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PREFACE TO SECOND EDITION.

SINCE  the first edition of this descriptive  pamphlet  was
written the Photo-Theodolite has met with a very gratifving
reception by the Scientific, Engineering and Photographic
Press in England and abroad, and instruments have been
purchased by—

(1) Government of India, for Surveyor-General.

(2) Government of India, for Meteorological Department.

(3) Director United States Geological Survey.

(4) Mexican Government.

(8) Chilian Government.

(6) French Government (Colonel Laussedat).

(7) Professor of Surveying, McGill University, Canada.

Of the very numerous Press notices which have appeared
from time to time special attention may be nvited to—

(1) Lngincering for ioth September, 18G7. pages 312, 314,
315- (NOTE—This article was afterwards copied
almost verdatin, with the illustration, in Lngineering
and Mining Fournal of New VYVork for 2nd October,
1867, page 397, and later in Seieniific American
Supplenient and the Chili Times.)

{2) The Photographic Fournal for October, 18g7.

(3) The Fournal of tne Amacewr Photographic Soctety of
Madras for Octover, 1807, page 45, in which the
article was written and initialled by the Government
Astronomer, Madras,

(4) invention, 10th October, 1897,

{ Irade and Industry, 30th November, 187, pa res 571,

) DA V7. pages 57
572.
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3
(6) The Photogram, February, 18g8, pages 17 to 4q.
(7) Natxre, 13th April, 18G8, pages 563, 504.

Attention may also be mmvited to—
Photography Annual tor 1898, pages 331 1o 435 and
page 437. |
Mr. Bennett Brough's text book on Mine Surveyving,
last edition, last chapter.

The present edition of this small pamphlet has been
rendered more complete by the mnclusion of a4 specimen set
of photographs overlooking Trafalgar Square and a portion
of the Ordnance Survey map of the area overlooked.

By reference to these photographs and the map anyone
possessing a copy of the pamphlet can test for himself the
practical working of Photogrammetric methods. He can either
make the ground plan from .the photographs, or use the
photographs for testing the map, or z/ice versd.

There have also been added to the present edition a set of
condensed dircctions for plotting from the photographs by
what 1s known as the method of intersections, and notes
concerning the information which can be gathered from a single
photograph.

[t is hoped that all these numerous additions to this cdition
Wil be found of practical service, especially to beginners.
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4 L. CASELLA,

INTRODUCTION.

l"I{U'l‘t)(_;fuﬂn'l]“'l‘lx\‘ (or Netrophotography as it is often
called) may be defined as that branch of technical applied
SCrerce w chf; 15 concerned with the determination of the forms

and dimensions of olijects from Photographic pictures of those
obijects.

A photograph which is frec from optical or mechanical
distortion 1s in truth a perspective pure and simple, and all
the laws and principles of perspective are applicable to the
interpretation of photographs.

I‘'or the correct 111101‘1}1-: tation and use of perspectives for
measuring purposes it 1s necessary not only that they should
he true “L'()m{,tl‘l(d“j but we must know or ascertain by
some means a number of particulars concerning cach per-
spective.  Especially 1s 1t necessary to know —

(1) The position of the spot where the perspective was
obtained (station).

{2) The picture plane.

(3) The orientation of the view

(4) The trace of the principal plane.

(5) The trace of the horizon planc.

(0) The pl incipal point {]l1tt‘lH(’(‘t][}11 of (3) and (4). ).

(7) The length of the distance line, which in the case

of a p}mtng_;r.tph 15 the working focal length of
the lens.

The  Instrument  which 15 described  hereafter  as  the
Bridges-Lee Photo-Theodolite has been specially designed to
give true  photographic  perspectives, always in a u'rllc:l[
IJL[I'I{ and at constant  distance, clll(l it 15 furnished with
specially (!L'-wl“']'l{‘(]. mechanism inside the camera for rec ording
on the lh‘.f_{:'ltl‘l.' »all or nearly all the information necessary for
mterpreting the picture.

The practical  advantages  which  result  from having
necessary data for interpretation recorded on the face of
the picture nstead ol in separate note-books are very great.
Risks of error and confusion are very much reduced. Much
time is saved both in the field and in office.  Plotting opera-
tions are rendered more casy, certain, and accurate, “and the
pictures will be more valuable as permanent records for future
reference.

The theory and the methods of photogrammetric measure-
ment are not at all new. They were fully expounded more
than forty years ago by Col. Laussedat, the present Directeur
of the Conservatoire des Arts et Metiers, Paris.  Also from
time to time there have been many photographic surveys
clfected in many different countries over limited areas and
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with excellent results, but it has been reserved for the
Canadian Surveyors under the guidance of Mr. . Deville,
the Survevor-General, to demonstrate on a very large scale,
and finally and conclusively that for hilly and mountainous
districts the photographic method is superior to all others, It
has been proved to be very much quicker and cheaper than
any other known mcthod and more convenient and at least as
accurate.®

Some of the special advantages of the photographic method
may be epitomized as follows : —

(1) It is often possible to obtain photographic pictures of
places for surveying purposes which 1t would be quite 1M pPOos-
sible to survey by any more ordinary means, e, —

(@) In many exposed mountainous regions where the
weather 1s generally unsettled and uncertain with
only occasional breaks; or when so much time is
of necessity consumed in travelling to and returning
from a surveying station that it is impcssible to
spend much time at the station.

(0) For military purposes in an enemy’s country.

(¢) When a traveller is compelled by circumstances to
traverse unknown country at a rapid pace ;

and speaking generally wherever and whenever it is possible
to obtain occasional clear views from spots visited., but not
possible to stay for any length of time at those spots or to
revisit them. In all such cases the Photographic method is
bevond all comparison the best because it is the only possible
effective method.

(2) Photographs contain an amount of detailed information
concerning the country photographed, which it is perfectly
mmpossible to gather {rom notes of observations and sketches
alone, so that in all cases they may be of great practical
service ; not only for checking observations made and noted
In the field, but also for supplementing those observations and
filling in details which had escaped notice.

(3) Frequently it happens that preliminary  experimental
surveys are required for irrigation purposes, or for ascertain-
Img the best routes for roads or ratlways.  In such cases it 1s
often excessively difficult, if not impossible, to decide at the
outset how much_ plotting will be necessary for the purposes
Immediately in view. If a series of ohservations taken and
noted turn out to be insufficient, it may be necessary  to
revisit the stations for further observations:; or if, to be on
the safe side, a tolerably exhaustive detailed survey is made
mm the first instance, it may turn out afterwards that the whole

¥ Mr. Deville has shown that in Canada the cost of a photographic survey
¥ methods heretofore in use is considerably less than one-third of the cost of
a plane table survey.
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O L. CASELLA,

of the labour will be wasted, so tar as the particular purpose
in view is concerned, because the ground surveyed may ulti-
mately prove to be unsuitable.  In either case there will be
waste of valuable time, and in every case where a complete
detailed survey has not been carried through in the first
instance, it will always be necessary to make such a survey
after a general plan ot construction has been decided upon.

With Photographic surveys there nced be little or no waste
of time from such causes. A fairly complete series of photo-
graphs can be taken in the first instance in less time and at
less cost than would be required for the most cursory
preliminary survey, and these photographs will afterwards
serve all purposes, not only for plotting preliminary surveys,
but also for tiﬁing in details whenever and wherever a precise
knowledge of detail is required.

