G QG 63 | 19 188 0 201
142 5531 15 01 2.2 T — 28 T 425 20 53 19
P43 6276 18 5560 28 08 —— 20| 5 2720 20 454 1'%
145 | 7240 19 5250 24 |0 17 9 80|21 200 1-7
144 : 82100 20 495 24 10 — 14 9457 122 5] 16
144 0171 21 442 23 11 151 10 275 | 22 469 16
P-4 | 10 106 0 22 3600 20 13 — O Il 65 | 23 264 1%
45 0 10 005 25 2400 20 | 13 — 06|11 45T - 19
144 | 11 467 S 15 14 U4 12 oaa | o 76 1'8
44 12207 0 0 85 18 15 - 01 13 142 | 0512 1-8
44 | 13 103 0 0 502 157 | 16 401 14 208 1551 a-]
14.3 13 4005 0 1 3000 16 17 + 04| 14 AR 2 254 929
P43 14 253 2 089 16 18 |+ 06| 15495 3210 23
142 | 15 T8 2479 1-7 |+ 081645510 4 174 2-3
14-1 15 490 BRI | 1-5 200 | P00 117 41-2 65 138 2-3
— 10 16 320 | 4 105 15 21 18 15 3350 6 86 | 2-2
1317 2005 4 B0 | 20 a9 1A | 1927 7 1| 22
130 18 12:3 1 5 450 | 22 | 23 + LT 20186 7 533 21
137 19 81 6 307 2-4 | 24 Eool 21 8B s 486 | 201
136 20 66, 7871 25 | 25 20 21 A8l | 9337 | 241
135 1 21 62| 8364 25 26 | 4 22| 2251310 249 | 22
133 | 22 47| 9357 24 | 27 Foo24 | 23 465 | 11 185 | 23
31 23 1- 0 333 | 23 | 28 + 25| —— |12 154 | 24
}:H]'JI a: 51‘:} | iLI) jfi ‘ a-2 " 29 = 27 0451 13 154 | 2°5
12°8 — li1za2131 23 | 30 4+ 2R 1463 14 174 | 245
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e Eepun. of Moon's TRANSIT, DT for || oon Eaua. of Moox's Trawsit. | Diff, for

1898 'Il"L1'|'.+-. | “Upper. | Lower, l 1 hour. I| 12968 'JLh‘.h’_-. Typer. Lower, | 1 hour,

May I ' m h m ‘ 1 July I o m h wm | m
' |+ 3.0 2483 15 188 | 25 17— 35| 4189 16 3%8 | 19
2 + 3 348.6 16 17.4 | 2.4 2 | — 37| 4585 17 182 16
3 |+ 32 4450 017 11.4 2.2 3 | — 39 BOATH 17T ATTL1n
4 | + 3.3 5 a6.a [ 18 LS 2.0 E 40 | G180 18 857 17
A 4+ 24| 6234 18 45.4 1.5 i | 420 7 0119222 18
t + B3Aa | 7 66 | 19 27.2 0 1.7 G | — 44 Tas 1 20 91 240
7 + 36| T 47220 6.9 e T — 4L 8 840 0 20 599 29
8 86| 826420458 L6 |8 &7 | 026 2l a4 | 23
9 + 3.7 9 5321 250 1.0 i a — A0 T 22T 22 5105 2-4
10 + 37 94bo 22 550 1.7 10 | — 50 | 11 204 | 23 403 | 24
11 b8 10 26.7 | 22 485 1.8 : 11 52|12 178 — — 2-5
12 4+ 3.8 11 101 ¢ 23 34.6 20 || 12 — a3 13 133 450 2-3
13+ 3.8 11 500 Soo s | — a1 60 1400 | 2w
14 + s 125060 0244 22 0 14 | — 5614862 2314 24
15 PR8I 450 0 1178 2.3 15 57 0 1A 445 3 2006 20
16 4+ 3.8 14 411 0 2130 2.3 16 | — 5% 116330 4 88| 20
17 + 3.8 15 37.1 3 0.2 2.3 17 | — 50017 920 4 573 241
18 4 3.8 16 31.4 1 4.5 2.2 s 59 |18 133 | 5 473, 22
19 |+ 3.7 17234 4577 21 10 G019 TG 6 400 23
20 | 2.7 118 142 | 5485 0 20 20 61|20 5.0 7350 24
9] | 4 A6 |19 LT 63876 20 a1 61|21 47| 8347 25
22 + 3.6 19 501 725,09 oy 22 62122 45| D 347 25
Pk + 8520308 | 8147 21 | 23 G223 223 10 338 | 24
24 + 3421320 9 &5 22 || 24 63 23 562111288 29
25 + 3.3 22 27, 9 59.4 24 ¢ 25 -— 63 _— 12 216 2
26 + 3.2 | 28 27.3 10 57.1 2.5 1 U - 63 0458 | 13 94 1-0
a7 %1 — — |11 481 2.6 27 B30 1 315 13530 18
o8 | + 30! 020313 05 26 | 28 | — 63 2130 14 344 | 17
29 L2949 [ S I 2.5 29 — 2 24 o5dd 15 1402 1-6
30 + 2.8 230,00 14 5900 2.3 30 | — 62| 3330155637 16
3 4 2.6 89258 15 a5l40 21 31 62 4 136 - 16 339 | 15

