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DIALOGUE

LA BUSCA DE PAPER

Issues number 13 and 14 for 1992 were received in late
1993. Issue 13 contains one article only and is entitled
“Brief Notes on the Conservation of a Sundial in Porrera”.
This is of great interest although it refers to the restoration
of a type of sundial rarely met with in the British Isles, that
is one delineated upon stucco. This material is especially
vulnerable to atmospheric pollution since it is based on
lime plaster (calcium hydroxide turning to calcium
carbonate by combination with carbon dioxide in the
atmosphere). Generally the first requirement is to affix the
loose patches to the wall itself, followed by the filling of
fissures and cracks before any paint restoration can be
undertaken. It is normal to use a final coat of water-
proofing material to keep water out of the stucco. The
writer points out that each sundial will need individual
treatment so his notes give general indications only. It will
be recalled from the recent article “Destruction by Decay”
in BSS Bulletin 93.3 that restoration work is by far the
largest task facing diallists today. In this issue also is the
commencement of a most useful feature in the form of a
twelve page insert listing a Gnomonic Vocabulary by Josep
Maria Vallhonrat. This is a most useful contribution to the
science of gnomonics since it enables translators to deal
with Catalan, English, Dutch, French, German, Italian,
Portuguese and Spanish dialling terms. If the reviewer must
be critical the lack of inclusion of Latin is to be regretted
since all the main early European dialling texts were
published in Latin. Nevertheless a most splendid effort for
which the author deserved much praise.

Similarly issue 14 contains one article only “Analytical
Calculation of the Declination of a Wall by Observation of
the shadow of a Stylus perpendicular to it at any hour of
daylight”. This is a very clear exposition of the method by
Rafael Soler i Gaya’, excellently translated into English by
William Bain. On the last page is a cartoon in four
illustrations where an elderly gentleman is shown checking
a sundial by his watch, points out the difference to an
attendant, who in the last scene is shown altering the
gnomon of the dial to correct the indication. The whole
sequence is entitled “Timely Humour”. In the enclosed
Vocabulary, the listing has got as far as [altitude of the sun]
so it is going to take a very long time to reach its Zenith in
the Zodiac. It is going to be a most important contribution
to gnomonics when completed.

Since issue 14 there have been two further issues but
these cannot be reviewed since they have not reached the
Editor as yet.

ANNUARIO DELLA SPECOLA CIDNEA

This contains the annual report for 1993 of the activities of
the Brescia Observatory in Italy. 1993 sees the publication
of the astronomical empherides for the coming year for the
first time. The section of main interest to us as diallists is
that the photographic section contains illustrations of
sundials which were entered in the “Shadow of Time”
International Contest for sundial makers. A lady by the
name of Anna Trombetta has produced an English section
in the book, plus English titles for the photographs. These
are in black and white and thus remove the charisma of the
colour schemes employed. Mainly the dials are vertical
types, with a couple of large horizontal versions and one

analemmatic dial. The accent is on the artistic presentation
rather than the novelty of technical design.

NORTH AMERICAN SUNDIAL SOCIETY

A Sundial Society has been proposed to cater for those
living in North America who are interested in dialling. All
those who would like to become members should contact
either:

Mr Frederick W. Sayer III, 8 Sachem Drive, Glastonbury,
CT 06033 U.SA.

or

Mr. Ross McCluney, Florida Solar Energey Centre, 300
State Road 401, Cape Canaveral, FL 32920 U.S.A.

ROUMANIA

Robert McVean the grandson of our member Colin
McVean has sent in an interesting report about his group’s
recent visit to Roumania to help in the provision of
improved science education for Roumanian orphans. One
of the projects was the installation of an analemmatic
sundial as part of the theme of earth, wind and sun in the
educational garden of the orphanage school at Bradet some
distance to the north of Bucharest. Because of pressure
upon space, it has not been possible to include this report,
in this issue. It is hoped to include the report in the next
issue. In the meantime congratulations to Robert and his
group, and to Colin McVean for providing the basic plan
for the installation. Colin has also been asked to make a
sundial for the Company of Apothecaries in London and
we look forward the hearing about this when completed.

SARAJEVO

The Editor received a letter in October 1993 from Milutin
Tadic who is trapped in Sarajevo. He has made several
requests for the British Sundial Society to arrange for his
safe passage out of the former Yugoslavia but efforts by the
Chairman and Editor to find out how this could be achieved
have come to naught. Members will recall that Tadic has
made several contributions to the BSS Bulletin in the past.

To the majority of us in the West, the present turmoil
and destruction in Yugoslavia seems absolutely senseless.
Those who have had cheap pleasant holidays there in the
past will be even more conscious of the stupidity of waging
internal war upon innocent civilians.

The photograph sent is of a sundial made by Tadic and
his friends in 1984 which was erected in Sarajevo. It was
hit by a shell splinter in June 1993. Tadic has put at the
head of his letter “A Sundial is the Silent Voice of Time” -
the quotation from Robert Hegge, 1630; and so this
shattered sundial is an eloquent witness to the ravages of a
stupid civil war.

As the photgraph is not very good and cannot reproduce
well, the figures on the lower left of the dial give Latitude
43° 52’ 24” and Longitude 18° 25" 50”. The motto is
“SUNCANI SAT”.

The letter was smuggled out of Yugoslavia by a
UNPROFOR soldier. I am sure that BSS members will join
with the Editor’s hopes and wishes that Tadic and all those
in Sarajevo will soon be freed from the present conflict. If
anyone has any idea as to how he can be helped, please
forward your suggestions.

(For photograph see page 43)



THE IVORY DIPTYCH DIAL PART 2

UNDERSTANDING THE MARKINGS
JOHN MOORE

When looking at these dials our attention usually focuses
on the modern equal hours scales and we tend to dismiss
the other scales as being rather ‘old fashioned’. When we
know just a little more about them we may observe that
they often have. scales for Babylonian and Jewish hours.
Once we fully understand their markings and how to use
them they become much more interesting to us, but alas,
these are often of little use in the modern world.

NUREMBERG DIPTYCH DIALS

FIGURE 1. Ivory Diptych Dial by Hans Troschel. Face A

Fig 1. shows Face A of a typical Nuremberg dial by Hans
Troschel. This shows a wind rose and a hand like pointer.
The dial is first orientated to north by sighting the point of
the compass through its small window. The hand pointer
would be rotated to show the present direction of the wind,
in this case East, where it could be left for later
comparison. In its centre a small wind vane could be placed
there to facilitate the reading. It must have been an
inaccurate device, especially when held in the hand, or
anywhere close to the observer’s body due to the local
disturbance to the airflow. Most dials of this type have a
slot type pocket in the lower tablet to store the wind vane
when it is not in use but in this example it has been omitted
and so the estimation of the wind’s direction would be done
by the user, possibly by observing the motion of the clouds,
some smoke, bending trees, grasses or even ripples on
water. Observations of wind directions and their changes
are a good guide to weather forecasting and would have
been a useful feature to our forefathers. Note that the 32
points of the compass start at East and not as we now do in
the North. Around the edge of the dial is the Latin
inscription PERGE SECVRVS * MONSTRO VIAM.
(Proceed Safely, I Show The Way.)

Face B, Fig.2, carries a standard vertical dial showing
hours VIII to IIII. Above this is a pin gnomon dial with a
scale of ‘Tagleng’, (Day’s length), which shows 8 hours at
the Winter Solstice when the sun is low, and 16 hours at the

Summer Solstice. At the two equinoxes the line is straight,
and of course, the day’s length becomes 12 hours.

The shadow from the tip of the same pin gnomon will
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FIGURE 2. Ivory Diptych Dial by Hans Troschel. Face B

also indicate the time on this small vertical dial for the
hours VIII to IIII. As the sun moves across the sky the
shadow will trace out a line from left to right, and knowing
the date, ie. whether it is before or after the Winter or
Summer Solstice, the astrological house, or zodiac symbol
may be determined. The symbols start on the right and read
clockwise from the Vernal or Spring Equinox in March
with Aries the ram, which is depicted by a symbol
representing ram’s horns, Y. Astrological information was
of much greater importance in earlier times, being used
daily and its consequences often completely ruled the
everyday actions of people. Face C, Fig 3, carries a

FIGURE 3. Ivory Diptych Dial by Hans Troschel. Face C



standard horizontal dial for the hours of 4 in the morning
until 8 in the evening. The compass is simple, showing
only the four cardinal points plus the current magnetic
declination of about 5° west, being around 1700. (Ref.1.)
Other compass points were unnecessary within the bowl as
the wind rose on Face A could be used if they were
required.

At the bottom is another pin gnomon dial with the
caption in Latin, HORAE AB ORTV & OCCASV. (Hours
from sunset and occasional hours.) At first sight this scale
seems somewhat confused but it is actually two dials in
one, each mirroring the other. Ascending clockwise from
10 through to 23 are the hours reckoned from sunset. These
are known as Italian, Bohemian or ‘Welsch’ (foreign)
hours. This form of time reckoning was also used by the
ancient Greeks, Jews, Silesians and the Chinese. The other
scale starting at 1 in the top left corner and finishing at 14
on the right shows Babylonian or Greek hours that begin at
sunrise. When the shadow of the pin gnomon is vertical, ie.
pointing North, it is midday. At the equinox, sunrise and
sunset are at 6am and 6pm respectively when reckoned in
modern hours. This means that midday will be 18 hours
after sunset, Italian, and 6 hours after sunrise, Babylonian.
Close observation will show that at a short distance north of
the gnomon, the two lines for 18 and 6 cross. At the Winter
Solstice we know that the sun rises at 8am and sets at 4pm
in Northern Europe. Therefore midday is only 4 hours
before sunset, ie. 20 hours after sunset and 4 hours after
sunrise. These two lines join at a point furthest north of the
gnomon. At the Summer Solstice when the sun is much
higher in the sky the shadow of the gnomon tip is much
closer to the gnomon giving 16 and 8 hours for noon. These
scales are completely obsolete by modern standards and
therefore are seldom understood.

Face D, Fig 4, has a volvelle showing AETAS LVNAE
& HORAE NOCTIS, (age of the moon and night hours).