(4) Not only can a photographic surveying party cover a
much larger area during a working field season than an
ordinary survey party with a plane table, but it is also possible
in many cases to employ (for part of the field work at least)
less cxpensive labour, ¢.g., a person of ordinary intelligence
after a little training might be entrusted in some cases with the
task of setting up the instrument and exposing plates at
prescribed stations without requiring of necessity the presence
of a trained surveyor. All these are practical advantages,
and not mere speculative creations of the imagination.  They
have been proved in practice by the evidence of immense areas
surveyed and mapped with extraordinary rapidity. accuracy,
and cconomy, and without doubt photogrammetry 1s now
making rapid headway as a subject for study in technical
schools and colleges; it is commencing to find a place in
standard text books on surveying; and it is being applied
practically over larger and larger areas, and in many parts of
the world to such an extent as to warrant a beliet that wit/in a
few vears it will be the most popular method wherever it 1s
applicable,

Hitherto there have been many difficultics in the way of
rapid development.  The chief and, perbaps, the most im-

ortant of these is the powerful element of human inertia.
Surveyors who have been trained to apply old methods with
which they have become intimately familiar from long practice
naturally find those old methods more easy for them individu-
ally than a method which they have not yet studied or applied.
Most subjects appear difficult to people who have not seriously
studied them with close application, and all subjects (even the
most abstrusc) come in time to appear easy to persons who
have masterced them.

[t is thus the common experience of mankind that in all
professtons it 1s extremely difficult to develop radical changes
of procedure until such time as it has been quite conclusively
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proved that the cid methods must give place to the new ones,
and until a new school of voung members is ready to work the
new methods wherever required.

For Photogrammetry that time 1s arriving fast. There are
now quite a number of well-trained photographic SUFVEeYOTS
actually at work and many more will doubtless “be ready soon,
and their day of unchecked progress is coming rapidly if it has
not already arrived.

For the rest, the elements of difficulty which affect the
subject may be all ranged conveniently under two heads, which
are :

(1) The difficulty of obtaining sufficiently good photo-
graphs suitable in all  respects ~ for mapping

purposes.
(2) The difficulty of constructing maps from those photo-
graphs.

All dificulties under the tirst head, which are of a purely
photographic character, are to be conquered by technical
photographic training on the part of the persons who are
concerned it producing the photographic pictures. [t is not
in all cases essential that the surveyor should be technicall
skilled 1 all the details of practical photography (though 1t
15 best that he should be), but it is essential that he should
have the aid of a competent photographer who can be trusted
not to spoil his pictures by careless and ignorant manipu-
lation.

The surveyor (or whoever else is entrusted with the duty of
exposing plates in the camera) must, however, have learnt by
practical experience to judge correct exposure, and he must use
sound Judgment in selecting his stations and in orienting his
Instrument to obtain suitable views for after use. To simplify
matters as far as possible, and to minimise risks of mistakes, he
should as far as possible employ always the same standard
Instrument and lens, and work with the same aperture and the
same brand of plates, which should be developed afterwards
With the same standard developer.  Experiments in the field
where actual work is going on are to be deprecated, whenever
they are not absolutely necessary, and it is well to limit variable
conditions as much as possible.

Most persons who have tried their hands at Photographic
surveying have found themselves in the position of being obhiged
to attend to a very large number of varying details and adjust-
ments in the manipulation of their instruments when set up at
4 station, and they have been obliged to record multitudinous
uxplmmtm}' notes.  Often from oversights or mistakes in
adjusting the instrument or in recording notes the photographs
obtained might turn out to be useless or nearly so for practical
purposes, and sometimes the photographs themselves could not
be identilied after development,
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8 L. CASELLA,

The Instrument described hereafter has been designed to save
trouble and to avoid as far as possible all sources of error from
defective adjustments or wrong or omitted entries.

Clearness of atmosphere and brightness of illumination of the
landscape are mevitable variable conditions and arc best met bv
the usc of colour screens and varied exposure only.

The principal plane may vary with each picture and the
horizon plane with cach station, but it is possible to it the
camera with cross hairs inside so that when the instrument is
level the shadows of those hairs shall alwavs mark the traces
of those planes. "

Similarly the orientation may vary with cach view, but a
compass can be so ftted inside the bex that the orientation
shall be automatically recorded.

Also it is possible to fit inside the camera a scale (the mage
of which can be impressed by contact printing on the negative)
for determining immediately at any time the angular bearing
of any visible point in the picture with reference to the principal
plane.  This scale will be found of great use, not enly for the
purpese just indicated, but also as affording a very ready and
certain means for quickly ascertaining the working focal Tength
of the lens or distance line or the equivalent distance line for
enlargements.

Also to avoid possible after confusion among the pictures and
for general convenience it has been thought hest to record notes
to indicate number of picture, station, altitude, magnetic varia-
tion, and other matters on the face of the picture rather than in
note-books, and special provisions have been made to cnable
this to be done casily.

All these improvements are calculated to save time and
trouble to the operator, and more especially to simplify after
work.

They serve also to a very large extent to climinate risk of
personal errors ol observation or record, and it is hoped that
they will be universally appreciated as they become more widely
known, and that these improvements may play a not unimpor-
tant part in the task of popularising photogrammetry as a
branch of applied science with a great future before it.

For the information of those persons who may not perhaps
be famihar with the bibliography of the subiect, and who may
wish to study photogrammetry, it may be noted that by {ar the
best and most complete treatise on the subject to date 15 a book,
entitled “ Photographic Surveying,” by E. Deville, Surveyor-
General of Dominion Lands, Canada (published, Ottawa,
Government Printing Bureau, 18g3).

J. BRIDGES-Lk.

6, King's Bench Walk, Temple,

London, E.C.
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147, Holborn Bars, London .. O

DESCRIPTION

O A

NEW  PHOTO-THEODOLITE,

DESIGNED BY

J. BRID S-LEE, BEsq., M.A., F.3.8., ete.

PATENTE IN ENGLAND AXND ABROAD,

Made by LOUIS P. CASELLA, 147, Holborn Bars, London.

The Index Letters refer {o the woodcouls,

Rectangulzr box of alumintum (cast metal).

Rectilinear plwtos:mplm fens withn 1ris  diaphragm.
This lens is accurately set i correet position with
reference to the other parts of the Instrument, and 1t
has no focussing adjustment.

l'er l.] ¢ purpose ol fitting 1'*{ instrument 1o be used for
ordinary photographic work at short distances, a second
ph {JT.UUI'u}}]zh lensworking ma focu ~-:1~H sleevewrth rack
and pinion adjustment ¢ an 1*(* supplic " al an exira cost.

Azimuthal eircle divided to half e COTees W ith vernier
attached to back of the box to read to minutes,

Irivrach locking plates and levelling serews.

Telescope with cross webs 1 the body and usual
adjustments.  This telescope 15 frece to rotate only
in o vertical plane when the instrument is aceurately
levelled, and the lImme of collimation and the vertical
web arein i]w median vertical plane ﬂt the mstrument
—the same plane which biscets the photographic lens
and passes through T.hL axis of o \'L*IU 1on of the internal
magiict e compadass dl‘l(L the vertical hawe in the camera.

Vertical Himb divided to hall degrees, moving with the
telescope with fixed vernier to read to minutes.

Revolving tubular level let mto a secket in the roof of
the aluminium box. DBy the aiwd ol this level the
hor unnta;.n' of the instrument can be adjusted in any
position witbout disturbing the position of the camera.
A pair of fixed levels at i g_fht anules to serve as

additional security for accurate levelling.

Droits reserves au Cnam et a ses partenaires



10 I.. CASELLA,

H. Falling back to camera with hinged jomnts.  The ground
glass (/) has m 1t a window o polished glass (47

through which the vertical index hair and compass
scale can be read, with or without the aid of =«
MICroscope.

i Rectangular frame of metal with strong back stavs not
shown in the drawing.  This frame is rigidly attached
to a bottom plate which supports the compass box, and
is frec to move only I an antero-posterior direction,
with rigid guides fixed to the base of the box to control
1ts motion,

The back surfaces of the frame are all in a true vertical
plane when the instrument is accurately levelled, and
that vertical plane is accuratelv perpendicular 1o the
principal axis of the photographic lens.

This frame can be racked backwards and forwards by aid
of a transverse pinion traversing the bottom of the box

Jd. and terminating in two milled heads (dd.).

