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RECENT IMPROVEMENTS IN ZINCOGRAPHIC 
PROCESSES. 

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

2. He1iozin~ography.-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 anct 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 Office, Southampton, where all the larger publi- 
cations are reproduced direct on zinc from reversed negatives, t h e  zinc plate 
being rendered sensitive by a coating of bichromatized fish-glue. The same 
method has often been tried a t  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 ane 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 
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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 printir~g 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 a t  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 a t  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, intervefiing 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 ariy 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- 
tine, albumen, or fish-glue, can be intimately mixed with a fatty ink if the two 

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 a s  I know, an entirely new one, and is capable of very aide application. 

5. The modus operandi 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 n~ust  be well worked together with apalette knife. T o  this mixture add 
three ounces of a solution of one ounce 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 su6, 
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 sponga, 
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 ap~lication 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 a t  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 itlterveniilg 
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 
I 8 9 9  1900 (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, a s  
it is being worked a t  the present time. 

9. As it sometimes happens that subjects are received for reproduction 
by this method which are quite unsuitable, it is necessary a t  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- 
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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 drawinq papers are unsuitable and should not be used. It is necessary 
tnat 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 conseque~tly 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, vis. :- 

I .  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. 

( I )  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 . I 02. 

Yard Frankfort black . . . 40 grains. 
Bichromate of ammonia . . a . 30 ,, 
Water . a+ 02. 

The Frankfort black is well mixed with the glue and water with a rnuller or 
palette 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. 

(a) 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 contact is essential. 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. I t  is then blotted off with 
blotting paper and dried. .4ny 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, an1 it is now 
necessary to convert this image into a positive one. 

(4) Ink ing  f h ~  plate.-For this purpose the plate is first covered all over 
with a n  ink prepared as follows :- 

Lithographic chalk ink . . . . 6 02. 
Bitumen , . . . • J J  

Writing ink (Litho.) . . . 2 sticks. 
Burgundy pitch . • . 3 02. 

This mixture is thinned down ~ i t h  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 inkover it. 

( 5 )  Development of the positme 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 lines in 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. 

I I. 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. 

l a .  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 RIO,OOO for 
the right to use it by the Government of India, and of ,&po by the authorities 
in England for the use of it in that country. 

T. A. POPE. 



TRIANGULATION IN UPPER BURMA. 

THE "GREAT SALWEEN" AND " MANIPYR MINOR MERIDIONAL" SERIES. 

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

NOTE-The party worked in two separate sections, oneunder CaptainTurner and the other under 
Lieutenant Wood. 

a * * * 
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, 

m * a * * * 
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' raw Theodolite No. 3 was used, the new 

tribrach being employed throughout the season. Observations were taken on 
12 zeros with q intersections (two on each face) ; if the four values did not 
agree within 2" an extra observation for every I" 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 lo 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) I a 

Number of n e w  figures completed 
3 . * I 

Length of Triangulation in miles . . 49 
Area of Triangulat~on in square miles . 1,730 
Number of new stations fixed (approximately) . 2 
Average triangular error (four triangles) . - O.57 

7. An Azimuth was observed at Sin-pi-taung H. S. the difference between 
the Astronomical and Geodetic values being 6".101. 



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 

Loi Lem 
Pompi Bum. 

Pompi Bum 

Tang6 . 
Tangti . 

- 

Loi Lem . Without tribrach ~ 5 9  

I I. 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 ( I )  Helio from 
one station only, (2) Reciprocal Helio, (3) Lamps from both stations, are given 
below :- 

Srrr1m. 

N0epejih.s. . * >  
Kyet-tayah-taung h. s. I 

Vownalumol h. s. , 
Kyet-tayah-taung h. s. 0) . 
Vownalumol h. s. . 
Waibula h. s. . • . 
Kyet-tayah-taung h. 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-bung h. s. a 

Wone-lone-taung h. s. 

HLISATS OBTAINED PROM OBSERVATION 
TO 

Helio. 

... 

... 

5952.8 

5955.2 

... 

4181.9 

... 

... 

CO-EQQICIINT OF REQRAC- 
TlOrS-? 

Prom Helio. 

'07 1 

'076 

... 

. . . 

'073 

... 

... 

... 

c. 

Prom Lamp. 

... 

'"7 7 

'070 

so87 

-080 

-089 

'06 g 

-09 I 

RriprOnl 
Helio. 

3393'1 

3398'1 . 

... 

... 

4304'8 

... 

... 

... 

... 

3395'0 

5952'7 

5948'8 

4304.7 

4305'5 

4925'5 

4936.8 



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. 

* * * 
l a ,  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. The elements 
of the stations as deduced by each series are given below :- 

STATION. 

Kyet-taung h. s. 
} Kyane-taung h. s. . 

Wone-lone-taung b.  s. > Kyane-taung h. s. . 
Wone-lone-taung h. s. . } 
Kyauk-pyu-taung h. s.. 

Kyane-taung h. s. . 
.} Kyauk-pyu-taung h. s. 

Kyane-taung h. s. . . 
a }  

Hlaingmataung h. s. . 
Kyauk-pyu-taung h. s. 

.} Hlaingmataung h. s. . 
Kyauk-pyu-taung h. s. 

* >  Pya-Nattaung h. s. . 
Hlaingmataung h. s. . } 
Pya-Nattaung h. s. . 
Kyauk-pyu-taung h. s. 
K han-taung h. s. 

Pya-Nattaung h. s. . 
* >  Khan-tanng h. s. 

Pya-Nattaung h. s. . 
* >  Ponya-taung h. s. . 

Khan-taung h. s. 
f l  Ponya-taung h. s. . 

CO-EFFICILNT OF R U F ~ A G  
TION 5 HEIGHTS OBTAINED PROM OBSERVATION 

m 

From Helio. 

... 

... 

-069 

'076 

... 

'079 

.07a 

... 

,066 

'074 

,063 

.o7 I 

Height in feet. 

1845.3 

1864.1 

4263'4 

Helio. 

4465.0 

4463.1 

... 

... 

... 

... 

... 

1865.1 

C. 

From Lamp. 

.oga 

'087 

'07 3 

-081 

'07 7 

,090 

'094 

-090 

-086 

-08 r 

'074 

.086 

Azimuth. 

205O 32' oW'g34 

4.540 

15' 34' 41'*0go 

Series. 

Mandalay . 
Manipur . 
Mandalay . 

Helio. 

P 

4 

... 

2591.0 

2588.8 

... 

4285.6 

I 865.0 

... 

44.694 , 4284 46 

Station. 

Pya-Nattaung 
h. s. 

)I 

Hlaingmataung 
h .  s. 

Latitude. 

22' 7' 20'-562 

20.576 

22' 11' 4"-475 

Lamp. 

4472.0 

4469'5 

~588.6 

a j87.0 

4183'4 

4285.4 

1865'9 

I 860.8 

7 

Manipur . 

Longitude. 

94' XI' 15"'iOz 

15'193 

94' 18' 18".365 

2652'8 

2653'7 

3638.3 

3634'1 

..a 1 ~655.0 

1 )  4'446 

... 

... 

18'393 

2653'5 

3636'1 

3637'0 



Side PpNattrnng h. r-Hlaingmataung h. s. Log. fmt. 

Mandala7 Series . 
Manipur Series . a 

LIEUTBNANT WOOD'S WORK. 

13. Manipur Minor Msridional Series. -The county 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 ~ ~ e t - t a ~ a h - t a k ~ ,  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 ~o,ooo 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 
so  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 gs.miles long, whileo7 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. 11, Theodolite IS-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. I11 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 of the season while the weather was favourable, 
the average error of 6 triangles was only 0 ~ ~ 4 8 .  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 pear, angles measured 
on that part of the limb between 340' and 70" appear to be too small, and those 
between ;roo 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 s8*1. The 
Superintendent, Trigonometrical Surveys, ordered a value of 3' to be used for 
level correction in the computations. With this correction the heights came 
out very well. 

I 5. Number of statiom newly fixed (secondary) . . 10 

Number of hill peaks, etc, fired by interrectionr . . * 63 
Number of figures completed . . . 10 

Length of triangulation in miles . . 96 
Area of triangulation in square miles . . 1,850 
Average triangular error (10 triangles) . . . 0 ~ ~ 7 8  

C 



1 0  NO. 34 PARTY (TRIANGULATION). 

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 :- 

( I )  The  Mansi district between the parallels of 24" 30' and 24" so' and 
along meridian 95" 45'. 

(2) The Upper C hindwin between latitude 24" 30' and 25" o' and longitude 
95' 2 4  and 95" 37'. 

(3) The M&za 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 Pr;ncipal Stations 
rernained undecided. 

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

H. WOOD, LIEUT., R.E. 



LATITUDE OPERATIONS FOR THE YEAR 1900-1901. 

Extracted from the Narrative Report of Lieutenant H. NcC. Cowie, R.E., in 
charge of No. 22 Party, Survey of India. 

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

I .  During the season 1900-1901 this party was employed on the deter- 
mination of the latitudes of the undermentioned stations of the Karachi Longi- 
tudinal Series :- 

a. 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. I fitted with two spirit levels. 

Khankharia. 
DidPwa. 
VirAria. 
LGnki. 

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 the season, 
gave the result : - 

One Revolution of the Screw = 69"-1x98 f o".oo27. 

Rojhra. 
Chinga. . 

Khori. 
Alamkhin. 

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

Kirothol. 

Y w .  

Adopted 
Value in seconds 

of one Revolution of 
the Micrometer 

Screw. 

Determined from consideration of latitude results, 
the value given by observation of a Circumpolar 
Star at elongation being 69'"349. 

Determined from a consideration of latitude 
resu,ts. 

Determined ftom observations of star couples. 



It will be seen that between the seasons 1896-97 and 1898-99, the value of 
the screw underwent a change of -oU*o approximately per revolution. ' In the 
case of the Zenith Telescope, this change corresponds to an increase of about 
$&th inch in the distance from the centre of the objective to the diaphragm. 
Between I 896-97 and I 898-99 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, 6gU.1 198, was adopted and used in the latitude computations. 
5. By comparing the mean Colatitude resulting from such observations a s  

give a positive micrometer correction, with that'obtained from observations giving 
negative corrections, the amount by which this value of the screw is apparent& 
in error can be determined. 

I find that the obiervations a t  the several stations give the following 
results :- 

TABLE 11. 

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, apparent4 show that the adopted value of a 
revolution of the micrometer screw was too small by 0"-0081 and instead of 

NAMK or S T A T I ~ .  
Difference 

of 
Colatitader. 

v1. 

I 

-0.65 

+o.oa 

-0.15 

-90.17 

-0.14 

-0.13 

-0.29 

-0.18 

-0.17 

-0.30 

-0.39 

Mean (omitting the first) 
value. 

BY RESULT8 GIVEN B Y  1 BY RESULTS OIVLN BY 
POSITIVE MICBOMLTKP NEOATlVE M I C R O Y L I E R  

- 0.008 I 

Sam of 
Micrometa 
Corrections. 

VII. 

Revolu- 
tiona 

18.60 

24-76 

20.46 

22.67 

22-28 

22.74 

22-03 

12.78 

21.21 

24.83 

32.62 

Apparent Erra 
in the adopted 

Value of Micr* 
meter Screw. 

VI. 
VII. 

VIIL 

Per revolu- 
tion. 

I 

-0.0349 

t 0.0008 

-0.0073 

- 0.0075 

-0.0063 

-0.0057 

-0.0132 

-0.0079 

- 0-0080 

-0.0121 

-0.01 19 

COIRLCTIONI. 

Mean 
,Micrometer 

CORILCTIONS. 

Mean Mi- 
crometer 

Saconds 
of 

Seconds 
of 

Cdatitade. 

v. 

2.06 

42.66 

27-41 

41.31 

33-95 

12-80 

29.50 

29.59 

15-30 

a1.58 

53-64 

'Correction. 

I .  I *I. 

Khankharia . 
Didiwa , . 
Vitiria . . 
Ldnki 

Colatitude. Correction. 

111. / I". 

Revolu- 
tions. 

8.945 

13.680 

10.035 

1.41 

42.68 

27.26 

41.14 

33.81 

12.67 

ag.21 

29-41 

15-13 

21.28 

53.25 

Revolu- 
tions. 

9.655 

11.080 

10.4ag 

11.505 

11.885 

12.545 

12.665 

11.120 

11.140 

I 1.135 

16.34 

. * I  
11.165 

Rojhra . • 

Chinga . . 
Khori . . 
Ahml,hdn . 
Kdrothol . . 
Akbar . . 
Ranjltgarh . 

10.395 

10.1gg 

9.365 

11.660 

10.070 

13.695 

16.a80 



69'. I 198 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, 

Intend 

B,-B,+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 
aorrection. 

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. 

g. 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 :- 

REMARKS. 

The value of the interval 
A-C is approximately 2,000 
divisions of the micrometer. 

STATION. 

Diddwa . . 
Viriria . 
LInki . . . 
Rojhra . . 
Cbinga . . * . 
Khori . . . . . 
Alamkhin . . . 
Karothol . . . . 
Akbar . . . . 
Ranjitgarh . . . 

Mean . 

Apparent Errw in 
ado ted Value for the 

&terra, A-C. 

Micrometer Divn. 
+o.oo~ 
-0.016 - 0.032 - 0.014 
-0.013 - 0.027 
-0.019 
-0.020 - 0.06a 
-0.139 
-0.034 



lo. 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. 

I I .  The instrument is furnished with two of Holmes' levels, No. 6 and 
No. g. 

The values of the divisions of the scales attached to the tubes, were deter- 
mined by me in October ]goo and again in April Igor at Dehra, by means of 
Bubble Tester No. I. 

The resulting mean values for one division of the scales were 
In October 1900. 

For level No. 6 . . . . oW.94118 
1, No. g . . 0'~91220 

In April 1901. 
For level No. 6 . . . . 0".89128 

)J No.g . . 0'.89670 . 

The means of these values have been used in the season's computations. 
These are 

For level No. 6 . w . . . 0"*91623 
,I No. 9 • . . 0~~90445 

12. In order to minimise the effects of errors in these adopted values, 
1 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. 

S T A T ~ ~ N .  

Khankharia . 
Didiwa . . 
Vidria . 
LJnki . 
Rojhra . . . 
Chinga . . 
Khori . . 

AVERAGE MAGNITUDE o r  CORRECTIONS. 

Alamkhln . 
Kdrothol . . 
Akbar 

Kanjitgarh 

Under 
o".~.  

Y 

0.19 

0.19 

0.20 

0'24 

0.18 

0.14 

0'2 I 

NUMBER OF CORBXCTIONS. 

Over d'*s 
".";. I and 1 Y7.z under I".o. 

64 

97 

9 5 

33 

119 

102 

102 

Over 0"s 
and 

under I".o. 
- 

058 

0.67 

0.66 

0.68 

0.65 

0.69 

0.6 I 

Over 
1*-0. 

6.108 

9' 59 

3-61 

"73 

1.82 

3'04 

1'5% 

91 

86 

44 

26 

20 

9 

2 

3 

3 

4 

I I 

0'73 

0'67 

0.72 

0-62 

8 
0 

4 

4 

2 

3 

3 

5 

3'17 

1'05 

1 '48 

... 

12 

7 

3 

I 

6 

I 

2 

... 

0.10 

0.18 

0'17 

0.15 



13. In drawing up the programmes of observations two catalogues were 
used-the Catalogue of Fund;rmental Stars for the epoch 1goo.o by S. Newcomb 
and the Greenwich Ten-year Catalogue for 188o.o-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 1900 might introduceerror and was 
undesirable. 

14. The following table shows to what extent each catalogue was used 
a t  the several stations :- 

TABLE V. 

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. 
(ii\ 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. 

STATION. 

Khankharia , 
Didiwa . . 
Viriria . 
Ldnki . 
Rojhra . . 
Chinga . 
Khor~ . . 
Alamkhin . 
KArothol 
Akbar . 
Ranjltgarh . 

Number of 
S t a n  taken 

from Greenwich 
Catalogue. 

14 
39 
3 5 
30 

3 5 
2 8 
20 
20 
16 
7 
I 

Number of 
Stars taken 

from Newcomb's 
Camlogue. 

78 
77 
60 
49 
78 
77 
78 
8 r 
74 
38 
26 

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. Dm's 
of the Newcomb Catalogue. 

Total 

N Y ~ ~ ~ ~  

92 
I 16 
9 5 
69 

I13 
105 
98 

I O I  

90 
45 
27 

Srmors. 

Didiwa . 
Viriria . 
Ldnki . 
Rojllra . 
ChAnga . 
Khori . 
Alamkhin 
KArothol . 

- 

Colatitudes 
resulting f rom 

use of  N. P. D.'s 
taken from the 

Greenwich Cata- 
logue = G .  

--- 
o I 11 

65 8 42.99 
65 327.65 
65 I 41.34 
65 2 3406 
65 I 12.86 
64 59 29.59 
65 lo 29.70 
65 6 15.40 

Number of 
pairs of Stars 
w e d  in this 
inveatigrtion. 