FIGURE 4. Ivory Diptych Dial by Hans Troschel. Face D

This enables the dial to be used at night if there is enough
moonlight. In practice this is only possible for about five
days either side of the full moon, but as long as the moon is
visible it should be possible to make a reasonable guess as
to where its shadow would fall. The string gnomon dial on

Faces B and C would be operated as it would be for the
sunis shadow and the moon’s time would be found. If there
was insufficient light to set the compass correctly, then the
pole star could be used and the dial aligned with it. It must
be stressed that lunar time measurements without
complicated corrections are at best only approximate.
(Ref.2.) This is due mainly to the moon’s cycle of 11 years,
during which its altitude also changes. The time reading
taken should now be converted via the lunar volvelle into
solar hours. Firstly the central gilt brass disc is set to the
age of the moon. The moon’s age starts with zero at new
moon and the relevant scale is the middle of the three outer
ones. In this example the 10th Day has been set. In the days
before full moon, the moon rises before 6pm and therefore
would be in the South in the evening. If, for example, the
time reading were 2am lunar, this figure would be read
from the brass disc and converted by the adjoining scale
which shows 10.15pm Solar time.

The outer scale shows a figure in hours that is the
difference between solar noon and lunar noon for each day
of the lunar month. Hence at full moon this is given as 12
hours. On the 10th day illustrated, this would be 8 hours.
Notice that 8 is given for two consecutive days as there is
no provision on this dial for giving both hours and minutes
of correction and 8 is the nearest hour on both days. Some
dials have two rings of figures giving more detailed
information, one being for hours and the other for minutes.
Therefore with only the full hours being represented some
consecutive days must show the same figure because the
moon’s time only changes by 48 minutes per day.

It is worth noting on this dial the use of the thrush
symbol in three places. This is the trade mark of Hans
Troschel whose name translates as ‘thrush’. Also at the top
between AETAS and LVNAE is the Nuremberg ‘n’ symbol
that was applied to dials to denote a quality product. (Ref

FIGURE 5. Ivory Diptych Dial by Paul Reinman. Face D

An alternative lunar volvelle is shown in Fig 5, this time
on the dial by PAVLVS REINMAN. Note his crown
symbol and again the ‘n’ quality mark. Its lunar conversion
scale is virtually identical to the Troschel dial. The lunar
volvelle pointer is again set for the 10th day and the 2pm



lunar reading again corresponds to around 10pm solar time.
Two further scales are added, viz. EPACTA IVLIA ANNO
1598 and EPACTA GREGO ANNO 1598. These are scales
for the Epacts starting in the year of 1598 (which is when
this particular dial was made) for both Julian and Gregorian
calendars. The moon has a cycle of 19 years after which its
position in the sky is virtually identical on any given date,
ie. full moon will fall at almost the same time on the same
date nineteen years later. This period is actually shorter by
lhr 27m 32s (Ref 4) but this only amounts to one day’s
error in 312 years.

Each year has 12 cycles of the moon, each of
approximately 29'/> days. This means that 12 lunar months
are 11 days short of a solar year. The Epacts, therefore
show the number of days remaining from the end of the
lunar year until the close of the solar year. Many religious
festivals are linked to the moon’s cycle. Passover or Easter
are determined from the Sunday following the first new
moon after the Spring equinox. This date also determines
other church festivals such as Lent and Whitsun. On this
dial the year 1598 gives 3 in the Julian calendar and 14 for
the following year, (1599) etc.

At this time the Gregorian calendar was being
introduced into Europe. Catholic countries used it
following the decree of Pope Gregory from the S5th October
1582. Since the time of Julius Caesar the calendar had
accumulated an error of 11 days and Gregory had devised a
new form of reckoning so that this error would not occur.
Protestant states continued to use the older Julian calendar
for some time. In Britain the change was not made until
1752. Germany was divided into several small states, some
of which were Catholic and some Protestant, so both
calendars were running simultaneously. Hence the
provision for both systems on these dials.

Fig 6. (Ref 4), shows a scale of Epacts relating to the
Golden Numbers. The Golden Number is the particular
year of the Moon’s cycle of 19 years, and the
corresponding Epact is shown for each year of the cycle.
This particular chart produced in 1711 interestingly
contains two errors. The fifth year shows the Epact as being
24, but this should read 25, and the eighth year shows 18
where it should be 28. The latter is obviously a printing
error with one Roman X missing.

Golden Number, Epa&s ™ |

... . XL
2 s .« XXII.
% o . oo 111,
4 - . X1V,
£ .. XXIV,
6. .. VI
W as .. XVIIL.
8 i .. XVIIIL.
9. .. .. IX
10 ... . XX.
17 ... N
) E P .. XII,
13 ... XXI1I
14 ... . IV,
I§ ... .. XV,
16 ... . . XXVEL
17 .. .. VIIL
18 ... .. XVIIIL
19 ... XX1X.

FIGURE 6. Table of Epacts from Wells’ Chronology, 1725

Another interesting feature of the Reinman dial is at the
centre of the gilt lunar volvelle. This shows the astrological
Aspects consisting of a triangle, a square and a hexagon.
The Aspects are angles formed between two or more
celestial bodies as seen from the Earth. Certain
combinations of planets at particular angles have different
and important astrological significance. The basic aspects
are Conjunction 0°, Sextile 60°, (separated by two zodiac
signs), Square 90°, Trine 120°, and Opposite 180°. (Ref 5)
Opposite, Square and Sextile Aspects were associated with
bad luck and the Trine with good luck. Ref 6.

The dial by HANS TVCHER 1583, Fig.7, is quite
unusual, in that it shows only Italian hours, (sunset at 24).
Its string gnomon is obviously incorrect and has been fitted
at a later stage. This type of dial can only operate from pin
gnomons, which are now missing, and it shows the time on
both faces, B & C.

FIGURE 7. Ivory Diptych Dial by Hans Tucher, 1583

DIEPPE DIPTYCH DIALS

Dieppe dials differ in many ways from those of Nuremberg.
A Magnetic Azimuth dial by Jacques Senecal is used to
explain the various functions. It is typical of many dials
made in Dieppe around 1660-1670 period and its design is
normally attributed to Charles Bloud, the best known of
Dieppe’s dial makers.

Fig 8, shows Face A, which carries a Polar dial and an
Equatorial dial. These two dials have been included to
make it truly universal, ie. so that it could be used at any
northern latitude, because the main dials on Faces B & C
can only be used at a fixed latitude. To use these dials the
lid must be tilted to the correct angle. The angle for setting
the dial is engraved on the edge of Face B and the small
lever which slots into Face C is set against the scale, Fig 9.
The polar dial across its centre will be used with its face
towards the south so that it remains parallel to the Earth’s
axis or POLES. The shadow is formed by a pin gnomon
placed into the hole at its centre. The equatorial dial, on the
other hand, is operated with north and south reversed so
that it lies parallel to the EQUATOR. It then reads exactly
like a 24 hour clock. Its main drawback is that it can only
operate in the summer months when the sun is above the
equator. In the winter months the sun is too low and could



FIGURE 9. Unsigned Dieppe Dial showing operation as a
Polar Dial

only throw a shadow on the underside of the lid.

Face B, Fig 10, consists of a calendar and lunar volvelle.
In its centre is a small volvelle that has a round cut-out
representing the appearance of the moon. It would normally
be used in reverse to compare the moon’s form with its
likeness on the volvelle and show the actual day of its
cycle. In this example the moon is 7 days old, ie. around its
first quarter. If the moon’s shadow shows 2pm lunar time
this is shown to correspond to about 7.45pm solar. If its
user is unable to get a satisfactory shadow, the moon’s
form may be compared with the cut-out and the Pole Star
may again be used for determining true north. Around the
edge of this dial is an annual calendar showing the number
of days in each month.

Face C, Fig 11, has two separate sundials on it. Around
the edge of the compass is a standard horizontal dial for a
fixed latitude which is operated from the string gnomon. In
the centre of the compass bowl is a dial which is read from

FIGURE 11. Ivory Dial by Jacques Senecal, Face C

the southern tail of the compass needle. To use this dial
correctly the complete diptych is turned until the shadow of
the lid falls exactly along its base, i.e. the user lines the
back of the diptych to face the sun. The compass needle
will point to the North, generally towards the user, but its
tail will cross the engraved metal hour scale in its bowl.
This is the correct time. However, during the course of the
year the sun’s altitude and position will change and
correction needs to be made. This pewter scale is
arranged to slide up and down, being controlled from the
calendar volvelle which is on Face D, (Fig 12.). On the
back of the calendar disc is an eccentric groove in which a
pin fron the back of the hour scale runs.

In the compass bowl is a paper scale and around its edge
is a scale of degrees reading 0- 90 from both North and
South. This would generally be used with the compass
needle to show directions. It is also marked with the four
cardinal directions in Latin. In its centre is a complex table.



This has a list on the left of 18 French towns. In the second
column is the latitude of each town. In the remaining 9
columns are many entries of two or three letters, each
believed to give details of some of the attributes of each
town.

On Face D, Fig 12, is a calendar volvelle which is
rotated against the engraved hand pointer. Once the correct
date is set this adjusts the hour scale as described above.

!

FIGURE 12. Ivory Dial by Jacques Senecal, Face D

W i el ol et N

In the centre of the disc is a square full of numbers
surrounded by the maker’s signature, ‘Jacques Senecal
Dieppe fecit’. The central table consists of 7 rows and 7
columns. It is not immediately obvious, but there are two
sets of information in this square. The first two lines are for
the months of the year. However, these are not the
Gregorian months that we use today, but are those used in
the older calendar of Julius Caesar. In his calendar the year
commences in March (at the vernal equinox) and hence
March is the first month, April the second, etc. This
explains some of the names that we still use for our months,
v.i.z. September (7), October (8), November (9) and
December (10). The end of the year was, of course, in
February. This made the addition of one day each Leap
Year much simpler. The day, however, was not added at
the end as we do now on the 29th, but, instead, 24th
February was reckoned twice.

The numbers therefore in the first two lines are for the
months of the year, 5 = July, 7 = September, 4 = June etc.
Notice that 5 is placed above 2 (ie. July and April). If we
check with a diary, or calendar, we will find that July and
April always start on the same day of the week. Similarly
the second column has 7 = September and 10 = December.
In the three squares with zero this means that there is only
one month starting on that particular day. 19 is below 12.
This is not actually 19, but strictly, 1, 9. On this day of the
week there are three months, v.i.z. February, March and
November, with the 1 and 9 conveniently crammed into
one square.

