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0 God! methinks it were a happy life.

To be no better than a homely swain

To sit upon a hill, as I do now,

To carve out dials quaintly, point by point,
Thereby to see the minutes how they run,
How many make the hour full complete;
How many hours bring about the day ;
How many days will finish up the vear :
How many years a mortal man may live.

Shakespeare
King Henry VI, Part 111, 2, v.

Preface

Tl_le L?rig'm of sundials is lost in antiquity. The student of the history
QI science finds in them evidence of very early understanding of
fundamental relationships of astronomy. The modern science
teacher uses them to illustrate vividly the first principles of the solar
system. The artist finds examples of medieval design and craftsman-
ship in their intricate engraving or stonework. The architect uses
them to good advantage to grace a public building, and the landscape
architect finds few things more suitable as accents for a formal
garden. The student or teacher of high school mathematics finds
here a fertile field for applying the elementary theorems of plane and
spherical trigonometry. The teacher of manual arts finds in sundials
the basis for projects ranging from those which he can confidently
assign to a beginner to those worthy of the talents of the most gifted
and skilled. Boy Scouts and 4-H Club boys find the sundial an
interesting and instructive project well within their capabilities.
What better project is there for a summer camp than laying out a
large analemmatic dial on the parade ground? Work with sundials
can be simple enough to match the budding talents of a twelve-year-
old ; yet we know that sundials attracted the mature interests of such
prodigies as Sir Isaac Newton, Sir Christopher Wren and Thomas
Jefferson. No one need feel that the subject is beyond him: no one
should consider it unworthy of his talents.

This book is planned to meet the needs of readers of all ages and
backgrounds. Simple mathematical methods are given for those who
want them, but the reader who fears the numerical approach may
skip them, using instead the graphical approaches which do not
require even addition or subtraction. And for the most part, the
reader may choose his own starting point, beginning at once with the
chapter which describes the type of dial which interests him.

My own library contains well over one hundred old books on
sundials, many of them beautifully bound and illustrated. I am
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hors of yesteryear and have made
|1 take as my own the disclaimer
Prologue of his Treatise on the
nsposed roughly into modern

deeply indebted 10 these ]du[ 3
frequent reference 10 them. [ can m.1
which Geoffrey C haucer wrote I.l‘i the
Asirolabe nearly 600 years ago (as tra
English):
Keep 10 mind that I lay no C|'-Hm_h': having djmn\'crcq these thmg_»l
through my own skill. I am but an ignorant _complicr of the works of
ancient astronomers. and have but put their material into my own
words for your instruction; and with this sword shall T slay envy.!

Edwin Burt and Malcolm Gardner have given me invaluable
assistance in collecting my sundial library. and I was fortunate in
being able to add a number of items from Mr. Gardner’s private
ca!]e:':tion to my own after his death. Edwin Pugsley has been a
source of constant inspiration to me, and was generous enough to
make the gnomons for two of my large public dials. His summer
“astrolabe parties” have brought together a congenial group of
aficionados. Kenneth Lynch. the master craftsman, has thrilled me
with his magnificent creations. My wife’s patient good nature, which
I have tested so often and so sorely, is evidenced by the fact that she
suffered me to make an analemma by pounding long lines of
copper-headed tacks into the hardwood floor of her front hall!

“What a strange obsession,” she remarks, “for a grown man who
owns a watch!™

Grandpa’s Farm ;

ALBERT E. WaAUG
Storrs, Connecticut RT E AUGH
September 28, 1972
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Fortunately we need not start by defining time, since the concept has
perplexed philosophers and lexicographers and served as the basis
for learned and inconclusive arguments. We shall assume, with the
man in the street, that we know what time is, and that our problem is
measuring it rather than defining it.

Very early in human history men must have recognized the
passage of time. Its major subdivisions were marked by the sequence
of day and night and by the passage of the seasons. Timekeeping at
this level involved merely counting the days or the years—or, with
the American Indian, the cycles of moon phases. There were no such
obvious subdivisions of the day, and no one knows when men first
began to count the hours, nor what they used to measure their
passage. It is certain that one of the early methods involved observa-
tions of shadows. As the hours of any day passed it was apparent
that the shadows changed slowly in their direction and in their
length. The shadows of early morning were long, and stretched
toward the west. As noon approached the shadows grew shorter and
swung into the north.! Then through the afternoon the shadows
Iengtﬁened again and reached toward the east. The hour of the
day could be estimated from either the length or the direction of the
shadow.

At first the day was apparently merely divided into three parts—
morning, afternoon and night—by the three phenomena of dawn.
noon and sunset. Dawn and sunset were obvious, and noon was the
moment when the shadows were shortest for the day. Later, men
noted the change in length of shadows more carefully, and judged
the time of day roughly by measuring their own shadows—stepping
them off with their own feet, “heel to toe.” The Venerable Bede

! In the Southern Hemisphere the noon shadows lie toward the south.




Sundials

e in telling the time of day by this
ve & table? about 700 A.D. for use In telling the time of day by this

method (Table 1.1).

TasLE 1.1 o il o
LEnGTH OF ONE'S SHADOW IN “Eger” AT VARIOUS HOURS OF THE DAY AT
: Various TIMES OF THE YEAR

an. Feb. Mar. Apr. May June

m‘f gﬁ Nor. Oct. Sept. Aug. July
lorll 2 2 25 23 21 19
lor 10 19 17 15 13 11 9
Jor9 17 15 13 11 9 7
4or8 15 13 11 9 7 5
Sor7 13 11 9 7 35 3
6 11 9 7 5 3 1

In interpreting this table one must understand that in Bede’s
daymen counted the hours from dawn, so that the hour of 3™ means
“the end of the third hour after dawn.” The time from dawn to
sunset was divided into 12 equal “hours,” but since the time from
dawn to sunset was longer in summer than in winter. the ““hours” of
summer were also longer than the “hours™ of winter. For many
centuries these “unequal hours™ or “temporary hours™ were used
?hv:r“zl:::; EIJP:‘ ;2:1 The "houn:s" of an{ one dff-" were equal, but
T il ms::z;:?a{n dl}d the “hours “of summer iung;

L bl elre er to them as “unequal hours.
but the peak further gfthes.e old unequal hours.

modern reader may find it amusing 1 iment with :
T £ 1o experiment with a

: parable table computed for moder hours : :
latitude of New York City or Chi o dnd s
close 1o this latitude you may ILC;goh{Table = o ke
Ffﬂg!.h e i wiih : the '{able by stepping pﬂ' the
time estimated from the e wm)]cil}ll;:mn rt?et and comparing the

shown on your watch.

Chaucer, who wrote his
8ives at leagt two ﬂlustraliui:merb"'-" Tales about 1390 or 1400 A.p.,

s fon; of this method of telling the time of day.
Pening lines of arson’s Prologue™ he says - R

sf_mdt?u; a[L Lhe] time did fall,
3 at mmlram *
. Reproduced in ¢y (. six feet tall,

Chronologie (L eirpio. nzel, Handhy
(Leipzig: 1914) vg| HI, p. 85, ch der mathematischen und tenlinizchon
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AL D TABLE 1.2
LENGTH OF ONE'S SHADOW IN “FEET™ o THE 22ND DAY OF VARIOUS MONTHS
IN LaTirupe 41°3 :

i'llurH'l of Dec. Jan Feb. Mar. Apr May June
the day Nov. Oct. Sept dug. July
noon 13 11 8 5 3 2 2
11orl 14 12 9 6 4 3 3
100r2 17 14 10 7 5 4 4
9or3 26 21 14 10 7 6 5
Sord 70 47 24 15 10 8 \
Jors 30 18 13 12
borb 46 26 22

Sor7 =

And near the opening of the Introduction to his “Man of Law’s
Tale™ he tells us:
.the shadow of each tree
Had reached a length of that same quantity
As was the body which had cast the shade;
And on this basis he conclusion made::
.. for that day, and in that latitude,
The time was ten o’clock

But in many ways the direction of a shadow is a more satisfactory
time-teller than its length. Boy Scouts are told that they can tell the
direction from their watches. They are instructed to hold the watch
face upwards and point the hour hand toward the sun. The south
point will then lie, it is said, half way between the hour hand and
12 o’clock. This rule is actually very rough, but perhaps better than
none at all. :

We do not know when men first began to use instruments which
were at all similar to modern sundials. A stone fragment in a
Berlin museum is thought to be the earliest known sundial, dating
from about 1500 B.C. The Bible mentions what some authorities take
to have been a sundial (although the meaning is by no means
certain) in the days of Ahaz, king of Judah some 700 years before
Christ.* About a century later the Greek philosopher and astrono-
mer Anaximander of Miletus is said to have introduced the sundial

into Greece. Herodotus, who lived in Asia Minor and Greece about

es. Computations are based on the

i i able ) arent tim
3 siven in this table are local apparen
e length of his own foot

assumption that a man’s height is just six times the

4 The so-called dial of Ahaz. See Isaiah 38:8 and 1l Kings 20:11
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“Jt was from the Babylonians that the Greeks
mon and the twelve parts of the day™;

mmon in Rome by 200 B.C. that the
ed in verse “the wretch who first

.
450 B.c. tells us that

I Mmﬁﬁﬂh had become SO 3y
 comic dramatist Plautus condemn

et a sundial in the market place to chop my day to pieces.”
Vitruvius, a contemporary of Julius Caesar, bemoaned the fact that
‘he could not invent new types of sundials. since the field was already
exhausted, He lists a dozen or more types, giving the names of their

inventors. We do not know anything about the appearance of many
of these early dials, and cannot guess the degree of their accuracy.

Many medieval English churches carry what appear to be crude
sundials cut or scratched directly into the stone of their walls. These
appear to hnve_been used primarily to note the times of the prayers.

Gnu of thwe dials. at Kirkdale in Yorkshire, carries an inscription
in Old En_lg_hsihswhzf:h r‘eads in part, “This is the day’s sun-marker
at every ude. This will be understood only if we realize that the

3 3 th - - l ll 2
Saxons Btmdmhd e day not into hours, but into “tides—Irom which
we still get su:ll::'ords as “noontide” and “eventide.”

_Smmm -tsgem::at;gre—-no one knows then or where—it was
discovered th : ow cast by a slanting object might be a
more accurate timekeeper than th 5
e . the shadow cast by a vertical one.
B g o i shawdowmg object was parallel to the earth’s axis.
i direction of it at any given hour of th jas con-
Stant regardless of the season of (t e day was con
that this discovery occurred in th S el
N e first century A.p.. but be that as it

_ Gt o W discovered the system whi i
L principal basis for s £ ysten hich remained the
B it iricen centurics. In f
v S remained in use long af 2 X ries. In fact,
' eatly clocks were : alfd ter the invention of the clock, since
- sundial, Qur S needed frequent correction by the
e reproduces an old pri -
hicis wistches print showing three
Nt i Wwhen the sun dial shows that
2 ;Emny a New England house-
floor. While € movement of the shadows
. men have used m
asses, waterclocks any other means of
» candles and graduated oil

“"‘“‘*ﬂm:‘ ,.;M“““"”" 1926), pp. 14-15.
Y el Sundials (Boston : Hale Cushman &

".'.. )
nonique pratique (Paris: 1790).
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lamps (or else relied on th i
e crowing of cocks and
phenomena), nevertheless for at least ten and pe?i::;; l:il:]:?-‘
enty

C{:nT.Ul‘ieb [hL bundia I was {h d‘(]{ t‘ﬂlle ])lll V
€ m 1 i
]Tl'i“'i J kf.‘c g dC ICE Used by

% Derek Price cautions us (in Technology and Culture, Vol. V, Na. 1, 1964} that “It

would be a mistake to suppose that. .. sundials. . . had the primary utilitarian purposs
-casion made to serve this practical end,

| lines are modelled on their surfaces and suitably

invariably the equator and tropica a
tical tour-de-force in clegantly mapping the

inscribed. The design is a mathema
heavenly vault.”
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sun directly south of us at midday® it has already passed its high
point for_peoplc Lo our east and they see it already falling in the
west, while people to our west see it still rising higher in their

2 easl;rlj sk\ They all see the same sun at the same moment, but they
see it in different directions reflecting differences in their points of
. ViEW,
Ld
Kl"ds Of Tlme The meridians are imaginary lines running along the earth’s

§urfauc from the North to the South Pole, lying everywhere exactly
in a north-south direction. Our own meridian is, then, nothing more
than a north-south line running through the particular spot where
we happen to be. At any moment of time the sun is over one of these
meridians, and everyone who is located on that meridian says that it
is noon. Everyone east of that meridian says it is afternoon, and
everyone to the west calls it morning. If we are to keep time by the
sun we must realize that all places on the same meridian (all places
due north and south of each other) will have the same time. but in
all other places on the earth’s surface the time will be different—
later in places to the east and earlier in places to the west. Places on
the same meridian are said to have the same longitude, and we com-
monly measure longitudes by their angular distances east or west
from the standard meridian which passes through Greenwich,
England. One of the earth’s meridians starts (like all meridians) at
the North Pole, runs due south through Greenwich, continues south
across the earth’s Equator, and finally reaches the South Pole.
This is the standard meridian, with longitude 0°. Another meridian
runs from the North Pole through New York City across the Equator
to the South Pole. The arc of the Equator between these two meri-

American newspapers on July 21, 1969, featured accounts of m;?n's
first landing on the moon, and at various places they gave the time
of Neil Armstrong’s first step on the moon as:
10:56 p.m. Eastern Daylight Time on the 20th.
9:56 p.m. Eastern Standard Time on the 20th.
2:56 aM. Greenwich Mean Time on the 21st.
3:56 A.m. British Summer Time on the 21st.
Here were four different ways of describing the same moment of
time; yet they were but four of a great many possible ways which
must certainly have been used by newspapers in various parts of
the world as they interpreted the news for their readers. If we are to

demgn a sundial to “tell time,” we must first decide what kind of
time 1t 1s to tell.

'lleo'Su’s Apparent Motion, Every schoolchild knows that the earth
gm\?f.s around the sun even though it looks as though the sun were
cvolving around us. For our purposes it really makes no difference,

sincea sundial des; - > :

s hegi?i?;::io;]}u timeonan earth with the sun revolving dians measures 73°50', and since New York is west of Greenwich we
:“:'d e ‘:Il every detail with one designed for use say that the longitude of New York City is 73°50’ west. Similarly the
the eanhw ordinarilmgd:;:u%nd lhf: sun. In our treatment of lohgitude of Tokyo, Japan, is 139°45 east of Greenwich. Since the
than as they really are, We sl{all thl'lbc B hey ccom cather sun makes one complete circuit of the heavens in 24 hours, passing
the east” and “moving across the e speak of the sun’s “rising in over 360° of longitude, it obviously passes at the rate of 15° of

sky from east to west™ until it longitude each hour, or through | degree each 4 minutes. If we note
that the sun has covered an angle of 30° since it was last on our
meridian we know that it is 2 hours past noon. The sun’s angular

e train runn; - ' it
me appears in Albap bejl:unm'ng from New York to San distance from our meridian at any moment is called the swn’s
Chicago before iy reaches iy reaches Chicago, and in people in north
m,&*y&m east tdwest it ver. Slmllaﬂ)‘ as the sun moves ! Here and hereafter we shall speak al!. é‘hc e :l‘lffle:au?:dc:;:un appa:rns ::u:;!e
& s i appears first t, A temperate climates. South of the Tropic of Capricorn ¢

: L C@,u‘ and lﬁ!et to s 0 people llvmg on the b on?: and between the tropics it appears sometmes in the north and sometimes in the
g P g west. When we see the south and sometimes directly overhead.
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he preceding examples. if the sun’s hour

~ angle, and as we e : 3 p.u.. while when the hour angle is 30°

angle is 45 west. the time is
east it is 10 AM.
the time by the sun’s hour
mw'lh;:‘mtil‘:;a:;et!:g ;af:lc time unlc:s they lie on the
ﬁ m.m.m pth one directly north of the oll_wr. The time is thus
am mmma particular meridian, and since it 1s a]so'based on the
motion of the sun we call it local apparent time and often
symbolize it with its initials as L.A.T. This is the k{nd of time s_hown
on most sundials, and until about a century ago it was the kind _of
time almost universally used in daily life. Yet it suffers from dis-
ﬁﬁnmgeé which have led most people to discard it in favor of
some other kind of time.
For one thing. it is inconvenient to use a system of timekeeping
which is so narrowly localized. No two places have the same L. AT.
“unless they lie on the same meridian. Two cities lying 100 miles
apart in an east-west direction will differ by about 73 minutes in
LAT, while two towns only 131 miles apart will differ in L.A.T. by
I minute. There is even a difference of about § second in L.AT. at
oppositeends of a football field if it lies in an east-west direction, and
MY mm‘t:f ‘cl:cks wiuld slzlow slightly different times in
different rooms same house.

P TasLe 2.1
M—-Wh-m OF ONE SECOND IN TIME AT VARIOUS LATITUDES

latitude 1 20 25
R SRS 45 5pr 55
distance 468 1428 1378 1316 1245 1164 1075 977 872

B2

Thus ata hm.ﬁ}h‘ cosine of the latitude 1o find
cosine of 41° being 0.7 » Which Is approximately that of
OF 1148 fooy 1o+ We multiply 1520 feet by 0.7547

give a fime 'im'm @ difference of 1 second of time.
est Wﬂ'ns dl}mﬁ\'\!{&flﬁsecouds.m
} “TSES corresponding 1o time differences of
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:;gifb‘;fl?:’fi 1‘:3:“*[2“% 'nhlength‘j About Christmastime the days
20 second; shorl;r _?ﬁ::e‘ ;::adlllvf;ir'd%e i = G Sericin al:rout

s : g iscrepancies accumulate until in
mid-February the sun reaches the meridian almost 14} minutes
]a'lcr than it would if all days were equal in length, and early in
November the sun reaches the meridian about 16} minutes too
early. These variations of 14 minutes one way and 16 minutes the
other amount {o_]usil over 3 hour, which would be decidedly in-
convenient for scientific purposes, and today we would consider it
unacceptable even for everyday affairs.

Instead, then, of reckoning time from the irregularly moving real
sun, we usually reckon it from an imaginary mean sun—a fictitious
heavenly body which moves in the celestial equator at a constant
speed which is just equal to the average speed with which the real
sun moves in the ecliptic. If the real sun and the mean sun start off
together, the real sun, moving irregularly, will sometimes run ahead
of the mean sun and sometimes lag behind it, but at the year’s end
they will finish the course together.

Time measured by the hour angle of the real or apparent sun is
called apparent time, whereas if we measure the hour angle of the
mean sun we find the mean time. Mean time has the advantage that it
is uniform, but since the mean sun, like the real sun, is over but one
meridian at a time, mean time, like apparent time, will be local. All
places on a given meridian will have the same mean time, but no
other places will share that time. Hence we call it local mean time.
symbolized by L.M.T., as contrasted with LA.T.

The Equation of Time. We are especially interested in the differences
between L.A.T. and L.M.T.. since most sundials, influenced by the
real sun, show apparent time, while our clocks and watches, running
regularly, show mean time. Thus as the real sun and the mean sun
run their separate courses, sometimes one ahead and sometimes the
other. our sundials and our watches will reflect the same differences.
Sometimes our sundials will appear to be “fast” and sometimes to be
“slow™ when compared with an accurate watch. Neith.er the
sundial nor the watch is “wrong.” They merely record different

kinds of time.

iati ise 1 iftly n its
3 The variations arise in part from the fact that the earth moves more swi
arbit when close to the sun that when farther away, and in part from the fact that the
sun’s apparent path lies on the ecliptic rather than on the Equator.
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Four times each year the real sun and the fictitious mean sun are
- - undial and the clock agree. While

together, and on these dates the s |
the dates of agreement vary slightly from year (O year as we adiust

for leap years. they fall at about April 16, June 14, September 2, and
December 25. If we compare our sundial with an accurate clock we
will find that from the first of the year until April 16 the dial is
running behind the clock, from April 16 until June 14 the dial is
ahead. from June 14 until September 2 the dhal is slow again and
from September 2 until Christmas the dial is fast. For the final week
of the year the dial is slow again.

The amount by which the clock and the sundial differ at any given
moment is called the equation of time. The general trend of these
amounts throughout the year is shown in Figure 2.1, where we see

16
4
- 12
w
o
w10
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S
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“fast™ ¥ fqlmionof i ot

or “slow™ a1 \'arionsn:ni,:' showing by how much a sundial is
Accurate clock. For ¢s of year when compared with an
- S¢e Appendix, Table A.l.
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the dial run.ning slow early in the year but very fast in late Octobe
gnd early November, with wavy fluctuations in ht’:[\\'i:t.‘n ‘\"\'h:-]l‘ultl):IT
.t-]?}t:.ijlrt’ gives a good general picture, it cannot be read -Wilh ;“tu‘ll:
au:l.‘lr.ac_\'_ I.I we want to know the value of the equation of time mo:“
p_r.LLM]‘\ we can search out the line for the appropriate month \L
Iju__’urc 2.2 and read our values there. Even more accurate are t‘hhr£
figures tabulated in Table A.1 of the Appendix. This appcndi\r:abiz
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FiGure 2.2 The equation of time. Read the value from the line for the
approprate month.
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sundial is 4 minutes 8 seconds

p 4 the
le. that on July il
Ieusus,forexilmpe- e clock or watch. The values

i ith an accurat
slow when ""Jmp:mj :d::: ::L averages of values which really vary
“‘b"m,':d in the pper {o vedr, depending mainly on the proximity
only slightly fm!:l f\c‘;ap-vca;r adjustment ; yet these tabulated ;a\crug;‘
oftheqwdrff"r’:c'iem" accurate for practically all dialling pruposes
:;]duiei? ill:ﬁ’cr from actual values by as much as a minute. The
advantage of using more precise \'.ulucs_ml] seldom be sufficient
o offset the trouble of their culcuiullop. Yet more precise _\';1Iuc>; are
available if needed. Many almanacs give the necessary information,
and most national governments issue tables for survevors and
mariners from which the values may be derived. Simplest and least
expensive, perhaps, is the little paper-covered Ephemeris of the Sun,
Polaris, and Other Selected Stars. published annually by the Nautical
Almanac Office of the U.S. Naval Observatory and as ailable from
the Superintendent of Documents in Washington, D.C.. for about
35¢. Every dialling enthusiast will want to keep current copies of
this publication on hand.

Converting from Apparent to Mean Time. If we know the value of
the equation of time we can convert apparent to mean time or vice
versa. Our rules are:

(1) When the sundial is “*fast™:
Suk (a) Add theequation of time to L.A.T.to get L M.T.
Ada (b) Subtract the equation from L.M.T. to get LA.T
(2) When the sundial is “slow” - 3 ‘
() Add the equation of time to LAT. to get LM.T.
(b) Subtract the equation from LM.T. to get LAT
Forexample, on M :

) e -
of 10:17 A Tab arch 2 the sundial shows the local apparent time

st o, nc Al of the Appendix indicates that the sundial is

Similarly at 3-'&; se:undS slow. so the local mean time is 10:29:23.

“aosied 45.;“.1.. L.M,T._ on November 23 the sundial, being
nds fast, will show 3:43:45pM.

Standard Time, we
: - a . : 1510
day inequalities o{v: noted that mean time eliminates the day-
van Pparent time. but mean time retains the

lage that it is ] - :
¥ are ino::t?ghzm. No two places share the same mean
iy City,ew ¥ 134 miles :ﬂme longitude. In the latitude of New
© travel east or west brings a change of

Kinds of Time I3

1 minute in L.M.T. The man in Rockford. Hlinois. attempting to
cu.ich a plane 70 miles away at O'Hare International Airport W il.I
miss his connection by 5 minutes if both the man and the plane are
operating on their own individual L. M.T. These local variations in
time brought little inconvenience when travel and communication
were uncommon and slow: but the telegraph, telephone, radio,
automobile and airplane changed all that. Until about a century ago
each locality kept its own individual local mean time, but in 1883
the railroads of the United States adopted a system which divided

the country

mto zones, with one single time used throughout any
zone, but with adjacent zones differing one from the next E\\ cx;wtl-\'
an hour. In theory each zone was 15° of longitude in width, centered
at longitudes 15°, 30°, 45°, 60°, 757, etc. But a ngid adherence to this

plan wou

| bring its own inconveniences. For example. the theoreti-
between the Eastern Standard Time zone and the
zone of Central Standard Time is 821° west of Greenwich. This

cal boundarn

meridian happens to run directly through the little hamlet of
Berlin Heights, Ohio (and. of course, through many other places).

Strict adherence to the rule would force clocks in the eastern part of

town to run one hour ahead of those a few blocks farther west. A
man with a dentist’s appointment at 2:30 pm. would have to
find out which side of the boundary his dentist worked on. The Berlin
Heights farmer. going out to milk the cows in the morning, might
find an hour’s difference in time between the kitchen and the
adjoining milk room. Instead. then, ol following the meridians
exactly. the borders of the standard time belts dodge this way and
that Lﬁmugh the thickly settled parts of the world to ay oid cities or to
follow state and county lines in an effort to avoid dividing political
units between time belts. This is evident from Figure 2.3, which
shows the boundaries of the four major standard time belts of the
continental United States. _
Within anv standard time belt all localities keep the same time—
the local mean time of the belt’s standard meridian. If we include
the entire continent of North America we find nine standard time
belts in use (Table 2.2). At sea, where there are no reasons for irregu-
larities in zonal boundaries, the rules are applied exactly, and lh.c
resulting times are called zone fimes. Standard times. then, are uni-
form times kept throughout some designated region, being l'he
local mean time of the standard meridian of that region, §ul with
the boundaries of the regions adjusted to meet local conditions.
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Ficure 2.3 Standard time zones and standard time meridians in the
continental United States.

Longitude Corrections. The tables showing the equation of time,
such as Table A.1 of the Appendix. show the differences between the
time shown on a sundial and the time shown on an accurate clock
which is keeping local mean time. But most clocks keep not local

TaBLE 2.2

STANDARD TIME BELTS OF NORTH AMERICA

name of standard hours
i meridian earlier than
Greenwich
60" 4
Central o0 6
- ountain 105° q
Yukon }%g: g
Alaska-Hawaii
. 1507
s
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mean time, but standard time s ; assachus .
slinde 705 hlﬂ ltllfnjo;rkiiLixh ?\:]“;?I. .\‘l’.idSSithU:\E"h, is in
that meridian, but of the méridiun\':(‘i’l .,i- s fOL-dl. sl ut
is the standard meridian of the Fasicr:tgiak;dgrrj‘:Tn'“ Ilfht,’zlncc -h
wish, then, to correct our sundialdfor comp: "d -1m:- -h:-lf ‘\h:

parison with an accurate
watch, We must correct not only for the equation of time, but also
for the difference in longitude—the difference between the longitude
of the place where the dial is used and the longitude of the standard
meridian of the appropriate standard time zone. Since one full
revolution of the earth is 360° of longitude and corresponds to 24
hours of time, it is apparent that each hour of time corresponds to
15° of longitude, or each degree of longitude corresponds to 4
minutes of time. Each minute of longitude corresponds to 4 seconds
of time, likewise. Thus if two places differ in longitude by 287, they
differ in time by 28 times 4 minutes or by 112 minutes of time or by
an hour and 52 minutes. This system of conversion from longitude
to time is used to find local apparent time.