Pomters (/j), which revolve with the pinion, serve to
indwate whether the internal structures are forward or
back when the falling back of the camera has been et
down and replaced by a double dark slide containing
a photographically scinsitive plate.  The dimensions of
the rectangular frame () are such that it can pass
compietely inside the double dark slides wsed (vhen
the shutters are open, and carry back the KoK, hairs
which 1t supports until they actually touch the plate.

There are also two =mall stops in the form of sliding
bolts, which serve to prevent the frame fron being
carried back with too much force, or too [ar. hese
stops secure untlormity of focal distance.  Thev o
not appear in the woodcuts. '

K. Vertical halr carried by the frame. This hair serves to
mark on the photograph the median vertical plane of
the mstrument, and cuts the principal optic axis of the
lens at right angles. This vertical hair serves also as
an index by which to read the compass scale. Tt is in
the same plane as the vertical web in the telescope, the
optical axis of the telescope, the optical centre of the
photographic lens, and the axis of revolution of the
compass.

K. Horzontal hair carried by the frame. This hair crosses
the vertical hair at right angles at the point where
both hairs intersect the optical axis of the photographic
lens. It serves to mark the horizon of the instrument
on the picture when o photograph is taken, the instru-
ment having been [lirst accurately  Jevelled,  The
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intersection of these kairs marks the principal point of

the perspective,

The hairs are hixed o the frame by the aid of small wood
pegs.  The proper positions are ascertained and lixed
by the maker. !t broken at any time they can b casily
replaced m a few minutes by anybody.

Small tablets of thin transparent celluloid on  which
Magnetic error, Barometric pressure, station mark, or
other particulars which 1t may be desirable to record
photographically on the picture, can be noted by
observer with quick drving ink.  These are written
upon in an ordinary way and then placed upside down
i little pockets in the frame specially designed to hold
them and print out as shadowgraphs on the negatives
and prints.

Magnetic compass with vertical evlindrica transparent
scale divided to hall degrees o to 390", The cylin-
drical transparent scale passes quite close 0 its
revolution to the vertical index hair, but never touches
it.  The pivot of the compass is rigidly fixed to the
base plate before referred to, so that the compass scale
1s always at exactly the same distance from the vertical
hair.  When the base plate carrying the frame and
compass is racked forward in the bhox, a copper disc
automatically rises and lifts the agate off its pivet, and
presses the top of the agate cup against the support
(#2) so that the compass 1s lirmly clamped, and can
suffer no injury from friction at the pivot or otherwise.
When the base plate is racked back so as to carry the
Irame and cross hairs, and part of the compass scale
inside a double dark slide, and close to a photo-
graphically prepared plate, the agate cup 1s automati-
cally lowered upon its pivot, and the magnetic compass
adjusts itself to its natural position. This pari of the
internal mechanism is not visible in the woodcuts.

Catch to hold double dark shide in place.  The back
surface of the box is provided with a frame of
aluminium to hold the double dark slides, and exclude
light, and as a still further safeguard against the entry
of extrancous light there are facings of velvet.

Microscope with universal joint movement to permit of
its being used either for reading horizontal angles on
the azimuthal circle. or for rcading the compass
bearings through the window n the ground-glass back.

Adjustable microscope for reading vertical angles.

Clamp and tangent screw for azimuthal circle.

Clamp and tangent screw for camera.

Clamp and tangent screw for telescope.
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12 L. CASELLA,
T. Tripod with strong aluminium or other metal head and
bronze clamping screws.

This tripod is fitted with transverse bars of bronze
which serve as attachments for chains to saleguard the
tstrament. — They also serve to give attachment to
hooks «ttached to a net in which heavy stones can be
placed, to give stability and steadincss to the instru-
ment when in usc.

These do not appear in the woodcuts. They are at a
shghtly fower level than the parts drawn.

uU. The + + marks on the top of the box indicate the focal
distance. A straight line joining the centres of those
crosses 1s the working focal distance for ordinary
femperatures.

Below the centre of the instrument in the axial line is a smal]
hook which serves as an attachment for a4 small plumb bob.

The telescope has an erecting as well as inverting eyepiece.

There 1s an optical colour screen of optically worked green
glass to fit mside the sunshade of the photographic lens.
Yellow or orange glasses can also be supplied when desired

Also attached  to the frame which carries the hairs is g
horizontal transparent scale of angular distances, photogra-
phically prepared by aid of the identical lens and instrument
as 1t 1s used for surveving purposes.

By the aid of this scale the exact angular distances of any
puirft:: m  the _pl(tlur; richt or Igft of the !l_]t’di{-il] vertical
plane can be mnmediately read off with the aid of a parallel
ruler,

”

This scale also facilitates the determination  of COMpss
crrors, because if there are any points in a picture whose
true bearings have been fixed with precision- trigonometrically
or otherwise—it is only nccessary to add or subtract the
angular distances of thosc peints (as read on  the horizontal
scale of angles) to or from the automatically recorded COMPass
bearing of the median vertieal plane, in order to ascertain {he
compass bearings ol the points, and the differcnce between the
compass bearings and the truc bearings is the COMpAss varia-
tion. This very simple operation can be performed in office at
any time.

The nstrument 1s supplicd with six double dark slides of
good construction to carry a dozen plates, size 3% 4, either
horizontally or verticallv.

It fits easily and securclv in g strong, well-made mahogany
case, with lock and kev, and catches.

The double dark slides, plumb bob, and optical screen, all fit
in the same case, and for greater security and convenience of
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147, Holborn Bars, London, E.C. 13

transport the mahogany case, with its contents, can be fitted
with an ocuter leather case with straps at an extra cost.

In conclusion it may be noted that the instrument is a
complete, symmetrical, well made theodolite, reading  to
minutes with sufficient vertical range for all ordmary terres-
trial work.  The camerais always inplace, readv for immediate
use whenever photographic record is required. and the camera
can, when desired, be made immediately available for taking
ordinary photographs of persons or things at short distances hy
lowering the back stops and racking back the internal
mechanism quite out of the camera. If a small piece of velvet
be then laid over the guide table and pinion, the inside of the
camera resembles the mside of any ordinarv camera, and the
focussing adjustment of a subsidiary lens affords ready means
for focussing objects at short distances. The compass 1s large
and good, and the vertical scale with parallel line divisions
admits of very close readings being made through the back
window or by looking through the lens from in front,

it will thus be seen that anyone possessing this instrument
is provided with: (1) A good theodolite, complete for terres-
trial observations: (2) A complete photographic equipment
for all ordinary photographic purposes; (3) A very good
azimuth compass; and (4) By far the most perfect photo-
grammetric apparatus ever made up to this time.

It is confidently submitted that this is the most generally
useful instrument” which any explorer can take with him, and
Its cost and bulk and weight considerably less than a theodolite,
photographic outfit, and azimuth compass of equal quality
carried separately.

The fact that the internal mechanism acts to a large extent
automatically serves to minimise risks of error from inaccurate
observations or false entries, and every picture taken with the
Instrument when used as a photo-theodolite will carry on its
face the following information, which can be used at any
subsequent time for interpreting the photographs and for
making maps.

(1). The median vertical plane (ie., trace of principal

plane).

(2). The horizon of the instrument (z.e., trace of a horizontal
plane bisecting the lens).

(3). The principal point of the picture (at the intersection of
the last mentioned lines).

(4). The magnetic bearing of the principal plane (note this
must be correctly recorded if it is recorded at all
because (@) If the observer were to omit accidently to
rack back the frame and compass before exposure, the
lines and figures would not be printed on tne photo-
graph; and /%) If he were to expose  before the
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14 L. CASELLA,

compass had come to rest, the compass scale and
ligures would not print out but n'ouhij vield only an
indistinet and almost invisible blur as the result of
long exposure, such as is always given for photo-
Zrammetric purposes ).

(5). A scale of horizontal angular distances right and lett of
the principal plane.

And the picture may be made to bear also on its face the
following or other additional information which must
be first written by the observer on strips of celluloid
with Indian ink.