22 
16 
13 
a5 
23 
23 
n4 
25 

Probable 
Error. 

a 

Ifio.063 
k0.067 
*o.o89 
f 0.047 
k0.047 
f 0.045 
fo.050 
k0.045 

Differences 

N -G. 

w 

-0.29 
-0.31 
-0.31 
-0.26 
-0.25 
-0.18 
-0.21 
-0.17 - 

Colatitudcs 
relulting from 

ume of N .  P. D.'s 
taken from New- 
comb's Catalogue - N .  

0 1 1  

65 8 42.70 
65 3 27.34 
65 I 41.03 
65 2 33.83 
65 I 12.61 
64 59 29.41 
65 10 29-49 
65 6 15.23 

Probable 
Error. 

n 

f 0.049 
+0.07a 
+o.o96 
+o.o3r 
f 0.034 
f 0.038 
f 0.039 
f 0.034 



At the same time, the probable errors for each catalogue are very much 
the same, showing that the accordance of the individual results intrv sc 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 consistettcy of magnitude and 
sign, is worthy of consideration. 

18. From the observations a t  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 o f  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 errot 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, a s  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 inter se of the catalogued declinations. 

21. The results given by the observations a t  eight stations are tabulated 
below : - 

TABLE VII. 

STATION. 

Khankharia . rn 

Didiwa . . . 
VirAria . . . 
Rojhra . . 
Changa . . • . 
Khori . . 
Alamkhin . . 
Karothol . 
Means (omitting the first values) 

probable Error 
of 

Ob8srvrlion. 

L 

k 0.47 

f 0.32 

f 0.18 

f 0.30 

f 0.18 

- + 0.31 

- + 0.28 

f 0.26 

f 0.28 

Probable Error 
of 

Declination. 

I 

f 0.44 

- + 0.16 

f 0.22 

f 0.12 

f o.20 

It 0.08 

f 0.18 

f 0.07 

f 0.15 



NO. 22 PARTY (ASTRONOMICAL).  I 7  

az.  This season, a s  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. In t he 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. 
I t  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 t o  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, a s  well as  on the number of times the pair has been observed. 

This relative weight is given by the expression 

where 

e8 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 nlean 
the result obtained is 

, 

and the square of its probable error is 

assuming e, = e,'= e,, this becomes e,'. 
Similarly the square of the probable error of the result from a single inde- 

pendent pair car! be found to be 
= f el4. 

26. The  weights to be assigned to the results from the combined pairs and 
from the independent pair should be in the ratio of 

($el4)-I to (4elE)-' 
or as  Q to I. 

Hence to the result from each component pair given by three stavs, should 
be given a weight Q of that of an independent pair. 

D 



27, If we now take the mean values from Table Vll,  that is, putting 

es = probable error of declination = f 0 ~ ~ 2 0  (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 = 0.7 
twice, ) I  9 )  ,,mean ,, - - 1.0 

three times ,, - 
), I, ,, r, - 1.2 

four tinle8 ,, J)  ,, ,I ,, = 1.3 

and the weights to be given to the results from each comporient of a " doublet " 
from three stars should be # that for the result from a similarly observed 
indebendent pair. 

MISCELLANEOUS. 
28. T h e  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 correctiocs for atmospheric refraction. 

(ii) During the season, I drew up my programmes of observation, limiting 
the zenith distances of stars to 2 s 0 ,  though, in a few instances, for experimental 
purposes, stars of 27" and 2 9 "  zenith distance were observed. The pairs of 
stars observed have been grouped together in order of their 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 eaeh zenith distance differs very little from the 
general mean, oU*997, 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. :- 

Difference 
(E.-W.) -(W.-E.) 

.. 
- o-a1 - 0.05 

O*OO + 0.26 + 0.05 - 0.09 + 0.04 + 0.03 
+ 0.08 
- 0.24 
+ 0.16 

Value of Colatitude 
with Swing 
W.-E. 

Secoads of Colatitude. 
I 'go 

42'70 
27'33 
41-12 
33'88 
12.79 
29-40 
29'50 
15-17 
21-53 
53'33 

STATION. 

Khankharia . 
Didiwa . . . 
Virdria . . 
Ldnki . . 
Rojhra . 
Chinga . 
Khori . • 

Alamkhin . 
KQrothol . . . 
Akbar . • . . 
Ranjitghar . 

Value of Colatitude 
with 

Swing E.-W. 

Seconds of Colatitude. 
1-69 

42-65 
27'33 
41-38 
33'93 
12-70 

29'44 
29'53 
15'25 
21.29 
53'49 



The size of the differences (E.-W.)-(W.--E.) at L.iinki, Akbar and 
Ranjitgarh 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 a t  other stations-the probable error of a result of unit weight 
being f 0.533 against an average probable error of zto-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. 
- . -  - -- ~ 

The first and the sixth stations show an apparent deflection to the south. 
B U ~  it must be remembered that these quantities 0-C are merely the differ- 
ences between the absolute deflections a t  each place and that a t  the station of 
vigin-Kali6np~r. SO that, although the results at  Khankharia and Ch$nga 

g iVe +1"q98 and +oR.ng, it does not necessarily follow that there are south- 
erly deflections of the plumbrline. All that can be inferred is that at  these 

the deflections to the north are less than at Kali5hpur by 1 ~ * 9 8  and 
0v.15 respectively. 

The last column gives the probable error of a latitude 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 qvantity is fairly consistent in 

Geodetic Latitude =C. 

24' 36' 56"'19 

24 5: 19 '36 

24 56 36 '25 

24 58 23 -16 

24 57 26 '28 

a4 58 47 '00 

25 o 31 '53 

a4 49 31 '23 

24 53 46 -69 

30 53 43 .a6 

32 35 12 '10 

Astronotnicel 
Latitude - 0. 

24' 36' 58"-17 

24 51 17 '32 

24 56 32 '76 

24 58 ,18 '74 

24 57 26 '05 

24 58 47 '25 

25 o 30 '60 

24 49 30 '50 

24 53 44 .78 

30 53 38 ' 52  

32 35 6 '51 

Number 
of Stars 
observed. 

92 

I 16 

95 

69 

113 

105 

98 

101 

go 

45 

27 

No. 

-- 

I 

t 

3 

4 

$ 

6 

7 

8 

g 

10 

11 

Ppg!e 

- 

f o".o82 

f o '036 

f o ,035 

50 '053 

f 0 '032 

+ o  '036 

+ O  '032 

f o '034 

f o -028 

f 0 '073 

f o '053 

Apparent 
Deflection 
of plumb. 
l ine-0- 

C. 

+ 1".98 

- 2 -04 

- 3 '49 

- 4 -42 

- o -20 

+ o '25 

- o '93 

- o '73 

- I -91 

- 4 '74 

- 5 -59 

Station. 

Khankharia 

DidPsa . 
Viriria . 
Liinki . 
Rojhra . 
Chinga . 
Khori , 

Alamkhin . 
Kgrothol . 

Akbar . 
Ranjftgarh . 

Probable 
Error of a 

Result 
of Unit 
Weight. 

fov*533 

f o  

f o  '235 

f 0 '239 

f 0 '234 

f o  ,252 

f .221 

f 0 '235 

f o .:85 

f 0 '343 

f 0 -186 



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 a t  each of the stations of observation :- 

TABLE X. 
- A 

This abstract.shows at once the peculiar fact that east of 80" Longitude a11 
the deflections are less than at KaliAnpur, 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 Kaliinpur, but this seems to me exceedingly improbable. 

STATIONS. 

Karachi . • 

RBmbBgh . a 

KBrothol . . a 

Alamkhin a I 

Khori . . 
CbSnga . . . 
Rojhra . a a 

LQnki . 
VirBria . a 

Didiwa . . 
Khankharia • 

GCru Sikkar . . 
Aramlia . . 
Guriria . . 
Kaliinpur . • . 
Pahirgarh . . . 
Rangfr a . . 
Potenda . 
KarLa , . 
Gurwini . . 
HurllBong , 

Chendwir • . 
MalQncha . . 

RESULTS OF T H E  WORK OF SEASON 1898-99 and 1899-1900. 

32. During the past season the observations of the years 1898-99 and 
I 899-1900 have been recomputed and the final latitudes determined. 

Apparent Deflection 
of Plumb-line 

-0-C. 

- O"-I I 

- o -86 

- I .gr 

- 0 '73 

- 0 '93 

+ 0 '35 

- o -20 

- 4 '42 

- 3 '49 

- a '04 

+ I .98 

- 3 -16 

- 4 .61 

- o -48 

...... 
- 0 '45 

- I .og 

+ I '67 

+ 0 '19 

+ 3 ' 22  

+ 10.75 

+ 3 '07 

+ o '62 

Latitude N. 

204 {o 

24 5' 

24 54 

34 50 

25 1 

34 59 

24 57 

34 58 

24 57 

24 51 

24 37 

24 39 

24 25 

34 26 

24 7 

24 56 

34 0 

24 37 

34 5 

24 1 

24 2 

13 57 

33 54 

Longitude E. 

6; i 
67 3 

67 56 

68 46 

69 6 

69 54 

70 I7 

70 42 

7' 5 

71 21 

71 56 

71 49 

75 3 

76 7 

77 43 

77 44 

79 18 

81 o 

81 18 

81 20 

84 14 

85 29 

87 8 



These final values are abstracted below :- 

TABLE XI. 

H. McC. COWIE, LIEUT., R.E. 

No. 

I 
2 

3 
4 
5 
6 
7 
8 

Stations. 

Season 1898-99. 

Vizagapatam . 
Rdwal . . 
Ma1 . . 
Khundibolo . 
Cnttack. . 
ChandEpur . 
Patna . . 
DariBpur . 

Probable 
Error. 

+o"*o65 
k o  -075 
f o .o7r 
f o '063 
+o -046 
+ o  ,061 
+on047  
f o '059 

Y 

0 a 
6 t g 
$33 

IOO 

86 
93 
95 

109 
86 
89 
94 

Probable Error 

Unit Weight. 
of a Result of 

f 0.~453 
f o '480 
f o -469 
+ o -429 
f o '336 
f o -395 
+ 0 ' 3 1 5  + o '399 

f 0"-053 
+o -078 
f o .076 
+o  '063 
+ o  '071 
+ o  '052 

Geodetic 

- C. 
Latitude 

18O I' 2".g1 
18 32 g 'a2 
18 47 16 '97 
19 51 x v g o  
20 29 o '68 
21 26 36 .gg 
21 47 20.83 
21 47 27 '95 

I 
a 
3 
4 
5 
6 

Astron6mical 
Latitude 
-0 

18' o' 56".66 
18 32 4 -72 
18 47 6 '75 
t g  51 7 .oa 
ao 28 52 -05 
21 a6 34 '03 
ar 47 17.28 
21 47 a~ 'QI 

+ 01"361 
f o '434 
f o '372 
f o '336 
f o '341 
f 0 '358 

Apw!nt 
Deflection 

line=O -C. 
of 

- 6".25 - 4 '50 
-10 -22 
- 5 -88 - 8 '63 
- a '96 
- 3-55 + "06 

19' 12' f.98 
19 51 qn a34 
20 56 51 -47 
ax 46 45 -97 
22 19 33 .6a 
23 59 56 '24 

- 3*'32 
+ o -26 - o '16 - 2 -89 
- I '37 
+ 3 -78 

xgO 12' 2Il.66 
rg 51 42 .60 
20 56 50 '31 
21 48 43 .08 
aa 19 30 *as 
a3 59 57 '03 

Season 1899-1900. 

Karfa . . 
HBthbena . 
Ramai . . 
Pathiidi 
Dalea . , 
Amlia . . 

113 
68 
55 
62 
53 

102 



RESULTS OF THE EXPERIMENTAL MEASUREMENT OF. 
THE DEHRA DUN BASE LINE, W I T H  THE JADERIN 
APPARATUS. - 

Extracted from the Narrative Report of Captain G.  P .  L G ~ O X  Congnghan, 
R.E., in charge of No. 23 Party, Survey of India. 

I .  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 Papet No. z 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 1900. The  results are shown in the following table :- 

Abstract of the Results of the measurements showing discrepancies. 

I Section. Length by Forward 
1 measurement. 

Length by Back 
measurement. 

I and I1 

111 

IV 

V and VI 

VII 

VIII 

IX 

X 

TOTAL 

feet. 
2,648.608 

feet. 
2,648'704 

Mean result . 
Length by measurement with Colby Bars , 

Difference . . 

Difference 
Forward- Back. 

feet. 
- 0-096 

feet. 
39,187'272 
392 187.462 

.O'I go 

Difference as  fraction 
Of length. 

2. The  discrepancy between the totals of the two measurements, aix,, 

o0zozft. or $z of the length, is a s  small a s  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 a t  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 



affecting the total length, they h n l d  in fact kancel, but in a way which it would 
not be correct to call fortuitous. This a t  least would be the case if the forward 
measurement had been inade right through from one end to the other, and the 
back measurement in the same way; but this bas  not done; the following 
diagtim indicates the order in whi'ch the sections wert taken up :- 

to?" ~ t r y  I S ? ~  16 ?n 
April  v 

I I L ,  m IP Y 
I I I L' 1 

April A 
I.? T? 14TH 16T" rav? 

, 
26:" 27 TH 

April 
h 

IX: A 

April . . 
2s?" 

I t  will be seen that if between the morning of the agth and the afternoon of 
the 29th a movement took place in the register pin separating Sections VII 
and VIII, OT 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 dne is taken a s  an enample 
because the discrepancy between the two nieasurements 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 -0.08, 
which would be about =,h of the length, the discrepancy between the two 
totals would almost disappear. 

3. It is not to be expected that the errors in sections shouId bear a s  small a 
proportion to their lengths a s  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 a s  great, the denominator of the fraction error over length must be multi- 
plied by Jn. 

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 :- 

- - 

This shows that the discrepancy in Section VIII is the only one that is really 

Section. 

I and I1 

111 

IV 

V and \'I 

VII 

vl 11 

I X 

X 

serious. 

n. 

'5 

'5 

15 

6.5 

8 

5 

, - 
I9 

Jn 

3'9 

3'9 

3'9 

2'5 

2.8 

2'2 

- 

4'4 

Deoominator x J n .  

r07,ooo 

5151000 

I,  I 87,000 

105,000 

I, I 76,ooo 

57,000 

Infinity. 

229,000 



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 semiapermanent 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 i ts  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 a t  the moment a t  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 y?, this corresponds to .& 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 $E6 , and therefore the greatest 
error in the deduced length of G is less than ; 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 rz , 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 80 feet wires makes it desirable to employ them a s  
little a s  possible. In a well chosen base line it is to be presumed that there will 
be very few obstacles which an 80 feet wire cannot bridge over, but it may easily 
happen that a very small obstacle will necessitate the use of the long wire 
equipment a s  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, so 
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 a s  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 a s  to provide one wire of 40 feet and one of 20 feet of the same pattern 
a s  the 80  feet ones. They would be used but seldom, and probably it would be 
sufficient to compare them once a t  the beginning and once a t  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 80 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 unsatisfacrory ; it i s  



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 80 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 40 feet and a 20 feet mire we should never be obliged to leave . 
more than l o  feet to be measured with the tape. 

9. With regard t o  the remainder of the apparatus 1 have the following 
recommendations to make :- 

(i) The number of tripods should be increased from ro 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. 

(ii) 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* 

Vide end of this report. 
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. 
I t  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 a s  
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. 

s 



NO. 23 PARTY (ASTRONOM~CAL).  

A 15-mile base would probably be divided into lo 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 masonry 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 I 2 would suffice. 

'or marking the ends of sections I wouu suggest the following 
method- it has not been tried and very possibly something 
better may be thought of later, ia the meantime it would probably 
do. Having selected a suitable place, probably the highest point 
crossed by the line a t  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 a t  right angles to the Base and drive pegs, 
one on each side, to mark it, the pegs to stand about I foot g 
inches out of the ground, define this cross line more exactly by 
pencil marks or small nails. Then a t  the point selected build a 
small pillar,-foundation about I foot deep, and height above 
ground about I foot 6 inches and about I +  brick square. In this 
pillar a flat stone to be carefully built. The stone to be I foot 
3 inches long, 6 inches wide and about I 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. I t  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 ag$n 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 a line 
made across the upper surface of the stone to mark the exact 
spot where the line cuts it. 

I t  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 & the same level a s  the mark. This sort of 
mark should not, of course, be used for the ends of the Base, 
whiok should be founded so as  to remein for dl time, but merely 
for the ends of sections which are nqt required after the measure. 
ment is complete. 

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

10. The  means of measuring a standard length of 80 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 shduld 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 



must be of solid construction, those for the moveable microscopes need not be 
so massive. T h e  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, a s  they will be 
able to project much further from their bases than the old ones could. 