Conversions from Standard Time to Local Apparent Time. These
conversions involve two steps: adjustment for the equation of time,
and adjustment for longitude. The problem can best be understood
by an example. Suppose that on November 1 at Pittsburgh, Penn-
svlvania. a clock shows 3:37 p.m. Eastern Standard Time. What time
should be shown by an accurate sundial which registers local
apparent time? Our conversion requires two steps. First we note
that the longitude of Pittsburg is 80°00° west, and that the standard
meridian of the Eastern Time zone is 75°00" west. Thisis a longitude
difference of 5°, and since each degree of longitude corresponds to
4 minutes of time, the 3° of longitude represent a difference of 20
minutes in local time. Qur watch shows Eastern Standard Time,
which is the local mean time of the 75th meridian. but Pit_:s_burgh
is 5° of longitude or 20 minutes of time wesl of the 75th meridian, so
its local time is 20 minutes earlier than 3:37 P.M., or 3:17 p.m. But
on November 1 the sundial is fast by 16 minnles_und 20 sec_onds
(we usually write this as 16720°), so the sundial will be showing a
time of 3:17 plus 16™20% or 3:33: 20 p.m. Wecan :T,ummarll_ze I?e rut:s
for converting from standard to loca_] apparent time or vice m;:_rsa !
the following tabular shorthand directions, in which LA.T. rep-
resents the local apparent time. S.T. represents the stam;lard time,
L represents the longitude correction at the rate of 4 minutes per
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16 represents the equation of time. Our rules

degree of longitude, and ¢
nee: i idian:
o its standard time merdi
A g:h??uidﬁl‘;rfm' (see Appendix. Table A.1):
G _sT.+L+e
(a) LAT.
(b)ST.=LAT. — S5
(2) If the sundial is “slow™ (Appen
(a} LA_T =ST. + L—e
) ST.=LAT —'L +e ' -
(B) If the dial is west of its standard time meri :’i;‘l ,.
(1) If the sundial is “fast” (Appendix, Table A.1):
@LAT.=ST.—L+e
(b)ST.=LAT.+L—e¢ _ .
(2) If the sundial is “slow”” (Appendix. Table A. 1):
(aLAT.=ST.—- L —e
b)ST.=LAT.+ L +e
These equations appear more frightening than they really are. They
merely tell us whether to add or to subtract the correction faclors
in converting from LA.T. to S.T. or vice versa. Taking one more
example: Suppose a sundial at South Bend. Indiana, shows a time
of 10:25 Ax. on April 8. What is the correct Central Standard Time?
Since Central Standard Time is based on 90° longitude and South
Bend is in 86°15', the longitude difference is 3°45" with South Bend
east of the standard meridian; and on April 8 the sundial is “‘slow.”
Our rule, then, calls for a dial east of the standard meridian with the
dial slow, and our formula tells us that

SBE.=LAT.—L+e

:_l'iSLA.T is gi;e!: a5 10:25 A.m.: the longitude correction is 3745’
TBULES of time, and the equation of time on April 8 is 27067

slow (see Appendix _ _
4ppropriate eqmmT:: :elA'“- Substituting these values in the

dix, Table A.1):

Theom-cm;; 35 =15 4+ 2706 = 10:12:06.
kmam:tf:da:d Time, then, is 10:12:06. Since we can
AM,

off t0 10:12 the nearest second. we may well round this
Time When the Sun Sou
the sun wil be op the We often wish to know at what moment
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of this situation that “the sun souths”). Since the sun souths at the
moment of local apparent noon. we are merely asking what will be
the standard time of local apparent noon. This Inv‘;al\'e:e nothing
more than another application of the rules which we have jus;
explained. For example, when will the sun south at Farmington,
Connecticut, on June 167 With Farmington in the Eastern Standard
Time zone with a longitude of 72° 49', the longitude correction will
be 2°11" or 8™44" east of the standard meridian. On June 2 the
equation of time is 0™ 23* slow. Applying our rule, we get

S.T. = 12:00:00 — 8™44° + (™23* = 11:51:39.

We know then that if our watch is correct the sun will be on the
meridian directly south of us at 51 minutes and 39 seconds past 11
Eastern Standard Time.

Daylight Saving Time. In summer many localities use a time which
is one hour ahead of their usual standard time—and many European
communities use such advanced time throughout the year. If our
clocks are keeping Daylight Saving Time we must remember to
make allowance for the fact that they are just one hour faster than
they would otherwise be. And if we want to design a sundial which
will show Daylight Saving Time we merely compute the position of
the hour lines in the ordinary way, but label them one hour off. That
is, having computed the position of the hour line for 8 Am. we
label it 9 A.M., and having computed the position of the hour line for
3 p.. we label it 4 p.m. Nothing could be simpler. Since most
sundials, being outdoors, are used mainly in summer, it may be
good judgment to label their hour lines in Daylight Saving Time.




5
The Noon Mark

In the days of the early settlers, before clocks were common. many a
farm house had a neon mark near some soulher_n window or on a
southern porch, with the aid of which the housewife could watch the
approach of noontime and know when to call the men in fmm the
field for dinner. These old noon marks are often still visible in old
houses, whose present tenants unhappily seldom recognize them or
understand their purpose. It is also surprising that more people do
not add such a simple, traditional, and useful feature to modern
homes, especially since a simple noon mark can be laid out with
only an hour’s work at most.

In its simplest form a noon mark is merely a straight line on a
level surface, along which the shadow of some vertical object
falls at the moment of local apparent noon when the sun is on the
meridian. Usually it was placed on the floor or window sill, where it
caught the shadow of the side of the window. the jamb of a door. a
POst supporting the veranda roof, and so forth: but sometimes it

appeared outside on a level lawn where it caught the noon shadow of
a flagpole or other vertica] object.

Finding the M

e eridian. The noon mark lies in the meridian. It runs
Tieans and south, and to place it accurately we must have some

least three wal;f c: (t;:;: (t)ltl-::_somh or meridian line. There are at
“ﬁn‘::rt:;:t 25¢ @ mariners’ compass, in which case we must
toward the trye ::):h‘o: places the compass needle does not point
north by an amoyn km Veers more or less to the east or west of true
ofthe variation chan nO;\m as the compass variation. The amount
5 needle poi!ﬁ:st:)?;ly from year to year, but in general_lhc
mmmm’eﬁa ofn € west of north in the eastern United
orth in the western part, with the magneti€

b 18
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compass giving true readings along a dividing line which runs from
eastern Florida to eastern Wisconsin. If one wishes to find his
meridian for sundial purposes by means of a magne

tic compass, he
should consul

t a local land surveyor or civil engineer to find out
what correction he must make for the variation of the compass.

(b) The shadow of any vertical object will lie in the meridian at the
moment of local apparent noon, when the sun souths. We have
learned in Chapter 2 how to find when the sun will south. and if we
hang a plumb line and mark the position of its shadow at the instant
of local apparent noon we have our meridian safely marked.

(c) The ancients found the meridian, as astronomers still do. by
the “method of equal altitudes.” This involves marking the direction
of the sun at some morning time, and marking it again in the
afternoon when the sun has the same altitude. For example, we drive
a nail perpendicularly into a board as at A in the upper part of
Figure 3.1, and carefully level the board with the nail toward its
southern end. We mark the position of the tip of the nail’s shadow

FiGuRre 3.1 Finding the meridian by the method of equal altitudes.
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e and again at C when the sun hm.1hc same
at B in the m(‘ﬂ?' ‘-{[ernoon- To discover when the altitudes are
altitude agam .lh-il. ‘:-ul concentric circular arcs centered at A, the
gl o se‘ilown in the lower part of Figure 3.1, and when
foot _of:he nalilﬂds 5“_ crosses one of these arcs in the morning, as at
the tip t‘“hcﬁ“‘_ 0“ In t‘he afternoon, when the tip of the shadow
cB;os“:e:mT.::i? ;;;F:n as at C. we mark the point again. We draw

lines AB and AC, and bisect angle BAC with the line AN, which is
::1en ﬁan of the meridian with the direction from 4 to N being the

direction of true north.! _

While these alternative methods of finding the meridian may well
be useful for other purposes as we place sundials in position, when
laying out a noon mark it will usually be easiest merely to mark the
p&si;rnn of the shadow of the window frame or door jamb at the
moment of local apparent noon. This is all that 1s required to find
our noon mark. Thereafter the shadow will always fall along the
mark at the moment of local apparent noon, and we can convert
this to standard time by the methods of the preceding chapter. It
may be a surprise to discover that this simple mark will serve as an
adequate check on the accuracy of one's grandfather clock or
pocket watch. The noon mark may be scratched on the floor or a
windowsill or a wall. Old noon marks were often outlined on the
fioor with a row of bright tacks.

Instead of noting the time by the position of a shadow, some people
prelfer to note the position of a small beam of light. Let us cut a piece
finﬂ?xt i:sse;uzfd‘:ﬂ:d:::fm_i Iohffl a pane of glass in a southerly
diameter, and fix the a ere "-1,1 }: Prf.pcr about 2 quarter inch in
SRl il oy b l'!r]:)_ ogért e window pane. A snml! beam of
Spot of sunlight Uﬂlhepﬂg:)e::l-rh-l_h_mugh the _hqu:. throwing a small
from west 1o east as the sur; mo": \Un bu.im will move across the floor

€s across

Letus mark the position of this spot just :
winter's day ol i ]J Jl:lst d..l
nume sun is low,

the sky from east to west.
local apparent noon ona
and again on a summer’s

' Puri
Tists might wish 1o o
Between the moming ang a!;::::-}: “orection for the change in the sun’s declination

m observations, The effect will usually be negligible

OUr purposes, hyg if 1
one w e o
18hes 10 be careful he will make his determination at of

with two or three arcs, partly to help
bscured by a ¢loud at a critical after-
age his results,
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day when the noontime sun is high in the sky. This will give us two
spots on the floor some distance apart, and if we connect them with 2
straight line we will have a noon mark. Thereafter whenever the sun-
beam crosses the line it will be the moment of local apparent noon.
The sunbeam can be read more accurately than the shadow. and the
accuracy can be increased further by “averaging.” The beam of
light which moves across the floor will have the shape of a small
ellipse. As it moves, first the eastern and then the western edge of the
ellipse will cross our noon mark. If we note carefully the times of
these two passages and take the average, we should get a value which
15 correct within 20-30 seconds at most. Let us illustrate. Suppose
we have an accurate noon mark at McPherson, Kansas. in longitude
97°41". On September 28 the eastern edge of the sunspot crosses the
noon mark when our watch registers 12:21:20 p.m., and the western
edge crosses at 12:22:30.2 The average of these two observations
is 12:21:55 pm. by our watch; but the methods of the preceding
chapter tell us that the sun actually souths on this date in this
latitude at 12:21:38 p.m., so our watch is 17 seconds fast.

Noon marks can be drawn just as easily on vertical surfaces, and
in olden days castles, cathedrals, and other public buildings not
uncommonly carried such vertical noon marks. Our frontispiece
shows such a vertical mark, and others appear in Figures 32 and

]
3.3

The Analemma. The simple noon mark denotes the moment of local
apparent noon. If we use a projected sunbeam as our indicator it
1S quite possible to lay out a mark which will tell the moment of
noon by standard time without any corrections. This will no longer
be a simple straight line lying in the meridian, but will take the form
of an elongated “figure eight.” This queer shape arises from two
factors: the changing declination of the sun and the changing values
of the equation of time.

We can get some idea of the shape of the analemma by studying
our tables of the sun’s declination and of the equation of time.
(See Tables A.1 and A.2 of the Appendix.) When the sun’s declina-
tion is north in summer the high noon-day sun will cast its beam
close to the south window: but when the sun’s declination is south
in winter the low noon-day sun will project its beam far back on

2 If the aperture through which the sunbeam passes at the window is reasonably
small. the projected sunspot will take just about one minute to cross the noon mark
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Ficure 35 n
-2 Noon mar
- ltrnn :_)ld _French castle. From M. de la Prise
ans solaires (Caen, 1781) PR Oe R IEn

The Noon Mark 23

FiGURE 3.3 Noon mark in a French garden. “Mid-day,” by Nicolas
Lancret, 1690—1743.

the floor toward the north. And at the same time that the noon
sunbeam is moving north and south with the sun’s declination, it
moves east and west with the equation of time. For example, the
sun is some 16 minutes “fast’” early in November. It crosses the
meridian 16 minutes before the clock shows noon, and when the
clock does reach noon 16 minutes later, the sunspot has moved
the floor as the sun has moved toward the
“fast” the noon sunspot lies east of the
‘slow’" the noon sunspot lies to the west.
ack into the floor marking the
days go by that the
igure eight on the

some distance east on
west. Whenever the sun is
meridian ; when the sun is *
If each day at noon we drive a t
position of the sunspot, we shall find as the
succession of tacks marks out an elongated f
floor—an analemma. Whenever the spot of sunlight crosses the
oon by watch time rather than by sundial time. If
Eastern Standard Time the sunspot will
astern Standard Time:

analemma it is n
our watch was adjusted to
cross the analemma each day just at noon E
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s been carefully drawn it should be accurate
k on the accuracy of our clocks and watches,

One can start laying out an analemma by such noomime obser-
vations on any day of the year, driving_ a tack ea;h day in the center
of the sunspot just at noon by watch time. He will thu_s take a com-
plete year for the task, but it will require no calculation whatever.
If for a day or two the sun is obscured by clouds at noon, tacks can
be interpolated by eye 0 fill the blank spaces. And if one marks the
first day of each month by a double tack, the analemma will serve as
a calendar as well as a clock. Whenever the sunspot crosses the
analemma it is noon, and we can tell by the point where it crosses
what day of the year it is. There may be some slight advantage in
starting to lay out the analemma at noon on September 1 in a year
following a leap year, as on September 1 in 1973 or 1977 or 1981, etc.
This will center our observations between the calendar adjustments
made each four years on “leap day,” February 29th. '

"Ve should make sure, of course, that we have chosen a window
which will :Ealch the faoonday sunlight all through the year. The
zt{:;:ermay smkeﬁt:;e \:I::;_dow at noon during some seasons. but at

mmorby 50111: “:ght t:snay h!e cut off by '0\-'erh_;1nging tree
dailblmy <= Tabses oth:r obstruction. If we persist patiently in our
L e sloEr] tSunspot we shall be surqused and pleased
B ﬁﬁistra:fd?m the elongal_ed figure eight of the

IR ot o, of iagram looks like that of Figure 3.4.
abihe i me; our analemma w?ll depend on the height
s i:p:d‘m““‘w e tm001‘ and on the latitude. We should make
side of the ¢ a;SHOI;tgiha clear floor space on the north
requisite di ﬂpmmme . $n'; blte the entire analemma. The
mhemml’ﬁﬁdbylheheigm ? e 3.1. The figures in this table
example, if the cisd8; of the aperture above the floor. For
mmw’awm anaimr - inches above the floor and the house is
point (2.006) (48 a will run from a point (0.296) (48”) to a

G & "), or fmn} points 14.2 inches to 96.3 inches from
Pomnt on the floor vertically below the aperlure‘. .

%:?d the pa'by W If one has the time, the
FESHODS of the sunspots compute mathematically the
out the entire , alnoon on the various days, and then lay

: fati "'ﬁ_--!ﬁtisnn's::cli;:g]amn' We start with three values:
bude, tion, D and the sun’s hour angle. H-

and if the analemma ha
enough to serveasa chec
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¢ shape of an analemma as projected on a

FiGURE 3.4 Approximat
horizontal floor. Months are marked with their initial letters in sequence
he larger loop and clockwise

running counterclockwise around t

around the smaller loop of the “figure eight.”” The straight line, BN,
is the meridian noon mark as it would appear if the analemma 15
constructed at a site exactly at a standard time meridian. At sites east
of a standard time meridian, the figure eight would be displaced
toward the right, while at sites west of a standard time meridian the
figure eight would be displaced toward the left, in either case the
straight line BN remaining where it is. When the sunspot crosses the
line BN it is local apparent noon. When the sunspot crosses the part
of the analemma which corresponds to the current date, it is noon by

standard time.
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TasLe 3.1
OF ANALEMMAS
N VARIOUS LATITUDES
distance from base
b, | sl
1 latitude shortest longest
T 002 1.130
30° 0.114 1.351
35 0.203 1.632
2 0.296 2.006
45° 0.394 2539
50° 0.499 3.376
55° 0.613 4915

“The declination can be found in a current almanac or from Table A.2

of our Appendix. To find the sun’s hour angle at noon on any day

‘we find the standard time at which the sun souths, using methods of

the preceding chapter, and note how much this differs from noon. We

- convert the difference to units of arc, remembering that each minute

L d‘ﬁmih equivalent to 15° of arc, each 4 seconds of time to 1’ of

B are, If. for example, we discover that the sun souths on a given day at

’ 11:20 A standard time, this differs from noon by 40 minutes.

mwk&h&‘i of our Appendix or use of the equivalents

indicate that 40 minutes of time is the equivalent of
w&m s hour angle at noon standard time is 10°.

C : enough to have a copy of the relevant govern-

Wm look up the necessary figures in them without

at this point. Lacking these tables, we compute

M_muth from the values of latitude, declina-

by use of the following formulas:

= tan D/cos H

ﬁm*ﬂ(m Hsin(¢ — M)
©0s a/tan(d — M)
fmjhrd“’hm‘iﬁn, H is the sun’s hour

" value computed for use in the
sun’s. azimuth at noon standard time

& tsin Washington,
“each m'enaﬂmusnyou should be
mnpie, there is one volume for latitudes
49° inclusive,
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and A is the sun’s altitude at that same time. To illustrate, suppose
¢ is 42°, D is 10° N (as in mid-April or late August) and H is the 10°
which we just found in our prior illustration. Substituting these
values in our three equations yields the following values:

M = 10°09’ a= 18°12 A = 56°4Y

These values for a and 4 would have been found without calculation
from the government tables listed in the footnote.

These results tell us that at the moment of standard time noon the
sun’s altitude is 56°49', and instead of being now directly south (as it
would have been had the azimuth been zero) it bears 18°12' from the
south point. Since, furthermore, it is 11:20 A.m. local apparent time,
our common sense tells us that it must be 18°12’ east of the meridian.
The sunspot on the floor will consequently lie 18°12" west of the
meridian.

If we have the meridian already marked on the floor (an ordinary
straight noon mark) it is now a simple matter to compute the
position of the sunspot. In Figure 3.5, C represents the aperture in the

FIGURE 3.5 Computation of the position of one point on the analemma.
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b
indow ; § is the sunspot on the floor ; €S is the beam of light passing
window : s

" <1/ i a vertical line from the aperture to the
aperture; CV is a verticd .
s pehcilzhl of the aperture above the floor): M. B, Vand

is the s .
‘f;oor (soiit];oﬁ the floor, which is assumed to be Iurrlzpr‘tlul: VM is 4
thir:lﬁdian fine or noon mark on the floor; angle VSC or angle 4
. % att . le BVS or angle a is the sun's azimuth or . ;
is the sun’s altitude; angle The Equatorlal Sund! a[

' angle from the south: SB is perpendicular m_.l "_U ; and b} virtue of
' these constructions angles VBS, CVS and CVM are right angles.
| Given A and d. we have VS = d cot A. Then VB = VS cos a and
| BV = VS cos a and BS = BV ian a. Now we measure on the floor
: the distance VB along the noon mark and from B we lay off the
perpendicular distance BS to the position of the sunspot at the
required moment. It may be helpful to give the reminder that when
! the sun’s declination is negative (from September 23 to March 20)

The equatorial sundial has the advantages that it can be made with-
out mathematical calculation. and, unlike most other sundials, may
be used in any latitude if properly set up. It gets it name from the fact
that the dial plate lies parallel to the Equator. The gnomon’ is a rod - -
or pin set perpendicular to the dial plate in the center of the dial. This
x : 3 : enomon is parallel to the earth’s axis and points toward the north
the value of M will be negative, and this negative value must be e A R B -~ il
: " : i celestial pole, close to the Pole Star. Figure 4.1 shows a side view of
subtracted algebraically from ¢ in our calculations. i - . 5 :
. : the dial in place. Angle ACD must be equal to the colatitude of the
When one remembers that it would be necessary to worry through : : 2 o ce e IR 2R
. : B o = place where the dial 1s used.? Thus if the dial is set up at latitude 28
these calculations 365 times to work out the analemma positions for
each of the days of the year, he will probably prefer to pass up the o
- _ 2 . 33 @
| ca?l:'!jlauons and lay out his analemma in the easy empirical way. by &
I' driving in a tack each day marking the center of the sunspot at that 40
: ]
moment. The author has such an analemma which has never erred ¢
‘{} as much as 10 sccor!ds m giving the moment of noon standard
time when compared with short-wave radio time signals. D

y

o

Dial Plate } K __Gnomon —

: C B
4 K- Horizontal /
FiGure 4.1 Side view of equatorial dial in place.
on the first syllable and pronounced to rhyme s

* ! any
with JOE-john, is derived from a Greek work mc.anmﬁ one 3::":’10}::!1 [gﬁ;‘ o
: 1 2 =ce of metal or wood, one & C
dials the gnomon is a triangular piece © b= o
style) \.‘.‘.I!-ilbs the shadow which is used in telling the time. In rgu.ltgrl‘:.:[ dl;iliian:’l:m':c::lr
casts a line of shadow among the hour lines, and the time is read from

]
! this shadow

' The word “gnomon,” accented

2 y 2 , found by
I The colatitude of any place 1s the angle complementary 10 the latitude, fo A

subtracting the latitude from 90"

29
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The dial can be used in any latitude merely
by tilting the dial plate until angle ACD equals the CO]uI‘llud‘?’_

“Since the sun appears (0 mMOVeE around the world’s axis at the
uniform rate of 15° each hour, the hour lines on the eguutoriut dial
will be uniformly spaced 15° asunder. The dial plate will be laid out
like that sho\m‘in Figure 4.2, with the line running from B to 12
lying in the meridian.

angle ACD must be 62°

FiGure 4_2I'\-"iew of the dial plate of an equatorial dial. The broken
ine from 8 does not appear on the finished dial,

Since the dial plate is paral 3 i '
i folaz::; lel to the Equator, and since the sun is

f the year and i
half th s Year and south of it for the other
Mo Zéu:n:1§LSh]ne on the upper face of this dial only between
winter months wemember 23. If we want to use the dial du ring the
must duplicate the dial of Figure 4.2 on the lower
tend the gnomon straight through the dial

The Equatorial Sundial 3l

Showing Standard Time. The equatorial dial which we have de-
scribed will show L.A.T., which can be converted to standard
time by methods described in Chapter 2. But this type of dial can be
so designed as to give readings in standard time directly without the
necessity of conversion. There are several ways of prf:u:ecding, but
perhaps the simplest is to construct the dial so that the slanting
gnomon is fixed but the dial plate is free to revolve around it, staying
always perpendicular to it. We attach a small auxiliary scale at the
edge of the dial plate as shown in Figure 4.3, This figure shows but a
small segment of the edge of the main dial plate bearing the hour
lines from 11 AM. to 1 .M. The spaces between these hour lines have
been subdivided into 5-minute intervals, equally spaced between the
hour lines. The auxiliary scale runs both to the right and the left of a
central zero mark with the spaces to the same scale as the main dial

oo ; \

% iz s 1; s gizlb Edge of main
Dial Dial dial plate
fast slow

FiGURE4.3 Detail of auxiliary scale on equatonal sundigl incorporating

corrections for both the equation of time und_thc Eong_ztudg. mal_:m{_z it

possible to read either standard time or daylight saving t1mc_d1rer.tl§

from the sundial. The auxiliary scale is fixed and the main dial plate
rotates around the fixed gnomon.
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1 3
s the distance corrcspondmg to 2 i
hould be the same as that which would denote 2 minutes
o 8 :
equation of time never exceeds

minutes on the ayx-

plate. (Thu

iliary scale s 2 “

" 1 - ‘Cc -

» main dial plate.) Sir . . x

‘])2 mx;utes. we may limit the auxiliary scale accordingly. The zero

li mor the auini-;r; scale lies in the meridian of the gnomon, and
ine xiliary

when the 12-0'clock line of the dial plate is set opposite the zero of

the auxiliary scale, the dial will show L.A.T. Bu! if the 12-o’clock line
of the dial plate is turned opposite the \'alu_c of the equation of time
for the day we will automatically correct for the equation of time,
and the dial will show local mean time directly

If we wish also to make a longitude correction (as we should
surely do if we are to build corrections into the dial at all) we merely
mark an arrow on the main dial displaced from the 12-o'clock line
by the amount of the longitude correction for our locality (see
Chapter 2). If the dial is located east of its standard time meridian
this arrow is displaced toward the right among the morn 12 hours;
with dials west of their standard time meridians the arrow is dis-
placed to the left among the afternoon hours. In either case. the
amount of the displacement equals the longitude correction for the
place where the dial is to be used. In Figure 4.3 it is apparent that the
dial is east of its standard time meridian and that the longitude
correction amounts 1o just over 8 minutes. In use, the dial plate is
rotated until the little standard time arrow (labeled S.T. in Figure 4.3)
15 5¢t 1o the value of the equation of time for the date, and the shadow
0|: the gnomon will now designate the correct standard time on the
dial plate with no further corrections.

If the shadow of the gnomon is to r.
at the times of the solstices
as t_he radius of that circ]
radivs) And the finisheq
parallel 1o
the meridi;

each the circle of hour numbers
» the gnomon must be about half as long
€. (The theoretical value is 0.44 times the
dial must be set up with the dial plate
it will be if the gnomon lies in the plane of
ACD of Figure 4.1 is equal to the colatitude.

of equatorial dials have been designed
s for both longitude and the equation of

ct readings in standard time. Two such
F!EUI'E 44. The dial on the top was designed

noteh in itg y

; pper end falls on the current
L 1ts lower ep

d, as seen in the picture. The

The Equatorial Sundial

FiGURE 4.4 Two commercial sundials designed
in standard tme.

to give direct readings
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standard time is then read from the pointer on the upper end of the
alidade. The instrument on the bottom in Figure 4.4 was artfully

designed by Richard Schmoyer of Landisville. Pennsylvania. The
gnomon on its axis is cut with a curiously curved slot through which
the sun shines on the hour scale. The curve of the slot is engineered in
such a fashion as to make allowance for the equation of time, and
other adjustments are included for the latitude and for the longitude
correction as well as for shifting to daylight saving time in season.

Either of these dials is as accurate as most pocket watches.

5
The Horizontal Sundial

1ore common than all other types com-
fact that they tell the

pes of sundials can

nnest arusts and gracing
.1 shows a beautiful and t

1 Parish Church at Old Williamsburg,

1 sundial is to tell the time accurately it must ordinarily be

designed for the particular latitude in which it is to be used.! Unfor-
tunately many of the commercial dials displaye
almost completely useless. Modern production methods turn them

out by the hundred, all exactly alike, and modern merchandizing

in 1 stores are

methods distribute them to all parts of the country ior the world)
without regard to their suitability for the place w here they are to be
installed.