I Anw

June L 6.1 4547 17 16.0 1.8
1| + 25 4158|146 301 1.9 2 6.1 52%1 18 1.0 1.9
a L o930 05 13017 227 1.8 3 GO 6247 18 494 | 21
3 0+ 22| 543518 36 LT | 4 50 71541 010 41.7 | 2.2
4 20| B 234 | 18430 16 | A | — 68 8 92 20373 ar
5 | 1.2 7 2.5 19 22 1.6 || 6 5.7 9 5.0 21 347 2.4
f | + LT T 49| 2 21 1.7 i — a0 10 B35 22 5202 2.4
7 | Lo ose27 20440 LS 08 | — A5 11 0.4 23 251 | 2.3
8 L L3 9 6s1l2L290 19 09 | — 540113852 — — 2o
9 |+ 1.1 9520 92177 2 10 a2 12476 0217 2]
W o4 0.9 10 435 0 23 10,1 0 2.2 11 5.1 | 13 88.2 13.1 | 2.1
11 SRS W 1 T s 2.5 12 4.0 14 27,8 | 2 301 20
12 4 03128342 0 5T 2.4 13 4.8 | 165 17.8 | 2527 0 2.1
13 0.3 13 3L2| 1 28 24 4 | — 46|16 94° 3433 292
14 0.1 | 14 27.0 1 5004 | 2.3 15 4.4 |17 5.4 4360 2.3
15 o1 | 15 2003 2 4540 2.2 16 — 4.2 P18 5 31.4 2.4
16 0.5 16 100 | 2459 240 17 | 4.0 | 18 589 6 293 | 2.3
Tl — oA 1 and | 4834 20 0 18 | — A8 19552 7236 245
18 | — 0.7 1T 47.0 | 5235, 2.0 | 19 | — 3.6 20538 8 27.8 | 24
19 — L0 18 350 G109 20 0 20 3.3 21 50.2 235 2.9
20 1.2 19 24.5 G 506G 21 21 - 3122 406 | 10 15.9 2.1
9] | — 1.4 20017.6 | 7 ans 22 | a2 owms 22270 11 4l L9
90 | 1.8 Y1 14.0 | 8 453 24 | 23 26— 11490 1.8
9 |~ 1R 92 13.8 | 0486 2.5 24 o5 0103 12 310 1.7
94 | — 2.1 23152 | 10 445 2.6 25 | 20 0513 131L3 0 1.7
25 2.9 | | 11 45.58 26 26 | 1.8 | 1 31.1 | 13 50,8 | 1.6
26 | - 25! 0157 |12 449 | 24 || 27 | — 15 | 2 10.6 | 14 30.7 | 1.7
2y | __ 2.7 1130 13 300 | 292 | 98 | — 1.2 2 5L1 L1519 P17
28 | — 2.9 2 A6 | 14 30.1 2.0 a6 0.9 | 233315554 1.8
29 | — 9.1 | 2 53.6 ‘ 15 160 | 1.9 30 - 0.5 | 4 182 | 16 41.8 | 2.0
30 | — 3.3 337601155851 L8 31 03! 5 63017 31,71 21
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og | Equa.of |  Moox's Teavsir,  [DIfffor(| .o | Equa. of Moox's Teaxsir, | Diff. for

1804 _E”m.__ Tpper. T I.f._:WI_-'l'._ 1 hour, i ]"j'”'.' | Titne. Upper. '"_I.n‘.'.'ﬁ-r. 1 hour.