(6). Mark to denote the sfatiorz where the instrument was
placed when photograph taken.

(7). Barometric pressure o computed altitude.

(8). Zime, date, serial number of photograph, magnetic error
or other information which it may be desirable to have
recorded on the photograph. All the above infor-
mation is printed in what will ordinarily be the sky
region of the picture, except of course the fine straight
lines which mark the vertical and horizontal planes,
and the pictures taken will form most valuable records
which can be interpreted at any time afterwards with
& minimum of assistance from note books, and with
great accuracy.

One great advantage arising from recording as much
necessary or useful Information as possible on the
taces of the photographs themselves, is that there
cannot be any mistakes made afterwards as regards
the particular facts  recorded, and another great
advantage is that whenever a photograph is enlarged
for map making purposes, the lines and scales are
enlarged at the same time and in the same proportion,
and are always present in evidence for mapping or
measuring purposes.

FFor the rest, the instrument is compact, strong, light in
weight, and beautifully finished in every way, and of
reasonable cost, having regard to its great efficiency
and practical utility.

The Instrument can at any time be made available for
astronomical photographic observations, or for cloud
photography, by the aid of an adjustable mirror or
rectangular prism in front of the lens,

Price of the instrument, with one lens, six double dark slides,
to carry twelve plates, various accessories, &c., in mahogany
case, and with tripod stand complete . £45 0 o0

Lenses of any of the best known makers can be adapted to
this mstrument if required, at an extra cost.
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INSTRUCTIONS

Relating to the use of the BRIDGES-LEE New Patent

PHOTO-THEODOLITE

IN THE FIELD.

A —Choice of Camera Stations.

1. As a zeneral rule select points which overlook the area
to be surveved.

2. When the area to be surveved contains points whose
positions have becn previously determined with precision
(trigonometrically or otherwise), 1t is frequently advisable to
select those points as camerza stations.

3. It is frequently convenient to select new stations by aid
of observations made from other stations.

1. Stations should be selected at such distances apart, and
in such directions with reference to each other and to the
arcas to be surveved, as to yield good intersections for plotting
PUTPOSECS.

5. Special stations may be selected for special individual
views m definite predetermined directions,

0. Before proceeding to occupy any station, due regard must
be had to the time when it will probably be reached by the
observer with reference to what will be the position of the sun
(a) as regards the camera, and (4) as regards the particular
arcas to be photographed from that station.

- 7. Camera stations should be numerous, and the views
trom those stations should cover as much as possible of the
ground to be surveyed. All the more important individual
landmarks must be visible from two stations at least, and
most of them and many minor points should be visible in
photographs {rom three or more stations.

8. For the purpose of obtaining pictures from which contour
lines can be most easily plottea, it 1s a good plan when
practicable to estzblish a number of secondary camera stations
at different altitudes on a hillside below a principal station.
[he differences ol altitude of these secondary stations should
be determined with care, as also their relative positions on a
ground plan ; and when selecting positions for these secondary
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stations, 1t is a vood plan to select points of vicw as neariy o«
may be in the same vertical plane, which can be made &
principal plane {or one photograph at least taken at each DO,
Whenever an ohserver is ascending to or descending from a
principal camera station on a hilltop, he sheuld keep a sharp
ook cut for suitable spots for secondary stations on the hillside.

B.-———_}fch.ﬁ.’ﬁ:'e-_"cf;.f.f".-i.?ﬁ ef e Ploto-heodolite at th

wt

Cameia Stations.

1. Set up the tripod with legs tairly wide apart and very
firmly placed  The tripod head should be approximatoly
| Yo I ¥
S T I

2. By aid of the plumb-bob determine the exact position
of the instrument, und mark the correct spot on the ground
by aid of a peg.

3. Attach a strong net by hooks or cords to the metal crose.
bars on the legs, and load this net with heavy stones or turf 1o
secure great stability,

4. Then wunscrew the metal protecting cover from the axis
of the tripod head and screw on the iribrach Open the
tribrach by pushing aside the lecking plate to enable it ta
receive the terminal feet of the levelling screws,

5. Then take the instrument carefully cut of its case and
stand the feet in the recesses in the iribrach designed to
receive them.  Then close the locking plate and make certain
that everything is secure.

6. Then tuke off the cap from the lens and open the iris
diaphragm to full aperture, and rack back the mternal
structures as far as they will go (the stop bolts heing pushed
out).

7. Level the instrument. The best way to do this quickly
15 to turn the revolving level until the tube is approximately
parallel to a line joining two of the levelling screws  Then
manipulate those  two screws  until the  air-bubble rests
approximately at the middle of its run. Then rotate the
spirit-level through an angle of ninety degrees, and manipulate
the third screw until the air-bubble rests at the middle
of 1ts run. Agamn rotate the level through ninety  degrees,
and if necessary again manipulate the first par of scrows,
and so on until the bubble remains approximately in the
middle of 1ts run in all positions. After a litt]e practice it will
be found that the operaticn of levelling can be very rapidly
effected in this way. At this stage of the operations approxi-
mate levelling is sufficient, and it is not necessary to lose time
over efforts to secure an exactly level position until everything
1s ready for exposing a plate to take a picture.

1
I
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8. Next adjust the microscope @ in position to read the eom-
pass scale through the window. To do this vu:)r‘rr_'--.'ini}' there are
three main pomnts to attend to: (a) the optic axis of the micro-
scope should 1"u.rrszproxlma‘tm‘}' ]:}('.I'pf_ﬂfli(“.“;::l]_‘ to the u'sm‘!m\':
(%) the mdex hair should bisect the field of view ; (&) the focal
distance should be conveniently adjusted so that the eye mayv
be able at the same time to Fead the compass scale and to
distinguish the vertical index hair.

9. While the above mentionec operations have been in pro-
gress the compass will almost certainly have come APProxi-
mately to rest, and the azimuthal circle may now be oriented
if desired by aid of the compass. To do this it is only necessary
after releasing the circle by turning the clamping screw Q to
rotate the circle (which of course carries the camera round with ,
1t) upon its axis until the magnetic compass reading corresponds
with the reading on the azimutha! circle. In practice it s
convenient (before proceeding to orient the circle) to bring the
zero of the vernier to correspond exacily with one of the
divisions on the circle.  This can be done by aid of the tangent
screw R (the camera being clamped.) The compass can also be
read by looking through the photographic lens from the front
of the camera. For this purpose the diaphragm aperture should
be contracted (as small as possible). and a brightly illuminated
sheet of white paper should be held at a short distance away
from the glass back. When the orientation has been oficcted
as above described, the azimuthal circle may be firmly clamped
I position, and the accuracy of the orientation may be tested by
releasing the camera clamp R and rotating the camern on ite
axis. The compass reading should in every position correspond
with the reading on the azimuthal circle if the instrament is in
accurate adjustment, and if the orientation has been correctly
effected.  1f anv important discrepancies appear, especially
If these are found te be due to instrumental errors, it will be
found best always to orient the azimuthal circle with the vernier
Zero opposite the same division of the scale.