The five rows of lines below this are a standard table of
the 31 days of the month arranged in groups of 7 days,
ie.weeks. These two tables were used in conjunction so that
if the first days of both July and April were to fall on a

Thursday, as in 1993, September and December would be
one day earlier, ie. Wednesday. Similarly the third column
would be Tuesday etc. On the bottom row of this table are
four zeros which fill the spaces that would otherwise be
blank. However, on some Perpetual Calendars of this type,
these four unused spaces often contain the date of the year
of manufacture.

With a little knowledge it is possible to operate the
calendar the determine the day of the week, the date and the
year. With our modern calendar a Bisextile or Leap Year
would necessitate a jump at the end of February, making
calculations that bit more difficult.

OTHER DIPTYCH DIALS

Dials from other parts of Europe tend to have similar scales
to both those of Nuremberg and Dieppe, but, generally
were somewhat simpler. The main differences are in their
decoration. The dials of Spain and Italy are probably the
best known.

The unsigned Spanish dial, Part 1, Fig 7 is interesting in
that it has two pin gnomon scales. On Face B is a
Babylonian hour scale starting at dawn i.e. 24 or 0. On Face
C (Fig 13), is an Italian hour scale ending at dusk. This is in
the form of a Scaphe Dial, ie. hollowed out. The markings
are quite similar to those on a flat surface but the exercise
of inscribing the marks within the hemispherical bowl must
have been an exacting task. The maker has obviously cut
these lines by hand as can be seen from their somewhat
irregular forms.

FIGURE 13. Spanish Ivory Dial, Face C

There is still much we can learn from these early diptych
dials. Further research into their makers, tools and methods
is still needed. What is certain is that our forefathers carried
these dials in their pockets and used them. They were a
prestige symbol for many. They were also precision
instruments and could be used not only for time telling, but
for much more important reasons connected with their lives
at that period. It is quite probable that many of the users did
not fully understand all the markings. We should, perhaps,
compare these dials with modern pocket calculators. We
nearly all use them quite regularly, but how often do we use
the more complex functions such as sines or logarithms?

Continued on page 21



A method of determining the North and latitude

1. Introduction

There are occasions when one needs to know the North and one’s latitude,
as for example when one is constructing and orientating a sundial, or
exploring in unknown terrain.

A method of obtaining this information by observing the sun is here
described, which does not possess the disadvantages of that in which one
observes the sun when its altitude is greatest—namely of being useless if
the sun is obscured by cloud at noon or if the sun’s declination is not known.
It is suitable for a classroom experiment, and is an application of stereo-
graphic projection.

2. Stereographic projection

Consider any sphere s with its centre O at the observer. Denote by Z, P
and S the points in which the vertical line through 0, the line through O
parallel to the Earth’s axis, and the line joining O to the sun meet the
sphere s (see Fig. 1). We call s the celestial sphere. Let V be the point on s

Sun
A

FiGure 1. The celestial sphere.

diametrically opposite to Z. If the line joining ¥ to S meets p, the horizontal
plancthrough O, at S, then S’ is called the stereographic projection of S on p.

The sun’s declination is the complement of / SOP; from tables it may
be seen that the maximum daily variation of the declination is about £-4°,
If our experiment lasts not more than six hours, the declination will not

have varied by more than about 0-1°, and we shall therefore regard the
declination, and hence / SOP, as being constant during the course of the
experiment, and the path of S as being a circle ¢ on s.

A fundamental property of stereographic projection is that all circles
project into circles (with the exception of circles through the vertex of
projection ¥, which project into straight lines). The circle ¢ on s will
therefore project into another circle ¢’ on p.

3. The apparatus and observations

The apparatus consists of two setsquares fastened together as shown in
Fig. 2a (adhesive tape may be used for this purpose), standing on a fixed
horizontal board, with a pin, head 4, fixed in the angle between the set-
squares at their apex. We take for the point O in Fig. 1 the point on the
board vertically below 4; the board itself is then the plane p in Fig. 1.

& Sun
\

\
\ 4 B,

(b)
FiGure 2. (a) The apparatus. (b) Obscrvations.
On any three occasions during the day when the sun is shining, one

marks the shadow B of A on p, obtaining three points B,, B, and B, as
shown in Fig. 2b.

4. Determination of the North

J. G. FREEMAN

tOrigin?Ily presented at a Members’ Evening held by the Yorkshire Branch of the
Mathematical Association at the University of Bradford in November 1972.

Draw a circle a with radius equal to that of s, to represent the cross-
section of s through O, Z and B, (see Fig. 3a). Draw a horizontal line AC
through 4 (the point representing the head of the pin in Fig. 3a). Mark the
point C; on AC such that AC, = OB,. Then OC, makes with B, 0 produced
an angle equal to the sun’s altitude when B, is the shadow of 4, and ocC,
meets a at .S, the point representing the position of S corresponding to the

instant when the shadow of 4 is B,. Let V'S, meet B,O at Sj. In Fig. 2b
mark the point S} on B,0 produced so that OS in Fig. 2b equals OS; in
Fig. 3a. Similarly insert points S; and S} in Fig. 2b. The points S, S; and
S are the stereographic projections on p of S corresponding to the instants
when the shadows of A4 are By, B, and B, (see Fig. 3b).

The circle ¢’ which is the projection of the path of S passes through
Sy, S and 3, and its centre D should next be obtained by finding the
point of intersection of the perpendicular bisectors of the joins of any two
paits of S, S; and S} (sec Fig. 3b). Consideration of symmetry shows that
D lics in the plane ZOP; hence join O to D and the line O D points North.

Z
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B, 4 St
a
vV P
(a) (b)

FIGURE 3. (a) Cross-section of 5 through O, Z and B,. (b) Determination of D,
the centre of circle ¢’ through S}, S; and S3.

It is advisable to separate consecutive observations by an hour or more,
since, if the points Sy, S; and Sj are too close together it is difficult to
determine the position of D with accuracy.

5. Determination of latitude

Draw the circle ¢’ with centre D and radius DS (see Fig. 4a). Call the
points where OD mects ¢’, S; and S,. These are the projections of the
points S; and S, the positions of S corresponding to the instants when
the sun is due South and due North respectively.

Next draw a circle b with radius equal to that of s, to represent the cross-
scction of s through O, Z and D (sec Fig. 4b). In this figure insert the
points S; and S, such that OS, and OS;, in Fig. 4b equal 0S, and 0S, in
Fig. 4a. Join V'S, and V'S, to meet b in S, and S,. Join S,and S, to O and

Y4
Sy P

\a)

FiGure 4. (a) Determination of S, and S,. (b) Determination of S,, S, and P
(OP bisects £.S,0S8,).

bisect / S,0S,; this bisector will meet b in P. Since / DOP is the required
latitude, we now measure this angle. o

Figure 4b will, incidentally, enable us to determine the sun’s declination
also. Since / S,OP is the complement of the declination, we may measure
/.S,0P and obtain the declination from

Declination = 90° — / S,OP.



SUNDIALS IN ILLUSTRATIONS
CHARLES K. AKED

The average artist, when depicting a sundial, usually
demonstrates a complete lack of understanding of the
elementary principles of dialling. As an example, the very
English caricature shown in Fig 1, subtitled “The stupid
servant sent by his master to set his watch, returns having
dug up the sundial”. Obviously this is a case of the pan
calling the kettle black because the sundial is clearly meant
to be a horizontal dial, yet it is marked out like a clock dial,
and judging by the angle of the gnomon, could not be used
as shown in England. However the position of this dial
accessory indicates that the scene must be in the Southern
hemisphere, for at noon in the Northern hemisphere, the
shadow of the style would fall on VI and not XII. For those
not familiar with the quirks of English humour, and it is an
acquired taste, milord has gout in his right foot and is
resting it on a footstool. If you have never had gout, first of
all think yourself very lucky, secondly you cannot envisage
just how sensitive to touch the affected member is; thirdly
itputs you into a foul temper, and fourthly few people can
afford the amount of brandy and claret required to bring
about this affliction. You certainly cannot check your own
_ watch against a sundial if so afflicted.

Figure 2 shows a crowned lady standing at the margin of
a pool, this is a pen sketch by Urs Graf, dated 1514. As a
sort of added detail, there is an ivory diptych dial at the
lower right, but although the sun is casting a shadow from
the main body of the dial, the string gnomon has none. All

we can say is that it is shortly after noon. Urs Graf (1485-
1529), of Soleur, was a Renaissance landscape painter who
was fond of including a sundial in his works, and depicted
many kinds of dial in these. The dial shown here is a poor
example of his dialling delineations.

Figure 3 shows a typical Teutonic lady with very large
hips, it is an allegory by Martin Zasinger and the original
engraving may be seen in the Kuntsmuseum, Basle. One
must suppose that it is meant to illustrate Life, Time and
Death, since the lady is standing on a skull and holds a
diptych dial in her right hand. The artist’s initials are placed
on either side of the skull. The significance of the object on
the upper right is lost on the writer.Again there is no
shadow on the dial, the sun appears to be high in the sky,
about mid-morning. The engraving on copper was made in
the early part of the 16th century, it is entitled “Memento
Mori”, 16th century Latin for ‘Remember you must die’,
and is usually depicted by a skull. Some commentators
state this illustration is in the style of Albrecht Diirer,
personally I consider it too fussy for Diirer. In spite of the
warnings today about global warming, it is clear that the
weather in those days must have been quite balmy since so
many ladies of this century are shown unclothed. Never
having stood upon a skull, I am unable to comment on how
precarious this action might be, the lady seems
unconcerned, whereas the skull appears to be gritting its
teeth.
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FIGURE 1: English caricature cartoon - “The foolish servant has dug up the sundial”
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FIGURE 2: Crowned lady engraved by Urs Graf, 1514

The next illustration (Fig 4) depicts a charming young
lady with an armillary sphere, no doubt purely a decorative
detail since she is not displaying much interest in it. It is
not intended as a sundial since the numerals are on the
outside of the ring, and in any case the indicating ring must
be at right angles to the earth’s axis in a armillary sphere
sundial. This portrait may be seen in the National Gallery,
London. It was painted by Jean Gossaert (known as
Mabuse), the date is uncertain. He was a Flemish painter
born at Mauberge (Mabuse) circa 1470, and in 1503
entered the painters’ guild of St. Luke at Antwerp. In 1509
he went with Philip of Burgundy to Italy and his style was
greatly changed by the Italian masters. This painting is still
recognisable as that of the Flemish school. He died in
Antwerp in 1532.