Morevoer, many of these mass-produced dials have not been
but have merely been

designed correctly for any latitude whatever,
general

laid out by some draftsman who was familar with the
appearance of a sundial. It is not uncommon to see sundials displayed
in a store with their gnomons attached back end to, so that the dial
could not possibly indicate anything except the ignorance of the

' Later in this chapter we shall explain how to adjust a dial for use in a Jantude
other than that for which it was designed
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rchyard garden.
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vendor. Yet a sundial of real reliability can be made easily. even by a
twelve-year-old, and when it is properly designed for its location it
will be both useful and ornamental.

General Appearance of the Horizontal Dial. The typical horizontal
sundial consists of a flat horizontal piece, such as ABCD in Figure 5.2,
called the dial plate. The hour lines are inscribed on the dial plate,
radiating from the dial center at 0. The 12-o'clock line, OF, lies in
the meridian with O toward the south and E toward the north, and
the gnomon is a roughly triangular plate, OFE, placed on OF per-
pendicular to the dial plate. The upper slanting line of the gnomon,
OE. is called the style, and it is the shadow of the style, falling among
the hour lines, which indicates the time of day. Angle EOF of the
gnomon must be equal to the latitude of the place w here the dial is
to be used.

The Latitude. Before we can design a sundial we must know the
latitude of the place where it is to be used. This latitude is ordinarily
b

svmbolized by the Greek letter ¢ (phi) and can be found from a
laree-scale map with sufficient accuracy. Particularly useful are the

FiGURE 5.2 A typical horizontal sundial.
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j 5. Geological Survey. from which li_'n: latitude can be
maps of the g arest minute or even closer. If you have trouble
read usually 10 lhcﬁc,d;:nm maps. you should call for help from a
finding YOUT 2 :| engineer. or from a teacher of high school
sl G ,a I- hy. You should try to find the latitude at
e gﬁﬂgf‘}f‘u.l;‘ keeping in mind that one¢ minuie of
S e & 7o hiv 1.15 miles on the ground. While
jatitude corresponds 1o roug i e
vou are at it. it will be wise to find the longitude also, since we shall

want to use it for other purposes later.
Laying Out the Hour Lines '
pr(;ceedine 1o lay out a sundial. We shall here start with the simplest
in that it }equires no mathematical calculation whatever, and we
shall illustrate the method with Figure 5.3. This working diagram 1is

£

v \

FIGURE 5.3 Work: =
otk diagrar

“ for laying out a horizontal sundial by

eraphic methods. ‘

Graphically. There are sev eral ways of
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drawn on a large piece of paper, larger than the finished dial, and
when we are through we trace off from this working diagram just
those lines which will appear on the finished dial. Our steps are as
follows =~

(1) Draw 4B and CO mutually perpendicular intersecting at O.
In the final dial 4B will be the 6-0’clock hour line and CO will be the
12-0°clock hour line.

(2) Draw 0D making angle COD equal to the latitude. In our
illustrative diagram COD is taken at 40°

(3) Atany pointon 0D, as at E, draw EF perpendicular to OD and
intersecting OC at F. The length taken for OE will determine the size
of the final working diagram, and can be taken longer or shorter as
one wants a larger or a smaller diagram to work with.

(4) On OC lay off FG equal to EF.

(5) Through G and F draw SGTand QFR parallel to 4B.

(6) Draw a semi-circular arc centered at G and based on ST. Any
radius may be used. Here we took a radius equal to GF

(7) From GF lay off along the semi-circular arc three equal arcs of
15° in each direction—15°, 30° and 45° each way from GF.

{8) From G. through the divisions of the semi-circular arc just
found, draw straight lines intersecting OR at the points marked
9,10, 11,1, 2 and 3.

{9) From O draw straight lines to the six iniersections just found
on QR—that is, from 0 t0 9. 10. 11, L, 2 and 3. These will be the hour
lines in the finished dial for 9 oclock, 10 o'clock, 11 o’clock, etc

(10) Draw FW parallel to the 9-o’clock hour line (that is, parallel
to QQ) intersecting AB at W This line FW will intersect the hour
lines of 1, 2 and 3 at K, L and M respectively

(11) From M lay off along FW the distances M N equal to ML.and
M P equal to MK. The distance M W should be equal to MF

(12) From Q and R draw QVand RW parallel to CO.

(13) From O draw lines through N and P intersecting RW at
4 and 5. These are the hour lines for 4 p.m. and 5 P.M.

(14) On QV make 08 equal to R4 and Q7 equal to R5.

(15) Draw straight lines from O to 7 and 8. These will be the hour
lines for 7 A and 8 AM.

We now have the hour lines from 6 AM. through 6 .M. We should
add hour lines before 6 A.M. and after 6 P.M. 10 include all hours from
ed on that published

* There are many possible graphic approaches This one is bas:
in Paris in 1790 by Dom Francois Bedos de Celles.
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_ { carliest sunrise to the time of latest sunset in our Jagj.
e ane : Jial “"IG designed for use in the latitude of 40°, ap4
de. Our 55 i im that the earliest sunrise in th:

7 Appendix tells us th: e LU
Table A7 1n our ¢

30 am. and the latest sunset falls at 7:33 gy, We

s = 15 at 4: : . {
latitude hour lines from 4 AM. to 8 PM. inclusive,

orl Wi include
%J;;h;;j:;r}:u[;‘:?;::s can be drawn on our diagram withoy
difficulty, since any morning hour il.nc 1S ;1.~inﬂght—imc extension of
the mrr'.:sponding afternoon huur_lmc -.m_uq\ ice versa. For :\..m:-pic_
if we extend the 5 p.M. hour line of Figure 5.3. Irn{n > ght through
0 and on down to the left this extension will be the
5 AM.: and if we extend the line from 8 through O on down to the
right we shall get the hour line for 8 p.m. Since we e already on our
di}igrarn the hour lines from 6 A.M. through 6 p.M.. we can )
other hour lines which we wish merely by extending them through
the dial center at 0. The extended lines for 5 A.m. and for 7 pu.
appear in Figure 5.2,

Having the hour lines for our finished dial. we next lay out the
gnomon. It will be a triangle similar to FOE of F igure 5.3. The angle
FOE must be equal to the latitude. We set this gnomon up with its
base on the 12-0'clock line, and perpendicular to the dial plate, as
shown in Figure 5.2,

.Wc say that the gnomon should be set up vertically on the 12-
o'clock line, and this will be

ur line for

2L any

. simple if the gnomon 1s made of thin
malen;_d such as a plate of metal, If, however, our gnomon has
;[;_Prccmble thickness our diagram mus be cut in half along line
in ::;rl:e;:{‘?;rﬁ scparated by the thickness of the gnomon, as
gnomon Wifi -sener} _0“1:.,51(1? of the upper slanting side of Lhc
the afternoon, Pcrh:s .{-L _Stﬁle im the morning and the u_thcr 'u'i
e Figure :'p: :; s‘hould g0 \mhm‘u saying {h.ut after [ElL.

traced off opig a i_ Lﬂ.mpl‘?led_ the f‘m:}l hour lines will bi
sean piece of paper or directly onto the dial

plate, omigin,
g the Nt : 2 ;
the working dianzrammher tonstruction lines which appeared in

Laying Out the

simpler ang Ia“?r"?;.unes in & Unit Square. This method is even

Figure 55, 4n the graphic method. We illustrate it with
) Lay oy 4

1.000 ypjp. Th SQU:I;?dABCD. with the length of each side equal 1@

S8 other size, 1p g0~ W2Y b 1 foot long o | meter or 1 unit Of

ex " z
mple, the side of (he square is 15 inches. the
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15 inches represent 1 unit, and all ler
multiplied by 15 to reduce them to inch

(2) Take the tangent values for

15 given hereafter would be
"t

the various hours from Table A9 of
our Appendix, using the line in that table w} ich corresponds to the
]u[ilthE.‘ in which the dial is to be | it i A
dial for latitude 40°

table, one can interp

used. We illustrate again with a

:d latitude is not to be found in the
-tween the values found there. Thus if
lies one-third of the way from a latitude

our latitude is 38°2(Y. which

of 38° to a latitude of 39°. we may use values one-third of the way

from those gi

table for 38°

lines of a he

T sttt le otvec
Ppendix table gives

e following values for the hour
ititude 40° :

lam. and 1 p.m

rizontal sundial

1722

P.M.

10 Am. and
Y AaM. and 3 P
o AM. and 4 P 4491y
7aM. and 5 pM 2084v

10 W L2 ’

7 2 :

FiGURE 5.4 Hour lines of a horizontal dial separated to allow for the
thickness of the gnomon
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J K L M B

—

5 |
0] C

Fioure 3.3 ; 2
Horizontal sundial for latitude 40° laid out in a unit square.

u;muffx al(;he middle of 4B and 0 at the

om O to K will be the 12-0'cloc ine. The bas

s t € 12-o0'clock hour line. The base
o aa e, DC, will be the 6-0'clock hour line. oo

s from the Appendix 1able are to be laid off

middle of CD. A

e WiC3suremeny |
vertical,”™ M s followed by the letter “v"' meaning

easure
the vertical sideg o followed by “v* are 1o be laid off along

of the :
upward from ( gy, e, starting at the bottom. and running
ard B or from D toward 4. y

(6) Morning hore .
Measured l'r::! Ku:::;:le;hown on the left half of the square. being
A 8t the righy mfa-'-ur;d ;.:_ O from D toward 4. Afternoon hours
0. l‘?hTo ﬁm the hoyr line ?m K toward g or from C toward B.
o Ward 4 10 4 :r I A we start at K and measure
- A straight line from 0 to J will be the
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hour line for 11 am. To find the hour line for 4 p.M. we measure
0.4491 units vertically upward from C toward B to P. and a straight
line from O to P is the hour line for 4 p.M. )
(8) Had each side of our square been 15 inches long. we would
have multiplied the tabulated figures by 15 to get results in inches.
For example, pomt J should be 15 times 0.1722 inches from K. or

2.5830 inches. or about 2&7 inches from K. We always multiply the
tabulated hgures b

get results in the

v the actual length of one side of our square to

hich we are working.

(9) The gnomon for this dial is made by the same rules which we

have already explained for another case on page 40

Laying Out the Hour Lines

with Tabulated Angles. Using Table A_10
of our Append ay ol ]

the a f 1

of a horizontal di:
A g: 1 a dhal

> appropriate column of the Appendix

short « un we illustrate wit

for latitude 4
between two of those shown

tude. We

table: and :

i values for our own la
gure 3.6.
llv perpendicular and inter-

‘clock hour line and OK the 12-

that we want the following

latitude

11 amorl PM 9“46
10 AM. Or 2 PM 20°22
QAMOripm 32°4
S AM Oor4PM. 45704
7 AM.Or 5 PM. 67°22

The table actually lists only the afternoon hours, but the angles for
2 p.yt. and for 10 a. will be the same, since both times are equidistant
from noon. Any morning hour will have the same angle as that
afternoon hour which is the same distance from noon

(3) Lay out the hour lines with the angles from OK just given. That
is, make angle JOK and KOL equal to 9°46" for 11 am. and | pM.;
make angles HOK and KOM equal to 20°22" for 10 A and 2 pa,
and so forth. Put morning hours on the left and afternoon hours on
the right.
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N
G
12 P
i lo < 2
9 J
8 ¥
E Q
N e
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A o D

FIGURES.6 Horizontal dial for latitude 40° laid out by tabulated angles

our lines mav be extende mward
lﬁ“‘arﬁlherighuogat ¥ be extended through O downward

: heh ine 5 hetrsrts o
hour lines may be ext our line for 12 hours later : and afternoon

_ endcd th ' - » left for C
morning hour line 12 hours e::ﬁgh el
13) The 1er,

2n0mon s |aj X
Page 40, laid out by the same rules already explained on

ed di ]

Onter mC:al_lhe numbers for the hours would often

In this figure the numer;ﬁlﬂ where the letters appear in Figure 5.6.
1ers which Were moved inward to make room for the

Were used ;
Course 5 n o anats ;
+ 4ppear in the ﬁnishe‘:ir(;zﬁlmmmn but which would not, ©
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Laying Out the Hour Lines by Computation. Instead of looking up
the angles of the hour lines in our table, we can compute Iiictn
mathematically for our precise latitude. For those with the requisite
background the process is easy. For horizontal sundials we use
either of the following formulas:

tan D = (tan t)(sin ¢)
log tan D = log tan ¢ + log sin ¢

In either of these forumlas D is the angle which the hour line makes
with the 12-o’clock line, t 1s the time measured from noon in degrees
and minutes of arc. and ¢ 1s the latitude of the place where the dial
is to be used. In finding the value of t we take the number of hours
and minutes before or after noon. Thus 2:35 p.m: and 9:25 A.M. are
each 2 hours and 35 minutes from noon (usually symbolized in our
35™). But we have already learned that each hour of time

i
work as 2"
is the equivalent of 15° of ar¢, and each minute of time to 15 of arc.
] lents (or Table A.5 of our Appendix) we see that
s the equivalent of 38°45' of arc, and this is the value of

t which we would use in our calculations if we wanted the hour line
for either 2:35 M. or 9:25 am.

Let us assume that our sundial is to be used in Nashville, Ten-
nessee, in latitude 36°10°. If we are to compute the angles for the
hour lines and also for the intervening half hours we would make up
a table like Table 5.1. In the first column we list the times of the hour

lines for the hours and half hours. In the second column we reduce

TaABLE 5.1
COMPUTATION OF ANGLES 0F HOUR LINES

time t log log log D
tant sing tan D
11:30 or 12:30 730 911943 977095 889038 427
11:00 0r 1:00 15°00 9.42805 9.77095 9.19900 8°59
10:30 or 1:30 2°30) 961722 977095 938817 1344
10:00 or 2:00 30700 976144  9.77095 9.'?‘34 18°
9:300r 2:30 37°30 9 88498 9.77093 9.6:_'_ 93 "'_
9:00 or 3:00 45°00 0.00000 9.77095 9.7 I_N::
$:300r 3:30 52°30 0.11502 9.77093 ‘»‘.N_-i:“f
S:000r 4:00 60700 0. t).*-‘.'th-l§ U_tk_l):{
7:30 0r 4:30 67730 0.3 9.77095 0.15373
7:00 or 5;00 75700 0.5 9.77095 t]..’-f:?ﬂ
5 82°30) 0.88057 9.77095 0.65152

6:30 0r 5:30
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fues of t by the method just explained. The _”“T_d colump
contains the values of log tan ¢ f“’_ca"h ‘“]_“" at its left. The fourth
e contains the value ()I'.Ing su‘! ¢, which in our case is |Ug sin
36°10° or 9.77095. The values in the fifth mlumﬂn are sums of the two
values at the left, and are values of log tan D. from these we get the
values of D in the last column. These values of D are the angles which
the various hour lines should make with the 12-o’clock line, and we
proceed to chart them on adiagram exactly as we did when the angles
were taken from a table on page 219. As one would expect, the values
which we have just computed are very close to those which we would
find in Table A_10 of the Appendix for the latitude 36°, since we have
computed them for latitude 36710,

these to va

Longitude Correction for Horizontal Dials. The horizontal dials
which we have so far described will record local apparent time,
which, as we have seen, differs from clock time in twe I lars: by
the equation of time, and by the longitude correction. The uq;;.nnh
of time varies from day to day. but the longitude correction is fixed
for any given locality and we can make allow ance for it in designing
the dial. What we want is a dial which tells the local .z]'rp.'::'cr:!hf.nn-:,
S:Ig:dwaﬂstz Ei:lg::n\hu}: o[ ILTu;_ ::la]‘lld.i.lrd meridian. T lnu we just
long}lude = Nasin-'.ue ...:s :\j :., ennessee, n latitude 36°10°. The

! 15 86°50" and
Central_ Standard Time. which is th
Thus Nashville is 310 east
the equivalent of 12740 of 1y
LAT. at Nashwille, it is
or 3:02:20 poy,

Let us make up a |
respor:isiga‘;: upld little table show ing the LAT. at Nashville cor-
Nt .Seccted LATS at the standard mendian, the
imes being always 12°40° Jaer-
Boes Loc;]_.t\pparcm Time
e mendian at Nashville
I-P‘q 12:12:40 p.a1.
3 s-‘u‘ 1:12:40 p.yv.
M. 2:12:40 p
v 2:40 p.u,
M 3:12:40 pm.

clocks in Nashville are set to
€ time of the 90th meridian
of its standard meridian. But 3°10 is
me, and when it is, for example. 3: 15 p.M
12740 - li . 7

2 earlier at the standard meridian

Hwe now go;
s Mpute the hoy, lines fo

i T the times shown in the right-

mn but Jape; ;
Hthem wiry, the hours of the left-hand column.
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the dial will have the corrections for longitude built into it One
must still correct for the equation of time if he wants to compare
with the clock, but it will no longer be necessary to make anv
correction for longitude. Of course, the hour lines “-l“ no longer be
placed symmetrically. The gnomon will stand at the center nfﬂ;c dial
running due north and south, but the hour line for 12 noon will now
be drawn where the hour line for 12:12:40 p.m. LA T. would be on
an ordinary dial, slightly to the right of the gnomon: the hour line
for 3 p.M. would be drawn to the right of t nomon in the position
where the hour line for 3:12:40 p.m. would fall on an uncorrected
dial. Longitude corrections may be incorporated in any other type
of sundial in the same way. We d the amount of the longitude
correction in hours and minutes, and add it to the hours to be shown
on the dial if we are east of the standard meridian. or subtract it if we
are west of the standard meridian. We then compute the hour lines

for these adjusted times.

Adjustment to New Latitudes. We have emphasized the fact that a
horizontal dial will perform accurately only in the latitude for which
it was computed. This is the case if the dial is placed with the dial
plate horizontal, as intended. If, however, we comé into possession
of a horizontal dial which was designed for some other latitude, we
can still use it by making a minor adjustment.

First we must know the latitude for which the dial was originally
designed. Preceding parts of this chapter should have alerted us to
the fact that there are two clues which we can use in finding this
latitude. First, the angle of the gnomon is equal to the latitude; and
second, the angles which the various hour lines make with the
12-o’clock line depend on the latitude.

Let us illustrate with an actual case. Some years ago the author
ran across in an antigue shop a beautiful but simple engraved brass
sundial carrving the date 1694, Careful measurement of the gnomon
showed that th:: stvle makes an angle of about 525° with the dial
plate. The angles which the various hour lines make with the 12-
o'clock line were then measured® with the following results:

hour line (t): 1 pM 2em.  3pM 4pPM : P.M.

angle (D) 12.0° 245 38 400 Ly

" How are such measurements made? The angle of the gnomon was :n:.xsq:m:d
directly with a protractor. Then a rubbing was made of the hour lines on the dial plate.

and their angles were carefully measured.




Sundials

We have used the formula .
. logtan D = logtan? + log sin ¢

i / / latitude ; we o
B e v - oo G il e T
formula then becomes

log sin ¢ = log tan D — log tan (.
Substituting the values of D which we mc_aasun:d on our antique
dial and solving the formula for each hour line we get the following:

time (1): ST 45° L
BRI N 7 526° 532

‘While these results do not agree exactly, they fall pretty close
together, and they are consistent in suggesting that the sundial was
originally designed for a latitude of about 524°. This also agrees
with our measurement of the angle of the gnomon. And when the
antique dealer remarked that he bought the dial in Coventry,
England (latitude 52°25'N), the evidence, compelling before,
becomesa certainty.

Having found that the dial was designed for latitude 521°, how can
I!Rﬂm_m)' garden at latitude 41°49' N? If [ set it on a pedestal
w’ﬂ'mﬂdlﬂl plate horizontal, as was originally intended, the style.
m'm‘??“%“ﬂ.eoiﬁ%" with the dial plate, will not point toward the
mmpohm angle is too steep. But if I tip the south end
exror. The di Up (thus tipping the style down) 1 can overcome that
Wik iy, M“.‘_ﬂ"““‘* between my latitude (41.8%) and the latitude for
of the dia] ]Jlatem dmtﬁned (32.5%)is 10.7°; 50 if I tip the south end
the horizon {au:‘eps:;ﬂ;ie dial plate makes an angle of 10.7 wnﬁ
the dil in & position to wor - r. 5. < >le down 10.7°) T will have
hwwmm . 'PTOPEﬂ)’-_In fact, the dial plate will now
izontally in Position that it once had when it was placed
Paralle] then to the English horizon.

the situation. In this diagram we are
the dials looking toward the east. The
g_ln'all: desui;l::d for a latitude greater lf[las
OW used (as in the case of the Englis
nlaced under angle of the style was too great, s0 2
the e dial plate 1o tilt it downward, The dial

Was designed for a lower latitude than
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_.nrlﬂm

Horizontal

Horizontal

FIGURE 5.7 Two sundials adjusted for use in new latitudes. The left-
hand dial has been tilted for use at a greater latitude than that for which
it was designed; the right-hand dial for use at T Jower latitude.

that where it is now used, as though I were using in my Connecticut
garden a dial originally designed for Florida. In this case it would
be necessary to increase the tilt of the style by inserting wedges
under the north end of the dial plate, with the angle of the wedges
again equal to the difference in the two latitudes. Figure 5.8 shows
the actual English dial in the author’s garden, viewed from the
east side, with the wedge which alters the angle of the dial plate
and the gnomon plainly visible.

Limiting Hour Lines. Since a horizontal sundial catches the sun’s
rays whenever the sun is above the horizon. we must show on the
dial all hour lines from the time of earliest sunrise to thc_ time pf
latest sunset. These limiting times are given for various Iatltud‘es in
Table A.7 of our Appendix. Thus at Washington, D.C. (latitude
38°55'), the sun never rises earlier than about 4:34 AM. nor sets
later than about 7:30 p.m. Since it is customary to show the h_our
lines out to the next full hour, we would probably show hour lines

from 4 .M. to 8 p.m. for a Washington horizontal dial. At Anchorage,

Alaska (latitude 61°10°) the earliest sunrise is about 2:20 am. and
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L

the latest sunset about 9:40 p.M., so a dial designed for use there
would probably carry hour lines from 2 am. through 10 p.m. And
beyond to the Arctic Circle, in the land of the midnight sun, we
would have to include lines for all 24 hours.

FiGuRe 58 Hors >
i mrorxzi::lﬂ ‘dlal With the dial plate tipped out of the
1! titude other than that for which it was designed.




6
Vertical Direct
South Dials

While most modern sundials appear as garden ornaments, with
horizontal dials by far the most common, there was 2 time when
sundials, like modern public clocks. appeared on the walls of public
buildings or on a post in the public square to tell the time to all who
passed. In such cases the dial plate was vertical, attached to the wall
of the building. and the direction in which it faced depended on the
orientation of the building. If the building is so oriented that its
walls face exactly toward the cardinal points of the compass (north.
south, east and west), dials attached 1o its walls are called vertical
direct dials—vertical because the dial plate lies in a vertical plane,
and direct !szusc it faces directly toward one of the cardinal
compass points. For example, the building shown in F igure 6.1 is
Sxicly oriented with the major points of the compass (as contrasted
with the building shown in Figure 10.1 on page 74). The wall shown
at the bottom of Figure 6.1 runs in an east-west direction and faces

i - % this chapter we sa)) deal with sundials placed on
vcruc:] t:;:“iss w_-luc; face directly toward the south. P
direct south d‘.s’:;par?d b)',lhe fact that the hour lines on any vertical
Maﬂh&mlaiimde Iprec[;xly the same as those on a horizontal
dial for latituge 50° .“.2 =i \_\'ords‘ to de_sigl'l a vertical direct south
ial at fatityge 4q¢ 1 an.wm-" find the dial angles for a horizontal
Methods for findiﬂIg the ll1n the preceding chapter we learned several
3050 our tasg i5 nearly ﬁm-" lines on 2 horizontal dial for latitude
which we f, s nished before we start. Those same angles
20 10w be useq or ou:-n: Sotles OT graphically or by computation
 The ertical direcy south dial.

Colatitugde
Thus if o the Temain .
“ur latitude 1 500, o md;l'::é:mﬁ by suhtranmg the latitude from 90
&

I\‘)ﬂ"—sg",_

52

Vertical Direct South Dials

[
tad

West East
— 5

= o

- 9

2

=]

v

v

FIGURE 6.1 facing exactly toward the cardinal points of the
compass. Ve s attached to walls of this building will be

vertical direct dials.

We say our task is “nearly” finished. There are, to be sure. a few
new wrinkles. The numbering on a direct south vertical dial runs
counterclockwise around the dial face, as contrasted with the
clockwise sequence on a horizontal dial. On the vertical dial the dial
Center 1s at the top, with the 12-o'clock hour line running down
vertically to the bottom, with the mornmg hours on the left and the
afternoon hours on the right. And the gnomon makes an angle with
the dial face equal to the colatitude rather than the Iamudc.

To eliminate possible confusion. let us find the hour lines for
vertical direct south dial in latitude 35°. We could use any of the
methods of the preceding chapter. Let us try the method ofti-_ne unit
Square. As with the horizontal dial, we lay out a square one unit long
on each side, as in Figure 6.2 The values. from Table A9 of our
Appendix are taken from the line corresponding to the mlati.tude.
55°. (This table shows these colatitudes in the column at th‘e right.)
Using the appropriate row of the table we find the following distances

for the various hour lines:

11 Am. and 1 pM. 0.2195
10 AM. and 2 P.M. 04729
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g oM. and 3 PM. 0.6104v
& aM. and 4 PM. 0.3524v

7 aM. and 5 PM. 0.1635v

We lay out a square measuring one unit on each side, ABCD. We
draw EF from the middle of the top to the middle of the bottom.
From F. at the middle of the bottom. We measure 0.2195 units to the
Joft for 1AM and 0.2195 units to the right for 1 p.m. All measurements
from the table are taken to the left (morning) or right (afternoon) from
F unless they are followed by the letter “v,” in which case the
measurements are taken vertically from B down toward D for
afternoon hours or from A down toward C for morning hours.
Thus to find the hour line for 8 AM. we measure from A down
toward C a distance of 0.3524 units. In this way we lay out all the
hour lines shown in the figure.

A

Vertical Direct South Dials

On every vertical direct south dial the 6-o’clock hour line is a
horizontal line at the top, and the 12-o'clock line is vertical. The
sun can never shine on these dials earlier than 6 A.M. or later than
6 p.M.. sowe need not include any hour lines otherthan those shownin
Figure 6.2. As with horizontal dials, if we use a gnomon of appre-
ciable thickness our diagram must be cut in half along line EF and
the two halves separated by the thickness of the gnomon. The
gnomon must make an angle with the dial plate equal to the co-
latitude (55° in our case). The base of the gnomon lies along line EF,
with its point at the top so that the style (the side which casts the
shadow) radiates from point E just as the hour lines do, although n a
different plane. Figure 6.3 shows a vertical cross section of the dial
in place against the wall.