Sept m b omw | hom m Nov. mohom hom | om
1 o0y A AT 18 248 2w | 63| T 488 20 135 | 2.0
200k 08 6523 | 10202 0 23 2 | 4 168 8 a0 2] 28| 2
S0k 06 T 4820 167 ) 244 3 L I R L) S T O B
4 L 10 s 448 | 21 12 23 | - 16310 21,3 192 49,1 | 2.3
5oL+ 1] 9do0nlg2 70 22 5ob o 18311 180 23 47.9 0 2.5
B 1B 10335 | 22 A0h o 21 6 (70 T B2 - i R B
T bk 18|11 254 | 23 500 | 241 fi 16.2 | 13 224 050,31 2.7
8 |k 23 12164 | —— | 21 | 0§ Co16.2 | 14 267 L1 547 | 27
9 |+ 2613 76| 0419 21 9 | 4 16.1 | 15285 2581 2.5
00+ 80 14 o3| 1 a%T 0 22 10 4 160 | 1B 256 3 AT.T 0 2.8
11 + 33 62| 2274 23 | 11 o lao 17 174 4 522 21
12 39015528 | aeaT | 2w 12 4 158 18 44 54151 1.9
13 + 40| 16525 | 4225 | 25 || 18 |+ 15.6 | 18 47.6 1 6 6.4 | 1.8
14 £ o4t 1T A2T | s 226G | 25 0 14 FOlAS 10 284 T 83 L7
15 47T 8518 6225 24 |13 4 153 20 800 7483 | 1.6
16 Sl 19 466 | T 194 | 23 16 Polaz 20 4540 8276 | LG
17 A4l 20 3708 S22 17 15.0 1 21 28,0, 9 7.5 | L7
18 SR 202400 0 18 10 |0y Eols L R2 100 9480 | LR
19 Gelop 22 86 Dda7-10 | 18 o 19 LS | 22 5346 10 326 1 1.9

20 + BE 22 A0 10205 1T L 20 4.3 | 28 435 11193 1 2.0

21 o8 02d 2008 1 oo 1w 2 4.1 | 12 9.0 2.0

29 4+ 7D - (11 495 0 1 v 3.8 | 0348 13 1.2 2292

23 + F50 00 9312292 17 23 A5 | 1 27,0 13 548 | 2.2

24 | T 0403 [ 13 0817 24 13,3 | 2 21.7 14 48,3 | 2.2

25 LR 139 | 18 525 18 25 RO AL VI - T S I T I

26 6| 2147 [ 14 376 10 206G 127 | 4 6.0 16 3000 0 2.1

27 |+ 80 3 18115238 20 T+ 123 | 4 a34 17194 2.0
25 Q2 3500 16 160 2w 98 12,0 | 5 43.2 018 6.8 1.9

a0 0B | 4 43 |17 1008 | 2.2 20 LLT | 6oad 18 a5to | 19
3001 00! 537818 40| 23 |80 103 | 70800 19425 | 2.0

| [

Oct Lo 100 | 8 57020337 2
i a0 B 322 18 804 0 28 ] 2 4 10 D 0N 2] 280 | oy
200 L 108 T 26519 A28 22 | 8 | = 102 0 a8l 22 285 | 25
3 10D 8 10 20 4400 | 2] | 4| U810 69823 319 | 27
4 4 112 0 10ed 2l 3508 2-1 5 U312 40 {27
0 4+ 11510 L2 e ess ! 20 | 6+ 8013 86 o0asT | 2T
6 0 - 118 | 10 522 0 03 182 2 7 A U S s A
7 121 [ 21 447 2-2 s o815 A6 2 ass | 2
8 ForeeE 2 sas 01 2 i) ST 1A a6 3 31 b 2
O | 26l mase 1 os6 0 2 16 T2 420 4 100 10
10 4 129014 393 2 850 U6 11 67 17 25 A 86| 17
11 + 131 | 15 418 | 3 15| 20 12 2 I8 50 5450 | 17
120 o184 | 16 431 | 4 127 | 25 13 SRR T R S TR TR W
3 + 136 | 17 4100 & 1246 244 14 SRR LR S N
4 + 139 | 18 343 6 82| 22 13 N N e e R
15 4 14-1 | 19 220 @G S0 20 16+ 43 20 507 8 283 10
16 + 14320 TUH0 T 40T R 17 Se021 370 913w | 20
17 4+ 145 ) 20 494 e ! -7 | & S 2 N3 10 2T 20
15 4 14721 205 0o e 17 I Qe |2 2008 0 10 ole | 22
10 1400 22 88 oy ogy2 G 20 oo It 454 | 23
20 A 1 R T o A Y JE 157 | 21 1+ 0157 0 i2 420 28