Astronomia often figures in allegorical illustrations, and
in Fig 5 is used by the artist to illustrate a number of
interconnected themes. Under her right hand is a star globe
with the constellation of Leo prominently displayed. In her
left hand she holds a cross staff of sorts and nonchalantly
peers along it although the sun is directly behind her head
(repeated on her right breast) and the sky is full of stars..
Meanwhile a group of savants to her left appear to be
setting out a dial of some kind. Judging by the light on the
figure, the sun is on the left also. Under the globe is a
strange assortment of instruments. The upper one is some
kind of sundial but its gnomon is set strangely and casts its
shadow as though the sun was on the right hand side of the
illustration. The uppermost figure is shown as 01 and not
10. The lower instrument appears to be a very crudely
divided quadrant, what the divisions signify is not clear,
they require multiplying by a factor of 10 to produce

FIGURE 3: “Memento Mori” on copper plate by Martin
Zasinger, early 16th century

degrees. The final instrument appears to be a magnetic
compass in spite of the annulus bearing 1-12 in Arabic
figures. The use of Arabic numbers in this context can only
be because Arithmetica is an accompanying allegorical
figure and therefore Roman numerals would be
inappropriate. This illustration is an engraving by Crispin
de Passe from a sixteenth century painting by Martin de
Vos, entitled “Sublime Aurea contemplating the Starry
Aether”. What one has to remember is that much of the
allegorical detail would be clear to an observer of the
period, the significance of which is utterly lost upon us
today.

Robert Hegge, a Fellow of Corpus Christi College,
Oxford, was a very keen sundial enthusiast. In the 1620’s
he sketched the famous Turnbull sundial in the College
Quadrangle (more popularly known as the ‘Pelican’
Sundial). The perspective is deliberately distorted. The
Latin inscription reads “Representation of the most
elaborate Sundial in the Quadrangle of Corpus Christi Coll-
ege by Charles Turnbull, sometime Fellow of that College™.
It seems that in this sketch Hegge was trying to show all the
salient features although this is a quite impossible view in
reality. According to Philip Pattenden, in his book
Sundials at an Oxford College, Hegge was probably
drawing from memory, and could not be bothered to go
into the quadrangle to check the details, see Fig 6. Hegge’s
treatise on dialling includes frequent drawings of pelicans,
bishops, owls and sundials, the living objects being rather
better delineated than the solar instruments. It would be
difficult to recognize the Corpus Christi sundial today from
Hegge’s drawing but it has suffered many changes since,
the column in particular being much longer and slimmer,




FIGURE 5: “Astronomia” by Martin de Vos

FIGURE 4: Young girl with armillary sphere by Jean Gossaert
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FIGURE 6: Robert Hegge’s view of the Pelican Sundial at Corpus Christi, Oxford

FIGURE 7: A detail from “The Ambassadors”, the most famous painting to include
sundials
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FIGURE 8: Two clock designs by Hans Holbein incorporating sundials

and accentuated by standing upon a pedestal of about five
feet in height.

Of course not all artists are content with a mere
caricature of a dial, and for one of the most faithful
reproduction of a series of sundials, visit the National
Gallery in Trafalgar Square to stand before “The
Ambassadors” painted by Hans Holbein the Younger in
1533, see Fig 7 for a detail from this. The writer gave a
detailed account of this magnificent painting in an article
published in Antiquarian Horology, Volume IX, Winter
1976, pages 70-77. It is of interest to note that the
instruments depicted here were previously shown in a
portrait of Nicholas Kratzer painted by Holbein (a friend of
his), but were then in an unfinished state, in 1528. See
BSS Bulletin 93.2, page 10, for a reproduction of this
portrait. The Ambassadors will be the subject of a future
article in the BSS Bulletin, so no further details will be
given here.

Two of Hans Holbein’s designs for clocks incorporating
sundials and clepsydrae are still extant and are in the
British Museum collections. These are shown in Fig 8, that
on the left was actually made after the death of Holbein
and presented to Henry VIII. It comprised a sandglass,
clepsydra and mechanical clock turning the dial at the
summit of the ensemble, it is now lost. The design on the
right appears to have the sundials and clepsydra only, a
float in the clepsydra moving the arrow pointer on the
vertical scale. The division of the dial scales into two
halves is an ingenious way of achieving a compact
arrangement. The doors protecting the sandglass or
clepsydra are decorated with the Royal Arms. The original
sketches are annotated by Holbein.

“The Watch and the Sundial” (Fig 9) is the title of the
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FIGURE 9:

“The Watch and the Sundial” by Claude Gillot
circa 1700




next vignette. It was sketched by Claude Gillot (1632-
1722), who was born at Langres, France, and who taught
such masters as Watteau and Lancret. He was closely
connected with the theatre and ballet as a designer of
scenery and costumes. This picture is an illustration of a
fable of Henri de la Motte. It is difficult to make out what
the message from the sundial may be. The gnomon is
pointing in the general direction of the sun, the indicating
shadow falls on the figure V, and the whole scene is as
imaginary as the fable. Evidently the lady (near the dial) is
keeping a close watch on the timekeeper, a characteristic of
those engaged in clandestine meetings, torn between the
yearning for another few moments of passion and the need
to avoid suspicion; and not checking the watch against, nor
relying upon the indication of the supposed sundial. One
must infer that the sun is breaking through holes in the
clouds to produce such shadows and by these it seems to be
approaching noon.

Because of the edict of the Sun King Louis XIV that
France would use solar time as the time regulating the
country, and which continued after the French
Revolutionaries did their best to get decimal time adopted:;
the title of the painting by Ch.-J. Traviés (1804-1859),
lithograph by V Ratier is “I always go by the sun”, Fig 10.
The traveller seemingly is rather puzzled by the sundial
which indicates half past twelve, or thereabouts. The
confusion caused to travellers by the multitude of local
solar times, must have been enormous. Traviés was a
French painter who illustrated H. de Balzac’s work. To
keep a watch in compliance with solar time requires a daily
FIGURE 10: A French cartoon by C. J Traviés of the early correction, to indicate solar time by a watch or clock it is

19th century necessary to have a cam with an outline similar to that for

I \J Q)N

It 4 o . \ |
About Eime, too! George Stephensons alarm clock is getting S0 unreliable Im always late for work ‘

FIGURE 11: A 1984 cartoon with a sundial drawing up the rear
14



TIME AND TIME-TELLERS.

JAMIES W, BENSON

AONDON

ROBERT HARDWICKIE, 192, PICCADILLY.

1875,

FIGURE 12: James W. Benson’s title page illustration of 1875 which became the logo for the NAWCC in the USA, the largest

and most active horological association in the world

the Equation of Time analemma so that the hands may be
advanced and retarded by the appropriate amount each day
on the theoretical mean solar time normally indicated by
the timekeeper. Not many such clock or watches were ever
made. It was this mechanical difficulty which brought
about the adoption of mean solar time in the place of
seasonal hours. It must be pointed out that the changeover
is not noted in horological records, and that the earliest
clocks with a foliot regulator were adjusted to indicate
noon on each and every day, the moment at which the sun
was on the meridian being used as a time standard. In other
words, although each day and night had equal time
divisions, which was a departure from the old unequal or
seasonal hours; the varying length of the day throughout
the year was followed by manual adjustment of the clock.
This was tantamount to ignoring the Equation of Time
although the effect was known, because accurate data was
not then available until the late seventeenth century, when
John Flamsteed (the Astronomer-Royal) produced his first
tables, and these were not particularly accurate.

The lack of understanding of the sundial is no less in the
twentieth century, this example by Cummings is way off
the right lines although the style is roughly at the correct
angle, how it copes with the changing direction of the lines
(when the engine is on them) is not clear, however its root
originates at the three of the clock dial scale, so perhaps it
does not greatly matter. It does give a new dimension to
portable timekeepers however, see Fig 11.

The logo of the National Watch and Clock Collectors
Association in America takes us back to the earliest
sundial/pocket watch theme, a continuing occurrence to the
present day but in reverse, for with the advent of accurate

time on demand and watches which may be relied upon
utterly for intrinsic accuracy, the tendency now is to check
the sundial for accuracy of indication. One might just as
well use an elastic tape measure to measure linear
magnitudes as to compare the mechanically ground out
measure of mean solar time against the perfect accuracy of
solar time indication with an accurately set up sundial. This
logo was first used by James W. Benson of 58 and 60
Ludgate Hill, London, in the little book Time and Time
Tellers. It is also used on the front cover of the book,
embossed in gilt, in which the vague shapes on the pedestal
pillar are there resolved into a circle of dancing ladies, with
the watch clearly showing a quarter to four on its dial, and
the nondescript foliage transformed into graceful fernlike
fronds. The illustration on the title page is identical to the
American version. Since the NAWCC design is registered,
the illustration here is taken from Benson’s title page of
1872 (Fig 12), and long out of copyright. I have shown the
embossed illustration, alas the gilt on a dark green ground
does not reproduce well, but see Fig 13.

Of course what is presented here is a mere fragment of
the vast body of sundial illustrations over the centuries, yet
curiously enough the sundial was not a popular subject
until the sixteenth century when the scientific sundial began
to make its appearance in Europe. Before that those artists
incorporating symbols of time into their pictures usually
included a mechanical clock, so that St. Augustine who
flourished from AD 354-430, is pictured in his study with
an armillary sphere and a 24-hour dial weight-driven
mechanical clock in the fresco by Boticelli in the church of
the Ognissanti, Florence. This is dated 1480. St.
Augustine is often quoted since he made the famous



FIGURE 13: The cover illustration of J.W. Benson’s book.
(Gilt on green)

observation about time - “What then is Time? If no one
asks me, I know; if I wish to explain to one that asketh, I
know not”. No one since then has made any significant
progress in its understanding, but if he had had such a
clock in his day he would have regarded it as a miracle in
itself, whereas we take such devices for granted. The best
that Augustine could have hoped for then was a classical
hemispherium of the period.

