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RECENT IMPROVEMENTS IN ZINCOGRAPHIC
PROCESSES.

e
) g

Extracted from the Narrative Report of Mr. T. A. Pope, Assistant Surveyor
General, in charge Photographic and Lithographic Office, Calcutta.
Season 1900-1901.

1. During the past two years considerable attention has been paid to im-
provements in the methods of map-reproduction in use in this office, and as
this has led toimportant changes in the direction of both efficiency and economy:
it seems desirable to record the objects of the changes introduced, and to de-
scribe as fully as possible the new methods now employed.

Of these there are two, both of which are in daily use, The first to be
described, to which the name “Heliozincography” has been given, is a simple
method of transferring a greasy image to a zinc plate from a reversed negative
without the aid of paper transfers. The second, now known in the office as the
“Vandyke” process, is a remarkably simple, speedy and inexpensive means
of producing a direct image on zinc, without recourse to photography, from a
drawing in black and white on thin paper or tracing cloth. Both processes are
entirely novel in principle, and were invented and worked out by assistants in
this office.

3. Heliozincography.—For many years past the process of photo-
zincography by transfer, invented by Colonel Sir H. James, R.E., has been
employed here with great success in the reproduction of the standard sheets and
other large publications of the Department. As a means of producing, in the
shortest possible time, perfectly accurate copies, either to scale or reduced, of
our fair maps, the process has been of incalculable benefit. It has, however,
certain inherent defects. Of these the chief is the liability to shrinkage and dis-
tortion to which the paper transfers forming the principal stage in the process
are subject. Now that most of our maps are printed in at least. two colours the
difficulty of obtaining accurate registration, owing to this defect, has rendered it
almost impossible to obtain good results with the old transfer method. While in
England on furlough in 1901 I found that this method had been practically aban.
doned at the Ordnance Survey Otfice, Southampton, where all the larger puoli-
cations are reproduced direct on zinc from reversed negatives, the zinc plate
being rendered sensitive by a coating of bichromatized fish-glue. The same
method has often been tried at this office, using gelatine instead of fish-glue, but
never with great success, owing to the tendency of the gelatine coating to rot
away under the influence of the damp heat of Calcutta. I was convinced,
however, that this difficulty could be overcome, either by the use of fish-glue in
place of gelatine or by employing bitumen as the sensitive coating. I therefore
obtained sanction to have a camera made, large enough to take a standard sheet
in one negative, with a suitable lens and prism for reversing the image. This
camera is now in use and fulfils all our requirements perfectly. It was further
essential that some better means of obtaining contact between the reversed

negative and the thin zinc plate should be provided than is afforded by the old
B



2 ‘ PHOTO-LITHO OFFICE.

pattern of printing frame. At Southampton I found that Sack’s pneumatic
printing frames were used with perfect success, and two of these, of suitable
size for our large work, were also procured. In these frames, which are a recent
invention, perfect contact is obtained, without the slightest risk of breakage, by
exhausting the air inside the frame by means of a pump. The introduction of
these frames has removed one of the chief difficulties in direct printing on large
zinc plates, for which absolutely perfect contact between the zinc and the glass
is essential.

3. On my return from furlough, the question of the best means of transfer-
ring the image from the reversed negative direct to zinc was at once taken up,
and every effort was made to settle it satisfactorily before the arrival of the new
camera, which was not expected for some months. In this matter I was very
ably assisted by Mr. A, W. Turner, Photo-engraver, who had had consider-
able experience of both gelatine-bichromate and bitumen processes. The
method finally adopted, and now in daily use, is entirely the result of his skill
and industry. For the sake of convenience, and to distinguish it from the
old method of photo-zincography by transfer, it has been called Heliozinco-
graphy —the name applied to the similar process employed at Southampton.
Though similar to the Southampton method in its results it is quite different in
principle, and is, indeed, entirely novel. It will now be described in detail.

4. Hitherto, in all processes for direct printing on zinc from a negative
(except in the bitumen or asphalt process, which is slow, uncertain and very
difficult to work) the printing surface is supported on a substratum of gelatine
or other colloid substance, intervefing between the surface of the zinc and the
greasy matter forming the printing surface. The objection to these processes,
when worked in a climate like that of Calcutta, is that this colloid substratum,
‘when mixed with bichromates to render it sensitive to light, and hardened by
exposure, is liable to decomposition and does not stand the wear and tear of
printing. In a dry climate, even though it be hot, this tendency is less pro.
nounced. The new process which I am now describing is a decided improve-
ment on the older ones, and might be substituted with advantage in any climate.
In order to overcome the above difficulty, experiments were made in which the ink
itself is made sensitive to light and ultimately forms the printing surface of the
plate. The process is based on the fact that a colloid substance, such as gela-
tire, albumen, or fish-glue, can be intimately mixed with a fatty ink if the two
substances are of similar consistency. This mixture, or emulsion as it really is,
can then be made sensitive to light by combination with a bichromate. The idea
is, as far as I know, an entirely new one, and is capable of very wide application.

5. The modus operands is as follows:—Take one ounce of photo.-trans-
fer ink and mix it with half an ounce of a ten per cent. solution of soap.
Sunlight soap has been found to work well, but any good soap will do. The
mixture must be well worked together with a palette knife, To this mixture add
three ounces of a solution of one cunce of ammonium bichromate in four ounces
of water, intimately incorporating the solution with the greasy ink with a muller or
palette knife. Before mixing the bichromate solution with the ink three ounces of
fish-glue is mixed with the bichromate. The mixture of ink and soap will keep
indefinitely, but in this climate the solution of bichromate and fish-glue does not
keep very well and in hot weather should be made up daily. To reduce the
mixture of ink, soap, fish-glue and bichromate to the proper consistency, a suffi.
cient quantity of a mixture of water and turpentine is added to it, the water and
turps being emulsified by shaking immediately before use, Grained zinc plates
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are used, and the coating of the above mixture is applied to them with a spongs,
first up and down, then across, applying it perfectly evenly and leaving only the
thinnest possible coating on the plate. The coating must be performed in a
yellow light. When dry, the plate is exposed in contact with a reversed
negative, taking care that perfect contact is obtained. In the pneumatic printing
frames now used there is no difficulty whatever in this. In direct sunlight an
exposure of from two to three minutes is sufficient. After removal from the
frame the plate is covered with a thin coating of photo.-transfer ink thinned
down with turpentine and applied evenly all over with a pad of soft cloth, rub-
bing it in hard until the coating dries. This application of a second coating of
ink is not essential to the process, but was found to be an advantage in facili-
tating the subsequent rolling up of the plate, and to render it unnecessary to
remove the original image, which thus remains embedded in the grain of the plate
and gives more solid lines in printing. The plate is next washed in water, which
removes all the sensitive inky surface unaffected by light, dried, and again
exposed to light for a short time to harden the image. It is now immersed in a
5 per cent. solution of alum to which one per cent. of nitric acid is added, which
has the effect of removing any traces of fish-glue and at the same time converts
the soap into a fatty substance, The plate, when dry, is ready for the printer,
who, after etching and cleaning with turpentine, proceeds with the printing in
the ordinary way.

6. The novelty of the process lies in rendering greasy ink sensitive to
light and thus avoiding the necessity for a colloid substratum intervening
between the surface of the plate and the ink itself, a necessity which has hitherto
rendered all efforts at direct zinc printing in this climate more or less futile.

7. At the present time, all or nearly all our standard maps are being
reproduced in this way, with the great advantage that the results are sharper
and better, and that no trouble is found in registering the hill-work now com-
monly printed in brown on the black outline plates. Not the least significant
point in connection with the new method is that it finds favour with the staff
engaged in working it. Ordinarily it is no easy matter to get one’s assistants
out of a groove in which they have been accustomed to work for years; but in
this case all the men concerned, both in the negative and zinc printing sections,
have thrown themselves heartily into the change. As was to be expected, now
that the new method is in daily use-and all difficulties have been overcome, it
is greatly preferred by every one in the office to the old method with direct
negatives and transfers. As soon as the change, now in course of introduction,
in the method of reproducing our cadastral maps has been effected, and these
are put down direct on zinc by the Vandyke process, the old transfer method
-will be practically a thing of the past.

8. The Vandyke Process.—This process, the object of which has
already been stated, was described in the Appendix to the General Report for
18991900 (p. 26). Since that description was written, certain important modi-
fications have been introduced, rendering the process more simple and easy of
manipulation, and it is therefore desirable to give a further description of it, as
it is being worked at the present time.

