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Immediately the sight is taken, take the bearing of the observed
Izight, and this will give you an absolute fix.

CiezeavATION OF Two KNowN HEIGHTS

When two known heights are suitably placed, a vertical angle of
cach, taken in quick succession, will give two circular position
fines. They will cut in two places, but no difficulty will be sxperi-
enced in deciding which one to use.

STATION FOINTER

When two suitable features can be observed to either side of a
cenfral point, the angle the outside ones make with the centre one
iy be measured by holding the sextant in the horizontal plane,
with the Index Bar uppermost. Take the readings if possible when
opposite the central point, and the angles observed can be applied
to the chart geometrically or by the Station Pointer method.

When chosing features for this fix certain placings will give the
best results if—

[ The three points are in the same straight line or the centre
point is more towards the observer than away.

2 Two of the points are more or less the same distance from the
sbserver and the third is at an angle greater than 30°.
[he angles should be at least 30°.
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Reproduced from Adnuralty Chart No. 1752 with the sanction of the Controller
af Her Majesty’s Stationery Office and the Hydrographer of the Navy.

Fig. 5
14

A: Arc LB.: Index Bar P: Plate of Sextant H.M.: Horizon Mirror
L: Lever T: Telescope I.M.: Index Mirror H.S.: Horizon Shades
H: Handles A.S.: Adjusting Screws L.S.: Index Shades M: Micrometer Drum

Fig. 1
Spare parts can be obtained from East Berks Boat Co., Wargrave Road,

Henley-on-Thames, RG9 3JD, England.
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i1 POSITION LINES

It can be shown that at any given time the ship is on the circum-
ference of a Circle of Position, having as centre the position on the
earth where the sun is directly overhead and radius the zenith dis-
tance (90°—altitude). As this position line is at right angles ‘with the
azimuth or bearing of the sun, when the sun bears North or South,
the Position Line is the Latitude. (The radius is so great that the
useful part of the circumference can be regarded as a straight line).

When ever possible at sea the Meridian Altitude is taken each
day and the latitude deduced by the formula.

Latitude=~Zenith Distance4Declination.

Dreclination is taken from the almanac and in this case it is
M 21°01’. When the declination is the same name as the lat., it is
added; a different name, it is subtracted.

Latitude=(90°—57°05")+21°01"
=53°56’

Freparing for this Noon Sight in advance, we work backwards.
Our total correction is 14 min,

90° 00’
Total correction (subtract) — 14’
89° 46’  prepared beforehand
Declination .. .. 21°01’
110° 47
Observed Altitude .. 56° 51’ (sextant reading)
Latitude .. .. . 53° 56’

When a sight is taken at a time other than at Noon, the position
line is found very simply with the aid of the Sight Reduction Tables
{AP 3270). The sight in the following example was taken from a large
yacht as she approached Cape Finisterre after crossing the Bay of
Biscay; I am indebted to the navigator, Sir John Holder, for allowing
me to use it as an illustration.

31st July, 1963 Sun D.R. 44° N

8w
GMT 07, 19, 27 Corrected Obs. Alt. 19° 49’

{(From the almanac) 283° 24.7° Chosen Lat. 44° N.
4° 51.8° Dec. .. 18°26.0
— - 2
GHA 288° 16.5’ e

Chosen Long. W — 8° 16.5’ 18° 26.0'N.

LHA 280°

12

‘“Shooting the Sun”
Fig. 2

4 ADJUSTMENTS

After assembly the sextant is put into correct adjustment and
tested for accuracy; but if it has been sent through the post the
mirrors may have become slightly mis-aligned. When first opening
the case you will find the sextant has the index bar sét at 40° and is
placed in the case so that the index mirror is towards the top left
hand corner of the case, where the adjusting key is housed. To
remove the sextant from the case place a finger of the left hand in
the centre of the cruciform, lift it out, and then hold it in the right
hand by the handles. Never remove the sextant by handling the
mirrors.

TEeSTS FOR CORRECT ADJUSTMENT

Examine the mirrors to make sure they are clear and bright,.
and if necessary clean them carefully with a small piece of chamois
leather. When adjusting the mirrors on a sextant, the index mirror
is first made vertical to the plane of the sextant, and then with the
index bar at zero the horizon mirror is-made parallel to the index
mirror.

