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IN the year 1839 I communicated to the Royal Society a paper (printed in the
Philosophical Transactions of that year) containing the results of examination of the
compass in two iron-built ships, and a general theory of the effect of the transient
induced magnetism of iron in disturbing the direction of the compass-needle. The
result of the theory of induced magnetism may be stated as follows.

First, I must premise, in explanation of the term * polar-magnet-deviation” which
I shall frequently have occasion to use, the following theorem on the disturbance of
the commpass by a magnetized steel bar, or one which possesses independent polar
magnetism, in no way referred to the influence of the existing terrestrial magnetism.
- Let the line CA, fig. 1, represent in magnitude and in direction the Fig, 1.
terrestrial directive force. [In the applications of the theory to
ships, the terrestrial directive force is diminished in a constant ratio
differing little from unity; and then it must be understood that CA
represents the terrestrial force so diminished.] A is understood to
be the magnetic-north end of the line. And let AB represent, in
proportional magnitude and in direction, the directive force of the
magnetized steel bar or “ polar-magnet,” B corresponding to that
end of the polar-magnet which possesses boreal magnetism. Then
the directive force which really acts on the compass-needle will be
represented in proportional magnitude aud direction by CB; and the angle ACB
will be the angle of deviation of the compass. And if the polar-magnet be turned
round in azimuth, so that the point B occupies successively different points in the
circumference of the circle, the angle of deviation will have successively the different
magnitudes and the different directions (right or left of the line CA) given by this
construction for these different circumstances. This theorem is very simply founded
on the ordinary “composition of forces,” and is abundantly proved by experiment.
The deviation ACB is what I shall call « polar-magnet-deviation.” In some cases

it is convenient to refer the azimuth of the polar-magnet to the frue magnetic meri-

dian or CA, and then the polar-magnet-deviation is given by this formula:

AB.sin BAD
tan ACB= GxAB cos BAD’

[28
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54 MR. AIRY ON THE OBSERVED DEVIATIONS OF THE COMPASS

where BAD is the ¢rue azimuth of the polar-magnet. In other cases it is convenient
to refer the azimuth of the polar-magnet to the disturbed direction of the compass-
needle or BE, and then the polar-magnet-deviation is given by this formula:

. _AB
sin ACB= ox Sin EBF,

where EBF is the apparent azimuth of the polar-magnet. In either case, the law
which connects the polar-magnet-deviation with the azimuth (true or apparent) of
the polar-magnet is what I shall call ““the law of polar-magnet-deviation.”

Secondly : the disturbing effect of the polar-magnet, whose power is represented
by AB, may be completely neutralized by attaching to the same frame (whether it
be a ship, or an experimental wood frame, &c.) which carries that polar—magnet,
another polar-magnet in the opposite position, its power and direction being repre-
sented by the line Abd. |

Thirdly: if, instead of the polar magnetism of a steel bar, the disturbing force
upon the compass be that of the transient induced magnetism in a nearly spherical
mass of soft iron possessing no permanent magnetism, placed in the same horizontal
plane as the compass; and if NOS, fig. 2, represent Fig.‘ 9.
the position taken by the needle under the action of b7,
terrestrial magnetism only; then if the mass of soft M.,z/“ N
iron be in either of the positions M,, M,, M,, M,, it N
will not disturb the needle NOS: if the mass of soft
iron be placed either in the quadrant between M, and
M, (as at M;) or in the quadrant between M, and M,
(as at M), it will make the point N deviate towards n, ; \ 5 !
and if the soft iron be placed in either of the remaining o /
quadrants (as at M, or M,) it will make the point N Me ___________ -~
deviate towards n,. The amount of deviation is pro-
portional to the sine of double the angle of azimuth of the disturbing mass, that is to
the sine of double the angle M,OM;, or M,OM,, &c. If the disturbing mass be
carried round the circle in the direction M,M,M,M,M,, the deviation of the needle
(estimated positive when the point N is moved towards the right, and negative
when towards the left) will in the four quadrants have the signs +—-+—. The
deviation following this law I shall call “ quadrantal deviation.” ,

Fourthly: the deviation produced by the mass of soft iron at M, wiil not be
corrected by placing a similar mass at M; (which, instead of correcting the deviation,
will double it), but it will be corrected by placing a similar mass either at m; or at mg,
the angles M;Om, and M,Om; being supposed to be right angles. Similarly, the
deviation produced by the mass at M; will be neutralized by a similar wass either at
m; or at mg, if the angles M;Om;, M;Om;, are right angles. Thus the ¢ quadrantal
deviation” may be corrected by attaching to the same frame (whether it be a ship,
or a wooden experimental frame, &ec.), which carries the mass that produces the
“quadrantal deviation,” another mass, at the same level as the compass but in an
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azimuth differing 90° from that of the disturbing mass. And, if it be found that
when a ship’s head is in the quadrant between N. and E., or between S. and W., the
needle deviates to the right, and the opposite way for the remaining quadrants; or
that, in respect to the quadrants of azimuth of ship’s head, the quadrantal deviation
follows the law -+ —-4— which I shall call “positive quadrantal deviation;” the
inference is that the deviation is of the same kind as would be produced by a mass
of iron at the same level as the compass, either headward or sternward of the com-
pass: and it may be neutralized by placing a mass of iron at the same level as the
compass, either on the starboard or on the port side. But if the deviation follow the
law — 4 — 4 in respect of the four quadrants of azimuth, which I shall call “ nega-
tive quadrantal deviation,” it may be neutralized by placing a mass of iron at the
same level as the compass, either headward or sternward of the compass. All these
laws I have abundantly confirmed by experiment. ‘

These being premised, the laws of the deviation of the compass produced by the
transient induced magnetism of a ship, as shown by swinging the ship round in
a given locality, will (according to the theory to which 1 have referred) be as fol-
lows :—

(1). There will be a force, similar to the force of a polar-magnet, and producing
a polar-magnet-deviation. In northern magnetic latitudes, the nature of the effect
will usually be the same as if the boreal magnetism were towards the ship’s head: in
southern magnetic latitudes, it will be usually the same as if the austral magnetism
were towards the ship’s head. The absolute magnitude of the polar-magnet-force
will be a multiple of the vertical terrestrial magnetism ; the proportion which it
bears to the terrestrial directive force, which is the proportion of AB to AC in fig. 1
(supposing no other polar-magnet-force to act), will be a multiple of the tangent of
dip, without regard to the absolute force.

(2). There will be a quadrantal deviation ; and this deviation will be the same in
all magnetic latitudes, and whatever be the magnitude of the earth’s magnetic force.
It will usually be a positive quadrantal deviation.

These are the disturbances that are produced by transient induced magnetism only.
But if the iron that enters into the composition of a ship possess independent polar
magnetism similar to that of a magnetized steel bar (i. e. not depending on the ter-
restrial magnetism at the present moment for its existence; and not changing its
amount or quality or direction in regard to the ship’s keel, while the ship is swung
round in different positions), which from the slowness of its changes, though pro-
bably more variable than that of a steel bar, I propose to call ““subpermanent mag-
netism;” it will be necessary for us to consider how the expression for the effects
of this subpermanent magnetism can be most easily combined with those for the
induced transient magnetism.' It is readily seen that the polar-magnet-force of sub-
permanent magnetism must be combined with the polar-magnet-force of induced
transient magnetism ; and that, at a given locality, they cannot be separated. In
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fig. 3, let SH represent the magnitude and direction of the polar-magnet-force of
induced magnetism, directed from the ship’s stern to her head (this diagram having

no relation to the direction of terrestrial magnetism), and let HP Fig. 3
represent the magnitude and direction of the subpermanent mag- , .
netism, which, inasmuch as its direction is invariable with respect )

resulting from the composition of these two will be represented in
magnitude and direction by SP, which is invariable in magnitude,
and inclined at a constant angle to SH. And this force will appear,
in the phenomena of compass-disturbance at any one locality, as a
whole, and cannot immediately be separated into the two parts SH 4
and HP.

All that can be done is this. At a given locality we can find the direction of SP
with regard to the ship’s keel, if, by methods to be explained below, we can find the
‘“neutral position of the ship in reference to the polar-magnet-force,” or (which is
the same thing) the azimuth of the ship’s head, or of the line SH, when the polar-
magnet-deviation vanishes, or when the line SP coincides with the magnetic meridian.
And we can find the magnitude of SP by methods to be explained below. Therefore
we can find SQ and QP. And if we assume HQ to be constant, and SH proportional
to the earth’s vertical magnetic force at the given locality, we shall be able, by com-
parison of the results at different localities where the vertical force has different
magnitudes, to discover the value of SH at each place and the value of HQ. The
value of QP however requires no combination of results found at different places, and
is not liable to any uncertainty. :

But without at present insisting on this separation of the subpermanent magnetism
from the polar-magnet-force of induced magnetism, we can lay down the following

to the ship, is inclined at'a constant angle to SH: then the force /

H

rule :—

(3). The whole disturbance of the compass, whether the ship be wood-built or iron-
built, will be represented by the sum of the effects of two forces, which separately
would produce these two disturbances: one, a polar-magnet-deviation whose neutral
point may be in any direction; the other, a quadrantal deviation, which may be
expected to be a positive quadrantal deviation, following the law of signs + — 4 —
as depending on the quadrants of azimuth of the ship’s head. And the whole
disturbance will be very nearly (but not exactly) the algebraic sum of these two
disturbances : the slight departure from that law will be the subject of examination
below.

The practical problem, then, of analysing a given series of compass-deviations, is
reduced to the dividing of them into two parts, of which one follows the law of polar-
magnet-deviation, and the other follows the law of quadrantal deviation, subject to
the trifling correction to which I have just alluded. v

In the experiments with the ‘Rainbow’ and ‘Ironsides’ (which are treated in my
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paper in the Philosophical Transactions, 1839), I was guided by experiments on hori-
zontal intensity as determined by vibrations; but even then I found the computa-
tion of polar-magnet-deviation so troublesome, that I executed the calculations by
graphical construction. But in other cases, where there is no determination of hori-
zontal intensity, the computation of polar-magnet-deviation would be very much
more troublesome. This consideration, together with the paucity of instances in
which a comparison of the ship’s magnetism in different localities was possible, pre-
vented me from entering further into the numerical calculations of ships’ magnetism.
But having lately received from Captain WasnineToN, R.N., Hydrographer to the
Admiralty, the records of observations in several ships, which I desired to treat
numerically ; I remarked that the trouble of calculation might be much diminished,
and the process might be made perfectly direct and definitive, by the previous prepa-
ration of a Table of Polar-Magnet-Deviation; and I proceeded therefore at once to
compute the Table which is appended to this paper. Of this Table I will now give a
short description.

The table is a Table of double-entry. One of the arguments is the “ Modulus,”
which is the same as the proportion of AB to AC in fig. 1. It is given to every
*01 from 00 to ‘80. The other argument is the “ Apparent Azimuth of the Ship’s
Head from the Neutral Position,” which is the same as the “apparent azimuth of the
polar magnet” or “azimuth of the polar magnet as measured from the disturbed
position of the compass-needle,” or the angle EBF in fig. 1. This is used as the
argument of the Table, because, in the examination of the disturbance of ships’ com-
passes, it is usually most convenient to fix the ship in position by means of its own
compass; and in fact all the observations supplied to me have been made in positions
of the ship so determined. As the observations of deviation of ships’ compasses are
usually made from “ point” to “point” of azimuth, the division of the circle here
employed is that by points and decimals of a point. The Table is carried to 8 points
only, as the polar-magnet-deviations from 8 to 16 points are the same in reversed
order; and those from 16 to 32 points are the same as those from 0 to 16 points with
change of sign. At the bottom of each column is the “Mean of all the Polar-Magnet-
Deviations for each value of the Modulus,” which is necessary for enabling us to deter-
mine the value of the modulus in any given case.

In ascertaining, from a given series of observed compass-deviations, the neutral
position and modulus to be used in the application of this Table, it will be necessary
to recognize the existence of a deviation following very nearly the law of quadrantal
deviation, and the given numbers must therefore be so combined that quadrantal
deviation will be ¢pso facto eliminated. This will be done by so arranging the pro-
cess that the numbers for a whole semicircle of apparent azimuth will be added
together algebraically. This being understood, we may now proceed with advan-
tage to investigate the nature of the terms produced by combining the effects of the
polar-magnet-force and the quadrantal force.

MDCCCLVI. ' 1
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Use the notation of the paper of 1839, as far as it goes, and use also the following
notation :—

In fig. 1, let CA represent the terrestrial horizontal force multiplied by (1—M), M
being a constant peculiar to each ship.

@ the modulus, or the proportion of AB to CA. It will be remarked that SP in
fig. 3 is the representative of AB in fig. 1.

e the angle QSP, fig. 3, or the starboard angle made by the compound polar-
magnet-force with the ship’s keel.

A the true eastern azimuth of the ship’s head.

A’ the eastern azimuth of the ship’s head as referred to the needle disturbed by
polar-magnet-force only.

A" the eastern azimuth of the ship’s head as referred to the needle disturbed by
polar-magnet-force and quadrantal force.

A —I-—w}

the corresponding azimuths of the compound polar-magnet-force. A« is

!
A e the same as the angle BAD in fig. 1.

At

A' the compass-deviation to the east produced by polar-magnet-force only =A—A'
=(A+a)—(A'+«).

A" the additional deviation produced by the quadrantal force =A'—A"=(A'+«)
—(A"4a).

And the following double equation is accurate :—

sin A!

sinA+ea )
V' {1+4+2ucos A+a+p2}

=sin A'Fo=

Then, neglecting MP only, the formulee in the paper of 1839 give—

Whole force to north =I.cosd.(1—M).(14u.cos A4wx-P.cos 2A)
Whole force to east =I.cosd.(1—M).(w.sin A+a-+P.sin2A),

w.sin A+ a+P.sin 2A

| U —I‘_II‘— )
Therefore tan A’ A T 14p.cos At a+P.cos2A
But tanArz_i‘_sEl_éii‘_..
14+p.cosA+a

Therefore, retaining the complete multiplier of the first power of P, but no higher
powers of P,
P.sin2A + pP.sinA —a

tan A= i
14 2p.cos A +a+p?

- This quantity, however, is not that which we shall have occasion to use, for the
following reason. The polar-magnet-deviation which we shall take out from the
Table is taken for an argument which is referred to the position of the 'compass-
needle as disturbed by all causes; it is therefore taken out, not for argument
A'+e (which would give us A exactly), but for argument A"+«. Let the quantity
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thus taken from the Table be called A, and the correction required be called A,
Then A+A,=A'4+A"; and

A=(A=A)+A"=p(sinA'+a—sin A"+a)+ A" nearly

=u(sin A" F o+ A" —sin AT+a)+ A"=A"(1+p.cos A"+x) nearly.
If in the computation of this small quantity we reject powers of w following the first,
A,=(1—p.cosA"+«).P.(sin 2A+p.sin A—a).
But sin 2A=sin 2A"+-2u.cos 2A".sin A"« nearly.
After all reductions, A”#P.sin 2A"+uP.cos 2A" . sin m

The first term of this expression is in the very convenient form of a quadrantal
term referred to the apparent azimuth of the ship’s head. The general influence
of the second term is, that it produces no effect on the maxima of the quadrantal
terms, that it slightly increases the polar-magnet-deviation when A"=0 or 180° and
slightly diminishes it when A”"=90° or 270°; and this will be practically a sufficient
description of its characteristic effects.

But as, in the aggregate of numbers, small terms become sensible which are scarcely
sensible in the individual numbers, it will be desirable to ascertain the effect of this
on a semicircular group. Combine the term wP.cos 2A".sin A"+« with the approxi-

mate polar-magnet-deviation w.sin A"+«, and integrate from A" —|—u——0 to A'to==:

the result is 2@(1—% cos 2a>. Without the small term we should have obtained 2.
Hence it appears that the vesult for modulus found from semicircular groups, which
may be called the “ Approximate Modulus,” must be multiplied by 1—|—§P cos 2e in

order toobtain the “True Modulus.” Again, conceive the *“approximate starboard
angle made by the compound polar-magnet-force with the ship’s keel” to be «4-0:

then a semicircular sum from A”+a+‘8=g to A”+a+ﬁ=—g ought to vanish; the
integral between these limits, omitting PG and @3, is 2{sm ﬁ—gp- sin 2w}; hence

2P . ' . . .
=-3-sin2«; and this quantity must be subtracted from the “ Approximate Starboard

Angle,” or a0, in order to obtain the “True Starboard Angle,” or «.
Thus it appears that, in the column of Tabular Polar-Magnet-Deviations, we are
not comparing the tabular deviation due to the modulus w and the starboard angle «,

P 2P .
but that due to the modulus {,a(l —3 Cos 2aa> and starboard angle ¢+ =~ sin 24 ; and
therefore our residual numbers ought to represent |
po.sinA”+oa+P.si‘n2A"+paP.cos2A”.sinA”+os-y,.(1—1-33008204).sin(A”+u'+—23I—)sin2a).
12 |
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Expanding the last term, this quantity becomes, after all reductions,
P.sin 2A"+poP< sin 3A"+¢z-—~1— sin A”+3w>

It will scarcely be necessary to tabulate the small terms ; an estimate of their general
effect can very well be formed in the mind.

The entire process will therefore be the following :—

1. For the nautical terms N., N.b.E., N.N.E., &c., use the numeral reckoning of
points 0, 1, 2, &c., as far as 31, which will correspond to N.b.W. And for deviation E
and deviation W, use the algebraical signs deviation 4 and deviation —. It will
always be convenient to place the - deviations and the — deviations in separate
columns.

2. Clear the deviations of constant error by adding together all the 4 deviations,
adding together all the — deviations, combining them algebraically, taking the mean
of the sum, and applying this mean with sign changed to every deviation. The
deviations thus corrected will be the base of all the following operations.

3. In writing down, in columns, the corrected deviations, repeat those from 0 to 15
points, in sequence to those from 0 to 31 points; so that the Table contains forty-eight
lines.

4. A conjecture will easily be formed as to the approximate value of the azimuth
for the “neutral position :” and then two or three neighbouring half-points are to be
adopted for trial. Thus, if the azimuth for neutral position appears to be near
3P or 4P, the positions to be tried may be 2p'5, 3¢5, 4P5,

5. The trial of these azimuths will be effected by dividing the series of observed
deviations, not at these azimuths, but at azimuths distant from them 8 points on each
side. Thus, to make trial of the assumption 2?5, the observed deviations are to be
divided at 26?'5 and 10*5. And the criterion will be given by adding algebraically
all the deviations from 27? to 10P, both included ; a little accuracy will be gained if
we also add in a separate sum all the deviations from 11P to 26P, both included, and
subtract this sum from the former. It will be remarked that the quadrantal devia-
tion is here eliminated. ,

6. If our assumption 275 for the neatral position were strictly correct, the sum or
difference of sums found in the manner just stated would =0. As this usually will
not prove to be true, we must try the next assumption 35 in like manner. The
comparison of the sums or differences of sums will give the correction to be applied
to 2*5 with very great accuracy. The azimuth thus determined is strictly an
“approximate neutral position,” and its supplement to 32P is the “approximate
starboard angle.”

7. The applo‘umate neutral position being thus determined, the observed deviations
are to be divided into two groups, one division being at the interval in which the
neutral position falls, the other at the interval distant from it by 16°. The algebraic
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sums of the deviations in the two groups are to be taken: one is to be subtracted
from the other, and the remainder is to be divided by 32. The quotient is the mean
deviation. Thisis to be compared with the Means of Polar-Magnet-Deviations at the
foot of the columns of the Table. Two adjacent Tabular Means being found, one
greater and one less than the mean deviation just obtained, and the values of modulus
corresponding to those two tabular means being noted, there is no difficulty in find-
ing by interpolation the value of modulus corresponding to the mean deviation just
obtained. This is the * Approximate Modulus.”

8. By use of the approximate neutral position, the angle of apparent azimuth from-
the neutral position will be formed for every observation. Using this as the argu-
ment of Azimuth in the Table, the Polar-Magnet-Deviation is to be taken out for
every observation with two tabular values of Modulus, one greater and one less than
the approximate modulus just found. Between these, the Polar-Magnet-Deviation
will be interpolated for the approximate modulus; and thus the Tabular Polar-
Magnet-Deviation corresponding to the Approximate Modulus will be obtained for
every observation.

9. Subtracting this Tabular Polar-Magnet-Deviation algebraically from the Observed
Deviation, the residual quantity will consist of Quadrantal Deviation, of the small cor-
rection A, and of errors of observation. Neglecting the two last mentioned, a pretty
accurate estimate of the coefficient of quadrantal deviation may be got by omitting
the values for OP, 80, 16P, 24P, and dividing the sum of each group of seven numbers
by 5; the quotient will be the coefficient, or the Quadrantal Deviation for 4P, 12°, 20P,
28, The conversion of this coefficient into abstract number (radius =1) gives the
numerical coeflicient P.

10. The angle 3 X coefficient of quadrantal deviation X sine of twice the approxi-

mate starboard angle is to be subtracted from the approximate starboard angle to
give the “True Starboard Angle.” And theapproximate modulus is to be multiplied by

P . . . . ”»
143X cosine of twice the approximate starboard angle to give the “True Modulus.

11. The Headward Modulus = True Modulus X cosine True Starboard Angle ; and
the Starboard Modulus =True Modulus X sineTrue Starboard Angle. Asthe modulus
is the proportion of the disturbing force to the terrestrial horizontal force (slightly
diminished everywhere in the same proportion), we must, for the exhibition of the
absolute values of the disturbing forces, multiply these quantities by the terrestrial
horizontal force. Then (referring to the statements at the commencement of this
paper for the vesults of theory) we shall have,

Headward Modulus X Terrestrial Horizontal Force==H 4N x Terrestrial Vertical Force,
Starboard Modulus X Terrestrial Horizontal Force=S,

where H and S are the forces of the ship’s subpermanent magnetism in the head-
ward and starboard directions; and N is a constant peculiar to the ship, depending
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on the arrangement of the mass of iron, and having relation only to the ship’s
capacity for induced magnetism, but in no way related to terrestrial magnetism.

If we ean reconcile the observations made in the same ship at various localities by
making H and S constant, then the subpermanent magnetism is truly permanent.
In any case, N must be constant for the same ship.

Perhaps the process of obtaining the various elements of a ship’s magnetism will
be rendered a little more intelligible by exhibiting‘the work in a single instance.

Iron-Steamer “Trident,” examined at Greenhithe, 1852, September.