9. As it sometimes happens that subjects are received for reproduction
by this method which are quite unsuitable, it is necessary at the outset to state
the precise limitations of the process. In the first place it is only adapted to
the reproduction of drawings to the same scale and drawn on a single sheet.
‘"Two or more sections cannot be joined together as in ordinary photo-zinco-

B 2
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graphy. Tracing paper or cloth is the most suitable form of original, Failing
this, any smooth-surfaced paper may be used, no matter how thick. Rough-
surfaced drawin g papers are unsuitable and should not be used. It is necessary
that the work should be drawn in good, black, freshly prepared Indian ink, and with
this proviso any drawing will reproduce satisfactorily, no matter how fine the
lines may be. Colour should not be used. Nothing whatever should be pasted
on either the back or front of the original. Slips of type or other matter pasted
on the front will not reproduce, and consequently have to be drawn on the zinc
afterwards. Nothing should be written on the back of the original. Headings,
foot-notes and other type matter should be neatly printed on the original in
their proper places, Lastly, original drawings should not be folded or creased
if it can be avoided, but either left flat or rolled up when despatched.
10. The method by which the original drawing is reproduced upon zinc

consists of five separate operations, v¢5. :—

1. Coating the zinc plate,

2. Exposure to light,

3. Development of a negative image,

4. Inking the plate, and

5. Development of a positive image.
After the fifth operation the plate is similar in all respects to one produced by
the ordinary method of photo-zincography and can be printed from in the usual
manner.

(1) Coating the plate.~The zinc plates (which should be grained in the

usual way) are coated with a sensitising solution consisting of a bichromatized
colloid substance, and the following is the formula adopted after many trials :—

Carpenter’s glue . . . . . « 1oz
Yard Frankfort black . . . . . « 4o grains,
Bichromate of ammonia . . . . . . 30
Water . . . . . . . . . 3‘ oz,

The Frankfort black is well mixed with the glue and water with a muller or
valette knife, and the bichromate is dissolved in the mixture afterwards. The
plate is coated with a sponge; only the thinnest possible coating is required,
and it should be applied as evenly as possible, all the superfluous solution being
carefully sponged away. After coating, the plate is hung over a support in a
drying box and dried by heat in the dark.

(3) Exposure—The drawing is placed in an ordinary printing frame, face up-
wards, and the plate is placed in position upon it with the sensitive surface in
contact with the face of the drawing. This must be done in a weak or yellow
light. Perfect contactisessential. The exposure to light varies greatly accord-
ing to the intensity of the light and the thickness of the original drawing.
For a tracing, half a minute in bright sunlight may be sufficient ; a drawing on
thick paper may take five minutes or more.

(3) Development of the negative image.~The action of light through the
drawing hardens the bichromatized glue and renders it insoluble in cold water.
It is therefore possible, after exposure, to dissolve away by the action of water
the unaltered glue which has been protected from light by the black lines of the
drawing. This is effected by subjecting the plate, after removal from the frame,
to the action of a stream of water, and by lightly rubbing with cotton wool to
thoroughly clear the lines. When fully developed, the lines of the drawing
should stand out sharp and distinct in clear zinc. It is then blotted off with
blotting paper and dried. Any defect in the ground-work, caused by the acci.
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dental removal of the glue, or by stains in the original drawing, can be removed
at this stage by painting them over with gum, which will prevent them from
appearing on the finished plate, A negative image of the original drawing in
bare zinc on a background of glue has thus been obtained, ani it is now
necessary to convert this image into a positive one.

(4) Inking the plate—For this purpose the plate is first covered all over
with an ink prepared as follows :—

Lithographic chalk ink , . . . . . . . 6oz
Bitumen . . . . . . . . . . 6,
Writing ink (Litho.) . . . . . . . + 2 sticks.
Burgundy pitch . . . . . . . . . 3oz

This mixture is thinned down with turpentine and then well rubbed into the lines
of the drawing with a pad. The lines are now covered with ink, and the back-
ground still remains covered with hardened glue, having a coating of ink over it.

(5) Development of the positive image.~The next operation is to get rid of
this glue, leaving the ink-covered lines intact, and this is effected by immersing the
plate in hot water until the glue can be removed with a sponge. Instead of hot
water a very dilute solution of hydrochloric acid may be used, which, after a
short immersion, softens the glue so that it may be easily rubbed away with a
sponge or flannel pad. In this office, where about thirty plates are prepared daily,
the whole number are, after being inked up, placed, one on top of another, in a
hot water bath and left to soak for a short time. They are then taken out one
by one and developed singly by light rubbing with a flannel pad under a steam of
cold water. This rubbing does not affect the ink.covered linesin any way. It
is necessary to remove the glue background very thoroughly, and to ensure this
the plate is rubbed over, after development, with powdered carbonate of magnesia.
After this it is dried, and it is then ready for printing.

11. The above process has been in daily use for the past 18 months for
the reproduction of the sheets of the Bengal cadastral surveys, tracings of
which are made on ordinary tracing paper, and sent in at the rate of thirty daily.
This work is shortly to be transferred to the Bengal Drawing Office, where it
will be undertaken by a staff trained in this office for the purpose. Arrange-
ments are now in progress for the reproduction of the Burma cadastral surveys
in the same manner, and as the actual cost is rather less than one-fourth of the
cost of reproduction by photo-zincography, the change of method will effect a
very large saving.

12. Mr. Vandyke, the inventor of the process, has obtained patents for it
both in this country and in England, and has been paid a sum of R10,000 for
the right to use it by the Government of India, and of {400 by the authorities
in England for the use of it in that country,

T. A. POPE,
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TRIANGULATION IN UPPER BURMA.

THE “GREAT SALWEEN™" AND “MANIPUR MINOR MERIDIONAL™ SERIES.

——peesntn

Extracted from the Narrative Reports of Captain H. H. Turner, R.E., and
Lieutenant H. Wood, R.E., in charge of No, 24 Party, Survey of India.—
Season 1900-1901.

Nore.—~The party worked in two separate sections, oneunder Captain Turner and the other under
Lieutenant Wood.

L] » » » »

2. Captain Turner’s work was to start a new principal series to be called
the Great Salween Series emanating from the base, Ubyetaung H. S.—Katha
H. S. of the Mandalay Meridional Series,—~and proceeding eastward to the
Salween River where it was to turn Southwards and follow that river.

. ' . » . » » »

A tetragon was found necessary for the first figure owing to a range of hills
preventing intervisibility of the diagonals of a quadrilateral.

3. Messrs. Troughton and Simms’ 12" Theodolite No. 3 was used, the new
tribrach being employed throughout the season. Observations were taken on
12 zeros with 4 intersections (two - on each face); if the four values did not
agree within 2” an extra observation for every 1”7 over was taken.

4. At the first station, Katha, the method adopted was to take one swing
F. R. and change to F, L. for the return swing. The zero was then changed
and the same operation continued. By this means two values were obtained on
each zero, the remaining two values being obtained at some later time; if one
set was to Lamps, the other set was taken to Heliotropes preferably.

This method was afterwards given up, as it was found that the continual

changing from one face to the other was apt to lead to the intersection of the
object on the wrong side of the central horizontal wire. In its place the method
of obtaining four values for each zero (two on each face) at the same time was
adopted. : '
To ensure quite different readings on the horizontal arc between,the two
successive observations on the same face, the micrometer head of the eye-piece
was made to read about 10 divisions different for each swing of the telescope on
the same face.

5. Owing to the delay caused at the beginning of the season by waiting for
the building of the forward stations, and to the bad weather, only one figure was
completed ; but two angles each of two of the triangles of the next figure were
also observed, and these observations have been used to get preliminary values
of two more stations.

6. Number of new stations fixed (principal) . . . 3
Number of new figures completed . . . I
Length of Triangulation in miles . . . . . 49
Area of Triangulation in square miles . . . 1,730
Number of new stations fixed (approximately) . . . . 2
Average triangular error (four triangles) . . . . 0’57

7. An Azimuth was observed at Sin-pi-taung H. S. the difference between
the Astronomical and Geodetic values being 6" 101.
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8. At the end of the season the revolving tribrach was tested, by first
observing a round of 4 angles on all zeros with the tribrach, and again re-
observing them without it, (in the latter observations, owing to haze, etc., only
three of the angles were observed). Below is a tabulated statement showing the
seconds only of the angles measured with and without tribrach.