21 PR S S T S TE P ) 17 | 22 14 90 13 a6a | 29

a9 4+ 154 — P anes 15 | 23 (1Y) 226 14 2540 20

23 pOISG D G227 12 asa!l 1o |24 {14 2 A3+0 0 15 174 0 2

24 + 157 ) 0 a86 132270 20 | 25 - 0] Al 6 4| 20

25 EO S A B S S P B 240 | 26 et 2530 16 4105 1)

26 + 13| 2358 1a a2 22 27 — 11 SR I P | )

27 P L I B I A S R B 25 — 1 Hoo2d 18 270 2]

25 16°1 | 4235 16 5271 | 22 20 21 B ATE 19 186 | 2

29 Co162 | 5188 0 17 448 ] 271 30 2G| 7 430 20 143 | 24
30 e 162 6 98 18 340 21 31 — 3L S 43T 21 1401 ] 25
31 163! 6598 19243 20 | 32 | — 35! 0433 2170 2%
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SOLUTION OFF PROBLEM.

rI“}'IE,‘ '!:Il'l_l-l]]{_‘."l'l :‘_.'\."‘I‘.'PII le? -.'\lrl'_ H-"I.ili_‘_.':fl.“ [0 llFi:"Tl!"r‘ ]Ti I-Ff 1']][:‘- T‘TF"\‘-' Si?ﬂ'lT.}'!
Wales “Surveyor ™ of August, 1895, turns out to be more diffieult than it
appears at first sight. It is also a very interesting problem, and T propose
to make a few remacks on it

The problem is: “Given the three sides of a triangle ABC, and the
length of the line AD to a point I within the triangle, and sueh that the
angles ADDB, ADC may be equal.  Required the length of the lines DB
and DCY

In our last issue | gave a solution of this problem Ly Alr. A, Beverly,
and he has now sent me three diagrams (see figs. 1, 2 and 3) and a note on
some of the properties of the curve showing the locus of the point 1. Irom )
the ['11'.;1;:1';1:115 it will be seen that there are three cases, or variations of the
curve, according as the perp. from A on the base falls within or with-
out the triangle, or on one side thereot.  ITn the diagrams M is the middle
Tln.’-l'nt of the ]JL'LRP, and a line t]]l'tlll_.'_{h AN 1= an :L..<=_".'T|‘|J._'Jtt_ﬂ't" to hoth hranches
of the curve, A perp. from M meeting the curve is equal to the perp. from
A to the base,

The Hlligi?[lt."& to the curve at A are at I'il'_,’lll. ."ullilt-ﬁi 1o each CJI]'lG-r', bisect
ing angle A and its externals,

The maximum distance of the corve from AN is the same on both sides.

Tt will he ob=erved that thar ]'r.'!t't'uf the curve which iz within the
triangle les wholly between the Dhisector of angle A and the perp. from A
to the base, or, in cases where the perp. falls outside the triangle, then
between the hizector of .-1.[1:;']0 A and the shorter side of the h‘ie!ng]l—*,
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The simplest way to find the loeus of the point D iz to draw any
numnber of concentrie civeles, with A as centre, and radius not exceeding the
shortest of the two sides AB and AC.