It may be noted that the orientation of the azimuthal circle
only becomes a matter of importance when it is intended to use
the instrument as a Theodolite, and even then it is not always
hecessary, as for example when the observer onlv wishes to
read off angular distances without reference o bearines.

bl

mrm

o FE

With Photo-grammetric  instruments of anv of the old
ashioned types, correct artificial orientation of the apparatus and
dcCuratenotes concerning the bearings wercalways cssential : dues
Wikl this newe form of Photo-theedolite the orivitation of the
Principal plane of every picture taken is automatica’lv recorded
M the face of the picture, and the picture record il be e cactly
the saine whether the asimuthal clrcle has been oricintod o mof.
I practice, therefore, the operations detailed under the last two
eadings (S and ) may be often altogether omitted, and time
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saved and risk of personal errors of observation and entry
avoldec.
10. Next (having rendered the azimuthal circle quite rigid by
aid of its clamp Q. and having set the camera and telescope
free) remove the cap from the telescope, substitute the crecting
for the inverting eyepicce (if the observer finds this most con.
venient for his personal use), focus the eyveplece upon the
crossed spider-webs in the body, and focus the object lens upon
some distant object.  Then having decided upon the general
direction of the view of which a picture is desired direct the
telescope towards some distant landmark, so that its image In
the telescope shall be bisccted by the vertical web.,  The image
of that point in the camera will then be on the vertical hair K,
and the principal plane of the picture to be taken will pass
through that point and the camera station.
When camera stations or trigonometrical stations are visible
through the telescope, it is nearly always advisable and con-
venient to take photographs with their principal planes passing
through those points. On the other hand, it is [requently
advisable to take other photographs in directions which comprise
convenient areas ol the ground to be surveyed without special
reference to any previousiy determined points.
rr. Next clamp the camera firmly to the azimuthal circle by
the clamp R.
12. Next take small slips of celluloid, and write on them
distinctly with Indian Ink:
(@) The total magnetic error.
(£) The station number, c.g. (S. 3).
(¢) The altitude of the station if accurately known, e.o. (A.
5325). or, il mot, the barometric pressure, e.0.
(B. 2071).

(@) The mark on which the telescope was directed, e.g.
(s, 2).

(¢) The serial number of the photograph, e (N. 1)

(/) Time, e ("I 15 20) == 3.20 p. m,

(g) Date, e g (D. 7/6/08).

Release and let down the falling back H.

Place the slips when the ink is drv in the slits in the
trame provided for the purpose  They should be inserted 1
the slits upside down. and with the writing on face nearest to
the operator.

13. Next rack forward the internal structures by turning the
milled heads dda Close up the iris diaphragm” as far as it
admits of being contracted. Insert in its proper place 1n front
of the lens an optical colour screen of green or orange glass,
unless the atmosphere is so clear or the chief objects to be
photographed are sc¢ near and distinct as to admit of the
coloured glass being dispensed with. Cover the photographic
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Jens with its cap.  Adjust in place a double dark slide charged
with sensitive plates.  Take care that this is securely held in
place by the catch N Then LE‘.'-:’I'}'U'II‘H?; being secure, rigid,
and light-tight, draw back the shutter of the dark slide as far as
it will go.  Then immediately rack back the internal structures
by the milled heads dd until the frame has been carried
against the surface of the sensitive plate as far as the stops will
allow 1t to go.

NoTE.—While all these later operations are being periormed it is well
to shield the instrament, and more especially the double dark <lide, from
the sun and skv-light by a large thick umbrella ; and 0 soon as the dark
slide 1s in place, it is a good plan to throw a piece of black velvet over
the back of the instrument. A square velvet falling curtain atiached to
the top of the back of the box is convenient and answers well.

14. Now pay careful attention to the levelling, by manipu-
lating the levelling screws and the revolving level by light
touches onlv with the finger and thumb.

At this stage in the proceedings extreme accuracy should be
aimed at. and especially should the air bubble rest exactly in the
middle of its run when the axis of the tube 1s perpendicular to
the principal plane of the instrument (7.e., parallel to the front
and back taces of the camera).

- The pair of fixed levels at right angles will indicate when the
mstrument 1s accurately level, and thev serve as a check on the
revolving level P ]

15. Next, look again through the telescope, and if the vertical
web does not now bisect the mark on which it was originally
directed, bring it to its proper position by aid of the slow-motion
(tangent) screw which operates the camera. Then, again test
the levelling, and if that is right, evervthing is now ready
for an exposure to be made.

16, Next remove the cap from in front of the lens, and give a
tull, but not excessive, exposure.

NOTE.—The cap over the lens should be as loose fitting as possible
without danger of lettirg in light, or of falling or being blown off. The
feémoval of a tight-fitting cap for exposure of a plate might possibly dis-
turb the leve! of the instrument,

Concerning the exposure: it is assumed that the operator is
a4 competent or even a skilled photographer, and if he is not he
should endeavour to become thoroughly proficient in all that
appertains to the art of producing sharp, clear negatives before
he starts to use an instrument of this class for practical work in
the field.

Further on will be found some special notes relating to the
Preparation of photographs for surveving purposes.

7. When the exposure 1s thought to be sufficient the cap
should Le replaced, and immediately afterwards the internal
structures should be racked forward, the shutter of the slide
shut, and the slide removed : or, if another picture is to be taken
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from the same swation, the slide mayv be replaced with OPPOSIte
face inwards, after the celluloid strips which record  serjal
number and time, and direction of principal plane have heen
changed. The shutter may then be opened and the internal
structures racked back. Then the camera is released and
rotated on its axis until it points approximately in the right
direction. [t is again clamped and levelled, and brought to
exactly the right position by slow motion adjustment as before
described, and =0 on for any more pictures after the Grst. It is
necessary, of course, to take care n every case to allow suffi-
clent time for the compass to come to rest before exposure, hit
if the precaution is taken to set free the compass by racking it
back before commencing to turn the camera on its axis, the
compass will be very little disturbed, and the time cecupied in
coming to rest will be very short.

18. After as many photographs have been taken as are
thought necessarv at anv particular station, the observer
should throw a light protecting cloth over his instrument
without disturbing it, and, note-book in hand, he should
observe and note all facts which he thinks mayv be of interest
tor future reference: and after noting everything which seems
to him to be worthy of note, so far as he can ob=erve with the
naked eyve, he may then return to his instrument, and after
releasing the camera and telescope. he can scan the horizon
and examine more closely the visible outlook v oard of the
telescope, and make supplementary notes in his note-book. .\t
this_time, also, he should search for other suitable camera
stations, and it he is able at this time to fix upon suitable, or
probably suitable, new stations, he may direct his camera
towards the points sclected and take supplementary photo-
graphs with their principal planes passing through those
points. If he has still remaining some unexposed plates which
he can afford to use up without ri=k of running short for other
stations, he may now take duplicate photographs of portions of
the area to be surveyed. Asa general rule he should not waste
time and plates by making a complete photographic tour of the
horizon unless the camera station is well within the boundaries
of the area to be surveved, and unless clear well-defined views
can be obtained in every direction. [t is generally better to
use the time and plates for obtaining duplicate or overlapping
views in directions specially selected.

1. When the observer feels that there is nothing more to
be done or noted at the particular station, he should at once
prepare to dismount and pack up his instrument. This he
should do carefully, as he values his instrument. The best
wav to do this i1s as follows :

First take care that the internal structures are racked
forward as far as they will go, <o that the compass cap may be
firmly clamped against the top plate.
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Then rotate the camera on 1ts axis until the lens 18 Qver one
of the levelling serews. Then tighten the clamp R.

Then =lide the microscope @ round the azimuthal circle @
antil it is opposite the {ront of the camera.

[hen bring the telescope 1o an approximately horizontal

position after tirst racking back the object glass, putting on 1ts
cap and substituting the short for the long evepiece. Then

clamp the telescope.

Then. all important structures being rigidly fixed in position
by their respective clamps, the left hand may be laid on the
top of the mstrument to steady it while the locking plate of
the tribrach iz opened by lateral pressure of the thumb and
finger of the vight hand.

Then the instrument i= gently lifted up by both hands and
carefully placed in its wooden case face upwards.

The Tocking plate of the tribrach is then again closed and the
tribrach unscrewed from the tripod head and the protecting
metal cover 1s screwed on inoits place.

The trifrach is then packed in its allottea space in the case.
The plumb bob, erecting evepiece. double dark sides, and
other accessories skould also be m their several allotted
positions in the case, whicl may now be closed and locked and
deposited in its outer leather case ready for transport to
anothier station

20. The tripod stand may then be unloaded, shut up. and the
legs strapped together, and a protecting cover slipped over the
head when everyvthing is veady for a start—except that the
observer should certainly not leave the spot before he has sci
up some kind of abiding mark at the place where the instrument
his been standing. cither in the shape of a staff or a pile of
stones. or both. of sufficient dimensions to be visible afar o
through o telescope like that by which the mstrument 1 suT-
maounted.