From what has been said it should be clear that the vertical direct
south dial and the horizontal dial are intimately related. The two
are. in fact, sometimes combined. The combination may consist of

h
Horizontal plane Nort

oss section of a vertical direct south dial n

FIGURE 6.3 Vertical cr
placeona wall.
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wo full-sized dials, or of two miniature dials which fold together to
form a “tablet dial” such as those described in detail in Chapter 16
and pictured in Figure 16.4. These combinations are easy to make,

are unusual enough to excite comment and, if carefully made, are

ornamental in use.

7
The Vertical Direct
North Dial

Dials are seldom placed on walls which face directly toward the
north, for obvious reasons. First, the sun is too far south in the sky
to strike a north wall at all between September 23 and March 20.so0a
north dial is useless during the fall and winter months. But even
during the spring and summer, the sun strikes a north wall only
during early morning and late evening hours. During the middle of
the day the north wall is shaded.

The maximum lighted period for a north-facing dial comes at the
time of the summer solstice, and designing such a dial we should
include only those hour lines which will be used on that date. The
actual times depend on the latitude. A vertical direct north dial at
latitude 40° north will receive the morning rays of the sun from the
time of sunrise (which occurs at 4:30 AM. in this latitude on this date)
until 8:04 A.M. At this latter time the sun is due east in this latitude,
and thereafter the sun is toward the south until 3:56 P.M., when the
sun is due west. As the sun now falls into the northwest, the north
dial again picks up its rays until sunset, which occurs at 7:33 .M. on
this date in this latitude. Thus the morning sun will strike the dial
from 4:30 AM. to 8:04 am., and the afternoon sun will strike it
from 3 56 p.st. until 7: 33 pM. We would probably run these times out
o the next whole hours, and show on our north dial the hour lines
from 4:00 A.M. to 8 :00 A.m. and the hour lines from 4 :00 p.m. through
8:00 p.m., inclusive. ! y

Table 7.1 shows the limiting times on vertical direct north dials at
various latitudes in the temperate zones. In each case, the first
morning time is the time of earliest sunrise and the last afternoon
time is the time of latest sunset as shown in Table A.7 of the Appen-
dix. The last morning time is the time when the sun is Que east on
June 21. which is the latest morning time that the sun s rays wilt
ever reach the north dial; and the first afternoon time is the time
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when the sun is due west on June 21, which is the earliest afternoon
time when the sun’s rays will reach the dial. The figures in Table 7.1

should serve as a guide in designing a north-facing dial, but one wij]
usually carry the hour lines to the nearest or next whole hour.

TasLe 7.1
EARLIEST AND LATEST MORNING HOURS, AND EARLIEST AND LATEST
ArTERNOON Hours, AT WHICH THE SUN STRIKES A DIRECT NORTH WaLL 1N
TEMPERATE LATITUDES

latitude marning hours afternoon hours
24 5:12-11:08 12:52-6:52
26 5:07-10:11 1:49-6:56
28 5:02-9:38 2:22-7:00
30 4:58-9:15 21 7:05
32 4:53-8:56 4 7:00
M4 4:48-8:40 3:20-7:15
36 4:43-8:26 3:34-7:21
38 4:38-8:15 3:45-7:27
40 4:30-8:04 3:
42 4:23-7:55 4: A
4 4:17-7:47 4:13-7:
ig 4:09-7:39 4:3]_7-55
s ;‘33]:2 i%\ 8:04
B 3:30-7:25 :35-8:13
54 ;:‘3 _-":}3 4:41-8:24
36 3:13-7-08 %:46-8:36
38 3:56-?:03 4:52-8:51
B0 7'3‘--{):58 4:57-9:07
62 By 2 5:02-9:28
64 i'{.:;'ﬁ"” 5:07-9:53
—-———-—-___.____h'_‘_f‘i_’_ 5:11-10:31

The hour lines of :

\ na verti

tions of the i : merely continua-

the other sidgo\l:’;l;:flsi;flhe vertical direct south dia] ag :LOLI:][ lfr::;dm
3 - agine a vertj . -

thin translucent piece of ertical direct south dial drawn on a

cal direct north dial are

: stand frehr‘nd the dial plate
fwe were to cxterd ¢ avertical direct north dial.
through the dial center, !

hour line which had

south dial would now
which had represented
8 P.M. on the north dial.
12l would be continued
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as afternoon hours on the north dial; afternoon hours on the south
dial would be continued as morning hours on the north dial.

This can perhaps best be visualized by means of Figure 7.1. The
lower part of this figure is the vertical direct south dial of Figure 6.2,
shown here reversed as it would be if we were to look at it from the
back of the dial plate. It has been drawn in lightly, since it would not
actually appear on the vertical direct north dial. At the top of the
figure we have extended the hour lines as they would appear on the
vertical direct north dial. We note from Table 7.1 that this dial. which
was computed for latitude 46°50', will be lighted by the sun from just
after 4 a.m. until about 7:30 A.M.: and from about 4:30 p.M. until
about 8:00 p.M. Consequently we should show the hour lines for
4:00 to 8:00 in the morning and from 4:00 to 8:00 in the evening.

side of

Front

—se— MNorth Dial

¥ direet south dial —

o

e

—

o}

o %

\

Back

L

Figure 7.1 The lower part of this diagram shou':i_lhe riv_c‘rsc :;:i; 3[:::
vertical direct south dial similar to that shown lln flgcujirtla l:: %lih o
would appear if viewed from the back by 1ran.~1-mt:j . ;gnc;r:h phe o
part of this diagram is the corresponding vertical irect north L
pper north dial are contin

| i on the u
the same latitude. The hour lines !
tions of the hour lines on the lower south dial.
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Figure 7.2 shows the design of this vertical direct north dia] .
Figure 7.3 shows a cross section of the dial as it would appear ;\End
in place on a north wall. with the gnomon making an angle equal e
the colatitude of the place (43°10, which we find by suht‘nmmu ']io
latitude from 90°) with its point at the bottom. The base nT" llh‘C
gnomon lies on a vertical line directly through the middle of lh;: < e
plate, and the 6-0'clock line is horizontal (unless we have ;’mmducg:ji

a longitude correction.)

| |
p.m. AN | l
EE’ |a m. |
8 .
°’ 44
7 53 |
3:: e
$ |
6 |
5 |
7 ||
Ti .
4 qndrUIY the Light is sweet J
Qa IeQSQ“I & |
the § thing it is for |8‘
€¥es o behold the Sun! ‘
_Am\*l

FiGugg 7 2 46
-2 Vert i
erhical diregy north dia], latitude 46°

50" north.
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Co.
-]
’
va,
—_— )
Wall—1—

Dial
plate

W |

3 Cross section of a vertical direct north dial placed in its

FIGURE 7.
position against a north-facing wall

Since the vertical direct north dial is merely a vertical direct south
dial seen from the back, one can use any of the methods for making a
vertical direct south dial as described in the preceding chapter and
he method of tangents
Having decided which
how far each is (in
o show the

adapt them for the north face of the dial. T
can be somewhat simplified for these cases.
hour lines we wish to draw on the dial. we note
time) from 6 A.M. or from 6 P For example. if we are t
hour lines for 4, 5, 6, 7 and 8 AM., as we did in Figure 7.2, we show
them as in Table 7.2, with 4 AM. shown in the second column as
2 hours from 6 o’clock, and with 4 -45 p.m. shown farther down in the
column as 1} hours from 6 o’clock. In the third column these times
are converted to degrees. with 15° equal to an hour; 74” equal to a
half hour; 33° cqu;Il to a quarter hour: and so forth. The fpurth
column shows the logarithms of the tangents of the angles in the
third column ; and the fifth column shows the logarithm of the cosme
of the latitude. We then use the formula

log D = log tan 1 — log cos Q.

where D is the distance which we are 10 measure on the tangent

e
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TaBLE 7.2

Hour LINES FOR VERTICAL DIRECT NorTH DIAL BY THE TANGENT METHOD

LATITUDE 46° 50'

Lo e L L N
hours time in =

time » m . def:'lees logtant  logcos ¢ log D D

sk 2 WP 976144 983513 992631 084
; 76144 9.8351: 192631
2{: ‘i} 1(5)4 942805 3.33513 9.59292 H\f
83513 = 0.000
TaMm I 5° 2805 33513 as
EA ! ;30 3?%?22 9.&.::31.: 9.59292 0392
2 : 9.83513 9.92631 0.844

4 2 30° . z .
415em. B B e - o oau
gl e 983513 985785 0721
gzdsm. i 189 953078 3?3;1 Ll
00 : - LW03315 39565 1.494
. 1 15 e B 9.69565 0496

9.59292  0.392

diagram of Figure 7.4. Morning i

! : 4. Morning t /
side of the diagram, with timesg T
center and times after 6 A.m. me

on the right-hand
before 6 A.M. measured up tf‘rcfm the
noon times are shown on th Tsumd do“fﬂ from the center. After-
times before 6 p.y. sho ¢ left-hand side of the diagram, with
shown above the cente s bel.ow the center and times after 6 P.M

. The distances to measure up or down froum'

center are shown |
1" the last column of Table 7.2, and are com-

gitstg:;en- f:'m: example, to compute
S S [at;l_]; P.M. is 13 hours from
logarithmic of trigonometric f s ofe Froms
mamemu.gem of 264° is 961;;1mm15 we discover that the
by lam“de'%°50.isgsé5—98 and that the logarithmic
taking th:"mef we discover tha‘. : 13, Suplracting this latter value
~ ogtﬂtig‘arithm, we find ¢ logarithm of D is 9.85785, and.
e 1 units fropm, b that D is 0.721. This tells us to
and since th:"{-we_measurealon l;lr of the diagram. Since it is an
The poing iy ¢ 8 Beore 6 s uer 1214 ede of the diagram.
dowp th‘i““’ 7.4 which @r:s:;nmum down from the center.
Tabi? 72 ishynouma along the Ief;s: ‘15 is, then, 0.721 units
SeTtain illustragiye qua complele.shox;iand e digan
e U o i merl th fll our
awbeenlmsfe;’::é'clllal_- values which ar¢

to Figure 7.4.
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1.0 1.0
0.8 o.a
0.6 » O"’
04 | -0'4
) | 02
00 1
02 . 92
04 B
06 4 e
ol | 08
10 A& SR T =

10 08 06 0.4 02 0O 02 04 06 08 10
FiGURE 7.4 Laying out the vertical direct north dial by the tangent
method. latitude 46° 50'. If each side of each of the four small squares is
taken as 1.000 unit in length, the the 4-0'clock line runs up 1o a point

0.844 units above the center of the right side. Other values are shown in

the last column of Table 7.2.

ot north dial is like the vertical

Finally, since the vertical dire
back. we can note that the north

direct south dial as viewed from the
dial:

(a) has the hour
(b) has the line for 12
rather than 12 o’clock noon att

s running clockwise. rather than counterclockwise.
o'clock midnight at the center of the top.
he center of the bottom.
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Vertical Direct East and West
Dials

Vertical direct east and west sundials are attached to vertical walls
which run north and south, and which thus face east or west. A
vertical direct east dial would be placed on the wall at the right of the
building shown in Figure 6.1 ; a vertical direct west dial on the wall at
the left. The east dial will show only morning hours, and the west
dial only afternoon hours. Since the dial plate, like the wall to which
itis attached. lies in the meridian, the style must be parallel to the dial
plate. The gnomon is usually either a flat sheet of metal or a vertical
pin. In the latter case the time is read by the shadow of the outer tip
of the pin. On an east dial the gnomon stands vertically on the hour
ﬁqe of6 AM.; on a west dial vertically on the hour line of 6 p.s. The
height of the style above the dial plate is always equal to the distance
between the hour lines of 6 4 . and 9 A.M. on a east dial, or 6 P.m. and
e on a west dial. The hour lines are parallel with one another, so
these dials have no dial center.

We can lay out these dials either graphically or by calculation. Our

Lond! on E;eth“‘lj IOH?W.S that of a famous book published in
o m 1773." and is illustrated in Figure 8.1. The steps are as

F re, the latitude is 41°40.
ill e i perpendicular to CD. This line. called the
parallel 1o t;mﬁmn:} the plane of the Equator, and line COD will lie
e
Wa =
the ¢ Sircle of any desired radiys with O as center and divide

arcs starting where OC intersects
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-
2
z
o
-}

o l*‘““mﬂ x_B

H

FiGURE 8.1 Vertical direct east dial constructed graphically.

rough the 15° divisions of the circle and
4.5.6.7. 8. etc.

8. ete. draw lines parailel to CD
he hour lines for the morning
[l be shining parallel to the
jonger fall on the dial Hence we put
nly [rm;z the time of earliest sunrise {see
or 11:30 AM. |

height equal to the distance between
d will be set vertically on the hour

(f) From O draw lines th
extend them to intersect GH at 4,5,
(g) Through these points -l 5.6.7,
and running from GH to JK. These aret

hours of 4. 5. 6, 7. 8. etc. By noon, the sun w1
dial plate so the shadow will no
hour lines on the east dial 0
Appendix, Table A.7) until 11

(h) The gnomon will have a
the hour lines of 6 .M. and 9 AM.. a0
line of 6 AM.
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(i) Line AB will ordinarily be transferred to the finished dial face %
lightly, since its only purpose is to make sure that the dial has foe ™

very éiopm The dial must be attached to the vertical wall with

&mﬁmulal- The finished dial will U§11a1|}' show the hour lines

and those parts of lines GH and JK running from the earliest hour il %

; e latest one.

m&,mt;?mm has a sensible thickness, the dial must be cut

along the 6-0'clock line and the two parts separated enough to admit

the gnomon between them.

A— -‘_H-o_r-izinrf_l k'S : > S e B

—J,.- LOF, "UQ'E

Direct East and West Dials by Calculation. These dials lend them- N
selves 1o easy design with a minimum of arithmetical work. Let us 2"3
illustrate with a vertical direct west dial for latitude 35°, illustrated %
with Figure 8.2 E

{a) Draw AB which will be placed horizontally in the final dial.

(b) Through any point on AB. as 0. draw COD making angle A0C
equal to the latitude (here 35°).

{c) Through O draw EQF perpendicular to COD.

(d) Draw GH parallel to EOF and at whatever distance desired
ﬁmEOF for the width of the finished dial.

{e) Decide what hour lines to show on the finished dial. Since the

&"i‘;llﬂ:::?::?; western dial until shortly after noon, the hour

30 PM. or 1:00 p.m. to the hour of latest sunset
glhc latitude afthe_dlal. Table A.7 of our Appendix shows that
e sunset at latitude 35° is about 7:18 Pt so we may well

:h;wt:;? i l'forn 1 P.M. through § p.m. inclusive.
that each hm‘:ro Urs nto hour angles from 6 o'clock, remem- v

of time equals 15° of hour angle. Thus 5 P-M.

FiGURE 8.2 Vertical direct west dial.

et Tasee 8.1 DiAL
30°, and so forth. H‘oge wishes to show the lines for half CoMPUTING HOUR LINES FOR A VERTICAL DIRECT EAST OR WEST o
Can insert their hour angles at intervals ——————— 1 i md;esg:
like T . rime ::;L hour angle dial fa
angles ar able 8.1, listing the hour lines, their corres- i b i —I——————_U_Tx;) 0.000
') The : natural tangents of those hour angles. 6 :2"%’ 0268 ?_33%
12 any verticy| Sy of Table 3-1-_ will serve as the basis for ig g 30°00 ?g 3.250
Uted for our parc oo OF West dial: but the last column is 3&9 4500 1732 2
© desire, Trs, cPending on the size of the 2&10 ST 3732 %
a wall 18 size will depend on the dial’s /

Must be large, while one at eye level




Sundials

s i wathﬂnﬂ may be small. Suppose we decide that we
: > ﬂwﬁm‘wﬂiﬂm extend 14 inches from the hour line of § p
I at the top to the hour line of 1 p.m. at the bottom. (See Figure 82]
Table 8.1 tells us that the 1-o'clock line lies 3.732 units from 6 o'cloc;l;
and the 8-o'clock line lies 0.577 units from 6 o’clock. The totai
a will then be the sum of 3.732 units and 0.577 units or
4.309 units. If these 4.309 units are to be extended over 14 inches,
cach unit must be equal to 14/4.309 or 3.25 inches. Hence Wt?‘
multiply each value in the tangent column of Table 8.1 by 3.25 to get
mm j;:hethe ﬁl:;l column. These final figures are distances in
from the 6-0’clock line.

i) Meesurel‘.hc d;stances indicated in the last column of the table
along line EF, starting at 0, and through the distances so found draw
lines parallel to CD for the hour lines. Thus, for example, the h
line for 2 . will lie 5.629 inches from the 6—0‘;:Iock l'. These

: ine. These
unequally spaced h_our lines complete our dial.
u%n T:_gnomon is placed verti_cally on the 6-o'clock line and its
Mmﬁm equal to the cystauce from the 6-o'clock to the
. i i::hn:.tmelyaﬁ.ZS_O lfiches. The. finished dial is now
mmn domplem,mm] wall with line 4B horizontal and the installa-

Direct i
mmy cast aﬁrﬁ“dllis are universal—that is, they can be used
wem hm. m“de- e t;e aﬁra:n the hour lines properly spaced
!anm Gl Yl est wal! (or to an east wall if we
and il it axis untl it o erely slants in the opposite direction)
’Bth'b S be used i c:?‘n;:lripfﬂper‘ angle with the horizon.
,ﬁ?ﬁ :: ‘L lm '&Dmlha hou:cltiI:eg ot}lglimeafsl or west dials,

6 r west dials: and show; - for east dials and

mm aft g ing merely morning hours on the

the east ang e f:llthe west dials. The direction of

Figure 8.2 Roost i ows that of Figure 8.1. for east
"ﬁ m‘ l 1 .

.m?:h(;l‘ west dial always stands on

1.000 unit lon d{ltalhat;af:e- It s i o

cing always %.15 is, 3.250 inches long

10 the 9.0 ocl: ln:e as long as the distance

dials); or it ma. gg castern and to the

ich, acting a “J:e hai:ivmlcal'plale of

Bt ot i :n ow-casting style.

ce above it. Thus 8
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cross section of such a dial made vertically through the six-o’clock
pouws line would appear like Figure 8.3.

Figure 8.3 Cross section of east or west dial, showing gnomon in place.
H is the height of the style.
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The Polar Dial

Polar dials, like vertical direct east and west dials. are universal,
being usable in any latitude. The hour lines lie parallel to one
another and the gnomon stands vertically on the 12-0’clock hour
line at the center with its upper edge (the style) parallel to the dial
plgle. The dial plate itself is not level, but lies parallel to the ea
ams..A horizontal line drawn across the dial face runs e
and is perpendicular to the

rth’s
ast and west
hour lines. The dial is symmetrical about

the 12-0'clock line.
u.sedf(; & ; ion. The steps in construction are similar to those
Figure ;.I_e vertical east and west dials, and can be illustrated with
G
o : 5
“Tm
B o
= P
rl'"
\ \______‘
E —
8 : = F
Sn ., >

The Polar Dial 7

(a) Draw 4B and at its center, O, draw perpendicular GOH.
(b) Draw CD and EF parallel to 4B and equidistant from it at such

distances that they give the desired width of the completed sundial.

(c) Draw a circle centered at O tangent to CD and EF.

(d) Starting at OH and running both ways divide the circumference
of the circle into arcs of 15°, 30°, 45°, etc.; and from O draw lines
through the points of division intersecting EF.

(e) At the points where the prolonged radii intersect EF, draw
lines parallel to GH for the hour lines of the polar dial. These hour
lines are numbered as shown in Figure 9.1.

Construction by Calculation. Lay out a rectangle of the desired size,
and then proceed to draw the hour lines in it as follows: |

(a) Vcritcall_\' down the center draw the line 4B as the 12-0’clock
i i 9.2. .
ll“::f\ll :?il:ltgl:n: tubliﬁ like Table 9.1 in wl_'lich are listed, in successive
columns. the hours to be shown on the dial, the hour angles of these
hours from noon, and the natural tangents of these hour angles.

ow a shadow onto the dial plate of a

inc o2 ever thr
Since the sun can never e

- .- ch = “r
polar dial until sometime after 6 .M., and since the shado

A
]
I
'

oniz 5

7 8 o jomiz1 2 3 4
—T 7T

Ly e
]
1]

i A Bk

]

B -

1 i struction
ndial. The broken lines are |.|secll in con:
e he completed dial.

but do not appear in t



Sundials

n
TABLE 9.1
CoMPUTATIONS FOR CONSTRUCTION OF A POLAR SUNDIAL
- —'— "'.
Feiir tangent of distance on
f;:: angle hour angle dial face
S 0.000 u_t_.n-(_u-_
e # i 0.268 0.43]
s 1§ :_:_l 0414 0.666
2 I 0.577 0.928
olg 2 374° 0.767 1.233
B 4 5 1.000 1.608
#& 3 s24° 4,303 e
s& i 60‘ 1.732 2,771
s 674° 2414 3.861
L 75t 3732 5.97]
6lg 5t :J:E 7.596 12.145

dial sometime before 6 p.y., we usually take as our limiting hours
7AM and 5 pM. The table runs, however, from 6:30 A.M. through
5:30 e
fc) Measure the length of the rectangle which you have laid out to
accommodate the dial. The size of this rectan gle will depend on the
location of the dial when it is set in place. Let us suppose that we
find that the length from the hour line of 7 oM. to that of 5 pM. is to
be 12 inches. The 7-o'clock line lies 3732 units one side of the
£ Ooak lins sce Tablc 9.1) an the 5-0°clock line 3732 waits the
-.}?;; side. 50 the entire length of 12 inches covers 3.732 plus 3.732 or
eéua].s 11{6-3846:](::::51;?1\'& 12 inch‘es._ea%ch U‘I‘lil eq LlaJS,IEI 7.464
Eﬂ?ﬁ;’;{i&k 2.1 by 1’603 to ﬁn‘d how far, in inches, each hOUf
thelnes for 10 central 12-o°clock [_lne, Thus, for example, we'dra‘\\
: FHUAM.and 2 p.m, 0.928 inches each side of the 12-o’clock

{d;md mi Other hour lines accordingly.
paralle] to L::trmlin,:s;; i[hlhm distances from the center. are ;II
: - T'he half. inesic . od at the
Proper distanceg if desired. alf-hour lines could be inserted a

dial Plai?,::?mlshpw on the 12-0'clock line perpendicular to ic
just 1.608 inches), o s exactly 1.000 unit (for our illustrative dial.
10 the dig] ¢ style {upper edge of the gnomon) is parallel
the 12-0°clock lm: e the dial is completed it is set up for use With

1 the gnomon both in the meridian and With
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the entire dial plate tipped up to make an angle with the horizon
equal to the latitude. as seen in Figure 9.3.

s
h
ool Cepy,
S""Q,f
¥
.E Dial plote

.}
lgom]

ar dial as seen from thy
£ 9.3 Cross section through a polar dial as see
looking easL.

¢ wesl

FIGUR




10
Vertical Declining Dials

Vertical declining dials are those which are attached to vertical walls
which do not directly face north, south, east, or west, but face
instead some intermediate compass point. The walls of most build-
ings do decline, so one designing a dial for attachment to the wall of
a building must usually design a “‘vertical decliner.” Every declining
\l\';lll falls into one or another of four categories as shown in Figure

A M

—

o

by angle p,

74

Vertical Declining Dials 75
(a) '§ou1h“'est dec!incrs, like the wall at the lower left of the figur
(b) Southeast decliners, on the wall at the lower right g &
(c) Northwest decliners, on the wall at the upper lcl't.

(d) Northeast decliners. on the wall at the upper rmﬁt

We name the declining wall from the direction which we face if we
stand with our back to the wall looking straight ahead at right
angles to the wall. The amount of declination is measured by the
angle between the meridian and a line at right angles to the face of
the wall, as shown for each wall in Figure 10.1.

Before we can design a sundial to attach to such a declining wall
we must know the latitude (as with other dials) and also the amount
of the wall’s declination. We shall describe a little later in this
chapter the method of finding the wall’s declination, but in our
preliminary descriptions we shall assume that both the latitude (&)
and the wall’s declination (D) are known. The amount of the
declination is usually expressed as an angle accompanied by letters
to show the direction which the wall faces. Thus in Figure 10.2 we
have a wall, AB. with line OS lying in the meridian with § at its south
end. Line OC is perpendicular to the wall. If measurement discloses
that angle COS is 24° we would say that this wall declines S 24" E,
which means that it faces somewhat toward the south, but has been
twisted around toward the east through an angle of 24°

Graphical Method. Let us assume that we wish to design a sundial
to attach to the vertical wall shown in Figure 10.2, and that the

v
S

FiGure 10.2 Declination of a wall.

C
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building is located at latitude 40° N. We would usually abbreviate
this by saying that our dial is at ¢ = 40°Nand Dis S 24° E.

Our first step is to find the sub-style line, which is the line on the
dial plate upon which the gnomon is to he erected perpendicular to
the dial plate. We have become accustomed to placing the gnomon
on the 12-o'clock line, but with vertical decliners this is no longer
the case. In all vertical dials the 12-o0’clock line 1s vertical, but with
vertical declining dials the line on which the gnomon is placed
(called the sub-style) is twisted out of the vertical. lying to the right
or east of the 12-o'clock vertical line and thus among the afternoon
hour lines if the dial declines toward the west of south, but to the
left or west among the morning hour lines with southeast decliners.
The angle between the vertical 12-0'clock line and the sub-style is
called the sub-style distance, or SD. To find this sub-style distance
graphically we proceed as follows, using Figure 10.3.

(1) Draw AB as the horizontal line.

{2) At C. near the center of 4B, draw CD perpendicular to 4B.

(3) With any convenient radius draw the semi-circle ADB cen-
tered at C.

_ 4) Draw' CG mz‘tking angle DCG equal to the colatitude. here 50°.
Since our d:al_dechqes toward the east, we place CG to the left of CD.
For west decliners it would lie to the right.

(5) From G draw GH parallel to AB. cutting CD at H.

Fioure 103 Diagram
for ﬁnding the i
of a vertical dacsll:xtgyi::f‘am and style height
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(6) On the side of CD opposite CG draw CJ with an
to the dial’s declination (here 24°),

(7) On CJ lay off CK equal to GH.

(8) Draw KL parallel to AB intersecting CD at L.

(9) On HG lay off HM equal to KL.

(10) Draw CMN. This is the sub-style line, and angle DCN is the
sub-style distance, SD. This ends our first step,

Having found the sub-style, on which the gnomon will be placed,
we next find the style height, SH, which is the angle which the style
makes with the dial plate. We continue illustrating with Figure 10.3,
as follows:

(1) Draw KP parallel to CD.

(2) Find point R on the semi-circle so that MR = KP.

(3) Draw CR. This represents the style, and angle NCR is the
required height of the style, SH.