1. Deviations as registered, substituting only the0, 1, 2, 8, &c. points for N., N.b.E.,
N.N.E,, N.Eb.N., &c., and the signs 4+ and — for E. and W.

Apparent Deviation. Apparent Deviation.
azimuth azimuth
of ship’s |~ - of ship’s
head. + ‘ - head. =+ -
p o o p s o 7
0 2 55 16 2 30
1 3 40 17 0 0
2 915 18 2 30
3 12 32 19 5 50
4 15 50 20 9 10
5 17 40 21 11 52
6 19 30 22 14 35
7 19 & 23 16 47
8 18 40 24 19 0
9 17 15 25 20 22
10 15 50 26 21 45
11 14 10 27 22 10
12 12 30 28 20 0
13 11 30 | 29 16 30
14 9 20 30 13 0
15 5 55 31 7 32

The sum of the -+ deviations is 4205° 12'; the sum of the — deviations is —203°58';
the algebraical sum of all is 4-1° 14'; which implies a mean error of 4+0°2'. Applying
the correction —0°2' to every deviation, the next table is formed.
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2 & 3. Deviations as corrected for constant error,

63

| Apparent Deviation. Apparent Deviation.
1 azimuth azimuth
of ship’s of ship’s
head. + - head. | -
P ) ‘ o / Y ’ ) /
0 2 57 24 19 2
1 3 38 25 20 24
2 9 13 26 21 47
3 12 30 27 22 12
4 15 48 28 20 2
5 17 38 29 16 82
6 19 28 30 13 2
7 19 3 31 7 34
8 18 38 0 2 57
9 17 13 1 3 38
10 15 48 2 9 13
11 14 8 3 12 30
12 12 28 4 15 48
13 11 28 5 17 38
14 918 6 19 28
15 5 53 7 19 3
16 2 28 8 18 38
17 0 2 9 17 13
18 2 32 10 15 48
19 5 52 11 14 B8
20 912 ¢ 12 ¢ 12 28
21 1 11 54 13 11 28
| 22 1437 || 14 | 918
] 23 1 16 49 15 ] b5 53

4, The neutral position appears to be somewhere near 1?, and therefore trial may
be made with the two assumptions 0?5 and 1P5.
5. For trial 05, the sums must be taken from 9P to 24P, and from 25P to 8P.

Sum from 9 to 24=- 88 44— 80 0=+ 8§ 44
Sum from 25 to 8=-115 56—124 30=— 8 34
Excess of the first . 417 18

For trial 175, the sums must be taken from 10P to 25P, and from 26P to 9P.

Sum from 10 to 25=- 71 31—100 24=—28 53
Sum from 26 to 9=-4133 9—104 6=+429 3.
Excess of the first . —57 56

6. A change of 1P in the assumption has changed the *excess” from -17° 18’ to

—57° 56/, or has changed it by 75° 14'. Hence, the assumption which would make
i

the “ Excess” =0 is OP'5+1PX;—Z<—,—}%=—OP‘5+ 1P % 0°23=0P540P23=0P'73. This is

the “approximate neutral position”; and its supplement or 31?27 is the *approxi-

mate starboard angle,” or the approximate value of a.

7. The neutral position being 0P73, the observed deviations which are to be
grouped for ascertaining the approximate modulus are those from 1P to 16° in one
part, and those from 17P to OP in the other part. The sums are respectively
+204° 40' and —204° 30'; the excess of the first is 409° 10'; dividing by 32, the
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quotient is 12°47'. On examining the ““ Mean of Polar-Magnet-Deviations ” at the
foot of the columns of the Table, it is found that the Mean corresponding to Modulus
034 is 12° 35', and that corresponding to Modulus 0'35 is 12° 58'. Hence the
Modulus for mean 12° 47' is 0'3452.

8 & 9. The neutral position being 0773, the ¢ Apparent Inclination from Neutral
Position ” for azimuth of ship’s head 0P will be 31727 ; and so for the others. Then
two series of numbers are interpolated from the Table of Polar-Magnet-Deviations
for the fractional parts of the points; one for Modulus 0'34, and the other for
Modulus 035. Between the pairs of corresponding numbers thus found, a third
interpolation is made for the fractional part of the Modulus, to 0:3452 ; and thus are
obtained the Tabular Polar-Magnet-Deviations required. Subtracting these from

a‘:f:ﬁﬁn;f iﬁ&?ggz)‘; Tabular polar-magnet-deviation. f(;(rcrzscstgé Onefifth of
) from quadrantal
ship's neutral | Modulus | Modulus | Modulus (f bserved group.
head. | osition. | 034, 035, | 03452, | deviation.
P 1% o 4 o _¢ o ¢ o 7
0 3127 |— 247|— 252|— 2 50((—0 7)
1 027 |+ 1 2+ 1 4|+ 1 3| +235
2 127 |+ 4 49|+ 4 57|+ 4 53] +4 20
3 227 |+ 8 26|+ 8 40|+ 8 33| +3 57 .
4 327 | +11 45| 412 6| +11 56| +3 52 | +3 57
5 427 | +14 38| +15 5|+14 52| +2 46
6 527 | +16 59| +4+17 31| +17 16| 42 12
7 627 | 4+18 42| +19 16| +19 0| 4+0 3
8 727 | +19 40| +20 16| +19 59 |(—1 21)
9 827 | +19 51| 420 27| +20 10} —2 57
10 927 | +19 14| +19 50| 419 33| —3 45
11 10027 | +17 52| +18 24| +18 9| —4 1
12 11-.27 | +15 48| 416 16|+16 3| —3 35 | —3 33
13 1227 |+13 9| +13 32| +13 21| —1 53
14 1327 | +10 0| +10 18} 410 9| —0 51
15 1427 |+ 6314+ 6 42|+ 6 37| —0 44
16 1527 |+ 2 47|+ 2 52|+ 2 50|(—0 22)
17 1627 |—1 2|—1 4|—1 3| +1 1
18 1727 | — 4 49| — 4 57| — 4 53| +2 21
19 1827 | — 8 26| — 8 40| — 8 33| +2 41
20 1927 | —11 45| —12 6| —11 56| +2 44| +3 19
21 2027 |—14 38| —15 5| —14 52| +2 58
22 21-27 | —16 59| —17 31| —17 16| +2 39
23 2227 | —18 42| —19 16| —19 0| +2 11
24 2327 | —19 40| —20 16| —19 59 |(+0 57)
25 2427 | —19 51| —20 27| —20 10| —0 14
26 2527 | —19 14| —19 50| —19 33| —2 14
27 2627 | —17 52| —18 24| —18 9| —4 3
28 2727 | —15 48| —16 16| —16 3| —3 59 | —3 30
29 2827 | —13 9| —13 32| —13 21| —3 11
30 2927 |—10 0| —10 18} —10 9| —2 53
31 3027 | — 6 31| — 6 42| — 6 37| —0 57

the corrected observed deviations, we have the excess, which clearly follows with
considerable accuracy, a Positive Quadrantal law, perhaps slightly disturbed by the
residual small terms in the manner explained above. Its Mean Coefficient is 4-3° 35
or 073185, whose equivalent in abstract number is 4-0'0626=P.

10. From these numbers, > quadrantal coefficient X sine of twice approximate
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starboard angle = —0P-06 ; which subtracted from approximate starboard angle gives
. P : : .
True Starboard Angle =31P33. And 3 X cosine of twice approximate starboard

angle =0°020: adding this to unity and multiplying the Approximate Modulus, we
have the True Modulus =0°352. '

11. Expressing the magnitude of the terrestrial magnetic force in the manner
introduced by Gauss for Absolute Measure, and adopting the English foot and English
grain as the units of length and weight, the measure of terrestrial horizontal force at
Greenhithe is 3'79, and that of terrestrial vertical force is 9'66. Forming the quan-
tities “ True Modulus X cosine True Starboard Angle x Terrestrial Horizontal
Force,” and “ True Modulus X sine True Starboard Angle X Terrestrial Horizontal
Force,” we have for the ¢ Trident’ at Greenhithe in 1852,

+13756=H+N x 9'663

—0'182=S;
and these results, with that just obtained for the Coefficient of Quadrantal Deviation,
are the most advanced that can be obtained from the deviations of the compass in
the ¢ Trident’ observed at Greenhithe only.

I shall now exhibit, in a tabular form, the results of the twenty-nine series of devi-
ations which have reached me. Nos. 1 to 13 are extracted from the work of the late
Captain Jounson, R.N., “On the Deviations of the Compass.” The signs of the
compass-deviations of the ¢ Erebus’ at St. Helena are changed, on the authority of
Colonel SaBing, as conveyed to me by ArcHiBaLp SmiTH, Esq. Nos. 14 to 29 have
been communicated to me by Captain WasuiNnegTon, R.N., Hydrographer to the
Admiralty. ’ ‘ '

It must be remarked that the first column, in every case, is the registered deviation
as given by the observer (a few numbers in brackets being supplied by interpolation),
and not the deviation as cleared of mean error or index error. In some cases this
mean error is large (thus with the ¢ Simoom’ at Simon’s Town it amounts to 1° 47'),
and here it greatly modifies the true deviation, and even causes the original deviation
to appear less on some points than the residual error. 'The residual error is formed
by computing the polar-magnet-deviation from the approximate elements at the top
of the Table, and subtracting it from the deviation corrected for constant mean error
only; it therefore contains the quadrantal deviation, the small terms produced by
combination of polar-magnet-deviation with quadrantal deviation, and the accidental
errors of observation. The coefficients of quadrantal deviation below are formed by
omitting the residual errors for OP, 8P, 16P, 24P, and taking one-fifth part of the sums
of the residual errors in the groups between them ; and the mean coefficient is formed
by changing the signs of the second and fourth coefficients of quadrantal deviation,
and taking one-fourth of the algebraical sum. The true elements are formed by
correcting the approximate elements in the manner just explained.
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MR. AIRY ON THE OBSERVED DEVIATIONS OF THE COMPASS

NOu veeveeeeeeeeee e eeneenns 1. . 2. 3. 4.
Ship’s name ..........coeeee. Erebus.
Place of observation ......... Gillingham. ’ Porto Praya. St. Helena. Cape of Good Hope.
Time of observation ......... ’
Index correction ............ +0° 16’ [ —0° 24/ 0° o +0° 19/
Approximate modulus ...... 069 -033 008 020
Approx. starboard angle 0740 ) 0793 1°-88 14798
» Observ@d Observed Observed Observed
. deviation | Residual | deviation | Residual | deviation | Residual | deviation | Residual
uncor- error. uncor- €error. uncor- exror. uncor- €error.
rected. rected. rected. rected.
P o 4 o ’ a /7 o / 3 / (3 / o / o 3
0 e, —0 6 ((—0 9) +0 56 |(+011)] +0 4 |(—0 6) —0 24 (—0 18)
) B +0 49 0 0| +117| +011 | +016| 4+0 1| —024| —0 6
|22 +139 | 4+0 6| +1 53| +027 | +028| 4+010! —0 1! +0 31
S +216 | 4+0 5| +212| +029 | +051 | +0 29| —0 11 | +0 34
4 ......... +259 | +014 | +2 10| +0 14 | +1 10| +0 46| —0 22 | +0 35
5 iiiinnn. +318| +0 7| +230| +0 23| 4048 | +0 23| —0 31 | 40 37
6 eenennn +346 | +0 17 | +2 47| +0 34 | +0 57 | 40 31 | —0 51 | +0 25
Y/ VT +453| +1 13| 4+240| +024 | 40 55| 4029 | —1 2| +0 21
. 8 evrreens +3 42 [(+0 1) +1 56 [(—0 18)] +0 32 [(+0 7)| —1 15 [(+0 12)
= [ U +317| —016 | +1 44| —025| +013| —0 9| —1 34| —0 6
2 10 ....eeee +250| —025 | +118| —0 40| —0 5| —0 24| —1 43| —0 16
» 11 ......... +221 | —-030| +1 25| 4+0 5| —020| —035| —2 1| —0 38
R=y 12 vneen +153| —-02 | +1 9| —019| —0 20| —0 31| —1 53 | —0 37
a 13 o +123| —017 | +025| —0 44| —~0 25| —0 31 | —1 41 | —0 33
b 14 ......... +0 48| —010 | +0 42| —0 5| —030| —0 31| —1 26| —0 29
o b, 15 oeenie ‘4019 | +0 7| +032| +0 6| —0 24| —0 19| —1 14 | —0 29
S | (O —0 28 |(+0 7)] +0 39 |(+0 36)] —0 28 [(—0 18)] —0 39 |(—0 7)
g 17 v —052| +029| —010| +0 8| —0 8| +0 7| —016| +0 4
< 18 ......... —134|+031|+4+0 2| +040| —0 1| +017| 40 2| 4+0 8
k] 19 ......... —2 8| +035| —0 9| +046 | +0 14| 40 36| 40 40 | 4+0 33
2 20 ......... —245 | +032 | —026| +042 | +0 4| +0 28| 40 52| 40 33|
8, 21 iieenn. —324| +019| —1 34| —015| +0 8| +033| +1 6| +0 36
& 22 evenn... —4 3| —0 2| —124| +0 1| 4+0 9| +035]| +1 5| +0 27
22 N —4 40| —028 | —149 | —021 | —0 12| +0 14| +1 14 | 40 29
7 —419 |[(=0 6) —133((—0 7) —0 32 |(—0 7) +1 9 |(+0 20)
25 v —4 9| —0 4| —115| 40 6| —029| —0 7| +051| 40 1
26 ......... —351|—0 4| -1 5| +0 5| —-025| —0 6| +033 | —0 16
27 verinnnn —328| —0 5| —125| —053| —1 3| —0 48| +0 15| —0 30
28 .ienee. -3 3| —-012| —115| —-035 | —040 | —0 29| +0 3| —0 35
29 ieenn —230 | —-018| —-052| —031 | —033 | —027| —0 2| —0 32
30 ......... —2 1| —031 | —-020 | —021 | —027| —026| —0 10 | —0 29
L 31 ... —112| —028 | —027| —049| —0 2| —0 7| —016 | —0 23
40 24 +0 32 +0 34 +0 35
. —0 23 —0 24 —0 36 —0 38
1 3 ...
Quadrantal coefficients 40 23 40 20 40 34 40 34
-0 20 —0 36 —0 30 —0 33
Mean quadrantal coefficient +0 23 +0 28 +0 34 +0 35
True modulus ............... ‘069 033 008 020
True starboard angle......... 0°-40 0°-92 17:86 1499
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Nou it iiiiiiiieiiieiiieiieens 5. 6. 7. 8.
Ship’s name Erebus. Bloodhound.
Place of observation ......... ‘ Kerguelen’s Land. ‘ Plymouth. ‘ Constantinople. Pirseus.
Time of observation ......... 1845. " 1846.
Index correction 0° 0 —0° 27' —0° 6/ —0° 9
Approximate modulus ...... 067 259 *185 *161
Approx. starboard angle . 15%81 31715 30791 30770
Observed Observed Observed Observed
deviation | Residual || deviation | Residual | deviation | Residual | deviation | Residual
uncor- error. uncor- error. uncor- error. uncor- error.
rected. rected. rected. rected.
P o 7/ o o / o o 7/ o / [} / o A
(0 +0 8 0 0)f—T1 0[(+1 — 420 (—210)|— 1 45 /(+0 26)
1 —022| +0 15|+ 3 20| +226 |+ 0 20| +026 |+ 015 +0 39
2 —1 1] 402060 ||+ 715 +3 28 |+ 4 0 +2 1|+ 2 55| +1 30
O —131| +0 31 | +10 50| +4 18 |+ 7 O +83 1 |+ 7 15| +4 4
4 ... —2 91 4029 | +1320| +4 15|+ 9 0| +43 9 |+ 8 35| +3 46
L TN —2 13| 40 & +14 40| +3 22 |+10 20| +2 50 | +10 20| +4 3
6 .nnnnn —3 1| 4030 | +15 0| +1 53 |+11 20| +2 29 |+11 O] +3 30
T oveeinnnnn —331| +0 14 || +15 0| +0 33 |+11 50| +1 55 |+ 9 55| +1 26
8 treerrn. —3 48 (40 +14 0|(—1 14)| +12 50 (+2 17)| + 9 15((+0 9)
-g: 9 tiivnienn —3 53| —0 +13 20| —2 +10 30| —0 17 |+ 8 5| —1 17
> 10 ......... —412| —0 35| +11 50| —3 13|+ 9 0| —139 |+ 6 35| —2 44
’2 11 ......... —3 51| —0 33| +1020| —3 47|+ 6 50| —3 13 |+ 5 35| —3 19
g 12 .oiees —320| —0301||+ 92| —317 |+ 530 —335 |+ 4 15| —3 52
4 13 oo, —250| —0 34|+ 750 —250 |+ 3 0 —447 |+ 3 15| —3 48
‘s 14 ......... —2 4| —028 |+ 620 —2 + 250 —3 20 |+ 2 55| —2 48
= 15 .oiieen —110| —0 16|+ 4 20| —1 23 |+ 2 40| —1 41 |+ 2 35| —1 35
B N 16 ... —0 21 [(—0 13)| -+ 2 40|(—0 14)[+ 2 20[(—0 2) + 2 45/(+0 16)
8 17 ceene.n. +0 44 | 40 + 12| +120 |+ 130 4112 |4+ 1 15| +0 33
.S 18 ......... +1 83| +032)|— 050 +2 4+ 040 +2 27 |+ 1 25| +2 32
] 19 ......... +233| +031 || — 240 +2 58| — 010 +3 37 |+ 1 35| 44 28
=1 20 ......... +323 | +045||— 520 +251 |— 240 +259 |— 0 5| +4 26
& 122 +346 | 4039 || — 710 +314|— 4 0| +3 18 |— 155 4+4 4
<4 22 ieieinnn +4 5| +034|— 950, +223 | — 6 0 +239 |— 3 45| +3 27
28 .. +356 | 4011 | —1110; +223 |— 730 +213 |— 7 5| +1 6
24 v +3 40 [(—0 11)] —13 0 (41 20)[ =10 0[(+0 21)|— 9 5|(—0 17)
25 eiiinnes +335| —0 14 || —15 50| —1 18 | —11 20| —0 45 | —11 45| —2 41
26 .ovou.... +311 | —026 | —16 40| —2 31 |—12 30, —2 3 |—13 5| —4 4
27 einnn +2 37| —0 41 || —16 40| —3 27 | —11 20| —1 29 | —12 25| —3 49
2. +2 1| —0 49 || —15 30| —3 47 | —12 30| —3 37 |—10 45| —2 56
29 veiienn +2 7| —0 —13 30| —3 44 |—11 0] —3 25 |— 9 30| —2 45
30 ......... +1 9| —027 | —1120 —353|— 830] —232|— 8 45| —3 20
\_31 ......... +02 | —028|| —6 0{ —111|— 620 —211|—5 0 —1 8
( +6 39 +4 3 +3 10 +3 48
. —0 36 —3 43 —3 42 —3 53
Quadrantal coefficients ... 10 40 13 26 +3 41 14 7
—0 39 -3 58 —3 16 —4 9
Mean quadrantal coefficient +0 38 +3 48 +3 27 +3 59
True modulus 068 264 189 \ 164
True starboard angle......... 15°-82 31722 3099 l 30782