The other symbols of Time, such as Chronos or Father
Time with his Sandglass and Scythe, and indeed the
sandglass itself, are recent innovations of this millenium.
Whilst sundials have never really fitted into this theme
easily, they have more than made up for this by the pithy
and apt comments placed upon the dials themselves,
putting into words the contents of many pictures such as
are depicted here, ie the allegory of Life, Time and the
certainty of Death. To some, these mottoes are anathema,
but then none of us like reminding of the swift passage of
time and the temporality of human life.

LETTERS TO THE EDITOR

KIRCHER’S SUNFLOWER CLOCK

I refer to the interesting article by John Briggs (BSS
Bulletin 93.2, pp. 42, 43), which I hope will stimulate full
translation of the texts shown in the illustration. In case this
is not forthcoming, perhaps the following comments will
spur a knowledgeable member to provide authoritative
versions.

The title at the top:

QPOXKOITION EAIOTPOITIKON
can be transliterated:
HOROSCOPION EAIOTROPICON

An early meaning of ‘horoscope’ includes the idea of
‘time watcher’; and ‘“Tpomikoc’ is to do with ‘turning’. I
hope that a Greek scholar will elucidate the ‘€00’ root, but
[ expect it means ‘by itself, left alone’. Thus I think that
this Greek heading means ‘A Self-Turning Watch’.

It is a little difficult to decipher the Latin inscriptions,
but I believe that on the scroll there is Artis et Nature
Coniugium; A Union of Art and Nature.

The text at the bottom is also difficult to read, but may
be as follows:

Annos circuitu Sol tempora Signat et horas
Omnia Solisequatio[?] Simid [?] Solis agit
for which (very hesitantly) I offer:
In its circuit, the Sun shows the seasons and the hours:
The uniform motion of the Sun drives everything.
W. A. DUKES

k ok ok ook ok ok

JOHN ROWLEY

With regard to the article about Butterfield dials in Bulletin
92.3 (October 1992) and the list of makers, there are in fact
two Butterfield dials by John Rowley at the National

Maritime Museum. One was made for John Churchill, first
Duke of Marlborough, and bears his coat of arms; the other
was made for the Earl of Orrery and bears the Boyle family
arms. The Museum has photographs of both dials.

A paper by John Appleby of Norwich on some of
Rowley’s lesser known activities, including his very large
(29 inch) horizontal sundials made in 1710 for St. Paul’s
Cathedral and Blenheim Palace, will be published later in
1993 in the journal Annals of Science. The Land Tax Books
show that he vacated his retail shop “under St. Dunstan’s”
about 1713. His Johnson’s Court address, which he
occupied in parallel with the Fleet Street one prior to 1713
and then by itself until his death in 1728, was possibly
mainly residential. From 1715 onwards he was mainly
concerned with large engineering projects rather than
mathematical instruments.

J.R. MILLBURN

% %k ok ok ok ok

THE TEN COMMANDMENTS
Like Mr. Drinkwater I have no desire to be “picky” over
Bulletin articles but the drawing of an horizontal drawing
accompanying M. J. Cowhams excellent advice to a
“beginner” on buying a sundial does contain an error. In
fact it illustrates another common fault on cheap “garden
centre” dials. As the gnomon has substantial width the 4 am
and 5 am lines should of course spring from the same
corner at the toe of the gnomon as the 4 pm and 5 pm lines,
not the opposite as drawn. Obviously the same applies to
the 7 pm, 8 pm and 7 am, 8 pm, lines, they should be
continuations of each other.

COLIN THORNE



SUN COMPASSES
BY MICHAEL HICKMAN

INTRODUCTION

What are the connections between the British Sundial
Society, the Special Air Service and the flight paths of
moths? To find out read on.

Earlier features' in the BSS Bulletin have addressed sun
compasses and I do not intend to recycle the material in
those. What I aim to do is to complement with new material
from my researches that has already been written and to
show that the mathematics are not as difficult as they may
seem.

I recently visited the Royal Signals museum at Blanford
Camp, Dorset and was intrigued to see there what at first
sight appeared to be analemmatic sundials. Closer
examination revealed that they were in fact sun compasses
and that while they bear some resemblance to analemmatic
dials there as significant differences.

Thanks to the kindness and willing help of the curator of
the museum, Major R. Pickard, I was permitted to examine
the exhibits closely, to photograph them, and to have a
copy of an explanation of the use of the different types.

Later I visited the tank museum at Bovington, Dorset,
where I found two more sun compasses on display. Once
more the museum staff were extremely helpful and kindly
allowed me to read some of their library material relating to
sun compasses. They also provided me with a copy of some
of that material.

I trust that members will find sun compasses as
interesting as I did. I also hope that if they are in Dorset
they will visit the Signals and Tank museums. Each will
fully repay the effort required to get to them; being ex-
Royal Navy I can claim to be unbiassed by any regimental
loyalties!

THE THEORY OF SUN COMPASSES

At any particular location there is a mathematical
relationship between the sun’s direction relative to north
and the local hour angle. (Those who are interested in the
mathematics of this will find details in the appendix.)

As diallists with an analemmatic dial we use the
direction of the sun to determine the time. However there is
no reason why we should not work the other way round and
use the time to determine the direction of the sun relative to
the direction of north. This in essence is the principle on
which sun compasses work.

It is relevant that the error of a warship’s gyrocompass
used to be checked by measurement of the sun’s direction
relative to east or west at sunrise or sunset respectively (the
amplitude) and calculation or derivation from tables of
what that direction should be. Perhaps compass error is still
determined this way but I expect it has all been replaced by
satellite navigation systems or ships’ inertial navigation
systems (SINS).

THE USE OF SUN COMPASSES

In our youth as scouts or guides we have all probably used
our watches to determine south by bisecting the angle
between 12 o’clock and the hour hand, with the hour hand
pointing to the sun. As members will appreciate this is not a
particularly accurate way of determining the direction of
the north/south line and our trusty scout magnetic
compasses were almost certainly better. However, for
serious use in vehicles, there is one major disadvantage of
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such compasses and that is that they are what they say they
are - magnetic.

Thus they are unusable near, for example, an army tank
or a Landrover. Perhaps it is possible now with modern
degaussing techniques to neutralise vehicles’ magnetic
fields sufficiently for magnetic compasses to be used near
them’ but it certainly was not during the last world war.
This meant that vehicles in North Africa had to have some
other means of determining their direction of travel across
almost featureless deserts. The British Army used sun
compasses for this purpose.

I thought that the Afrika Korps and the Egyptian Army
might also have used sun compasses in North Africa and
that perhaps the latter force still use them.

The military attaché at the Egyptian embassy in London
was kind enough to contact his home country for me and
found that the Egyptian army do not use sun compasses.
However in a feature’ about Ralph Bagnold, the founder of
the Long Range Desert Group (LRDG), it is stated that in
the early 1940’s the Egyptian Army had acquired some of
Bagnold’s compasses and in fact lent him some of his own
inventions for use by the LRDG because he could not get
any from British military sources.

I have not been as successful with enquiries about the
Afrika Korps, but it has been suggested that they probably
did not need sun compasses as they tended to operate in
large formations and close to the coast where roads and
routes were reasonably well defined.

The first recorded use of sun compasses was apparently
in Libya during the first world war. However, despite the
authority of the publisher, I do not feel that the instruments
described in the source of the information’ can legitimately
be described as compasses. The instruments described were
used to indicate that a vehicle was pointing in the required
direction, that direction having been found with the aid of a
magnetic compass. We should be clear that the early sun
compasses did not indicate north without recourse to a
magnetic compass, or the use of azimuth tables and were
perhaps better described as direction indicators.

Sun compasses were also used in the 1920’s in more
peaceful conditions by a group of British army officers,
including Ralph Bagnold, in their explorations in the
Middle East.

EARLY BRITISH ARMY SUN COMPASSES

The Howard Sun Compass

A simple sun compass used by our army was the Howard
Sun Compass, of which there were inevitably two versions,
Mark 1 and Mark 2. A photograph of the Mark 2 has
already appeared in the Bulletin but for those who do not
have the reference, and to explain the way in which the
Howard Sun Compass was used, figure 1 shows the
principal features of its construction.

Note that the bearing plate is calibrated
counterclockwise from 000° (or 360°). This has the same
effect as calibrating the time plate clockwise which is
perhaps more logical and less confusing as the time plate
shows the direction of north when it is positioned so that
the gnomon shadow indicates the correct local apparent
time.

As already suggested it is perhaps misleading to call this
a compass as it was not used to find the direction of north
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FIGURE 1: The Howard Sun Compass - principal features

relative to the direction of the sun. That was done by the

use of azimuth tables and the Howard Sun compass was

used to plot the resultant relative direction and then they
indicate the required direction of travel. According to
information from the SAS the tables were based on Davis’s

Azimuth Tables.

The modus operandi of the Howard compass was as
follows:

a) The user selected the appropriate “shadow angle” table
for his latitude. This table showed, for any given
latitude and any given two-week period, the
relationship between local apparent time and the sun’s
bearing, or azimuth. It also gave for each two-week
period the value of the equation of time.

b) On the time plate radii were drawn for local apparent
time at half-hour intervals. The angles between the
radii and the index line were taken from the shadow
angle table in use.

c) Further radii at quarter-hour intervals were drawn by
interpolation. (For clarity only a few lines, at hourly
intervals, are shown in the figure).

d) The compass was then mounted horizontally on the
vehicle with the 000°-180° line on the bearing plate
parallel to the vehicle fore and aft line and with 000°
to the front.

e) The time plate was turned until its index was on the
required bearing on the bearing plate. (330° in the
figure.)

f) The vehicle was turned until the gnomon shadow lined
up with the local apparent time on the time plate. The
vehicle was then pointing in the required direction.

If a convenient distant landmark lay in the required
direction then all that was required was for the vehicle to be
steered towards it. However in deserts there probably
wasn’t a convenient distant landmark. In this case it was
necessary to make constant reference to the sun compass
and to use different radii as local apparent time elapsed.
This meant that the vehicle had to be steered so that the
gnomon shadow lined up with the local apparent time. To
avoid constant resetting a suggested technique was for each
period of 15 minutes to use the shadow line 7'/> minutes
ahead of the start of that period so that for the first half of
the period the course would be to one side of that required
and for the second half it would be to the other side. Thus
the vehicle would steer a zig-zag course but the mean
course would be that required.