I I .  I am decidedly of opinion, in spite of M. Jaderin's remark (vide page 
29 of Professional Paper No. z) 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. Jiiderin 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 arrd 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 a s  to b e  immove- 

able when the wire is held to them in a hand comparison and a t  
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 80 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 doubtful matter. I think it is desirable that some 
sort of shelter be affotded 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 I foot deep would do. This might be made of ordinary 
country blanket with a light framewsrk of wodd or bamboo. The  wire and the 
thermometers should be allowed t o  hang side by side for about 5 minutes 
before a reading is takeri. 

I 3. ForDthe measurement of the 80 feet standard, bat A shouId always be 
used. The  thermometers a and @ should be carefuny compared against the 
standard thermometdrs before add after the measutement of a Base Line, the 
spare pair a and 8, seem to be of poor quality and shduld not be used, and a 
new pair should be obtained, so as to have something to fall back upon in case 
of accident to a ot p. Fop making a measurement vety great attentioh must 
be paid to the aligning and !welling of Bar A, not so rhuch oh account of the 
danger of error creeping in (for appreciable errors are easily avoided) a s  because, 
when a re-measurement is being made, unless great c a E  has been taken about 
these matters, it will be found that the forward dot of the bar, when the end is 
reached, will not be in focus, dt even not in the field of H microscope. 

9 2 



If between measurements of the 80-feet standard the temperature has 
changed much, it may be found that the expansion of the bar has carried the 
forward dot right out of the field of H microscope. This is a very awkward 
business and there seems to be no remedy, except that of trying to select times 
at which the temperature is much the same, thus if the cold weather prevails a t  
the first measurement, let it be done between a and 4 P.M., and later if it 
becomes warmer use the morning hours. A new 10-feet standard made of the 
alloy of nickel and steel would obviate this difficulty, but the discarding of Bar A 
a s  the Indian standard is a step which should not be taken lightly. 

14. I think a shed of thatch and matting gives a better protection to the 
comparing apparatus than the Base Line tents; and it is much more convenient 
for the observers, especially if they arc a t  all long limbed. Moreover, the tents 
are very heavy and probably the cost of transporting them to  Burma would be 
greater than that of the erection of many sheds. It  will be found convenient 
to let the length of the comparator lie east and west, for, in that case, it will be 
sufficient to erect a south wall, the north side remaining open, or with tempo- 
rary means of closing it only. 

15. On a I 5-mile base, divided up into 10 sections of 1 4  miles each, pro- 
bably two comparators would be sufficient, one for five sections ; these if p!aced 
opposite the middle of their divisions would be ~ i t h i n  4 miles of the furthest 
point to which the wires would have to be carried after being compared. 
Of course if good and convenient roads exist so that the officers can drive to 
and from their work, the Khalasie's camp moving on a s  the measurement pro- 
ceeds, one comparator would suffice, for a r/+-mile drive morning and evening 
would be no very serious matter, this, however, will but seldom be the case, and 
if the whole party has to walk to and from work, 4 miles to the furthest point 
should not be greatly exceeded. 

16. Captain Crosthwait's memorandum on the levelling to which allusion 
has been made, is attached. 

, G. P. LENOX CONYNGHAM, CAPTAIN, R.E. 

MEMO. BY CAPTAIN H. L. CRDSTHWAIT, R.E,, ON LEVELLING DURING R E -  

MEASUREMENT OF DEHRA DUN BASE WITH JADER~N'S  APPARATUS. 

17. T h e  spirit levelling, in order to ascertain the difference in height 
between the top of the cylinder (carrying the mark) of each tripod, was carried 
on in front of the party meas~r ing  the base. On fairly level ground it was 
found possible to keep ahead of the measuring party, that is to say when there 
were no checks to the levelling, such as  having to take an intermediate point, 
etc. The  instrument was set up at equal distances from each tripod, either in 
the line joining them, or a t  the apex of an isosceles triangle, according to the 
nature of the ground, but always at equal distances from the tripods. These 
distances ware measured by a party going just in advance of the leveller, with 
a loo feet chain, the ppot being marked where the level was to stand. 

At first an ordinary '' Dumpy " level by Cook & Sons, was used ; subse- 
quently, bowever, the level supplied by Jiiderin was emplpyed and the greater 
portion of the work was done with this instrument. 

Only one staff being available, it was held successively on the " back and 
"forward" tripod. In order t o  protect the mark engraved on the top of the 
tripod cylii~der, a brass cap was used on which the base of the staff rested, 
T h i ~  was carried by the staff man and put on top of the cylinder each time. 



18. The following establishment is recommended for rapid working :- 
I Leveller . 
2 Recorders . 
r Umbrella man . With the level. 
2 Staff men . 
I Spare man . 
I Chain man forward end 

,, back end I ,I 

I ,, ,, centre 
: :1 . Chaining party. 

a 

I Peg man . . . 
I found it desirable to have two recorders, one to actually record and the other 
to check his results. The small distance between two successive settings up of 
the instrument does not allow of the results being checked by the leveller him- 
self (as is usually done) without,cansing considerable delay, for it is as  much a s  
he can do to walk the distance and set up the instrument, if he wishes to keep 
ahead of the measuring party. Therefore a second recorder is recommended 
so that the leveller can devote his whole attention to levelling alone. Jaderin's 
level is so light that it can easily be carried by the leveller himself. 

19. As already mentioned, a ( (  Dumpy" level was at  first used. I t  is much 
heavier than Jiiderin's, and requires an extra man to carry it. Subsequently 
liiderin's level was employed with success, and I think it more suitable for this 
kind of work than the ordinary pattern level. Being carried by the leveller 
himself, a certain amount of time is saved in its not being handled by an extra 
person. 

Slight alterations are recommended, (i) A better and longer bubble. An 
accurately ground but not very sensitive bubble tube is what is required. (ii) 
The  adjusting screws are not quite fine enough. The present ones are 42 
threads to  the inch, I think this should be increased to  55 or 60 threads. (iii) 
The  socket of the spherical joint used for rough adjustment should be more 
carefully turned, the present one does not bear evenly. 

With these few alterations the instrument would I think do very well for 
further operations. It  would be desirable to have one level in reserve in case of 

- 

an accident which might delay the whole work. 
20. TWO light staves made of the same, or similar, wood to Jiiderin's 

should be made, graduated similarly to the new proposed staves for the levelling 
detachment. The  staves should be about 8 feet long ; if longer than this they 
would be too heavy for the tripods. Some difficulty was experienced in holding 
the staff steady in a wind, but it seems probable that a wind which interferes 
with levelling would also interfere with the measuring, so that all work would 
have to stop. 

21. Special recording forms were used. They seem to have answered 
their purpose well. Conversion tables are also necessary to convert values of 
qne face of the staff to feet in order to ascertain whether the two values agree. 

H. L. CROSTHWAIT, CAPTAIN, R.E. 



THE MAGNETIC SURVEY OF INDIA 

E~trac ted  from the narrative Report of Cagtain B. A. D. Fraser, R.E., 
Sumeg of India. 

MAGNETIC OPERATIONS. 

I. The base stations.-The three new tempotaty Observatories (a) a t  
Dehra D5n, (6) a t  Kadaikanal, and (cj a t  Rangoon will be dealt with sepa- 
rately. 

2. The Dehra M Observatol'~.--The plalis for this observatory were 
finished ahd work had been cohmenced before I arrived in India. The  design 
was made by the Public Works Department from a sketch submitted to them by 
the Surveyor General, a d  the Observatory is situated in the compound of the 
Trigonometrical Branch Office a t  Dehra D6n. The  building consists of a domed 
room, 15 feet square, entirely underground and surrounded by an all-round 
passage. During the previous rains an experimental excavation had been made 
ofi the site chosen for the building, and this pit remained dry throughout the  
rains. T h e  building was to be made water-tight, and it was considered that 
any rnoistute that might percolate or filter through the wdlls could readiIy be 
swabbed out of the passage should it accumulate. 

T h e  roof of the building being only jhst below grourld level was covered 
with 5 feet of made earth surmounted by a thatched roof to keep off the rain 
and sun. 

3. T h e  building was practically completed about the end of April, and 
early in May the first set of self-rec~rding Magnetographs (made by Mr. 
W. Watson, Assistant Professor of Physics at  the Royal College of Science, 
South Kensington) were temporarily erected. I t  was intended to use them during 
the total eclipse of the 17th May, in conjunction with eye observations to  be taken 
with the absolute instruments in accordance with the appeal made and pro- 
gramme laid down by Dr. L. A. Bauer in the December 1900 issue of Terrestrial 
Magnetism. With the assistance of Lieutenant Tillard, R.E., I succeeded in 
erecting the instruments in time, and after determining their scale values and 
taking B few preliminary photographic traces, they were successfully used on the 
day of the eclipse. The results, together with t h e  records of the eye observa- 
tions taken every minute from the commencement to the end of the eclipse, 
were forwarded to Dr. Bauer, but the results of his investigation have not yet 
been published. 

4. The eye observations when plotted and compared with the photographic 
traces showed that the two curves representing the Declination, thus obtained, 
were in close agreement : in the case of the Horizontal Force curves, the 
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agreement, though very fair, was not quite so good, but the eye observations 
for force being taken with a Unifilar Magnetometer did not give direct results, 
and the actual force had to  be computed from the observed deflections a t  a 
fixed distance by correcting for temperature and for change of declination, 
when by assuming an approximate value for " m " the moment of the deflecting 
magnet, and " r " the distance between the deflecting .and d d e c t e d  magnets, 
the changes in the Horizontal Force were computed out. 

The  object of taking these eye readings for Horizontal Force was to check 
the results shown by the photographic trace, and they a t  all events served to  
show that the latter worked satisfactorily throughout the period of the eclipse. 

After the conclusion of these observations the foot-screws of the bed plate 
carrying the recording mechanism and of the Declination and Horizontal Force 
instruments, respectively, were fixed into holes in the stone caps of the pillars ; 
in the case of the latter instrument they were leaded in, but the other two were 
fixed by cement only. As this latter plan is not satisfactory, lead will shortly be 
substituted for the cement. 

It was then decided that the final erection and adjustment of the instruments 
would be effected after the rains had set in and about the middle of July I 
returned to Dehra for this purpose. 

It was then found that the atmosphere in the underground room was satu- 
rated with moisture, which was also deposited on the walls and on every part of 
the instruments ; the mirrors after being cleaned soon again became dimmed with 
moisture and it was plain that the first thing necessary was to devise some 
means of overcoming this difficulty before proceeding, with the erection of the 
instruments. It was not a t  first clear whether this moisture was due to the 
moisture in the walls or to  the moisture deposited from the damp air from outside 
as  it cooled down to the lower temperature of the underground room. For some 
weeks previously quicklime in trays had been placed in the room and round the 
passage, and this kept the place from running with moisture, though the walls 
were still always damp. However, a s  there was no natural draught through the 
room (as no lamps or stoves were burning a t  this time), it was a t  first thought 
that this moisture was chiefly due to the damp state of the masonry. An attempt 
was therefore made to dry the walls of the inner room by heat and the two brass 
stoves, which had been made for the purpose of artificially raising the temperature 
of the room for the determination of the temperature coefficient of the quartz 
suspension, were untilized for this purpose. These stoves were designed to hold 
an oil stove commercially known as  the "Primus" stove, 'but when first lighted 
in the room (using oil), it was found that they speediIy went out of their own 
accord. Fearing that the intake ventilation arrangements were a t  fault, two 
ordinary oil lamps were then lighted in the room and kept burning near the floor 
continuously for several days. After the second day they would hardly burn, 
owing to a deficiency of oxygen and to the accumulation of carbonic acid gas 
near the floor: in fact, the air had become noticeably foul. They were then removed 
and the trays of quicklime which were again put in place had the effect of absorb- 
ing the carbonic acid gas, so that two days later the air was again pure enough 
to permit of a lamp burning brightly. On the first occasion of ligbting the lamps 
the mistake had been made of allowing the products of combustion to remain in 
the room, instead of burning the lamps directly under the outtakes; for it was 
thought that the hot burnt air would find its way through the ventilator in the 
dome, which was kept open for this purpose. As a matter of fact it got cooled 
t9  the temperature of the room before reaching the ventilator and then fell back 



and accumulated near the floor, causing the lamps to burn very faintly. On the 
second occasion, therefore, the cause of the previous failure being suspected, the 
lamps were placed with their chimneys well up the outtake pipes. At first they 
went out repeatedly, but as  soon as  a draught was established up the full length 
of the outtake pipes they continued to burn brightly, the failure at first being due 
to their inability to a t  once raise the long column of cold air in the outtake pipes. 
The  failure of the Primus stoves to burn continuously was therefore evidently 
due to the stoves themselves, and not to the failure of the intake pipe to provide 
fresh air, and this was proved by further experiments with these stoves in the 
open air which showed that in the absence of constant attention they would not 
remain alight for long. 

5. One of the stoves was then connected up to its outtake pipe in the 
north-western corner of the room and, the Primus stove being removed, an ordi- 
nary charcoal fire was lighted in it, which burnt well and created a considerable 
draught. The temperature of the room was easily raised some 10" to ISOF. and 
it was thought that under the influence of this temperature the walls would get  
dry in the course of a few days or weeks. 

As a matter of fact a contrary result was produced, for, except in the imme- 
diate neighbourhood of the stove, tbe walls which before were merely damp, soon 
began to stream with water. This result, which might perhaps have been antici- 
pated, was due to the warm damp air from outside (which had no time to deposit 
much of its moisture in the cool intake pipe) coming into contact with the cold 
walls which acted a s  condensers for its moisture, though it was certainly strange 
that this should continue day after day without growing less, as  one would 
naturally have expected the walls to gradually. pick up the temperature of the 
room. As, however, no improvement took place, the fire was stopped after a 
week or ten days and the accumulated moisture was again slowly absorbed by 
quicklime. I t  might here be mentioned that a small drying box filled with 
quicklime had been improvised and fixed to the intake pipe, but, owing to the 
velocity of the air passing through it, it proved quite inadequate to dry the air 
appreciably. After discussing the results of the previous experiments, it was now 
decided to take the following steps :-- 

(i) To  make air-tight boxes for the instruments themselves and to pro- 
vide trays of quicklime in these boxes to keepthe air round the 
instruments dry. Also to provide a similar means of drying the 
air ir! the brass tubes connecting the instruments to the recording 
mechanism on the central pillar. 

(ii) T o  connect up the small instrument lamps with the outtake venti- 
lator and thus insure that all products of combustion should be 
carried clear of the room. 

(iii) T o  construct a drying box, through which all fresh air from out- 
side must pass before entering the room. 

(iv) T o  use the outer passage as  a condenser, in which air from outside 
would pick up the temperature of the passage and deposit all its 
excess moisture before passing through the drying box. 

(v) T o  provide a duplex lamp with reservoir to burn for 26 hours and 
burn this lamp continuously near floor level under the outtake in 
the north-western corner of the room with the object of ( I )  main- 
taining a light and continuous draught of fresh air, and (2) remov- 
ing such impure air as might accumulate and would from its nature 
be found near the floor level. 
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It was intended to thoroughly test each of the above arrangements before 
erecting the instruments and Lieutenant Tillard, who was looking after their 
construction during my absence at Mussooree, succeeded in proving the efficiency 
of the drying box and was about to try the effect of (4) above, when a misfor- 
tune occurred which put an end to all further work. 

6. After an exceptionally heavy fall of rain during August, amounting to 
about 16 inches in four consecutive days, the underground room suddenly began 
to leak and in the course of two days the water rose a foot or more in spite of 
efforts to bale it out. 

The water was then baled out completely, but continued to come in 
through the walls to such an extent that it accumulated to a depth of several 
inches in the course of a night. Two main leaks were discovered-one in the 
outer passage wall to the south, and the other at the re-entering angle, where 
the entrance passage joins the main outer wall a t  the  foot of the stairs. The 
matter having been duly reported, the Superintendent, Trigonometrical Surveys, ' 

now put the matter into the hands of the Public Works Department, who sub- 
mitted certain proposals to him and have commenced work on the repairs and 
alterations. The immediate result of this accident has been ( 1 )  to prevent the 
formation of definite conclusions a s  to the best method of overcoming the 
damp during the rains, for the experimental arrangements before detailed could 
not be thoroughly tested, and (a) to cause the postponement for some months 
of the erection of the magnetographs, which cannot now be available during 
the first part of the coming field season. 

7. The K6daikhal Observatory.-Early in February I visited K6dai- 
Mnal, and in conjunction with Mr. Michie Smith, the Director, and Mr. Keeling, 
the Executive Engineer, a site for the new observatory was selected close to the 
Director's house. Dip observations taken in the vicinity showed the natural 
rock to be distinctly magnetic and the Dip varied very considerably at places 
not widely separated. For this reason, and also on account of the convenience 
in designing the observatory, it was decided to place the absolute instrument 
pillars on the roof of the underground room, thereby insuring that the absolute 
instruments should be removed as far as  possible from the magnetic rock of 
which the whole hill is composed. It was also decided, with the consent of the 
Meteorological Reporter, te  build the lower room I S'X ao' instead of I 5' x I 5' as 
at Dehra, in order to leave sufficient room for the installation of a vertical force 
instrument at a future date, if so desired. 