Once the index mirror is set for verticality, it is unlikely that it
will need alteration. More detailed books, such as Capt. O. M.
Watts’ The Sextant Simplified, discuss this adjustment fully, but
should it at some time be necessary to make the adjustment, set
the index bar to read approx. 60°, then carry out the re-adjustment
as follows. Hold the sextant by the handles so that the plate is
horizontal and at eye level, and the apex of the sextant (index
mirror) is towards your eye. Look past the index mirror and sight
that part of the arc which you can see between the telescope and
the index bar. It will be in the vicinity of the 20° mark. You will
then see a reflection of the arc in the mirror coinciding (or nearly
s0) with the portion of the arc that you can see beside the index
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started at the instant of taking the sight. The time can then be
read from the chronometer, allowing the elapsed interval as shown
by the stop watch as a correction.

9 MERIDIAW ALTITUDE

It is well known that during A.M. (anti-me.rigiian)‘ hours, the
sun is slowly climbing. During P.M. (post-meridian) it is slowly
sinking. At the moment the sun is at its highest point in the sky, it
is noan at the point of cbeervation. This is called Apparent Noon.
A shortwhile (say 15 mts.) before this point is expected, the sun
should be brought to the horizon. The sun’s climb cin now be
watched and is Followed by moving the index bar with the micro-
meter dram.,

Eventually no further movement will be apparent, and the
altitude stays steady for a minute or two, after which it starts to dip.
The meximum reading is the meridian altitude, and when the
appropriate corrections have been applied gives the latitude of the
ship. The working for this can be prepared in advance, thus the
latitude can be ascertained almost immediately the altitude is read.

i0 TRUE ALTITUDE

Having observed the altitude of the sun with our sextant, we
aave esrfain corrections to apply to find the true altitude. These
are:

I. Index Error
I, Dip
I, Semi-diameter
IV. Refinction

Ixpix ExnOR
This has already been discussed. * On the Arc™ corrections
must be subtracted, “ Off the Arc” correction is added.

e

When taking a sight, we are finding the angle which a celestial
body makes with a tangent to the circumference of the earth, at
the point of ebservation. If we stand on the sea shore, and use
the pea horizon, our “ Height of Eye ™ is about six feet. Therefore
it will be geen that our line of sight to the horizon is not tangential
to the earth’s circurdference (Fig. 5) and the greater the height of
eye (on a boat, or on the bridge of a ship), the greater will be the
angle beyond the tangent. Observers H.E. (height of eye) must be
judged, and from the table for dip in the Nautical Almanac, the
correction (always subtracted) is applied. Wave height must also
be bronght into consideration. A sight taken with a H.E. of 14ft.,
and wrongly judged 18ft. would introduce an error of 4min.
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position. The mirror unit as a whole is then replaced on the sextant.
If the springs do come out, they can replaced with fine tweezers.
Should replacement springs be required, please state whether they
are against the silvered portion of the mirror or the clear glass.

To avoid flexing error when indexing and sight taking always make
the final movement of the knob clockwise (increasing the angle).

5 INDEX ERROR

Even after very careful adjustment it is unlikely that the sextant
will be entirely free of Index Error, so the instrument is now tested
for this. With zero set on both scales, sight a clear horizontal line
a mile or two away; turn the drum about half-way round so that
the reading is decreased and the image will move away from the
actual object observed. Then turn the drum back again until the
image and the object make a continuous line, and read the scale
on the drum. If the reading is on the plus side of zero, the index
error is said to be * on the arc . If it is on the negative side (say
57') then the error is 3 min. * off the arc ”. Each time a sight is
taken the index error must be checked, and as it is more convenient
to do this on the object being observed, an indexing shade is fitted
against the horizon mirror for use when shooting the sun.

Indexing on the sun with the Ebbco sextant is done by the ‘sun on
sun’ method—that is, bringing the reflected sun directly over the
actual sun—rather than using the upper and lower limb and
halving the difference. The coincidence is rarely perfect, and the
image will be slightly to the right or left of the actual sun.

This should be aimed for rather than avoided, because as both
sun shades are blue, a slight off-setting of the image can be an
advantage. The filters are made of laminated glass, and in the main
give very little error. But it should be borne in mind that there may
be up to 2-3 minutes error in individual shades, and this can usually
be ascertained by taking experimental sights from a sea shore,
or by using a dark glass over the telescope eyepiece.

6 CARE

The Ebbco sextant is rugged and comparatively inexpensive, but
it is also a delicate precision instrument and should be treated as
such. All parts used in its manufacture are corrosion resistant
but a salt atmosphere will affect the silvering on the mirrors. If
the mirrors become dampened by salt spray, wash them clean with
fresh water before putting the instrument away. It is even better
to wash the whole instrument under fresh water and just shake it
off rather than to leave salt water on the mirrors. The silvering on
the ‘ Special’ mirrors is silicon sealed for additional protection, but
they will still deteriorate if not cleaned off. These mirrors, which
are fitted to the EBBCO *Special’ sextant, can be re-silvered.