Angles Condition -
between Instrument. | R.o-0, | Lt 5
.=0-0, 5-3. |R30-2. | L4s-3. | R6o-4. | L75-5. | Rgo-6. | L10s-7.| R120-8. | L135-9. |R150-10.| L16§-11.
L18o-o.| Rigs-1. [L310-2. | R235-3. | L340-4. | R255-5. | L2706. | R285-7. | L30o-8. | R315-0. |L330-10.|R345-13.
Loi Lem { With tribrach .| 3743 | 30's6| 27°43| 2690 | 2913 | 20%a| 3987 | 3074] 2738 29'24 | 3977 | 38as
Pompi Bum,
Pompi Bum { With tribrach .| 41714 | 4100 | 4252 | 40'59 | 3883 | 4137 | 3830 3799 | 4230 | 4118 | 3020 | 399§
Tangté Withouttribrach| 42°40 | 4329 | 4305 | 4020 | 3968 | 4212 | 2897 | 3849 | 4060 | 3873 | 3947 | 4029
Tangté { Withtribrach .| 22'16 | 2145 | 21°37 | 322722 | 2407 | 2253 | 24'45| 3401 | 33°¢4| 22735] 3321} 3194
Sin-pi-taung Without tribrach| 20°64 | 2073 | 20’04 | 2268 | 3338 | 2269 | 2511 | 3375| 2336| 32164 | 2379 2063
Sin pi-taung . { With tribrach .| 2926 | 2808 | 2862 | 29'77 | 2724 | 2689 | 26'75| 26°32 | 32809 | 29'22| 37'51| 30'SS
Loi Lem . Without tribrach| 29°59 | 2809 | 3942 | 2907 | 3645 | 2577 | 2610 | 2650 | 38°55| 29's5| 38'6o| 3077
2 * » * ] * *
] L L [ * ] L

11. Owing to the cloudy weather the heliotropes were in the early part of
the season hardly ever visible during the middle of the day, so vertical angles
were always taken at night.

The greatest care was taken in getting the reciprocal observations at as
near the same hour and minute as possible.
Tabulated results of the heights obtained by observations to (1) Helio from
one station only, (2) Reciprocal Helio, (3) Lamps from both stations, are given
below :—

STATION.

HelGHTS OBTAINED FROM OBSERVATION

Co-EFFICIENT OF REFRAC-

Noepeji h.s. .
Kyet-tayah-taung

Vownalumol h, s.
Kyet-tayah-taung h. s,

Vownalumol h, s,
Waibula h.s, .

h. s.'

Kyet-tayah-taung b. s,
Waibula h.s.

Kyet-tayah-taung h, s.
Kyet-taung b, s.

Waibula h, s. .
Kyet-taung h. s,

Waibula h. s.
Wone-lone-taung h. s,

Kyet-taung h. s.
Wone-lone-taung h. s.

.

.

L]

i rlon_{“
Helio. | Reghoral | Reclprotl | From Helio. | From Lamp.
33931 .- *071
33981 { 33950 ‘076 077
5952'8 5952'7 ‘070
5955°2 5948'8 ‘087
4304'8 43047 ‘073 ‘080
42819 e 4305°8 ‘089
49255 ‘069
oo . 49368 . 091
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HEIGHTS OBTAINED FROM OBSERVATION | O 'ACIENT OF Ra7tac-

T0 c
STATION.

Helio. Reciprocal R“L‘fxf" From Helio. | From Lamp.
KmcmEgin, L Y wee| 4| o
Kot Y wen| | s
Wocloretmmebs 3| wore| asmws| oy| en
e R R R B
Keomebs, o 3 - | - | ew| - | e
Kuukorwamets 3| pss| s os| e
e, | o | | | ]
Pyatattaungps | (| wesr| .. | ases| . og0
Kuipremmghos. 3| sese| seges| wes| use
Pruinghe - | aesys| aesy| e o
Pongactaungs. | 1} | 1| a3l oy o
Poyatmung bs . [} - Haro| 36|  opn| ol

From the close accordance of these results it would seem worth while to
take daily and nightly observations from one station to another over some long
period and also to test whether there is not some period of minimum refraction
at night as well as by day.

*

£ 3

3

12, Manipur Minor Meridional Series.—The two final Stations Hlaing-
mataung h. s. and Pya-Nattaung h.s. of the Mandalay Minor Longitudinal

Series were connected with the Manipur Minor Meridional Series.

of the stations as deduced by each series are given below :—

The elements

Station.

Latitude.

Longitude.

Azimuth.

Height in feet,

Series.
Mandalay .| Pya
h.
Manipur .
Mandalay .

h.

Manipur

-Nattaung
s.

”

S.

»

22° 7' 207562

20°576

Hlaingmataung| 22° 21’ 47475

4446

094° 11’ 15”162

15°193
94° 18 18”365

18:393

205° 32’ 07934

4’540
25° 34’ 417090

44694 |

18453

18643
42634

428446
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Side Pya-Nattaung h. s.—HIlaingmataung h. s, Log. fest.
Mandalay Series . . . . . . N . . o| 49645195
Manipur Series . . . . . . . . . .| 49645006
* * * * * * * *

LIEUTENANT WoOD’s WORK.

13. Manipur Minor Meridional Sertes.—The country afforded no difficulty
as there are two parallel ranges, one on each side of the Myittha River, running
due North and South. The peaks on that to the East (known at different parts
of it as Kyet-tayah-taung, Ponya-taung, Pongdaung) vary from about 2,000 feet
to 4,000 feet, and from these a good view Eastwards over the Chindwin Valley
and to the higher peaks in the Chin Hills is obtained.

Those to the West vary from 8,000 to 10,000 feet, but as these were from
40 to 50 miles from those on the range to the East, and as the series is a second-
ary one for topographical purposes, points on lower peaks giving sides of about
20 miles to the figures were selected.

A large number of the high peaks were fixed by rays from 3 or more
stations. One of these rays was g5 miles long, while 27 were over 50 miles in
length. From these Western Stations a good view is obtained to the North-
East and South, but that to the West is restricted

14. No. 1I, Theodolite 13-inch, which had been sent back to the makers in
1899, was used, Considerable differences still appear between Zero means, thus
giving much inferior weights to the measures as compared with those of No. 111
measured under same conditions, but the average triangular error (0"78) com-
pares favourably with that of last year's (0*“88), when No. lII was used. It
is only fair to add that usually more measures of each angle were taken this
season especially during the earlier portion when the weather was most unfavour-
able, and it was not known what kind of error would be given with only 4 Zeros,
During the middle portion of the season while the weather was favourable,
the average error of 6 triangles was only 0“48. As the instrument has now
been regraduated three times, and with not much improvement in the accord.
ance of the Zero means, it would appear as if the error were axial.

From an examination of the observations taken this year, angles measured
on that part of the limb between 340° and 70° appear to be too small, and those
between 70° and 160° to be too large, but as all the angles were measured on
only 4 Zeros no very critical examination is possible.

The value of one division of the level on the vertical limb was found, when
tested on return from the field, to have increased from 1”8 to 571, The
Superintendent, Trigonometrical Surveys, ordered a value of 2° to be used for
level correction in the computations. With this correction the heights came

out very well.

s , ] . s
15. Number of stations newly fixed (secondary) . . . . 10
Number of hill peaks, etc., fixed by intersections . . . 63
Number of figures completed . . . . . . 10
Length of triangulation in miles . . . . . 96
Area of triangulation in square miles , . . . . 1850
Average triangular error (10 triangles) . . . . o"78
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At the close of triangulation work, Mr. Hunter remained behind in Burma,
inspecting the following localities for sites for base lines to be measured with the
Jaderin Apparatus : — '

(1) The Mansi district between the parallels of 24° 30" and 24° 50" and
along meridian 95° 45",
(2) The Upper Chmdwm between latitude 24° 30" and 25° o’ and longitade

95° 35 and 95” 37"
(3) The Méza valley in the Katha district.

(4) The Kyaukse district.
(5) The Sittaung valley in the Toungoo district.

He found sites in the two last named districts which would probably be
suitable, but owing to the lateness of the season the haze prevented any distant
view, and thus the feasibility of connecting the ends with Principal Stations
remained undecided.