K 2




68

MR. AIRY ON THE OBSERVED DEVIATIONS

OF THE COMPASS

) LSO 9. 10. 11. \ 12.
Ship’s name Jackal. Trident.
Place of observation ......... Plymouth. Tagus. Pirazeus. Greenhithe.
Time of observation ......... 1845. 1847. l 1846. { 1846.
Index correction ............ —0° 12 +0° 4/ —0° 4/ —0° 37
Approximate modulus ...... 297 216 *182 366
Approx. starboard angle .. 3140 31710 31758 0r-32
Observed Observed ) Observed Ohserved
deviation | Residual | deviation | Residual | deviation | Residual || deviation | Residual
uncor- error. uncor- error. uncor- error., uncor- error.
rected. rected. rected. rected.
P P o / o / [ ’ o /7 o / o o / o ’
0 cerennne — 215|(—=027) — 1 0[(+1 14) — 0 40[(+0 9)| + 3 12|(+1 17)
1 vieesnl| + 240 +1 8|+ 3 0| +249 |+ 3 0} +1 44 | + 825 +2 26
2 ieieens + 858 +4 8|+ 640 +4 5 4+ 6 30| +3 14 | +13 44| +3 52
[ JU +13 7/ 4+5 9|+ 920 +4 27 |+ 820 +3 11 || 418 37| +5 10
4 el +15 18 +4 29 | +11 20| +4 19  +10 40| +3 50 || +21 71 4+4 35
E: JN +17 15| +3 59 | +12 20| +3 27 | +11 20| +3 4 || +21 45| +2 41
[$ ST +18 7| +2 53 |+12 0| +1 386 | 412 20| +2 56 || +22 15| +1 22
Y T +17 47 +1 9 | +12 0| +0 30 | +10 30| +0 20 | +22 26| +0 32
8 revereenr| +15 35 (—1 54)| +11 40|(—0 31) +10 0[(—0 33) +20 18|(—1 46)
-g 0 tireennen +14 38 —2 49 | 4+1020| —2 3|+ 9 O —1 30 || +18 50| —2 31
@ 10 ... +13 22| —3 28 |+ 920, —245 + 8 0| —2 b +16 30| —3 19
= 11 eeieeene +11 40, —354 |4+ 9 0| —220 |+ 615 —259 | +13 0| —4 32
,“g« 12 ...l + 955 —3 48 |+ 5 40| —4 27|+ 4 0] —4 4 || +11 0| —3 38
= 13 ciiiinnan + 8 5| —3 15 |+ 4 40| —3 49 |+ 3 15| —3 20 |+ 7 30| —3 43
o 14 eieennn. 4+ 53| —259 |+ 32| —317|+ 3 0 —151 |+ 6 0| —126
= < 15 ...l + 412 —1 16 |+ 240 —1 46 |+ 1 20| —1 37 |+ 2 20 —1 5
E 16 .eenne. + 220(+0 8)|+ 2 0[(—0 6)/+ 040|(—0 17)||— 0 6|(+0 35)
g 17 e, — 012 4056 |4+ 120 +139|—1 0] +0 8| — 245 +2 0
< 18 iee — 2232 +154|— 1 0| +1 43 | — 1 20| +1 48 | — 5 58| +2 40
% 19 . — 455, 4+239|—1 0| +4 1 | — 240 +2 21 | — 8 42| +3 31
=1 121 — 630 +355|— 340 +3 29 |— 2 40| +4 2| —10 55| +4 23
g 122 — 845 +4 7|— 4 0| +5 1 |— 440 43 28 | —13 25| +4 25
< 22 eirinnen —10 52| +3 58 | — 7 40| +2 52 |— 5 40| 43 36 || —17 10| +2 29
22 JE —13 50 +2 24 |—10 0| +1 38 | — 8 20| +1 42 | —19 17| +1 23
24 v —15 45 (+1 14)] —12 40 |(—0 21) — 9 40 [(4+0 45)| —20 35 |(+0 15)
127, S —17 25, —0 22 | —13 20| —0 49 | —11 20| —0 58 || —21 22| —1 15
26 ciiinne. —18 25| —1 59 | —15 20| —3 7 |—12 0| —2 3 | —21 12| —2 37
[/ —18 25| —3 15 | —15 0| —3 32 | —12 40| —3 34 | —19 40| —3 22
28 ..o woo| —17 15| —3 56 | —14 40| —4 25 | —11 5| —3 9 || —18 15| —4 51
29 eiiennns —15 45! —4 49 | —14 40| —6 3 |— 9 40| —3 13 | —14 40| —4 41
30 ......... —11 55| —8345|— 92| —235|—8 0| —3 17| — 9 38| —3 26
L 31 .o.eid — 72| —221 |— 540 —1 6| — 4 30 ——1413—350 —1 39
+1 35 +415 +3 40 +4 8
. —4 18 —4 5 —3 29 —4 3
Quadrantal coefficients ... 13 59 14 5 +3 25 1410
—4 b —4 19 —3 356 —4 22
Mean quadrantal coefficient +4 14 +4 11 +3 32 ! +4 11
True modulus H -305 220 186 ’ 375
True starboard angle ...... 31"'\19 3161 0-r29
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NO. cvevrrevenrrennans 13, 14. 15. 16.
Ship’s name .....oieviinaeee. Trident. Pandora. Maander.
Place of observation ........ Malta. Plymouth. Auckland. Sheerness.
Time of observation ......... 1847. 1851, February. 1853, January. 1852, September.
Index correction ............ —0° 38 ‘ +0° 47 +0° 43/ +0° 15
Approximate modulus .. 240 l -043 045 -021
Approx. starboard angle ... 31764 0728 147-50 2°-33
Observed Observed Observeyd Observed
deviation | Residual || deviation | Residual | deviation | Residual || deviation | Residual
uncor- error. uncor- error. uncor- error. uncor- €error.
rected. rected. rected. rected.
? o / o / o / 3 ’ o 4 1 o ’ o /
0 e 4+ 119|(+1 40)| +0 10 (+0 48)] 0 0 |(—0 2)| +0 30 |(+0 14)
1. J+ 429 +2 8| +030 | +0 40| —0 4| 4024 || +0 45| +0 18
2 evennns 4+ 6 59| +2 0 +050| +032| —045 | +0 13 || +035| —0 3
b SO +11 19| +3 52| +050 +0 7| —133| —0 51 +030| —0 16
4 ... +14 9| +4 29 || +1 45| 4+0 41 | —1 30 | +0 21 +0 45 | —0 7
[ S +14 59| +3 26 +1 20 —0 1| —1 56| +0 26| +0 55 0 0
6 ...oover| +15 29 +2 28| +1 50| 4+0 16 | —1 50 | 40 52 +1 0| 4+0 4
7 AR +14 29 4029 | +155| +015| —235| +023 | +1 0| +0 6
8 rrrreeans +13 19|(—1 9)| +2 5 |(+0 24)] —2 40 [(+0 31)| +0 30 |(—0 19)
-g 9 s +12 9| —215| +2 0| +0 23| —3'27 | —0 11 +030 | —0 11
5] 10 ......... +10 9] —338) +120| —0 7| —325| ~0 9| +030}| —0 2
= 11 ... +9 9| —329| +050 | —022| —345| —034| 4030 | +0 9
=) 12 .oeeeee + 7 9/ —-355| —025 | —1181 —3 23| —0 25 +0 20| 40 12
| 13 e, +6 9| —256| —110| —139| —328| —046| +025| +0 31
g 14 ........./+ 459 —1 47} —020| —023| —2 50| —028()| O O] 4019
< 15 .. oeee + 33| —037| —040 | —0 15 | —2 16 | —0 20 0 0| +0 33
E \ 16 ... + 229|(+0 52)) —0 45 [(+0 11)] —1 35 |(—0 7){ —0 10 [(+0 36)
i 17 e, 4019 +124| —125| -0 1| —036|+022| —035| 40 22
] 18 ..o.eeees — 121 4222 —1 0| +0 52| 4020 | 40 48 —1 40 | —0 32
b=t 19 ... — 251 +320 | —150| +0 2 +0 50 | 40 48 || —1 40 || —0 24
& 20 ..o —5 1| +323| —2 0| +038| +126| +1 1| —2 10| —0 48
) 21 e — 721 4256 —210) +0 45| +1 0| 40 4| —2 0| —0 35
< 22 eieinnnn — 931 4214 —240| +028| +110| —0 6| —1 40| —0 4
23 eieennns —10 41} +2 3 -3 0| +0 14| 4055} —037 )| —130| —0 6
24 e, —12 51[(4+0 21)| —3 40 |(—0 25) +1 40 [(—0 5)| —1 30 |(—0 11)
25 e —14 21| —1 13| —4 17| —1 6| +2 36| 40 46| —1 25| —0 14
26 ......... —14 21| —1 50| —350| —0 49| +135| —0 15| —0 40 | 40 32
27 ceviienns —15 1| —38 39 —83 50| —1 4| +0 47 | —0 58 —0 40 | +0 21
28 .iienenen —14 21| —433)| —230| —0 3| +030 | —1 2| —020 | 40 18
29 iiieenn —11 31| —3 42 || —2 40 | —0 37 | 40 45 | —0 31 —0 20| 40 4
30 ......... — 8 41| —3 11 —120| 4017 | +0 5| —0 51 —020 | —0 9
L 31 ......... — 421 —1 21 —050) +019 | 41 5| +0 40 | —0 15| —0 28
+3 46 +0 30 +6 31 )
. —3 43 —0 44 —0 35 +0 18
Quadrantal coefficients ... +3 32 +0 41 +0 28 —0 25
L —3 54 —0 37 —0 26 +0 5
Mean quadrantal coeﬂiciem! +3 44 ! +0 38 +0 30 ‘ —0 12
True modulus v.veeeee... 245 | 044 045 ’“ 021
True starboard angle......... ‘ 31767 I 0727 14752 ‘ 2"32
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No. 17. 18. 19. 20.
Ship’s name ......ccoeuinnenen Maeander. Virago. Plumper.
Place of observation ......... Simon’s Bay. Plymouth. Valparaiso. Portsmouth.
Time of observation ......... 1853, March. 1851, September. | 1852, September. || 1853, September.
Index correction ............ +0° 23/ —0° 19/ +0°9 +0° 27
Approximate modulus ...... +044 129 012 *106
Approx. starboard angle ... 152-80 0°-58 625 0™90
Observed Observed Observed Observed
deviation | Residual || deviation | Residual | deviation | Residual || deviation | Residual
uncor- error. uncor- error. uncor- €rror. uncor- error.
rected. rected. rected. rected.
P o / o / o / o / o ’ ° / o / /
0 e —1 0 |(—043)| +1 0 |(—0 10)| +1 0 |(+0 81)] +0 35 |(—0 2)
1 oo, —1 0| —013| +250 | +0 15| +140 | +1 9| +2 20 | +0 33
2 v —1 0| 4016 +4 0| 40 5| +220 | +149 | +3 40| 40 50
3 eirinen —110 | 40 32 +5 0| —0 7| 4+220| +1 50 +5 0| +1 14
4 iiinnn. —240 | —0 34| +6 30| +0 23 | +2 20 | +1 52| +5 55 | +1 23
5 eeeeennnn —240| —015) +8 0| +1 5| +230| +2 6| +6 45| +1 38
[ —312| —032 || +940 | +2 13| +220 | +2 1| +635| +1 5
7 e —240 | +010 || +940 | +1 58| +020| +0 8| +6 0| +0 23
' 8 reeeeenne](—2 55)(—0 1)|| +8 40 (40 59)] —0 30 [(—0 35)| +5 45 (40 13)
g RN —310| —018 | 4720 | —0 3| —1 0| —0 57| +4 40| —033
3 10 ......... —2 55| —0 11 +6 40| —0 8| —120| —1 9| +3 45| —0 56
@ 11 ......... —22 | +0 7| +430| —129| —2 0| —1 42| +250 | —1 6
B 12 eeeneine. —210| +0 4| +3 0| —157 | —2 10| —1 43 ||(+1 45)] —1 17
a 13 .eeeeene —150| 40 2| +2 0| —143| —240| —2 7 ||(+0 40)| —1 20
o 14 ...o...... —1 0| +026| +1 0| —122| —240 | —2 1 ||(—0 25)] —1 17
2 J 15 cevennn —0 10| +0 48 | +040| —017 | —1 20| —0 37| —1 30| —1 11
B 16 .eveenen. —0 50 [(—0 21)| —0 50 |(—0 18)| —0 10 [(+0 37)|| —1 45 |(—0 16)
g 17 ceveene, 0 0| —0 1| —120| 4037 | —010| +0 39| —1 50 | +0 49
< 18 weiniennn +0 50| +0 20| —2 20| +0 57 0 0| 4049 | —2 40 | 41 2
b= 19 coieenens +1 0| +0 4 —3 0| +1 29| +050 | +1 38| —3 40| 40 58
@ 20 e +0 50| —030| —3385| +154| 4050 | +1 36| —4 25| 40 59
& 172 +120| —019 | —5 20| +057 | —1 30| —0 48 || —4 35 | +1 24
g 22 oo, 4150 —0 41| —630| 4019 | 4050 | +1 27| —455| +1 27
23 +2 0| —0 4| —710| —0 6| +020| 40 50| —5 35| 40 54
24 een +2 0 |(—0 8)| —8 20 |(—1 17)] —0 20 [(+0 3)|| —6 15 |(+0 9)
25 iieennn. +240| +034 || —820 | —135| —1 0| —045| —6 35| —0 30
26 ......... +140| —0 18| —7 40| —130 | —1 0| —0 53| —6 25| —0 52
27 cevienens +157| 4011 —620| —059|{ —130| —130( —6 0| —1 12
28 ceiveienn +150| +022|| —6 0| —141 | —1 0| —1 9| —530| —1 36
29 ceiniinn +120| 4014 | —320 | —015 | —1 0| —1 15 ||(—4 20)| —1 28
30 ......... +110| 4030 (| —050 | +054| —1 0 —121| —310| —1 26
L 31 ..o 0 0| —0 12 +040 | 4059 | —010 —0 35| —1 5| —0 32
-0 9 +110 1811 +1 25
. +0 10 —1 24 —2 3 —1 32
Quadrantal coefficients ... Z0 9 1113 1114 1 31
+0 14 —0 49 —1 30 —1 31
Mean quadrantal coeflicient —0 11 +1 9 +1 44 +1 30
True modulus <044 130 012 106
True starboard angle ...... 15°-80 0°-56 618 0°-87
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NO. v 21. 22. 23. 24.
Ship’s NAME .ivveevonnnnns P]umper_ Spy. Trident.
Place of observation ......... St. Catherine’s. Sheerness. St. Paul’s Loando. Greenhithe.
Time of observation ......... 1852, April. 1854, August. 1852, December. || 1852, September.
Index correction ............ —0° 3 +1° 85 +0° 15 —0° 2
Approximate modulus ...... 048 040 077 *345
Approx. starboard angle ... 1755 27"56 31%93 31%-24
Observed Observed Observed Observed
deviation | Residual || deviation | Residual | deviation.| Residual || deviation | Residual
uncor- error. uncor- error. uncors- error. nncor- error.
rected. rected. rected. rected.
» [ / o / o / o 7 o / o ’ o / o /
r o +1 0 [(+6 7| =5 0 |(—1 41)) —0 40 |(—0 21)| — & 55|(—6 )
1 eeeeee +2380 | +1 7| —5 0| —2 0| +020| —013 |+ 3 40| +2 35
2 e, +320 +130 || —3 0| —022 | 4+120| —0 3 ||+ 9 15| +4 20
3 eeiiiienn +3 20| +1 8 0 0| +2 14| +2 20| 40 10 | +12 32 +3 57
4 ... +3 40| +1 11 +120 | +3 7| +3 10| 4019 | +15 50| +3 52
[ SRR +4 0] 4+1 18 +0 15| +1 35| +3 40| +0 16 | +17 40 +2 46
6 eiennnn +4 10| +1 22| +010| +1 3| +250| —1 0| +19 30| +2 12
T oeeennnns +320| +033 | +040 | +1 9| +330 | —035 ||+19 5| +0 3
) 8 revreenn +230 (=0 11)| 0 0 |(+0 7)| +4 10 |(—0 1)| +18 40 |(—1 21)
g 9 eireienn +1 40 | —0 47 +0 40 | +029 | +430| +0 23 | +17 15| —2 57
3 10 .ooeeene +0 40 | —1 30 4+020 | —0 5| +4 40| +0 48 || 415 50| —3 45
o« 11 ..., +030| -1 17 +010 | —0 25| +330| +0 1 || +14 10| —4 1
:g" 12 cevenne. —0 20| —1 40 4010 | —0 30 | +3 20| 40 24 | +12 30| —3 35
7 13 iieeiin —0 45 | —1 34 +010 | —029 | +2 0| —0 16 || +11 30| —1 53
- 14 ......... —045| —1 2| +010 | —0 24| +1 30| +0 1 | 4+ 9 20| —0 51
= 15 eevunn. —050 | —035|| —1 0| —123| 4020| —020 |+ 555 —0 44
€ % 16 e, —050 |(—0 3)| —1 40 |(—149)] 0 0 |(+0 11)| + 2 30|(—0 22)
B 17 e —040| 4037 || —1 0| —050| —1 0| 4+0 3 0 0| +1 1
a 18 veennn. —020| +1 24| —040 | —0 8| —150| +0 3| — 2 30| +2 21
-] 19 . —040| +1 26| —030 | +0 26| —3 10| —0 30 | — 5 50| +2 41
gg 20 iiieeinn —0 30| 4+1 53 0 0| +123| —350| —~029 || — 910| +2 44
g, 21 —1 0| +136 | —130| +020| —4 10| —0 16 | —11 52| +2 58
& 22 eriunenn —120 | +122| —230| —0 13| —4 10| +0 10 | -—14 35| +2 39
% S —2 0] 4041 || —130| 41 11| —450| —015|—16 47| +2 11
24 ... —2 30 |(+0 5) —2 10 |(+0 53)| —4 30 (+0 11)| —19 0 |(+0 57)
25 e —3 0| —039| —3 0| 4021 | —4 25| 4012 || —20 22| —0 14
20 .evunn... —3 20| —1 16 —130 +2 5| —4 10| 40 12 | —21 45| —2 14
27 eienen. —330 | —149 ) —320-| +025| —4 0| —0 1 | —2210| —4 3
28 .vunnn.. —3 0| —146|| —530| —140| —3 0| 4026 || —20 0| —3 59
29 cerininn —2 0| —=117 —5 0] —111| —2 40| 4+0 6 | —16 30| —3 11
30 ......... —138 | —-119| —550| —2 6| —140| 4019 | —13 0| —2 53
L 31 .eenins 0 0| —0 21 -5 0| —127|—1 0| +010|— 732 —0 57
+1 38 +1 o —6 13 +3 57
. —1 41 —0 33 +0 12 —3 33
Quadrantal coefficients ... +1 48 +0 26 —0 15 +3 19
—1 41 —0 43 +0 17 —3 30
|
Mean quadrantal coefﬁcientl +1 42 40 46 —0 14 +3 35
True modulus .....ceeevennes i +049 <040 077 *352
True starboard angle ...... t 1749 2760 31793 31733
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No. oo 25. 26. 27.
Ship’s name ... Trident. Vulcan,
Place of observation ......... Rio Janeiro. Portsmouth. Simon’s Bay.
Time of observation ......... 1852, November. 1852, July. 1853, February.
Index correction +0° 8 +0° 13 —1° g
Approximate modulus ...... 216 *155 271
Approx. starboard angle ... 31722 15758 15773
Observed Observed Observed
deviation | Residual || deviation | Residual | deviation | Residual
uncor- error. uncor- error. uncor- €error.
rected. rected. rected.
r o ’ o 7 o ’ o Z o / o ’
[0 s — 1 0[(+059)|— 0 45((—1 16)| + 3 20|(+1 23)
1 ceevennnn + 2 0| +135||— 055, +019 |+ 3 0| +4 b
D ereneens +5 0/ +211||—1 5| +151 |+ 2 0] +6 3
O + 830 +3 24 ||— 122 +3 9|+ 0 35| +7 25
4 eeeennnn +11 0| +3 47 ||— 140 +419 | — 3 5| +6 13
D eeieenene +13 0| +3 59 | — 3 22| +3 49 |— 8 0] +3 24
6 ceveennnn +13 40| +3 10 |— 5 4| +3 5 |—1310] —0 9
T oveiennnn. +13 20| +1 47 ||— 6 46| +2 0 | —18 35| —4 30
. 8 weerrnen +12 0](—0 12)|| — 8 30 |(+0 36)| —17 49|(—3 16)
g [+ N +11 0| —1 19 |— 9 47| —0 43 | —16 40| —2 15
2 10 vveennnn +9 0 —258 | —11 5| —2 23 |—15 15| —1 35
» 11 eeeees + 8 0| —8 9 ||—1032| —2 32 |—~15 10| —2 51
:E‘ 12 ceveeennn + 630 —323||—10 0| —3 0 |—14 20| —3 51
7] ) B T + 4 0| —4 15 || — 850 —3 4| —12 55| —4 42
= 14 ......... 4 310 —83 8 ||— 740 —3 23 | — 7 30} —1 56
< 15 ceeeeeenn + 3 0/ —-1 6|—>5 0] —220|— 5 20| —2 37
CE Y 16 . 4+ 120|(—0 23)]| — 2 20|(—1 23) + 0 55|(+0 36)
& 17 .. 0 0| +041 ||+ 125| +037 |+ 435| +1 14
g 18 oo — 024 +2 41 ||+ 5 10| +2 40 |+ 8 10| +1 51
b=l 19 ....eene — 22| +3 2|+ 7 20| +3 15 | 412 30| +3 24
& ]| — 4 0| +329 ||+ 930 +4 0| +4+14 35| +3 1
s 21 e — 6 0| +317 | +10 5| +3 20 |+16 55| +3 15
by 22 ......... — 7 40| +3 6| 410 40| +2 57 | +20 30| +5 13
23 eiinennn — 940 4+2 9|+ 955 +1 35| 4+17 50| +1 29
24 eennn —11 20|(+1 8)[ + 9 10{(+0 30) +17 30 |(+0 41)
25 vieennn. —13 20| —0 45 | 4+ 7 40| —0 58 | 416 30| —0 11
26 .o —15 0| —2 46 ||+ 6 10| —2 6 |+12 0| —3 56
27 veeeennns —15 —3 35 |+ 440 —2 54 | +10 25| —4 10
28 tiiieennn —16 0| —5 51 ||+ 310 —3 24 |+ 8 30| —4 15
29 ..oe..... —12 0| —329 |+ 2 2| —318 |+ 6 50| —3 39
30 e — 9 0| —22 |+ 055 —256 |+ 4 0| —3 50
L 31 ... — 6 0| 138+ 0 5/ -2 9|+ 3 40| —1 19
+3 59 +3 42 +4 30
‘ . —3 52 —3 29 —3 57
Quadrantal coefficients ... +3 41 13 41 +3 53
—4 6 —3 33 —4 16
Mean quadrantal coefficient +3 54 +3 36 +4 9
True modulus 221 '1‘58 277
True starboard angle ...... 31°-29 15762 15%-76
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No. ......... creerresennnne 28. 29,
Ship’s name. .......ccveuinnnne Simoom.
Place of observation ......... Portsmouth. Simon’s Town.

Time of observation .........

1852, September.

1853, October.

Index correction ............ 40° 7 +1° 47/
Approximate modulus ...... +368 235
Approx. starboard angle ... 30720 3103
Observed Observed i
deviation | Residual | deviation | Residual
uncor- €rror. uncor- error.
rected. rected.
» o 4 ° ’ o o ’
0 .. — 740|(—014) — 4 0|(+0 20)
1 teiveenn) — 1350 4150 |+ 010 +1 53
2 + 430 +347 |+ 5 30| +4 36
3 e 4+ 920 +4 31 |+ 830 +5 4
4 veeenn +13 15 +4 31 | +10 40| +4 53
5 iveennd +17 10| 44 47 | +11 0] +3 10
6 .uuenee. +18 10| +2 38 | +11 20| +1 49
7 ceeeee.| +19 15| 41 6 | 4+11 45| +0 58
8 eveeeen| +20 20 (40 16)| +10 30 |(—1 3)
o 9 weveeeenr| +19 45| —1 26°| + 8 55| —2 53
2 10 ... J4+19 10 —1 40 |4 7 25| —4 6
n 11 ... +16 50 —4 0|4+ 6 30| —4 13
B 12 el +14 50| —4 34 |+ 5 15| —4 11
| 13 o 412 50| —4 22 |+ 4 45| —2 47
-] 14 .., |+10 45| —3 36 |+ 4 30| —1 10
< < 15 .. 4+ 840 —2 17 |+ 1 45| —1 33
B 16 ......... + 720((+0 8) 4+ 050|(+0 4)
k| 17 woeeeern| + 4200 +1 97| — 1 0 40 51
& 18 sevveewe| + 1200 +217 | — 2 5| +2 23
p=i 19 civeeenf— 1 40 +3 23 | — 4 10| 42 50
S 1] | I — 4 40| 44 18 | — 5 40| +3 42
g 21 ... — 810 +4 27 |— 7 40| +3 44
a 22 .. ... —11 40| +4 6| — 9 20| 43 45
23 vvereenn| —16 10 42 13 | —11 20| 43 1
24 ...l —20 20 (—0 2) —15 20 (-—0 13)
25 iieienen —22 17| —0 52 | —16 30| —1 8
26 .., | —24 15 —3 11 | —17 0| —1 55
2 —25 10| —4 6| —19 0| —4 43
28 .nunnnn —24 50| —5 12 | ~18 20| —5 20
29 ceevinn. —22 20| —4 54 | —16 20| —5 14
30 .........|—18 30| —3 55 | —11 15| —2 1
L 31 ......... —12 30| —1 19 |— 7 40| —0 48
+4 38 +4 29
. —4 23 —4 11
Quadrantal coefficients ... 14 23 +4 3
—4 42 —4 14
Mean quadrantal coefficient +4 31 +4 14
True modulus 375 *240
True starboard angle ...... 30°:37 31°°12

MDCCCLVI.
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I shall first proceed to consider the quadrantal deviations in these ships. It will
be remembered that, according to theory, the coefficient of quadrantal deviation in
each ship ought to be sensibly the same in all localities ; but that the coefficient in
one ship may differ in any degree from that in another ship.