A disadvantage of the Howard sun compass was that it
needed supporting data tables and much preparation. Also

the time plate was liable to buckle in heat and chinagraph
pencils could not be used to plot the radii as they melted.

The Bagnold Sun Compass

From material supplied by the Royal Signals museum and
an illustration in a description of Bagnold’s journeys the
Bagnold compass appeared to be somewhat similar to the
Howard compass already described. Material kindly
provided by the SAS confirms this.

Again the navigator had to work out the local apparent
time and then consult azimuth tables to find the sun’s
direction at that time. The Bagnold compass was then set so
that the shadow of the gnomon fell on that bearing on the
compass 360° scale. The compass could then be used to
show any required direction, but like the Howard compass
it needed constant resetting as local apparent time changed.
The use of the Bagnold compass to steer a vehicle was
similar in principle to that for the Howard compass.

For those of you who have been patiently awaiting an
explanation of the relevance of the flight paths of moths
there is an analogy between the use of Howard or Bagnold
sun compasses and a possible method by which moths
navigate. If one proceeds so that the angle between one’s
heading and the direction of a distant object such as the sun
is constant then one will proceed in a straight line. Hence
the Howard and Bagnold compasses. However if the object
is not distant, as in the case of a moth and a candle, then
one proceeds in a spiral. If the angle is less than 90° then
the radius of the spiral will decrease until one ends up at the
object. Thus a moth isn’t actually attracted to a light; he
crashes into it in his attempt to use it as a sun for his own
sun compass.

(I would be delighted to discuss the maths of this if
anyone is interested - moths’ maths? If I’ve got it all wrong
about moths’ navigation systems are my beliefs moths’
maths myths?) - To return to sun compasses.

The Universal Type Sun Compass

This appears to be the first instrument designed to obviate
the need for the navigator to look up any tables, which gave
it a significant advantage over the Howard compass. It also
obviated the need for pencils that don’t melt. The compass
looked rather like an analemmatic sundial, which is not
surprising as like that dial it might be regarded as a
mechanical analogue computer to solve the standard
equation already referred to. However it required time as an
input to give north as an output, which is the inverse of the




function of the sundial. Furthermore the equation, and
hence the design, was modified so that the compass might
be used more easily at any latitude. Details of the modified
equation are given in the appendix.

This instrument, shown in Figure 2, comprised five parts
which were called

The vertical pointer

The shadow needle

The elliptical time plate

The rectangular date scale

The circular protractor.

The vertical pointer was fixed at the centre of the
circular protractor. The date scale was also fixed to the
protractor, with its major axis along the north-south line of
the protractor. The elliptical time plate could be moved in
the north-south direction and in use was positioned
according to the date. The date scale on the time plate was
calibrated so that the movement of the time plate was
proportional to the tangent of the sun’s declination.

The time plate was engraved with curves, one for each
of several latitudes, showing the relationship between the
direction of the sun and the local apparent time. In use the
time plate was set according to the date, thus taking
account of the sun’s declination. Next the shadow pointer
was positioned so that it passed through the appropriate
latitude curve at the point representing local apparent time.
The whole compass was then turned until the shadow of the
vertical pointer lay along the shadow pointer, 000° on the
circular protractor then pointed to true north.

Readers may recall that a similar American sun compass
has already been described' in the BSS Bulletin.

The Cole Universal Sun Compass

This was similar to the Universal sun compass already
described and again there were Mark 1 and Mark 2
versions. However, while the mathematics of the Cole
compass were the same as those of the Universal compass
the mechanical arrangement of the components was slightly
different.

FIGURE3: The Cole: Compass Mark 2

The Mark 2 Cole compass is shown in Figure 3. It
comprises a circular rotatable plate around which was a
360° scale. Engraved on the plate were curves similar to
those for the previous instrument ie. one for each of several
latitudes, showing the relationship between the direction of
the sun and the local apparent time. In this plate there was a
slot in the north-south direction, and in this slot a holder for
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the gnomon was positioned according to the date, and
hence to the sun’s declination. Thus the gnomon was
moved in the Cole compass whereas the elliptical time
plate was moved in the Universal sun compass.

The method of use of the two instruments was basically
the same, but in the Cole compass the point at which the
gnomon shadow intersected the 360° scale had no
significance because, except when the sun’s declination
was zero, the gnomon was not at the centre of the 360°
circle. If the gnomon has been set at the correct date, that is
it has been positioned according to the declination of the
sun, and if the circular plate is rotated so that the shadow of
the gnomon passes through the point determined by the
latitude and the local apparent time then the north mark, or
000°, on the dial would point to true north.

No tables were required for the Cole sun compass and
again the only calculation required was the conversion from
mean time to local apparent time. The value of the equation
of time was given from a scale engraved on the slot used to
position the gnomon and the longitude needed to be known
so that the usual correction for it might be applied.

The Cole sun compass Mark 2 was also capable of being
used at night, by aligning two vertical pins in the direction
of the Pole Star. In this context it was really being used
only as a means of measuring angles between the required
direction and north, in other words as a direction indicator.

The SAS informed me that the Cole sun compass is still
used but that it is now at the Mark 4 stage.

In the Geographical Journal ” there is a mathematical
description of the theory of a universal sun-compass but it
is not clear if it refers to any particular practical instrument.
It is also worthy of note that in this article the author gave
two alternative types of universal sun compass, one as in
the Cole and the other in which the navigator needed to
allow for latitude when setting the position of the gnomon.
The author thus undid, I think, the good work done by Cole
in eliminating the need for this allowance. However it must
be said that a simple graphical method of determining the
effect of latitude was described.

One effect of this modification was to make the compass
appear as a series of superposed analemmatic sundials with
common east-west dimensions.

The Evans-Lombe Sun Compass
This consisted essentially of two concentric circular cards
free to rotate about their centre. The smaller card had a
series of radial hour marks on it and at its centre was a
vertical gnomon. If the card was positioned so that the
shadow of the gnomon fell on the hour mark corresponding
to local apparent time then the noon mark would point
north. The larger card was marked anticlockwise around its
perimeter from 0° to 360° and was mounted so that the 0-
180° line was on the fore and aft line of the vehicle. Thus
the compass was basically a Howard sun compass
described earlier. However the user did not have to prepare
a time plate as in the Howard; a set was provided for him.
This compass was easy to use but it had the
disadvantage that separate cards were required during the
year to allow for the varying declination of the sun and also
sets of such cards required for various latitudes. In practice
thirteen cards were used for different declinations, each
card covering two two-week periods of the year. Sets of
cards, thirteen in each set, were produced for each two
degree change in latitude; as the Evans-Lombe system was
designed primarily for the North African campaign this did



not entail many sets as most of the action was between
fairly close limits of latitude.

More details of the Evans-Lombe Sun compass and its
use may be found in the Geographical Journal. Your local
public library will probably be able to get you a copy of the
article.

The Micklethwait Sun Compass

I am indebted to the staff of the Tank Museum at
Bovington Camp, Dorset, for a copy of an undated
monograph“ by E.W.E. Micklethwait. In this the author
briefly discussed the Bagnold sun compass and the Evans-
Lombe sun compass, and then, in more detail, explained his
own sun compass. The paper contained four illustrations of
the compass.

From Micklethwait’s paper his sun compass seems to be
the most elegant of those I mention in this article. It even
functioned as a sundial at the same time as a compass, and I
think that the reason for this is that it made use only of the
sun’s azimuth but also of its altitude. There were thus two
known factors whence two unknowns might be derived.

Despite the virtues of the Micklethwait sun compass I
am uncertain that it was ever in widespread use. It appears
that one prototype still exists, apparently at what used to be
called the Admiralty Compass Observatory at Slough. That
establishment is now part of the Defence Research Agency
and moved to Portland, Dorset but I do not know if the sun
compass will be moved there nor if we shall ever be able to
see it.

In use the Micklethwait sun compass was set for
latitude, longitude and date. The declination and equation
of time were derived by mechanical analogue computation
and the instrument was oriented so that the shadow of the
end of the gnomon fell in a particular spot. 000° on the
compass scale would then point to the true north and zone
time would be indicated on the time scale. There was thus
no need for the navigator to make any calculations or to
carry any tables. All he needed to know what his latitude,
longitude, and the date. If he didn’t know the time
Micklethwait’s compass could also act as a sundial to give
him the local apparent time.

For more detailed account of this compass members are
recommended to contact the Curator, the Tank Museum at
Bovington Camp, Dorset, to see if they may have a copy of
Micklethwait’s paper. Alternatively they may like to
contact the Public Records Office. The PRO may also be
worth trying for access to the papers referred to in the
Micklethwait monograph.

CONCLUSION

Most people nowadays probably regard sundials as merely
ornamental. I hope that I have shown that, in another guise,
they have a practical function.

Given the location and the date and time a sun compass
such as the Cole will reliably indicate true north. Location
may be easily obtained now, in terms of latitude and
longitude, by using a system such as Decca and if we don’t
know the date and time we shouldn’t be navigating, should
we?

To come up to date the Special Air Service, who may be
regarded as the successors to the LRDG, use sun compasses
for desert navigation and were kind enough to tell me that
the Howard and the Cole Mark 4 were deployed during
Operation GRANBY. That has established the connection
between our society and the SAS.

20

Thus sun compasses are still used - this is splendid and
shows that the subject of our interest and enthusiasm has a
practical use even at the end of the twentieth century.

As in everything we do as members of the British
Sundial Society all we need is the sun!
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APPENDIX
Like its parent article the appendix is intended to
supplement earlier relevant material. Attention is
particularly invited to the feature on Lambert’s circles in
the BSS Bulletin."”

The usual formula for derivation of the sun’s azimuth is:

Sin HA
{(Sin Lat x Cos HA) - (Cos Lat x Tan Dec)}

Tan Az =

where Az = azimuth
HA = sun’s hour angle
Lat = latitude
Dec = sun’s declination

Note that this formula has been printed incorrectly on
page 139 of Waugh’s “Sundials: Their theory and
construction”.