The Executive Engineer reports that the building will be ready early in 
January I goa. 

8. The Rangoon Observatory.-After leaving KlldaikAnal I met 
Mr. Eliot at Rangoon to select a site for the observatory. A suitable site was 
found on some rising ground near the cholera camp, about five miles from the 
the shore and about three miles away from the Shwe Dag8n Pagoda. It was 
necessary to build at this distance from the latter, as it will probably be the 
terminus of the electric tramway system which will be in working order in a few 
years. The building will consist of a room IS'X~O',  partly underground and 
partly covered with made earth, surmounted by a teak house of the same dimen- 
sions containing the pillars for the absolute instruments. Tests rnade on the 
spot with a dip circle showed that the site is free from local attraction. 

This building, together with quarters for the observer and a dark room, 
has now been completed. 

F 



9'. C & i t h  Otl&rt&dPg:-On iitiiiiirig fiord kairgddn I took the 
bp$6rindiij df ~iiitifigl Mr. ~iitlilei, thb Diri3Ctoi of the Alipore d 5 s ~ v a t o q  
Pt Calctittii, whti t i a d  theri ehgaggd in etecting tti6 magiietogjiiphs hhikih ate df 
tH6 Kid Fatten;  doh afteriatdd, hoive~er ,  it inds ciiitliltid b j  d r ;  Eli& that i 
new observatory would have i d  Be iaadd bYt df rkach bf dl1 klectiic tiactioh 
Schkxiik~s; a s  it wd3 k~ i t a id  tHdt the Alipdfe Ob~kivdtbijr tiroukl cl6 quite ukeless 
a9 a Ease StritIori fur suitrejr Fur@bseh bwiping ti, it$ fjrdkihity fd the &ltEtiit fiarii- 

systeni. Amingenients habe no*; I bdieve, Wen fflatle td build a n& 
observatory at Madhupur near ~ s a n s o l ,  and it is hoped that t h l  ihhtrdinbhtk 
will be installed during rgoi. , 

10. The thinink ef obervets fdr the bade statioks;-The K6dd- 
kf nal observeis, Mr. Theodore, was selected by Mr. Eliot and was bknt ta me 
for training partly in Mussboree add pdttly in Dehra IYGn. He is now =pert in 
thd use of the absolute instruments; bnt owing to the failure to erect thk mag: 
netograi)Hs no training i6 this branth has  yet bCed passible; 

Two other observers, odefor Diehra DGn and one for R a r i p n ,  have bem 
trained a t  the Colbba Obsetvatory in all branches of their d~ t i e s .  

An observer for the CAlcutta Obstkbatory opaj also sknt tb ine a t  M u s ~ o r e  
fot training but he got ill almost a t  once and absconded; 

I I .  instruoti'ollls for o h d e ~ s ,  eta--Fill instructions havk beeh 
drawn up for the guidance of obslrvers m thie use of thk dew absolute instru~ 
ments ahkl in the tnethods of work to  be adopted in the field, but a t  present no 
instructions have been issued with regard to the routine work at the bdse staL 
tiorrs; All instructions are a t  present in manuscript fatmi, As it was hot con- 
sidered 'advisable to print them till some a c t ~ a l  experkice had been gaitled i6 
the field. 

New and somewbat modified computation forms havealso been Prepared anii 
printed. 

12. Before leaving Englimd 1 had completed a somewhat extended set q 
bbservations with NO. I Unifilar Magnetometer, by Cooke arM Sons, at Kew. 
As soon as  this instrument reached India, &out the 20th January r g o r ,  I 
proceeded to Bombay .and made a careful set  of observat im at the EoltSba Ob- 
servatory, in which I was much assisted by the Director;, Mr. Moos. These 
two sets of observations allow of a comparisdn being *d.e tbbtween the Kew 
and ColAba instruments. The appended tables show ttre results obtaimd, from 
which it appears that the two standards are in close agreement. 

10. The  comparisons have a t  each place been made througb the magneto- 
graph records standardized by observations taken with the standard instnr- 
rnents and both a t  K e n  and ColAba these results have been furnished by 
the kindness of the authorities in charge. At Kew the deflection observations 
r i ih  the standard are always taken a t  distances of I and 1.3 feet, whilst a t  
ColAba the distances adopted a re  0'8 and 1.0 foot. The Cooke instrument was, 
however, used with distances of 30, 35 and 40 cm, a t  w c h  ,place. T h e  
value of " PI" the distribution term, was found from each of the three pulps 

of distances 30 and 35, 35 and 40 and go and 40 M. and the mean of the 
three taken. This procedure is not correct, a s  the value derived from the last 
group has a much higher weight than either of the others, but tables VII and 
VIII show that no material difference in the results would be produced by 
using the third group only, which is, I think, the proper procedure. 



14. The value of from the ,de,&tic+n experiments (used for finding 
and fI b-y c o ~ i n i n g  it ,wjth the r j r l ~ s  ,qf M H from fbf: .vikrg$gn evperi- 

q e w )  w+s t+en the ply of the t @ ~  yalses pf apper%i$ng to t,he t&ee 
gstanqes used. Probably it woulQ be more correct to  uge pnly !ha# value 9f 
% which is derived fram the sllgrtest sf ,the . tb tq  distances ,w Q w e n  yeigbtg 
to the differpt vdues gx,poztional to the .deflection angle? obtained at each 
b t a n c e ,  hut tables V aqd VI dww W .in this Icase &o ,the ,final v4ly.g wollld 
not @ appreciably altered by adopting &is prsceduxe. 

15. 'The accuracy of tbe .cornpackan between the New and ColAba instru- 
ments obviously depepds &i&y on the consideration as to .whether the instru- 
meqtl C ~ d r e  I$o. J ,  ,cbgnged in ,any a37 d"ripp ,the interyal betp.ee.n the ,twp 
comparisous. The mean values of " M " and " P " derived from thk two sets 
of observations agree s o  ,clQsdy as to furnish strong evidqce , t b q  00 appreciable 
change tbok place, w d  I believe therefore that the final results obt~ined, mpy be 
qcceptqd with some confidence. 

16. With regard to  the ,difference b,etween Cooke No. i and either of 
the standards, it is known that this is largely due to an erron&us ;sue of t h i  
quantity n'k used in the computations. .Thjs value ww found a t  Kew using an 
inertia bar subsquently hund to be seriously lqclsing in uniformity of degsity : 
siace.then a new ,ineaia bar has been received, but ,the w e p t  yqlye af +k bas 
not yet ,been computed, thwgh a .coosider&le sexies of ew,eriqenfs i9 b 4 p g  
made in order to obtain an accurate result. [t seem9 qqtain, bawevpir, ,th* 
the erroneous value used in the comparis~n canpot ,a&ct ,tFe cor,ngpriso;q gf the 
two standards, thsugh 3t ,makes Wke VQ. I ,difEer.frqp bqth J$ , t b  . rpuch . 
more largely than is really the caw 

11.7. rI am of opinion that it would he . w d  to ,repeat  his cqmparkon under 
similar caqditions, if .possible,with the same instrumerlt at ,the c l s ~  sf the 
fundamental s w e y  of Xn4a, and todhus obtain reliable data for r~fqqing 
absqlute .values of thehd ian  survey to ,thase d ,the English and ~ c b e r  E u r ~ p w  
magnetic surveys. 

18. 3t was early ,reccgnized ,that :it wayld ,nQt be .pwible tg *gqt the *If- 
recording instruments &,each of the fiue .lase atatiqps ,iptp w q r k ~  qrdw .ip 
ti& dar .the field season, and it was bherafow decided ejy)y in ,the year ,b 
tbe Superintendent, .Trigonometrical Surxeys, that the field of ~ p e r a t i o ~  :would 
have to be confined -to -the aea ravt .of atline ,joining 1L)ehca qijn and #wbpy, 
andlthatIthree h M  detaahments ,would suffice f ~ r  ,the fir$ ,awpp. Two af 
these detachments will work along railway lines and the third will w o ~ k  in,the 
desert. As 11 considered .that the efficiency of ,the ,Railway Partk? plopld be 
much increased by providing them-with carriages especially reserved f9r t h ~ i r  
use, enquiries were made of all the leading Railway ~ C a m p a n k  in India as  t~ 
terrns,.etc.,,which showed that the,neceiwrybcilitjq ,would be,f~rthcoming, if 
required, at a certain increase of cost. As, ,however, the $yrease of efficiency 
hoped for from this arrangement ,w;is{largely .a matter of .speculation, it was 
finally decided by the Superintendent, Trigonometrical Surreys, that it would 
be wiser +to do without special arrangements during the first seasqn. 

The correspondence with the ;Railway Companies is now, however, in 
y c h  9 state that ,ppcial arrangements can be made for the~following season 
with comparatively little trouble if .considered desirable. 

F 2 
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rg. When taking observations a t  Coldba, I found that the practice there 
in the deflection experiment is to observe a t  distances of 0.8 and 1.0 foot, in 
place of the Kew distances 1.0 and I .3 feet, in consequence of the ,  smallness 
of the deflections produced when using the latter distance. 

90. I, therefore, with the consent of the Superintendent, Trigonometrical 
Surveys, a t  once wrote to Messrs. Cooke and Sons, requesting them to fit the 
remaining instruments with a set of holes for taking deflections at  22.5 and 
~6.95 cm. in addition to those already existing a t  30, 35 and 40 cm. It will be 
seen that the relation of the distances in the first group of three to one 

23'5 another is the same as  in the second group and that the ratio -- and 9 
30 40 

I 
corresponds very closely to the ratio found by Airy, vis.,- , as being the 

I '32 

best for the determination of the distribution term " P." The  intermediate 
' distances 96-25 and 35 cm. in each group are to  be used with the object of 
finding the value of the next term in the distribution factor which may be 

P written ( I -- -Q- - etc . ) ,  i.e., the value of Q. 
I' - r4 8 

91. The deflection bars of the Erst two instruments were similarly altered 
a t  the Mathematical Instrument Office and the distances apart of the new 
groups of holes were determined by me a t  Dehra using base line microscopes 
G and H and the standard foot. 

This was a laborious matter, a s  it involved making each measure in two 
parts and the determination of the values of the parts of the last divided inch 
of the standard foot which were not previously known. 

22, Subsequently, a series of deflections have been taken with each of 
instruments, Cooke I to 4, with the object of mvestigating the subject of the 
best group of distances to adopt for the Indian survey and a discussion of the 
matter with Mr. Eliot and Mr. Moos hae c~mmenced.  Owing, however, to pres- 
sure of other work, the reduction of the experimental deflections has not yet 
been completed and no final decision has yet been reached.* 

23. A simultaneous comparison of unifilars Nos. 3 and 4 has also been 
commenced and a comparison of the Declinations points t o  the fact that the 
result obtained in the new and old absolute houses differ considerably, though 
the instruments seem to be in close agreement with one another in Declination. 
This seems to point to the fact that one or both of the houses is not entirely 
devoid of magnetic material and, until this important question has been investi- 
gated, the comparison of the field instruments with one another has been 
postponed. 

24. It may here be mentioned that the new absolute magnetic house has 
been built a short distance north of the old house, both being on the true merip 
dian and practically similar to one another. 

25. Instruments.-Of the instruments ordered for the Magnetic Survey, 
all have been received a t  the date of writing, except- 

( I )  No. 5 Unifilar Magnetometer by Cooke. 

(2) No* 7 J, t t  J t  for Coldba. 
(3) Three old magnetometers by Elliott Brothers, sent to Messrs. 

Cooke for alteration and repair, 

Of these ( I )  has been tested a t  Kew and is now c re sum ably on its way to 

Since this was written it bas been decided to osc the three distances 99'5,30 and 40 cms. 
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India, ' whilst the others have been completed and are a t  Kew awaiting 
testing, 

26. When all have been received, the magnetic instruments will be distri- 
buted as follows :- 

(a) For  field use.--Magnetometers Nos. a, A, 4, 5, 6, by Cooke and 
Sons. Dip Circles Nos. 35, 36, 37, 38, 40, by Dover. 

(b) Por  the use of the olpicer in charge when making comparisons a t  base 
stations.-Magnetometer No. I ,  by Cooke and Sons. Dip Circle 
No. 39, by Dover. 

(c) For  the Dehra Ddn Base Station.-The first set of Watson's mag- 
i netographs. One of the old Elliott magnetometers, repaired by 

, . Cooke and Sons. One of the three old Dip Circles, repaired by 
, Dover (now numbered 44, 45, 46). 

(d) For Kb'daikdnal Base Station.-One of the last two sets of Watson's 
magnetographs. A repaired magnetometer and dip circle as  
above. 

(e) For Rangoon Base Station.-As for K8daikdnal. 
V )  For Coldba 0bservalay.-A new magnetometer (No. 7), by ~ o o k e  

and Sons. 
(g) Fw Alipove Observatory.-A new set of magnets, by Cooke and 

Sons, for use in their own magnetometer, by Elliott Brothers, 
The  instruments under (b) above are those which have been compared with 

the Kew standard instruments. 
27. In addition to the above there are a t  Dehra one old magnetometer, 

No. M 4, by Elliott Brothers, and one old Dip Circle, No. 43, by Barrow. These 
instruments have been used for taking the monthly magnetic observations which 
were discontinued from May 1901. 

TABLE I. 

Compa~ison of Cooke Unzylar No. I with the Km Standavd Instrument. 
Kew Obsawrtions. 

1st October 1900 
and ditto 
and ditto 
2nd ditto 
3rd ditto 
3rd ditto 
4th ditto 
4th dltt0 
4th ditto 
4 th ditto 
5th ditto 

ditto ' 
5th Sth ditto 
6th ditto 
6th ditto 
8th ditto 
8th ditto 
8th ditto 
8th ditto 

I 

The figurer given in  
column a are the final 
values as supplied by the 
K e r  authorities. They 
are taken from the ma - 
netognph curves stan%- 
ardized by the standard 
magnetometer and are 
corrected for tempcr- 
ature. 

I 

Corrected for temperature. . 



Comparison qf Cooke U ~ p Z a r  No. I nit6 the Coldba S#andqr$ Instrpment. 
Colaba Observations. 

DATE. 

26th January xgor 
26th ditto 
26th ditto . 
26th ditto *I  
97th ditto 
27th ditto 
27th ditto . 
27th ditto 
28th ditto . . 
28th ditto 
28th ditto . 
28th ditto 
29th ditto , 
29th d i  . a 

zptb ditto * 
29th ditto 
31st ditto . 
gxst ,ditto . 
31st ditto . 
31st ditto . 
3rst ditto 
grst ditto 

1st February 1901 
1st ditto . 
1st ditto . 
1st ditto . 
and ditto . 
2nd .Wo ... 
2nd ditto 
2nd ditto . 

Thus KewdCoaikeNo. s + 35'9 x 10'~ whqre ,H = 0*,18395 and 
CoMba-Cooke .+la. r 4 + 69.1 logs ,, ,, = 0.37376, 

Whence assuming that the 'Kew instrumnt wodd give results at Col4ba 
greater than those it giw at J$ew in proportion to Ithe change in H at the tyo 
places, we should get at (Coldba 

Kqw-,Coldha = (7ae9 - 69'1) I o ' ~  
= +3*8 x 1 0 - ~  C. G. S. units. 

or similarly at K m  

Kew-Coliba = (35.9 - 34-0) I o - ~  
= .5 r '9 X 10'~ C. G. S. units. 

I 

Ob,qeqv,ed. 

I 

4 

' C,.G.$. 

I ~vg7365 
5 7 
'7 I 
% 

I 64 
67 
79 

1 71 

4 g 
70 
71 
84 
85 
76 
83 
83 
49 
80 
77 
5'3 
79 
74 
78 
88 

%.; i 
.9J o 

57 
-54 I 

0.37376 

I* k r e c t e d  

Id 

. C.G.S. 

o'qgq39 
33 
.32 
32 
37 
38 
48 
4s 
47 
49 
40 
37 

2 .  
49 
48 
49 
47 
45 
45 
47 
43 
49 
51 
54 
57 
53 
QP 
32 
26 

MEAW l . 
-- 

ColAba-Cooke. 

f 
I 0-6 

+ 74 

g: 
67 

- 73 
71 
69 

, 74 
70 
~ 6 4  
70 
. 66 . 
70 
7 1  
73 
65 
66 
63 
65 
68 
7O 
64 
1 5  
7 3 
66 

2% 
-68 . 
75 
1 2  

b 

-1-69-1 

for t e ~ p q a t n n .  

1 

M 
,*nv?d. 

\ 

. . 

4~01'96 

:& i 

'66 
'75 
-77 
'63 , 
3; ; 

'77 
, -80 

'77 
430 
'64 
-82 
'78 1 

.'64 
'73 
*66 
'7 1 

'77 
'89 
-98 
'7 1 

'82 , 
-68 ' 

:8_0 . 
4 7  
'80 

I 

100~.76 

., 

R _ s r ~ s ~ s .  