Coefficients of Quadrantal Deviation.

1. Wood-built sailing-ships.

[o} /

In the Erebus, at . Gillingham (No.1) . . . . . 40 23
Porto Praya (No.2). . . . . <40 28
St. Helena (No.3) . . . . . -0 34
Cape of Good Hope (No.4). . 40 35
Kerguelen’s Land (No. 5). . . -0 38

In the Pandora, at . Plymouth (No. 1'4) .« .+« . . 40 38
Auckland (No.15) . . . . . -0 30

In the Maander, at . Sheerness (No.16) . . . . . —0 12
Simon’s Bay (No.17) . . . . =011

In the Spy,at . . . Sheerness (No.22) . . . . . 40 46
St. Paul's Loando (No.23) . . —0 14

The accordance of the numbers in the three first instances is very remarkable;
and the more so because the compound polar magnetism has changed considerably.
In the Spy there is a discordance, but not important in nautical experiments. It
will be seen, on referring to the columns of Residual Error for the Spy, that there is
general irregularity.

2. Wood-built steamers.

O

In the Virago, at. . Plymouth (No.18) . . . . . +Cl’
Valparaiso (No.19) . . . . . 41 44

In the Plumper, at . Portsmouth (No.20) . . . . 41 30
St. Catherine’s (No. 21) . . . 41 42

The agreement is sufficiently close.

3. Iron-built steamers.

In the Bloodhound, at Plymouth (No. 6) . ... 43 48
Constantinople (No.7) . . . -3 27
Pireeus (No.8) . . . . . . 4359
In the Jackal,at . . Plymouth (No.9) . . . . . +4 14
Lisbon (No.10) . . . . . . 4411

Pireeus (No.11) . . . . . . <43 32
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In the Trident, at . Greenhithe (No.12). . . . . -4 Ii
Malta (No.13) . . . . . . 43 44
Greenhithe (No.24). . . . . <43 35
Rio de Janeiro (No. 25) . . . 43 54

In the Vulcan, at. . Portsmouth (No.26) . . . . <43 36
Simon’s Bay No.27) . . . . 44 9

In the Simoom, at . Portsmouth (No.28) . . . . <44 31
Simon’s Town (No.29) . . . -4 14

The general accordance here is extremely good. The petty discordances appear to
be purely accidental. It is evident, at least, that they are not dependent on the
geograpbhical locality. Thus at (8) the Piraeus produces the largest and at (11) the
smallest in the group; at (12) Greenhithe produces the largest and at (24) the
smallest; at (27) Simon’s Bay produces the larger and at (29) the smaller. Nor
have I been able to connect these differences with any other law. Regarding their
accidental character as established, they give a measure of the range of accident in
these observations, and they show that that in the Spy, though large, is not excessive.

I think it therefore certain that this part of the theory is entirely supported by the
observations; and therefore that this quadrantal deviation may be perfectly neutral-
ized in all localities by a mass of soft iron placed in the manner described at the
beginning of this paper, leaving only a deviation which follows accurately in every
place, separately considered, the laws of polar-magnet-deviation, and which therefore
in every place, separately considered, may be neutralized by the application of
permanent steel magnets.

I shall now proceed to consider the deduetions from the two elements ef polar-
magnet-deviation, namely the starboard angle of the polar-magnet-force and the
modulus. For this purpose, I premise the following elements of terrestrial mag-
netism. The forces are expressed in Gauss’s method, adopting as units the English
foot and the English-grain. For some of the elements I am indebted to the kindness
of Colonel SABINE : others were obtained from other sources. None were furnished
to me precisely in the form in which they are here exhibited, and some caleulation
therefore has been required to adapt them. to my wants. It is pessible that they
may be affected by trifling inaccuracies.

Horizontal Force, Vertical Force.
1. Gillingham . . . . 378 . . . . 4+ 994
2. PortoPraya . . . . 626 . . . . - 638
3.8 Helepa . . . . . 597 . . . . — 197
4. Cape of Good Hope. . 456 . . . . — 608
5. Kerguelews Land . . 388 . . . . —1068
6. Plymouth . . . . . 382 . . . . 4 967

L2
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Horizontal Force. Vertical Force.

Constantinople . . . 563 . . . . 4 734
Pireeus . . . . . . 58 . . . . 4 685
Plymouth . . . . . 382 . . . . 4 967
10. Lisbon . . . . . . 462 . . . . 4 919
11. Pireeus . . . . . . 58 . . . . -4 685
12. Greenhithe. . . . . 379 . . . . -+ 966
183. Malta . . . . . . 574 . . . . <4 703
14. Plymouth . . . . . 382 . . . . -+ 967
15. Auckland . . . . . 632 . . . . —1132
16. Sheerness . . . . . 378 . .

17. Simon’sBay . . . . 446 . . .
18. Plymouth . . . . . 382 . . .
19. Valparaiso . . . . . 717 . . .
20. Portsmouth . . . . 383 . . . .
21. St. Catherine’s . . . 648 . . . .,
22, Sheerness . . . . . 378 . . . .
23. St. Paul’s Loando . . 557 . . .
24. Greenhithe. . . . . 379 . . . .
25. Riode Janeiro . . . 649 . . . .
26. Portsmouth . . . . 383 . . . .
27. Simon’s Bay . . . . 446 . . . .
28. Portsmouth . . . . 3'83

29. Simon’s Town. . . . 446

© ®N

I+ 1 +1+1+1+14+1+
Qo
3

619

From these, with the starboard angle and the modulus, the resolved polar-magnet-
force in the two directions of “ headward” and “ starboard” are formed by the rules
given above. It will be remembered that H is the ship’s subpermanent magnetism
headward, S the subpermanent magnetism to the starboard side, and N a constant
of capacity for induced magnetism peculiar to each ship. As the total directive force

at Greenhithe is 3:79, a change of disturbing force represented by %—Q, or *066 nearly,

would produce at Greenhithe a change of disturbance whose maximum is 1° nearly ;
and so, mutatis mutandis, at other places.

1. Wood-built Sailing Ships.

The Erebus.
1. H4+NxX 994=-0261 S=40-020
2. H+Nx 638=+40202 S=+4-0'037
3. H=NX 197=-40043 S=-40017
4. H—Nx 6:08=—0090 S=-0018
5. H—Nx1068=—0262 S=-40'010
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H and S have small positive values, but so small that their combination would not
produce, in the Thames, an error of half a degree. N has a well-marked positive
value. In this ship the magnetism would be sensibly corrected, by placing (by trial)
a mass of soft iron abaft the compass and at a lower level, in such a position as to.
correct the deviation with head east and head west, and then placing a mass of soft
iron at the level of the compass, starboard or larboard, so as to correct the com-
bination of the original quadrantal deviation and the new quadrantal deviation pro-
duced by the first corrector; and this would be sensibly effective, without change,
in all localities. Or, permanent magnets might be applied to neutralize the errors.
at the cardinal points, and soft iron at the level of the compass, starboard or larboard,
to correct the quadrantal deviation; the soft iron would then be effective in all
latitudes, but one of the magnets would require alteration in different latitudes, and
would require reversion in opposite hemispheres. '

The Pandora.

14. H+Nx 967=-40166 S=+0009
15, H=Nx11:32=—0272 S=+40082

S has changed sufficiently to produce at Auckland (No. 15) a disturbance whose
maximum is 40". If this be neglected, the compass may be sensibly corrected in the
same manuer as for the Erebus. H is small.

The Maeander.

16. H+NX9'67=-40'070 S=-0'034
17. H=Nx619=—0195 S=-40008

H would appear to- have a value of — 0091, which at Sheerness would produce a
deviation of 1° 20". S is practically insensible. This ship would require for perfect
correction a weak magnet with its marked end towards the stern, in addition to the
soft iron as in the Erebus and Pandora. It will probably be better to use, for the
polar-magnet-correction, a magnet alone, adjusting or reversing it as may be
necessary.

The Spy.
22, H4NX967=-10097 S=—0'113
23. H—Nx309=-40431 S=—0'006

If the headward subpermanent magnetism bas not changed, H is positive and N ‘is
negative. These forces would require correctors in positions opposite to those of the
Meeander. S seems to have changed, to an amount which would produce at Sheer-
ness a deviation of 1°80'. It will probably be best to correct the polar-magnet-
deviation by adjustible magnets.
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2. Wood-built Steamers.

The Virago.
18. H4+NXx967=-10493 S=-40'055
19. H—Nx523=-0'029 S=-40079

S presents no sufficient evidence of change. H and N are both positive: and
the correction of polar-magnet-deviation would be made, either by a magnet with
marked end towards the head, and soft iron as is described for the Erebus, or by an
adjustible magnet.

The Plumper.
20. H4+NXx963=-+0402 S=-0'069
21. H—Nx254=-40301 S=-0091
The remarks on the Virago apply also to the Plumper.

3. Iron-built Steamers.

The Bloodhound.
6. H+NXx967=-40997 S=—0'153
7. H+Nx734=-+1043 S=—0-209
8. H+NX6'85-::-|—0'931 S=—0220

The evidence for a distinct value of N is not very clear. There seem to have been
changes in the values of H and S (subpermanent magnetism) which on the whole
would produce, at the stations Nos, 7 and 8, a maximum deviation of nearly 1°. The
correction of polar-magnet-deviation should be made by adjustible magnets.

The Jackal.
9. H4+Nx967=-+41157 S=—0123
10. H4+NXx9'19=-+41:005 S=—0'162
11. H4+NX6'85=41084 S=—0082

The remarks on the Bloodhound will nearly apply to the Jackal. The changes in
H and S would produce at the stations Nos. 10 and 11 a maximum deviation of a
little more than 1°.

The Trident.
12, H4-Nx966=-41419 S=+40'080
13. H4+Nx703=-41402 S=—0091
24. H-4+Nx966=-1323 S=—0175
25. H—-Nx149=-1418 S=-—0198

There seems to be good reason: for thinking that N is insensible, that H has not
sensibly changed, but that S has changed gradually, in the course of several years,



IN WOOD-BUILT AND IRON-BUILT SHIPS. 79

by a quantity which at station No. 25 would produce a maximum effect of 2°. The
change in the voyage between No. 24 and No. 25 is nearly insensible.

The Vulcan. :

26. H4+NX963=—0603 S=-40046

27. H—NX619=—1236 S=40059
In this instance, as in some others, we feel greatly the want of observations after
the ship’s return, to inform us whether the ship’s subpermanent magnetism has really
undergone a change. Assuming that it has not (and it is certain that S has not
sensibly changed), then H has a sensible negative value and N a sensible positive
value: and the correction for all stations would be effected by magnets and masses
of iron as has been described for the Maander. But it would probably be better to
vely solely on adjustible magnets for the correction of the polar-magnet-disturbance.

The Simoom.
28. H4+NX963=-41'364 S=-—0451
29. H-Nx6'19=-1055 S=—0"184
The change in the value of S would produce at the station No. 29 a maximum
error of about 3°40'. If the whole change in the compound headward force depended
upon H, that change would also produce an error of nearly the same magnitude ; and
the combination of the two would produce, as the total result of the change of sub-
permanent magnetism, an ervor of about 5° 30'. But it is probable that N has some
positive value, and that the change of H is not so great.

. I'shall now state what appear to be the just practical inferences from the preceding
investigations. '

1. At any place, the deviation of the compass in any ship, whether wood-built or
iron-built, may be accurately represented as the effect of the combination of two
forces, of which one alone would produce a disturbance following the law of polar-
magnet-deviation, and the other alone would produce a disturbance following the law
of quadrantal deviation.

2. Consequently, at any place the deviation of the compass may be accurately
corrected by well-known mechanical methods; namely by a magnet in the athwart-
ship direction, fixed at a distance determined by trial, for correcting the deviation
when the ship’s head is N. or S.; by a magnet in the head-and-stern direction, also
at a distance determined by trial, for correcting the deviation when the ship’s head
is E. or W.; and by a mass of unmagnetized iron, at the same level as the compass,
in the athwart-ship line or in the head-and-stern line according to circumstances
(usually in the former), also at a distance determined by trial, for correcting the
deviation when the ship’s head is N.E., S.E., SSW. or N.W.
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3. For the same ship, the mass of unmagnetized iron, if adjusted at one port, will
produce its due effect at all parts of the world, without ever requiring change or
adjustment. The quadrantal deviation may thus be accurately corrected without
difficulty, leaving only the polar-magnet-deviation uncorrected.

4. The elements of polar-magnet-deviation are liable to changes, but of very
different amounts in different ships. In some (as the Trident), even in the voyage
of an iron steamer from the Thames to Rio Janeiro, the ship’s subpermanent mag-
netism is so little altered, that, if the compass were rigorously corrected in the
Thames, it would (as to sense) be rigorously correct at Rio Janeiro; in others there
is such a change, in going to the Cape of Good Hope, that the compass might be in
error 5° or 6°. This is nearly the greatest error that appears in the observations
discussed above.

5. It is therefore imperatively the duty of every captain of a ship, particularly of
an iron-built ship, to examine the state of the compasses at every opportunity. For
the correctness of the compasses may be vitiated, not only by the changes in the
polar-magnetism of the ship, but also by changes in the intensity of the magnets used
for the correction. But as the correction of the quadrantal deviation is not liable to
any doubt whatever, it is sufficient, for ascertaining the existence and recording the
amount of error of the polar-magnet-deviation, to observe the error when the ship’s
head is N. or S., and when it is E. or W,

6. From whatever cause the changes in the elements of polar-magnet-deviation
arise (whether from a real change in the subpermanent magnetism of the ship, or
from the variation of that part of induced magnetism which is similar to polar-
magnetism but which changes in different magnetic latitudes), they may be pre-
cisely corrected by readjusting the position of the magnets, leaving the unmagnet-
ized iron undisturbed. And the change (if there is any) in the intensity of the
correcting magnets will also be corrected, as to its effect on the compass, by the same
readjustment of position.

7. It is therefore highly desirable that the magnets should be mounted in such a
manner that their distance from the compass can be delicately changed. And, as
the easiest way of preserving a register of the ship’s magnetism, it is desirable that
there should be means of registering the positions of the magnets.

8. In a ship’s first voyage, there are no means of correcting the errors of the
compass at different parts of the earth, except by such adjustment of the distances
of the magnets. But if, on the ship’s return to England, her subpermanent mag-
netism is found-to be unaltered (which affords presumption that it has been unaltered
duaring the voyage), and if the elements of magnetism have been registered either by
record of the positions of the correcting magnets or by such discussions as those
which occupy this Memoir, then it will be possible to correct hy magnets that part
of the polar-magnet-deviation which is due to subpermanent magnetism only (and
which, alone, would be sensible at the magnetic equator); and to correct the remain-
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ing part by unmagnetized iron, as is described above for the Erebus; and then the
correction would be complete in all parts of the earth.

9. But, practically, it will perhaps always be easier and safer to readjust the
positions of the magnets (as in art. 6.) whenever the directions of one of the mag-
netic points N.and S., and one of the magnetic points E. and W., can be truly ascer-
tained. This can always be done in harbour, in a very short time. Probably this
can also be done at sea, in fine weather, by reference to a compass carried high up
the ships’ masts. It can also be done with the aid of astronomical observations and
of a knowledge of the local “variation” or “declination.” In all cases, the mere
adjustment of the magnets is an extremely rapid process.

10. On reviewing the results of the preceding examinations, I think that I am jus-
tified in denouncing any system of navigating a ship by forming a table of compass-
deviations at the starting port, and using that table until means of correction can be
obtained from observations, as dangerous; and I think that it ought to be at once
discontinued. It does not in the smallest degree provide against the effects of
possible change in the ship’s subpermanent magnetism during the interval in which
no observations are obtained (which, with sometimes a minute change in the powers
of the magnets, is the only risk to which the method of mechanical correction is
liable) ; and, as it does not recognize the effect of the variation in the magnitude
of terrestrial horizontal magnetism at different places (which alters the compass-
deviation by changing the proportion of the ship’s subpermanent magnetism to
the terrestrial horizontal magnetism, upon which proportion the compass-deviation
depends), it gratuitously introduces a class of errors which are entirely avoided by
correcting the compass by magnets and soft iron. Thus, in the instance of the Tri-
dent (24) and (25), sailing from Greenhithe to Rio Janeiro: suppose that there had
been no good opportunity of making observations of azimuth on the voyage; on the
ship’s arrival at Rio Janeiro, the table of deviations formed at Greenhithe would have
been found erroneous by 6° or 7° in one direction with head eastward, and erroneous
by 8° or 9° in the opposite direction with head westward. But if the compass had
been corrected by magnets and soft iron at Greenhithe, it would have been correct
at Rio Janeiro without an error approaching to a single degree. The change of
compass-deviation, in fact, has been produced, not by the change of the ship’s sub-
permanent magnetism (which has been sensibly constant), but by the change in the
magnitude of the earth’s directive magnetism, which change has altered the proportion
of the ship’s invariable magnetism to the earth’s variable magnetism ; and if this pro-
portion had been reduced to zero by neutralization of the ship’s magnetismn by means
of magnets, the variation of the proportion as depending on the variation of the
earth’s magnetism would also have been destroyed. What bas been said in regard
to the errors arising during the whole voyage, applies, in a proportionate degree, to
the errors arising during a part of the voyage: if there had been valid observations

MDCCCLVI. : M
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after making half the voyage, the errors perhaps would have been only half as great ;
but these errors would have been equally gratuitous.

In other instances, such as that of the Simoom, in which the change of subper-
manent magnetism is real and unusually great, the tabular method (supposing, for
illustration, that there had been no opportunity of sufficiently investigating the
errors during the whole voyage) would have united the gratuitous errors with the
errors produced by the real change, and would have produced at the Cape of Good
Hope an error of 11°; whereas, if the correction by magnets had been used, the
error would have been under 6°. At intermediate places, as the neighbourhood of
St. Helena, where the earth’s directive force differs still more from that in England,
the gratuitous error would have been much greater, and the error really depending
on change in the ship would probably have been less, as occurring in an earlier part
of the voyage. \

The mere comparison of magnitudes of errors, however, in this way, does not
sufficiently exhibit the disadvantage of the method of “Tables of Deviations.” It is
an important defect that no good new table can be formed, without observations for
the error on numerous points of azimuth ; whereas the operations for readjustment
of magnets require observations on only two points of azimuth. And, I apprehend,
that the necessity of using a table at all (that is, of steering by one nominal course
when another course is intended) is, especially in difficult channels, a very serious
evil, from which the method of steering by a corrected compass is entirely free.

11. I bave alluded above to the possible changes in the energy of the correcting
magnets ; but I am bound to state that these changes (when ordinary care is taken
for the conservation of the magnets) are, to the best of my knowledge, extremely
minute. It is known, as a matter of experience, that the diminution of the subper-
manent magnetism of a new iron ship, though small, is usually greater than that of
the magnets; inasmuch as it usually becomes necessary to increase the distance of
the magnets from the compass.

I subjoin the Table of Polar Magnet Deviations, which has been used in the pre-
ceding investigations, and which may perhaps be useful, in future, for similar investi-
gations.



TABLE

or

POLAR-MAGNET-DEVIATIONS.
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Table of Polar-Magnet-Deviations,

Apparent Azimuth from Neutral
Position
in points and decimals.

+

P

0+0
01
0-2
0-3
0-4
0-5
06
07
0-8
0-9
1-0
11
12
1-3
1-4
15
16
1-7
1-8
19
20
21
22
23
24
2:5
2:6
27
2:8
29
30
31
32
33
34
35
36
37
3-8
39
4-0

+

P
16:0
159
158
157
156
155
154
153
152
15-1
150
14-9
14-8
14-7
14+6
14+5
1444
14-3
14-2
14:1
140
139
13-8
137
13+6
135
13-4
13:3
132
13-1
13:0
129
12-8
12-7
126
125
12-4
12-3
12:2
121
12:0

16-0
16:1
16-2
163
1644
16+5
166
16-7
168
16+9
1740
171
172
17-3
174
175
17-6
177
178
179
18:0
18:1
182
183
184
185
186
18-7
188
18:9
19:0
191
192
193
194
19'5
196
197
19-8
199
20°0

320
319
318
317
316
315
314
31-3
31-2
311
3140
309
308
307
30-6
305
304
303
30-2

30°1

300
299
298
297
296
29°5
294
293
29:2
291
290
289
288
28+7
286
285
284
283
282
281
280

Modulus.
00 01 02 \ 03 04 05 06 07 08 09 ‘10
Corresponding Polar-Magnet-Deviation, in degrees and minutes.