The country round Mansi, Méza and the portion explored in the Upper
Chindwin was quite unsuitable.

H. WOOD, Lieut., R.E.



1
LATITUDE OPERATIONS FOR THE YEAR 1900-190L.

—_

Extracted from the Narrative Report of Lieutenant H. McC. Cowie, R.E., in
charge of No. 22 Party, Survey of India.
1. During the season 19oo-1g9o1 this party was employed on the deter-
mination of the latitudes of the undermentioned stations of the Karachi Longi-
tudinal Series :—

Khankharia. Rojhra.
Did4wa. ) Changa. :
Viriria. Khori.
Linki. Alamkhin.
Karothol.

Iﬁ addition to the above, observations were taken at
Akbar of the Jogi-Tfla Meridional Series,
Ranjftgarh of the Gurhdgarh Meridional Series.

2. The object of these latter observations was to obtain more information
regarding certain anomalies in the deflection of the plumb-line, revealed by
latitude observations taken in the Central Punjab. The instrument used was
Troughton and Simms’ Zenith Telescope No. 1 fitted with two spirit levels.

MICROMETER VALUE.

3. The value in seconds of arc of a revolution of the micrometer screw was
" determined from measurements of the differences of the declinations of couples
of stars, close to one another in point of right ascension, and differing in declina-
tion by not more than 50; this latter condition being imposed by the working
length of the micrometer screw.

By equating this difference of declination, measured in revolutions of the
screw, to that deduced from the data of the Star Catalogue, the value in seconds
of arc of a revolution was determined. ‘

Sixty-eight values, obtained from such observations taken during tl.e season,
gave the result : — :

One Revolution of the Screw = 69”1198 +0"'0027.

4. The following abstract shows the values determined in previous years : —

TABLE I,

o Adopted

Value in seconds

Yzazr. of one Revolution of REMARKS.
the Micrometer
Screw.

189091 . . 69-345 Determined from consideration of latitude results,
189192 .° . ” the value given by observation of a Circumpolar
1892-93 . . Y Star at elongation being 69" 349.
1893-94 . 69:355 Determined from a consideration of latitude
1896-97 . . ” results.
1898-99 . . 69-197 ) .
1899-1900 . . 69-126 Determined from observations of star couples.
1g00-1901 . . 69-120

Cs2
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It will be seen that between the seasons 1896-97 and 1898-99, the value of
the screw underwent a change of —0™32 approximately per revolution. " In the
case of the Zenith Telescope, this change corresponds to an increase of about
voth inch in the distance from the centre of the objective to the diaphragm.
Between 1896-97 and 1898-99 the objective was re-polished. This process
seems to have somewhat altered the shape of the lens, causing this increase of
o'1 inch in its focal length.

This value, 69”1198, was adopted and used in the latitude computations.

5. By comparing the mean Colatitude resulting from such observations as
give a positive micrometer correction, with that obtained from observations giving
negative corrections, the amount by which this value of the screw is apparently
in error can be determined.

I find that the observations at the several stations give the following
results :— -

TaBLE II.

BY RESULTS GIVEN BY | BY RESULTS GIVEN BY
POSITIVE MICROMETER NEGATIVE MICROMETER
CORRECTIONS. CORRECTIONS. Apparent Error
Difference | Sum of | in the adopted
of Micrometer| Value of Micro=
Mean Seconds | Mean Mi- | Seconds |Colatitudes.|Corrections.! meter Screw.

NAME OF STATION.

Micrometer| of crometer of

Correction. | Colatitude. Correction. |Colatitade. \Ylll

L I . v. V. VL. viL. VIIL
Revolu- Revolu- Revolu-| Per revolu-

tions, tions. tions, tion.
Khankharia «f 8045 1-41 | 9655 306 | —o065 | 1860 —0.0349
Didiwa , o| 13680 | 4268 | 11080 | 4266 | 4002 | 24.76 +0-0008
Vitdria . «| 10035 | 2726 | 10425 | 2741 | —o0-15| 2046 —00073
Linki . ol 11-165 | 4114 | 11-505 | 4131 | =017 22-67 -0-007§%

Rojhra . ° .| 10395 | 3381 | 11885 | 3395| —o-14 | 22.28 —0-0063
Ch&nga .| 10195 | 1267 | 12-545 | 12:80| —o-13| 2374 -0-0057
Khori . o| 0365| 2921 | 12665 | 29:50| —o0-29 | 2203 -0-0132
Alam!h4n . +| 11660 | 2941 | 11120 | 2959 | —o0-18 | 22.78 - 0-0079

Kéirothol . .| 100070 | 1513 | 11-140| 1530 | —o0-17 | 2121 -o0-0080
_Akbar . .| 13695 | 2128 | 11135 | 2158 | =o0.30 | 2483 —~0-012%
Ranjftgarh .| 16380 | 5325 | 16:34 5364 | —0-39 | 3262 —-o0-0119
Mean (omitting the first) ~0-0081

value.

It will be seen that the result given by the observations at the first station,
Khankharia, is much larger than that at any other station. This is due to the
focal setting of the telescope having been different at this place to what it was
at all the others. In deducing a value for the mean apparent error during the
season, the first result has consequently been excluded.

The figures of this table, then, apparently show that the adopted value of a
revolution of the micrometer screw was too small by 0”0081 and instead of



NO. 23 PARTY (ASTRONOMICAL). 13

69°- 1198 as determined from the observations of couples of stars, the correct
value would seem to be 69”*1279.

6. It is probable that the value of the micrometer, deduced from the
observations for latitude, is more liable to errors due to irregularities of atmos-
pheric refraction than is the value obtained from observations of star couples.

In the latitude observations, of each pair of stars, one is south of the
zenith and the other to the north. It is quite possible that on occasions the
refraction co-efficient for the heavens of northern aspect may differ sensibly from
that for the southern heavens. In such cases, errors would be introduced into
the latitude computed from the star observations.

In the observations of star couples, both stars are selected in the same part
of the heavens and close together in point of declination. Uncertainty in the
co-efficient of refraction would affect the observation on each star equally and .
in the differences of these observed zenith distances, such errors would be
eliminated, _

7. In the second place, it so happens that in the majority of cases, one
star of a pair is intersected with the horizontal wire A and the other with wire C.
Now the micrometer reading recorded is always that of wire B.

In computing the micrometer correction, the difference of the two readings
of B is calculated, and to this is applied the known value of the interval A—C,

Hence the micrometer corrections are usually dependent on the quantity,
Interval
B,—B,4+A—C, so that into the colatitude, resulting from observations which
Interval

give a positive micrometer correction, the quantity A—C, enters as a positive
correction,

Similarly this quantity is applied as a negative correction in cases where
the micrometer correction is negative.

8. Hence though the mean colatitude, resulting from positive micrometer
measurements, differs from that obtained from negative measurements, the dis-
crepancy may not be due to error in the adopted value of the micrometer, but
simply to an incorrect value assumed for the interval A—C. ‘

9. If we assume that the discrepancy between the mean colatitudes given
by positive and negative micrometer corrections, is due to an incorrect value for
the interval A—C, we find the following results from the observations at each
station :—

TasLE IIL

) Apparent Error in
StatioN, . adopted Value for the ReMARKS.
nterval A—C.

Micrometer Divn.

Diddwa . . . . . + o0-001 The value of the interval
Virdria . : . . —0-016 A—C is approximately 2,000
Linki . . . . . . —-0.032 divisions of the micrometer.
Rojhra . . . . . —o-014 '
Chénga . . . . . . —0-013
Khori . . . . . . —0-027
Alamkhén . . . . . —o0-019
erthOI . . . . . . - 0:020
Akbar . . . . . . -0-062
Ranjftgarh . . . . —0-139

n .

—0-034
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10. These investigations into the apparent error in adopted values, whether
of micrometer or of interval, point to one conclusion—the desirability of
equalizing the sums of positive and negative micrometer corrections, and besides,
of contriving, if possible, to introduce into observations, the A—C interval
correction as often with the positive sign as with the negative,

This procedure will tend to eliminate from the final value for the colatitude,
errors due to either of the sources just considered.

THE LEVELS.

11. The instrument is furnished with two of Holmes’ levels, No. 6 and
No. 9. ' '

The values of the divisions of the scales attached to the tubes, were deter-
mined by me in October 19oo and again in April 1go1 at Dehra, by means of
Bubble Tester No. 1.