The foregoing formula may be shown graphically as
follows:

fe—— Sin th ———

Sin Lat x Cos HA

Position of gnomon - '-‘—T“ —_
on analunat?c dial >\
A B Cos Lat x Tan Dec

—_— _‘;___L —
South

FIGURE A1: The sun’s azimuth as in an analemmatic dial

and you may see from this diagram the construction of an
analemmatic sundial.



In the design of the Cole compass the formula is
modified so that the setting of the gnomon is a function of
declination only. This avoids the navigator having to carry
out the calculation of Cos Lat x Tan Dec in the previous
formula before he can set the gnomon in its correct
position.

Cole was not the first to do this as Antoine Parent beat
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him to it by over two hundred years though he was
attempting to find time rather than direction. In other words
Parent was trying to design a universal sundial rather than a
universal sun compass.

The expression on the right-hand side of the equation is
divided top and bottom by Cos Lat. It thus becomes

Tan Az = Sin HA/Cos Lat
(Tan Lat x Cos HA - Tan Dec)

fe— Sin HA/Cos Lat——|

Tan Lat x Cos HA

Position of gnomon
in sun compass

South
FIGURE A2: The sun’s azimuth after Cole

which may be shown graphically as follows:
The co-ordinates X, Y of the hour/latitude points for the
Cole compass are given by:
X = Sin HA/Cos Lat
and
Y =Tan Lat x Cos HA

A typical plot for values of latitude from 20° to 40° is

shown in Figure A3.

FIGURE A3: Simplified plot for the Cole compass

Mathematicians may care to note that the loci of points
with constant latitude are ellipses, which is to be expected
from the analemmatic dial design, which is for one latitude
only. The loci of points with constant hour angles are
hyperbolae.

These ellipses are hyperbolae as will be seen engraved
on the dials of the Universal and Cole sun compasses.

Readers with knowledge of astro-navigation at sea may
recognise Weir’s azimuth diagram in these ellipses and
hyperbolae. I do not know if Bagnold, Cole et al were
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aware of this diagram, but the author of Reference 9 was
aware of its existence in 1941. Details and an explanation
of the diagram may be found in volumes 2 and 3 of the
Admiralty Navigation Manual 1938.

The Cole sun compass Mark 2 was designed for latitudes
between 6° and 40° north or south. I suspect that the main
reason for this was that as the latitude increases the values
of X and Y in the foregoing equations both increase rapidly
and would both equal infinity at latitude 90°. This means
that if the ellipses for high latitudes are to be shown on the
compass then the ellipses for lower latitudes would be
inconveniently close together.

This was probably not of much importance operationally
as a sun compass was most likely to be used in desert areas
which occur largely in low latitudes such as in North
Africa. There would be little need for such a compass in
higher latitudes such as in Europe.

Having tried the Egyptian and German military attachés
perhaps I should now contact the Russian military attaché
to see if his army uses sun compasses in Siberia?

REFERENCES

1. BSS Bulletin 89.1 pp. 9-14, 90.1 pp. 16-17, 91.1 p. 2
and 92.1 pp. 23 and 35.

2. The Bovington tank museum stated that tank crews
used magnetic compasses during the recent conflict in
Kuwait and Iraq. However they still had to use them
well away from their machines, so perhaps it still isn’t
possible to neutralise a tank’s magnetic field.

3. Bagnold’s Bluff (Hidden Heroes : Trevor J.
Constable)

4. The Geographical Journal December 1931 pp. 529-
530.

5. Libyan Sands - Travel in a Dead World : R.A.
Bagnold.

6. BSS Bulletin 92.1 p. 23.

7.  The Geographical Journal December 1931 - Journeys
in the Libyan desert: R.A. Bagnold p.526.

8. BSS Bulletin 89.1 p.10 and p.13 Fig. 1 and 90.1 p. 17.

9. Geographical Journal June 1941 pp. 351-3.

10. Geographical Journal Oct. 1938 pp. 383-4.

11. Sun Compasses with special reference to the
Micklethwait sun compass. Monograph prepared at the
request of SR16 Ministry of Supply by E.W.E.
Micklethwait.

12. BSS Bulletin 89.1 pp. 9-14.

13. BSS Bulletin 89.1 p. 9.

* ok ok ok ok ok

Continued from page 7.

The important fact is that these features are included in the
event that we should need to use them.

REFERENCES

Ref 1. Aked.C.K. Estimation of Compass Date by
Magnetic Variation, BSS Bulletin, 92.2, pp19, 20.

Ref 2. Fantoni.G. Moondials, BSS Bulletin, 92.1, pp11-15.

Ref 3. Gouk.P. The Ivory Dials of Nuremberg. 1500-1700.

Ref 4. Wells. E. The Young Gentleman’s Chronology,
1725.

Ref 5. Sakoian. F. & Acker. L.S. The Astrologers
Handbook.

Ref 6. Schepman. J.T.H.C. Ivoren Reiszonnewijzer van
Paulus Reinman, 1604. Bulletin of De
Zonnewijzerkring, 93.1, pp 17-26.

ACKNOWLEDGEMENTS
The author would like to thank Prof. G. L’E. Turner and
Mr. A. Turner for their help in preparing this article.



A THREE-POINT SUNDIAL CONSTRUCTION
FREDERICK W. SAWYER 111, USA.

Projective Dialling, the 9th tract of William Leybourn’s
book Dialling (orig. 1682, 2nd ed. 1700), is attributed by
Leybourn to the brilliant seventeenth-century diallist
Samuel Foster. The tract contains several constructions, the
most interesting of which appears as Chapter 11:

To draw a Dial upon a flat Superficies by means

of Three Shadows of a Stile, caused by the Sun

upon the same Superficies in on Day, without

knowing either the Sun’s Declination, the

Elevation of the Pole, or Situation of the Plain.

Thus the construction posits that the diallist is given a
plane, a style, and three shadow-points made by the end of
the style on the plane at different times in the course of a
single day. From this information one must construct a dial
on the plane. To be clear about what information the diallist
does not have, it should be pointed out that the construction
assumes no knowledge of the geographic latitude of the
dial, the reclination or declination of the plane, the date or
times at which the shadows were cast, or the placement of
the meridian either for the plane or for the geographic
location; it is not permitted to take any more readings
relating to the location of the sun.

This three-point construction is also discussed by John
Collins in his 1659 work Geometrical Dyalling. Collins
attributes this construction to M. de Vaulezard of France.
The contribution which Collins makes to the discussion is
the (first?) publication of a demonstration that the
construction is valid. Rather than reproduce Collins’
graphical argument here, we will provide formulas which
mirror the construction and whose justification is somewhat
easier to follow.

As will be seen from these formulas, the ingenious
construction works, provided the diallist is able to
distinguish, at least roughly, between the East and West
sides of the plane with which he or she is working. To
eliminate any ambiguity here, we will show that it suffices
to record the order in which the three shadow-point
observations are made.

I. NECESSARY DATA

Although we do not know the geographic latitude or the
reclination or declination of the plane, we do know that it
can be treated as a horizontal plane in some latitude
(referred to as the plane’s latitude), and at some meridian
(referred to as the plane’s meridian) perhaps different from
the geographical meridian. The formulas do not solve for
any of the first three of these quantities, but instead
determine the latitude and meridian of the plane, so that the
assumption may be made that we are dealing with a
horizontal dial; the difference in meridians will be found by
observing the meridian of the location (without further
reference to the sun) and by constructing the meridian of
the plane.

Given the plane’s latitude and these two lines (the
plane’s meridian serving as the substilar line), there are any
number of graphical or calculation techniques for finishing
the dial. We will concentrate simply on producing these
essential elements.

II. MERIDIAN OF THE DIAL’S LOCATION
Before presenting the necessary formulas, let us consider
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how Leybourn determines the meridian of the location. As
will be shown later, if we do know the times at which the
shadow-points are made, this construction (and section of
the present article) is unnecessary and may be replaced by
further formulas. Leybourn’s technique for determining the
meridian of the location is essentially independent of the
graphical construction except for its reliance on knowing
the position of the dial centre; the formulas below will
determine the appropriate centre point for the dial.

Let a plummet drop from the end-point of the style until
it hits the plane. A line drawn from the centre of the dial
through the point at which the plummet meets the plane lies
in the meridian of the location. If the plane is vertical, so
the plummet falls parallel to it, simply drop the plummet
from the foot of the style (assumed to be perpendicular) and
trace the line followed by the line of the plummet; this
tracing will follow the meridian. Finally, if the plummet
does not touch the plane, but the plane is not vertical, then
place a straight-edge joining the end-point of the style to
the centre of the dial on the plane and drop the plummet
from any point on the straight-edge; the point at which the
plummet hits the plane is on the meridian line through the
centre of the dial. As Leybourn points out, in the latter case
it may occur that the thread needs to be so close to the
plane that it is not feasible to make a good determination of
the desired point. Should this problem arise, another
possibility is to let the plummet fall from any point on the
straight-edge arranged as noted earlier and then to string a
thread from the style’s end to the plane in such a way that it
is perpendicular to the free-hanging plummet line; the point
of intersection of the thread with the plane is on the
meridian as before described.

III. MODERN REFORMATION OF THE SOLUTION
Let us now suppose that we are given the points A (the
projection perpendicular to the plane of the style’s end-
point), B, C, and D (the shadow-points recorded at different
times in the course of a single day).

Let the length AC be different from the lengths AB and
AD:; should this not be possible, then we have the special
case of an equatorial dial and the construction is not
needed.

Construct an arbitrary rectangular coordinate axis
system with the point A as origin and with the
perpendicular distance of the style’s end-point above point
A as the unit length. The coordinate system will be used to
take measurements but neither of the axes needs to be in
the meridian.

We first determine values for six angles. Select a ray of
one of the axes to serve as the zero-point for measuring
angles in the plane. Angles Wy, W, and W ; are the angles,
measured clockwise, that the shadow points make with this
ray. The remaining (acute) angles ay, a,. and a,; are solar
altitudes determined by the following:

cotap=AB  cota,=AC
Evaluate the quantities £, F', G and H as follows:

cotag=AD

E=[(cosa, xcos W) - (cos ap, x cos Wp)]l(sin a,. - sin ap)
F=[(cosa,xsinW.)-(cos ay x sin Wp)]/(sin a. - sin ap)
G = [(cosa, x cos W) - (cos agx cos Wy)]l(sin a. - sin ay)
H=[(cosa.xsinW.)-(cosagxsinWgy)]l(sina.-sinagy)



Note that these quantities are always defined because we
know a,. is not equal to either aj, or a4, and therefore the
denominators in all cases are nonzero.