6 00 06 0|0 0[00[00fl00[6 6|6 6/6 ojo e
0 0/0 1/0 1/0 20 3|0 4,0 4/0 5|0 6|0 70 7
0 0/{0 2|0 3|0 4|0 6{0 7|0 8(010|0 11|60 13|06 14
0 0/0 20 4/0 6|0 9|/011|013 (015|017 |019 |0 21
0 0/0 3/0 50 8|/011|014|016{019|022|025]|0 27
0 0/0 4]0 7/010|014|017|020|024|027|631|034
0 0/0 4/0 8/012/016[020|024|028({032|0236)|0 40
0 0/0 5/0 9|014[019 024|028 |033|038]|043)| 0 47
0 0/0 5/{011/016{022,027|032|038/|043|0 48| 0 53
0 0/0 6{012/018|024({030,036|042|048 0541 0
0 0/]0 7,013(020/027 034|040 (0470541 1|1 7
0 0,0 8[015/022(030|/037 044052059 |1 7|1 14
0 0/0 8/016|024 032|040 048|056 |1 4112|120
0 0/0 9/017]/02 035|044 |052{1 1|1 1181 27
0 0/0 9019028038047 056|1 6|115|124|1 33
0 0/{010/020/030 0400501 O0|1106 120 (130|140
0 0/011]021/032/{043[054|1 4115|125 |136|1 46
0 0011|022 ¢ 34 045_ 0561 7{119 (1301411 53
0 0,012,024 /036|048 1 0|111|123 (135|147 |1 59
0 0/013/025/038/050(1 3|115{128 /1401532 6
0 0{013/026|040 /0531 6|119|132|145|159|212
0 0/014|027 (0410551 1221136115062 4|218
0 0/015/029 (044 (05811212141 155210/ 2 24
0 0/015[030]045 |1 1151130145 2 21512 30}
0 0/016[031 0471 119 134|150 2 221|286
0 0/016(032|049 |1 121 1137|154 |210| 226|242
0 0017103410251 |1 125|141 158 (215|232 2 48
0 0[{018[035|/053|110{127 1442 2219|2372 54
0 0/018/036|054|112(130|148|2 6224|2423 0
0 0/019037]056|115|134{152|211|229(248|3 6
0 0/019/038 (058 |117|136|155{214|233|252]|311
0 0/020/039{059|119({139|158|218 237257317
0 0/0207040 |1 1/121 (141 |2 1(222|242|3 2|3 22
0 0/021|041 |1 2123|1442 422512463 7|3 28
0 0/021[042|1 4125|1462 71229(250|312| 3 33
0 0/022(044 |1 6]128|150[211|233|255|317| 339
0 0/0231045 |1 8[130|152|214|237 259|322 3 44
0 0/023|046 |1 9{132|155[217|240 |3 3326|349
0 0|02 047|111 (134|157|220|244|3 7|331|354
0 0024|048 |112|136]2 223|247 1311 |3 35| 359
0 0/024/049)113]138}2 226|251 13156|3394 4




IN WOOD-BUILT AND IRON-BUILT SHIPS. 85
for Azimuths referred to the Disturbed Compass.
Modulus.

Apparent Azuth from Neutral | o9 | o1 | 02 | 03 | -04 | -05 | -06 | 07 |08 | w09 | 10

in points and decimals.

Corresp'onding Polar-Magnet-Deviation, in degrees and minutes.

+ |+ - -
? P p P o s]o +]o +]e s1oe slo s lo slo sio +)loe +|o s
40 [ 120 | 200 (2800 0024049 |113|138|2 2|22 |251|315|339|4 4
41 [ 1109 | 201 {279 |0 0025|050 115|140 |2 4|229|254(319|344(4 9
42 118 {202 |278 |0 0025051116141 |2 6232|257 |322|348/|413
43 | 117 | 203 |277 |0 0026} 052|117 |143 |2 9|235|3 032 |352]|418
44 | 116 | 204 | 276 |0 0[026| 052|118 144|211 |237 |3 329 |355|422
45 | 115 | 205 | 275 |0 0[026|053|119 146|213 |2 40 |3 333359426
46 | 1144 | 206 [ 274 |0 0027 ]| 054|121 |148|215|242(3 9[336|4 3430
47 111°3 | 207 | 273 |0 0[027|055[122|150|217|245|312|340|4 7|435
48 | 112 | 208 |272 |0 0/028| 056|123 151|219 247 315|343 | 411 |4 39
49 (1141 [ 209 | 271 |0 0028|057 |124|153|221|250|318|3 46| 4 14 |4 43
50 1140 | 210 [270 |0 0|028 057|125 |154|22|252|321|349]| 418 |4 47
51 {169 | 2141 {269 |0 0[029|058 127156225 |255/|324|353]|422]|451
52 108 | 212 | 268 |0 0029|059 |128|158|226|257|326|356|425]|4 54
53 | 107 | 213 | 267 ||0 0{020| 059|128 |158|228|258|328|358|427]|457
54 1106 | 214 | 266 |0 0[030]|1 0/130|2 0{230|3 0[330|4 0[430(|5 0
5% | 105 | 215 | 265 |0 00301 11381 |2 1[2381|3 2|332]|4 4335
56 | 104 | 216 | 264 |0 0/030|1 1|131|2 2|233|3 43344 43861|5
57 |103 | 2107 | 263 |0 00311 2|132|2 4{235|3 63374 8439|510
58 (102 | 218 | 262 |0 00311 3[134|2 5/237|3 8|339|410/|441 |5 13
59 1101 | 2109 | 261 |0 0[031|1 3|134[2 6|[238|310|341 413|444 |5 16
60 | 100 | 220 | 260 |0 0/032|1 4|135|2 7|239|311|343|415|4 46 518
61| 99 | 221 [ 259 |l0 0/032|1 4|136|2 8(240 313 /345|417 (449|521
62 | 98 | 222 |28 |0 0/032|1 5|137]2 9241|314 |346|418| 450|523
63 | 97 | 228 | 257 |0 0[032]|1 5|137210|242 315|347 4200|4525 25
6+4 96 | 224 [ 256 || 0 0/032|1 5|1338|211 244|316 |348 |4 21 |4 54527
65 | 95 | 225 | 255 |0 0[033|1 6|139|212| 245|318 |350|423|456|529
66 | 94 | 226 | 254 |0 0/033|1 6/139|212|245|319 352|425 |4258]|5 31
67 | 93 |227 |23 |0 00331 7|140|213|246|320|353|426|459]|5 33
68 | 92 |228 | 252 |0 0(033|1 7 140 |214|247|321 3544285 1|535
69 | 91 | 229 [ 251 |0 0/033|1 7|140|214|248|322|355|429|5 3|5 37
70 | 90 | 230 | 250 |0 00341 8|141|215/249|323|356|430|5 4|5 38
71 89 [ 231 | 249 (|0 0[]034|1 8|141 215|249 (3233574315 5539
72 | 88 | 232 | 248 |0 00341 8/142|216|250{324 3584325 6|5 40
78 | 87 | 233 | 247 |0 0|034|1 8142216250325 |359[433|5 7541
74 | 86 | 234 | 246 |0 00341 8[142|216|250|325|359|433|5 7/|542
75 | 85 | 235 (245 |0 00341 8142|217 251 [325|359(433|5 7|5 42
76 | 84 [ 236 | 244 |0 0[034|1 9[143 (217|251 |326|4 0|434|5 8|5 43
77 | 83 | 237 | 243 |0 00341 9|143|217 251|324 0|434|5 8/|543
78 | 82 (238 242 |0 00341 9|143|218 252|326 |4 0|435{5 9|5 44
79 | 81 | 239 | 241 || 0 00341 9143|218 /252|326 |4 1|435|5 9|5 44
80 | 80 | 240 {240 |0 0/034|1 9|143 218 |252(326 |4 1|435|510]544
+ + - -

Mean ......cceevennnnnnnne 0 0/{022|044]|1 6128|149 (211|233 |255|317|339
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Table of Polar-Magnet-Deviations,

Apparent Azimnth from Neutral
Position
in points and decimals.

Modulus.

°11

12

‘13

‘14

15

°16

.17

18

019

. 020

Corresponding Pol;

ar-Magnet-Deviation, in degrees and

minutes.

1+ | - [ -

P P ? P
00 | 160 | 16:0 | 32-0
01 | 159 | 161 | 319
02 | 158 | 16:2 | 318
03 | 157 | 163 | 317
04 | 156 | 164 | 316
05 | 155 | 165 | 315
06 | 154 | 166 | 314
07 | 153 | 16-7 | 31-3
08 | 152 | 168 | 312
09 | 151 | 16.9 | 31-1
140 | 150 | 170 | 31-0
1.1 | 149 | 17:1 | 309
12 | 148 | 17-2 | 308
1-3 | 147 | 173 | 30:7
14 | 146 | 174 | 306
15 | 145 | 175 | 305
16 | 144 | 176 | 30°4
17 | 143 | 17°7 | 30-3
1.8 | 142 | 178 | 30'2
19 | 141 | 17°9 | 30°1
2:0 | 140 | 180 | 300
21 | 139 | 181 | 299
22 | 138 | 182 | 29'8
2:3 | 137 | 183 | 297
24 | 136 | 184 | 296
25 | 135 | 185 | 295
26 | 134 | 186 | 294
27 | 133 | 187 | 293
28 | 132 | 188 | 292
29 | 131 | 189 | 291
30 | 130 | 190 | 290
31 | 129 | 191 | 289
32 | 128 | 192 | 288
33 | 127 | 193 | 287
34 | 126 | 1944 | 286
35 | 125 | 195 | 285
36 | 124 | 196 | 284
37 {123 | 197 | 283
38 | 122 | 198 | 282
39 | 121 | 199 | 281
40 | 120 | 200 | 280
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for Azimuths referred to the Disturbed Compass.

87

Modulus. '
Apparent Azimuth from Newral || 10 [y | g | a3 | a4 | a5 | 6 ] 17 l 18 } 19 J 20
in points and decimals.
Corresponding Polar-Magnet-Deviation, in degrees and minutes.

+ + - -
P P . 3 P o ’ ] / o ’ o ’ ] / o / o 7 o ’ o / o G [} ’
40 [ 120 | 200 [ 280 |4 4428453517 |542|6 6630|655 719| 7 44| 8 8
41 (1149 (201 [ 279 |4 9433|458 |52 (548 |613|638 |7 3| 728|753 818
42 | 118 | 202 | 278 |[413| 438 |5 4|52 |555|620|646|711| 736 8 1| 827
43 | 117 | 2083 | 277 | 418|443 |5 9|535|6 1|627|653|718| 744| 810| 8 36
44 | 116 | 204 | 276 || 422|448 515|541 |6 7|633 |7 0|72 | 752 818| 8 45
45 | 115 | 205 | 275 || 42| 453|520 (546|613 (640 |7 7|733[8 0| 826| 8 54
46 1144 | 206 | 274 || 430|457 |524|551 618|646 |713|740| 8 7| 834/ 9 2
47 | 11'3 |20 (273 || 435 |5 252|557 |624|652|720|747| 815| 8 42| 9 10
48 | 11'2 | 208 | 272 |439|5 7|53 |6 3|[631|659|727|754| 822 850| 918
49 | 1141 | 209 | 271 (| 443|511 |5 40 |6 6367 4({733|8 1| 829| 857| 926
50 | 1140 | 210 | 270 || 447 | 515|544 613 641 |710|739|8 8| 8369 5| 9 34
51 (109 | 2141 | 269 || 451|520 (549|618 647|716 |7 46 |8 15| 8 44| 9 13| 9 42
52 [ 108 | 21-2 | 268 || 454|523 (553 |622|652|72 751|820/ 850 919| 9 49
53 | 1007 | 213 [ 267 | 457 |527|557 (627 [657|727|757|82 | 856 92| 956
54 | 106 | 2144 | 266 || 5 5306 1631 |7 1[731|8 28329 932/10 3
55 | 105 | 215 | 265 || b 534|6 5|635|7 67378 8/838|9 9 39(10 10
56 | 104 | 216 | 264 || 5 5386 9640|711 |7 42813 |8 43| 9 14| 9 45|10 16
57 | 10:3 | 217 | 263 | 510|541 (613|644 |7 15 |7 46 (818|849 | 9 20| 9 51|10 22
58 | 102 | 218 | 262 || 513|544 | 616 |6 47 | 719 |7 50|822|853| 925 956/10 28
599 [ 101 | 219 | 261 || 516|547 619|651 |72 |755|827|858| 930[10 2|10 34
6:0 | 1000 [ 220 | 260 | 518|550 |622|654|72 |758|[831(9 9 35|10 7|10 39
61 99 (221 (259 || 521|553 ({625 |657|730[8 2|835]|9 93910 1110 44
6-2 98 | 222 | 258 | 523555628 |7 07338 6839|911 | 9 44(10 16{10 49
63 97 | 223 [ 257 |52 | 558|631 |7 4|737|810|843(9 15| 9 48/10 21]10 54
64 96 | 224 | 256 |52716 06337 6|739|812|846|919 | 9 52(10 25(10 58
6'5 95 [ 225 | 255 ||520|6 26367 9|742|815|849|922| 956/10 29|11
66 94 | 226 | 254 || 5316 4[638|711|745/818 (852|925 95910 32(11
67 93 | 227 [ 253 || 6336 7641|714 |7 4882185592910 310 36|11 10
68 92 | 228 | 252 | 5356 9|643|717|751|824|858|932|10 6|10 89|11 13
6-9 91 | 229 | 251 537|611 (645|719 |753|827|9 19 35]/10 10 42|11 16
70 90 {230 | 250 || 538612646720 754|828 |9 3|937 (101110 45|11 19
71 89 | 231 | 249 || 539613648 722 |756(830[9 593910 14(10 48|11 22
72 | 88 | 232 | 248 (| 540 |6 14 | 649 |7 23|758832|9 7|941[1016/10 50(11 24
7:3 87 | 238 | 247 [ 541 1615|650 (7247598339 894210 17]10 51|11 26
74 86 | 234 | 246 | 542|616 65172 (8 08349 994310 18/10 52|11 27
7'5 85 | 235 {245 (542|617 65272 (8 1|835/910|9 45|10 20|10 54|11 29
76 84 | 236 | 244 || 543|617 (652|726 |8 183691194610 21]10 55/11 30
77 83 | 237 (248 | 543|617 |652|72 |8 1836|9119 4610 21|10 56|11 31
78 82 | 238 (242 1544618 |653|727|8 2[837|912/|9 47|10 22{10 57[11 32
79 81 1239 | 241 ||544|618 |653|727|8 2|837(912|9 47|10 22(10 57|11 32
2-_0 i’_O 240 | 240 1544|619 | 653|728 |8 2837|9129 47|10 22|10 57|11 32

Mean ....... 33914 1423|4455 7|/529|552/614| 636| 658] 720
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MR. AIRY ON THE OBSERVED DEVIATIONS OF THE COMPASS

Table of Polar-Magnet-Deviations,

4 Modulus.

Apparent Az]i?r(r)xsui‘&flrom Neutral 20 21 22 .23 24 25 .26 27 28 | 29 30

in"points and decimals.

Corresponding Polar-Magnet-Deviation, in degrees and minutes.

+ 1 + ] = [ =
P P P » o ’ o ’ o ’ o ’ o / o ’ o ’ o ’ ] /7 L) ’ o ‘
00 | 16:0- | 160 |[320 |06 0/0 0|0 0[O0 OO 0| O O, 0 0,0 0/ 0 00 0/ 00
01 | 159 {161 [31'9 | 014 |015|015|016|0 16| 017 018| 019| 0 19} 0 20| 0 20
02 | 158 | 162 [ 318 | 027 /029|030|031,032| 034 035, 036| 037 039 040
0-3 | 157 | 163 | 317 [ 041 043|045 047|049 | 051} 053 055|057 059 1 1
04 | 156 | 164 (316 | 0540571 0|1 3|1 5|1 8/ 111|114} 116] 119 1 21
05 | 155 [ 165 315 |1 8111 |114|118|121 | 125/ 128 131|134 138 141
06 | 154 [ 166 | 3144 | 121 |125]129|133|137| 141 145|149 153} 157 2 1
07 | 153 | 167 | 31°3 || 135140144 |149 153|158, 2 3|2 8| 212 217| 221
08 [ 152 | 168 |31°2 || 148 1541592 4|2 9| 215| 220 225 230 236| 241
09 [ 151 [ 169|311 |2 1|2 7213|219 |225| 231| 237| 243| 249| 255 3 1
100 | 150 | 170 | 310 | 214|221 |227|234|241 | 248| 254 3 1|3 7| 314 321
11 | 149 | 171 [ 309 | 228|235 242|250 | 257| 3 5| 312 3 19| 3 26| 3 34| 3 41
12 | 148 | 172 | 308 | 241|249 257 |8 5313 321 329| 337| 345 353] 4 1
13 | 147 | 173 | 307 | 254 |3 3311|320 |328| 337| 346| 355 4 3| 412| 421}
144 | 146 | 174 | 306 |3 7317|326 | 335|344 | 354 4 3| 412| 421|431 440
145 | 145 | 175 | 305 || 320 |330|340|{350(4 0| 410 420 430 440|450 5 0
16 | 144 | 176 | 304 || 333|344 (3544 5|415| 426 437 448 458 5 9| 519
17 | 1483 | 177 [ 303 | 346|357 |4 8420|431 | 443 454 5 5| 516| 5 28| 539
18 {142 | 178 | 302 || 358 |410|422|434|446| 458 510| 522| 534 546 5 58
109 | 141 | 17°9 301 || 410|423|436[449|5 1| 5 14| 527 540| 552| 6 5 617
20 | 140 {180 | 300 || 423|437|450|5 3|516| 530| 543| 556 6 9| 6 23 6 36
21 |139 | 181 | 299 | 435|449 |5 3517|531 | 545 559| 6 13| 6 27| 6 41 6 55
22 | 138 | 182 | 298 | 448 |5 3|517|532|546| 6 1| 6 15| 6 30| 644 6 59| 7 13
23 [ 137 | 183 | 297 || 5 0515|530 |545(6 0| 616 631| 646 7 1| 716| 7 31
24 | 136 | 184 | 296 || 512|528 |544|6 0|615| 631 647| 7 3| 718 7 34| 7 50
25 [ 135 | 185 | 295 || 524|541 | 557|614 |630| 647| 7 3| 718 735| 752 8 8
26 [ 134 [ 186 | 294 || 536|553 610|627 (644 | 7 1| 718 735|752 8 9| 826
27 133 | 187 | 293 | 548 |6 6623|641 |6 58| 716| 7 34| 752| 8 9| 8 27| 8 44
28 | 132 | 188 [ 292 |6 0|618 /636|654 |712| 731 749 8 7| 825 843 9 1
29 | 131 [ 189 [ 291 [[612 631|649 |7 8|72 | 745/ 8 4| 823|841 9 0| 919
30 | 130 {190 {290 [ 623|643 |7 2|721|[740| 8 0| 819| 838 857| 917| 9 36
31 | 129 | 191 | 289 634|654 |714|734|754| 814| 834| 854 913 933 9 33
32 | 128 | 192 | 288 | 645 |7 6726|747 |8 7| 828 848/ 9 9| 929 9501010
33 | 127 | 193 [ 2871656717738 |759|82 | 8419 2| 923 9 44/10 5/10 26
34 | 126 | 194 | 286 | 7 7|7 28|750|812,833| 855/ 916] 938 9 59|10 21|10 42
35 [ 125 | 195 | 285 || 718|740 |8 2|824|846| 9 8| 930 9 52|10 14|10 36|10 58
36 (124 | 196 | 284 (|7 281|751 |813|836|858| 921| 9 44/10 7|10 29|10 52|11 14
37 11283 | 197 | 283 | 738 |8 1|824)847|910| 934 95710 2010 43 11 7111 30
38 | 122 | 198 | 282 | 7481812 835|859(9 22| 9 46|10 10|10 34|10 57|11 21|11 45
39 | 121 199 | 281 || 758|822|846|910({934| 959[10 23/10 4711 11{11 36{12 0
40 | 120 | 200 | 280 |8 8833|8579 22 9 46 |10 11]10 36|11 1|11 25|11 50|12 15
+ |+ | - | - ‘




IN WOOD-BUILT AND IRON-BUILT SHIPS. 89

for Azimuths referred to the Disturbed Compass.

Modulus.

Apparent Ain,r‘x)xsx;g:)ﬁrom Neutral -20 21 22 .23 24 .25 26 .27 .28 29 .30

in points and decimals.

Corresponding Polar-Magnet-Deviation, in degrees and minutes.