The resulting mean values for one division of the scales were

In October 1900.
For level No. 6 . . . . . . . . 0"94118
” No. g . . . . . . . . 0°91220
In April 1g01.
For level No. 6 . . . . . . . + 0789128
» No.9g . . . . . . . . 0"8g670
The means of these values have been used in the season’s computations.
These are .
For level No. 6 . . .« e . . . 0791623
» No. 9 . . . . . . . « 0790445

12. In order to minimise the effects of errors in these adopted values,
I kept the dislevelment of the instrument, while observing, as small as I could.

The following table gives the numbers and average magnitude of the
corrections found in the observations at each station :—

TABLE IV.

NumBER oF CORRECTIONS. ~ AVERAGE MAGNITUDE of CORRECTIONS.

Srumion. Undee | O | Over | Unter | OS5 | over

S | under1™o. | °S | under1®o. | '
Khankharia . .| 64 20 | 8 0’19 068 6'08
Diddwa . . . 97 9 4 o'1g 067 9's9
Virdria . . . 95 2 4 0°20 0°66 363
Linki . . . 33 3 2 0'24 068 1'73
Rojhra . . 119 3 3' 018 065 1’82
Chinga . 102 4 3 o014 069 3'04
Khori . . . 102 It 5 0°'31 061 1'53
Alamkhén . . 91 12 6 020 0'73 317
K4érothol . . . 86 7 1 018 0'67 1'0§
Akbar . . . 44 3 | 2 | 017 072 148

Ranjftgarh . . 36 1 v 0’15 062
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STAR CATALOGUES.

13. In drawing up the programmes of observations two catalogues were
used—the Catalogue of Fundamental Stars for the epoch 1goo'o by S. Newcomb
and the Greenwich Ten-year Catalogue for 1880'0c —the former being used
in preference to the latter. For it was considered that the reduction of Stars’
mean places from the epoch 1880 to that of 1goo might introduce error and was
undesirable. ”

14. The following table shows to what extent each catalogue was used
at the several stations ;=

TABLE V.
Number of Number of Total
ars ta a
Starion. fro?n! Nsew::;b's frosn: gr::::vl:ch Nugber of

Catalogue. Catalogue. tars.
Khankharia . . . . 78 14 92
Diddwa . . . . 77 39 116
Vir4ria . . . . . 60 35 95
Lanki . . . . . 49 30 69
Rojhra . . . . . 78 35 113
Chénga . . . . . 77 28 105
Khori . . . . . 78 20 98
Alamkhén . . . . 81 20 101
Karothol . . . 74 16 90
Akbar . . . . . 38 7 45
Ranjftgarh . . ' . 26 I 27

15. To determine how far the results, as given by the use of the two
catalogues, differed, I have computed the colatitudes of eight of the stations,
from a certain number of observations, using ,

(i) the N. P. D.’s as derived from Newcomb’s Catalogue.
(i) the N, P. D.'s as derived from the Greenwich Catalogue.

in order to make an exact comparison, only such observations as had been
taken to pairs of stars, both of which were to be found in both catalogues, have
been considered. _

The number of such observations is small ; still these are sufficient to give
fairly trustworthy results. These are tabulated below.

TABLE VI,
Colatitudes " Colatitades
Number of | resulting from resulting from
STATIONS pairs of Stars | use of N. P. D.’s| Probable |use of N. P. D.’s{ Probable | Differences
. used in this [taken from New-| Error. taken from the Error.
investigation. comb's Catalogue Greenwich Cata- N-G.
=N. logue =G.
o ’ L4 L4 (-] ’ ” [ 4 [ 4
Diddwa . . 22 65 8 42.70 ' +£0.049 |65 8 42:99 | £ 0-063 —-0-29
Virdria . . 16 65 3 27-34 | £0-072 |65 3 27-65 | £0-067 —0-31
Linki . . 13 65 1 4103 | +0096 |65 1 4134 | £0.089 —o0-31
Rojkra . . 25 65 2 3383 ] +0031 |65 2 3406 |to0-047 —0-26
Chénga . . 23 65 1 12.61 ! £0.034 |65 1 1286 | +0-047 —o0-25
Khori . | 33 64 59 29-41 | £0-038 |64 59 29-59 | +0-045 —018
Alamkhin . 24 65 10 29-49 | £0-039 {65 10 29-70 | +0-050 =021
Kérothol . . 25 65 6 1523 |+0-034 (65 6 1540 | +0045| . —o0-17

16. From this it will be seen that, in every case, the colatitude given by
the Greenwich Catalogue N, P, D.’s is larger than that given by the N. P, D.’s
of the Newcomb Catalogue.
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At the same time, the probable errors for each catalogue are very much
the same, showing that the accordance of the individual results infer se is
of nearly the same degree for both catalogues.

17. As yet no investigation has been made into the causes of the N—G
difference—a difference, which, by reason of its consistency of magnitude and
sign, is worthy of consideration.

PROBABLE ERRORS. .

18. From the observations at eight stations, have been computed the
probable errors of observation and of declination in the result obtained from one
pair of stars.

19. It may be remarked here that probable error of observation is truly one
of observation, depending on the intersection of each star and on the reading
of the micrometer and the level. As the dislevelment of the instrument was
kept very small during the observations, a small error in the adopted value of
the level scale has no appreciable effect on the level connection introduced into
the computations. So that the discrepancies between the two or more results
given by repeated observations of the same pair of stars are due to purely acci-
dental errors.

20. But the so-called probable error of declination is dependent not only
on the declinations of the stars, but also on the value adopted for one revolution
of the micrometer screw, and hence the theory of errors is not strictly applicable.

The value of the micrometer may often be in error by an appreciable
amount.

Consequently in the residual differences between the mean result given by
each pair of stars and the general mean are included errors of a systematic
nature, and the probable error deduced from these residuals is not a true one.
Though called, as has been customary, a probable error of declination, in the
following table, it must be remembered that the residuals from which it is
deduced are made up of true errors of declination entangled with errors due to
the micrometer value, and therefore it can be taken as no indication of the
consistency infer se of the catalogued declinations.

21. The results given by the observations at eight statxons are tabulated
below : —

TabLE VI
StaTiON Pr0bab‘l; Error Probab'l; Error

Observation, | Declination.
Khankharia . . . . 13-47 :i::;-44
Didéwa . . e . +o0:33 4016
Virdria . . . . . +o0-18 +o032
Rojhra . . . . . 4030 +o-13
Chénga . . . . | . +0-28 +o0-20
Khori . . . . . +032 +o0.08
Alamkhén . . . . +0-28 +018
Kérothol . . . . t0-26 +o0.07
Means (omitting the first values) +o0-28 fo15




NO. 22 PARTY (ASTRONOMICAL). 17

THE SYSTEM OF WEIGHTING,

23. This season, as in previous ones, it has frequently happened that certain
pairs have been observed only once, while other pairs have been observed
twice, others again three or even more times. Inthe deduction of a general
mean, the mean results from each of these various pairs should not, then,
have the same weight. ‘

23. Again, there have been frequent instances of three stars being found
in the catalogue, from which two pairs could be conveniently formed, the
observation on one of the stars entering into the computations for each pair.
It is evident that the mean result from two such pairs should not be given
the same weight as the mean result from two entirely independent pairs.

24. This season, in combining the results given by the different pairs, a
system of weighting has been utilized. The relative weight attaching to the
result from any pair has been made dependent on the relative accuracies of the
catalogued declinations of the stars and of the observed difference of zenith
distances, as well as on the number of times the pair has been observed.

This relative weight is given by the expression

. 2 ]
w ={e8+°—}—l
n

where
e is the probable error of the mean of the declinations of two stars,
e the probable error of the observed difference of the zenith
distances of -two stars,
n the number of times the pair has been observed,
w the weight to be assigned to the result,

25. In the case of three stars forming two involved pairs, to the result
.given by each component has been allotted a weight equal to two-thirds of
that given to the result from an independent pair. .