21 When several instruments and  several observers are
available it 1s convenient to occupy, and to take photographs
irom. several stations simultaneously over the same ground,
and with the telescopes directed upon the same points at the
SEITTE tImes.

in such cases the observers should endeavour to establish
telephonic or  heliographic  communication,  or they  mav
maintain communication by means of a series of preconcerted
Hae S1gnals. :

22 When working with this instrument, the observer should
of course take care that no iron or steel 1s anywhere near,
Bunches of kevs it the pockets might cause appreciable errors,
and an obscrver moving about with iron in his pockets might
unwittingly disturb the compass from its state of rest and fail
1o obtain an automatic record of the compass bearing: or if he
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stood still during exposure, the bearing recorded might he
wrong. It 1s true, as pointed out elsewhere, that compass
errors can be easily detected and allowed for afterwards, out
obviously artificial and unnecessary errors should not b
introduced by mere carelessness.

23. Whenever it so happens that there is no well-defined
point in a view whose exact position has been determined
trigonometrically, it is alwavs prudent to measure and record
the exact angular distance between some well-defined point in
the picture {the principal plane for choice), and one or more
well-determined trigonometrical points which mayv he visible in.
anv other direction.

C.—Special Noles relating to the Preparation of
Photographs for Surveying Purposes.

. A surveyor’s photograph should be as sharp and clear
and full of detail as it can possibly be made to be.

2. The working aperture of the diaphragm when exposure
is given should be exceedingly small,

3. It is not expedient to use a deep orange optical screen on
all occasions.  Sometimes it happens that the prevailing
conditions of light and atmosphere are such that perfectly
bright clear pictures can be obtained without the use of anv
screen. More often the emplovment of a colour screen to
stop the most refrangible rays of the spectrum is necessary,
but in such cases a screen ol bright, clear, optically worked
green glass will often be more efficient than deep orange.  The
best plan 1s for the photographer to take with him several
screens ol different tints and to use the one which observation
on the spot and his own past experience leads him to believe
will work best at the particular time and place. A\ screen
which necessitates an enormously ncreased exposure of hali-
an-hour or more is very inconvenient to use, and frequently the
disadvantages which attend the use of a deep orange screen
more than outbalance the advantages.

4. All the photographic operations should be conducted with
a view to obtaining pictures which can be enlarged about
three diameters, or more, il necessary, and ot yield sharp
outhnes. In this connection 1t is well o bear in mind that
enlargement may, and often doces, have the effect of giving
increased sharpness to images of the more distant objects, =6
that a background which appears indistinct and as though
obscured by haze in a small picturc, may shew up fairly clear
in the enlargement.

5- Thick coated glass plates should alone be used.  Rapidity
1s not wanted, and mpi(} plates do not give such good resuits
as slow fine-grain silver emulsion.
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.

6. Do not be tempted to usc celluloid instead of glass plates.
The only possible advantages of celluloid plates are lightness
of w eltrht and unbre l]ui])lllt‘ﬁr The disadvantages for survey
ing purposcs are se rious.  [he Aexibility of u]lu]nlcl and
]1ab1] ty to changes of lorm :m(l dimensions under photu-
graphic manipulation, and changes of temperature, etc., may
cause serious errors in the m'wuml perspectives which will
affect the subsequent enlarge Il‘l(.I]t‘-\ still more seriously.  'n
practice, small coated glass plates very rarely break, and the
number required for use by any one observer for any single
day’s work will never be so great that the difference of \.\i‘lﬂ'ht

~will be a matter of real importance.

7. Isochromatic plates should bhe used in preference to
ordinarv untinted p];ttcﬁ. When deep orange screens are used,
isochromatic plates are necessary. [t is best and most con-
venlent to the observer to keep to the same kind of ]J;d.lt for
all his work. For most ordinary work isochromatic plates
behind green colour screens will be found to answer well,
The obsc uring effects of atmospheric haze will be to a large
extent overcome without introducing unnatural exaggerations

agg
of hight and shade, or necessitating a very excessive exposure,
The green glass should be Immnrn neous, clear, and highly
tnumpa- nt tor all the middle regions of the spectrum from the

yellow to the commencement of the blue, but (uite opaque to

the ends of the spectrum.

8. The photographer should aim at the production of nega-
tives which will yield the best enlarged positives by direct
projection without intermediate processes.

9. It 1s expedient to use an antihalation backing tor th
sensitive photographic plates, and to coat the edges as well as
the backs of the plates.

10. When duplicate exposures arc made equal « care must be
taken with the dup lcates as with the originals, but it is gencrally
prudent to ve iy 1 he conditions as n*rr.tnh

() Exposurc. Fer one plate the exposure should be ulmt 1=
estimated to be about right ; for the other plate it should |
considerably longer.

(4)y Colour screen. This should be changed, or if the atmo-
sphere appears to be very clear one ple e may be exposcd
without a screen.

(ﬂi) 21z LTL 5 It is a wise })H?(‘:Ulliml to wse p];[tﬁ‘_:-'. from
different boxes for duplicates,

Do not be tempted to change the working aperture of the

taphragm, and do not think of using dcniour screen behind
the lens.

It is a good plan to develop duplicates separat wtely, mei 1o
different clmru es of density.
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To Use the Photographs for Plottine the Ground
flan.

1. ind and mark the position of the camera station on the
plan.

['or thix purpose a station pointer or anv of the ordinary
well-kinown m*lhan—; such as are described in <tandard works
on surveving mav be used.

Nore ll is possible to determine the position of the camera station
from ptmw“c raphs taken at the 5teuion_. or from cross views upon the
station from other stations, but it is most prudent when possibile to fix
station points by accurate trigos mmeir:c::i observations.

2. Having found and marked the station point on the plan,
describe, by aid of a palr of compasses, a pencil circle with
station point for centre and distance line (focal 1o ngth of lens)
for radius,

NoTE. - If the exac: fﬂf‘.li len th is not already known it can be easily
determined, as explained elsewhere, by means of the tangent scale and a
table of natural tangents or by simple geometrical construction.

3. Next, by ad of a protractor, set oft from the L-tdtii’)ﬂ the
directions of the principal planes oi the nhtuu s which it is pro-
posed to work with, and draw mgents to the pene 1l circle
through the points where the nhtu tion lines meet the clrcums
ference

Thesc tangents Lo (e distance (‘ii‘n“ir* will represent the
intersections of the picture plhnc s with the ground plan, and it
1= comventent at once to mark them \\":_t,'s' serial numbers of
the pletures to which thev Correspon

fUis essential to fix the puwltmnm Ut T_ha' stations and picture
}_)L,]xt with care and exactness hefore any attempt 1= made to

e
—

[

et

-

VORI nee I)It"“l“"’.

+ For determming the directions of views {from the station
poirts, 1t is not wuu-e.il\' sale to relv exclusively upon the
COIIPARS T .1:11.1m~ i

The compass error for eack station should Le known or
L"-‘L"\'Lt'(u]‘l‘ il
Whenever }}il.ﬁ'ﬁ‘llfl]_!_"l the total COMPAES 2rrO7 should He deter-
imned ot the station itself by =m‘~19;iri11»=- the con npass bearing

mn
of any ;r::in‘ whose true bearing is accurat v known with thp
truc be aring, and the mﬁvwmv ml‘f_ri_llil be noted on one of the
cellulond tablets in the instrument, so that it will appear on the

tice of every photograph taken Ltt 'that station.

L however, the photographs in hand do not bear this
miormation on their faces, a search should be made to find in
one or more of the photo views from the station one or more
points whose true bearings are known or ascertainable

The difference between the true and the apparent hearings
as read on the picture will be the compass error.,
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e

The direction lines from the station should bhe sct oft by
reference to true bearings.