1+ - [ -
S ST T AU R NS BRSPS INPSEDY IS PSR P S S S SRS B S
40 | 12°0 | 20°0 | 280 8 8| 833| 857, 922 946{10 11(10 36|11 1 11 25|11 50|12 15
41 | 11°9 | 20°1 | 279 8 18| 843| 9 8| 933 9 58(10 23|10 48|11 13 ll’ 38|12 4|12 30
42 | 118 | 202 | 278 || 8 27| 8 52| 9 18| 9 43|10 9|10 34|11 0|11 26|11 52|12 18|12 44
43 | 117 | 20:3 | 277 836 9 2| 928| 9 54|10 20[10 46|11 12|11 38|12 5|12 31|12 58
44 | 116 | 204 | 276 8 45| 9 11| 9 38|10 410 31|10 57|11 24|11 50|12 17|12 44|13 11
45 | 11'5 | 205 | 27°5 8 54| 9 20| 9 47|10 14|10 41|11 8|11 36|12 3|12 30|12 57|13 25
46 | 1144 | 206 | 27-4 9 2|.929| 9 57|10 24|10 52|11 19|11 47|12 14|12 42|13 10|13 38
47 | 11:3 | 207 | 273 9 10| 938/10 6[10 34{11 2|11 30|11 58|12 26|12 54|13 22|13 51
48 | 112 | 208 | 272 0 18| 9 46|10 15/10 43|11 12(11 40|12 9|12 37|13 6|13 34|14
49 | 111 209 | 271 9 26| 9 55[10 24|10 53|11 22|11 50|12 19 lé 48113 17|13 46|14 15
50 | 110 | 21:0 | 27-0 9 34{10 3|10 32|11 1|11 31|12 0|12 29|12 58|13 2813 57|14 27
511 | 109 | 211 | 269 9 42(10 11|10 41|11 10|11 40|12 9|12 39|13 8|13 38|14 8|14 38
52 | 108 | 21'2 | 268 9 49|10 18|10 48|11 18|11 48|12 18|12 48|13 18|13 48|14 18|14 49
5:3+| 10:7 | 21°3 | 26°7 9 56|10 26|10 56 |11 26|11 56|12 27|12 57|13 27|13 58|14 29|15 0
54 | 106 | 214 | 266 |10 3|10 33|11 3111 33|12 4|12 35|13 6|13 37|14 8|14 39|15 10
55 | 10°5 | 21*5 | 265 |10 10|10 40|11 11|11 42|12 13|12 44|13 15|13 46|14 18|14 49|15 20
56 | 1044 | 21°6 | 264 |10 16|10 47|11 18|11 49|12 21|12 52|13 24 {13 56|14 27|14 58|15 30
57 | 10:3 | 2147 | 263 |10 22|10 53|11 25|11 57|12 28|13 0|13 32|14 4|14 36|15 8|15 40
58 | 102 | 218 | 26°2 |10 28(11 0|11 32|12 4|12 36|13 8|13 40|14 12|14 44|15 16|15 49
59 | 10°1 | 219 | 261 |10 34/11 6|11 38/12 10|12 43|13 15|13 47|14 19|14 52|15 24|15 57
6°0 | 100 | 220 | 26:0 |10 39|11 11|11 44|12 16|12 49{13 21|13 54|14 26|14 59|15 32{16 5
61 99 | 2241 | 259 |10 44|11 16|11 49|12 22|12 55|13 27|14 1|14 34|15 7|15 40|16 13
6-2 98 | 222 | 258 |10 49|11 21 (11 54|12 27|13 0[13 33|14 7|14 40|15 14|15 47|16 21
63 97 | 223 | 25°7 |10 54|11 27|12 0]12 33|13 6|13 39|14 13|14 47|15 21|15 54|16 28
64 96 | 224 | 256 |10 58|11 31|12 5|12 38|13 12|13 45|14 19|14 53|15 27|16 1]16 35
65 95 | 225 | 255 |11 2|11 35|12 9|12 43|13 17|13 50|14 24|14 58|15 33|16 7|16 41
66 94 | 226 | 254 |11 6|11 39|12 13|12 47|13 21|13 55|14 29|15 3|15 38|16 12|16 47
67 93 | 227 | 253 |11 10|11 44|12 18|12 52|13 26|14 0|14 34|15 8|15 43|16 18|16 53
68 02 | 228 | 252 |11 13|11 47|12 21|12 55|13 30|14 4|14 39|15 13|15 48|16 23|16 58
69 91 | 229 | @51 |11 16[11 50|12 25|12 59|13 34|14 8|14 43|15 18|15 53|16 28|17 3
7°0 9:0 | 23:0 | 250 |11 19|11 53|12 28|13 2|13 37|14 12|14 47|15 22|15 57|16 32|17 7
7’1 89 | 231 | 249 |11 22|11 56|12 31|13 5|13 40|14 15|14 5015 25|16 0|16 35|17 11
72 88 | 232 | 248 |11 24|11 58|12 33|13 8|13 43|14 18|14 53|15 28|16 3|16 38|17 14
73 87 | 233 | 247 |11 26{12 1]12 36|13 11{13 46|14 21|14 56|15 31|16 6|16 41|17 17
7°4 86 | 234 | 246 |11 27|12 2|12 38(13 13|13 48|14 23|14 58|15 33|16 9|16 44|17 20
75 85 | 235 | 245 |11 29|12 4|12 39|13 14|13 50|14 25|15 0|15 35|16 11|16 46|17 22
76 84 | 236 | 244 |11 30|12 5|12 40|13 15|13 51|14 26|15 2|15 37|16 13 16 48117 24
77 83 | 237 | 243 |11 31|12 6|12 41|13 16|13 52|14 27|15 3|15 38|16 14|16 50|17 26
7'8 82 | 238 242 11 32|12 6|12 42|13 17|13 53|14 28|15 4|15 39|16 15|16 51|17 27
79 81 | 239 | 241 |11 32|12 7|12 43|13 18|13 54|14 29|15 5|15 40|16 1616 51|17 27
80 80 | 240 | 240 |11 32|12 7|12 43|13 18|13 54|14 29|15 5|15 40|16 16|16 51|17 27
+ + - -

Mean ..ouveveivenenneenn.] 7 20 7 42| 8 4| 8 26| 8 49| 9 11| 9 34} 9 56{10 19|10 41|11 4

MDCCCLVI. ‘N
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MR. AIRY ON THE OBSERVED DEVIATIONS OF THE COMPASS

Table of Polar-Magnet-Deviations,

Modulus.
Apparent Aztouth from Neutral || 30 | .31 | 32 | -33 | 34 | 35 | -36 | 37 | -38 | -39 | -0
in points and decimals.
) Corresponding Polar-Magnet-Deviation, in degrees and minutes.

¥+ - -

P R P P o s o v o v o 4 7 o v o 7 ° / o 4 o v o v
00 | 160 | 16:0 | 320 0 0,0 0/ 0 0/ 0 0[O0 0[O0 0[O0 0[O0 0[O0 0/ 0 00 0
0-1 | 1549 | 16°1 | 319 020 021 022 022 023 024 025 025 02| 0 26| 027
02 | 158 | 16:2 | 31-8 0 40| 0 42| 0 43| 0 44| 0 46| 0 47| 0 49| 0 50| 0 51| 0 52| 0 54
0°3 | 157 | 163 | 317 1 111 31 5/ 1 47{1 9111113 115 117 119| 1 21
04 | 156 | 164 | 316 1211 123 126 128 131 134 137 139 142 1 45| 148
05 | 155 | 165 | 315 141 144 147 150 154 157 2 1| 2 4| 2 8| 211| 215
06 | 154 | 166 | 314 2 1/ 2 b1 2 9| 213 217| 221| 226 230| 2 34| 2 38| 2 42
07 | 153 | 167 | 31-3 221 225 230 235 2 40‘ 245 250 2553 0| 3 4/ 3 9
08 | 152 | 168 | 312 241 246 252 257 3 3| 3 8| 3 14| 319| 325| 330 3 36
09 | 151 | 169 31'i 3 1|/ 3 7313 319| 325| 331| 338 344| 350 356/ 4 3
10 | 150 | 170 | 310 321| 328| 335 341| 3 48| 355 4 2| 4 8| 415 422 429
11 | 149 | 17-1 | 30°9 341| 3 48| 356 4 3| 4 11| 4 18| 4 26| 4 33| 4 41| 4 48| 4 56
12 | 148 | 17°2 | 308 4 1| 4 9| 417 4 25| 433| 441 450 458, 5 6| 5 14| 5 22
13 | 147 | 17°3 | 307 421 429 438 446| 455{ 5 4| 513 521| 5380| 5 39| 5 48
14 | 146 | 17°4 | 306 440 4 49| 459 5 8| 518| 5 27| 537| 546| 555/ 6 4| 6 14
15 | 145 | 175 | 305 5 0| 510) 520 530 540] 550 6 0| 6 10| 6 20| 6 30| 6 40
146 | 144 | 176 | 304 519, 530 540 550/ 6 1| 6 12| 6 23| 6 33| 6 44| 6 55| 7 6
17 | 143 | 177 | 30°3 539 550 6 1| 6 12| 6 24| 6 35| 6 47| 6 58] 7 9| 7 20| 7 32
1.8 | 142 | 17'8 | 302 558 610 6 22| 6 34| 6 46| 6 58| 7 10| 7 21| 7 33| 7 45| 7 57
19 [ 141 (179 | 301 || 617 6 29| 6 42| 6 54| 7 7| 7 20| 733 745 758 810| 823
2:0 | 140 | 180 | 30°0 636 649 7 2| 7 15| 7 28| 741| 755/ 8 8| 821| 8 34| 8 48
21 | 139 | 181 | 299 655 7 8| 722 736 750 8 4| 818| 831| 8 45| 8 59| 9 13
22 | 138 | 182 | 298 713 727 742 756 811| 8 25| 8 40| 8 54| 9 9| 9 23| 9 38
2:3 | 137 | 183 | 297 731 746 8 2| 8 17| 832| 847 9 2| 9 17| 9 32| 9 47|10 2
24 | 136 | 184 | 296 750 8 5| 821| 836/ 8529 8| 924 939 95510 11|10 27
25 | 135 | 185 | 295 8 8| 824 841| 857 9 14| 930| 94710 3|10 19|10 35|10 52
26 | 134 | 186 | 29-4 8 26| 843/ 9 0| 9 17| 9 34| 9 51|10 8|10 25|10 42|10 59|11 16
27 | 133 | 187 | 293 844, 9 1|1 919| 986| 9 54|10 12|10 30|10 47|11 5|11 22|11 40
2:8 | 132 | 188 29'2 9 1| 919| 937| 955/10 13|10 32|10 50|11 8|11 26|11 44|12 3
29 | 131 | 189 | 291 919| 937 95610 15|10 34|10 53|11 12|11 30|11 49|12 8|12 27
30 | 13:0 | 190 [ 29:0 936 9 55/10 15|10 34|10 54|11 13|11 33|11 52|12 11|12 30|12 50
31 (129 | 191 | 289 9 53|10 13110 33{10 53(11 13|11 33|11 53|12 13|12 33|12 53|13 13
32 | 128 | 192 | 288 (110 10{10 30|10 5111 11|11 32{11 53|12 14|12 34|12 55|13 15|13 36
3:3 | 127 | 193 | 287 |10 26|10 47|11 9|11 30|11 51|12 12|12 34|12 55|13 16|13 37|13 58
34 | 126 | 194 | 28:6 |10 42|11 4|11 26|11 47|12 9|12 31|12 53|13 15|13 36|13 58|14 20
35 | 125 | 195 | 285 |10 58|11 20|11 43|12 5|12 28|12 50|13 13|13 35|13 57|14 19|14 42
36 | 124 | 196 | 284 |11 14|11 37|12 0{12 23|12 46|13 9|13 32|13 54|14 17|14 40|15 3
37 | 123 | 197 | 283 |11 3011 53|12 17|12 40|13 4|13 27|13 51|14 14|14 37|15 0|15 24
38 | 122 | 198 | 282 |11 45|12 9|12 33|12 57|13 21|13 45|14 9|14 33|14 57|15 21|15 45
39 | 121 199 | 281 112 012 2412 4913 13|13 3814 3|14 2814 52|15 17|15 41|16 6
40 | 120 | 200 | 280 (|12 15(12 40|13 5|13 30|13 55|14 20(14 45|15 10[15 36{16 1|16 26
+ + - -




IN WOOD-BUILT AND IRON-BUILT SHIPS.

for Azimuths referred to the Disturbed Compass.

91

Modulus.
Apparent Azimuth from Newsal | 30 | w31 | -2 | 33 | 34 | 35 |36 | -7 | 38 | -39 | -a0
in points and decimals. ‘
Corresponding Polar-Magnet-Deviation, in degrees and minutes.

+ | + | - | -
3 P P P o G o ’ o ’ o ’ o ’ o / o ’ o G o / o ’ o ’
40 | 120 | 200 | 280 |12 15|12 4013 5[13 30|13 55|14 20|14 45|15 10(15 36|16 1|16 26
41 | 119 | 201 79 112 30|12 55|13 21|13 46|14 11|14 37|15 2|15 28|15 54|16 20|16 46
42 | 118 | 202 | 278 |12 4413 10|13 36|14 14 27|14 53|15 19|15 45|16 12|16 38|17 5
43 | 1147 | 203 | 277 |12 58|13 24|13 51|14 17|14 43|15 10|15 36|16 3|16 30|16 57|17 24
44 | 116 | 204 | 276 |13 11|13 38|14 5|14 32|14 59|15 26|15 53|16 20|16 47|17 14|17 42
45 | 115 | 205 | 275 |13 25|13 52|14 20|14 47|15 14|15 42|16_ 9|16 36|17 4|17 32|18 ©
46 | 1144 | 206 | 274 |13 38|14 6|14 34(15 1|15 29|15 57|16 25|16 53|17 21|17 49|18 18
47 1 11°3 | 207 | 273 |13 51|14 19|14 48|15 15|15 44|16 12|16 41|17 9|17 38|18 7|18 36
48 | 112 | 208 | 272 |14 3|14 32|15 1|15 29|15 58|16 27|16 56|17 25|17 5418 23|18 53
49 [ 11-1 | 209 | 271 |[14 15[14 44|15 14|15 42|16 12|16 41|17 11|17 40|18 10|18 40|19 10
540 | 110 | 21:0 | 270 |14 27|14 56|15 26|15 55|16 25|16 55|17 25|17 55|18 25|18 55|19 26
51 | 1009 | 21-1 | 26°9 |[14 38|15 8|15 38|16 8|16 38|17 9|17 39|18 9|18 40(19 10|19 41
52 108 | 212 | 268 |14 49|15 19|15 50|16 20|16 51|17 22|17 53|18 23|18 54|19 25|19 56
53 | 1077 | 21-3 | 267 ||15 0|15 31|16 2|16 32|17 3 17 35|18 6[18 37|19 8/19 39(20 11
54 | 106 | 21-4 | 266 |15 10|15 41|16 13|16 44|17 15(17 47(18 19|18 50|19 22|19 54|20 26
55 | 1005 | 21-5 | 265 || 15 20|15 52|16 24|16 55|17 27[17 59|18 31|19 3|19 3520 7|20 40
56 | 104 | 216 | 264 ||15 30|16 2|16 34|17 6|17 38|18 10|18 43|19 15|19 48|20 20|20 53
5% | 103 | 217 | 263 |15 40[16 12|16 44|17 16|17 49|18 21|18 54|19 27|20 0|20 33|21 6
58 | 102 | 218 | 26:2 |15 49[16 21|16 54|17 26|17 59|18 3219 5|19 38|20 11|20 44|21 18
59 | 101 | 219 | 261 |15 57|16 30|17 3|17 36|18 9|18 42|19 16|19 49|20 23|20 56|21 30
60 | 10:0 | 22:0 | 26:0 ||[16 5|16 38|17 12|17 45|18 18|18 52|19 26|19 59|20 33|21 7|21 41
6-1 99 | 221 | 259 |[16 13|16 47(17 21|17 54|18 27(19 1]19 35|20 9|20 43|21 17|21 52
62 98 | 222 | 258 |[16 21|16 55[17 29|18 2(18 36|19 10|19 44|20 18|20 53|21 27|22 2
63 97 | 223 | 257 ||16 28|17 2|17 37|18 10|18 45{19 19|19 53|20 27|21 2|21 37|22 12
64 96 | 224 | 256 |16 35|17 9|17 44|18 18|18 53(19 27|20 2|20 37|21 12|21 47|22 22
6°5 95 | 225 | 255 ||16 41|17 16|17 51|18 25(19 0]19 35|20 10|20 45|21 20|21 55|22 31
66 94 | 226 | 254 ||16 47|17 22|17 57|18 32|19 7|19 42|20 17|20 52|21 28|22 3|22 39
6-7 93 | 227 | 253 ||16 53(17 28|18 3|18 38|19 13|19 48|20 24|20 59(21 35|22 10|22 46
68 92 | 228 | 252 (|16 58|17 33|18 8|18 43|19 18|19 54|20 30|21 5|21 41|22 17|22 53
69 91 | 229 | 251 |17 3|17 38|18 13|18 48|19 23|19 59|20 35|21 11|21 47|22 23|23 0
70 90 | 230 | 250 ||17 7(17 42118 18|18 53|19 28|20 4|20 40|21 16121 53|22 29|23 6
71 89 | 231 | 249 117 11]17 46|18 22|18 57|19 33|20 9|20 45|21 21|21 58|22 34[23 11
72 | 88 | 232 | 248 |17 14|17 50|18 2619 1|19 37|20 13|20 50|21 26|22 3|22 39 23 16
7:3 87 | 233 | 247 |17 17|17 53|18 29|19 5|19 41(20 17|20 54|21 30|22 7|22 43[23 20
74 86 | 234 | 246 |17 20|17 56|18 32|19 8|19 44{20 20|20 57|21 33|22 10 92‘ 47 23 24
75 85 | 235 | 245 |17 22|17 58|18 34|19 10|19 47|20 23[21 0|21 36|22 13|22 50|23 27
76 84 | 236 | 244 |17 24|18 0[18 36|19 12|19 49|20 25(21 2(21 39|22 16|22 53|23 30
77 83 | 237 | 243 |17 26|18 2|18 38{19 14|19 51|20 27|21 4|21 41|22 18|22 55|23 32
7'8 82 | 238 | 242 (|17 2718 3|18 39(19 15|19 52(20 28|21 5|21 42|22 19|22 56|23 34
79 81 | 239 | 241 |17 27[18 3(18 40|19 16{19 53|20 29({21 6|21 43|22 20|22 57|23 35
80 80 | 240 | 240 |17 27|18 3|18 40[19 16|19 53|20 29|21 6|21 43|22 21|22 58. 23 35
+ |+ =1 -

Mean .....covvennnnnnnnn. \ 11 4(11 27|11 50|12 13|12 35{12 58|13 21|13 44|14 7|14 30[14 53
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MR. AIRY ON THE OBSERVED DEVIATIONS OF THE COMPASS

Table of Polar-Magnet-Deviations,

Modulus.
Apparent Azé)r(!:gﬂ;flrom Neutral 40 41 42 .43 44 45 46 47 .48 49 50
in points and decimals.
Corresponding Polar-Magnet-Deviation, in degrees and minutes.
+ + - -
p P P P o ’ o / o ’ o / o ’ o ’ o ’ [} ’ o ’ o ’ ) G
00 | 160 | 16:0 | 320 6 0/ 0 0,0 0/0 0,0 0/ 0 0/ O 0[O0 0[O0 O[O0 0,0 O
01 | 159 | 161 | 319 027|027 028 029 030 031 031 031 032 033 034
02 | 158 | 16:2 ‘31'8 0 54| 0 55 0.57 0581 0/ 1 11 2/1 3|1 4|1 5|1 7
03 | 157 | 16°3 | 317 121123 125 127|129 131|133 135/ 137 139] 141
04 | 156 | 164 | 316 148 150 153 156 159 2 1|2 4|2 6/ 2 9| 212 215
05 | 155 | 16*5 | 31*5 215| 218| 2 21| 224| 228| 231| 235 238 242| 2 45| 2 49
06 | 154 | 166 | 314 2 42| 2 46| 2 50| 254| 258 8 2| 3 6| 310| 3 14| 3 18| 3 22
07 | 153 | 167 | 31-3 3 9| 314 319| 3 24| 329| 333| 3 38| 342 3 47| 3 51| 3 56
08 | 152 | 168 | 312 3 36| 3 41 3 47| 3 52| 358 4 3| 4 8| 413 418| 4 23| 429
09 | 151 | 16°9 | 311 4 3| 4 9| 415| 421 427| 433 439| 445| 451 457 5 3
10 | 150 | 17°0 | 310 429 43| 442 449 456 5 2| 5 9| 515| 5 22| 5 29| 5 36
111 | 149 | 17-1 | 309 456 5 3| 510 517| 5 25| 532 540| 5 47| 5 54| 6 1| 6 9
1-2 | 148 | 172 | 308 522 530 538 546 554 6 2| 6 10| 6 18| 6 26| 6 34| 6 42
13 | 147 | 17°3 | 307 548| 557 6 6| 6 15| 6 24| 6 32| 6 41| 6 49| 6 58| 7 6| 7 15
14 | 146 | 174 | 306 6 14| 6 23| 633] 642 652 7 1| 7 11| 720| 729 7 38| 748
156 | 145 | 17°5 | 305 640 650 7 0| 7 10| 7 21| 731| 741| 751| 8 1| 811| 8 21
16 | 144 | 176 | 304 7 6| 716| 7 27| 737| 748| 759| 810| 8 20| 8 31| 8 42| 8 53
147 | 143 | 177 | 30:3 732 743| 754 8 5| 817| 828 840| 851 9 2| 913| 925
18 | 142 | 178 | 30'2 757, 8 9] 821| 833 845 857 910| 9 22| 9 34| 9 46| 9 58
19 | 141 | 179 | 30-1 8 23| 835| 848 9 0| 913| 926|.939| 9 51|10 4|10 1710 30
20 | 140 | 180 | 300 8481 9 1| 9 15| 9 28| 9 42| 9 55|10 9|10 22|10 35|10 48(11 2
21 | 139 | 181 | 299 9 13| 927 941 955{10 9|10 23(10 38/10 52|11 6|11 20|11 34
22 | 138 | 182 | 29'8 938 9 52|10 7|10 21|10 36|10 51|11 6|11 20|11 3511 50|12 5
2:3 | 137 | 183 | 297 |10 2[10 17|10 33|10 48|11 4|11 19|11 35|11 50|12 5|12 21|12 36
24 | 136 | 184 | 296 |10 27|10 43|10 59|11 15|11 31|11 47|12 3|12 19|12 35|12 51 13 7
25 | 135 | 185 | 295 |10 52|11 8|11 25|11 41|11 58|12 15|12 32|12 48|13 5|13 21|13 38
26 | 134 | 186 | 294 (11 16[11 33|11 50|12 7[12 2412 4112 59 13 16|13 33|13 50|14 8
E 27 | 183 | 187 | 293 |11 40(11 57|12 15|12 33|12 51|13 9|13 27|13 44|14 2|14 20|14 38
| 28 | 132 | 188 | 292 (12 3|12 21|12 40|12 58|13 17|13 35|13 54|14 12|14 31|14 49|15 8
\ 29 | 131 | 189 | 291 |12 27(12 46|13 5|13 24|13 43|14 2|14 22[14 41|15 0|15 19|15 38
i 30 1130 {190 | 290 (12 50|13 10|13 30|13 49|14 9|14 29|14 49|15 8|15 28|15 48|16 8
31 129 | 1971 | 289 (|13 13(13 33|13 54|14 14 14~«35 14 55|15 16|15 36 |15 56{16 16|16 37
32 | 128 | 192 | 288 |13 36|13 57|14 18|14 39(15 0|15 21|15 42|16 3[16 24|16 4517 6
33 | 127 | 193 | 287 |13 58|14 19|14 41|15 2|15 24|15 46|16 8|16 29|16 51|17 12|17 34
34 | 126 194 | 286 |14 20|14 42|15 4|15 26|15 48|16 10|16 33|16 55|17 17|17 39|18 2
35 | 125 | 195 | 285 |14 42|15 4|15 27|15 50|16 13|16 36|16 59|17 21 |17 44|18 7|18 30
36 | 124 | 196 | 284 |15 3|15 26|15 50|16 13|16 37|17 0|17 24 (17 47|18 10|18 33|18 57
37 | 123 | 197 | 283 |15 24 15 48|16 12(16 36 |17 0|17 24|17 48|18 12|18 36|19 0|19 24
38 | 12:2 | 198 | 282 ||15 45|16 9|16 34|16 58|17 23|17 47|18 12|18 36|19 1|19 25|19 50
39 1121 | 199 | 281 ||16 6|16 31|16 56|17 21|17 46|18 11|18 36(19 1|19 26|19 51|20 16
40 | 12:0 | 200 | 280 |16 26|16 51|17 17|17 42|18 8|18 33|18 59|19 25|19 50|20 16|20 42
+ + — —




IN WOOD-BUILT AND IRON-BUILT SHIPS.

for Azimuths referred to the Disturbed Compass.

93

Modulus.

Apparent Asfmuch from Newtral || gy | a1 | vag | 43 | a4 | a5 | a6 | a7 | 48 | a9 | 50

in points and decimals.

Corresponding Polar-Magnet-Deviation, in degrees and minutes.