This results from the following investigation. If a, and a, be the decli-
nations plus the measured zenith distances of two stars south of the zenith,
and a, the declination minus the measured zenith distance of the third star
north of the zenith, and if the probable errors of these quantities be e,, e,, e,,
then, computing the latitude from each component pair and taking the mean

the result obtained is
{ats, uts)
B { T+

e T
4 4 2

and the square of its probable error is
R . s
RS RO
assuming e, = e,’= e, this becomes 3 e/
Similarly the square of the probable error of the result from a single inde-
pendent pair car be found to be )
= } ¢?
26. The weights to be assigned to the results from the combined pairs and

from the independent pair should be in the ratio of
| (Be”)™ to (te")!

oras$tol.
Hence to the result from each component pair given by three stars, should

be given a weight 2 of that of an independent pair.
: D
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27. lf we now take the mean values from Table VII, that is, putting
e; = probable error of declination = + 0”20 (accepting this as due
to errors of declination only),
e = probable error of observation = + 0”30,
and consider the mean result given by one pair of stars, observed twice, to
have a weight of unity, we find, when a pair is observed

once, the weight to be assigned to the result = 07
twice, ” ” ” mean n = IO
three times , - ” n o »n = 12
four times ,, - ”» » 9 » = 13

and the weights to be given to the results from each comporent of a *“doublet’’
from three stars should be # that for the result from a similarly observed
independent pair.

MISCELLANEOUS.

28. The following investigations have also been made : —

(i) The mean value for the colatitude given by the observations of each
separate night, have been computed and considered with reference to the
mean readings of the Barometer and of the Thermometer. No law of change
is apparent. This would seem to indicate that no systematic errors have been
introduced into the corrections for atmospheric refraction.

(ii) During the season, I drew up my programmes of observation, limiting
the zenith distances of stars to 25°, though, in a few instances, for experimental
purposes, stars of 27° and 29° zenith distance were observed. The pairs of
stars observed have been grouped together in order of :iheir zenith distances
and the residuals given by these pairs abstracted and a mean residual obtained
for each degree of zenith distance.

An examination of the results shows that the residual is no function of the
zenith distance.

The average residual for each zenith distance differs very little from the
general mean, 0”297, except in four cases out of the twenty-seven, in which the
data is very weak.

This indicates that the use of zenith distances up to 30° does not tend
to introduce errors into the results,

(iii) The following table shows a comparison of the results, given when
the telescope is swung, during the observation of a pair of stars, from E. to W.
with those when the swing has been from W. to E.:—

TaBLE VI
Value of Colatitude | Value of Colatitude Difference
STATION. s‘uing'g.h—- w. wl‘}‘}. E';';','" (E—W.)~(W.—E)

Seconds of Colatitude.|Seconds of Colatitude. v
Khankharia . . . 169 1'90 — 021
Didiwa . . . . 4265 42°'70 - 005
. Virdria . . . 2733 27°33 0'00
Liénki . . . . 41'38 41°12 + 026
Rojhra ., . . . 33'93 3388 + o'os
Chinga . . . . 12°70 1279 - 009
Khori . . 20'44 29°40 + o004
Alamkh4n . . 29'53 29°'50 + 003
Kérothol . . . . 1525 15'17 + o008
Akbar . . . . 21'29 21°53 - 024
Ranjitghar . . . 5349 5333 + 016
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The size of the differences (E.—W.)—(W.—E,) at Linki, Akbar and
Ranijitgarh is probably due to the comparative paucity of observations at these
stations.

At Khankharia the observations themselves were not of the same degree
of accuracy as at other stations—the probable error of a result of unit weight
being 4-0'§33 against an average probable error of 4-0°239 for the same quantity
at the other stations. The observations at these, when the accordance of indivi-
dual results was good, give a small value to the difference (E.—~W.)—(W.—E.).
It will be seen that there is no tendency for the sign to be either positive or
negative. This would seem to show that this difference is due purely to acci-
dental errors, and is not the result of instrumental peculiarities.

RESULTS.

29. The following table gives the final values for the latitudes and the
apparent deflection of the plumb-line at each station :—

TABLE IX.
Apparent | Probable
Number Astronomical Probable Deflection | Error of a
No. Station, of Stars Latitude Error Geodetic Latitude =C.| of Plumb-| Result
’ observed. =0, : lineEO— of Unit

Weight.

1 | Khankharia 92 | 24° 36’ 58”17 |+£0"082| 24° 36 56”-;§ + 1798 |+£0™533
2 |Diddwa .| 116 |34 51 17 '32 [+0 '036| 24 51 1936 |- 2 ‘04 |+o0 359

3 | Virdria .| 95|24 56 3276 [£o "035| 24 56 36 25 |— 3 49 |+o ‘235
4 | Lanki .| 69|24 58 1874 |+0 ‘053| 24 58 2316 — 442 |0 239
5 | Rojhra J 113|24 57 26 08 |0 032| 24 57 26 28 |- 0 ‘30 |+o0 234
6 Chéng‘a .| 105|24 58 47 25 |%o0 03624 58 47 ‘00 |+ 0 ‘25 |+o0 252
7 | Khori . 98(25 o 3060 |+o0 '032|25 o 31 °53 |— o ‘93 |40 221

8 | Alamkhin .| 101 | 34 49 30 ‘50 |[+o0 ‘03424 49 31 23 |— o0 ‘73 |t0 235
o | Kérothol .| 90|24 53 44 78 |+0 028| 24 53 46 69 |—1 91 #0185
10 | Akbar .| 45|30 53 38 °52 |+0 *073| 30 53 43 26 |— 4 ‘74 |+o0 343
11 | Ranjitgarh.| 27|32 35 651 |¥o 053] 32 35 12 10 |~ 559 |0 186

The first and the sixth stations show an apparent deflection to the south-
But it must be remembered that these quantities O—C are merely the differ-
ences between the absolute deflections at each place and that at the station of
origin—Kalidnpur. So that, although the results at Khankharia and Ch4nga
give +17'98 and 40"35, it does not necessarily follow that there are south-
erly deflections of the plumb-line. All that can be inferred is that at these
stations the deflections to the north are less than at Kalidnpur by 198 and
o”-35 respectively.

The last column gives the probable error of alatitude result of unit weight—
that is, of the result from one pair of stars observed twice. It will be seen that,
except in the case of the first station, this quantity is fairly consistent in

magnitude,
D2
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30. The results of this season complete a chain of latitudes observed close
along the 24° parallel between 67° E. longitude and 87° E. longitude.

The following table gives the apparent deflection of the plumb-line in the
plane of the meridian at each of the stations of observation :—

TABLE X.
STATIONS. Latitude N. Longitude E. App:frz’ﬂéggf:fm
Karachi . . . . 24 5lo 6; 14 - 0”11
Rimbégh, . . . 24 51 67 3 — 086
Kérothol . . . . 24 53 67 56 - 1°91
Alamkhin . . ‘ 34 50 68 46 - 0°73
Khori . . . 25 1 69 6 - 0°03
Chinga . . . . 24 59 69 54 4+ o0 25
Rojhra . . . . 24 57 70 17 - 020
Lénki . .« . . 24 58 70 42 - 442
Virdria . . . . 24 57 71 5 - 3°49
Diddwa . . . . '24 51 71 21 - 2°04
Khankbaria . . 24 37 71 56 + 198
Giru Sikkar . . . 24 39 73 49 - 316
Aramlia , . . . 24 35 75 2 ~ 461
Guréria . . . 24 26. 76 7 — 0 °48
Kalidnpur . . . 24 7 77 42 | .. .
Pahé4rgarh . . . 24 56 77 44 - 0°45
Rangir . . . . 24 o 79 28 - 1°09
Potenda . . T 24 37 81 o + 167
Karara . . . . 24 5 ' 81 18 + o0°19
Gurwiéni . . . . 24 1' 832 20 + 322
Hurildong . . . 24 2 84 34 + 1075
Chendwir . . . 33 57 85 29 + 3°07
Maléncha . . . . 23 54 8 8 + o0 62

- This abstract-shows at once the peculiar fact that east of 80° Longitude a]l
the deflections are less than at Kalidnpur, while except in two cases only, those
west of 80° Longitude are all more.

31. It has already been pointed out (see general report of the Survey of
India for 1893-94) that such a result might be due to error in the initial azimuth
at Kalidnpur, but this seems to me exceedingly improbable.

RESULTS OF THE WORK OF SEASON 1898-99 and 1899-1900.