Then lines drawn from B and C, touching any cirvele, will intersect at
the points D, E, I, G (see fig. 4), and lines drawn from A to each of these
points will biseet the angles at D and K, subtended by the base, and will
bisect the supplements of the angles at I and G, subtended by the base.
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If the radius of the tangent cirele shown in Fig

I were given, the

problem would be quite simple, and the distances A D, A E, AT and A (i,
and the other lines and angles in the figure could easily be caleulated.  But
in the problem as stated h}" Mre, Halligan, the distance A 1 is a given length,
and Fig. 5 represents the four cases, with the points D, E, F and G at the

ey AN A
7 ey 72N AN
— - | f.-'l r "'-\._\.‘l_.“ \
T g // .f-"rf I|I 'I.II L / "\_\ "“--,H“l
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same distance from A, and therefore all on the cirenmference of a civele.
‘ﬁulmrhj_nif this cirele to [i’]:?ill sent a L\] ndrical wirror, then a av of light
fFrom B would be relleetd from the exterior surface of [llP wirror af !) or the
interior surface at I8 to an observer at C,

Aoain, krlzlmu"nw D oand C 1o he Inminons puirli'tt an obzerver on a line
B I produced would see ¢ reflected externally at I, while if on C FF produced,
he would see B reflected internally at B

]
- . xternally
B would be reflected §5 rnally

Simtlarly .
! S0 internally

at G {to an observer on
Al

CcO
the line BG produced,

Acain, taking B and O as foei, then D and E are points of contaect of
ellipses with the given cirele, and T and G points of contact of hyperbolas
with the given cirele.

Therefore, of all the lines that can be drawn from DB and O to the
circmmference of the civele D I 1 Gl the sum of B D, D C 15 a minimumn,
while the sum of B, E Cis a4 maximunm,

Alszo, of all lines that can bhe drawn from B and C to the cireamference
of the cirele, the difference of B F and T Cis o maximmm, and the difference

B G oand G Cis a minimuon, that is when, as in Fig. 5 the hyperbolas are
hoth on the saune side of the conjugate axis we w. I, however, the point A
should be nearer the line o n, or the radius of the civele larger, then if the
point of contact G should be to the left of the conjugate axis, then both
contactz are external, and the difference is in both cases a maximum,

In our last issue (September, 18953 Mr. Beverly solved the problem by
finding an equation giving the value of sin 6, the angle ¢ being the angle
between the line A D and a perp. to the base,

Mr., W, T, Neill of the Surveyv Thfnl[l.mtnt Dunedin, N.Z., has also
obtained a solution, but the angle # whose sine he obtaing is the angle
hetween the line A D and the bisector A H of the angle A (see Fig. ).
Let a, b, ¢ be the sides of the triangle opposite the angles A B, C; also let
AD = d

The following is Mr. Neill's investigation :

Let A B C denote the triangle (Fig, 6). DBisect the .m--]t* A by the line
A H oy let D) E 1 and G be the points of intersection of the curve and a
cirele deseribed from centre A with radins A D, Join A D, _‘L E, AT and
AG Takea = 4,5 =2 ¢= 3, and d = L.

Let the angle D A H = 6. ADB=ADUC=:d4g
Then DD A B = +~ f. DAC S — b

A

Then A B D = = {ga. + 6l and ACD - =
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From the triangle A B D, ¢ s | P - 4 1
o = —
Bin b
. . . sin | o A g
and from triancle A D C :(""r =S8R e T 5 o 1
& S
sn b

o

(1)

Expanding (1} d sin ¢ = ¢ {sjn o cos ( i: + 15') + Cos ¢ sin ( J—} + 0 ) }

therefore & = ¢ cos { g:'k_ + 6'} + cot ¢, e sin { ::\L 4+ 0 }

|

if — ¢ cos [ ‘—:L- 4+ 8 }
therefore cot ¢ = B .
¢ sin { '-3- 4+ H }
& — b eos { :“ - f )!
Similarly from (2) cot ¢p = —— : 1——} .
bsin {2 - i -
L2 )
o o [ A | A 1
— ¢ Cos 19 -} HJ' d — b cos -k-_.,}_-——ﬁj
Equating - fl._."u' o : dt
Gfiill.\-‘_._}.-i-tﬁ';- :551:11-{;.—9}
therefore & ¢ sin 2 6 -+ d b sin { :L - ; - d ¢ gin rf J} - ¢ } —

and sin 2 § — sin 6 d
b oo

i [ A

ad A o
Let e = .7 (b + ) cos =5 and » = 0 {6 — ¢) sin

boe 2 fe 2.
Then sin 26 — msind + s eos 6 = 0
Square, and remembering that cos 20 = 1 — sin 26 we obtain

sin 226 + 2n cos B sin 2 8 -+ w2 cos 20 = n?® sin 26

in? 4+ n? o 4

! —— sIn YH e osin 6 —

4

- " o ‘:
thervefore sin 40 —+ w =in %0 -+ "
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H

This equation being a hi-quadratic has four roots, and sin 8 has therefore
four different values (see Tig. 6).