We now use the following standard formulas from
spherical astronomy:

sin a = (sin Lat)x(sin Dec) + (cos Lat)x(cos Dec)x(cos Time), and
(cos a)x(cos Z) = (sin Lat)x(cos Dec)x(cos Time)-(cos Lat)x(sin Dec)
where a and z are the solar altitude and azimuth associated
with the shadow-point, Lat is the plane’s latitude, and Dec
and Time are respectively the solar declination and hour-
angle, the latter being determined with respect to the
plane’s meridian.

Since our shadow points are all made on the same date,
we assume no change in solar declination between them; so
these formulas tell us that

(cos ag x cos z,)-(cos ap x cos zp)

(sin Lat)x(cos Dec)x(cos Time,. - cos Timep,) , and

sin a-sin ay, = (cos Lat)x(cos Dec)x(cos Time,. - cos Timep,)
Hence,
tan Lat = [(cos a, x cos z,)-(cos ap, x cos zp)]/(sin a-sin ap)

= [(cos a. x cos z.)-(cos ag x cos zg)]/(sin a-sin ay)

We define V as the angle, measured at origin A, between
the positive y-axis of the arbitrary system we have adopted
and the primary (ie North) ray of the plane’s meridian. We
then have:

Wp=V+Zy W.=V+Z. Wy=V+Z;, and
cosW = (cosVxcosZ)-(sinVxsinZ),
sinW = (sinVxcosZ)+ (cosVxsinZ).

By substituting these equations in the defining equations
for E, F, G and H, we have:

E = (tan Lat x cos V) - (T x sin V)

F = (tan Lat x sin' V) + (Tp x cos V)

G = (tan Lat x cos V) - (Tgxsin'V)

H = (tan Lat xsin V) + (Tyx cos V)
where
Ty = [(cos a, x sinZ.)-(cos ap, x sin Zp)]/(sin a,-sin ap)

Ty, = [(cos a. x sin Z.)-(cos ay x sin Zy)]/(sin a,-sin a ).

We can now achieve our goal of determining the
necessary parameters for the sundial as follows:
tan'V = (E - G)/(H - F), and tan Lat = (E x cos V) + (F x sin'V).

The plane’s meridian is the iine through A making
angle V with the positive y-axis. The dial’s centre is located
on the plane’s meridian at a distance from point A equal to
(-cot Lat); the dial’s equinoctial line is perpendicular to the
meridian, a the distance from point A equal to (tan Lat).

Thus, the locations of the plane’s meridian, the dial
centre, the equinoctial line (and gnomon) are uniquely
determined by these equations. Note, however, that these
formulas by themselves do not completely determine
numeric values for V and Lat, since there are two values of
V (-180 < V < 180) and hence of Lat (-90 < Lat < 90)
which are possible solutions. The two solutions will be for
horizontal dials in different hemispheres, the North dial
resulting in hour-lines which progress clockwise and the
South dial resulting in counter-clockwise hour-lines.

This ambiguity is handled in Leybourn’s treatment
simply by the following comment:

It is to be observed, that in all Dials the Morning

Hours ought to be marked on the West-side, and

the Evening Hours on the East.

In actual practice, the caveat may be sufficient, but our
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calculations do not need to rely on this tacit determination
of the cardinal directions if we have noted the order of
occurrence of the shadow-points. Given this order and the
location of the dial centre, we know whether the hour-lines
should progress clockwise or not; hence we can select the
appropriate pair of values for V and Lat and thus correctly
determine which ray of the dial’s meridian line lies to the
North.

We have thus determined the required values for
completion of the dial, if we rely on Foster’s technique or
some similar method for determining the meridian of the
location. Note, however, that there is also a calculation
option for this placement which we will now develop.

IV. ADDITIONAL COMPUTATIONS
Consider the following standard formula from spherical
astronomy:
(cos a x sin Z) = (sin Time x cos Dec).
Combining this equation with the two gnomon equations
given in Section III above, yields:

tan Time = (cos a x sin Z)/[(cos a x cos Z x sin Lat) + (sin a x cos Lat)]

[NB. This formula produces local apparent time only if
the plane’s meridian coincides with the meridian of the
location. See the discussion to follow.]

We know the solar altitude @ and azimuth Z (ie. W - V)
associated with each of the three shadow-points, so this
equation permits the determination of a Time (Time) for
each of the readings.

In the seventeenth century, it would not have been
appropriate to assume that an accurate independent source
for the correct time was available; indeed, the very purpose
for performing his construction might be to produce the
only such accurate source in a particular location. Today,
however, it seems reasonable to assume that an
independent source has given a value for the local apparent
time of each reading (before the ‘corrections’ of the
equation-of-time or standard or daylight savings
adjustments).

The time values generated by the above equation may
well differ from the independent values for each reading;
however the differences for the three points should all be
equal. A difference occurs whenever the meridian of the
plane does not coincide with the meridian of the location.
The difference in times (Diff = Time from above formula -
Independent Local Apparent Time), expressed in angular
measure, equals the arc angle between the two meridians.

Draw a line through the dial’s centre point, at an angle N
measured clockwise from the primary ray of the plane’s
meridian, where

tan N = tan Diff x sin Lat

The line is the meridian of the location, found without
resort to plummet and straight-edge.

The dial is constructed as though the plane is horizontal
at latitude (Lat); markings on its hour-lines are to be offset
by a constant amount equal to Diff (angular measure). The
noon-line is the meridian of the location as just determined.

Finally, given the information we have developed so far,
suppose we wish to determine the reclination and
declination of the plane. The following set of equations
answers this question if we allow ourselves the luxury of
assuming that the geographic latitude Phi (ie. the latitude of
the location, as opposed to the plane’s latitude for which
we have already solved) is known.

Continued on page 29.



A TABLE OF TIME DIFFERENCES
IN SPANISH CITIES
BY MASTER ANTONIO DE NEBRISSA

For many years Dr. José Luis Basanta Campos has sent
copies of small early horological tracts to his friends at
Christmas. There is a rich field of such writings in Spain
with reference to dialling and these are but little known to
diallists in England. The following is one such treatise
written by Master Antonio de Nebrissa, circa 1517, and is
translated from a facsimile edition of 100 examples
numbered by hand which were printed in the workshop of
Artes Gréficas Pontevedras issued 11th December 1986,
the day of Saint Damaso:

PROLOGUE of Master Antonio of Nebrissa
communicating to readers about the table he has devised
and published about the diversity of the hours and parts of
an hour in the cities and places which correspond to their
parallels ie situated at the same latitude.

MANY opinions are set in the common opinion of
villagers who are quite ignorant of that which reason and
art show to be otherwise. Most think that the lengthening
and shortening of the days occur equally; and since these
increase in six months of the year, and in the other six
months diminish; thus as the shortest day of the year is of
nine hours and the longest fifteen hours as at Toledo: these
days must grow an hour in each month, and contrariwise
the diminish an hour in the other six months of the year. As
to the truth, only in the month of March do they increase as
much as in the earlier months of January and February and
in the days of the following December, after which they
will begin to grow. On the contrary they diminish as much
only in the month of September as they did in in July and
August, and those subsequent to June, after that they
commence to diminish. It is for this that the year is divided
into four parts, the first from the winter solstice, which is
the shortest day; up to the month of March when the nights
are exactly equal to the days; which is known as the
summer equinox. The second is from this point up to the
summer solstice, which is the longest day of the year; the
third from this solstice up to the month of September, when
again the nights are equal to the days, which is the autumn
equinox. The fourth from this equinox up to the following
winter solstice and the shortest day of the year; and most
think that such time there is from the winter solstice up to
the summer equinox, that is in the first quarter; as there is
from this equinox to the summer solstice, which is the
second quarter. And of course that such time from the
summer solstice up to the autumn equinox, that is the third
quarter; so that from the equinox up to the winter solstice is
the last quarter being another truth. Since the days of the
year increase for 182 days and a half and three hours; and
diminish again in the same time; so the first quarter which
is from the winter solstice up to the summer equinox, there
are two days and fifteen hours less than in the second
quarter; which is from the stated equinox up to the summer
solstice. Similarly in the third quarter of the year: which is
from this solstice up to the autumn equinox; there are two
more days and fifteen hours more than in the last quarter of
the year; which is from this equinox up to the winter
solstice. In the same way it appears that it is not believed
that the longest day of the year with its night is longer than
the shortest day with its night, when actually it is true that
the longest day of summer is one so much longer that the
shortest day with its night. But all the previously mentioned
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facts are easily proved: whereas the populace who do not
judge things sensibly, thinks otherwise which we now wish
to demonstrate where there is not much difference and the
error is small.

RULES FOR THE USE OF THE PRINCIPAL TABLE
If you wish to know the hours and parts of hours which
there are from the rising of the sun up to midday in some
city, town or place in Spain, or some other place in Europe
that lies at the same latitude, look in the table for the
latitudes of the cities for that place you wish to know, or
the nearest to it, and take the that value of latitude which
corresponds and look for it in the table of the diversity of
hours and minutes in the first line which proceeds from
thirty-six degrees up to forty-five degrees, then look at the
first two vertical columns in the first half of the table and in
the last two vertical columns of the second half, all these
serving for the four quarters of the year. The first column
commences at the 14th September when in the autumn the
days are equal in duration to the night, and in descending
you will find the rest of September, the months of October
and November and up to the 12th December, when the days
are shorter than the nights. In the second column
commencing at 11th March when in the summer the nights
and days are once more equal, and descending you will find
the rest of March and April and up to the 12th June: in
which the days are longer than the nights. At the bottom of
the last column of the second table you will find 12th
December when the winter solstice has the shortest day and
longest night of the year; and ascending you will find the
rest of December with the months of January and February
up to 21 March in which we say the that the nights are
equal to the days. The penultimate column rises from 12th
June when in the summer solstice it is the longest day and
shortest night of the year, and rising you will find the rest
of June with the months of July and August up to the 14th
September: in which again we say the nights are equal to
the days. After this find in one of these four lines the month
and day nearest to the one you wish to find out the values
for, then look at the column for th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>