During assembly the rack on the back of the plate, and the
bearing parts of the worm shaft are lightly lubricated with thin
petroleum jelly. From time to time renew the lubrication on the
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Figure 5 illustrates the geometrical construction and is applied
as follows—

Join the points observed, A to B and B to C.

The observed horizontal angle between A and B is 42°; subtract
this from 90°.
—42°=48°,

Lay off angles of 48° from A and from B, to intersect at X,
making an isosceles triangle.

Using X as centre, and radius XB, draw a circle over the seawarc
area.

The horizontal angle between B and C was observed to be 57°.
90°—57°=33°,

Construct angles of 33° at B and C to intersect at Y.

Using Y as centre, cut the circle already drawn, at P.

P is your position.

Reproduced from Admiralty Chart No. 2045 with the sanction of ihs
Controller of H.M. Stationery Office and the Hydrographer of the Nawys

The EBBCO Combined Station Pointer and Distance-off
Calculator being used to obtain a fix off the Isle of Wight

Fig. 6

When a Station Pointer is available, the moveable arms are sst
to the observed horizontal angles and the instrument placed o
the chart with the arms passing through the corresponding featufes,
as shown in fig. 6. The position is marked through the centre knah

The same principle can be used by ruling the angles on a traiis-
parent protractor or a piece of transparent paper and laying that
on the chart.
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THE EBBCO SEXTANT

1 USE

The sextant is basically a simple instrument designed to measure
an angle—either the altitude of the sun or other body.in the sky,
or the angle between two points on land. Altitudes, after reference
to certain tables lead to a position line which can be plotted on the
chart, and shore angles provide the data for a station pointer fix
or a “ distance-off.”

2 THE SEXTANT

Figure 1 shows the sextant with arrows pointing to the various
parts. The handles are used for holding the sextant up to the eye,
but they also serve as a rest, in place of legs. The flat upper surface
is called the Plate of the sextant, and the moveable arm is the
Index Bar. The Limb is the lower margin of the curved portion
and is one-sixth the circumference of a circle; this fact gives the
sextant its name (L. Sextans, sixth part). The system of reflection
in a sextant uses the same beam of light twice, which doubles the
angle, so although each graduation measures 4°, it represents a
whole degree of altitude.

The telescope is set half way up the plate, at the zero end, its
line of sight being through the Horizon Mirror, at the centre of
the edge of the silvered portion; the horizon mirror is also fixed
to the plate, and is at right angles to it. The Index Mirror is mounted
on the index bar directly over the pivot point and is also perpen-
dicular to the plate, but moves with the index bar. It reflects the
image onto the horizon mirror, and thence through the telescope
to the eye of the observer. There are three Index Shades of dif-
ferent densities between the index mirror and the horizon mirror
which when used singly or in combination cut out the glare of the
sun, one Horizon Shade to reduce glare on the horizon, and an
Indexing Shade behind the horizon shade to enable the observer
to obtain his Index Error on the sun.

3 THE MICROMETER SCREW

Attached to the Index Bar is an endless screw engaging in the
rack on the back of the plate. One revolution of this screw
moves the index bar one degree, and the graduations on the edge
of the knob represent minutes. Zero is indicated when “0” on
the knob is against the triangle on the lip of the index bar. The
remaining graduations on the lip represent a Vernier Scale so
that a reading to .2’ may be taken, but from a small boat at sea,
the sight is usually read to the nearest minute. To allow rapid
travel of the index bar, the screw is disengaged from the rack by
pressure on the stainless steel lever and for alterations of more than
2 or 3 degrees, the movement should always be made in this way.
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The chosen Longitude makes the LHA a whole numbsr:
The chosen Latitude is a whéle number:
AP 3270 is entered with these and the nearest dec. whole numiter:
From page 30 of vol. 3 we get
Alt d Az
16°29’ 39 N.83E.
17" (extra minutes of dec., using d, page 338}

19°46’
19°49’ (observed altitude)

Intercept 3’ towards Sun.

The chosen position is then plotted on the chart, the azimuth
laid off from it, and the intercept, 3" measured from it towards the
Sun. The position line is then ruled through this latter point at righi
angles to the Azimuth.

Position Lines are especially useful when the sun is abeam; the
above example enabled the navigator, using a simple position line
to check his course-made-good, and so achieve a good landfall.