Now that we have SD and SH we proceed to lay out the hour
lines. This we could do by adding lines to Figure 10.3, but to a_\‘oicl
confusion we continue with a new diagram, Figure 10.4. In F1ggre
104, AB is horizontal and CD is vertical. CN is the sub-_style, with
angle DCN equal to angle DCN of Figure 10.3. And CI_Z is the s;yle,
with angle DCR of Figure 10.4 equal to angle DCR of Fllgure 10,_1. In
other words, we have transferred essential lines from Figure 10.3 to

our new diagram. Now in Figure 10.4: _
i CN.as M, draw SM T perpendicu-
CM will determine the scale of the

gle DCJ equal

(1) At any convenient point on
lar to CN. The distance taken for
final diagram. :

(2) Draw ME pcrpcndmularl to C\ ?E

3 N lay off MO equal to ME. _ 4 -
ﬁ4; g;;tgo as center draw a circle of any desired radius. In Fig
10.4 the radius has been taken cquz:il I(?DO\; sy

(5) Call the intersection of _SaT and ;ina. o O

(6) Divide the circle into 15~ ares starting | s P ey

(7) Draw lines from O through the 13 f_:_l:l[SL % o fg handi
continue these radii until lhe.‘"r:m;:;i“‘éiust I‘olun‘d on ST That :j

aw li from C to the : are pumber
drfﬁ\]' ?;d\zal "é‘e: etc. These are the hour lines. They

>-o'clock line.

counterclockwise with CdD the 12-0 ;O‘lfrom our W

These hour lines are now transferr all itself. We will need the
dial plate, or perhaps directly t theiw
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N

Fle'ks 10.4 Graphic determin

S s ation of the hour lines of a vertical

CN. and CR are taken from Figure 10.3.

sub-style line and the hour | i
A ks e:rl lines, remembering that the 12-0’clock

he dial is in place
: ! % :
the sub-style line perpendicular 1o the d?ﬂ] piatehc S e

(2) Finding the sub-st i
i vle distan
(b) F‘mdfng the sgyle height, SH.Oe‘ i

crenf: \irn longitude, DL,
and the hour line g . between the vertical 12-o'clock line
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When we know the values of the latitude, ¢, and of the declination f
O

the wall, D, the first four of these steps involw i
: : steps e the so
B s lution of the

(1) log tan SD = log sin D + log cot ¢
@ log sin SH = logcos D + log cos o
(3) log cot DL = logcot D + Ieé sin ¢
(4) log cot AV = logsin D + log tan ¢

Since each of these equations is solved in terms of ¢ and D we can
speed our work by organizing it in a table like Table 10.1.

r TasLE 10.1
COMPUTING BASIC VALUES FOR A VERTICAL DiaL DECLINING S 24° E IN
LATITUDE 40° N

D@4  logsin 9.60931 logcos996073 logcot 035142 logsin 9.60931

¢ (40°) log cot 0.07619 logcos 9.88425 logsin 9.80807 log tan 992381
sums log tan 9.68550 logsin 9.84498 log cot 0.15949 logcot 9.33312

SD — 25°51.7 SH =44°247 DL =34°425 AV =71"094

The sum of the first column gives us log tan SD, that of the second
column gives log sin SH. and so forth—thus giving the sums neces-
sary to satisfy the formulas: and from these sums we compute the
first four of our required values, which, for our illuslruti}:e case, turn
outto be: SD — 25°51.7; SH = 44°24.7'; DL = 34°42.5 and AV =
71°09.4'. We might well note before we leave the table that it contains
a partial checkbon the accuracy of our arithmetic. If we have m‘“[
erred, the sum which appears in the second column should be cqun
to the sum of the two sums in the first and third‘cnlumn& Ig o:r ?l:,c,
then. 9.84498 should equal the sum of 9.68550 and 0.1594 o 1hlz
equality does in fact exist save for a discrepancy ff "“ﬂ‘ UII;“:tlmrelv
last decimal place, and we can assume that this refiec 5 =
rounding off in the trigonometric tables. In our case We
check as being satisfactory. , .

Now tEal %\'c have four of our five basic ";I"l;i ‘1‘(‘; jproceed i
compute the positions of the hour lines, usmlg = =

The figures of this table are derived as fol i el

34°42.5) to units © time (see

() Convert the value of DL (bere 1> hours 18 minutes
Appendix, Table A4), giving here 8 YUCE Gy time 2 hours
50 seconds. This tells us that the sub-style Wi

18 minutes 50 seconds from noon-
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TasLE 10.2
ComputaTion OF Hour LiNes OF VERTICAL DiaL DECLINING S 24° E 1y
LaTiTupe 40°. DIFFERENCE IN LONGITUDE [s 34° 42.5°

time o log tan P log sin SH log tan A 4_

4am.  85°175 108427 984498 092925  83°17%
Sam. T0°17.5° 044586 984498 029084  62°53 6
6AM.  SS°I75 015948 984498 000446  45°176
Tam.  40°175 992830 984498 977328  30°409
SaM. 25175 967442 984498 951940  18°179
9aM.  10°175° 925907 984498 910405 7°145

The sub-style falls here between 9 am. and 10 a.m.

| 10 Am 4°425 891573 984498  8.76071 3°17.9'
HaMm  19°425 955414 984498 939912  14°044'
NOON 34425 984052 984498 968550  25°51 7t
Iem.  49°425 007170 984498 991668 9°32.0'
. 2PM. 649425 032558 984498 017056 58.3'
: 3pM.  79°425 074093 984498  0.5859] °273

'TIn:s value for noon always equals the difference in longitude.
' This value for noon always equals the sub-style distance.

(b'] On ae;t!:: declinel_'s the sut_i-style falls before noon: on west
deciran 2|nershom o :]ci:zz.l&ssmsge ours is an east decliner the sub-style will
s . seconds before noon at 9:41: 10 AM. (Had

a west decliner the sub-style would have fallen at 2:18:50

P Since our sub-style will fa]] between 9 A.m. and 10 A.M. we note

(d) The second column lists
_angies,. ! which we represent by “hpa‘t‘ Holwell calls the
Opposite the hour of noon in :

. “polar
> We find their values thus:
S second column we enter the value

for
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10°17.5" left over, which is the value entered opposite 9 A.m. in the
second column. Now as we go on to 8 A.M., noon, and so forth, we
are moving away from the sub-style, so we follow our rule of adding
15° per hour.

(e) We now make use of the formula for finding the angles of the
hour lines on a vertical declining dial. namely

log tan A = log sin SH + log tan P,

where A is the angle which each hour line makes with the sub-style.
SH is the style height taken from Table 10.1 and P is the polar angle
of the particular hour line in Table 10.2. The remaining figures of
Table 10.2 are merely those necessary to solve this formula.

(f) Each figure in the third column is the log tan of the correspond-
ing figure in the second column.

(g) The figures in the fourth column, all identical, are the values of
log sin SH taken from Table 10.1. 4

{h) The figures in the fifth column are sums of the two figures
immediately at their left, and these sums give us log tan A.

(i) The figures in the last column are the angles. 4, which corres-
~ values of log tan A in the preceding column. They are
¥ d in the first column make with
again on the accuracy of our

pond to the !
the angles which the hour lines liste
the sub-style. Here we can check
computations in two ways:

(1) The value of A for n

in Table 10.1. _
fo:l;}dl;n\;tc-q::j;:tract our value of SD from the value O-{. f.i l_tlﬁeog;
in Table 10.1) the difference should be equal 10' th; ?(1)3 ;Inf i
the 6 am. hour line of Table 10.2. Here AV l. l] .r4 e
(25°51.7") = 45°17.7" which differs from the 6 A.M. \3’11? od,wc o
n of Table 10.2 by but a tenth of a degree, an
satisfactory-

oon should be equal to the value of SD

last colum
assume that the checks are

Figure 10.5 shows the actual layout of
horizontal line, AB. and the }'erlu.‘al lin Ko
represents the hour line of I_‘--(_) clock noog.E ; ua,] s
line, CE. at the left of CD making angle D 1h§angl¢s =
We then lay off the other hour lines, makfl‘l;iblc s
style line called for in the last column ©
ould have been on the right of

his dial. We start with Fh':
e. CD. The vertical line
. T the sub-style
or25°51.8"2
ith the sub-

€D by the value

3 Had this been a west decliner CEW
of SD.
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FiGure 10.5 Hour lil:les for vertical dial declining S 24°
40° N, laid out from the angles of Table 10.2.

E in latitude

w"e shall dlscuss later which hour lines should be shown on a
v%vmcal_declmer (see page 83): but here let us remark that if w::
;151:]1] to mrflude hour lines not included in Table 10.2 we can prolong
h:nr(:g l:.nc of the hour whlch_is 12 hours earlier or later. Thus the

e for 4 p.M., not shown in the table, is merely a prolongation

of the line for 4 A.M. Such prolon ed li
i e Flijgure 1% o lines for 4 pp. and 5 p.u. are

Had our dial in latitud
west of south (all facto

our values of P woylq have ) Dulihe sub-style, and

sub-style line, CE. me larger. And in Fj
ub-style : gure 10.5 th
o) Would have been drawp 25°51.8' to the right o?'
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Having laid out the hour lines, we next need to cut out the gnomon
This is usually a lri:mgular piece, shaped something i'ike lha;
shown in Figure 10.6, with the style (the upper edge which casts the
shadow) making an angle with the dial plate equal to SH, which in
this case is 44°24.7". The gnomon is set on the sub-style line of
Figure 10.5 with its pointed end (the left in Figure 10.6) at the dial
center, which is point C in Figure 10.5.

What Hour Lines to Include. No vertical dial can ever catch the
sun’s rays for more than 12 of the 24 hours in a day. A vertical direct
south dial shows the hours from 6 A.M. to 6 P.M., but even if the sun
rises well before 6 A.M. and sets long after 6 p.M. it does us no good to
include hour lines for these early and late hours. If the sun is up then.
it will lie north of the dial and will not shine on its face.

If we start to twist a vertical direct south dial toward the east,
continuing to keep it vertical, we will begin to catch the sun beforle
6 AM.. but only at the cost of losing the sun before 6 p.x. If we twist it
enoush to catch the 5 A.M. sun, we will not catch the sun after 5 PM.
Agair; we are limited to a 12-hour span. And how do we know which
12 hours? There are several complicated mathematical 'ru]es. t_)m
simplest of all is the statement, “Include only those hour lines which
lie below line AB in Figure 10.5.” Reference to that diagram will
demonstrate that, for the dial which we had there computerl e
hour line for 4 A.m. lies above line AB, as does the hour l}nc f'?.r = ;Vllf
If we are going to limit ourselves t0 whole hours l“‘;’?}i‘l":ﬁ Aa“.
hours or quarter hours) our carliest hour line should houe line Hes
and the last one should be for 4 P.M. Since the 5 P‘M_' e n i
so close to AB we might decide [0 include it even if the sun

quite reach it.




Vertical North Decliners. One designing a sundial naturally chooses
asunny south wall; but there may be occasions when one wants a dial
on a wall with northerly exposure. In Chapter 7 we learned how to
desm' ion dials for walls facing directly north. Now we turn to walls
which have a northerly aspect, but which decline somewhat to the
east or west, like the two upper walls shown in Figure 10.1. Our

parallels for the most part that explained earlier in this
chapter for south decliners.

While we did not explain it at the time, whenever one carries out
the computations for any one vertical declining dial he finds at the
same time all the angles of three other related dials. For example, the
data of Table 10.1 can be used for any of the following dials in

latitude 40°:

l (a) A vertical south dial declining 24° east.
(b) A vertical south dial declining 24° west.
| (c) A vertical north dial declining 24° east.
(d) A vertical north dial declining 24° west.

_ Let us suppose we want a dial to go on a wall facing N 24° W
Ta&‘im.il gives data for a‘dial facing S 24° E. These twfm walls are
Wba&tt;back Since the latitude (40°) and the declination
ha&duh_mcﬂywemﬂ ﬁ::me as before, Table 10.1 will be identical for
e - Eacﬂy the same values for SD, SH, DL. and
S hethgs:;en,f (:]f;thc var(;:us hour lines with the
iy : other words, all our computations
R "}Mmm The tr];tortl:e:.rlydml differs from its southerly

= mmm“;ﬂ ematics, but in the position of the

yai EOsacn. R kthe hour lines. Our rules for north decliners

&anat sk our lines radiate, is at the

- r
hne h“’h__ OW represents 12-0'clock mid-
\noon)is a oW Tep o'clock mi

ve w““ mﬂl al line rising above the dial center.
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These rules will be more readily understood )
10.7. We start with the horizontal line 4B an; f;ee{:;‘:ngfjgggg
The sub-style distance is again 25°51.8' and. with a west decliner, it
lies to the left of CD among the evening hours. While the sub—st*g
of our southeast decliner lay between the hour lines of 9 A al;;ﬂ
10 AM., those of our northwest decliner lies between the lines of
9 pm. and 10 p.M. Since the hours run in clockwise sequence we get
the arrangement of Figure 10.7, using the angles for the hour lines
which we found in Table 10.2.

Limiting Hours on North Decliners. A table such as Table 10.2 gives
us the positions of twelve hour lines, and by prolonging them we can
get the positions of all 24 hour lines of the day. But there is no sense
in showing 24 hour lines on a dial which can catch the sun’s rays
for but a few hours in the morning and a few more in the evening.
Table A.7 of our Appendix tells us that the earliest sunrise at latitude
40° comes at 4:30 AM. and the latest sunset at 7:33 p.m. These
immediately set limits. But inspection of Figure 10.7 shows that the
hour line for 5 A.M. is barely below the horizon, and there will be no

= ; -1 in Jatitude 40° N and
FiGure 10,7 Work sheet for laying out 2 S
declining N 24° W-
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use in showing later morning hour lines than that. And on the left-
hand side of Figure 10.7 we note that the afternoon hour lines are
below the horizon until just before 5 p.M., s0 we need no‘t s}_mw earlier
afternoon hours than that. Combining these two restrictions warns
us that the sun can strike our dial only between 4:30 and 5:00 a.m. :
and again between 5:00 and 7:30 p.M. We might well decide to show
on our finished dial‘the morning hour lines for 4 and 5 o’clock, and
the evening hours from 5 to 8 inclusive. These hour lines have been
drawn in solid in Figure 10.7, but the other hour lines, even if used in
our intermediate computations, are shown as broken lines to
signify that they will not be traced off onto our final dial plate.

After our dial has been completed and attached to the wall, with
the gnomon in place. we will get an arrangement similar to that
shown on the left side of Figure 10.8. This figure shows the cross
section of a vertical wall viewed from the west looking east, with
north at the left and south at the right. Vertical dials have been
attached back to back to the opposite faces of the wall. The dial at the
left is a north decliner and that at the right a south decliner. The
styles of the two gnomons are parallel to each other and to the
earth’s axis. People sometimes loosely describe the situation by
saying that “the gnomon of a northerly dial points up, while the
gnomon of a southerly dial points down_”
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Measuring 2 Wall's Declination. Figure 109 shows two walls. In
'each case line OB lies in the meridian with B at the south end. and
0A is perpendicular to the face of the wall. And in each case BOC is a
right angle. For either wall the amount of the declination is equal
to the angle AOB or the angle DOC. For either wall. we need to
measure one of these two angles to know the amount of the declina-
tion. The upper wall declines toward the southwest and the lower
one toward the southeast.
Perhaps the simplest way of measuring _the angle of declination
is to place a horizontal table or shelf against the wall, hold up a
plumb line just when the sun souths (see Chapter 2), and mark the
position of the noon shadow. Since at the moment of lgcal apparent
noon the sun is due south, the shadow of the plumb line will lie in

D

. di-
and A0 1s perpen
FiGuRe 10.9 If arrow OB points to“'&l:“‘;:; si:umﬂ;su "od by angle Aauz
cular to the wall, the declination ofeach W8 e o 1o ghe wall
" 1f moreover B
or by angle DOC. g A 20 ual to angle FO
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idi if we mark its position on the horizontal table it
ﬁ;ﬁrﬁfga of Figure 10.9. If we draw line FB perpendicular
to the face of the wall, the declination can be measured from angle
FBO. Let us measure on the tabletop the dastal_-u:e_FO_ and the
distance FB and divide the former by the Ial!c?‘."ﬂ?ls will give us the
tangent of the wall’s declination. To be specific. in the upper part
of Figure 10.9, we measure the distance FO on the_tqble tqp and find
that it is 8 inches and measure FB and find that it is 10 inches. We
divide FO/FB = 8/10 = 0.800 which is the tangent of the wall’s
declination. Any trigonometric table will tell us that the angle whose
tangent is 0.800 is 38°40’, so, since the wall itself faces toward the
southwest, we say that it declines S 38°40' W. If; in the lower part of
Figure 10.9, our measurements show that FO is 6 inches and FB is
20 inches. we find that FO/FB = 6/20 = 0.300. and our trigono-
metric tables tell us that this wall declines S 16°42" E.

An Alternative Method of Finding a Wall's Declination. One need
not wait for the moment of local apparent noon to ascertain the
declination of a wall. If at any moment he can determine: (a) the
direction of the sun from the wall, and (b) the direction of the sun
from the south point, he can determine the orientation of the wall
by comparing the two. The system seems complicated when des-
cribed, and its application does require some familiarity with
elementary trigonometry, so many readers will shy away from it. For
those who understand it, however, it is not really difficult. and its
accuracy has made it a favorite of dyed-in-the-wool diallists.
thew? first determine the a_mgle of the' sun relative to the wall, noting
time of our observation. Thus in Figure 10.10, where the sun

li:;cllheth; e t?'e wall faces in the direction OB, we want
lﬂvchdtabl:ngk BOS. This could be done by setting a carefully

or shelf close against the o) hnsies :
the outer edge of the table, and > Wall, hanging a plumb line at
of the plumb line, S0, at som marking the position of the shadow

e rémment of time which we would
raw line OB perpendicular to the
angle BOS. Or we may prefer to use a simple

instrument described £
10.11. ABCD is a fia bl ¥ many early diallists* and depicted in Figure

Wwith a nail, EF, driven ; Or piece of plywood about a foot square
“See, ::im;dnm into the board a little below the top and
(Paris: 1752, N. Bion, De la Construction

& des usages des cadrans solaires
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FiGure 10.10 The wall faces in the direction OB, with the sun in the
direction OS. Measuring angle BOS we ﬁnd'in this case that the sun lies
534° to the left of a line perpendicular to the wall

A

Nt P AR F7ITT77 P i rd i o o P b7 707 F ot s be s i
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l
1 of the sun.
e instrument for measuring the angle

Figure 10.11 Simpl
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ic o the face of the board. It will be convenient to use a
mﬁfﬂ‘? ::\ I? inches long. and the exposed Ilength of the nail
must be carefully measured. (Don’t use the entire length c‘nf the
nail. but merely the length which is still exposed aft_cr the nail has
been driven into the board.) From the base of the nail, at E, draw a
straight line down the middle of the board through H‘ toward 1.
Hang a light weight, I. by a thread from the base of the nail at E. The
mstrument is now complete and ready for use.

Note the time at which the observation is taken (to be used later)
and place the board flat against the wall with side 4B at the top and
with the plumb line, EI, hanging freely. Turn the board until the
plumb line coincides with the line EH drawn down the middle of the
board and mark carefully the position of the end of the shadow of
the nail at G. Measure the distance, GH. from G to the plumb line,
making the measurement perpendicular to the plumb line. We now
have two measured distances, EF (the length of the nail), and GH (the
displacement of the end of the shadow from the vertical). Divide
GH by EF, and the quotient is the tangent of the angle of the sun
from the wall. If, for example. the nail is 6.8 centimeters long, and if
distance GH is 5.3 centimeters, then 5.3/6.8 — 0.779 is the tangent.
and the corresponding angle turns out to be 37.9°. which would be
the size of angle BOS in Figure 10.10. In this case
our back to the wall looking out at right
along line OB of Figure 10.10) the sun w
can judge this by the fact that in Figure 10.11 the tip of the nail’s
shadow is to the left of the vertical line as we face the wall. Figure
10.12 shows our instrument actually in use. 5

We now have the first of our requisites—the direction of the sun
relative to the wall. To compare with it. we still need to know the

sun’s direction from the south point of the horizon. This direction is
called the sun’s azimuth from the south. If we are for
to have access 1o the Proper published tables_
sun’s azimuth for any combinatj
and local apparent time,

. if we stand with
angles from the wall (as
ill be 37.9° to our left. We

tunate enough
we can look up the
on of latitude, solar declination,

iron Yields azimuths from the
€S will usually give results of usable
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ine the
~ine used to determine
Figure 10.12 Homemade instrument bn}sil__v use
i declination of a wall.

artl ith the
' azimuth, starting wit
Lacking tables, we compute the suns .1::;?:1{10 e
clock timg of our observation. We L:On‘e-n'l" u it e
covered in Chapter 2, and state the LA.T. ¢

. Ling 2824™ before noon.
noon. Thus if the L.A.T. is 9:36 AM.. this, being = Appendix for
oon. Thus AT.is9: /
gives an hour angle of 36°00.0".

(See Table A.5 of our “™ in our
conversion from time to arc.)

We shall call milf ;uh:;n\' declina-
= > ol the 3 3
i We must also know the ‘JITL ( which we shall call
2 : S is value,
li(:'ﬁr:;::lldt:iotr:me of our observation. I;hisf\:;ur Appendix or. mOre
“dec.” C‘:]-‘l be taken from Table A",?, or from many current
. re LS ~
accurately, from a current ephemeris & leaflet, Ephemeris o the Sun.
- ? = ! c' . =
®Simplest and least expensive is the alnnt:ldjhf:"f;t::utit‘“l '“m??)u;ct?mcms us.
implest and least expensi nared by N
Z "éarils" and Ot:iur Sl.-!c':'rf'l:i db:::{[j:;'cpfmm the Superinie
3. Naval Observatory &

fiice of the
oximately 35
+ 20402 for appre
Government Printing Office, Washington. D.C




MMW we must know the latitude, ¢, of the place
‘our observation. Let us assume that, for our particular Obﬁe“'alioﬁr

we have these values:

t = 36°00.0° dec = 17°46.7' ¢ = 41°48 5
‘We proceed to find the sun’s declination by usi
: it o e 0 Dy using these three valyeg
)| (1) logtan M = log tan dec — log cos 1

(2) logtanZ' = logtan r + log cos M + colog sin (¢ — M)

In these equations, Z' is the sun’ i
I S : s azimuth from the
L . south, !
'mlyam mtﬂmedmte. value for use in the second equati;rl:d\’tf
ﬂﬁdnuﬁdtoorganme our computations in tabular form, as ie
n

TaBLE 10.3
= DerermMiNING THE Sun's AZIMUTH
d= gren _log andec 950603 '
& 4 cost 99079  logtan: 9.86126
37.2) logtan M 9.59807 log cos M 9.96832

colog sin (¢ — M) 0.46205

log tan Z' 0.29163
Z 62°56.1'

 The anot. 28 62.9° east of south, so we lay

c m:m:os' Wwhich is the wall’s declina-
VB “HEm, or 25.0°, and we discover that

- Problems to draw a rough diagram
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W
=5 T
S’Jﬂg >
C .’_____‘*2 5. 0 =
'513 °
a5

FiGure 10.13 Computing the orientation of a wall.

will quickly show the validity of the following rules. Let Wrepresent
the angle between the sun and the wall (37.9° in our case and in
Figure 10.13) and let Z’ represent the sun’s azimuth from the south

(here 62.9°). Then:
(A) If the observation was before local apparent noon:

(1) If the sun was to the right of the wall:
(a) The wall declines east by the amount Z+ W

all:

(2) 1f the sun was to the left of the w s
all declines west by their

(a) If W is greater than Z'. the W
difference, W — Z'.
(b) If Z' is greater than W. the wall

difference. Z' — W.
(B) If the observation was made after local apparent noon-

(1) If the sun was to the left of the wall: -
(a) The wall declines west byrthlf a::i&lu'm Z'+ W
(2) If the sun was to the right of the E i
(a) If W is greater than 7' the wall declines east by their
difference. W — Z~.
(b)If Z’ is greater than W, the

difference, Z' — W- N
s bserva 1 sun
In our illustrative case, with a morning 1) n;?mz’:m
the left (as we face stl‘aish‘o“tm'he

declines east by their

wall declines west by their
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and W = 37.9°, the wall declines from the south toward the east
by the difference of 25.0°.

We must keep in mind that the sun’s declination in winter is
negative, so that in solving our formulas dec will be negative and
M will be negative, and in getting the value of ¢ — M we subtract

algebraically.

Dials with Large Declination. The typical vertical sundial has hour
lines which radiate from the dial center—at the top of southerly
dials and at the bottom of northerly dials. But direct east or wes‘l
vertical dials have no centers. Their hour lines are parallel. And
when the dial’s declination is very large, getting close to 90°, the
angles between the hour lines become very small, and the lines are
difficult to distinguish if we lay out the dial in the ordinary fashion.
We need some way to separate the hour lines.

Suppose, for example, that we are designing a dial for the vertical
wall of a garage which faces S82° W in Stonington, Connecticut

m 41°20°N). Methods described earlier in this chapter tell

Sub-style distance is 48°23 4’
St?rle height is 5°59.9’
Difference in longitude is 84°41 8’
Angle of 6 p.M. line is 48°56.7

Since this dial faces
of the m::l hour almost due west, there will be no use for most
lines. Our methods described before tell us

that the sun will strike this g
; this dial only between the hours of about

'nﬂm-mthigeham we inclusive. Stil using methods described

mthﬂmb—gtﬁg, 2ad S w:h;:?;gles which the hour lines make
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TasLE 104
ANGLES OF HOUR LINES ON A DIAL OF LARGE DECLINATION
hour angle from hour angle from
line line
sub-style vertical sub-style vertical
NOON  48°234 0°00.0/ SPM. 1°01.4' 47722,
1 PM. 15°46.4' 32°370°  substyle  0°00.0° 48°234'
2 pM. 8°23.7 39°59.7 6 P 0°33.3 48°56.7
IpM 4°51.5' 43°259 7PM. 2°129' 50°36.3'
4 PM. 2°00.1’ 46°23.3 8 PM. £139 52°31.3

3 p.m. and 8 P.M. they would fall like the lines of Figure 10.14, and we
will realize that most of the remaining hour lines would have to be
crowded between them. The lines would lie so close together that
it would be difficult to read the time from them. We must find some
way to spread the hour lines farther apart. But it occurs to us that as
we move farther away from the dial center, the lines do get farther and
farther apart, and since there is no reason that we need to show the

0 Horizontal 40 66

Vertical

»
w

?3’- ................... 1

i “clock ck or
FiGure 10.14 Hour lines for lo ‘ .
facing S 82° W in latitude 41 i?'ge'll‘he?u:‘ghclockl -
- pr mf;gll; chosen for use in the oomlaleud
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dial center on our finished dial. it occurs to us that we might use
merely that part of Figure 10.14 represented by the rectangle at the
lower right. In that case, the hour lines will nearly fill the rectangle.
First we must decide on the size of our finished dial. This will
naturally depend on its location. Let us suppose that the dial plate
IS to be rectangular measuring 36 inches horizontally and 40 inches
vertically. (Any other dimensions would do as well. but we must
start with some figures.) Let us further suppose that there is to be a
margin 5 inches wide clear around the rectangle, within which we
will ultimately place the numbers of the hour lines. Cutting off
5 inches from each side leaves us a smaller rectangle 26 inches wide
and 30 inches high which will contain the hour lines. We draw a
rectangle to scale, with its sides in the proportions of 26 to 30. These
sides need not measure 26 and 30 inches. but may be 26 quarter
inches and 30 quarter inches, or 26 centimeters and 30 centimeters,
or in any other units which will give us a rectangle of convenient size
to move about on Figure 10.14. We place our little cutout rectangle
on Figure 10.14 and move it around, keeping the 26-inch side parallel
with the horizontal top of the figure, until we find a position at
w_rhich the hour lines approximately fill the rectangle. There is no
single “correct™ place, but we might decide that the position of the
rectangle at the lower right in F igure 10.14 is a good one. If we
measure with the same scale which we used In laying out the rect-
angle (in inches or quarter inches or centimeters, and so forth) we
find that the top horizontal line of the litle rectangle is now, say,

r—and since the little rectangle is

of the little rectangle now hga

ve th :
for our ill i e funowmg

: : positions (we assume
units are mches):

.
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but an exercise in elementary plane geometry to find where each
hour line intersects the sides of the rectangle. We shall carry out the
computation for one sample hour line in detail as an illustration and
merely tabulate the results for the others. For our detailed sample we
shall use the hour line of 3 p.m.