32. During the past season the observations of the years 1898-99 and
1899-1900 have been recomputed and the final latitudes determined.
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These final values are abstracted below :—
TABLE XI.
S g . . | Apparent
= » 8| Astrondmical Geodet; Probable E
No Stations. a‘é Eg sﬁ’tl;t::‘ll:a Pll';;:zl:!e thitlel:i: 3’%7‘::‘:: o‘;o’aResgl:r:f‘
. E 2] 2 =0 =C. line=O —C, Unit Weight.
Season 1898-99.
1 | Vizagapatam .| 100 | 18° o’ 567'66 [+ 0”065 | 18° 1’ 3”91 |— 6”25 | + 0”453
2 | Rdwal ., .| 8 {18 32 4 *72|+0 07518 32 9 22 [— 4°50| £ 0 ‘480
3 |Mal . o] 93|18 47 6 '75|%0 ‘071 | 18 47 16 ‘97 |—10°22| + o 469
4 | Khunddbolo .| 95|19 51 7 02|+0 063| 19 51 12 ‘90 [— 588 | + o "429
5 | Cuttack. +| 109 | 20 28 52 ‘05|+0 "046| 20 29 o ‘68 [~ 8°63| £ 0 336
6 | Chandipur .| 86 |21 26 34 ‘03|to0 061| 21 26 36 ‘99 [— 2°'96 | + o '395
7 | Patna . .| 89}a1 47 17 '28|+0 047 | 21 47 20 ‘83 |— 3°55| £+ 0 ‘315
8 | Daridpur 04 | 21 47 28 ‘o1 |+0 ‘059| 21 47 27 ‘95 |+ 1°06| + 0 ‘399
Season 1899-1900.

1 | Karfa . o] 113 | 19° 12’ 2”66 |£0"053| 19° 12’ 5798 |- 3732 | + 0”361
2 | Hithbena o 68119 51 42 ‘60|40 078 | 19 51 43 ‘34 |+ 0°26| £ 0 "434
3 | Ramai , «| 55|20 56 50 *31|%t0 '076| 20 56 51 ‘47 [— 0°'16| £ 0 ‘372
4 | Pathéidi o 62 [21 48 43 ‘08{+0 ‘063 21 48 45 97 |= 28| £ 0 336
5 | Dalea , «| 53|22 19 30 '35{+0 ‘071 | 23 19 33 '62 |— 1°37| £ o0 ‘341
6 | Amia . o| 102 |23 59 57 "02|+0 ‘052| 23 5956 ‘24 |+ 3°78| £ 0 -358

H. McC. COWIE, LIEuT, R.E.
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RESULTS OF THE EXPERIMENTAL MEASUREMENT OF
THE DEHRA DUN BASE LINE, WITH THE JADERIN
APPARATUS.

——et———

Extracted from the Narrative Report of Captain G. P. Lenox Conyngham,
R.E., in charge of No. 23 Party, Survey of India.

1. Besides the reduction of the observations taken for measuring the
expansions of the wires belonging to the Jaderin apparatus which has been
discussed in Professional Paper No. 2 of 1902, Serial No. VI, the party took up
the re-computation of the length of the Dehra Dun Base as measured with that
apparatus in April 1goo. The results are shown in the following table : —

Abstract of the Results of the measurements showing discrepancies.

. Le by F d Dift Diff fracti
Section.. :)geiuryem:;:u L:egatrnreymBez:F Fon\r'ar;r:né::ck. ' etz'f“l:::gsthl..“non
feet. feet. feet. .
I and I 2,648'608 2,648'704 —0096 T 37500
11 2,640'154 2,640'134 +0°020 —132-"007
v 2,639°088 2,639'080 +0'008 T«lﬁ
Vand VI 5,997°373 5,997°231 +0'144 yry
viI 51035637 5:035649 —o°012 — o
VIII 7,920°595 7,920'902 —0'307 . 6.'000
IX 10,243°046 10,243°046 0'000 -
oo
X 2,062'667 2,062°627 40’040 __sﬁ
. . -0 1
TotaL 39,187°171 39,187°373 0'202 e
feet.
Mean result . . . . 39,187272
Length by measurement with Colby Bars . 39,187'462
Difference . . . . . . 0°1g0

a. The discrepancy between the totals of the two measurements, v13,,
o'202ft. of e~ Of the length, is as small as could be expected, and if it
could be taken to be a true indication of the precision attained in the measure-
ment it would be very satisfactory. As a matter of fact, a glance at the dis-
crepancies between the two values of the individual sections will show that there
has been a considerable amount of fortuitous cancelment, and that the work is not
so accurate as the good agreement between the totals would lead one to suppose,
There is, however, this to be said, that the arrangements for marking the ends of
the sections were not satisfactory, and it is not impossible that error may have
crept in either through some movement in the register pins between the two
measurements, or even by a blunder being made in replacing the head and the plug.
Errors of this sort would cause discrepancies between individual sections without
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affecting the total length, they would in fact tancel, but in a way which it would
not be corréct to call fortuitous. Thisat least would be the case if the forward
measurement had been made right through from one end to the other, and the
back measuremeént in the same way; but this was not done; the following
diagtam indicates the order in which thie sections were taken up :—

o™ nTH 1374 T3

April A ~ - N ~
P T ¢ m r Y ¥ o ¥
+ + —+ ¥ <z ¥ 8 ¥ L —
April ' T
12TH 14TH 16T 22%P 218t
4
April - e ‘ v 5 . X
A I : - : “ P ‘—/\"-—v"_\/lﬁ__—'-/
pril < T A ~
2™ 28™ ™

It will bé seen that if between the morning of the 25th and the afternoon of
the 2gth a movement took place in the register pin separating Sections VII
and VIII, or if the head were by mistake placed differently on the wire on these
two occasions, the error produced in Section VIII would affect the total length
also. The same applies to several other pins, but this one is taken asan example
because the discrepancy between the two measurements of Section VIII is by
far the most serious, and because it is clearly the most important element in the
difference between the totals, if it were possible to reduce it to about —o0°08,
which would be about ;% of the length, the discrepancy between the two

104,000
totals would almost disappear.

3. It is not to be expected that the errors in sections should bear as small a
proportion to their lengths as in the case of the total length, for errors accumulate
as the square root of the length measured, so that to compute what the error
found in any particular case would have amounted to, if the length had been n
times as great, the denominator of the fraction error over length must be multi-
plied by /n.

On this principle let us see what the fractions for the different sections
would become if the length be increased to that of the whole Base Line :—

Section. n. vn Denominator x +/n.
ITand I 15 3'9 107,000
111 15 3'9 515,000
v 15 39 1,187,000
V and VI 65 25 105,000
VIl 8 28 1,176,000
VIII 5 22 57,000
IX C - - Infinity.
X 19 44 229,000

This shows that the discrepancy in Section VIII is the only one that is really
serious.
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4- The next time that a measurement has to be made, the marking off of
the sections must be done with much greater care. If the plan is adopted of
measuring each section forward and back before proceeding to the next, the
marks must be of a semi-permanent character and should be aligned and built
as part of the preparation of the line. If it is decided to measure from one end
to the other and then back it may be sufficient to use the register pins, but in
this case each pin should undoubtedly have its own head and plug and these
should not be removed, but left in position, suitably protected, until the close of
the operations.

5. In the computation of the length of wire G on each occasion on which it
was used, the length of the spans against which it was compared is computed
using the mean length of wire A for the day ; this is not rigorously correct, the
temperature of A at the moment at which these particular spans were measured
should have been determined and a special length deduced, the difference
however is so small that the simpler procedure which has been adopted is quite
justifiable, An examination of the field book and of the table in which the

- mean temperature on each day is deduced, will show that the greatest difference
between the value of (S—B) during the measurement of spans for a comparison
of G and the mean value of the day is 57, this corresponds to L degrees of
temperature, or somewhat less than 3°.

6. The expansion of A per degree is %, , therefore the greatest error
in the value of A employed is less than [ui, , and therefore the greatest
error in the deduced length of G is less than iy, ; 5 spans of G is the
greatest number in any section, therefore the largest error introduced into a
section by the use of the mean daily value of A must be less than ™5 , which
is altogether negligible. Nevertheless if on any occasion the difference in
the actual value of (S—B), at a time when G was compared, should happen to
be widely different from the mean of the day, the possible effect should be
scrutinized and, if necessary, a special computation should be made.