T b  'gures gin' " 
column 2 are as mpplied 

by r e Director of the 
Col ba Obser r a t  o r y . 
They aye +Len from 
the magnetugrapb curves 
mtaqtjardlzed by the 
staptlard magnetometer 
and are corrected for 
t9fnperWe. 

I I I I I  



T A B L ~  3. 
~ m p d r i s d #  toohe No. r Rfiagnetom&te~ with the Kelb S t d n d d ~ d  Magnetomrter. 

Abbtfadt of b~cl iha t ions  

TABLE 4. 
Comparison of Cooke No. r &agnetomdter with the Cofaba Standard 

Magnetometer. 
Abstract of beclinations. 

DATE. 

and October rgoo . 
3rd ditto . 
4th ditto . 
4th ditto . 
5th ditto . 
6th ditto . 
8th ditto 

Time. 

h. Ik. 

3-58 

1o.g~ 

10'30 

3'43 

123a 

i0.46 

3'36 

MEAN . . . . . 

- 

DATE. 

16th January I901 . 
b t h  ditto 

a7th ditto . 
27th ditto 

28th ditto . 
28th ditto . 
29th ditto . 
agth ditto . 
f l a t  ditto . 
31st dtto . 
1st February 1901 . 
1st ditto . 
and ditto . 
2nd ditto . 

Observed 
value on 
W e  
No. I.  

Abrdute 
Declinatldn 

measurktl 
hem the &w 

cnrvea. 

West. 

0 t 

16 52'9 

5Q'0 

51.0 

5.3 '9 

54'9 

5t'7 

53'1 

-0'1g 

, 

. 
11 r7 

11 11 

8 35 

15 16 

7 15 

15 31 

7 17 

16 16 

14 a8 

14 53 

9 53 

10 l a  

7 18 

15 46 

Coliba- 
Cook.. 

REMARKS. 

The fig- given in 
colomn s I t 6  ss rnpplltd 
by the &W authori t is .  
They are taken from t h e  
magnetograph cat- 
s t a n d a r d i ~ d  by the 
standard nt%netomet+r. 

Absolote 
Declination 

observed 
ria Geoke 

No. I. 

West. 

0 P 

16 52'7 

53.1 

SO'S 

54'3 

55.0 

5 1'9 

53'8 

*ah of I& 
3 cdkmam, 

- 
e r n  

o 1s  p 

6 a2 54 

b 

o pa 50 

o 22 23 

o 23 I 

o 21 30 

o a1  34 

o q 55 

o 23 16 

o q 3) 

o a4 33 

o 11 39 

o 22 50 

deshrurk f i ~ g a r r r ~ k l o r  PROM 

- 

+ o'ao" - + ofVj3 

Kew- 
Cooke 
Ne. a. 

# 

46'2 

*6'4 

40'8 

q . 4  

, -0.1 

-0.1 

-06 

Coldba-Cooke . . = +or-33 
From Kew observations (mean of 7) Kew-Cooke = -0I.19 
Whence Kew-CoEba . , = -0l.19-0'.33= -o1.52 

- - 

Qrutlb 
eye 

te~ing. 

o r .  

b *I q5 

o Lrt 55 

o nz 34 

o aa 47 

o n 32 

o 12 53 

o 11 29 

o 22 54 

q 50 

o q 3 

o 1 4  a5 

o 24 23 

o ZI  29 

o 21 44 

y a g n t t a  
graph 
curvd. 

o r #  

o 31 55 

b 11 y6 

o 1 2  48 
o 13  o 

o za 15 

o 23 o 

o 11 18 

o ?a 39 

o 24 I 

o a3 g 

o a4 41 

o a.+ 41 

o 11 45 

o 13 o 

Mapeto- 
gra h eyC 
XaBing. 

o r u  
I 

o a1 49 

o i z  $a  

o a2 35 

o 12 43 

o 1 2  91 

o 23 q 

o 11 31 

o 12 18 

o 23 g8 

o 13 17 

o 14 35 

o a4 35 

o 21 44 

o a2 45 



Showing the computed value o f  l o g  (corrected fir mean " P '9 at d i f e r m t  
distances (with Cooke No, I ) .  

Kew Observations. 

Coliba Observations. 

DATE. 

1st October 1900 . 
2nd ditto 
5nd ditto 
3rd ditto 
4th ditto 
4th ditto 
5th ditto 
5th ditto 
6th ditto . 
8th ditto . 
8th ditto 

MEANS . 

M 
Log g .  I 

REMARKS. 
I M 

Log H. 

REMARK s. 

No 3r cm, deflectionr taken at 

r - 3 o c . m .  

3.73584 
3.73644 
3.73604 
3.73635 
3.73607 
3.73572 
3.73650 
3.73605 
3.73621 
3.73617 
3.73590 

3.73612 

D A ~ .  

26th January 1901 . 
16th ditto 
27th ditto . 
27th ditto . 
28th ditto . 
28th ditto . 
29th ditto . 
29th ditto . 
31st ditto . 
31st ditto . 

1st February 1901 
1st ditto 
2nd ditto . 
and ditto . 

2- 

MEANS . 
h. 1 

r-35c .m.  

... 
3.73645 
3.73604 
3.73620 
3.73673 
3.73580 
3.73644 
3.73605 
3.73618 
3.73622 
3.13591 

r-soern. 

3.42839 
3.42826 
3.42823 
3.42810 
3.42812 
3.42821 
3.42804 
3.42803 
3.42810 
3.42813 
3.42815 
3.42803 
3.42805 
3.42841 

3.42816 

3.13614 1 3.73611 1 3.73611 

t - 4 o c . m .  

3.73588 . 3.73645 
3.73606 
3.73638 
3.73606 
3.73564 
3.73650 
3.73612 
3.73602 
3.73612 
3.73600 

r-35cm. 

3.42845 
3.42822 
3.42833 

-3.42819 
3.42814 
3.42842 
3.4281 I 
3.42814 
3.42802 
3.42803 
3.42832 
3.42805 
3.42802 
3.42846 

3.42821 

r-4ocm. I Man 

M a n .  

3*73586 
3.73645 
3.73605 
3.73631 
3.73609 
3.73572 
3.73648 
3.73607 
3.73614 
3.73617 
3-73594 

3.42829 
3.42829 
3.42825 
3.42814 
3.42802 
3.42812 
3.42808 
3.42819 
3.42810 
3.42826 
3.42824 
3.42794 
3.42797 
3.4a846 

3.42817 

3.42838 
3.42816 
3.42827 
3.42814 
3.42809 
3.42825 
3.42808 
3.42812 
3.42807 
3.42814 
3.42824 
3.42801 
3.42801 
3.42844 

3.42818 



Showing the values of " P " devivedfvom the obrervafions. 
Cooke NO. r .  

Kew Observations. 

Collba Obwrvations. 

REMARKS. 

Observations taken only 
at  35 aod 40 cm. 

Valueadopted in eomputa- 
tions of Kew results is 
P - 844. 

DATE. 

1st October 1900 . 
2 nd ditto . 
2nd ditto . 
3rd ditto . 
4th ditto . 

ditto . 4th 
9 ditto . 

ditto . 
5th ditto . 6th 
8th ditto . 
8th ditto . 

MEANS , 

H. A. D. FRASER, CAPTAIN, R.E. 

P. 

REMARKS. 

Value adoptedin camputs- 
tion of Colabe results 
is P 8'51. 

It would probabl L v o  
been better to d o p t  the 
value derived from 30 
and 40 cms. only in 
each case, i.e,, 8'45, but 
the effect of tbis change 
on the results would be 
very rmail, d,., about 
.oooox C. G. S. units. 

DATE. 

26th January 1901 . 
26th ditto . 
27th ditto . 
27th ditto . 
28th ditto . 
28th ditto . 
agth ditto . 
29th ditto . 
31st ditto . 
3ISt ditto . 
1st February 1901 . 
I st ditto , 
2nd ditto , 
2nd ditto . 

MEANS 

30 and 35 
cm. 

... 
8.34 
8-47 
9.63 
7.98 

7.85 
9.02 
8.47 
8-77 
8.10 
8-35 

8-50 

P. 

35 and 40 
cm. 

-- 
... 

8.40 
8.1 I 
6.23 
9.15 

10.29 
9 - 7 1  
7.45 

10.19 
9.43 
7-33 

8.43 

30 and 40 
cm. 

8.22 

8.36 
8.33 
8.29 
8.44 

8.8 r 
8.5 I 
8.07 
9.33 
8.62 
7.96 

8.45 

Meal. 

8.22 

8-31 
8.30 
8.05 
8.52 

8.98 
8.41 
8-00 
9.43 
8.72 
7.88 

8.44 

Mean. 

- 
9.12 
8-27 
8.47 
8.36 
9-07 
9.23 

8.34 
7-16 
8.40 

8-21 
9-05 

8-30 

8.5 1 

30 and 40 
cm. 

8-95 
8.35 
8.35 
8.27 
8-95 

, 8.87 

8.27 
7.74 
8.50 
7.89 
8.05 
8.95 
8.87 
8.26 

8.45 

30 and 35 
cm. 

8.02 
8.77 
7.65 
7-78 
8.27 
6-91 

7.90 
7.65 
9.01 
9.26 
7,16 
8.40 
8.64 
8.02 

8.10 

35 and 40 
cm. 

. 10.38 
7-69 
9.42 
9.04 

10.00 

I 1.92 

8.85 
7.88 
1-69 
5.77 
9.43 
9.8 I 
9.23 
8.63 

8.98 



TIDAL AND LEVELLING OPERATIONS F O R  THE YEAR 

Extracted from the Narrative Report of Captain H. L. Crosthwait, R.E., in 
charge of No. 25 Partg, Survey of India. 

TIDAL OPERATIONS. 

I .  Tidal operations, including the registration of tidal curves by means of 
self-registering gauges, their reduction, and the publication of tables of pre- 
dicted times and heights of high and low-water, have been carried on, a s  usual, 
during the past survey year. 

a. In  the following table is given a complete list of the 41 ports at which 
observations have been, and are still being taken ; I a are now working, ag have 
been closed on completion of their registrations, of which one was closed 
during the current year. The permanent stations are shown in italics; the 
others are minor stations a t  which only five years' registrations are required :- 

Date of 
cloring 

of 
obrsrva- 
tioos. 

Still 
working. 

Ditto 
Ditto 
1898 
1901 

Still 
working. 
1875 
1875 
1875 
1894 
Still 

working. 
1882 

Still 
working. 
1894 
Still 

working. 

Date of 
commence- 

ment of 
Observa- 

tions. 

1897 

1898 
1879 
1893 
1892 

1881 

1874 
1874 
1874 
,893 
1898 

1881 

1900 

1878 

Aotomatic 
S ~ T I O N S .  or personal 

observations. 

- 
I 

r 
3 
q 
5 

6 

7 
8 
g 

10 
IOA 

I I 

I I A  

l a  
13  

No. of 
years 

of 
observa- 
tions. 

4 

3 
2 I 

5 
8 

30 

] 
I 

a 
3 

I 

I 

5 
13 

REMARKS. 

Closed during the 
year. 

Tide-tables not 
published. 

With certain inter- 
ruptions. 

Suez . . 
Perim . , 
Aderr . . 
Muscat . . 
Bushire , . 
Kardchi . . . 

Hanstal . , 
NavAsir . . . 

Automatic 

Ditto , 
Ditto . 
Ditto . 
Ditto , 

Ditto . 
Ditto . 
Ditto . 

Okha Point . Ditto . 
Porbandar . . . : I Personal , 
Porbandar . . 
Port Albert Victor (K5- 

thiiwidar). 
Ditto ditto. 

Automatic 

Personal . 
Automatic 

Bhdvnagar . Ditto . 
Bombay (Apollo Bandar) Ditto . I 



Bombay (Prince's Dock 

Mormugao (Goa) 
K5,ir . 
Beypore a 

Cochin 
Tuticorin . • 

Minicoy . 
Galle 
Colombo . 
Trincomalee . 
Pdmban Pass . 
Negapatam . . 
Madras . 
Cocanada . . 
Vizagapatam . 
False Point 
Dublat (Saugor Island) 
Diamond Harbour . 
Kidderpore , 

Chittagong . 
Akyab . . 
Diamond Island . 
Elephant Point , 

Rangoon . , 

Amherst , . 
Moulmein . 
Mergui . • 

Port Blair 

Automatic 

Ditto . 
Ditto . 
Ditto . 
Ditto . 
Ditto , 
Ditto . 
Ditto . 
Ditto . 
Ditto , 
Ditto . 
Ditto . 
Ditto 

Ditto , 
Ditto . 
Ditto , 
Ditto . 
Ditto . 
Ditto . 
Ditto . 
Ditto , 
Ditto 

Ditto 

Ditto 

i 
Ditto . 
Ditto , 
Ditto 
Ditto . . 

Automatic 
or personal 
observations. 

1888 

I 884 
1878 
1878 
I 886 
I 888 
1891 
1884 
1884 
I 890 
1878 
1881 
1880 

restarted 
1895 
1886 
1879 
1881 
I 88 I 
1881 
1881 

I 886 
1 887 
1895 
I 880 

restarted 
I 884 
1880 

I 880 
I 880 
I 889 
r 880 

Date of 
commence- 

ment of 
obqerva- 

tions. 

Date of 
closing 

of 
obeervr- 

tions. 

P 

Still 
working 
1889 
I 883 
1884 
I 892 
1 893 
I 896 
I 890 
I 890 
I 896 
1882 
1888 
I 890 
Still 

working. 
~Pgr 
1885 
I 885 
I 886 
I 886 
Still 

working. 
1891 
I 890 
1899 
1881 

I 888 
Still 

working. 
I 886 
I 886 
1894 
Still 

working. 

No. of 
years 

of 
observs- 

tions. 

'3 

5 
5 
6 
6 
5 
5 
6 
6 
6 
4 
6 

11:}16 

5 
6 
4 
5 
5 

20 

5 
5 

2 1 

6 
6 
5 

2 1 

Property of Port 
Trust. 

Year 1884-85 ex- 
cluded. 

3. In addition to the automatic registrations made a t  the stations enumer- 
ated in the foregoing list, personal tidal observations to graduated staves were 
taken at Bhsvnagar, Tuticorin, Chittagong, Akyab and Moulmein with the object 
of comparing actual times and heights of high and low-water with predicted 
times and heights. 

4. The  observatory a t  Bushire was closed during the year, 8 years' obser- 
vations having been recorded. An observatory will be opened at Bassein in 
Burma next field season. 

5. The  following are the points of principal interest connected with the 
working of the various observatories, commencing with Suez and following the 
order of the stations round the coast, to  Burma, 

Sue#.-There were a few minor interruptions in the tidal records during the 
year, due t o  the pencil failing to mark for a few hours. The  difficulty of obtaining 
accurate time a t  Suez has now been overcome: a, chronometer corrected by 
comparison with His Majesty's ship stationed at Suez, is now being used instead 
of telegraph time, with excellent results. 

The observatory was visited by Mr. H. G. Shaw, in December 1900 ; tne 
tide-gauge and meteorological instruments were cleaned and repaired where 
necessary and left in good working order. 

G 8 



On the whole tidal registrations have been most satisfactory during the year. 
The  self-registering aneroid worked unsatisfactorily from I I th February 

 goo, and on the 8th March it broke down completely. 
The self-registering anemometer, which had been packed away, being out 

of order since 24th August 1899, was repaired and started on the 26th December 
- 

1900. i t  again broke down in July and will be repaired during next inspection. 
G.T.S. 

The bench-mark A, embedded in the masonry floor in the verandah 
B M 

of the dwelling house of the Director of the Port, was reported on 9th May 
1901 to have been removed owing to alterations and additions to this building. 
The department is much indebted to Captain N. Fleri, who, under the direction 
of J. J. Falco.ner, Esq., Director of the Port, has devoted much time and trouble , 

to the observatory and carried out the duties connected therewith, in a very 
efficient manner, and to him is due the continued success of observations at  
Suez. 

6. Perim.-This observatory was visited by Mr. Shaw in December 1900; 
he found the tide-gauge and the auxiliary instruments with the exception of the 
self-registering aneroid, in good working order. Since the last inspection in 
January  goo, there has been no interruption in the tidal records. The self- 
registering aneroid, which had been out of order since 5th November last, 
and which the mechanic was unable to repair, was packed up and despatched to 
Dehra D6n. Mr. J. G. Meyers, the clerk in charge, takes the greatest interest 
in the work and has carried out his duties in the most satisfactory manner. My 
thanks are due to Captain H. Harrison, Political Officer at  Perim, for his super- 
vision and the interest he takes in the observatory. 

7. Aden.-There were only a few trivial interruptions of the gauge, due either 
to the pencil failing to mark on the diagram or to the driving clock stopping. 

Mr. Shaw inspected the observatory in November and December last. 
The observatory is under the supervision of the Port Officer. 