Now the circle euts the eurve at four points, D, E, F and (i, and, since
any of these positions satisfy the above equations, we see that sin 6 has four
real values,

We will now solve the equation (4). This can be done by any of the
well-known methods, hut on aceount of the co-efficients of the powers of sin
# being fractional, the process is a long and tedious one, so we will resort to
an artifice to facilitate the extraction of the roots,

To find the coeificients :——

) I S 4 + 916 1 e
s A= B Ty T T
therefore cos (= Ay =25

A ==~ 75° 817340 = 104° 28"651
A 52 14325
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Now m = q’r- (b 4+ ¢) cos i . and n = _{f (i — e) sin é
b : 2 boe ’ 2
= 2 6123726 = 1_ TO05694,
G G
— 5103105 — — 13176156
mZ = 2604168 n® = 0173611105
m® 4 :’* —4_ 9305555 T' ~ 0013402776,

Substituting the numerical co-efficients in (1) we obtain :—

Gintd — 1317616 sin®d — 930555 sin20 4 ‘1317616 sin 6 — 0043403 = 0

Observing that the first two terms ave =mall we can neglect them and
obtain an approximate value of sin § from a quadratic, thus: —

gin tH 1317616 sin 6 - [—I{if—q-{.J‘:' = 0 (A
"J.;II Vo GAUDHD0D L
sinzg - IBLTOI6 06 4 (07T0798)2 = 005012 — 004686

NA05555
sin @ = 070708 + 018064
OR8=62 or 052734
Therefore approximately £ - 5 00" or 37 O1%
To obtain a more aceurate value of # we take equation (3)
gin 20 - msin b 4 ncos =0
or 2 sin = m tan 0 — n
and using two near values of @, we can get the true value by double position.

g tan B — w

Thug, if we assume # 5% 04, then sin ¢ obtained from 5
O825032, and # — 57 046501, or *6501 in excess of the assumed value.
. - . . m tan 0 — @
If we assame 6 - 5° 05 then sin 6, obtained from = 5
O82HT30, and 6 — 5 049082, or 0918 in defect of the assumed value,
6501 e . e ,
Then - _ - BTG5, therefore 0 A7 0R2T60 and sin 6
Go0l 4 Uls
OERELHE=E,

Again, by examining the figure we see that the value of 6 (3-01°) corres
ponds to the point. T, and in this case 2 sin § — —~ n — m tan 6, that is,
Q3176156 — -2103105 tan 0.

assuming 0 - 37 00, the result is 05947 in excess
assuming 6 — 37 01, the result is 0-6618 in defect

- 4733 therefore the true value of # = 3" 00-4733, and
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To find the
¢ — -02806875).  The quotient is
sin %6 — 0431928 sin 20 V348210 sin 6 4 0490046,
(sin & — *0D24735) we obtain :
sin 20 4 0092807 sin § — 9338040 — 0
+ 0663931 - 0046404,
= 9617520 ar — 9710335
therefore 6 T4 065 00" or — (767 10- 337
The angle E A H — 74" 06" 09" and angle G A H — 76" 10 33",

remaining  two roots divide equation (4)

by (sin

Divide again by

from which we find sin # —

d—ccus{f_} -+ 5}
Having found # we can find ¢ frow the equation cot ¢ = ——ev—" - -—-
¢ sin { -+ 6‘}

Then B ) and D

can be determined in the usual way by the rule
of sines,

When the triangle is isosceles the locus of the point is a straight line

through the angle A bisecting the base, and a circle LuLum%nbmg the
triangle.