The AP 3270 is compiled in three volumes. Vol. 1 is for selected
stars in all latitudes, price £2-75. Vol. 2 is for the sun, moon and
planets for latitudes 0°—39°, price £3-75, and Vol. 3 containe
similar tables for latitudes 40°—89°, price £2-75. An introduction
describes their use, and a table at the back provides GHA and
declination of the sun for the years 1953—2000. Kenneth Wilkes’
book Ocean Yacht Navigator covers all astro sights simply but fully,
using sight reduction tables.

Electronic calculators are now available for sight calculations,
and I quote from Michael Richey’s report of his voyage from the
Bermudas to Lizard in a recent issue of the Journal of Navigatios
“Navigation was by traditional methods except that a Tamaya NC 73
navigation computer was used. The advantage of electronic calculat-
ors for navigation lies simply in their convenience and the inclusior
in the NC 77 of an almanac means that no navigation publicaticsr
of any kind need be handled.”

12 COASTAL NAVIGATION

Accurate fixes can be obtained from vertical angles to a knowr
height, and also from simultaneous horizontal angles to thres
suitable points.

DiISTANCE OFF AND BEARING
If a feature whose height is known is in sight, a vertical angle wil.
give distance off. This is a circular position line, with the cbservsd
height as centre. The radius is worked out from the equaiicr
Height of object (in ft.) X .565

Distance off in miles=
Vertical angle in minutes
Tables for “Distance-off” are in most almanacs, and an instant
calculator is incorporated in the EBBCO Combined Station Pointer
and Distance-off Calculator.
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bar. Any adjustment can be made by inserting the adjusting key
in the socket of the adjusting screw, and -giving it a slight turn. The
reflected arc will move up or down and the aim is to see the reflected
arc making one continuous line with the actual arc.

Adjusting keys are cadmium plated, so if your key is a tight fit,
remove a little of the plating on each face of the hexagon with a
very fine file or fine carborundum paper.

Next the telescope is adjusted for vision. Hold the sextant to
your eye as shown in the photograph Fig. 2, sight a distant object
beyond the horizon mirror and move the draw tube out until
the vision is clear.

To test for line and index error the index bar is first set to zero.
Disengage the endless screw by squeezing on the stainless steel
lever and move the index bar back so that the arrow is close to
zero on the arc; turn the micrometer drum in the appropriate
direction to bring zero on the drum against the arrow on the lip,
and the arrow on the index bar opposite zero on the arc.

Select an object one to two miles away (anything closer than
a mile will introduce parallax errors) such as the ridge line of
a roof, a bridge or something which gives a definite line, and
sight it through the telescope. The object will be seen through
the clear portion of the horizon mirror and the reflection of the
object in the silvered part. The reflection and the object should
form one continuous line and ideally a break should not be discern-
able. Adjustments are made with the adjusting key inserted in
the adjusting screws. Insert the key in one of the screws and turn
it slightly one way or the other to bring the images down together.
If, for instance, the image is higher than the object, the key would
be inserted in one of the adjusting screws close to the angle of the
metal backing plate, and turned very slightly one way. The resultant
movement will be diagonal, and if it does not improve the position,
try a slight turn the other way. You may then decide to put the
key in the opposite screw, and try that with a slight turn either way.
Work these two screws in conjunction with the other screw close
to the top of the backing plate until you get coincidence.

If the image is to the left or right of the object, the screw nearest
the top of the metal plate is used to make the correction. Large
adjustments will not normally be required and only very slight
movements of the adjusting key should be made.

If an adjusting screw is slackened, and the expected movement
of the mirror does not take place, the mirror may be caught in its
frame, and finger pressure on the mirror against the screw just
moved will free this.

The horizon mirror is kept against the adjusting screws by the
pressure of very small stainless steel springs. Should it be necessary
at some time to remove the mirror from its frame, great care should
be taken not to lose the springs. The frame should be kept flat on a
surface with the mirror facing downwards, and not lifted again
until the metal back is replaced and the securing screws back in
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O:—Observer; C, H:—Celestial Horizon; T, G:—Tangznt
T/, G’:—Parallel to Tangent at H.E.
Z:—Height of Eye; T’, Z, D:—Angle of Dip
Fig. 4

SEMI-DIAMETER

The true altitude of the sun (or moon) is taken to the cemtre o
the body. A far more accurate observation of altitude can be made
by using the upper or lower limb on the horizon. The almarnac
lists the Semi-Diameters, and this correction is applied according
as to which limb was brought to the horizon. It ranges a litile
either side of 16’ for the Sun.