8. Bushire.-I inspected this observatory and finally closed it on the 5th 
March 1901, after eight years' observations had Seen recorded, which includes 
a break of four months, caused by the obseriatory being wrecked on the 19th 
December 1893 by a very heavy storm. There has been no break in the tidal 
records during the year. The meteorological instruments, with the exception of 
the mercurial barometer, were all out of order. The continuous record of the 
tidal registrations is evidence of the care and interest shown by Mr. F. G.  Evans, 
who was in charge of the observatory during the year. 

g. Kardchi.-There have been several interruptions in the tidal records 
during the past year, due to imperfect communication between the sea and 
the cylinder, caused by the silting up of the mud inside and outside the cylinder. 
Steps have been taken to g!~ard against such interruptions in future.' T h e  
anemometer did not work satisfactorily, there being several stoppages due to 
the clock getting out of order. The  clock has been changed. I inspected the 
observatory in February and March. All the instruments have been cleaned 
and left in good working order. The tidal observatory clerk, Jhamat Mcil, con- 
tinues to perform his duties satisfactorily. 

My best thanks are due to Mr. E. Jackson, M.1 C.E., Port Engineer, for his 
cordial help and careful supervision of the observatory instruments and records. 

10. Porbandar.-Up to the middle of June I 901 the tide-gauge worked satis- 
factorily, there being only a few minor interruptions due to the pencil failing to 
mark on the diagram. On the 14th June the tidal observations were interrupted 



again for the second time, due to the communication pipe being choked with 
sand driven in by the monsoon. As nothing can be done a t  present owing to 
the sea being too rough, I intend visiting the observatory in the winter, when, 
if practicable, without fear of the pipe getting blocked again, work will be re- 
started. 

I am greatly indebted to Mr. J. J. Benson, State Engineer, for his super- 
vision of the observatory. 

1 I .  Port  Albert Vicfor.-There has been no interruption in the tidal records 
during the year. The auxiliary instruments worked well, there being a few 
minor interruptions in the records of the self-registering aneroid and self-register- 
ing anemometer. Mr. Shaw inspected the observatory in January last, thoroughly 
cleaned the instruments and left them in good working order. The clerk in 
charge and the assistant clerk have worked satisfactorily during the year. 

Mr. E. Proctor-Sims, State Engineer, Bhiivnagar, kindly continues to super- 
vise the observatory. 

I 2. Bombay (Apollo Banday).-This observatory was inspected by me 
and Mr. Shaw in November last. With the exception of a break of eight days 
in July, during which time the driving clock was being repaired, the tidal records 
have been continuous. The  clerk in charge, J. Fernandez, has performed his 
duties most satisfactorily. 

Bombay (Prince's Dock).-There were only two interruptions, of a few hours 
each, in the tidal records, due, on the first occasion to the twisting of the 
diagram paper, and on the second, to the driving clock having stopped. I in- 
spected the observatory.it~ company with Mr. Shaw last November, and found 
the instrument in good working order. The  instrument was cleaned and left in 
perfect order. This observatory is under the supervision of the Engineer to the 
Port Trust. 

Madras.-The registrations by the tide-gauge for the past year are again 
highly satisfactory; and are quite complete. A self-registering aneroid was 
put up, adjusted and started on the 2 1st February, and up to the present has 
worked well. Mr. Shaw inspected the observatory in February 1901 ; he found 
the gauge clean and in good order. The  sluice and well were a s  usual cleaned. 
The results of the spirit-levelling showed that since the inspection in 1 8 9 ~  a 
settlement of oao1g foot had taken place in the bed-plate of the tide-gauge. 

I am very grateful to Mr. F. H. Longhurst, Harbour Engineer, for kindly 
continuing to supervise the work carried on in the observatory. 

13. Kidderpore.-There were a few breaks in the tidal records during the 
past year, caused as usual by the driving clock stopping. A new spring clock 
was substituted in January last for the old one, the parts of which had become very 
much worn. The self-registering anemometer has not worked satisfactorily. 
I inspected this observatory i n  January. All the instruments were cleaned and 
left in good working order. This Observatory is under the supervision of the 
Deputy Conservator of the Port, Calcutta. 

14. /;;angoon.-I inspected this observatory in December and January last; 
the instruments were cleaned and left in perfect working order. The tidal records, 
with the exception of a few minor breaks, have been continuous during the year. 
A new self-registering aneroid by Richard Freres, Paris, was set up and started 
during this inspection. 

15. Port Blair.-Tidal records have been most satisfactory during the year, 
there being only one break of a few hours caused by the clock stopping. 
A n  earthquake was registered on the tidal diagram at 10-22 A . M .  on the loth 



September I got. The shock was slight but sufficient to cause the driving clock 
to stop. The  self-registering aneroid has been out of order since May. 
Mr. Shaw inspected the observatory in February. I am much obliged to 
Mr. P. Vaux, of the Andaman Commission, for the interest he takes in the 
observatory. 

REDUCTION OF T H E  TIDAL OBSERVATIONS AND EXTRA TIDAL 
WORK. 

16, The observations for one year a t  thirteen tidal stations have been 
reduced, and the tabulated values of the tidal constants so derived are 
appended : there are no arrears. 

VALUES OF THE TIDAL CONSTANTS, Suez, xpo. 
The following are the amplitudes (R) and epochs (f) deduced from the 1900 observa- 

tions at  Suez ; and also the mean values of the amplitudes (H) and of the epochs (n )  for 
each particular tide evaluated from the xgoo observations :- 

Short Period Tides. 

As=q402 feet. 

Long Period Tides. 

Lunar Monthly Tide . . 
,I Fortnightly ,, . . a 

Luni-Solar ,, 1) 

Solar Annual ) #  

,, Semi-Annual ,, . . . 

R 

-125  
'042 
'031 
'553 
'I 92 

1: 

I 70'-00 
303'67 

79.20 
33'07 

288.53 

r 72'26 
'03 I O 7  80.87 
'553 3 r 3.66 

129.7 2 
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The following are the amplitudes (R) and epochs (1;) deduced from the 1900 observa- 
tions at Perim ; and also the mean values o f  the amplitudes (H) and of the epochs ( w )  
for each particular tide evaluated from the 1900 observations :- 

Short Period Tides. 

&=5.324 feet. 

Long Period Tides. 

Lunar Monthly Tide . . a . 
,, Fortnightly ,, . . . 

Luni-Solar ,, 28 a 

Solar-Annual $1 9 

,, Semi-Annual ,, . . . . 

'019 

'041 

-009 

'380 

-180 

142~-83 

5'65 

157'08 

335'67 

105*06 

195"23 

137'84 

156.15 

55-11 

263.94 

'018 

'04 7 

'009 

'380 

.180 



The following are the amplitudes (R) and epochs (f) deduced from the  goo-rgor 
observations at Aden ; and also the mean values of t h e  amplitudes (H) and of the 
epochs ( K )  for each particular tide evaluated from the 1900-1901 observations :- 

Short Perrbd Tides. 

A,=5'785 feet. 

L o n ~  Period Tides. 

VALUES OF THE TIDAL CONSTANTS, BUSHIRE 1900. 

Tho followir~g are the amplitudes (R) and epochs (f) deduced from the 1900 ohserva- 
tions at Bushire; and also the mean values of the amplitudes ( H )  and of the epochs ( r )  
for each particular tide evaluated from the 1900 Observations :- 

Lunar Monthly T ~ d e  . . 
,, Fortnightly , . 

Luni-Solar ,, 29 - 
Solar-Annual 21 . 

,, Semi-Annual ,, . 

Short Period Tides. 

Ao=4.620 feet. 

H 

'01 3 
'037 
-006 
'353 
'148 

R 

'014 
'033 
-006 
'353 
'148 

u 

95'41 
13'38 

309'1 7 
342'33 
123.68 

f 

z80°-35 
39'96 

291.15 
17'42 

193.85 
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Short Period Tides-contd. 

Long Peviod Tides. 

VALUES OF THE TIDAL CONSTANTS, KARACHI, 1900. 

The following are the amplitudes (R) and epochs ( f )  deduced from the 1900 observa- 
tions at Kardchi ; and also the mean values of the amplitudes (H) and of the epochs 
( K )  for each particular tide evaluated from the ~ g c o  observations :- I 

Short Period Tides. 

1fioO.1 I 
291'37 ,014 

24'49 
230'31 
78'35 279'44 

Lunar Monthly Tide . 
,, Fortnightly ,, . 

Luni-Solar ,, JJ  . 
Solar-Annual IJ . 

,, Semi-Annual ,, . . 

R 

-06 I 
-013 
.068 
'226 
'095 

A,=7'065 feet. 

-134 
315O.64 

'134 
3 1 6 ~ ~ 3 7  

'025 
3 ~ 8 ~ * 0 7  

-024 
328'974 

H = R =  
'1 ( a = (= 

H=R= 
' a {  a= ( =  

H=R= 
'4{ K =  f =  

H = K =  
a= (= 

- 

'094 'I49 R= 
I 82O.86 f =  

H =  
K =  45'-21 K =  

'013 R= '004 R =  '051 

I R =  12O.25 
I 

(= 257'28 ! (= 1 6 6 ~ ~ 3 5  (= 
.068 LMS)4 H =  

289O.39 
'Oo4 

" 1 :z 2890.75 a= 2jg0'94 K= 

H=R= 
a= f =  47O.73 

-002 R= 
0, (= { H= a= 

R =  'I32 

H = .o69 

H= 2.604 
a= zgj0.3g 

R= 
(= 

K 1 I H =  
K =  

R =  

[$I K =  

R = R = 

'633 
149O.1 1 

662 
46O.40 

'033 

R= '645 R= -014 

N* { 1= 223O.81 ( f =  I 10°.27 
H =  -637 (2sY)a H= -014 
K =  277'-73 1 K =  1og0.60 

1.288 
ao6O.73 

I.324 
45O.93 

'a52 
95O.57 

276 
3 1 3 ~ ~ 6 7  

'409 

M, {" 
K = 

R =  ... R =  
A 2 {  . . . 

K =  ... 
R =  213 
(= 341°'21 

23a0'?4 
,409 

41O.85 

1 = 335t" 1 '1 { = 
336O.20 K = pa { a = 264O.13 



Short Period Tides--contd. 

Long Period Tzdes. 

Lunar Monthly Tide . . . 
,, Fortnightly ,, . 

Luni-Solar ,, 9, • . . 
Solar-Annual I S  * 8 

,, Semi-Annual ,, . 

VALUES OF TEE TIDAL CONSTANTS, PORT ALBERT VICTOR, rgoo. 

The following are the amplitudes (R) and epochs ( f )  deduced from the 1900 
observations at Port Albert Victor ; and also the mean values of the amplitudes (H) and 
of the epochs ( a )  for each particular tide evaluated from the rgoo observations :- 

Short Period Tides. 

-- 

Long Period Tides. 

Lunar Monthly Tide . 8 

,, Fortnightly ,, . 
Luni-Solar ,, 9 )  . 8 . 
solar-Annual 3, . 8 

,, Semi-Annual ,, . . 8 



The following are the amplitudes (R) and epochs ( f )  deduced from the rgoo-rgot 
observations at  Porbandar ; and also tHe mean values of the amplitudes (H) and of 
the epochs ( K )  for each particular tide evaluated from the 1900-1901 observations :- 

Short Period Tides. 
-- 

A* = 7.342 feet. 

Lonf Period Tides. 

VALUES OF THE TIDAL CONSTANTS, BOMBAY, 1900. 

Lunar Monthly Tide . 
, Fortnightly ,, . . 

Luni-Solar ,, 99 . . 
Solar-Annual JJ . . 
,, Semi-Annual ,, . . 

The following are the amplitudes (R) and epochs ( 5 )  deduced from the 1900 observa- 
tions at Bombay; and also the mean values of the amplitudes (H) and of the epochs 
( R )  for each particular tide evaluated from the 1900 observations :- 

Short Period Tides. 

'009 
-016 
'030 
.060 
.170 

I 22O.83 
260.83 
293.92 
312.1 I 
289.06 

A , = I o ' I ~ ~  feet. 

S, {H= = '077 R = -007 
K =  5 = 183O.96 2: = 36O.53 

H = .007 

K =  39O.72 
R =  'OC 7 

K =  20°'35 

-099 1 2 j20.39 
.018 155.61 

I 

'149 

'191 

H =, -016 

.030 

.060 

. I  70 

s79.43 
246.40 
157'64 



Long Period Tides. 

VALUES OF THE TIDAL CONSTANTS, PRINCE'S DOCK, BOMBAY, 1900. 

The following are the amplitudes (R) and epochs (0 deduced from the 1900 observa- 
tions at  Prince's Dock, Bombay ; and also the mean values of the amplitudes (H) and 
of the epochs (IC) for each particular tide evaluated from the ]goo observations :- 

Lunar Monthly Tide . 
,, Fortnightly ,, . 

Luni-Solar ,, JJ 

Solar-An nual 1 9  . 
,, Semi-Annual ,, 

Short Period Tides. 

'033 
'032 
'01 I 

'056 
'I 17 

313O.83 
189.05 
102.73 
342'69 
344'06 

'032 
'036 
'01 I 
.056 
'117 

260°'36 
54'70 

I 01-66 
263.17 
I 85-02 
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Short Period Tides-contd. 

Long Period Tides. 

VALUES OF THE TIDAL CONSTANTS, ~ I A D R A S ,  1900. 

The following are the amplitudes (K) and epochs (1;) deduced from the 1900 0bsen.a- 
tions at  Madras ; and also the mean values of the amplitudes (H) and of the epoch 
(z) for each particular tide evaluated from the 1900 observations :- 

- 

Lunar Monthly Tide 1 : 
# I  Fortnightly ,, 

Luni-Solar ,, ) I  . 
Solar-Annual 9 )  . 

,, Semi-Annual ,, . 

Shorf Period Tides. 

f :: 3 1 g0'62 

169'43 

'014 41-43 

345'63 

-126 34 1'5 1 

H 

'024 

'04 2 

'024 

'086 

* I  26 

-- 

A.=za168 feet. 
- - -  

K 

266O.16 

35-08 

40'36 

266.1 I 

I 82-47 



Long Period Tides. 

VALUES OF THE TIDAL CONSTANTS, KIDDERPORE 1900. 

The following are the amplitudes (R) and epochs (f) deduced from the :goo Ob- 
servations at  Kidderpore; and also the  mean values of the amplitudes (H)  and of the 
epochs ( K )  for each particular tide evaluated from the 1900 observations :-- 

Lunar Monthly Tide . a . 
,, Fortnightly ,, 

1,uni-Solar ,, 1)  . 
Solar-Annual I )  . 
,, Semi-Annual ,, . 

Short Period Tides. 

r 

3 0 6 ~ ~ 0 1  

I 76'24 

330'34 

194'42 

278.18 

R 

-008 

'053 

'033 

'333 

'381 

A,= 10.604 feet. 

Long Period Tides. 

H 

.008 

'05 9 

'033 

'333 

-38 I 

K 

252"-27 

41'34 

328'7 7 

2 I 4-88 

1rg.10 

Lunar Monthly Tide . 
I* Fortnightly ,, . 

Luni-Solar ,, J I  - 
Solar-Annual 1 1  - . 

, ,  Semi-Annual ,, . . 

7 

R 

'297 
'30 1 

'996 
2.569 
1.093 

f 

3z0'39 
179'88 
43'84 

238.09 
I 50.30 

.284 
'334 
'983 

2.569 
1 '09 3 

338O.76 
43'89 
4 1'73 

158.53 
351'17 



The following are the amplitudes (R) and epochs (() deduced fro.., the 1900 observa- 
tions at Rangoon ; and also the mean values of the amplitudes (H)  and of the epochs ( K )  

for each particular tide evaluated from the 1900 Observations :-- 

Short Period Tides. 

A,=ro*~ 55 feet. 

R = '034 '336 
f = 148O.43 

H = -336 

'46 I 

K = 48O.00 
R = '020 R = -661 R = ... R = '043 

52O.02 f '-- 195O.33 f - .. 5 = 285O.05 

{ ~ f  0 '0  

679 H Z  ... H = -042 
K = 326'-78 K = 34O.45 . . . K = 36O.33 

R = 6.094 R = '571 R =  '455 '214 
5 = 126"38 ( = 300°'98 5 = 170'-25 5 = 67O.31 

M. {.; 6.014 623  'S{H= 449 ("~N)r H = .20g 
a= 12g0'03 K = I 580s91 K = I 19'-23 K = 126O.94 

R = '551 r= R =  ' 1x7  I 2: =: 282O.62 5 = 256O.71 
H =  '536 ( M ~ K * ) ,  H = 'I 19 

K = 48'-58 K = 287O.91 K = 98O.48 
R =  ... ' I  16 ... 

- 
Long Period Tides. 

VALUES OF THE TIDAL CONSTANTS, PORT BLAIR, 1900. 

The following are the amplitudes (R) and epochs ( 5 )  deducedfrom the 1900 observa- 
t;ons at Port Blair ; and also the mean values of the amplitudes (i-1) and of the epochs 
( K )  for each particular tide evaluated from the ]goo observations :- 

Short Period Tides. 