40 | 12:0 | 200 | 28°0 ||16 26|16 51|17 17|17 42|18 8|18 33|18 59|19 25|19 50|20 16|20 42
41 | 119 | 20°1 | 279 ||16 46|17 12|17 38|18 4|18 30|18 56|19 22|19 48|20 14|20 40|21 7
42 | 11-8 | 20:2 | 278 ||17 5|17 32|17 58|18 25|18 51|19 18|19 45|20 11|20 38 21 521 32
43 | 1147 | 203 | 277 ||17 24|17 51|18 18|18 45|19 12|19 40|20 7|20 34|21 2|21 29|21 57
44 | 116 | 204 | 276 ||17 42|18 10|18 37|19 5|19 33|20 1|20 29|20 57|21 25|21 53|22 21
45 | 11°5 | 205 | 27°5 |18 0|18 29|18 57|19 25|19 53|20 22|20 50 |21 18|21 47|22 15|22 44
46 | 114 | 206 | 274 ||18 18|18 47|19 15|19 44|20 13|20 42|21 11|21 40|22 9|22 38|23 ¥
47 | 11:3 | 207 | 273 |18 36|19 5|19 34|20 3|20 32|21 2|21 31|22 0|22 30|22 59|23 29
48 | 112 | 208 |.27°2 |18 53|19 23|19 52|20 22|20 51|21 21|21 51|22 21|22 51|23 21|23 51
49 | 11’1 | 209 | 271 |19 10|19 40|20 10|20 40|21 10|21 40|22 10|22 40|23 11|23 42|24 13
50 | 11-0 | 21-0 | 270 |[19 26{19 56|20 26|20 57|21 27|21 58|22 29|23 0|23 31|24 2|24 34
51 | 1009 | 21-1 | 26:9 {19 41(20 12|20 43|21 14|21 45|22 16|22 48|23 19|23 51|24 22|24 54
52 | 108 | 21-2 | 26°8 ||19 56|20 28|20 59|21 31|22 2(22 34|23 6|23 38|24 10|24 42|25 14
53 | 107 | 21-3 | 26-7 ||20 11|20 43|21 15|21 47|22 19|22 51|23 23|23 55|24 28|25 0|25 33
54 | 106 | 21+4 | 266 | 20 26|20 58|21 30|22 2|22 34|23 7|23 40|24 13|24 46|25 19|25 52
55 | 105 | 21°5 | 2656 |20 40|21 12|21 44|22 17(22 50|23 23|23 56|24 29|25 3|25 36|26 10
5‘6 104 | 2146 | 26-4 |20 53|21 26|21 59|22 32|23 5|23 38|24 12|24 4525 19|25 53|26 27
57 1103 | 217 | 263 |21 6|21 39|22 12|22 46|23 19|23 53|24 27|25 1|25 35|26 9|26 44
58 | 10:2 | 21'8 | 26:2 |21 18|21 52|22 25|22 59|23 33|24 7|24 42|25 16|25 51|26 25|27 0
59 | 101 | 2109 | 26:1 |21 30|22 4|22 38|23 12|23 46|24 21|24 56|25 31|26 6|26 41|27 16
60 | 100 | 220 | 26:0 |21 41|22 16|22 50|23 25|23 59|24 34|25 9|25 44|26 20|26 55|27 31
61 | 99 | 221 | 259 |21 52|22 27|23 1|23 36|24 11|24 46|25 22|25 57|26 33|27 9|27 45
62 98 | 2222 | 258 122 2|22 37|23 12|23 47|24 22|24 58|25 34|26 10|26 46 27 22|27 59
63 97 | 223 | 257 |22 12|22 48|23 23|23 58|24 33|25 9|25 46|26 22|26 59|27 35|28 12
64 96 | 224 | 256 |22 22|22 58|23 33|24 9|24 44|25 20 25 57|26 33|27 10|27 47|28 24
65 95 | 225 | 25°5 122 31|23 7|23 42|24 18|24 54|25 30|26 7|26 44|27 21|27 58|28 35
66 94 | 226 | 25°4 |22 39|23 15|23 51|24 27|25 3|25 40|26 17|26 54|27 31|28 8|28 46
67 93 | 227 | 253 |22 46 |23 23|23 59|24 36|25 12|25 49|26 26|27 3|27 41|28 18|28 56
6-8 92 | 228 | 252 |22 53|23 30|24 6|24 43|25 20|25 57|26 35|27 12|27 50|28 27|29
69 | 91 | 229 | 251 123 0|23 37|24 13|24 50|25 27|26 4|26 42|27 20|27 58|28 36|29 14
7:0 90 | 230 | 250 |23 6|23 43|24 20|24 57|25 34|26 11|26 49 |27 27|28 5|28 43|29 22
71 89 | 231 | 249 ||23 11|23 48(24 25|25 2|25 39|26 17|26 56 |27 84|28 12|28 50|29 29
72 88 | 232 | 248 |23 16|23 53|24 30|25 8|25 45|26 23|27 2|27 40|28 19|28 57|29 36
73 87 | 233 | 247 ||23 20|23 58|24 35|25 13|25 50|26 28|27 7|27 45|28 24|29 2|29 41
7°4 86 | 234 | 246 ||23 24|24 2|24 39|25 17|25 55|26 32|27 11|27 49|28 28|29 7|29 46
75 85 | 235 | 245 |23 27|24 524 42|25 20|25 58|26 36|27 15|27 53|28 32|29 11|29 50
76 84 | 236 | 244.123 30 24 8|24 45|25 23|26 1|26 39|27 18|27 57|28 36|29 15|29 54
77 83 | 237 | 24'3 ||23 32|24 10|24 48|25 26|26 3|26 41|27 20|27 59|28 38|29 17|29 56
78 82 | 238 | 242 ||23 34(24 11|24 49|25 27|26 5|26 43|27 22|28 1|28 40|29 19|29 58
79 81 | 239 | 241 ||23 35|24 12|24 50|25 28|26 6|26 44|27 23|28 2|28 41{29 20|29 59
8}10 ii'_O 24:0 | 24:0 |23 35|24 13|24 51|25 29(26 7|26 45|27 24 28 3|28 42|29 21130 0

Mean ....oooevivninnnn.nl. 14 53{15 16|15 39/16 *2|16 26|16 49|17 13|17 37118 1}18 2518 49




MR. AIRY ON THE OBSERVED DEVIATIONS OF THE COMPASS

Table of Polar-Magnet-Deviations,

Modulus.
Apparent Azimuth from Newtral | 0 | 5y | 5o | w53 | 54 | 55 | 56 | 57 | 58 | -59 | 60
in points and decimals.
Corresponding Polar-Magnet-Deviation, in degrees and minutes.
¥+ ] - |-
» 4 P » ) ’ o / o / ) ’ o / o 4 o ’ o ’ o / o ’ o ’
00 | 16:0 | 16:0 | 320 0 0[O0 0/ 0 0/ 0 O[O Of 0 O[O0 0[O0 0[O0 0[O0 0[O0 O
01 | 159 | 161 | 31+9 0341 034 035 036/ 036 037 033 038 039 040/ 0 41
02 | 158 | 162 | 31'8 1 71 8, 110/ 111 113 114 116( 117/ 118 119|121
03 | 157 | 163 | 317 141 1 43 145 1 47| 149 152 154) 156 158 2 0f 2 2
04 | 156 | 164 | 316 215 217 220 2 22| 225 2 28| 231| 233| 236| 239 242
05 | 155 | 16°5 | 31+5 249 252 255 258 3 2|3 5/ 3 9| 312 316| 3 19| 3 23
06 | 154 | 166 | 314 322 2206 330| 334 338 342 3 47| 3 51| 355 359 4 3
07 | 153 | 16:7 | 31-3 356 4 0/ 4 5| 4 9| 414 419| 4 24| 4 28| 4 33| 4 38| 4 43
08 | 152 | 168 | 31-2 429 434 440 445 451 456 5 2 5 7| 512| 5 17| 5 23
09 | 151 | 169 | 31°1 5 3] 5 9| 515| 521| 527 533| 539| 5 45| 551| 557 6 3
10 | 150 | 170 | 310 5 36| 5 42| 549 555/ 6 2| 6 9| 6 16| 6 22| 6 29| 6 36| 6 43
11 | 149 | 171 | 309 6 9| 616 624 631 639 6 46| 6 34| 7 1| 7 8 v7 15| 7 23
1-2 | 148 | 17°2 | 308 6 42| 650 658 7 6| 7 14| 722 731 739 747| 755 8 3
13 | 147 | 17-3 | 307 7 15| 7 23 732 741 750 759 8 8| 816 825 8 34| 8 43
144 | 146 | 174 | 306 748 7 57| 8 ¥/| 8 16| 8 26| 8 35| 8 45| 8 54| 9 3| 9 12| 9 22
15 | 145 | 175 | 305 821 821 841 8511 9 1] 911}] 922 9 32| 9 42| 9 52|10 2
16 | 14:4 | 176 | 30+4 8 53| 9 4| 915| 9 25| 936 9 47| 9 58|10 8|10 19|10 30|10 41
17 | 143 | 177 | 30-3 9 25| 936 948 9 59|10 11|10 22|10 34[10 45|10 57|11 8|11 20
1.8 | 142 | 178 | 302 9 58(10 10|10 22|10 34(10 46(10 58[11 11|11 23|11 35|11 47|11 59
109 | 14°1 [ 17:9 [ 30°1 |[10 30|10 43|10 56|11 8|11 21|11 34(11 47|11 59|12 12|12 25|12 38
20 | 14:0 | 180 | 300 |11 2|11 1511 29|11 42|11 56|12 9|12 23|12 36|12 49|13 2|13 16
21 | 139 | 181 | 299 |11 34|11 48|12 2|12 16|12 30|12 44|12 58|13 12{13 26|13 40|13 54
22 (138 | 182 | 298 ||12 5|12 20(12 35|12 49|13 4|13 19|13 34|13 48|14 3|14 18|14 33
23 | 137 | 183 | 297 |12 36(12 51|13 7|13 22|13 38|13 53|14 9|14 25|14 40(14 55|15 11
24 | 136 | 184 | 296 |13 7|13 23(13 89|13 55|14 11|14 27|14 44|15 0|15 16|15 32|15 48
2:5 | 135 | 185 | 295 |13 38|13 54|14 11|14 27|14 44|15 1|15 18|15 35|15 51|16 8|16 25
S 26 | 134 | 186 | 294 |14 8|14 25|14 43|15 0|15 18|15 35|15 53|16 10|16 28|16 45|17 3
27 | 133 | 187 | 293 |14 38|14 56|15 14|15 32|15 50|16 8|16 27|16 45|17 3|17 21|17 40
28 | 132 | 188 | 292 |15 8|15 2615 4516 4|16 23|16 42|17 1|17 19|17 38|17 57|18 16
29 | 131 | 189 | 291 |15 38|15 57|16 17|16 36|16 56|17 15|17 35|17 54|18 13|18 32|18 52
3:0 | 130 | 190 | 290 |16 8|16 28|16 48|17 8|17 28|17 48|18 8|18 28|18 48[19 8|19 28
31 | 129 | 191 | 289 |16 37|16 58|17 18 1’7 38|17 59118 20|18 41|19 1|19 22|19 4320 4
32 | 128 | 192 | 288 |17 6|17 27|17 48|18 9|18 31|18 52|19 14(19 35(19 56|20 17|20 39
331127 | 193 | 287 |17 34|17 56|18 18|18 40|19 2|19 24[19 46|20 8|20 30|20 52|21 14
34 | 126 | 194 | 286 |18 2|18 24|18 4719 9|19 32|19 55|20 18|20 40|21 3|21 25|21 48
35 | 125 | 195 | 285 |18 30|18 53|19 1619 39(20 2|20 26|20 49|21 12|21 35|21 58|22 22
36 | 124 | 196 | 284 |18 57|19 21[19 45[20 9[20 33[20 57|21 21|21 44|22 8|22 32|22 56 .
37 | 123 | 197 | 283 ||19 2419 4820 13|20 37|21 2|21 26|21 51|22 15|22 40|23 4|23 29
38 | 122 | 198 | 282 (19 50|20 1520 41|21 6|21 31{21 56|22 22|22 47|23 12|23 37|24 2
39 | 121 | 199 | 281 20 16|20 42|21 8|21 34|21 59|22 25|22 51|23 17|23 43({24 8|24 34
i'_O 13:0 2010 | 28:0 (20 42|21 8{21 34|22 1|22 27|22 53|23 20|23 46|24 13|24 39|25 6




IN WOOD-BUILT AND IRON-BUILT SHIPS,

for Azimuths referred to the Disturbed Compass.

95

Modulus.

Apparent Azimuth from Newtral | 5p | w1 | 52 | 53 | 54 | 55 | 56 ] 57 ‘ 58 | 59 | +60

in points and decimals.

Corresponding Polar-Magnet-Deviation, in degrees and minutes.

+ —+ - —
» P P P o ’ o / o / o G o / o ’ o / o ’ o / o / o ’
40 | 120 | 2000 | 280 |20 42|21 821 34|22 1|22 27|22 53|23 20|23 46)24 13|24 39({25 6
41 | 1149 | 201 | 279 |21 7|21 34|22 1|22 27|22 54|23 21|23 49|24 16|24 43|25 10|25 37
42 | 118 | 202 | 278 || 21 32|21 59|22 27|22 54|23 22 \23 49|24 17124 44|25 12(25 40|26 8
43 | 117 | 20°3 | 277 1|21 57|22 25|22 53 {23 20|23 48|24 16|24 45|25 13|25 42|26 10{26 39
44 | 116 | 204 | 276 ||22 21|22 49|23 18|23 46|24 14|24 43|25 12|25 41|26 10{26 39|27 9
45 | 115 | 205 | 275 || 22 44|23 13|23 42|24 11|24 40|25 9|25 39|26 8|26 38|27 8|27 38
46 | 114 | 206 | 274 |23 7|23 36|24 6|24 35|25 5|25 35|26 5|26 35|27 6|27 36|28 7
47 | 11:3 | 20+ | 27°3 ||23 29123 59|24 30|25 0|25 30126 0]26 31|27 2|27 33|28 4|28 35
48 | 112 | 20-8 | 27-2 ||23 51|24 22|24 53|25 24|25 54|26 25|26 56|27 27|27 59|28 30|29 2
49 | 111 | 20:9 | 271 |24 13|24 44|25 16|25 47|26 18|26 49|27 21|27 53|28 25|28 57|29 29
50 | 11-0 | 21-0 | 270 |24 34[25 6|25 38|26 9|26 41|27 13|27 46|28 18|28 51|29 23|29 56
51 | 109 | 2141 26:9 (|24 54|25 26|25 59|26 31|27 3|27 36|28 9|28 42|29 15|29 48|30 22
52 | 10:8 | 21-2 | 26:8 |25 14|25 47|26 20|26 52|27 25|27 58|28 32|29 5|29 39(30 12|30 46
53 | 107 | 21-3 | 267 |25 33|26 6|26 40|27 13 27 4628 20|28 54|29 28|30 2{30 36|31 10
544 | 1046 | 21-4 | 266 ||25 52/26 26|27 027 33|28 7|28 41|29 16(29 50{30 25|30 59|31 34
55 | 10°5 | 21-5 | 265 || 26 10|26 44|27 19|27 53|28 27/29 1|29 37|30 12|30 47|31 22|31 57
56 | 1044 | 2146 | 26.4 (26 27|27 2|27 37|28 11|28 46|29 21{29 57|30 32|31 8|31 43|32 19
57 1 10-3 | 21-7 | 263 |26 44|27 19|27 54|28 29|29 4|29 40|30 16|30 52|31 28|32 4|32 40
58 | 1002 | 218 | 26:2 [|27. 0[27 35|28 11|28 46|29 22|29 58|30 35|31 11|31 48|32 24|33 1
5:9 | 101 | 21-9 | 261 |27 16|27 51|28 27|29 3[29 39|30 15|30 53|31 30|32 7|32 44|33 21
60 | 10:0 | 220 | 26-0 (|27 31|28 7|28 43|29 19{29 55|30 32|31 10|31 47|32 25|33 2|33 40
61 99 | 221 | 259 |27 45|28 21|28 58|29 34|30 11|30 48|31 26|32 4|32 42|33 20|33 58
62 | 98 | 222 | 258 |27 59|28 36|29 13|29 49|30 26|31 3|31 41|32 19|32 58|33 36|34 15
63 97 | 223 | 257 |28 12|28 49|29 26|30 3|30 40|31 18|31 56|32 35 .‘:}3 1433 53|34 32
6-4 96 | 224 | 256 || 28 24|29 2|29 39|30 16|30 54|31 32|32 11|32 50|33 29|34 8|34 48
6'5 95 | 225 | 255 || 28 35|29 13|29 51|30 29|31 7|31 4532 25{33 4|33 4434 23|35 3
66 94 | 226 | 254 || 28 46|29 24|30 3|30 41|31 19|31 58|32 38|33 17|33 57|34 36|35 16
67 93 | 227 | 25°3 || 28 56|29 34|30 13|30 51|31 30|32 10|32 50[33 29{34 9|34 49|35 29
68 92 | 228 | 252 |29 5(29 43|30 22|31 1|31 41|32 20|33 0|33 4034 20|35 0|35 41
69 91 | 229 | 25°1 ||{29 14|20 52|30 31|31 11|31 51|32 30|33 10|33 50|34 31|35 11|35 52
7°0 90 | 230 | 250 |[29 22|30 0]30 39|31 19|31 59|32 39{33 19|34 0|34 41|35 22|36 3
7°1 89 | 231 | 249 ||29 29|30 8|30 47|31 27|32 7|32 47(33 27|54 8|34 50|35 31|36 13
72 88 | 232 | 24'8 |29 36|30 15|30 54|31 34|32 14|32 54|33 35|34 16|34 58|35 39|36 21
73 87 | 233 | 247 (129 41|30 20|31 03] 40|32 20({33 0|33 42|34 23|35 5|35 46|36 28
74 86 | 234 | 246 |29 46|30 25/31 5|31 45|32 26|33 6|33 47|34 28(35 10|35 52|36 34
75 85 | 235 | 245 |29 5030 29|31 9|31 50|32 31|33 11|33 52|34 33|35 15|35 57|36 39
7:6 84 | 236 | 244 (29 54|30 33|31 13|31 53|32 34|33 15|33 56|34 38|35 20|36 2|36 44
77 83 | 237 | 243 |29 56|30 36|31 16|31 56|32 37|33 18|33 59|34 41 |35 23|36 5|36 48
7'8 82 | 238 | 242 |29 58|30 38|31 18|31 5832 3933 20|34 1|34 43|35 25(36 8|36 50
79 81 | 239 | 241 ||29 59|30 39|31 20|32 0[32 41|33 21|34 2|34 44|35 26|36 9/36 52
8+0 i’_O 240 | 240 |[30 0|30 40|31 21{32 1|32 42|33 22|34 3|34 45|35 27|36 9|36 52
+ - —

Mean .o.oeeveniviininnns 118 49119 13]19 37|20 1120 26|20 51|21 15|21 4Q 22 5122 30{22 55




96 MR. AIRY ON.THE OBSERVED DEVIATIONS OF THE COMPASS

Table of Polar-Magnet-Deviations,

Modulus.
Apparent Azimuth from Neutral ||| 60 | gy | go | 63 | 64 ] 65 | 66 | 67 | 68 | 69 | 70
in points and decimals. :
Corresponding Polar-Magnet-Deviation, in degrees and minutes.