REFRACTION

Rays of light, as they pass through the earth’s atmosphere, are
bent. Therefore a correction must be made for this. It is listed in
the Nautical Almanac against the Apparent Altitude, and is always
subtracted.

The calculation from apparent altitude to true altitude then
becomes:—

Obs. Alt. .. .. .. .. .. 56° 51’
Index Error .. .. .. ..+ 2
56° 53"

Dip (H.E. 10ft.) .. .. .. L. ¥z

56° 49°.8

Semi-Diam (lower limb). . . o+ 15°.8

57° 05°.6

Refraction .. .. .. L. — G
True Altitude .. .. . 37° 05’
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rack, and if it is felt that the shaft is becoming stiff, the micrometer
drum can be removed by loosening the grub screw holding it fo
the shaft, and some petroleum jelly put on the bearing surfaces
with a narrow knife blade. Care must be taken to replace the
micrometer drum in the same position on the shaft, and it should
not be pressed on too tightly or a stiff movement will result. A
size 4 AF Allen key will undo the 6UNC grub screw.

With the sextant horizontal for coastal angles, gripping the
stainless steel lever to keep the screw disengaged from the rack
can press the jaws of the index bar against the underside of the arc;
some thin petroleum jelly along here will make for easier operation.

The Nylatron washer on the pivot is self-lubricating, and this
should not be touched.

7 TAKING THE SIGHT

On taking up the sextant never lift it by means of the mirrors;
handle the plate and the handles only. When necessary, clean the
mirrors very carefully using a small piece of chamois leather.
First test for index error as detailed in Section 5, either on the sun
or on the horizon. Then with shades in position, incline the sextant
upwards and look at the reflected sun through the telescope, being
careful not to move the sextant far enough to the right for the sun
to shine through the horizon glass with the eye unprotected by the
sun shade. Gradually reduce the upward tilt of the sextant, at the
same time (with the worm dis-engaged from the rack) sliding the
index bar forward, so that the reflected sun remains visible in the
right hand half of the “field.” Continue to bring the sun down in
this way until the horizon appears in the left hand half of the field.
If the yacht yaws during the process the observer must twist his
body so that the sextant is still vertically below the sun. A little
practice will enable him rapidly to bring the sun down to the horizon
without losing it. Allow the worm to engage in the rack and make
the final adjustment with the micrometer drum.

This method is essential for star sights, but with the sun, an
experienced observer can estimate roughly the altitude, and setting
that on the sextant, finds the sun near the horizon by a fairly rapid
“square search.”

A small boat at sea does not, as a rule, provide a steady platform
for a sight; so when time allows, a series of three or five sights should
be taken one after the other and a position line obtained from the
average of these times and readings. This average can be obtained
arithmetically or by plotting on squared paper. Any obviously bad
sight should be discarded.

Figure 3 shows the sun being made to kiss the horizon. A true
kiss can only be achieved with practice and il the observer finds that
all his altitudes tend to err in one direction or the other, he should
try putting the sun a little higher or a little lower; when over-anxious
to get a sight the usual failing is to kiss too lightly, thus getting a
lower altitude than true.
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Correct Too Low

H D

Too High
Fig. 3

Care must be taken to bring the reflected sun down directly undes
the true sun—that is the plate of the sextant must be vertical;
otherwise the observation will not be correct. This can be checked
by moving the sextant pendulum fashion. The sun will lift off the
horizon at either side of the perpendicular; so the lowest point the
sun comes to on the swing will be the position for the sextant fo
make the observation.

8 TAKING THE TIME

It is essential, when taking a sight, to have Greenwich kean
Time. In these days, when most boats have a wireless receiving set,
constant check by time signals will keep the chronometer accuraiely
set, and a “ Rate of Loss or Gain ” established. With two people
available to take a sight, the one shooting, when he is about to
bring the body to the horizon, will call * Stand By.” The fime-
keeper on the chronometer will then start counting the secomis
—* twenty-two, twenty three, twenty four,” or wherever the secomd
hand is,—and as the observer makes contact, he calls * Stop.™*
The time keeper notes down the number of seconds at that instant,
then reads the minutes, then the hours. Mistakes are often muade
when reading the minutes, and for this reason the minutes reading is
invariably checked a second time.

If the observer is on his own, instead of calling * Stop,” he
starts counting—as close as he can to the seconds rate—and az he
takes the reading of the chronometer, he applies the correction off
the number of seconds he has counted since taking the sight. A
stop watch can often be held in the right hand—the right thumk
on the knob holding the watch against the sextant handle—and
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