7. The use of the 160 feet wires has been found by experience to be a
source of delay, and the fact that the comparisons cannot be made so satisfac-
torily with them as with the 8o feet wires makes it desirable to employ them as
little as possible. In a well chosen base line it is to be presumed that there will
be very few obstacles which an 8o feet wire cannot bridge over, but it may easily
happen that a very small obstacle will necessitate the use of the long wire
equipment as it stands at present; for if an obstacle, however small, happens to
coincide with the position which should be occupied by one of the tripods, se
that it cannot be set up, there is nothing for it but to get out the long wires,
What is required is some means of stopping short, so to speak, so as to avoid
the coincidence. For this purpose I would recommend that one of the steel
wires (I do not think it would be worth while to make a brass one also) be cut
up so as to provide one wire of 40 feet and one of 20 feet of the -same pattern
as the 8o feet ones. They would be used but seldom, and probably it would be
sufficient to compare them once at the beginning and once at the end of the
operations, for which purpose special measurements of lengths of 40 and 20
feet respectively could be made with Bar A, or it might be sufficient to deduce
their lengths from measurements made with them of an 8o feet span. In any
case the comparisons could be made under more satisfactory conditions than in

the case of 160 feet wires.
8. These short wires could be of use in another way also, Measurements,

except of very short distances, made with the steel tape are unsatisfactory; it is
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difficult to stretch, there are no means of comparing it against the standard and
we do not know anything about its expansion, nor of its temperature when in
use. So long, however, as the 8o feet wire is the shortest we have, there is
always a liability of having to measure a length of 40 feet with this tape; if,
however, we had a 4o feet and a 20 feet wire we should never be obliged to leave
more than 10 feet to be measured with the tape.

9. With regard to the remainder of the apparatus I have the following
recommendations to make :—

(1) The number of tripods should be increased from 10 to 30. This
would allow of the aligner and leveller getting a good start of the
measurers, so that any temporary check in their rate of progress
would not be felt all down the wire. These tripods might very
well be made up in Calcutta. The pattern is simple and I think
satisfactory, but the washers between the thumb screws and the
legs should be much more substantial and the legs should not
have iron points like those that came from Stockholm. Such
points may do very well on European turf, but are not satisfactory
in India, The point of the leg of an ordinary theodolite stand
would be better. For tightening up the legs after the line has been
obtained, a key of some sort would be useful. The screws have
to be made very tight and the fingers soon become tired and sore.

(1) The aligning telescope should be a little better, and should certainly
have a cross level and some simple means of levelling, and also
means of collimating the vertical wire.

(iii) The suggestions contained in Captain Crosthwait’s memorandum®
on the levelling should certainly be carried
out, except that the levelling staves should

not be graduated to feet and hundredths but to metres and milli-
metres as at present. As the scales on the wires are graduated to
millimetres it has been found more convenient to keep all the
minor corrections—for level, temperature, etc.,—in the same unit.
It is a very convenient unit.
There should be two staves and two levels. It would be a con-
" siderable advantage if some satisfactory way could be devised of
hanging the staff from some point above its base, as the present
method of standing the staff on the tripod greatly confines the
amount of rise that can be read off, the greatest possible amount
being the difference between the height of the level-stand and
that of the tripod, instead of the whole height of the stand, as it
might be if the foot of the staff were on the ground.
(iv) A sufficient number of register pins of various lengths should be
supplied (there are probably enough belonging to the old Base

Line Apparatus), and each must be lettered distinctly and must

have its own head, lettered to correspond, and with numbered holes,

~ and moveable plug. (Traversing screws will not be necessary as
the holes admit of the alignment being made correct within }inch
which is quite sufficient, and it is not necessary to set the plug
to any particular point of the line as its position in the direc-
tion is read off by the scale on the wire). The heads must, of
course, be removeable to allow of the pins being driven into the
ground,

8 Vide end of this report.
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A 15-mile base would probably be divided into 10 sections
of 14 miles each; the ends of sections should be marked in a
semi-permanent way, either by register pins built up in masonry
or by a regular masenry mark, and there should be enough pins
to allow of one being used on each section, though it is unlikely
that so many would be required. Twenty pins would be an ample
supply, probably 12 would suffice.

(v) For marking the ends of sections I would suggest the following
method— it has not been tried and very possibly something
better may be thought of later, in the meantime it would probably
do. Having selected a suitable place, probably the highest point
crossed by the line at about the required distance, mark the line
to within an inch or two, and set up a theodolite over the spot;
with it lay out a line at right angles to the Base and drive pegs,
one on each side, to mark it, the pegs to stand about 1 foot g
inches out of the ground, define this cross line more exactly by
pencil marks or small nails. Then at the point selected build a
small pillar,—foundation abeut 1 foot deep, and height above
ground about 1 foot 6 inches and about 14 brick square. In this
pillar a flat stone to be carefully built. The stone to be 1 foot
3 inches long, 6 inches wide and about 1 inch thick. Its length
to be vertical, its width lying across the Base, and to project
3 inches above the upper surface of the pillar. It should be care-
fully placed so that the centre line of its exposed end coincides
with a thread stretched across the two pegs. When the stone has
been fixed in place a thread should again be stretched across the
pegs and a fine line drawn along the upper surface of the stone to
coincide with it, then the final alignment might be done and aline
made across the upper surface of the stome to mark the exact
spot where the line cuts it.

It should be easy to measure direct to a section mark of the
above pattern with the wires, if by good fortune the mark falls within
the compass of the scale, and in any case the use of the tape will
be greatly facilitated by setting up the last tripod, from which the
measurement to the mark will have to be made with the tape, so
that its top is nearly at the same level as the mark. This sort of
mark should not, of course, be used for the ends of the Base,
which should be founded so as to remain for all time, but merely
for the ends of sections which are not required after the measure-
ment is complete.

If marks of this sort are built not more than 10 register pins
could possibly be required on a 10 section Base, and probably
half the number would suffice.

to. The means of measuring a standard length of 8o feet, and of com-
paring the wires against it must now be considered. The comparing micros.
copes G and H are very satisfactory for determining the ends of the standard;
but the existing moveable microscopes used in its measurement are very much
the reverse. A new pair should be obtained, for which a design has been sent
in. With a pair of microscopes of this or similar design the measurement of
the standard should not be a very long business, The pillars for G and H
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must be of solid construction, those for the moveable microscopes need not be
so massive. The pillars built in the Trigonometrical Branch Office compound
were found satisfactory and might be copied, but the stone caps on the inter-
mediate pillars will not be necessary for the new microscopes, as they will be
able to project much further from their bases than the old enes could.
11. [ am decidedly of opinion, in spite of M. Jiderin’s remark (vide page
29 of Professional Paper No. 2) that the comparison of the wires against the
standard should not be made by hand but by means of the adjustable tripods,
the scales of the wires being read by means of microscopes G and H. I con-
sider this in every way better, and do not understand why M. Jaderin took
the opposite view, It is worthy of remark that he did not, it would appear,
follow his own advice, the reason being, he says, that the use of mechanical
means saves time ; in our experience, however, quite the reverse is the case;
it takes much longer to adjust a wire to the proper strain and position with the
tripods than by hand. The objections to making the comparison by hand
are—
(i) That they cannot be made with the requisite precision in this way.
(ii) That it is very difficult to devise marks so rigid as to be immove-
able when the wire is held to them in a hand comparison and at
the same time so adjustable that they can be set to the foci of
the microscopes, removed, and brought back again when neces-
sary, Material objects are used to mark the ends of the 8o feet
length, they must be removed before the Standard bar A can
be introduced for a re-measurement and must then be brought
back again for the next comparison; whereas when the external
foci of the microscopes are the ends of the standard, the scales
of the wires or the dots on Bar A can be brought into position
without disturbing anything — it need not be pointed out that
it would be impossible to employ the foci in this way except with
mechanical means of stretching the wire, it could not be held
nearly steady enough by hand.

12. The determination of the temperature of the wires at the time of com-
parison is a very difficult arid déubtful matter. I think it is desirable that some
sort of shelter be afforded to the wire and the thermometers, besides that of the
tents or shed in which the comparing apparatus is erected. A sort of long
trough 8 inches wide by 1 foot deep would do. This might be made of ordinary
country blanket with a light framework of wodd or bamboo. The wire and the
thermometers should be allowed to hang side by side for about 5 minutes
before a reading is taker.

13. For’the measurement of the 8o feet standard, bar A should always be
used. The thermometers a and B should be carefully compared against the
standard thermometérs before and after the measutement of a Base Line, the
spare pair a and B, seem to be of poor quality and should not be used, and a
new pair <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>