We can extract the roots of equation (1) directly by

Horner's Method
in the followi Ing manner i—

sin 44 sin 28 sin 26 sin @

1 1317616 - -0E0G55 + 0043402770 ('09-35687
(R - 4144048 - 450556083
— 0317616 — 0346064 - ODBOS3S5 002185907
+ "0 . 29501 T4304984 1008951

. . S [
£ 0282384 324373 WLTHON TS0 126956
+ 08 FODRGUT —  THTTTEG 164054
1 — & —
1082384 — 0237782 — Q24056800 22002
L 08 4+ 156649 7364395 19905
— 1 — 2 - -
1582354 YR22083 — (32351401 2007
E + 16330 450543 2670
1062354 0205744 032810874 237
ke - 16975 - 59327 231
— a® L) ] B 3
2042384 - O188THS 033270201 5
5 + 1104 55
2129384 - “DIRTHG1 033325
& 1108 o
— > — - S
2002544 — G186A55 033580
i } 110k T
- _ -3 F
2207354 185447 033387
5 13
2912 018531
5 13
2917 018518
5 - 13
2222 - 018500
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Mr. A. Beverly has a process for extracting the roots of higher
equations ; the following is an example :—

The co-efficients in order are

() L ~ “1317ilg I -psasasas
(12 =) 1 152114 2
| & = SRETE
— 2704
(2.2 — 13 1 e

Ussotor | = sin .

(192 = — 16) 00244 il LT
(MK

(12 x - 17 Lo0ingdE BoOEAES — AT-62302 Loe2ad L (192°6)

RTE2302 = - 5T-60585, and 22

(_ ERET T — 58
1 20041

L 1!?‘_"“) (Th':?- saves finding
- another factor

Tf 193 were used for the third factor, the result would be nearly correet,
but not sulliciently so.

The device in parenthesis is easy, and gives very nearly the same result
as using an additional factor,

He also obtains the co-efficients of powers of sin # in a neat manner,
thus when, o — 1°

A b = o — @? ) VG e I
s )¢ —at - (19237243
Ry i b e Vg Top o ST
) CR 5 14 I
cin & b 15 VIO 05694150
9 4 b e 24 4
i PT ,.:F, cos A oy 6 10310563
b 2 24
. a5 N )
mi? - — 2004166
e
no— =bgn A V10 517615692
1o e 2
n? o 2 0173611
J=R

Let sin # — = then the equation becomes

_:’l mi_—il— u.i'J @+ mow n= 0

adt — oo

) f V10 g 6T L V10 5 0
i - A —_. x= . -x = e =
24 [ 24 1152

From which ean be found the roots, one value being

x = OHSHGRR4ET,
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Octoher 5.—E, ¥, Adams, vears 1804 and 1805
. 7.—W. L. Foster, year 1845 ..
sy 10—CL 1. Donglas, local seeretary New Ilymouth, for Carrington and self
for year 18895, and C. Finnerty for vear 1803
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> 6. LUDWIG & 30N«

Watchmakers, Jeweliers, and Opticians,

~=103 LAMBTON (DAY, WELLINGTON, =--

ARE IMPORTERS OF

DRAWING AND MATHEMATICAL INSTRUMENTS,

Aadd .ui'.a.r.-r'{'ju.\." received o ;\',F”'g;;.,.,u ni of the ri-"mr'-').u.- "

S Rengativa,” daeluding

Planimeters, Prismatics, Parallels, Half-Sets, Ivory

and Box Secales, Steel Straightedges, T.
Squares, Abney Levels, Pins,
Protractors, &c., &c.

Droits reserves au Cnam et a ses partenaires



i THE N.Z. SURVEY(E.

W. LITTLEJOHN & SON,

LAMBTON OUAY,
WELLINGTO N.

ALWAYS IN STOCK AND ARRIVING

Theodolites, Dumpy Levels, Staves, Planimeters, Aneroids,
_ Prismatic Compasses, Abney Levels, Scales (in Ivory
and Boxwood), Ruling Pens, Spring Bows, Rotating
Pens, Parallel Rulers, Thermometers, Drawing Instru-
ments, Tapes, Astronomical Telescopes, Field Glasses,

Microscopes, &c.

OUR NEW PATENT TAPE

Is everywhere acknowledged fo be the strongest, lightest, and most accurate
in the market.  Any length up to 10 chains.  The case is of
extra hard rolled brass, and is, without doubt,

superior to all others.

We have now engaged an additional expert (Mr, Entwistle, late of Sydney)
of great ability and experience, who has done much of the best
work in Bydney and Melbourne during the last 16
vears, including traversing legs for
Theodalites,

And are now in a position to execute Orders for Manu-

factures and Repairs of every kind, at

Shortest Notice.

Droits reserves au Cnam et a ses partenaires
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