56'. I 2 

183.56 

51-10 

220'37 

167-81 

-167 

'183 

'430 

1.161 

-06 2 

I 

Ao=g;5a feet. 

1 O . 8 0  

47'56 

48.48 

140.79 

8'65 

Lunar Monthly Tide . 

,, Fortnightly ,, . 
Luni-Solar ,, J )  - 
Solar-Annual j 9  . . 
,, Semi-Annual ,, . . 

'I75 

'165 

'436 

1.161 

,062 

{ H =  R = 
K =  ( = 

,,IH= K =  f = = 

R = 

T8{ 

f = 
H = 
K = 

,103 
29g0-45 

' IOQ 

3o0°.a5 

R = 

Q1 { = H =  
K = 

. 

I 

.016 
46'-83 

314'-54 '967 

-026 
39'95 

-027 
~ 5 3 ~ ~ 2 5  

R =  
M4 f = 1" = K = 

'005 
18O.03 

005 
25'-27 
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Short Period Tides-contd. 

Long Period Tides. 

- 

17. The computations for each tidal station commence on 1st January, 
except for Aden, where they commence on February ~ g t h ,  and for Porbandar, 
where they commence on I 5th January. 

Lunar . Monthly Tide . 

,, Fortnightly ,, . 
Luni-Solar ,, ) P  

Solar-Annual 8, . . 
,, Semi-Annual ,, . 

18. The  present state of the tidal computations is shown in the following 
table, together with their state at  the end of September ~p. The letters A. P, 
in this table indicate that the actual times and heights of hi h and low-water 4 
have been measured either from the tidal diagralns or graduated staves, and 
compared with their predicted values published in the Tide-Tables. 

The actual amount of work done during the year under report can thus be 

seen at a glance. 

'010 1 oO-55 

'045 

.007 

-166 

'140 

155'76 

3x5'37 

241'59 

322'93 
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State ofthe ordinary reductions of the yearly Tidal registrations at the 
beginning and end ofthe Survey year rgoo-rgor. 

Suez . . 

-- - - 

Perim . I 

Tidal Obwmtory. 1 State at end of September 1900. 

I ' 

Aden . . I 

State at end of September I ~ I .  

Bushire . - 1  
Karichi . . I 
Porbandar . I 
Port Albert Victor (started 

31st December 1899). 
Bhdvnagar . 

(' Apollo Bandar 

j Prince's-Dock . 
L 

Tuticorin . 
Madras . . . . 
Kidderpore . 

* * I  
Chittagong . 
Akyab . . 
Diamond Island (closed 

4th December I 899). 
Rangoon . 
Moulmein 
Port Blair . 

I 899 calculations completed. 
A. P. 1899. 

1899 calculations completed . 
1899 calculations completed. 

A. P. 1899. 
1899 calculations completed. 

A. P. 1899. 
I 899 calculations completed. 

A. P. I 899. 
1899 observations rejected. 

A. P. 1899. 
Newly started observatory. 

No diagrams read. 
.A. P. 1890. 
I 899 cdculations completed. 

A. P. 1899. 
I 899 calculations completed, 

A. P. 1899. 
A. P. 1899 
1899 calculation; completed: 

A. P. 1899. 
1899 calculations completed. 

A. P. I 899. 
A P. 1899 . 
A. P. 1899 
I 898-99 calculations com . 

pleted. A. P. 1899. 
I 899 calculations completed. 

A. P. 1899. 
A. P. 1899. . 
18gg calculations completed. 

A P. 1899. 

1900 calculations completed. 
A. P. 1900. 

1900 caIcuIations completed. 
A. P. 1900. 

1900- 1901 calculations com- 
pleted. A. P. 1900. 

1900 calculations completed. 
A. P. 1900. 

, I goo calculations completed. 
1 A. P. 1900. 
1900-1901 calculations com- 

pleted. A. P. 1900. 
I goo calculations completed. 

A. P. 1900. 
A. P. 1900. 
1900 calculations completed. 

A. P. 1900. 
1900 calculations completed. 

A. P 1900. 
A. P. 1900. 
I goo calculations completed. 

A. P. rgoo. 
1900 calculations completed. 

A. P. 1900. 
A. P. 1900. 
A. P. 1900. 

1900 calculations completed. 
A. P. 1900. 

A. P. 1900. 
1900 calculations completed. 

A. P. 1900, 

19. In addition to the computations enumerated in the foregoing table, 
reports on the operations carried on in the Bombay Presidency, at  Suez, and 
in Burma, were prepared and submitted, the first two to the Local Governments 
and the last to  the Port Officer, Rangoon, at the request of the Burma Govern- 
ment. 

20. No completed tidal diagrams nor duplicate volumes of the daily reports 
appertaining to them were sent for safe custody to the Surveyor General's 
Office, Calcutta, during the year. 

THE TIDE-TABLES. 
21, The  routine in connection with the issue of Tide-Tables for 1901 was 

gone through; they were received in this oflice in three instalments from 
London, on the 5th and a 1st December 1900 and on the 5th Jannary rgol, and 
were a t  once distributed. 

22. The  usual work in connection with the preparation of the Tide-Tables 
for I S O ~  has been satisfactorily gone through ; they will contain predictions of 
high and low-water times and heights for 39 ports. 

The  datum for the Tide-Tables for 1902 is the datum of soundings of the 
latest Admiralty Charts. Tables giving particulars of the datum at each tidal 
station will be found in the appendix to the General Reports for 1891-92, 1893- 
1894, 1895.96 and in paragraph 24 of the annual report for 189899. For 
Porbandar this datum is 21'80 feet below the bench-mark of reference, which 

I 



is  a Marine Survey bench-mark cut on the south face of the sea-wall. I t  is 
also 2'03 feet below " Indian Spring low-water mark." 

93. The  amount realised on the sale of Tide-Tables in. the financial year 
rgoo-o I is 8 1,314-4-7 or about Ra33 in excess of the amount realised in the 
preceding year. The  presentation copies of the Tide-Tables for I go I were distri- 
buted in strict accordance with the lists sanctioned by Government. 

a4. Mr. Roberts was furnished as  usual with the following :- 
(i) Values of the constants for the Tide-Tables for 1902 calculated in 

the usual manner and ready for use in the tide-predictor. 
(ii) Actual values during 1900 of every high and low-water measured in 

duplicate from the tidal diagrams a t  13  stations, and of tide-pole 
observations taken during daylight at  five closed stations under 
the supervision of the Port Officers and supplied to my office. 

(iii) Comparisons of the above with predicted values for 1900, the 
errors being tabulated in a convenient form t o  help Mr. Roberts 
in improving the predictions. 

25. T h e  usual tabular statements Nos. I to 5 are appended, showing the 
percentage and the amount of errors in the predicted times and heights of high 
and low-water for the year 1900 a t  18 stations, a s  determined by comparison 
of the predictions given in the Tide-Tables with actual values measured from 
the tidal diagrams a t  13 stations, and from tide-poles at  five stations ; the 
former being made by assistants in this office and the latter by Port Oficers' 
subordinates. 

No. I .  

Stutement showing the percentage and the amount of the errors in flze peredrcted 
times of High Water at the various Tidal Stations for tho year 1900. 

* Including 23 comparisons which gave no definite results owing in some cases to the peculiarity of  the tide- 
curve being such a s  b show no definite high water, and in some cases to the prediction showing there wou!d be 
no high water, when a high water actually occurred. 

Ermrs 
over lo 
minuter 

and under 
minutes. 

Per cent. 

14 
13 
4 

I I 

8 
24 
I 6 

I 

8 
8 
o 

30 
2 0  

I4 
o 

I 8 
I 

5 

Errors 
over 15 
minutes 

and under 
l o  m~nuter .go  

-- - 

Per cent. 

13 
9 
9 

1 2  
8 

I4 
13 

2 

10 

9 
o 
11 

I5 
14 
o 

I4 
3 

I I 

STATIOKS. 

Suez . 
Perim . 
Aden . . 
Bushire . . 
KarPchi , . 
Porbandar . 
Port Albert Victor . 
Bhdvnagar . 

Apollo Bandar Bombay { p  rince's Dock 
Tuticorin . . 
Madras . 
Kidderpore . 
Chittagong . ' , . 
Akyab . . 
Rangoon , . . 
Moulmein . 
PortBlair , . 

Errors 
over 30 
minutes. 

-- 

Per cent. 
8 
7 
2 

9 
3 

28 
10 

o 
2 
2 
1 

35 
8 

18 
o 
8 
0 

I 

Automatic 
or tide- 

pole obser- 
rrations. 

Au. 
Au. 
Au. 
Au. 
Au. 
Au, 
Au. 

T. P. 
-4". 
Au. 

T P. 
Au. 
Au 

T. P. 
T. P. 

AII. 
T. P. 

Au. 

E r m n  
of 5 

minutes 
and 

under. 

Per cen'. 
26 
31 
40 
26 
38 
1 0  

21  

58 
36 
39 
99 
6 

22  

7 
gz 
24 
74 
37 

Number.of 

c o y p f -  
between 

actual and 
predicted 
values. 

702 
676 
622 
;03* 
7 0 1  
678 
684 
273 
704 
703 
I37 
704 
704 
367 
365 
703 
350 
70' 

Erron 
over 5 

minutes 
andunder 

1 5  minuter. 

Per cent. 

39 
40 
45 
39 
43 
2 4 
40 
39 
44 
42 
o 

I7 
35 
47 
8 

36 
22 

46 
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No. 2. 

Statement showing the percentage and the amount of tiie errors in the predicted 
times of low water at the various Tidal Stationsfor the year rgoo.  

Including 43 comparisons which gave no definite results owing in some cases to t h e  peculiarity of the tide 
curve being such as to show no definite low water, and in some case8 to the prediction showing there would be 
na low water, when a low water actually occurred. 

No, 3. 
Statement showing the Percentare and the amount of the errors i n  the predicted 

hezghts of High Water at the various Tidal Station8 for the year 1900. 

Errorr Errors 
over rg 
minuter 

St ~ ~ 1 0 ~ 8 .  and 
under 

20 
minutes. 

Errors 
over s o  
minutes 

and 
under 

30 
minutes. 

Per cent. 
I 2  

15 
5 

1 8 
9 

17 
I 5  
5 

I 6 
10 

o 
22 

I5 
I 8 
o 

I 8 
6 
9 

Suez . 
Perim . . 
Aden . 
Bushire . , 
Kardchi , . . 
Porbandar , 
Port Albert ~ i c t o ;  
Bhivnagar . 

Apollo Bandar 
(Prince's Dock 

Tuticorin . 
Madras . , 
Kidderpore 
Chiitagong . 
Akyab 
Rangoon . 
Moulmein . 
Port Blair . 

Errors 
over 30 

minutes. 

Per cent. 

9 
9 
4 

39 
4 

I I 

17 
4 
6 
2 
o 

6 I 
I I  

15 
o 
8 
4 
2 

Au. 
Au. 
Au. 
Au. 
Au. 
Au. 
Au. 

T. P. 
An. 
Au. 
T.P. 
Au. 
Au. 

T. P. 
T. P 
An. 
T. P. 
Aa. 

Error 
over 

Ia inchs. 

Per cent. 
I 

o 
o 
5 
o 
4 
2 

8 
o 
o 
o 
o 

27 
12 

o 
4 

15 
o 

Including 23 comparisons which gave no definite results owing in some cases to the peculiarity of the tide 
curre being such a s  to show no definite high water, and in some cases to  the pred~ction showlog there would be 
no high water, when a high water actually occurred, 

1 2  

704 
672 
624 
705* 
703 
684 
681 
273 
705 
704 
I49 
705 
706 
365 
365 
705 

Errors 
of 

inches 
and 

under. 

Per cent. 

65 
94 
96 
6 I 
81 
47 
57 
58 
7 2 

67 
100 
91 
31 
42 
85 
53 
43 
9 7 

STATIONS. 

Suez , 
Perim . . 
Aden 
Rushire . . 
KarAchi , . 
Porbandar . 
Port Albert Victor . 
Bhllvnagar . 

Apollo Bandar 
ince's Dock 

Tuticorin . . 
Madras . 
Kidderpore . 
Chittagong 
Akyab . , 
Rangoon . 
Moulmein . 
Port Blair . . - 

*"ytiC 
tide-po1e 

Au. 
Au. 
Au. 
Au. 
An. 
Au. 
Au. 
T. PI 
Au. 
Au. 
T. P. 
Au. 
Au. 
7'. P. 
1 .  P. 
Au. 

T. P. 
Au. 

Number of 
compar~sons 

between 
actual and  
predicted 

values. 

622 
703" 
I 
678 
684 
273 
704 
703 
137 
704 
704 
367 
365 
703 
350 
7c1 

Per cent. 

27 
23 
43 

8 
31 
23 

23 
37 
25 
35 
98 

3 
25 
9 

53 
23 

Errors 
over 4 
inches 

and under 
8 inches. 

Per cent. 
24 
6 
4 

2 2 

1 7  
29 
28 
27 
2 4 
27 
o 
9 

26 
29 
14 
30 
a6 

3 

Mean ,,,, 
a t  

in feet. 

Percent 

5'5 
5.6 
6'7 
4'8 
9'3 
6.0 

11.9 
31.4 
1 3'9 
'3'9 
3'2 
3'5 

"'7 
13'3 
8-3 

16.4 
12'7 
6.6 - 

42 

Errors 
over 8 
inches 

and under 
ra inches. 

Per cent. 
10 

o 
o 
9 
a 

20 

13 
7 
4 
6 
o 
o 

I 6 
17 
I .  

13 
16 
o 

I I 

Per cent. 

40 
41 
38 
'9 
49 
3 7 
32 
49 
36 
41 

I 

7 
37 
42 
47 
38 
3 a 

Per cent. 
I 2  

12 
10 

I 0  
10 

12 

13 
5 

17 
12 

I 

7 
12 

I 6 
o 

13 
I! 
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predicted 
No. 4. 

Siatemerit shoeing the percentage awd the amount of the errors in the 
heights of Low Water at the various Tidal Stations for fhe year 

Erron aver 
la inches. 

STA~IONS. 

Suez . . 
Perim . . 
Aden . 
Bushire . . . 
Karichi , . 
Porbandar . . . 
Port Albert Victor . 
Bhivnagar . . 

Apollo Baadar 
Bombay ince's Dock 
Tuticorin , 
Madras . 
Kidderpore . . 
Chittagong . , 
Akyab . . 
Rangoon . . 
Moulmein , . . 
Port Blair . . . 

P a  cent. 
2 
0 

- 
of the tide 

r would be 
Including 43 comparisons which gave ,to definite results owing in sohe  cases to the peculiarij 

curve being ruch as to show no definite low water, and in rome caser to the prediction rhowing th 
no law water, when a low water actually occurred. 

Aute  
matic 

or 
tide- 
pols 

obser- 
rations. 

Au. 
Au. 
Au. 
Au. 
n u .  
Au. 
Au. 
T.P. 
Au. 
Au. 

T . Y .  
Au. 
Au. 
T.P. 
T.P. 
Au. 
T.P. 
Au. 

No. 5.  
Table of average errors in  the predicted times and heights of High and 

Low Water at the seoeral Tidal Stations for the year 1900. 

Number .ot 
comparl- 

betwmn 
actual and 
predicted 

values. 

704 
672 
6a4 
705' 
703 
684 
681 
273 
705 
704 
149 
705 
705 
365 
365 
705 
243 
696 

of 

Per cent. 
6 I 
93 
96 
5 5 
68 
9 

55 
69 
69 
64 

100 

90 
40 
55 
8 3 
28 
40 
98 

Mean range 
at  

springs in 
feet, 

5'5 
5 '6 
6.7 
4.8 
9'3 
6.0 

I 1.9 
31-4 
13.9 
13.9 
3'2 
3'5 

117 
13.3 
8.3 

16.4 
12.7 
6.6 

Auto- 
lrnltic or I Mean 

STATIONS. 

Open coast. . Suez . 
Perim . . 
Aden , . . . 
Bushire . . . 

Avsn~or  ERRORS 

Errors over 
q inches 

and under 
8 inches. 

Per cent. 

29 
7 
4 

28 

Errora ove 
8 inches 

and undn 
12 inches. 

Per cent. 
8 
o 
o 

tide- range at  
Of time in 

minutes. 

4 
12 

5 

4 
5 

4 
2 
a 
3 
z 

. . . 

10  

5 
10 
8 

... 

KarPchi . n -027 '036 3 
16 '069 '167 5 
I9 '035 5 
g '013 '013 BhAvnagar . 

14 '018 -024 3 
(prince's ~ o c k  AU. 13.9 ro ,024 '024 4 

I T u t  icori n T.P. 3.2 2 '026 *052 
Madras . . Au. 3.5 34 '048 .048 a 
Akyab . . T.P. 8.3 5 '020 -030 2 
Port Biair . : I Au. 6.6 10 '025 '025 2 

-- 
General mean 

pole 
obser- 
rations. -- 
Au. 
Au. 
Au. 
Au. 

H.W. 
14 
13 
9 

14 

Of height in terms Of height in 
of the range. inches. 