The 3-o’clock hour line, as we saw in Table 10.4. makes an angle
of 43°25.9" with the vertical. Trigonometric tables tell us that the
tangent of 43°25.9" is 0.9467. so for every inch which we drop verti-
cally below the dial center this hour line moves 09467 inches
toward the ri ght. By the time we have dropped the 43 inches to the
level of the top of our rectangle we shall have moved 43 times
0.9467 or 40.71 inches to the right : but since the left-hand edge of the
rectangle is already 40 inches to the right of the dial center, we shall
have passed it by 0.71 inches, and the hour line 9f3 p.M. will cross the
top edge of the little rectangle 0.71 inches from its left end. :

If we carry out the same processes to find where this hour _[me
intersects the bottom of the rectangle, we will find that by the time
the hour line has dropped the 73 inches to t_he level of the I_ower ?dﬁe
of the rectangle it will have moved 69.10 mche§ to the right o 11:
dial center, which is 3.10 inches beyond ;lhe hfar dsu‘i: :::f ;Jheszgztz}lfhé

: . hand-v
e lm‘iez::l:t:[scé;::oﬁi'%guttsincc the cotangent of the
angle of the 3-o’clock line (that is, cot 43°25.9 ‘;Shl-(ggi‘fc‘:;t;ﬂ&‘;
that every time we move one inch to the ngvht o te t; O A
oA e e t'zitl-l:lna;: side of the little
66! inches to the right to reach IE‘? nhes The top of the rectangle
rectangle we will have dropped 69.72 inches. we have dropped 267
is already 43 inches below the dial center, SO 1l intersect the right-
i e nd the 3 p.m. hour line will in .
inches below the top. a -+ 76.7 inches down from the top
hand side of the rectangle at a point =. e top and the rightside
Having found where this hour line € C;ZSIC: straight line and have the
we merely connect these two P"m“o:;ed imilarly to find the points
desired 3-o'clock hour line. W_e pr the rectangle, giving the
where the remaining hour lme; cr[;)is neans “‘down the left side
results in Table 10.5. In Table 10. he top.” “DR”
of the rectangle measured from t '

y ., 66 d]e [Op meas 358
right side from the top.” "AT" IS BWEEC Ber i ihe feft.” We thus

S AR b N t : ints
left side’” and “AB” is across these two poin!
hav:ltweo points for each hour line. ﬁiﬁsﬁf The sub-style, which
with a straight line gives the hour

rectangle before it *
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TasLe 10.5
LocaTiNnGg Hour LiNes oN A DIAL OF LARGE DECLINATION

hour left right hour left right

line end end line end eha
' M 1951DL  672AB SeM.  671AT 17.76 DR
" g .'IE:.:. 468 DL 21.24 AB 6 P.M. 9.37 Alj 1448 DR
| Ipm 0.71 AT 2672DR 7 pM. 1236 AT 1121 DR
4pMm 5.14 AT 19.88 DR 8P, 16.29 AT 743 DR

makes an angle of 48°23.4" with the vertical, is located in the same
way, and crosses the rectangle at 8.42 AT and 15.62 DR. The hour
4 lines and the sub-style are shown in Figure 10.135,

We must still design the style itself. We have found the two points
where the sub-style intersects the rectangle. The upper intersection is
8.42 inches across the top of the rectangle, which places it 43 inches
below and 48.42 inches to the right of the dial center. The straight-
line distance from the dial center can be found by the Pythagorean
rule of “the square on the hypotenuse’:

48.422 = 2344_50
437 = 1849.00
sum = 419350

ate will be 9.28 inches, and that

e within the boundaries of the
€s. So we will have a gnomon shaped like that

5 gure 10, .
6.80 inches high where ; 3. 2351 inches long across the bottom,

T

Wemﬁus € It crosses the rectangle’s right-hand side.
gnomon sub—st.yle line and attach the

edge horizontal, ang we are “in
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business.” Figure 19.2 on page 193 shows an actual dial facing
S 80°51" E which was constructed by these methods. .

3 4567 8

A O

R23.51"

ini I itude

all declining S82° W in lattu
Ao kZ; line. The gnomon, drawn
he dial center is far off the

FiGuUre 10.15 Vertical sundial fo y
41° 20’ N. The sub-style is shown asa bro

T
ame scale, appears at the bottom.
< ppfjiagmm at the upper left.




11
Direct Reclining or Inclining
Dials

The preceding chapters have considered horizontal dials and all
types of vertical dials. We have also discussed two types of rec

lining
dials: the equatorial and the polar dial. Reclining and inclinin

g dials

are placed on sloping surfaces, such as the roof of a house. In Figure
1L.1, a horizontal dial w t
dial on surface D. The slo
the sky, would take a rec
faces downward toward

ould be placed on surface 4 and a vertical
ping surface, C, which faces upward toward
lining dial and the sloping surface, B, which
the ground, would take an inclining dial.
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Neither type of dial is common, althoy
recliners are more common than incliners,
Reclining and inclining dials are called direct if their planes face
any one of the four cardinal points of the compass. We discover
whether or not a given surface is direct by drawing a horizontal line
on the surface (using a carpenter’s level), and then drawing a
second line on the surface perpendicular to the horizontal line. If
this second line lies in the meridian. the plane is a direct plane and
will carry a direct north or south reclining or inclining dial. If the
second line lies in the prime vertical (that is, if it runs due east and
west) the sloping surface will carry either a direct east or a direct
west reclining or inclining dial. In this chapter we shall treat only
those sloping dials which are direct. Polar dials, described in
Chapter 9, are direct south recliners. _

A plane’s reclination is the angle which the plane makes with the
vertical, and can be measured with a plumb line or a carpenter’s
level. If we have marked on our sloping surl'ucc.thc horizontal Ifne
mentioned in the preceding paragraph, and also the secoE(jl Im:;_
perpendicular to it, we now place the edge of a board _‘“llri :- r';’r?
along this second line, with the board ltr}clf perpendicular O‘ =

¥ = 2. If the line AB is parallel to the roof, and
roof, as shown in Figure 11.2. If the line AB is para : '

P T > > art of the figure, the
if we hang a plumb line from C in the upper o is atide AOCYE
angle which the plumb line mak;._\' \\:ih_:if t,-[ur‘;)crillcr‘:l::\'t‘l. B
the reclination of the plane. Or ||I;c*;:ltn ‘p;lrii.”Cf i i 0
sle FOB is the complement of the

gh for obvious reasons

the lower part of the figure. with
EF the carpenter’s level. then angle
plane’s reclination.

~ lane on which
a 1 iners or Incliners. If the p 7
irect South or North Recliners r problem is
gcegilul is to be placed faces exactly north or SL;U:':L:?; -‘pand then
merely li;m of “reducing the plane 10 i? 1:'2:‘[uc‘ilt‘l We'shall adapt
Tra - al dial for that new e . Captain
designing a horizontal dial . - iven by Cap
rv.flsjf I'(l)?g"rcdm.‘ing to a new latitude ,fﬂ;ﬂ ”:::rieﬁ follows:
Samuel Sturmy nearly 300 years ago." They : sed.
7 1 where the dial is to be use

acting from 90°.
btracting ion of the plane on

(a) Find the latitude \')‘r[ht’ pluci;
e COIu[IEUdeIi?ﬁl:iou or inclinat
t of reclin:
(¢) Find the amoun
which the dial is to be placed. o
i on 3
! Capt. Samuel Sturmy, The Ari Dialling (Lon
apt. S s v,

R
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FIGURE 11.2 Measuring the reclination

> of a roof by m
line (upper) or a carpenter’s level [loiwerej_ans #EAplumb

(d) Then proceed as follows -

(I) For south recliners or S
(8)3F the soclivation (or acies
unequal, subtract the s
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(b) If the reclination (or inclination) and the latit

design an equatorial dial. (See Chapter 4. ude are equal,

If the reader has any doubt about measurin inclinati

: 2 : g the inclina §
p]ane.‘he can remember that the inclination of the underI;i(ZII:: ‘:l:d
plane Is exactly equal to the reclination of the upper side 5

To illustrate our rules: -

Exqmple 1 A 'dlr‘t'.‘l..‘.l south plane reclining 20° in latitude 43°
Colatitude = 47°. Use Rule Ia. Design a horizontal dial for lalitu-dé
2.1 g

E,\:qn:pie A .dircct south plane reclining 51° in latitude 39°
Colatitude = 51°. Under Rule Ib, design a polar dial.

Example 3 A (_hrect north dial reclining 10° in latitude 36°. Co-
latitude = 54°. Under Rule Ila design a horizontal dial for latitude
64°.

]

Direct East or West Recliners and Incliners. These planes are re-
duced to new latitudes for which we design vertical south declining
dials by the methods of Chapter 10. Let us speak of the latitude in
which the dial will actually be used as the dial latitude, and the new
latitude for which we will design a vertical south decliner as the
reduced latitude. Then we can state the following rules:

(I) The reduced latitude is the complement of the dial latitude.
found by subtracting the dial latitude from 90°. _ _
(IT) The declination of the equivalent vertical south declining l.‘.!]al
is the complement of the reclination (or inclination) of the sloping
plane on which the dial is to be placed. i i
(I1I) On the final dial, the 12-0'clock line will be a honzon_tu] line
with the dial center at one of its ends, in accordance with the
following rules:
(A) With direct east recliners, the 12
and the dial center at the left
(B) With direct east incliners, the 12
the dial center at the right.
(C) With direct west n:clin;rs. :;n
é dial center at the gt . )
boltlt)oln:v\"‘:;? ciz:zcl]:ival incliners, the 12-0 clock line is at the top
and the dial center at the left. ;
(1V) Having found the equivalent "e:"h
using the reduced latitude from Rule 1 and the

_o'clock line is at the bottom
_o’clock line is at the top and

e 12-o’clock line is at the

cal south declining dial
‘jeclination of Rule I1,
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compute the values of SD, SH, DL. and AV and the positions of the
hour lines by the methods of the preceding chapter. apd lay them out
measured from the horizontal 12-o'clock line and dial center speci-
fied under Rule I1I. This will give the required dial.

We illustrate the application of these rules by designing a sundial
to be placed on a direct east surface reclining 66 in latitude 50°.

(1) The reduced latitude is 90° — 50° = 40°,

(2) The declination is 90° — 66° = 24°.

(3) The 12-o’clock line is at the bottom with the dial center at the
left.

(4) We compute the basic values for a vertical dial declining
S 24° W in latitude 40°. We have already computed the basic values
for this dial in Table 10.1, where we found that SD = 25°51.7':
SH = 44°24.7°;: DL = 34°42.5'; and AV = 71°09.4". The style will
lie between the hour lines of 9 A.M. and 10 A.M.

(5) Lay out the 12-0'clock line (see Figure 11.3) near the bottom
with the dial center at the left, and lay off the sub-style radiating from
the dial center making an angle with the 12-o’clock line equal to SD
(here 25°51.7").

(6) The hour lines (whose angles are already tabulated for this
case in Table 10.2 on page 80) are now laid out at the proper angles

5

6 7 8 )

m% 1 mdhl m&ng“e ﬁ'@l‘n the vertical i
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from the sub-style, keeping in mind that the hoyr lines for 10 A.M. and
11 am. will lie between the sub-style line and the ll—o'clogkllin&
while the hour lines for 9 a.m., 8 A.m., and 5o forth will lie on the other
side of the sub-style.

It will help us to understand the layout of hour lines on these
dials if we keep in mind the fact that any direct west dial will show
mainly afternoon hours, and any direct east dial will show mainly
morning hours. Our 12-o'clock line is always horizontal. and the dial
center always at one end.




12
Dials Which Both Decline
and Recline

It is unlikely that the reader will have occasion to design a sundial for
a surface which both declines and reclines. There are many such
surfaces, of course, but they are seldom used as supports for sundials,
partly because they are seldom convenient for the purpose 1nd partly
because of the complications in designing them. Early editions of
the Encyclopedia Britannica gave full trigonometric directions for
such dials, but nearly a century ago this material was eliminated and
detailed directions retained for only the simpler dials. Commenting
on the increased likelihood of error in designing declining reclining
dials, the Encyclopedia stated, “In all these cases . . . the only safe
practical way is to mark rapidly on the dial a few points (one is
sufficient when the dial face is a plane) of the shadow at the moment
when a good watch shows that the hour has arrived. and afterward
connect these points with the center by a continuous line. Of course.
the style must have been accurately fixed in its true position before
we begin.”” These cautions are as valid today as they were a century
ago, and one cannot honestly advise the reader to £o to the trouble of
designing a dial for a declining reclining site unless he does it for pure
enjoyment of the mathematical exercise. For those who do want
such a dial we recommend the Encyclopedia’s method
cal one of setting up the style and drawing the hour lin
tion of the shadow rather than by calculation.

Of course. this practical method does
gnomon correctly so that the style will
axis, Again, this could be done by

—the empiri-
es by observa-

require one to set up the
- be parallel to the earth’s
complicated calculation, but if we
are 1o approach the problem empirically we may as well approach
the placement of the gnomon the same
l-?igurc 12.1. In this figure ABCD represent
like the roof of 4 house. Draw a horizont
using a carpenter’s level to locate it. Then

s a sloping plane surface.
al line EOH on the roof.
EFGH is a flat board with
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& S . P xihiary
FiGure 12.1 Finding the position of the style by use of an auxiian
G level board.

its edge EO H pressed against the horizontal line on th;r?f:lzgc\:;:
the eglirc board carefully leveled. On the level bo:.m;lj erto“urd b
of the meridian, OJ, with O toward the north d‘};o.} with angle
south. On O.J erect pcrpendiculurf}' the gnt‘_'mofll:l boajrd it A
KOJ equal to the latitude. Thus the horlzl?.nl‘: rizontal dial for
gnomon will be the dial plate and gnomon 07 & j[?oﬂ for any plane
the latitude. The style. OK, is now in the r?g!ﬂ Plﬁz horiZOmaf plane,
which passes through point 0—not only t(‘)r 4BCD. If we retain
EFGH, but also for the sloping declining p !iﬁ“gma. we can con-
the line OK in position and remove thcs bgd il it meets the roof,
tinue the plane of the gnomon o upﬁ roof, we are ready
ABCD, and, attaching the gnomon to the Sloﬁlioi of the shadow of
to draw in the hour lines by noting the pos

OK on the roof at the desired hours.
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The Analemmatic Dial

The stvle of most sundials lies parallel to the earth’s axis, but there
are a few exceptions to the rule. For example, the gnomon of a
shepherd’s dial (see Chapter 16) is a horizontal pij :and the gnomon
of the analemmatic dial, which we now describe, is a vertical pin or
rod which i1s moved about from place to place according to the
sun’s declination. Moreover, the analemmatic dial does not have
hour fines in the usual sense, but hour points which fall along the
circumference of an ellipse.

Analemmatic dials are comparatively rare, and there seems to be
a feeling that they are difficult to make.! Actually their construction
is no more difficult than that of an ordinary horizontal dial, and the
Iwo may be combined on the same dial plate for use together.
Construction by graphic means, while quite possible, is, to be sure,
rather complicated, so we will omit the graphic approach here and
confine our treatment to a computational one.

Laying Out the Hour Points. Following Figure 13.] :

(1) Lay _oﬂr AB and CD mutually perpendicular and intersecting at
0. The point O does not show in the diagram because it is obscured
by the central scale of dates; but we s
as-a point from which to measure.

(2) Take AB as the major axis of the ellipse along which the hour

points will fall, and designate by M the length of Semi-maj
axis, 40 or OB. Let M = 1.000. sl

(3) The semi-minor axis of the elli
length found from the relationship

hall continue to refer to point 0

pse. m, will be OC with its

m = sin ¢.
' Mayall & Mayall, in thei -
their sp} y e
finds how much w}ork :mur endid Sundials, say, “More often than not when one

iled ! 5 :
ed in making it, another L¥pe more easily constructed is
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FIGURE 13.1 Analemmatic dial for latitude 41° 43, with enlarged vie
of scales of dates at the bottom.

ic di “armi ; cticul, in
If we lay out an analemmatic dial for Farmington, Connect

latitude 41°43", we have
sin 41°43" = 0.665.

m =
hour points be represented by their

> times of the various -
(4) Let the times ¢ xample, the hours of 11 am.and

hour angles from noon. That s, for e a7
| pM. are each 1 hour from noon and have ‘f“i hour angles of
10 A.m. and 2 p.m. are 2 hours from noon and hd\-t-,--L and find the
30°, and so forth. Call this hour angle for any hu"g by means of the
horizontal distance, H. of the hour peint from )

formula:
H =sintL

10us ints for
al distances of the varnous hour points fo

This gives us the horizont s
e F5l 1

every analemmatic dial in Table
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TasLe 13.1
ABSCISSAE (HORIZONTAL VALUES) FOR AN ANALEMMATIC Djar
3 M 10am.  9aM. 8 AM. TAM. 6
hour: NOON [{ ;_M. 2pM. 3PM. 4pM. SpMm. 6 P_:::
H: 0.000 0.259 0500 0.707 0.866 0.966 1.000

(5) Find the vertical height, V. of each hour point above the major
axis, AB by the relationship:

¥ =sin ¢ cos t.

Although the values of H will be the same for every analemmatic
dial, the values of ¥ will obviously vary with ¢. and in our case,
with ¢ = 41°43’, repeated solution of the formula yields the values
for Vin Table 13.2.

TagBLE 13.2
ORDINATES (VERTICAL VALUES) FOR AN ANALEMMATIC DiAL
hour: Noown 11am. 10am  9am 8 AM. 7 AM. 6 AM.
1 M. 2pM.  3pM 4pMm. SpMm. 6 PM.
V: 0.665 0.643 0576 0471 0.333 0.172 0.000

(6) We now use the values of H and ¥, computed in Tables 13.1
and I3.2: 10 locate the hour points themselves. Thus to locate the
hour point for 10 A.M. we measure out horizontally 0.500 units
fm‘m 0._a1?d then vertically upward 0.576 units to reach the hour
point. Su:mlgrly to find the hour point for 5 p.m. we start at point O,
Irn&asun: honzoqta]ly 0.966 units and upward 0.172 units, and we have
ﬁmle_d our point. All other hour points are similarly located.

?““I;}B points lie at the left of OC and afternoon points to the right.
kee-lp]in :Jrjsn:&::::uh(;l: points before 6 AM. or after 6 .M. we merely
g h:“'PSetssymmetncaL The points for 5 a.m. and
T rzs v:._ Va;lues of H exactly equal to the points for
T vicn s :fcmgztﬁ but lie below lm'e AB by the V distances
T2, 2008 20 e fust oo l'airtf:]d of the ellipse, the hour points for
R OW AB as the points for 5 p.m. and

(8) An: ic di
M&ﬂi&agﬂufﬂ;@dously in final size, from tiny
where AB = 16-20 feet i hav_ Inches up to huge garden dials
that we will “let Af — | g0, Ife said, for purposes of computation,

major axis of 2 inches,-we !:el\yam our finished dial to have a
« ultiply every value which we have

by2to 52
et our results in inches; but if we want a finished
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dial with a semi-major axis of 8 feet, we multiply every computed
value by 8 to get results in feet. Specifically, we have found that the
hour point for 9 aM. is 0.707 units horizontally and 0471 units
vertically from O; but if we want our finished dial to have a semi-
major axis of 6 feet we multiply both figures by 6 and find that the
9 A.M. point lies 4.242 feet horizontally and 2.826 feet vertically from
the dial center at 0.

We now have all the hour points located, but we still need to lay
out the scale of dates in the center. The vertical gnomon is placed on
this scale at various points depending on the day of the year, and its
shadow then points at the hour point corresponding to the time of
day. This little scale of dates, or zodiac, can be computed from the
formula:

Z = tan dec cos ¢
where dec is the sun’s declination on the given day. Ta]::lt’j 13.3 gives
the sun’s declination on the first day of each month, and its extreme
values at the times of the solstices; and beside these declination
figures are the corresponding values of Z computed by our formula
for ¢ = 41°43".

TasLe 13.3
COMPUTATION OF THE SCALE OF DATES FOR AN Ax.u.msutlc DiaL
S TEEmEEE—— dec z
date dec Z P _Jﬂl‘_z’ ks ___ﬂ_ Pl
= P - = > 7
: 1 —23°08' —-0328 July 1 +f§=0a€;| :g‘:’jg
el Tiris -0239 Awl  HIO e
Mar. _g00 0108  Sep. ! S
' L4°1s 40057 Oct ] T
apr L Jisoy  +0206 Nowl  —Slg, o3
June 1 H oy fosu Des kSl
e Y ey - $03F Dl

E———

¢ of dates as follows:

ard toward C for
(9) Starting at O in Figure 13., m}eflilsriaggl\:gri, and measure
B Tab]ehl lfl t‘l:: Itjistamm:s which is labeled —-
toward D for each O : rd from O, and
'cll'?:‘:; :\tﬂ:ﬁn: for May 1 will be 0-306["::;“;;“?:\:”1
line for November 1 will be 0.192 ¢ tual length of the s¢
distances must be multiplied bY the ac

We now lay out the central scal

mi-major
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axis. M, to convert them to the units of our real problem, just as we
converted values of H and Vin step 8.

{10) Note that the months of June and December “‘run around the
ends™ of the scale. The extreme ends of the sr:ak‘es mark the positions
of the vertical gnomon on the days of the solstices.

Hour points may be found for the half and quarter hours by
taking appropriate intermediate values of 1. These dials may also
be constructed with built-in corrections for longitude by using values
of t which include the longitude correction for our own location, as
explained for horizontal dials in Chapter 3.

Finding the Hour Points from Central Angles. The positions of the
hour points may be found even more quickly and easily by com-
puting angles at the center of the dial. We first draw an ellipse of the
desired dimensions, using perhaps one of the methods described in
Chapter 19, and we then find the positions of the hour points on this
ellipse by computing the central angles. The steps in the procedure,
illustrated in Figure 13.2, are as follows -

(1) Lay out the ellipse with the semi-minor axis, m, and the semi-
major axis, M. related as follows-

m = M(sin ¢),

where ¢ is the latitude. We illustrate with computations for a dial at

Santa Fe, New Mexico, where the latitude is 35°41 ", and hence m =
0.583 M. In Figure 13.2,

semi-major axis, OB,

the semi-minor axis, CO. is 0.583 times the
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(2) Compute the central angles for the various hour points using
the following formula, in which 1 is the hour angle from noon:

tan 4 = (tan t)/(sin ¢).
This formula is usually given in its logarithmic form:
log tan A = log tan t — log sin ¢.
The computations for this illustrative case are assembled in Table
134

TABLE 13.4
CoMPUTATION OF CENTRAL ANGLES FOR AN ANALEMMATIC DiaL N
LaTitupe 35° 41°

fug |'ug {.:lg
rime 1 tan si_n tan A
t @ A
e 1 15 9.4281 97659  9.6622 T
5 42 765 AL
:(Il g; L 30° 9.7614 9,36;‘_} 9'392;'; ':;.,
9 or 3 45° 0.0000 9.1?;3 02341 »T
4 T l’_:j‘sf‘ q. | ‘3 1K I_.‘. X " P
o :! Et‘_‘]" 0.5719 9.7639 0.8060 g(}}-[ll‘
2 5 %0° o 9.7659 . g

6 or

- inor axes as the
(3) With the intersection of the major ﬂﬂd_ﬂ‘-([f(l;“i :‘I‘?ﬂa:h? $g16
center, and starting with the semi-minor 'dl-‘”‘l Ihé leimina] sides of
of the last column of Table 13.4 and carry oU  pecsectionswith the
these angles until they reach the ellipse. The“:ample. anle COD is
ellipse will mark the hour points. Thus. &l,rp: - angle COE is 44.T°
24.7° and D will mark the hour pOT ; I‘m'The.;::‘ ;3me angles laid out
and E will mark the hour point for = P.M- hour points of the morning
on the opposite side of CO will locate the

4 ‘-W trd] scale of dates as explaj‘ﬂed 0 i
cenlri
' ] € now ]a_\" out lhe ce

! : age 111) . : jating from
Prf;‘fft_ltl:g; e‘:tl:zsc(i:s: “F;‘Illgrfm show the straight lines I napng
e finis

- tion lines appear 1 ints.
i 0. These construc - fnding the hour po
:::rglldllse:t:gfwa\;hich angles are laid ouf l{:: fg::i“i hich, in finished
Thereyare no hour lines in an analemmat!

. n Flgm 13'3
form, will look something like the dial shown t
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63 1 0 ] 3

SZ[o vl

FiGure 13.3 Analemmatic sundial for latitude 35° 41" N.

General Observations. Since the analemmatic dial is a horizontal
sundial, it should show hour points from the time of earliest sunrise
to the time of latest sunset as shown in Appendix Table A.7. Analem-
matic dials are sometimes combined with ordinary horizontal dials
after the fashion of Figure 13.4. If such a combination dial is properly
leveled and turned until the same time is shown on both dials. the
dials will be automatically properly oriented.

The French astronomer, Lalande, suggested that one might lay
out the ellipse of an analemmatic dial on a level garden spot,
properly proportioned to the latitude, marking the hour points
with beds of flowers and including the central scale of dates— but
omitting the vertical gnomon. A visitor to the garden standing at the
proper point on the scale of dates with his back to the sun would see
his own shadow stretching across the lawn to show the time of day.
Thus the sundial enthusiast becomes the gnomon for his own sun-
dial! Lalande designed the famous analemma
axis measuring some 40 feet at the Church of
of Bourg-en-Bresse some 230 miles southeast
fine example is 10 be seen in Longwood Gard

tic dial with a major
Brou in the outskirts
of Paris, and another
ens at Kennett Square,
Wilmington, Delaware.

The Analemmatic Dial

. : e dial
FIGURE 13.4 Analemmatic and horizontal sundials on the sam

plate, oriented so that bo

th shadows indicate the same time.