5. The next practical step is to subject the photographs to a
very careful scrutiny (preferably under a magnitying glass-a
good and large reading glass will answer) and to mark and
number the points which it is desired to plot.

A fine mapping pen and red ink may be used for this purpose.

A tine dot should be made upon each selected point, and
every dotted point should have its corresponding number in
small but distinct figures.  Each point should be marked with
the same number in every picture upon which that peint is
visible.

Judgment and discrimination are nccessary for scleciing the
most salient points, and every care should be taken to make
sure that the points selected and similarly numbered m different
pictures are really identical points.  Whenever there 1s any
real doubt about identity in the mind of the operator. it is best
to postpone the marking ol the doubtful point until the
undoubted points have been all marked and plotted.

[t is impossible to give full detailed instructions ahout the
selection of points to be plotted, but any practical surveyor
accustomed to ordinary surveying methods will, after a little
practice with photographs, be able to select those points which
will serve him best for mapping purposes after they are plotted,
and aptitude in selecting and identifying points will be gained
b}’ practice, .

The selection, identification, marking and numhermg of
points on the photographs may be done at any time.

6. The traces of the picture planes having been accurately
marked on the plan zmcs points marked and numbered on the
photographs, there are various means available for plotting
from the pictures. Tor example :(—

(@) A\ good protractor may be laid upon the plan, with its
centre at the station point and the zero on the
distance line already drawn.

The bearings of the points marked in the photograph from
that station with reference to the zero line can then
be read directly by aid of a T square, and the tangent
scale and their directions set off and numbered.

The protractor is then transferred to another station pomt
and similarly adjusted with its zero on the distance
line of a photograph from that station which
embraces part of the same area.  The corresponding
directions are then set off and the intersections
plotted.

Thiz method of plotting by aid of a protractor 1s practicaily
identical with the ordinary method of plotting from
note-book entries of an ordinary prismatic compass,
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or Theodohte survey, and will be somewhat more
rapid and less liable to accidental errors.

Plotting by a protractor is not, however, the most rapid
method when working from photographs, and it is
not the method most commonly employved.

The ordinary method used in Canada and elsewhere is to -

(&) Take straight, narrow strips of paper as long as the
photographs are broad, or slightly longer. At the
middle of each band rule a line perpendicular to the
length.  Lay one of these bands on one of the
photographs, so that the ruled line may exactly
cover the vertical line of the picture. Thén on the
lower edge of the band make dots at points equally
distant from the middle line with the numbered dots
previously marked on the picture

These dots on the band are then marked with the same
numbers as the corresponding dots on the picture. :

When a sufficient number of points have thus been marked
and numbered on the paper band, the band is transferred
from the photograph to the trace of the picture plane
on the plan so that the line of dots may fall exactly on that
line.

The same operations are performed with the other band and
picture from another station.  The bands, when adjusted in
position, may be held in place by weights or pins,

Next insert needles (or drawing pins not pressed quite home
will do) at the station points and over these ship loops at the
end of fine silk threads or hairs of convenient length. The other
ends of the threads or hairs are tied to elastic threads which
terminate in paper weights. The paper weights are then
moved 1in such manner as to keep the threads always stretched
(7.e., straight), and the threads {rom both stations are made to

ass through dots on the respective bands similarly numbered.
Phe intersection of the threads will then correspond with the
position of that point on the plan.

[t will happen not unfrequently that the traces of the plcture
plancs of corresponding views taken from two stations will
cross each other so that @ portion of one band will be covered
by the other. If bands of tracing paper be used the covered
portion of the lower band can be scen through the upper band,
or il opaque paper be used the covered marks should be
repeated in their proper relative position across the face of the
top band.  Any number of points may be plotted in this way.

The intersections of the threads should be marked as dots
with a sharp pointed pencil, and the corresponding numbers also
entered in pencil on the plan close to the plotted dots.

[t is best not to ink in the plotted points and connecting lines
until the accuracy of the original plotting has been tested by
reference to photographs taken from onc or more other stations
or by some other available means.
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This method of plotting by aid of paper bands and threads
from the station points has been found in practice to be
sufficiently accurate for all ordinary purposes, and 1t is very
much more rapid than plotting by aid of a protractor. LaAsTLY
(¢) there 15 a method of plotting directly from the photographs
themselves by aid of specially constructed plotting apparatus
designed by the writer.  This method is more simple and direct in
practice and much more rapid than any other, and risks of error
are less,

It 1s intended to publish a separate full detailed description
of the special plotting apparatus and its use so soon as circum-
stances permit.

7. It 1s possible to plot from the small photographs without
enlargement, but when any amount of serious work is intended
it is best to use enlargements.

Good enlargements are very much easier to work with and
vield more accurate results than small pictures, assuming always
that there has been no appreciable distortion introduced by the
operation of enlarging. FEvery possible care should be taken
over the enlargement, and no actual plotting should be
attempted from an enlarged picture until it has been examined
and tested and found to be free from perceptible distortion.

It is not essential that all pictures used should be enlarged to
the same extent, though in a general way it is best that they
should be.

It is. however, quite essential to determine with accuracy the

new distance line for each enlargement brought into use.
. This can be obtained by multiplying the original distance
line by the linear magnification ot the enlarged picture, or it
may be obtained (and in any case should be checked) by aid of
the enlarged tangent scale as described clsewhere.

CONTOUR LINES.

[. The simplest and the best way to obtain contours is to
take series of photographs with the photo-theodolite at different
ascertained altitudes.

I'he horizon lines will mark planes of equal altitudes with
the stations whose altitudes are known.

_Intermediate levels can be sketched in and points can be
fixed by observing their angular altitude and distance from the
station.

I'he readiest wav to determine angular altitudes is to lay a
“pecially constructed transparent glass protractor in position
over the picture, when altitudes can be read at a glance with
dPproximate accuracy.

Another way is to use the specially designed plotting
4pparatus (elsewhere referred to) for direct reading of altitudes,
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Information which can be gathered from the study
of a Stugle Photograph.

1. The horizon line marks the intersection of a horizontal
plane (which bisected the photographic lens when the picture
was taken) with all points in the view through which it passes,

As a consequence, therefore, all points bisected by the
horizon line may be considered to be at the same altitude when
the distances of those points from the camera station are such
that the curvature of the earth and atmospheric refraction may
be treated as neghgeable quantities.

For very distant points, usual corrections are required of
exactly the same character as would be applied to horizontal
readings of distant points by a theodolite or level.

The horizon line on the picture bisects the same points as
would be bisected by the horizontal web of the telescope of a
theodolite or level, clamped in a horizontal position and rotated
on the vertical axis.

The horizontal line may therefore serve in a large number of
cases for the direct plotting of a contour line on a map, and if a
series of views at ascertained differences of altitude are taken
over the same limited area, a number of contour lines can be
dircetly plotted to correspond to those altitudes.

NOTE.-—Horizontal lines ruled across a photograph parallel to the
true horizon line do not mark equal levels or even equal angular altitudes
or depressions. It is important not to fall into error about this.

2. All points bisected by the principal vertical line have the
same azimuth as the optic axis of the lens when the picture was
taken.

3. The top scale of the picture shows the magnetic bearing
of the optic axis (and principal plane). 1

The bearing 1s here recorded just as it would be observed if
any good azimuth compass were set up at the spot where the
view was taken and the possible causes of error are the same, and
the same precautions should be obscrved and corrections
pr”t:d.

As a general rule, however, the danger of being misled by
magnetic errors is immensely less with photographs than would
be the risk of going wrong by relying upon magnetic observa-
tions observed and noted during an ordinary rapid survey.

The reason for this 1s that a photograph™ commonly contains
some: one or more points of refercnce whose true bearings may
be known or can be ecasily determined by reference 1o one or
more known points in some other photograph taken at the same
station.