'06 I 

i 
H . W .  L . W .  H.W. 
'061 4 

3 
7 

:z 1 24 
30 I a 

springs 
in feet. 

5.5 
5.6 
6.7 
4.8 

L.W. 
1 4  
14 
g 

19 

15 
25 
27 
o 

10 

24 
25 
I 6 
92  

25 
2 

t 

4 

'030 
'025 
'087 

15 
20 

14 
3 

13 

11.7 
13'3 
16.4 
12'7 

... 

Riverain. 
Kitlderpore . . 
Chittagong . . . 
Rangoon . . 
Moulmein . 

6 
6 
8 
o 
o 

13 
13 

I 
20 

13 
o 

Au. 
T.P. 
Au. -,. L.P. 

'030 
'025 
'069 

I5 
19 
1 4  
7 

-- 
14 General mean 

2 
2 

5 

'071 
'044 
'025 
'046 

'047 

'07 I 
'031 
'051 
'052 

'051 

-- 

10 

7 
5 
8 

... I-- 



NO. 25 PARTY (TIDAL AND LEVELLING). 6 1 

The following statements for the year 1900 may be thus summarised :- 

Percentage af time predictions within 15 mintltes o f  ac tual~ .  

High water. Low water. 
Per cent. Per cent. 

I I at which predictions were tested by S. R. Tide-gauge 66 60 
ozt;:ny: { 3 J, 11 JI Tide-pole 99 95 
Riverain I J  JI  S. R. Tide-gauge 59 6 2 

stations. {:  ;I JJ ,, Tide-pole 7 5 67 

Pmcentage of  height $redictions wtthin 8 inches of acfuals. 
Hi h water. Low water. 

A r  cent. Per cent. 

predictions were tested by S. R. Tide-gauge 93 88 
stations. II II Tide-pole 95 94 

R iverain J I 11 I I S.  R. Tide-gauge 70 57 
stations. J I  # I  Tide-pole 70 7 3 

Percentage of  height predictions within one-tenth of  mean range at springs. 

High water. Low water. 
Per cent. Per cent. 

predictions were tested by S. R. Tide-gauge 93 89 
stations. )I  11 Tide-pole IW 100 

Riverain 19 JI II S. R Tide-gauge 89 87 
stations. { I  I, JI II Tide- pole 95 92 

a6. In the above summary the tests are of two classes, the first and more 
accurate class being that made by means of self-registering tide-gauges, and 
the second by means of tide-poles. Height measurements, except in rough 
weather, can be accurately taken from a tide-pole, but for the corresponding 
time readings, owing to the chance of inaccuracy of the time locally kept, a 
considerable margin for error must be allowed. 

27. The  predictions a t  the riverain stations for the year 1900, as compared 
with those of last year, were about the same at Kidderpore and Rangoon, 
slightly interior in times but better in heights a t  Chittagong, and improved all 
round a t  Moulmein. 

At Kidderpore the greatest difference between the actual and predicted 
heights of low-water was 5 feet 6 inches on the 25th and 26th September igoo, 
the actual being in excess. This tremendous difference is undoubtedly due to 
the abnormally heavy rainfall a t  that time of the year, when Calcutta received 
nearly 40 inches of rain between the 19th and 25th September. 

At Chittagong the greatest difference between the actual and predicted 
heights of low-water was 2 feet I inch during the month of September rgoo, the 
actual height being in excess. 

At Rangoon the greatest difference between the actual and predicted 
heights of low-water was 2 feet 7 inches in November 1900, the actual being in 
defect of the predicted height. 

At Moulmein the greatest difference between the actual and predicted 
heights of low-water was 3 feet in August rgoo, the actual height being in 
defect. 

28. In the following tables will be found the average percentage of error for 
the past l o  years in predicted times and heights of high and low-water a t  
stations where automatic observations have been made. 
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Percentage of error in predicted times a~rd heights at open Coast Stations 
fro'm automatic observations. 

Percentage of error in predicted times and heights at rivevain stations 
from automatic observations. 

Year. 

1891 , . 
1892 . 
'893 . . 
'894 - . 
1895 . 
1896 . . 
1897 . 
1898 . . 
'899 . 
1900 . 

29. With reference to paragraph 49 of last year's annual report, it may be 
mentioned that none of the closed ports were visited for the purpose of ascertain- 
ing whether predictions still held good. 

BENCH-MARKS. 
30. The bench-marks of reference at  the tidal stations still working were 

found undisturbed and in good order, except a t  Suez, where, owing to alterations 
G.T.S. 

made to the verandah of the Director of the Port's residence, o A, one of the 
B M  

bench-marks of refqence, was removed. 

Number 
of 

stations. 

10 

8 

9 

10 

9 

9 

8 

9 

9 

1 1  

IN TIME. 

Within 15 minutes 
of actnals. 

Average of 10 years I 

Year. 

- 

1891 . 
1892 . . 
1893 . . 
1894 . . 
1895 . 
1896 . 
'897 . 

. 1898 . 
1899 
1900 . 

Average of 10 years, 

IN HEIGHT.  

Number 
of 

stations. 

3 
2 

2 

2 

2 
a 
2 
2 

2 
2 

2 

Within 8 inches of 
actuals. 

I N  HEIGHT. 

/ 

Within 8 inches of Within 4 of mean 
sctaala. range at springs. 

H. W. L. W. H. W. ----- 
66 66 
72 65 
68 50 
66 42 88 
7 4 47 94 
63 87 
7 5 96 9' 

91 
91 

70 89 

70 g1 [ 87 

IN TIME.  

Within 15 minutes. 
of actuals. 

Within &th of mean 
range ht springs. 

H. W. 

64 
61 
57 
56 
59 
56 
59 
53 
55 
59 

58 

L. W. 
P 

8 7 

85 

98 

92 

97 

H. W. 

98 

98 

96 

97 

94 

H. W. I L. W. 1 H. W. 

L. W. 

58 
60 
57 
55 
55 
55 
61 
59 
59 
62 

- 
58 

L. W. 

97 

98 

95 

9 5 

94 

74 

75 

73 

65 

68 

7' 

7' 

74 

74 

66 

7' 

97 

96 

95 

88 93 

93 

I 
73 

74 

68 

62 

65 

93 

97 

95 

9 2 

89 

95 

94 

91 

93 

95 

98 

70 

75 

70 

66 

60 

97 

96 

96 

95 

93 

68 1 95 
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31. The Levelling Detachment was again employed on the Eastern Bengal 
State Railway. 

31. The personnel of the Detachment is shown in the margin. Mr. Barker 

Mr. J. P. Barker, Mr. E. H. Corridoq ~ u n r h ~  held charge of the Detachment till 22nd 
Syed ille Hasnain. 

Recorders-Sitaram Yeshwant; Balwant 
December 1900, when he made over to 

Atmaram and Rikhi Ram. Gopal Singh em- Mr. Corridon, who has remained in charge 
ployed during recess. since. 

33. I personally conducted the work of levelling across the Ganges river. 
This comprised the taking of observations to  determine the relative values of 
bench-marks embedded on opposite banks of the river. The difference in height 
between these bench-marks was obtained by three different methods giving the 
following results with their probable errors :- 

(i) By vertical angles taken simulta- 
neously by two observers work- Difference in height=2*13g feet. 
ing with 24-inch theodolites Probable error= f o'oo j foot. 
on opposite banks 

(ii) By simultaneous observations to  
disc signals with standard levels 

1 
Difference in height= 2.1 32 feet. 

set up on opposite banks I Probable error= f 0'016 foot. 

(iii) By simultaneous readings of the 
height of the water on graduated 
staves attached to piles driven Difference in height = 2.2 I I feet. 

near the edge of the water on ) Probable error=* 0-001 foot. 

opposite banks J 
34. The distance between the bench-marks was 1-28  miles. A detailed 

account of the river crossing operations will be published in  one of the "Pro- 
fessional Papers of the Survey of India." After the operations connected 
with the crossing of the Ganges river had been completed, regular levelling 
work was resumed along the line to Siliguri. The total rises and falls amounted 
t o  1,954 feet and the outturn of work to 21 I miles, in the course of which the 
instruments were set up at 2,558 stations. The  heights of 16 embedded and 86 
inscribed bench-marks were determined, One Great Trigonometrical Survey 
station and one Railway bench-mark were also connected. 

Connection a t  Parbatipur was made with the single-levelling operations of 
the previous season. 

Owing to the great heat experienced in the latter months of the season and 
the malarious nature of the Tista valley generally, the health of the Detachment 
was so seriously affected that the work had to be closed a t  Siliguri on the 27th 
April rgor, and connection with the Sonakhoda base-line postponed to nex 
season. 

35. The Detachment left recess quarters, Dehra Dlin, for the field on the 
96th October 1900. The field season closed on the 27th April rgor. During 
next field season the Sonakhoda base-line will be connected, and levelling 

will be carried on from Parbatipur up the Brahmaputra river and 
thence towards Assam. 

36. I append the usual tabular statement of the outturn of levelling, also 
the following tables :- 

Table B, giving the Great Trigonometrical Survey station connected, and 
error in the original height. 

Table C, giving the comparisons of the levelling staves with a lo-foot 
portable standard bar. 

H. L. CROSTHWAIT, CAPTAIN, R.E. 
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List of Great Trigonomefrical Suwey Principal stations connected by Spirit- 
levelling.-Season 1900-rgor. 

HBIOHT I N  ~ B T  
A e o v s  YEA* Error SEA-LEVEL. height by 

trian gtlla- RRYARKS. 
tion in 

By spirit- By M- feet. 
levelling. angalation. 

height refers to the 
lower mark, the tower 
being entirely dm- 
troyed. 

Results of comparison of staves.--Seasan, I goo-190 I .  

I D l 1 1 1 8 1 ~ E  01 L I I O T B  D I  m A 1 1  #ROY 1 0  1111. I 
?LACE A I D  DAZE 01 C O Y ? A 8 I W * .  

Damukdia,' 9th November 
1900. 

Jaipur, 10th February 1901. 

Siliguri, 26th April 1901 . 

R ~ M A I I ~ .  

Staff 1 was re- 
jected after the 
fint eight miks. 

- 

Skff. 
B t .  - 

+'oa3984 

+~002910 

+.aorsS 

at='& 
B a. 

+eoox744 

+'OOOIg3 

-'oo~oor 

El@@, 
HI1 

f .ooqxoo 

... 

... 

6Ms 
NO. 4. 

+*oor817 

+-oo1264 

--ooow~ 

&a@. 
NO. 1s. 

+.agazS 

+.ooo& 

--ooozgq 



TOPOGRAPHICAL SURVEYS IN BURMA. 

Extracted from the Narrative Report of Captain F. W. Pirrie, I.S.C., in 
charge of No. 10 Partg, Survey o j  India. 

* .  * 
(WORK BASED ON COMPILATIONS FROM PREVIOUS CADASTRAL SURYEYS.) 

5. Cadastral Survey Details.-The cadastral surveys of the 3 districts are 
not consistent a s  regards the amount and correctness of the topographical detail 
shewn on the I-inch reductions. The  main streams and roads were always 
correct, but in hilly ground the small streams were often incorrect. In the 
Magwe district some attempt had been made to contour the hills, but they were 
not correctly shewn. In the Meiktila district the broken nature of the country 
was fairly well shewn, but the hills were not shewn at all. In the Yamcthin 
district neither the hills were shewn nor the broken nature of the country. From 
this it is evident that, unless a competent topographical staff is attached to a 
revenue party, they should not attempt to contour the hills, or shew broken 
ground, other than in a purely conventional manner, or the maps will be mis- 
leading to the public. T h e  word " hills," if it were not generally omitted in the 
cadastral reductions where hills exist, would be a sufficient guide to the topo- 
graphical party taking up the revision survey. 

* * 
7. General procedure.-The usual methods of survey in use in topographical 

parties were followed in the hilly open ground, vis., plane-table interpolation and 
sketching in the minor detail where possible ; but where the view was obstructed 
by jungle, or the course of streams was impossible to make out from a distance, 
plane-table traverse, and measurements by chain and pace traverse, had to be 
resorted to. 

T h e  traverse.-Where the ground was free from undergrowth in the forests 
in the Tagaung sub-division of the Ruby Mines district a good deal of useful 
work was done by means of time traverses, working on a compass bearing 
between plane-table fixings. 

Shqting ofgraticules.-Owing to the recent Great Trigonometrical .tri- 
angulation on which the topographical survey of Upper Burma is based, it is found 
that, where the revenue maps are based on the Latitude and Longitude of old 
topographical stations, the whole of the revenue work requires to be shifted in 
Latitude and Longitude to make it agree with the new positions of these old 
topographical stations. For instance, the coordinates of Kyaukse h. s,, which 
was the originof old revenue traverses in h a t  part of Upper Burma, being a 
station of the old topographical survey executed before the completion of the 
Great Trigonometrical series, are X 2 1"-36'- 10-65" L 96"- 1 1 f-23.5 1 ; 
and the new values of the same station deduced from the Great Trigonometri. 
cal triangulation are X 21"-36'-5'89" L 96"- 1 1'- 12'8gW, which shewS a 
difference of 4'76" in A and 0.61" in L. This necessitates a shift of the entire 
revenue work based on the old value of Kyaukse h. s. It  is found that the 



general shift is about the same. From this it was decided to check the position 
of the revenue work on each plane-table a s  the survey was taken up, and, where 
found out of position, a new graticule was drawn, and the triangulation stations 
and points re-plotted. It has been found that the revenue work in Kyaukse and 
part of Meiktila district required shifting ; but in Yamethin, where the revenue 
traverses were based on Great Trigonometrical triangulation no shifting of the 
work was required. 

Actual method of working.-The actual method of survey is as follows :- 
Ferrotype prints of reductions to I-inch of the revenue maps were obtained 

and various methods of using them for actual working on in the field were tried , 
but owing to the fact that they were printed on separate pieces of paper and 
afterwards joined up to form standard sheets, they had some contracted in one 
way and some in another, so that when the triangulation points were plotted 
fixings did not come near the proper point on the blue print, and errors innumer- 
able were introduced. Then it was tried to paste down the revenue reductions 
on a plane-table, and afterwards plot the triangulation points, but this was found 
unsuitable owing to the fact that the bank post paper expandcd on being wetted 
and refused subsequently to contract, in spite of a hot iron and other methods 
being used to induce it to do so. Finally it was decided that the only way was 
t o  transfer the whole of the work 'taken from the revenue rkduction in blue to 
the plane-table. 

Clinometer.-Owing to the slight difference of the relative heights of the 
ground the utmost care had to be taken to see that the clinometersin possession 
of the sub-surveyors were in perfect adjustment, before they left the field base, 
and they were tested a t  intervals throughout the field season by the section 
officers. 

Confouring scale.-A contouring scale was issued to each sub-surveyor with 
a graphic refraction and curvature scale added, calculated for mean refraction ; 
this saved time in consulting tables which are liable to be lost in the field. As 
an extra precaution this graphic scale was also plotted on the edge of the plane 
tables. 

Height computations.-A new form of height computation was introduced ; 
this avoided to a certain extent algebraical adding and subtracting which have 
given great difficulty among sub-surveyors hitherto. Great care was taken 
both by the officer in charge and his assistants to see that the clinometer height 
computations were thoroughly understood by members of the party. 

Sub-surveyors were ordered to take up the revision of each 5 minute section 
in succession. This was found impossible in a few isolated cases owing to the 
absence of con~munications between the various portions of the ground under 
revision, but a s  a general rule was found good as  it insured the work being 
thoroughly done. 

Sub*surveyors were ordered on arriving on their ground to visit as  many 
revenue traverse stations and village trijunctions shewn both on the ground and 
on their plane-tables as possible, and to fix their position by plane-table inter- 
polation from at least 3 (if possible) triangulated points. 

If the revenue trijunctions and traverse stations were found out of positicn 
by planetablers they had orders to report the matter a t  once to their section 
o&er before continuing the revision. 

The section officer on finding the revenue work on the surveyors plane-table 
out of position by investigation on the ground, would ascertain the general shift 



to be made in Latitude and Longitude and plot a new graticule, and the triangu- 
ation stations and points in red, on the plane-table. 

When the position of the revenue work was found correct by the plane-tabler 
he continued his survey. 

From the triangulation points plotted on the plane-tables for next season's 
revision survey it is seen that there is a general slight shift in the Magwe district, 
as  several pagodas have been refixed by the triingulator which are already shewn 
on the revenue reduction. Pagodas cannot, however, always be depended on, as  
they are generally built in groups and added to yearly. 

Again village trijunctions and revenue traverse stations might be connected 
with triangulation stations by traverse, which would obtain the shift a s  far as  
the individual traverse station was concerned ; but even if this were done on 
level ground, it would not be suitable where the ground was broken or hilly, and 
would not be so practically useful as the method in use in the party, except in 
isolated cases where interpolation is impossible and would involve computations 
in the field. 

a a * * 
F. W. PIRRIE, C A P ~ A I N ,  I.S.C. 
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