Reflected Ceiling Dials 117
the upper part of Figure 14.1 represents a vertical Cross section of the
room, with the mirror on the window sill at M. our meridian line on
the ceiling must pass through the point § which is vertically above the
mirror. The meridian may be located by any of the methods des-

14
Reflected Ceiling Dials

N S
Ceil'-ﬂg'} e -
A mirror placed horizontally in a southern window will reflect a
beam of sunlight to the ceiling of the room. As the sun MOVes across
the sky from east to west, the reflected sunbeam moves across the
ceiling from west to east; and if hour lines are properly drawn upon
the ceiling, the sunbeam can be used to tell the time of day or even “

the day of the year. Isaac Newton laid out such a dial on a ceiling
in his grandmother’s home when he was a boy, and Christopher
Wren made a similar dial in his home when he was a lad of sixteen,
Any interested boy today can easily follow their example.

As one might guess, a dial reflected to the underside of a horizontal Poec
surface by a horizontal mirror is merely a horizontal sundial turned
upside down, and all the rules of Chapter 5 apply to it. There are.
however, a few new problems, In the first place, these dials are much
larger than the ordinary garden sundial, since they cover most of the
ceiling of a room. Moreover, the dja] center, from which the hour
lines radiate, does not fall on the ceiling, but outdoors at some dis-
tance from the house. Consequently oyr approach will have to differ

Ln.aiome ways from that which we have used for other horizontal
1alis.

place, We next draw a meridian line on the Figure 14.1 Laying out2 reflected ceiling




1s Sundials

cribed in Chapter 3, but two methods are particularly we|] Suited
for reflected ceiling dials:

(a) Mark the positions of the reflected sunspot on the ceiling at the
exact moment of local apparent noon on each of two days of widely
different solar declination—say a day in late June and another i
late December. Connect these two spots with a straight line along
the ceiling. which will be the desired meridian.

{(b) Hang a plumb line over the mirror at the moment of Joca]
apparent noon, mark the position of the shadow of the plumb line
on the floor. This will be a meridian line on the floor. We transfer it
to the ceiling by hanging a plumb line from the ceiling, first over

one end of the meridian on the floor and then over the other. We
mark the two points on the ceiling from which the plumb line was
suspended, and then connect them with a straight line, which is the
Steed. moridi

With the mirror in place and the meridian line on the ceiling, we
proceed to draw the hour lines of our dial on the ceiling.

mﬂmlhesbyobs_mnﬁm If on some day late in June,
again on some day late in December, one marks the position of

tude or for the equati necessity of making corrections for longi-
cach day at noon yielq °ff§“°: And just as these points marked
SunSpot’s posit £ at-cl‘ ldmk analemma, if we mark the
. : AM., or at any other g

trace out an ana ¥ other given hour,
ate o 5 an -fﬁr lhﬂl h(l)ul'_ we can [hub 5!0“"])’
on the ceiling, from which we can

hﬂﬁhonu{d?:lﬂ y obse“at?ﬂna Since we are
We can design it by computa-
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tion like any othc_r horlizamal dial. We already have the meridian
on the ceiling, which will be the 12-0°clock line of the finished dial.
we now find the remaining hour lines by the following steps:

(1) Measure carefully the vertical distance from the mirror at M
{o the point on the ceiling vertically above it at § (see the upper part of
Figure 14.1). Call 1hi5 vcrt‘ica] distance ¥V,

(2) Starting at S in the figure, measure north along the meridian
on the ceiling a distance

SN = (V)(tan ¢),

where ¢ is the latitude. Thus if we are designing a dial for a house
in Farmington, Connecticut (¢ = 41°429'), and if the vertical
distance V is 60 inches, this becomes:

SN = (60)(tan 41°42.9) = 53.49 inches.

We locate point N on the meridian 53.49 inches [rorr{ S. We could
have found a close approximation to our value of SN by reference
to Table A.11 in our Appendix, where lllle ﬁglflres n; the column
: “Equinox” are the appropriate values of tan ¢. ;
hefB(:]lﬂ\iNe r?ow transfer our attention to the lowerl half of F]]g'l:ll'r:
14.1. where we show the ceiling as it would appear if we were yui:g
on the floor looking straight up at it. AB is the south wall 0; the
room, and our meridian is SN. If the house faced exactly scuuthotm‘e\3
meridian would lie at right angles to the sc_;uth wall. Here the i
declines toward the east, and angle NSA is the comP[eT;nE‘;l =
declination. In the diagram, N is at the north, S at the souber n e
east, and W at the west, as will be apparent if we rgrrjsei:f g
are looking upward at the ceiling Points N an b
diagram are the same as points N and § of the upper CIagr
distance SN is 53.49 inches, as abO}'F. 7
(4) Through point N on the ceiling draw 2
NS. This line EW is the equinoctial, along
sunbeam will move on the days of the eqm_l‘K:;:;L 6.
(5) We now want the points ?ﬂ;h‘::qmn
forth, where the various hour lin
morning sun will cast its reflected beam “;h & J. N. and so forth.
hour by hour it will move eastward thrr;uas o :
We can think of the hour line through Jine of 1 .M., and so forth.
11 AM., that through H as being the hour

W perpendicular 10
hich the reflected
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Dial Furniture

The lines and figures on a sundial which are used in telling the time of
dayare considered the basic or fundamental parts of its design, and al|
other lines or figures which are added to it, giving other sorts of
information, are called dial furniture. Thus Figure 15.1 shows the
face of a dial designed some three centuries ago for the latitude of
London—a dial which has become so complicated that none but an
expert can read it. In fact, the author of one of the chapters of the
book in which this diagram first appeared prefaced his directions
for designing dial furniture with the admonition.

Though to speak my own judgement, I think these kind of Additions
rather for Ornament than use. ... [This is in part] because the multitude
of lines often hinders those that are not used to them, to tell the Hours of
the day. which is the chief use of Sun Dials.

Sim%larly Diderot’s Encyclopedia,? after describing the methods of
finding the usual hour lines, warns us-

Further description of various kinds of lines or points is based more on

cuniosity than on usefulness; the essential requisites of a good sundial

xm‘“ the hour lines, and especially the meridian line. be accurately

m‘::;’td d[:sf;':m style be properly set, and all the others lines which

ot tirnes brs ibe for showing things other than the time of day can
times bring disadvantage from confusion.

1
- Dialling (London -

: am Leybourn . N
| TSN ol the ook, writen by John Tusyeney, | 2018t0n is from the Tenth

~ * Denis Dideror,

Encyclopedic oy dictionnaire des sciences (Geneva: 1777).
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oy
A

i FHor ith
l“ ‘-"if-':;-“l./aatz_ﬂnﬁz/lf IDmf otk
[ % H its Furniture \
/2 /
XE =
-
b [ 2 izontal dial.
FiGURE 15.1 Furniture of an old hort

I 5 i ar arc
' thich sometimes appe
designed. Types of sundial furniture which s¢
esigned. Types of s .
(and this list is not complete):
’ : ate.
(1) The maker’s name and date
(2) A motto. v
(3) The equation of time. e
(4) The time in other CllI€S 'm~1ion
(5) The sun’s azimuth of direction.

(6) The sun’s altitude.




Sundials

~ (7) The day of the year (a calendar).
~ (8) The times of sunrise and sunset.
B  (9) The length of the day and night.
-' (10) The sign of the zodiac in which the sun is found.

(11) The ancient “unequal™ or “planetary” hours, longer ip
summer than in winter, which divided the period of daylight into
12 equal hours.

Ofﬁlmetypes of furniture, the maker’s name in an inconspicuous
place is always acceptable, as is the year in which the dial was made.

m Mottoes. A motto on a sundial has become so common as to be
llmt expwted. Many of them have been used and reused until
they seem trite. Collections have been published® giving literally
lmdneds of mottoes wh.ich have been either used or suggested for
suwmls. To bc appropriate ‘for this purpose a motto should refer,
iheal} ectly or by inference, to time: and a really apt motto may also
m:m‘m{eﬁn& to t_hf: dial’s location or to its owner or to
s associati ciation. An original motto usually has more charm

a “canned™ one taken from a standard collection. Thus a dial

standing near a ’ p
of Isaac Watts' I‘:;::llmg brook may fittingly carry the familiar lines

Time, like an ever-rollin
- g stream,
I Bears all its sons away.

______ -
e Dok of Sunias, e
; Lioyd ¥ u‘“"d"“’&‘"sﬂﬂell.lm)_

Mottoes mf::: York: Scott-ﬁaw, 1903).
Sundials (London - Methuen,

ok of Ol Sunalsfpecy L ondon Macilan, 192
8 Hoppats 14). (This book
i catalogued under his name.)
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name, hopefully more skillfully wrought than this example:

While now the shadow seems to stay

As Time enjoys a holiday,

Unchanging to our simple eye,

Grave Time, as [ can testify,

Has come—has gone—has passed us by!

Or. on a dial which was a bridal gift:

Except when clouds
Disguise the Sun,

1 mark the Hour
Till Day is done—
His course is run!

The Equation of Time. A well-informed user of a sundial realizes
that the time which it tells must, in most cases, be “corrected” to
give thetype of time with which we are most familiar, and he will find
it convenient to have the necessary information at hand for easy use.
If the dial plate is sufficiently large, this can t‘akf: the foim o£ a tal?}f: of
figures showing the amount by which the dial is *“fast” or “slow” on
various dates, or one may prefer 10 make up a small graph _of the
values of the equation of time from the data of Table A.l In mii;
Appendix, and transfer this graph to the dial plall:;. as sl;?m\:nme
Figure 15.2. Either the table or the graph shou co;r;c e
longitude correction with the equation of time unles? co; e
longitude has already been incorporated in the design

lines on the dial.
be easy 10 construct 4
i i ed at any moment
jew York City which showed at
i o rather than the time in New York.

.« the task is especially easy-
tions O rancisco Uses

Showing the Time in Other Cities. It would

sundial to be placed in :
what time it was in San Francisc
If the dials include longitude correchio
New York uses Eastern Standard Time, ;;nhdoum When it is 2 PM-
Pacific Standard Time. These differ bY el We construct a dial for
in New York it is 11 AM. in San anmswi, ur lines have been laid
New York in the regular way. Put aﬁelr o Ohaur line which woulk
out we merely number them different Y.w label 9. since when it is
have represented 12 o'clock noon We no

noon in New York it is 9 AM- med_v,hoﬂﬁ earlier than it
each other hour line is merely bel o
if the dial were to tell New York 1t

. st & S e e 8
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e a dial whi ;
’:Yé:ftkdym“wmw:::‘:: ShOWSJu§l the time of some distant
. orM time of the Tﬂke a dial which shows two kinds
ik :rmeom city as Werl)l ace where the dial is located, and
uﬂ,w“ muse in Amherst, M - Thus the dial of Figure 15.3 was
LAT. g o the shadow againassaChflse‘ts (longitude 72°31' W)
&mﬁmhnu e ."'b'“ifatthesﬂ;:a the inner scale we will find the
m e _w o l;glri;e rea(;i the shadow against
e are co ponding time in Berlin,
approx mﬁ.ﬂﬂ the twon:i?;'::gi;()r _L'A.T. The longitude of
Sty 4% Whent s . in Berln 1 1 54 B575608
e PM. and the hour | . in Berlin it is 5"44™ earlier i0
n at the poing Whichme for 8 p.m. on the outer scale
corresponds to 2:16 P-M-: on
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v

1

| showing local apparent time in both

FiGure 15.3 Horizontal did
usetts, and Berlin, Germany-

Ambherst. Massach
hour lines on the outer scale are

the inner scale. All the other
illustrated in Figure 154,

placed accordingly.

Still another interesting approach is that 1
where the main dial computed for Farmington, € onnecticut.
Farmington keeps Eastert Standard Time and Denver keeps
Mountain Standard Time, 2hours carlier. When it isnoon at Denver
it is 2 p.w. at Farmington, so Deavet is shown on the outer
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FIGURE 15.4 Vertical direct south dial for Farmington, Connecticut,
showing also when it is noon at selected cities around the world.

opposite the hour of 2 p.um. Each of the other cities is placed at the
time in Farmington which corresponds to noontime in the distant
City; so whenever the shadow, as it circles the inner circle. reaches

one of the cities on the outer circle, we know that it is noontime at
that distant city.

The Nodus and the Perpendicular Style. Most sundials show the time
through a shadow—and reall

¢ : ¥y through the straight edge of a shadow
which lies among the hour d

lines. In interpreting dial furniture,
however, we do not usually use the entire shadow of the style, but
merely some particular point on that shadow cast by a particular
selected point on the style called the nodys. Figure 15.5 illustrates
the terms which we use. The upper part of that figure represents a
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nodus (upper) and the shadow which
1 130 p.M. (lower)

FiGure 15.5 The style with its
they cast a

-1 with the dial
. ntal sundial, with t

: e gh a horizontal St icularly
v?rllcul cn;i.; th(;lk‘;ITthl1£r::z;non‘ CDG. slaﬂdl;’lg pzrﬁzlt::g: o
plate at Ab an 1 ic the height of the styles 8¢ il

s angle GCD is the heiglt € and which casts the

R 'l;lh,‘"umg.r slanting edge of the g“(]mon;inlhis case the style
“hh'::-lh = ;d ir;lp:il'r‘ie-lelling is called the e
shadow us

. - nodus. The line
IS i pted by a notch at E s (oﬂ;!;i: :gtl;::: dial plate. 15
is interru Y

dicu . .
EF, drawn through 11e HOduslif:frf: [:'! yle, and the point F .j‘::ulf?;
SN e e (g' I!]i.aiu;rlf‘ o Tled the foot of the perpen
foot of the perpendict y
style. As a matter of fa

leisca

n
ct, we (.Ould remO\-C d][ lhe rest 01 llhf gn(lﬂlﬂ
Lt
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: in at EF, and this vertical pin would itself act as 4
:ﬁg.zﬁﬁg; from which we could in}crprct most oi'_ the dia|
furniture. In the lower part of Figure 15.5 we see lhc_ dm! plate
itself as it would appear if we looked straight down on it, with the
shadow of the gnomon falling at CGD, as it would appear at about
1:30 p.m.; and the shadow of the nodus appears at E. Since this dig|
was designed for time-telling we have no use for the shadow of the
nodus, but if we were to add more lines representing additional dia]
furniture, we would interpret those lines by noticing where the
point of the shadow of the nodus, E. fell among them.

The nodus need not take the form of a notch in the gnomon. It
may be any point which casts a distinctive and identifiable shadow.
Thus some diallists use as the nodus the extreme upper point of the
gnomon, as point D in the upper part of Figure 15.5. In that case the
perpendicular style would be DG. the line drawn perpendicular to the
dial plate through the nodus, and the height of the perpendicular
style would be the length of DG. The point G would be the foot of
the perpendicular style.

The Sun’s Azimuth. On a horizontal dial it is especially easy to show
the sun’s azimuth—its direction, Although the directional lines can
be superimposed over the hour lines, it is less confusing to show them
separately, as in Figure 15.6. The lower part of this figure is an ordin-
ary horizontal sundial, from which we will tell the local apparent
um::. A.t thg upper part is a compass rose from which we will tell the
sun’s direction at any time. We erect a vertical pin at the center of the
compass rose at 0, and the shadow at any time will tell the sun’s
direction. When the sun is in the south, at noon, its shadow will fall

dia_l..'l‘hc mariner’s compasy divides the 360° of the horizon into

A " The 16 points on the
southern dial and cannot be used.
due east or west it will be shining
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al with compass rose at the top to
's direction.

on, perpendicular to the dial plate, at the
omon.

apinasagn uter tip of the PIB:
Ifweerectapinasag 5.7. the shadow of the ;’u rse of the day. At

oint shown in Figure | : ines in the ¢ :
?\'illlnmove across the lower gnd oil::tﬂjnsell'[;m e Shado‘:ﬂ:::ot::
_ when the sun is on -§." butas the
3:3:;;1;\ i{l;wiward along the line labeled

: di
5.6 Horizontal sun
SRORE 1S indicate the sun

s ——
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TasLe 15.1
A7ZIMUTHS FOR A VERTICAL DIRECT SOUTH
DiaL AND THEIR TANGENTS

azimuth tangent
COMPAss from the of the
direction south azimuth
S, 0’00 0000
SPW 1 o 0.199
ESE:% 1 22°30 0414
Swhs/ 33°45° 0.668
g}g}ﬁ 45°00° 1.000
Swhw} 56715 1.497
\ENSSEW} 67730 2414
24 7845 5027
]\3»} 90°00 %

wears alon

i mwargda::g the sun moves toward the west, the shadow will

o eastacrc{%s‘, lht? remaining lines. Every time it moves
. oreaecompass™it will have moved 11°15”. Thus. when the

on the low i
the tangenfrogfnl‘ljle&::llme o south line will always be equal to
: angle as shown in the table above—0.414 times

3 h v
the SW fine, erd from the south line to either the SE or

'lfomvernea' I dial decli
Tines will sl g - _m:?::)wé.!rdlhceast or the west, the azimuth
still form 4 grig ertical paralle| lines, but displaced so
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al direct south dial at the top. and under-

FiGure 15.7 Ordinary vertic
c he direction of the sun at any time.

neath a grid showing t
of center if the dial declines toward
f the dial declines toward the east.

that the south line lies to the left
cal dial declining S20°E m

the west, or to the right of center if the
For example, let us consider a vert 5 rdinary
latitude 40° N. The upper half of Figure - Sh?\?h;:;} 10. We
dial designed in accordance with the memp!:f 8 d superimpose a
could place a nodus on the gnomon sk 2 ﬂm;r hour lines, but
grid of vertical azimuth lines on the s imuth grid as a sepa-
again, to avoid confusion, we here Sho;lomr;:‘? in the form of a pin
: 4 1 its own

rate dial at the bottom, with 1 ve dial plate.

set at the center perpendicular 10t
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the direction SSE 2°30' before it is perpendi
dial, and the grid line for the direction Sgii :ﬁf;::f;nlg ttah:hralfﬁffme
omon by a distance equal to the tangent of 2°3(, or 004:, ti g
height of the pin. Taking one other azimuth for,puq;oses fﬁ.
tration, we note from Table 15.1 that the azimuth SW is 45° w;tus}
south. But our dial declines 20° east of south, so the direction sw?s
45° + 20° or 65° west of the dial. And since the tangent of 65° is
7145, we draw the grid line for azimuth SW 2.145 times the height
of the gnomon to the right of the pin. Computation will show that
for this dial the major compass points lie at the following angles from
the direction of the dial:

azimuth E ESE SE SSE 18 SSW SW  WSwW
angle 70° 47%° 25° 24° 200 4F 6° 8B

The distances of the corresponding azimuth lines from the vertical
line under the gnomon pin will be equal to the product of the height
of the pin times the tangent of the given angle.

The Sun’s Altitude. Old sundials often included lines or scales show-
ing the sun’s altitude, or angular distance above the horizon. On a
horizontal dial the problem is simple, since any given altiludf: will
be represented by a circle centered at the foot of the perpendicular
style with a radius equal to the product of the heighl of the.per-
pendicular style and the cotangent of the sun’s altitude. Thus. if the

height of the perpendicular style is 2.5 fnches and we wish 10 know
when the sun'’s altitude is 50°, we draw a circle centered at the foot of

the perpendicular style with a radius of 2.5 times cot 50°, or 23 X

0.839 or 2.0975 inches. Whenever the shadow _of the II::I?:VS Ig"—lgf

this circle, the sun has an altitude of SooidAl::ttﬁ&I‘W The maxi-
] N wou 5

are seldom shown, since their circles WO any latitude can b"fmmd

mum altitude which the sun can reach in. s ma:
by subtracting that latitude from 1 13°26.7. Thus ;:i:';;}sis

altitude at latitude 40° (which occurs ”ﬁ‘ﬂ?@ : i
— 40° = 73°26.7. Figure 15.9 shows @ ho: diating from the dial
latitude 40° with the usual straight hour lines s::: wing altitudes from

b ; thereon 6 circles :
nter, and superimposed “hadow of the gnomon as it

20° to 70°. Also shown is the o cating
appear at about 9:30 AM., with the Sf“d"“’;i;m 15.6,15.7. and
that the sun’s altitude is 40°. In this 856 8570/ £ qre scale rather
I5.8, the altitudes could have been SOV EZ
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FIGURE 15.9 Hori : .
and the sun’s a‘;ﬂf:;:‘:ig:?;‘:;“g:’gt thre lhocal apparent time (9:30 a.M.)
¢ little circle m‘;ri;p;rpendncular style is at the
an superimposed ;
separate vertica pinofattil‘;:]&lfr lines, and the aititude indicated by a
Sito dial. an by the nodus on the gnomon of the

are, of co :
UISE, equal to one, two, three, four. The radii of these circles

of the )
Perpendicular style, and five times the height
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Lines of Declination. As the sun moves across the sky fi
west each day, the shadow which is cast on a horimr;laio"m :351 o
the upper tip of a vertical pin (or by the nodus on {he slahu'r e b‘
of a horizontal sundial) traces a path from west to east‘ A?Itll?g ?‘)h:_
of the equInoXes this path is a straight line running dua.e.as[ a;-dllrpc:
perpendicular to the meridian or to the 12-o’clock line. At all 0\:;5 s
times of year the path is curved, being part of an h\'pe-r‘bola in OEf
jatitudes. When the sun is north of the equator during the summl:nr'
months this path is concave toward the vertical pin which casts the
shadow, but during the remainder of the year it is convex toward the
pin. The three situations are apparent from Figure 15.10, which

‘Length of Gnomon
IR 1

MNarth

2
>

J-Z':”-‘er
--'"'":S—h‘:'—'is_’fCe
AL AN

Equinoxes

S O;\

nodus at thctimﬁ"f

FIGURE 15.10 Paths traced by the shadoy ;f e omon s
the equinoxes and solstices in Jatitude 34" - rt at the 1OP-

pin of the length shown in the inse
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shows the paths which the shadow would trace at Iatitqde 34°N
if the vertical pin had a height equal to the length of the line at the
top of the figure. While the lines are shown for but four da)’b'_u of the
year (two solstices and two equinoxes), there would be a different
but distinctive path on any other date, depending solely on the
declination of the sun. These other lines would all lie within the
limits of those shown in Figure 15.10. If we km_Jw t_he sun’s declina-
tion on any day we can draw the line of declination for that day,
so that our dial will serve as a calendar to tell the day of the year
as well as a timepiece to tell the time of day. In fact, a leading
expert on early scientific instruments has pointed out* that the
hour lines of those old dials which have survived are often not num-
bered even though the lines of declination are frequently identified.
This led him to conclude that “one cannot well avoid the suggestion
that the chief function of the sundial in antiquity was not the
determination of the time of day, but season of year.”

If one does include lines of declination on a sundial he usually
confines himself to the three lines shown in Figure 15.10, showing the
dates of the solstices and equinoxes. Those whose interest in the
zodiac runs deeper may wish to add lines showing the sun’s entrance
into the other “'signs.” as was done in the old dial shown in Figure
15.1. The dates and corresponding solar declinations for these
entrances appear in Table A3 of our Appendix. But we need not
confine ourselves to lines with astronomical significance. For
example. a dial given as a wedding present might fittingly carry the
line of declination along which the shadow would pass each succes-
sive year on the wedding anniversary; or lines might mark birthdays
of members of the family, or other events which one wishes to
commemorate. But it is easy to carry the matter too far and confuse
thediai plate wi_th a multiplicity of lines. Since the method of drawing
all lines of declination is the same, we shall illustrate with the lines

shown in Figure 15.10 and allow the reader to apply the method to
other dates at his pleasure. e

muﬁﬁf Tables. If we have access to the appropriate tables,” the

_process is greatly simplified. We must know our latitude, the sun’s

g 'Derek J. DeSolla Price, Vistas i

Ll g a in Astronomy Vol. 9, p. 41, (Oxford: Pergamon
‘ ?ﬂsmyammmmm in the footnote of page 5.

r ce Tables of Computed Altitude and Azimuth, see footnote.
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declination on the date for which the line
height of the perpendicular style. The tab
sun’s altitude at any time of day, and the
multiplied by the height of the perpendic
distance from the foot of the perpendicular style to the tip of the
shadow—and this tip of the shadow, in turn, must lie on the appro-
priate hour line. Let us take an example. The tables tell us that on
March 20, when the sun has its maximum northerly declination of
23°30', at 2 p.M. in latitude 40° N the sun’s altitude is 59°509. The
cotangent of this angle is 0.581. If the height of the perpendicular
style is 1.5 inches, the length of the shadow will be (1.5)(0.581) =
0.872 inches. If we measure out from the foot of the perpendicular
style (not from the dial center) to the point on the hour line of 2 p.m.
which is 0.872 inches away, we will have one point on the line of
declination for March 20. We find similarly where this line of declina-
tion crosses each of the other hour lines, and draw a smooth curve
through the points. This smooth curve is our desired line of declina-
tion.

If we do not have the tables handy, we can compute the sun’s
altitude and azimuth at any moment of time for any latitude and
solar declination. This requires the solution of three formulas, as

5 10 be drawn, and the
les will then tell us the
Cotangent of the altitude
ular style will give us the

follows:

(1) tan M = (tan dec)/(cos £}

(2) tan Z = (cos M)(tan 1)/sin (¢ — M)
3) tan h = (cos Z)[cot (¢ — M)]

In these formulas M is merely an i““"“?dlgte val_uel;:rs]lj;“:; l;::;
subsequent equations, dec s the surf's dgcimau[on;; 115he < suth. it
angle, ¢ is the latitude, Z is the sun’s azimuth mfc;r the case where
is the sun’s altitude. If we solve these fquam?g M. or 2 P.) and
dec = +231° (as on March 20), 7 = 0588
¢ = 40° N, we get:
= = 0.

M = 26°39.6'; Z = 65°344 b -

g fa minute
This value of solar altitude differs by but ;::[;e;:l::thﬁe equations
that taken from the tables. We would stnit1 ints of intersection on
for the other hours of the day a'}d & twf) a draw a smooth curve
the other hour lines through which we

as the line of declination.



shic Approach. For those who dislike even the sligh; Mathe.
' MM in the preceding steps, one can find the lines of solar
e ion entirely by graphic means. Our approach follows that
of a famous writer on dialling of three centuries ago.® We llustrage
with Figure 15.11, which is in two parts. The upper part, which we
shall refer to as part A, is an ordinary horizontal sundial for latitude
33° N. The lower part, which we shall call part B, supplements it,
: (1) In part B, draw triangle OST of any convenient size so that -
(a) ST is the desired height of the perpendicular style.
(b) § is the foot of the perpendicular style.
(¢) T'is the nodus, and angle OST is a right angle.
R (d) OS is the sub-style with O the dial center.
& (e) OT is the style and angle SOT equals the latitude.
| The size of this triangle will determine the scale of the final diagram.
b (2) In part A, lay off along the 12-0’clock line from the dial center
B at O the distance OS equal to OS in part B. Then S in part A will be
pe the foot of the perpendicular style which will have a height equal to
 STofpanB.
; (3) In part B, draw TE perpendicular to OT. This will represent
Y (4) In part B, draw TD and TF making angles DTE and ETF each
equal to the sun’s maximum declination, 231°,

18 TD represents the Tropic of Cancer and TF the Tropic of
R paicorny If we wanted to draw some other line of declination we
~would lay off an angle from ET equal to that declination—on the
side nearer to 0 ination were northern and on the side

s m.. OS 1o intersect TD, TE and TF. Mark its

"~ "€ equator, and the shadow of the nodus

it days of the cquinoxes. Label the

1€ various hour lines of part A

°r hour lines would require
” Mthe present diagram.}
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{¢c) Take from part A the distance Oﬁ and transfer it to part g
laying it off from O to the point where it cuts lhlc equator, TE, a
b. This point will fall very close to point a. which is already o
line TE. l

(d) From part A take the distances Oc and Od and transfer
them one at a time to part B, laying them off from O to the points
where they cut the equator. Label these points of intersectiop

| ¢and d reg.pewclivcly. These points will be unequally spaced along
J TE, getting progressively farther and farther apart.