1+ - 1-

P P P P o / o G o / o ’ o ’ o ’ o / o ’ o ’ o ’ o /
00 | 160 | 16°0 | 32:0 0 0/ 0 0/ 0 0,0 00 0,0 0[O0 O0fj0 O 0 00 0/ 00
01 | 159 | 161 | 3149 0 41| 0 41| 0 42| 0 42| 0 43| 0 44| 0 45| 0 45| 0 46| 0 46| 0 47
02 | 158 | 16:2 | 31'8 121 122/ 124 12| 126 127 129 130 131|132 134
03 | 157 | 163 | 31-7 2 2/ 2 4/ 2 6| 2 8| 210 212 214|°215| 217| 219 2 21
04 | 156 | 164 | 316 || 2 42| 2 44| 2 47| 2 49 252 255 2583 0|3 3|3 5 3 8
05 | 155 | 165 | 31°5 323 326 329| 332 336| 339| 3 43| 3 46| 3 49| 3 52| 3 56
06 | 154 | 166 | 314 4 3| 4 7| 411 415 419| 4 23| 427| 431 435| 439 443
07 | 153 | 16:7 | 313 4 43| 4 48| 4 53| 4567 5 2| 5 7| 512| 516| 5 21| 5 25/ 5 30
08 | 152 | 168 | 31-2 523 5 28| 534 539 545 5 50| 556 6 1| 6 6| 6 11| 6 17
09 | 151 | 16:9 | 31-1 6 3/ 6 9/ 615 6 21| 6 27| 6 33| 640| 6 46| 6 52| 6 58] 7 4
140 | 150 | 17:0 | 31-0 643 6 50| 657 7 8| 710 717 7 24| 730| 7 37| 7 44| 7 51
11 | 149 | 171 | 309 723 730| 738 745| 753 8 0] 8 8 815| 8 23| 8 30| 8 38
1.2 | 148 | 172 | 30'8 8 3| 811 819| 8 27| 8 35| 8 43| 8 52| 9 9 8| 916| 9 24
1-3 | 147 | 173 | 30-7 843 8511 9 0/ 9 8 917] 926 935/ 943| 9 52|10 1]10 10
144 | 146 | 174 | 306 922 931 9 41| 950(10 010 9710 19{10 28|10 38{10 47|10 57
15 | 145 | 175 | 30°5 ||10 2[10 12|10 22|10 32|10 42|10 53|11 3|11 13|11 23|11 33|11 43
146 | 14:4 | 176 | 30-4 (10 41|10 52[11 3|11 13[11 24|11 35|11 46(11 5612 7(12 18|12 29
147 | 143 | 177 | 30:3 |11 20|11 3111 43|11 54|12 6|12 17|12 29|12 4012 52|13 3|13 15
18 [ 142 | 178 [ 302 ||11 59|12 11[12 23|12 35(12 47(12 59|13 12|13 2413 36|13 48|14 1
19 | 141 | 179 | 301 |12 38|12 50|13 3|13 16|13'29|13 42(13 55|14 8|14 21|14 34|14 47
20 | 140 | 180 | 300 |13 16|13 29|13 43|13 56|14 10|14 24|14 38|14 51|15 5|15 18|15 32
21 | 139 | 181 | 299 |13 54|14 8|14 23|14 37|14 51|15 5|15 20|15 34|15 49|16 3|16 17
22 | 138 | 182 | 298 |14 33|14 48|15 3|15 18|15 33|15 48|16 3|16 17|16 32|16 47(17 2
23 | 137 | 183 | 297 |15 11{15 26|15 42|15 57|16 13|16 29|16 45|17 0|17 16|17 31|17 47
24 | 136 | 184 | 296 |15 4816 4|16 21|16 37|16 53|17 9|17 26|17 42|17 58|18 1418 31
25 | 135 | 185 | 295 (|16 25(16 42|17 0|17 17|17 34|17 51[18 8|18 25|18 42|18 59|19 16
26 | 134 | 186 | 294 ||[17 3|17 20(17 38|17 55|18 13|18 31|18 49|19 619 24|19 42120 0
27 [ 133 | 187 | 293 ||[17 40|17 58|18 16|18 34(18 53|19 11|19 30[19 48|20 720 25|20 44
28 132 | 188 | 292 |[18 16[18 35|18 54|19 13|19 32(19 5120 11|20 30|20 49 (21 8|21 27
29 | 131 | 189 | 291 |18 52|19 12{19 32|19 51{20 11{20 31|20 51|21 10{21 3021 50|22 10
30 | 130 | 19°0 | 29¢0 ||19 2819 48|20 9|20 29|20 50|21 10|21 31|21 51|22 12|22 32|22 53
31 | 129 | 191 | 289 |20 4[21 25[20 46|21 7|21 28|21 49|22 11|22 32|22 53|23 14|23 36
32 | 128 | 192 | 288 [[20 39|21 021 22|21 44|22 6|22 28|22 50|23 12|23 34|23 56|24 18
33 | 127 | 193 | 287 ||[21 14(21 36|21 58|22 20|22 43|23 6|23 29|23 51|24 14|24 37/25 0
34 | 126 | 194 | 286 |21 48|22 11 |22 34|22 57|23 21|23 44|24 8|24 31|24 54|25 17|25 41
35 | 125 | 195 | 285 |22 22|22 45|23 9|23 33|23 57|24 21|24 46|25 10|25 34|25 58|26 22
3'6’ 124 | 196 | 284 || 22 56|23 20|23 44|24 9|24 34|24 59|25 24|25 48|26 13|26 38|27 3
37 [ 123 | 197 | 283 |[23 29|23 54|24 19|24 44|25 10(25 35|26 1|26 26|26 52|27 17|27 43
38 [ 122 | 198 | 282 (124 2|24 27|24 53|25 19|25 45[26 11|26 38(27 4|27 3027 56|28 22
39 [ 121 | 199 | 281 (24 34|25 0|25 27|25 53[26 20{26 47|27 14|27 40|28 7128 34{29 1
ff"‘O 13:0 200 | 280 (|25 625 33|26 0|26 28|26 55|27 22|27 50|28 17|28 45|29 12|29 40




IN WOOD-BUILT AND IRON-BUILT SHIPS,

for Azimuths referred to the Disturbed Compass.
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Modulus.
Apparent Aztuuth from Newtral | o | 61 | 62 | 63 | 64 | 65 | 66 | 67 | -68 | 69 J 70
in points and decimals. -
Corresponding Polar-Magnet-Deviation, in degrees and minutes.
+ + — - o
° P P P o ’ o ’ o 7 o / o ’ o / o ’ o ’ o ’ ) / o ’
40 | 1200 | 20°0 | 280 |25 6|25 3326 0|26 28|26 55|27 22|27 50 28 17|28 45|29 12|29 40
41 | 1149 | 201 | 27°9 |[25 37|26 5|26 33|27 1|27 29|27 56|28 24|28 53|29 22|29 50|30 18
42 | 11'8 | 202 | 278 |26 8|26 36|27 5|27 33|28 2|28 30|28 59|29 28|29 58|30 27|30 56
43 | 117 | 20°3 | 27-7 ||26 39|27 8|27 37|28 6|28 35|29 4|29 34|30 4|30 34/31 3|31 33
44 | 116 | 204 | 276 (|27 9|27 38|28 8|28 38/29 8|29 37|30 8|30 38|31 9|31 39|32 10
45 | 115 | 205 | 27°5 ||27 38|28 8|28 38|29 9|29 40|30 10|30 41|31 12|31 43|32 14|32 46
46 | 1144 | 206 | 274 |28 7|28 38|29 9|29 40|30 11|30 42|31 13|31 45|32 17|32 49|33 21
47 | 113 | 207 | 273 |28 35({29 6|29 38|30 9|30 41|31 13|31 45|32 17|32 50|33 23|33 56
48 | 112 | 208 | 27°2 ||29 2|29 34|30 6|30 38|31 11|31 44|32 17|32 50|33 23|33 56|34 30
49 |.11-1 | 209 | 271 |29 29|30 1|30 34|31 7|31 40|32 14|32 48|33 21|33 55|34 29|35 3
50 | 11:0 | 21-0 | 270 |29 56|30 29131 2|31 3532 9|32 43|33 18|33 52|34 26|35 1|35 36
521 | 109 | 211 | 269 |30 22|30 55|31 29|32 3|32 37|33 11|33 46|34 21|34 56|35 32|36 8
52 | 108 | 21-2 | 26'8 || 30 46|31 20|31 55|32 29|33 4|33 39|34 14|34 50|35 26|36 2|36 39
53 | 107 | 21-3 | 26+7 || 31 10|31 45|32 20|32 55|33 30|34 6|34 42|35 18|35 55|36 32|37 9
54 | 106 | 214 | 266 |31 34|32 9|32 45|33 20|33 56|34 32|35 9|35 46|36 24|37 2|37 39
55 | 105 | 21-5 | 265 || 31 57|32 33|33 9|33 45|34 21|34 58|35 36|36 14|36 52|37 30|38 8
56104 | 216 | 264 ||32 19|32 55|33 32|34 9|34 46|35 23|36 1|36 39|37 18|37 56|38 35
57 | 10:3 | 2147 | 263 |32 40|33 17|33 55|34 32|35 10|35 47|36 25|37 4|37 43|38 22|39 2
58 | 10:2 | 218 | 262 |33 1|33 38/34 16|34 54|35 32|36 10|36 48|37 28|38 8|38 48|39 28
59 | 101 | 21.9 | 261 |33 21|33 59|34 37|35 15|35 54|36 32|37 11|37 51|38 32|39 12|39 53
60 | 100 | 220 | 26°0 |33 40|34 18|34 57|35 36|36 15|36 54|37 33|38 14|38 55|39 36|40 18
61 99 | 2211 | 259 |33 58|34 37|35 16|35 55|36 35|37 14|37 54|38 35|39 17|39 59|40 41
6-2 98 | 22:2 | 258 (|34 15|34 54|35 34|36 14|36 54|37 34|38 14|38 56(39 39|40 21|41 3
6-3 97 | 223 | 257 |34 32|35 12|35 52|36 32|37 12|37 53|38 34|39 16|39 59|40 41|41 24
6-4 96 | 224 | 256 |34 48|35 2836 9|36 49|37 30|38 11|38 5339 35|40 17|41 0|41 44
65 95 | 225 | 255 (35 3|35 43(36 24 37 5[37 46(38 28|39 10|39 52|40 35|41 19|42 3
66 94 | 226 | 25:4 |35 16|35 57|36 38|37 19|38 1|38 44|39 26|40 9|40 52|41 36|42 21
6-7 93 | 227 | 253 ||35 29|36 10|36 52|37 33|38 15|38 59|39 42|40 25|41 9|41 53|42 38
68 92 | 228 | 25°2 |35 41|36 23|37 5|37 47|38 29|39 12|39 56 |40 40|41 24|42 9|42 54
69 91 | 229 | 251 |35 52|36 34|37 16|37 58|38 41|39 24|40 8|40 53|41 37|42 22|43 8
70 90 | 230 | 25°0 |36 3|36 45|37 27(38 9|38 52|39 36|40 20|41 4|41 4942 35|43 21
71 89 | 231 | 249 |36 13|36 55|37 37(38 19|39 2[39 46|40 30|41 15|42 0|42 46|43 33
72 88 | 232 | 248 |36 21|37 3|37 46|38 29|39 12|39 56 |40 40 |41 25|42 11|42 57|43 44
73 87 | 233 | 247 |36 28|37 11|37 5438 37(39 21|40 5|40 49|41 35|42 21|43 7|43 54
74 86 | 234 | 246 |36 34|37 17|38 138 44|39 28|40 12|40 57 |41 42|42 28|43 15|44
75 85 | 235 | 245 |36 39|37 22|38 6|38 50|39 34|40 18|41 3|41 49|42 35|43 22|44
7:6 84 | 236 | 244 |36 44|37 27|38 11|38 55|39 39|40 23|41 8|41 54|42 41|43 28(44 15
77 83 | 237 | 243 |36 48|37 31|38 15|38 59|39 43|40 27|41 12|41 58|42 45|43 32|44 20
78 82 | 238 | 242 |36 50|37 33|38 17|39 1|39 45|40 29|41 15|42 42 48143 35|44 23
79 81 | 239 | 241 |136 52|37 35/38 19|39 2|39 46|40 31|41 17|42 3|42 50|43 37|44 25
80 ?;_0 240 | 240 |36 52|37 35(38 19|39 3(39 47(40 32|41 18|42 4|42 51|43 38|44 26
+ — -
Mean ....... veenresntennas 22 55|23 20|23 46|24 12|24 38|25 425 30|25 56|26 23|26 50|27 17

MDCCCLVI. o)
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MR: AIRY ON THE OBSERVED DEVIATIONS OF THE COMPASS

Table of Polar-Magnet-Deviations,

Modulus.
Apparent Ain)r(x)ls\;:iI:)rflrom Neutral 770 w1 w9 73 w4 5 6 oy 8 779 .30
n points and decimals. -
Corresponding Polar-Magnet-Deviation, in degrees and minutes.

+ 1 + | - | -

p P P » ) / o] ’ o / o] ’ ] ’ o ’ o ’ o ’ o / o ’ o /
00 | 16:0 | 160 | 32-0 0 0,0 0/ 0O 0/ 0 O[O 0, 0 0/0 0/ 0 0/ 0 0,0 0[]0 0
01 | 159 | 161 | 319 0 47| 0 47| 0 48| 0 48| 0 49| 050 0 51| 0 51| 0 52| 0 53| 0 54
02 | 158 | 162 | 31'8 134 135) 137 138 140 141| 1 43| 1 44| 1 45| 1 46| 1 48
03 | 157 | 163 | 317 2211 223 225 227 229 2381) 2 34| 236| 2 38| 2 40| 2 42
04 | 156 | 164 | 316 3 8| 311 314| 316 319| 3 22| 3 25| 327| 330 333| 336
05 | 155 | 165 | 315 356 359 4 2| 4 5|4 9| 412| 416| 419| 4 23| 4 26| 4 30
06 | 154 | 166 | 314 4 43| 4 47| 451 455 459 5 3| 5 8| 512 516| 5 20| 5 24
07 | 153 | 167 | 31-3 530 534 539 5 44| 549| 5 54| 559 6 3| 6 8| 6 13| 6 18
08 | 152 | 168 | 312 617| 622 628 633| 639 644 6 50| 655/ 7 1| 7 6| 712
09 | 151 16:9 | 31-1 7 4171 716 7 22| 7 28| 7 34| 7 41| 7 47| 7 53| 759 8 6
10 | 150 | 17:0 | 310 751 757, 8 4| 811| 818| 8 25| 8 32| 838| 8 45| 8 52| 8 59
11 | 149 | 17-1 | 309 8 38| 845| 852 859 9 7| 915 9 23| 930 9 38| 9 45| 9 53
1-2 | 148 | 172 | 308 924 932 940 9 48) 9 5610 4|10 13|10 21|10 29|10 37|10 46
13 | 147 | 17:3 | 30°7 ||10 10|10 19|10 28|10 37|10 46|10 55|11 4|11 13|11 22|11 31|11 40
144 | 146 | 17-4 | 306 ||10 57|11 6|11 16|11 25[11 35|11 45|11 55|12 4|12 14|12 23|12 33
16 | 145 | 175 | 305 |[11 43|11 53|12 412 14|12 24[12 34|12 45|12 55[13 5|13 15|13 26
16 | 144 | 176 | 3074 |12 29|12 41|12 51|13 2|13 13|13 24|13 35|13 46|13 57|14 8|14 19
17 | 143 | 177 | 30:3 ||13 15|13 27|13 39|13 50({14 2|14 14|14 26|14 37|14 49|15 0|15 12
18 | 142 | 178 | 302 |[14 1|14 13|14 26|14 38|14 50|15 2|15 15|15 27|15 39|15 52|16 4
19 | 141 | 17°9 | 30°1 |14 47|15 015 13|15 26|15 39|15 52(16 5|16 18|16 31|16 44|16 57
20 | 140 | 180 | 30:0 |15 32|15 45|15 59 /16 1216 26(16 40|16 5417 8|17 22|17 35|17 49
21 139 | 181 | 299 |16 17|16 31|16 46|17 0|17 15|17 29[17 44|17 58|18 13|18 27|18 42
22 | 138 | 182 | 298 |[17 2|17 17|17 32|17 47|18 2|18 17|18 33|18 48|19 3|19 18|19 34
23 | 137 | 183 | 297 |17 47|18 2|18 18|18 34|18 50|19 6|19 22|19 38|19 54|20 10|20 26
24 | 136 | 184 | 296 |18 31|18 47|19 4/19 20({19 37|19 54|20 11[20 27|20 44|21 1|21 18
25 | 135 | 185 | 295 [|19 16[19 33|19 50|20 7{20 25|20 42|21 0|21 17|21 35|21 52|22 10
26 | 134 | 186 | 2944 (|20 0|20 18|20 36|20 54|21 12|21 30|21 49|22 7|22 25|22 43|23 1
27 1133 | 187 | 293 |20 44|21 2|21 21|21 40{21 59|22 18|22 37|22 55|23 14|23 33|23 52
28 | 132 | 188 | 292 |21 27|21 46|22 6|22 25|22 45|23 5(23 25|23 44|24 4|24 23|24 43
29 | 131 | 189 | 291 |22 1022 30|22 51|23 11|23 31{23 51|24 12|24 32|24 52|25 12|25 33
30 [ 130 | 190 | 29°0 (|22 53|23 14|23 35|23 56|24 17|24 3824 59|25 20|25 4126 2|26 23
31 12:9 | 1911 | 289 |23 36|23 57|24 19|24 40|25 2|25 24|25 46|26 7|26 29|26 51 27 138
32 | 128 | 19-2 | 288 |24 18|24 4025 2|25 24|25 47|26 9|26 32|26 54|27 17|27 39|28 2
33 | 127 | 193 | 287 (|25 0|25 22|25 45|26 8|26 32|26 55|27 19|27 42|28 5|28 28|28 52
34 | 126 | 194 | 286 (|25 41|26 4|26 28|26 52|27 16|27 40|28 5|28 29(28 5329 17|29 41
35 | 125 | 195 | 285 ||26°22|26 46|27 10|27 35(28 0|28 25|28 50(29 15|29 40|30 530 30
36 | 124 | 196 | 284 |27 3|27 27|27 52|28 17|28 4329 929 35(30 0|30 26|30 52 31 18
37 | 123 | 197 | 283 ||27 43|28 8|28 34|29 0|29 27|29 53|30 20 30 46|31 13|31 39(32 6
38 | 122 | 198 | 282 |28 2228 48|29 15|29 42|30 9|30 36|31 4|31 31|31 58|32 25|32 53
39 | 121 | 1909 | 281 |29 1|29 28|29 56|30 24|30 52|31 20|31 48|32 16|32 44|33 12|33 40
40 liO 200 | 280 |29 40|30 8|30 37|31 5|31 34|32 2|32 31|33 0|33 29|33 58|34 27
+ — -




IN WOOD-BUILT AND IRON-BUILT SHIPS.

for Azimuths referred to the Disturbed Compass.
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Modulus.

Apparent Azli)tggti}:] If;rom Neutral 70 71 "o 73 74 75 6 77 8 #9 80

in points and decimals.

Corresponding Polar-Magnet-Deviation, in degrees and minutes.

+ + - -
» P P » o ’ o / o / o ’ o / o ’ o 4 o ’ © ’ o, o ’
40 | 12:0 | 200 | 280 (129 4030 8|30 37{31 5|31 34(32 2|32 31|33 0|33 29|33 58|34 27
41 | 1149 | 20°1 | 27°9 |30 18[30 47 (31 1731 46|32 15/32 44|33 14|33 43|34 13|34 43|35 13
42 | 118 | 202 | 27-8 || 30 56|31 26|31 56|32 26|32 56|33 25|33 56|34 2634 57|35 28|35 59
43 | 117 | 203 | 277 |31 33|32 3(32 34|33 533 36({34 6|34 37|35 8[35 40|36 12|36 44
44 | 116 | 204 | 276 |32 10|32 41 (33 12|33 4334 15|34 46|35 18|35 50|36 23|36 55|37 28
45 | 115 | 205 | 275 |32 46|33 17|33 49|34 21|34 54|35 26|35 59|36 32|37 5|37 38/38 12
46 | 114 | 206 | 274 |33 21|33 53|34 26{34 59|35 32|36 5[36 39|37 13|37 47|38 2138 55
47 | 113 | 207 | 273 |33 56|34 29(35 2|35 36|36 10|36 43|37 18|37 53|38 28|39 3|39 38
48 | 11-2 | 208 | 272 {134 30|35 4|35 38|36 12|36 47|37 21(37 57|38 3239 8|39 44{40 20
49 | 111 | 20-9 | 271 (35 3|35 38|36 13|36 48|37 23|37 58(38 35|39 11|39 47|40 24|41 1
50 | 11-0 | 21-0 | 270 || 35 36|36 11|36 47|37 23|37 59|38 35|39 12|39 49|40 26|41 4|41 42
51 | 109 | 2111 | 269 |36 8 36 44|37 20|37 57|38 34|39 10|39 48|40 26|41 4|41 43|42 22
52 | 108 | 212 | 26'8 |36 39|37 16|37 53 (38 30|39 8|39 45|40 24 (41 3|41 42|42 21|43 1
53 | 1077 | 21:3 | 2677 |37 9|37 47|38 25|39 3|39 41|40 19|40 59|41 39|42 19|42 59|43 39
54 | 106 | 2144 | 266 |37 39|38 17|38 56|39 35|40 14|40 53|41 34|42 14|42 54 |43 35|44 16
55 | 105 | 21-5 | 26°5 ||38 8(38 47|39 26(40 5|40 45(41 25|42 7|42 47|43 28|44 10|44 52
56 | 1014 | 216 | 26°4 [|38 35|39 15(39 55(40 35|41 16|41 56|42 38|43 20|44 2|44 45|45 28
597 1103 | 2147 | 263 ||39 2|39 42(40 23|41 4|4]1 45|42 26|43 9|43 52|44 35|45 1946 3
58 | 102 | 21'8 | 262 (139 28(40 9|40 50|41 32|42 14|42 56|43 39|44 23|45 6|45 51|46 36
59 | 101 | 21°9 | 26°1 |39 53|40 34|41 16|41 59|42 42|43 25|44 8|44 52|45 36|46 22|47 8
6:0 | 10:0 | 220 | 26°0 |[40 18|41 0|41 42|42 25|43 8|43 52|44 36|45 21|46 6|46 52|47 39
61 9:9 | 221 | 25°0 || 40 41|41 24|42 7|42 50|43 34|44 18|45 3|45 49|46 35|47 22|48 9
6:2 98 | 22:2 | 258 |41 3|41 46|42 29{43 13|43 58|44 43|45 28|46 15|47 2|47 50|48 38
63 97 | 223 | 257 |41 24|42 7|42 51|43 36|44 21|45 7|45 53|46 40|47 28|48 17|49 6
6+4 96 | 224 | 256 |41 44|42 28|43 12|43 57|44 43|45 30|46 17|47 5|47 53|48 42|49 32
6°5 95 | 225 | 255 ||42 3|42 47|43 32|44 18|45 4|45 51|46 39|47 28|48 17|49 7|49 57
66 94 | 226 | 254 |42 21|43 6|43 51|44 37|45 24|46 12|47 0|47 49|48 39[49 30|50 21.
67 93 | 227 | 253 ||42 38|43 23|44 9|44 56|45 43|46 31|47 20|48 10|49 0|49 51|50 43
68 92 | 228 | 252 ||42 54|43 40(44 26|45 13|46 1|46 49|47 39|48 29|49 20|50 12|51 4
69 91 | 229 | 251 |43 8|43 54|44 4145 29|46 17|47 6|47 56|48 47|49 38|50 30|51 23
7°0 90 | 230 | 25°0 ||43 21|44 8|44 55|45 43|46 32|47 21|48 12|49 3|49 55|50 48|51 41
71 89 | 231 | 249 | 43 33|44 20|45 8|45 56|46 45|47 35|48 26|49 18|50 10|51 3|51 57
7°2 88 [ 232 | 24'8 |43 44|44 31|45 19|46 8|46 57|47 48|48 39|49 31|50 24|51 18|52 12
73 87 | 233 | 247 || 43 54|44 41|45 29146 18|47 8|47 59|48 51|49 43|50 36 |51 30|52 25
74 86 | 234 | 246 || 44 2|44 50|45 38|46 27|47 1748 8|49 0|49 53|50 46|51 41|52 36
75 85 | 235 | 245 ||44 9|44 57|45 46|46 35|47 25|48 16|49 8|50 1|50 55|51 50|52 46
7:6 84 | 236 | 244 |44 15|45 3|45 52|46 42|47 32|48 23|49 15|50 8|51 2|51 58|52 54
77 83 | 237 | 243 | 44 20|45 8|45 57|46 47|47 37|48 28|49 21|50 14|51 8|52 4|53 0
7'8 82 | 238 | 242 ||44 23|45 11|46 0|46 50|47 40|48 32‘ 49 25|50 19|51 13|52 8|53 4
7°9 81 | 239 | 24°1 || 44 25|45 13|46 2|46 52|47 42|48 34|49 27|50 21|51 15|52 10|53 7
8-0 80 | 24°0 | 240 | 44 26|45 14|46 3|46 53|47 44|48 35|49 28|50 21|51 16|52 11|53 8
+ + - - .

Mean ............ ,,!‘27 17|27 44128 11 i28 39129 7129 35/30 4,30 33({31 2|31 3232 2