I several views have been taken from the sarme station point,
it is ordinarily sufficient to determine the magnetic error from
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any one of the photographs, because the error will be a
constant quantity for all, unless the photographer carelessly
moved about with sufficient 1ron to atfect the COmpiss,

4. All points bisccted by any straight line parallel to the
principal vertical line will have the same azimuth.

5. The tangent scale, which stretches across the top of the
photogruph. below the compass scale, affords a ready means
for determining the angular distances of points right and left
of the principal planc.

If the straight edge of a parallel ruler be made to correspond
with the principal vertical line, and the ruler be then opened
out until the edge cuts any desired point visible in the
photograph. the division on the tangent scale through which
the edge passes will indicate the correct angular distance ot
the point right or left ol the principal planc,

[f the point lies to the right of the principal plane the angle
indicated by the tangent scale should be added to the compass
reading for the principal hine to give the magnetic bearing of
the point from the station.

[f it lies to the left it should be subtracted.  Also the hori-
zontal angle between any two points visible in the picture can
be read by aid of a parallel ruler and the tangent scale.

If the two points are on opposite sides of the principal line
the sum of the scale readings is the horizontal angle.

« If the points are on the same side the difference 1s the angle.

6. The distance line or working focal length of the lens used
for taking a picture (or what is the same thing, the length of a
perpendicular from the station point upon the picture plane)
an be determined at any time either by simple geometrical
construction or by multiplying the measured length of a portion
of the tangent scale rvight or lett of the o line by the
cotangent of the angle indicated.

Or if no mathematical tables chance to be at hand the focal
length can be found geometrically, as follows - —

Rule two lines at right angles to one another from any point
on i large sheet of paper. Then set off upon one of these lines
the exact length corresponding to say 207 or 25 of the scale
measurcd from 0. Then by aid of a protractor set off an angle
of (go—20) or (go—=23) and prolong tl}u: bounding line until it
meets the other perpendicular. The distance thus cut off on
the second perpendicular is the focal length.

-

7. If the camera station 1s at considerable angular altitude
any level surface visible in the picture not too distant can be
roughly and rapidly plotted by aid of a perspectometer and
corresponding squares ruled on the plan. (Note.—This method
of plotting direct from a single photograph is only approximately
reliable when a lens of verylarge angle has been used, and even
then is not so accurate as the more ordinary method of plotting
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by intersections from two photographs from well chosen
stations.)

The reason for this is that the angles of vertical intersection
obtainable from a single photograph are in nearly all cases too
acute for precision.  li may, however, be usefully employed in
many cases for obtaining a rapid rough outline sketch of the
ground plan of near objects in the foreground.

& Fmally.~—All the rules and principles of perspective are
applicable to the interpretation of cach individual photograph.
The forms, dimensions, and distances of natural cbiects whose
images are all depicted in true mathematical perspective on the
face of a single photograph may vary to an almost infinite
extent, and regular geometricall forms must of necessity be
comparatively scarce, except where the objects photographed
include the works of man. such as roads, buildings, canals, ete.
When the images of such regular objects appear in a photo-
graph it 1s generally an easy matter to ascertain the outlines of
those objects in plan and elevation from photographs taken with
the photo-theodolite.  The direction of Tevel roads and canals,
the frontage of houses, etc., can he ascertained irom any single
photegraph m which they arc clearly visible, and many kinds
of uselul mformation for assisting” or checking work as it
proceeds can be obtained by applying the rules and geometrical
constructions of perspective, but for most working purposes it will
be found simplest and best o plot by reference (o points whose
positions are fixed with precision by good intersections obtained:
from cross views on thosc points. Generally it is casier to
obtain good intersections for plotting a ground plan than to
obtain good terscctions for clevations. W hen the position of
a spot has been determined on a ground plan the elevation can
be determmed from the observed angular altitude and the
measured distance on the plan.  One photograph suflices for
the determination, but it is expedient to check the result by
refercnee to other photographs from other points of view. For
most practical detatled work it is best to use enlargements
from the original pictures.  For one thing an enlarged picture
presents a much more natural appearance to the cyc than the
short focus picture, and this is a constderation of great practical
importance to the topographer engaged in mapping.  Also the
precision 15 greater in proportion to the magnihication—s-
suming that the lens used for enlargement docs not mtroduce
distortion.

Enlargement by magic lantern projection has many practical
advantages, not the least of which is ceonomy in working
expense.

Students who aim at a high standard of proficiency in the
art and science of photogrammrttr}- are recommended to study
Mr. Deville’s book on P'hotographic Surveying,” and standard
treatises on descriptive geometry and perspective.
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A Selection from L. Casella's General Catalogue

OF SOME OF THE PRINCIPAL CLASSES OF INSTRUMENTS KEPT READY
OR MADE TO ORDER.

(The list is far from complete, but sufficiently indicates the class
of Instruments, and L, Caseclla will be happy to reply to any
snguiries as to any kind not mentioned.

ENGINEERING AND SURVEYING. Transit Theodolites and Theadolites
—Tacheometers—Dumpy and other Levels—Pocket Altazimuths—Azimuth
Compasses—Repeating  Circles—Tide Gauges —Current Meters—Mountain
Barometers—Hypsometers—Aneroids (Field's and others) — Circumferentors—
Miners’ Dials—Levelling Staves— Chains— Pentagraphs—DPlanimeters—Station
Pointers—Protractors—Computing Scales—Plotting Scales—Drawing Instru-
ments— Parallel Rulers—Architects and Engineers’ Curves —Steam and Pressure
Gauges— Richards’ and cther Indicators—Gun and Torpedo Directors.

METEGROLOGICAL. Buarometers (Standard, Photographically Recording,
King's Recording, Aneroids, Fertin's, Kew pattern, Long-range)—Thermometers
{Standard, Max., Min., Earth, Sur, Radiation, Phaotographically Recording’
Pocket} —Hygrometers (Dry and Wet, Daniell’s, Regnault’s, Dines’)—Anemo-
meters {Dines’, Rotinson’s, Beckiey's, Embossing)— Helio- Pyrometer—Rain
Gauges (Ordinary, Engineering, Recording ) — Actinometers— Sunshine Re-
corders— Cathetometers,

NAUTICAL. For Ships and Yachts—Sextants—Marice Barometers —
Aneroids — Compasses — Artificial Horizons — Quadrants — Logs — Deep-sea
Thermemeters - Scunders— Hydrometers —Telescopes—Chronometers— Bino-
culars.

ELECTRICAL AND PHYSICAL APPARATUS. Galvanometers—Elec-
trometers—Resistance  Coils— Keys—~Batieries — Mechanical and Mercurial
High Vicuum Punips, &c., &c.

MAGNETIC. Mignetographs—Magnetometers — Dip Cireles — Fox's Circles
—Goolden-Casella Dipping Needle Instrument, &c., &c.

ASTRONOMICAL. Telescopes — Equatorials—Transit Cireles — Chrono-
graphs-—Sun Dials— Spectroscopes.

CHEMICAL AND PHOTOGRAPHIC APPARATUS. Cameras— Lenses

—Tents —Chemicals—A ssay Balances—Blow-pipe Apparatus,

MEDICAL. Ciinical Thermometers—Air Meters —Spirometers— Micro-
3Copes and accessories,
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BRIDGES-LEE PHOTO-THEODOLITE.

A SERIES OF VIEWS FROM TWO STATIONS OVHRLOOKING TRAFALGAR SQUARE, LONDON.

The Uppes How of Views taken from a poiot on the top of Drommood's Bank, The Lowaer Bow of Views (aken feom a point on the tep of the Union Glab.

Feom this Series of Views it is possible to construct a Map of the greates parl of Trafalgar Sguare, which will be found o cor rrespond almoest exactly at all points with the published
Map of the Ordnance Survey
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ERRATA IN MAP.

e e s

1. The measuring scale has been reduced 19/ in
process of reproduction.

2 The location of S5 1s about 12 scale feet too {ar

north.
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