(e) In part B, draw lines from O through points a, b, ¢ and 4,
extending them to intersect TD, TE and (for the most part) TF.
The lower lines from O will not reach TF without making the
diagram unduly large.

(f) Label the points of intersection on TF as a, b, ¢’ and d'
corresponding with intersections a, b, ¢ and d on TE.

(g) Take distance Oa’ from part B and transfer it to part A,
laying it off from O to the point where it intersects the 12-o’clock
line at &', This is the point on the finished dial where the Tropic
of Capricorn crosses the 12-0°clock line.

(h) Similarly transfer distance Ob from part B to part A,
laying it off from O to the points where it intersects the hour lines
of 11 Am. and | p.m.; transfer O¢ to part A, laying it off from O to
the point where it intersects the 10 AM. and 2 p.M. hour lines:
transfer Od' to part A, laying it off from O to the intersections with
the 9 AM. and 3 pM. hour lines, and so forth. Each of
sections gives a point where
the hour lines, and if we
b, ¢, d' of part A) with
Capricorn on the finish,
Figure 15.11.
k&g;::mmrgofﬁg of Cancer by the same procedure, trans-
of those with line TF points of intersection with line 7D instead

m%wggﬁér:d?:ggﬁ :ﬂi rEIiCC;u?tely done. The disl;mfcs
4 pair of dividers Sy, bl.Il)li.f E the figure to _the other mth
use a finely divided ruler Wh they are not available one may
ination on it 4, we-dimil; we have completed the lines of

its soll use is 10 sorye part B (which is called a rrigon)
25t asan auxiliary in drawing the final curves.

»@nd the height of the perpendicular style,

these inter-
the Tropic of Capricorn cuts one of
connect these points of intersection (a'.
a smooth curve we have the Tropic of
ed dial as shown by a light dotted line in
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j, we can find the distance r!‘L‘ﬂ_‘- the dial center 10 the foot of the
Pc;pendiculnr style as (h)(cot ¢); and the distance from the dial
center to the intersection of the equator and the 12-o'clock line as
(h)/(sin ¢)(cos @). At this latter point the equator will cross the
12-0°clock line at right angles.

Vertical Direct South Dials. As we have learned in Chapter 6, every
vertical direct south dial is a duplicate of the horizontal dial com-
puted for the colatitude. Consequently if we want to find the lines of
declination on a vertical direct south dial at latitude 57° N, we merely
Jay out a horizontal dial for latitude 33° N :mc] add lh.a lines of
dc'clination to it by the rules which we .ha\'c just outlined. Bull
Figure 15.11 and its accompanying mal;nai already cover a hori-
zontal dial for latitude 33° N. Our work is already done. Of course,
we must invert the dial shown in Figure 15.11 and number the hour
lines counterclockwise rather than clockwise—and aftcr;\-e IT:CC
off the Equator and the two Tropics we also reverse tl[n.l‘r1 L-)‘; 1‘1:;
putting the Tropic of Capricorn at the top c}ogc lohl‘hzo(:;m: b
perpendicular style and the Tropic ol'_(u_r‘\._ccr at tlc] = u\;: o
everything else stays exactly as it was in .hgure. IT . ’ [hc‘wme
same posﬁimn for the foot of the pcr_pcndrcu.turwsl_;];;:nlhc o
height of the perpendicular style. Figure I_:..I;I .»d ws e
direct south dial with its lines of declination and, in fact, Fig

S ot eoee Y ith the necessary
z A SRS n Figure 15.11 wt =
S o Dace urse, that Figures 15.11 and

inversions. We must keep in mindf of co 4l G akoh
15.12 are for dials in different latituces Flg::lirf' djhrles:l vertical south
zontal dial for latitude 33° N. Had we “"mft‘ .J ted by laying out a
dial for this same latitude we would have ﬂ-ﬁch o would have
horizontal dial for latitude 37° N, after “n:al dial.

found the lines of declination for that horizo

ing of

; ials. The drawing O

Polar Dials and Vertical DirectlE"sF % “e:.talln: easy. We have the

lines of declination on these dial® & Uﬂ:b ccl{ter of the dial (see

& et e s dr\lmln I[inf:s in place. The distances

i 5 82 and 9.1) and the hour B + perpendicular

;;%\1213{1; \ﬁz;u‘;nlincs depend on the h;?leﬁmb: ft;ll: agengenl of the
style, being equal to this height multiph

i est diall,
- ot east dial), 6 P-M. (direct W
sun’s hour angle from 6 A.M. (direct ;a::_eh, measure out along each

G woon (polar G133 B no:::uch the lines of declination—
hour line the proper distance 10



144 Sundials

FiGURE 15.12 Lines of declination on vertical direct south dial, based
on the dial of figure 15.11.

f';:- ;hlf} l'}'rlo?ics ?If Ca{loer and Capricorn these distances are found
plying the height of the style by the factor shown in Table

u ount i 5 :
i ];:]g lhe hl‘)ur hneb fI om 6 AM., 0P.M, O

FACTORS FOR Fixping TABLE 15.2
Distances TO -
ROPICS. (VERTICAL EasT mrﬁas};l.hosg 3&35 ([;ll.:is?m il
hour =
Jactor hour factor
0 0434
I
L R T
e o 5 1.675
e 3322
For exam, 3 ‘
: Figure 15
a AR 13 sh
.g‘"dﬂhﬂom in ow:i[tie equator and the hour lines of
g R ol the the rules covered in Chapter9.
distance from gpe lar style in such a dia ;
Berona o ik o the 3 o uch a dial is equal to the
© PoInt where the equator and clock hour line. We start at

12-0'clock lines intersect and
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7 FiGURE 15.13 The lines of declination on a polar dial. ‘5

measure out in each direction along the 12-o’clock hour line dis-
tances of 0.434 times the height of the perpendicular style (which is
0.434 times the distance between the hour lines of 12 and 3 o’clock).
We then move either way one hour to the hour lines of 11 A.m. and
1 pm.. and measure out from the equator along these hour lines in
either direction distances of 0.449 times the height of the perpendicu-
lar style. On the hour lines for 10 AM. and 2 p.M. we measure out 0.501
times the height, and so forth, using the figures in the preceding
table. This gives us two points on each hour line, one above and one
below the equator. We connect them with smooth curves, shown as
light dotted lines in Figure 15.13, for the lines of declination on the
days of the solstices. If, at the junction of the equator and the
12-0’clock line, we erect a vertical pin with a height equal to the
distance between the 12-o'clock and the 3-o'clock }ines the shadow
of the tip of this pin will fall on the Tropic of Capricorn of Decem-
ber 21 each year, and on the Tropic of Cancer on June 21. On other
days it will fall between these two limiting lines, and on the days of
the equinoxes it will fall along the equator at the center of the dza;
Ifour gnomon takes the form shown in Figure 8.3 we can filea notc

in the center of the style to serve as d nodus, and the Sh'adow of th
nodus will indicate the date. We can, of course, show lines of decli-

nation for other dates if we wish.’ .
ven day and if ris ¢

"1f d is the sun’s declination on any & i fals and from
measured from 12-o'clock on polar dials. from 6 A.M. omﬂl:;‘:ilo?sc;d“ ing to
6 B.M.. on vertical west dials, we find points on the line of > ll"-o' clock line along the
any given solar declination as follows: Measure rdmm.u:w ﬂl-'-“'l oAt Sherf e
equator (or from the appgupriatc f-o'clock linel a l?l‘m the equator along this line
& line perpendicular to the equator and measure out from the B e ination.
distance equal to tan d/cos t. This will be a point on the

he sun’s hour angle




6 Sundials

The lines of declination on vertical east or west dials shoulq
be carried above the horizontal lme,. since the sun can never cagq ,
shadow there. The points where the lines of declination Intersect the
horizontal line show the times of sunrise on east _and [h; time of
sunset on west vertical dials: If one uses a pcrpcndfculur PIn as the
gnomon, there is no sense in carrying the hour lines beyond the
limits of the two tropics, since the shadow of the nodys can neyer

wander beyond these boundaries.

Lines of Declination: Vertical Declining Dials. A sundia] which s 4
vertical declining dial in one location must lie parallel to a horizontg|
dial at some other point on the earth’s surface. To find the lines of
declination on  vertical decliner we first find the latitude and longj.
tude of that other spot where the dial would be horizontal, constryct
an ordinary horizontal dial for that location, and add to it the lines
of declination as with any other horizontal dial.

Suppose, for example, that we want to find the lines of declination
on a vertical dial declining S 19°30'E in latitude 41°42.9'N angd
longitude 72°49.0' W, Using the methods of Chapter 10 we find the
following values for this dial -

SD = 20.5° SH = 44.7¢ DL = 28.0°.

The‘st)rle height, 4.7 is the new latitude in which our dial would be
1zontal. The difference i longitude tells us that the dial would be
horizontal at 4 longitude 28.0° farther east (since the declination is
east), or at longitude 44.8° W. So we draw an ordinary horizontal
dial for'lautude 44.7° and add the lines of declination for such a dial.
i mo{-mm"‘m will be symmetrical about the 12-o'clock
lme_ol'thax dial. But we learned ip Chapter 10 that in a vertical
dial) m;:: stub-m“e (which is the 12-0’clock line of our horizontal
5% So wei:'man ko th_e 12-0’clock line, in this case an angfe_of
ﬂ-;, mﬂhodsw ;hg hour lines for our actual vertical declining fi:al

of declinar {0 Chapter 10, ang superimpose on them the lines
1 = o .‘;]"r corresponding horizontal dial. This will
ISt 8 i oty 1o iD Figure 15,14, In this figure every-
gx&%&‘:’ﬁ;ﬁ be We drawn the dial by the rules of
Norizon dial in hﬁtud“:ql;a Ve added the lines of declination !'01;1 a
sub-style. W ve also -T° and have centered them around the
through (e foot of added t%“-’ horizontal line, which passes
e Perpendicular style and will actually be
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L1

L/

1 10 il i I \
7 I [ 1

ini ® 30’ E in Farmington, Con-
FIGURE 15.14 Vertical dial declining S 19_ 30 E-!Ian -:—:;:-}m&g ?.mh o
tic .t'—I;llilUdk: 41° 429 N and !ongll_ude 72° 49, -
i Equator and Lropics,

. : ect of the
horizontal when our finished dial is set lndpla}{':ui-zt::s.eg to skew
dial’s declination is to “tip” the lines of dec ndicular style, with
S Welual, dontored dl} =i {o?licorsfiﬁﬁ]::;eperalhcr than to the

ator perpendicular o SRR ‘apricorn is not
Ill};o‘}i?;ck linff}fp:he vertical .dml.' The lt;rt::z:d OEIE].PT]’C ey
carried above the horizontal line n lh;j{r;-\ \. indicates that this is
this tropic crosses the horizon at about ‘his. éi;;] on December 21,
the time of sunrise for the latitude 'Of (n If we were to extend the
when the sun is at the Tropic ot’CaprC:Llild find that the Equator
diagram slightly farther to the left we indicating that

; . -o'clock line, :
e al.tl l:.:nbis on the celestial equator.
1 hen the
sunrise occurs at 6 AM. W
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.. The horizontal line on a dial plate is the line

m;:: Ii)nllz;szzion of the dial plat; and a Ihorimnt;ll plane
ossed through the nodus. (There is no horizontal line on a horizop.
i dial since a plane passed horizontally through the nodus jg
i lel to the dial plate and never intersects it.) We have noteg
g:lone can tell the time of sunrise on a vertical direct east plane.
and the time of sunset on a vertical direct west plane ; and from these
times one can determine the length of the day. Mmre commonly,
however, the “lines of the length of day™ on old dials were lines of
solar declination which corresponded to various lengths of day. For
example, one discovers what the solar declination must be in our
latitude for the day’s length to be 10 hours, 11 hours, 12 hours. and
so forth, and then draws the lines of declination for these solar
declinations. If. now. the shadow of the nodus falls on the 10-hour
“length of day™ line, we know that the day is 10 hours long. The
12-hour length is easy, since everywhere the days are 12 hours
long on the days of the equinoxes. The Equator on any dial is the
line of 12-hour days. For days of other lengths we use the formula:

log tan d = log sin (L/2) + log cot ¢.

where d is the sun’s declination, L is the difference between the
length of day and 12 hours, and ¢ is the latitude. Suppose we wish
to show on the dial of Figure 15.12 the line of declination which
shows a day’s length of 14 hours. Since L is the difference between
the length of day and 12 hours, Lis 2 hours or 30°. Figure 15.12 shows
a dial_des_igned for use in latitude 57° N. so ¢ =57 and L/2 = 15°
Substituting these in the formula gives a value of d of 9°32.5. When
the sun has a declination of 9°32.5' north (as on about April 15 and
August 29) the days will be 14 hours long in latitude 57° N—and

" ANCestors appear to haye had more
08 10 sh most rl_lodern people have,
along which the ;!w On a sundial the lines of solar
n the sun as entering w ofEhe nod_us would move on }h"
VATIous “signs.” The declination
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which the sun has when it enters each sign is shown in Table A3 of
our Appendix, and one mer;l)' lays out on the face of the dial the line
of declination qorrespondmg to the sign, and labels it with the
symbol of the sign, as shown in the old dial of Figure 15.1. If the
shadow of the nodus falls on one of these lines we know that the
sun is that day entering the corresponding sign.
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And then he drew a dial from his poke,
And looking at it with lack-lustre eye,
Says, very wisely, “It is ten o’clock ;
Thus may we see,” quoth he, “how the world wags,™
—Shakespeare, 4s You Like It I1. vii.

Prior to the early seventeenth century pocket watches were un-
common, expensive, and unreliable. and the traveler who wished to
keep track of the time was forced to rely on a portable sundial. We
are told that King Charles I carried a silver pocket sundial, and
that on the evening preceding his execution he entrusted it to his
aue:ndam as a last gift to his son, the Duke of York. Lafayette gave
a silver pocket dial to George Washington, and several dials in
modern collections were carried by officers during the American

gi::}_ution. There were also various types of inexpensive portable
in common use by common people.

The Shegherd's D; _
the portable dlsalI:w Among the simplest and most widely used of
dial, the pillar di Was one which was variously called the shepherd’s

al, the traveler’s dial, the chilindre. and the cylinder.

It was not very accy
rate, but . F = &
recall that the “genj] monk“was easily made and inexpensive. We

X i = Of the C . siv
gode wyf™ to dinner says, anterbury Tales, inviting the

“Goth »
And laln Wdyour WeY." quod he, “al stille and softe,
Forbyg:s y,“,‘assqneas that ye may:

Y chilindre it is pryme of day,

Dot only on the ti the

and time ime of day, but also on th
designed for a m::u::al:'comequmuy the shepherd’s dial 1s
titude and is adjustable for the date. A
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its name implie‘& it is c_vlindrica} in for_m. and the hour lines appear
as curves on its rou_nded face. (See Figure 16.1.) In use the dial is
hung by @ string with the gnomon (a horizontal pin at the top)
extended toward the sun with its shadow falling among the hour
lines below. The top of the dial rotates, and the pin is set over that

art of the scale corresponding with the day of the year. The cylinder
is usually hollow to contain the gnomon when it is not in use.

The hour lines are either drawn on a paper which is glued to the
cvlinder or inscribed directly on the surface of the cylinder. As a
dreliminar_v to construction, we make up a table showing for
selected days of the year the sun’s altitude at each hour of the day in
the latitude where the dial is to be used. Methods of computing these
altitudes were given in the preceding chapter, or one can loo!: them
up in published tables." The finished chart of the hour lines will look
like Figure 16.2, and our first step must be to determine the length
and height of this chart for our own case. Since the chart is to be
wound around a cylinder, its length must be equal to or slightly less

0
77
“amae Tt
:?1::$
Iy
TN
\ -
NNNH
i
\\
LU
Figure 16.1 The shepherd’s dial.
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FiGURE 162 Chart of hour lines fi
: or a shepherd’s dial at 42° Jatitude
proportioned to a gnomon of the length shown ald”w “_th[l!wtft--

than the circumfere: . .
related to the longtt - pr = Cunder. The height of the chart is

gth of the gnomon. If ei i
- r mon. | either one is fixed, the other is
thereby determined. The relationship depends on the Ialiludef’@l

and if we let G represent
the length of th -
of the chart we have the relationships : R and 2 the height

s G = H cot (113}° — ¢),

1ot example we des; : 4

latitude 42°?the le:f:t;gnra dial for a cylinder 5 inches hi gh for use at
. of the gnomon should be 1.67 inches.

divide the length into ?2113 height of the chart of Figure 16.2, we
Inmediazclinesmay be;zinml ban.js representing the 12 months.
20th days of the ol wded if desired to represent the 10th and
line € then find the place where each hour

or mathematically, cal lines, working either graphically

Graphic Approach,

Lay out |

center and wi mym tkhnlg.:;f and CE of Figure 16.3 at right

divide - with any conyenieng pags, ¢ £19MOn. With D as the

et into 10° arcs, Frop, p dmus draw the circular arc BF and
W Straight lines to the divisions
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E
FiGURE 16.3 Developing a scale for determining the locations of the
hour lines on a shepherd’s dial. CD is the height of the gnomon and CE
is the scale.

on BF, and the places where these lines intersect CE will form a scale
for drawing the hour lines. For any given i A Jm:'lil'-
we look up in our table the sun’s altitude at each hour o_fth?s m:{
and lay our scale (CE) along the vertical lin¢ Corrﬁponldll'ng Cc;nes-
date with C at the top. We mark the pomt on the "’_m:i? l‘::ch hour
ponding to the scale division showing the susi* aclit?lu' ]]\?connectinz
of the day, continuing this for the other days, anh n;el;'es as shown
the points for each hour to give the hour lines them

in Figure 16.2.

n draw the hour lines by
given hour on &
e from the

If we prefer we ¢ s
g sun’s alttude, 4. @ '
he distance, D. of the hour lin

Arithmetic Approach.

computation. Given th

selected day, we compute t

top of the chart as follows:
p = (tan A)Gh

where G is the length of the gnomor: Fof c;:?:p;eé‘

at 2 pm. on November 1 the sun's altity

in latitude 42° N
2°. Qur formula
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tells us that the 2-o'clock hour line should intersect the Nove

line 1.476 inches down from the top of the chart if the gnomber-l
3 inches long. We repeat the operation to find where eachmon 5
hour lines crosses each of the date lines, and connect all the Of'lhc
for any hour to form the hour line itself. Since the sun’s altitu(gjom-{s
be the same at 10 A and 2 p.M. LAT., we draw a single | W
these two hours—and for any other two hours which are equj 1-1? for
from noon. quidistant
al;he hour line_s on a shepherd’s dial lie close together in winter and
damn:;ri?;::me, so that the instrument is least accurate at those

;:bleiﬂlals. A tat_)let dial is merely two small distinct sundials
: ged together with a common gnomon. One is an ordin; :
mci)nnizat:::ls;:&al an;} the other a vertical direct south dial. boli[;ld]i-:i
T di-:;sl :I],] when folded at the hinge, they can fit into the
e isla_ appear as shown in Figure 16.4, where the
ey string stretched from a point near the top of

0 a point near the outer edge of the horizontal dial,

The string casts its shad
) iale :
S e W across both dials, and the time is read
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The string gnomon must be of suc :
stretched tight the two dials will stanz‘-zl:t ?i:l:?i;h [Iha.t brosmhsi
that it may have lhe_pmpcr slope for the lal;tude tﬁ:i:;g'l?-mder
pe properly proportioned one to the other. The relationshi 1;;@51
the dials is best explained by reference to the iilustraugn 1“?
right of Figure 16.4, where we see the dials in side view with 1!15:11"l ”
gnomon running from A4 to C. In order that the string may h1;-c It?xﬁ
proper slope for the latitude, ¢. the horizontal dimnc;H, [‘mn‘1 410B
and the vertical distance,V, from C to B. must bear the relaligﬁghip-

H = Vcot ¢.

There is an unfortunate misconception that if a tablet dial is
turned until both dials show the same time, the dials will be properly
oriented. Nothing could be further from the truth. If we look again
at Figure 16.4 we note that the shadow falls between the hours of
| p.m. and 2 .M. on both dials. If we were to twist the dials until the
shadow fell between, say, 10 a.m. and 11 A.M. on the vertical dial. it
would also have to fall between 10 M. and 11 AM. on the horizontal
dial. No matter how we twist and turn the dials, if the shadow of
the string falls on either dial, it will fall on both. and will show the
same time on both. For proper orientation these dials often carried a
tiny compass embedded in the horizontal dial and a tiny plumb line
attached to the vertical dial to assure its verticality.

of instruments which combine
hould mention the little cubic
three or four centuries ago.
hey could hardly be classed as
, to be portable. The typical

Cubic Dials. While we are treating
two or more separate sundials, we s
dials which were not uncommon

Although their shape was such that t =
“pocket” dials. they were small enough 10 _
cubic dial. depicted'at the center of Figure 16.5. carried five m“‘,iard
sundials—a horizontal dial on the upper face, and vertical direct

S rest di he side faces. The four gnomons,
north. south, east and west dials ont i

all pointing toward the celestial pole. ; d all faces show
shines on two or three faces of the c|.1be e a‘:-icnted A small
the same time no matter how the instrument 15 O ;

compass in the base is used for orientation. :
Thp:ﬁve dlials of the cubic dial are all (.“awn o th:]ﬁ;?;l?!‘g;i?

but the instrument is made “Uni‘“efsar (usahl::ct?nds If we want to

placing a joint in the pedesml on which thecu sh_Ch S

use the dial in some latitude other than that for wht
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Ficure 1¢ e e 3 o
1 16.5 Thre
e small portable dials from the ek |
I 10r's collection
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we merely tilt the cube until all the g

_ 2 ? : i gnomons poi o
celestial F‘_DIL. 1hlu> making the correction descri}};cdm' 10\‘-‘drd ‘hé
for adjusting a dial to a new latitude. . s

Portable Cross Dials. Another form of portable sundial s i

found in collections takes the form of a small cross, often S?mim-‘mes
brass, with the hour lines engraved on the cross arms OT;];?W[
was auacheq to its base with a pivot, so that it could bc-set u T-):;
the main axis parallel to the plane of the Equator, andlas Ill':l‘e slun
moved across the sky the shadow of the main upright moved across
the hour lines on the cross arms. These dials were miniatures of the
large memorial cross dials described in detail in Chapter 18. Since
full directions for laying them out are given there, we need not

repeat them here.

Pocket Equatorial Dials. During the sixteenth to eighteenth centuries
diminutive folding pocket dials were popular, taking the form,
an equatorial ring carrying the hour lines and a
pin gnomon standing perpendicular to the ring at its center. Such a
dial. made in Augsberg, Germany, about 1800, appears at the left in
Figure 16.5. The semi-circular arc carries a scale by means of which
adjusted for the latitude, and a compass in the base
olded. these dials were little larger

1d be relied upon to give fairly
gs of the ume whenever the sun shone. The pin
which served as a gnomon was pivoted so it could be turned below
the plane of the equatorial ring to show the time during the winter

months when the sun is below the celestial equator.

when opened, of

the ring may be
is used for orientation. When f
than a modern pocket watch, and cou
accurate readin

1. This type of portable dial, also called the
1. is very ancient, yet it remained In Use uan
ur;'. It is the type of dial, mentioned 10
his chapter, which Lafayette gave o

<enal® i justable

George Washington. It is called "unn-ers.;_l ] bccau?ei; l?:ﬁ:ﬁm

for use in any latitude. It is really a miniature ,'0 ]-[;;a ter ,

sphere, the theory of whic n:'w;r?;f;;:tgb: ur[;)der:slood

The construction of the un & mr'f at the right. TWo flat
by refere y Figure 16.5. 'y w3l

i re folded together for storage or

rings, 4-5 inches in diameter, 2 . -
Feiie ; e S an the other
transit—one of the rings bemg just enough smaller t

The Universal Ring Dia
“astronomical ring dia
well into the eighteenth cent
the opening paragraph of t

his covered 1
jversal rin
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that they nest together when folded. When the instrumeny ig i
zzg they are unfolded until they are mutually perpendicular, as

shown in the figure. The dial is suspen_d¢d bya smal; ring at the top,
which can be moved along the outer circle to the point which corre.
sponds with the latitude. Pivoted across the center of Ehe outer ring
is a thin metal “bridge” which can b_c: seen in the figure sloping
downward from left to right. The brldg; is slotted and bears 5
cursor pierced with a tiny hole. The cursor is mgvec_l to that point op
the bridge which corresponds to the sun’s decllanatlon on the day of
the observation. The sun shining through the tiny hole casts a beam
of light on the inner surface of the time ring, whlc_h is calibrated to
show the hours of the day. The three dials of Figure 16.5 are aj
shown as though viewed from the west, with the gnomons slanting
upward to the left toward the celestial pole.

Perforated Ring Dials. Dials were sometimes made in the form of a
rather broad circular band pierced in the middle of one side with a
tiny hole through which a sunbeam was projected among hour
lines inscribed on the opposite interior surface of the ring. In use, the
ring was hung in a vertical position with the aperture turned toward
the sun as in Figure 16.6. The time was told by the sun’s altitude, and
hence the hour lines took the general shape of those found on a
shepherd’s dial described earlier in this chapter.

_ The method of drawing the hour lines for these dials is illustrated
in Flgure 16.7. The circle in the upper part of that figure represents
the ring, hung vertically from M. 40B is a horizontal line through

- LNt
-

l
,sl?g,d

Ficure 166 Perforated ring dial.
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s [ 1=
—
- —
:_li_. |
= 8
B F : ), and
E sun ring (Upper
E atic view of @ per{oraii:d 5% t (below).
FiGure 16.7 Schema o when straightened ou

inside surface of the nny

are cach 90°. The 3"'3?“;:
d at any point on lhel“pﬁi :zll;l?lu‘cle.
e BOE is equal to the colatitude:
: 7 so placed that ang . horizontal. The sun ¢as
circle, butis tlml :OOPB and is consequently horizo gDk
g v mp; F when the sun’s al_mude:sigd by half the sub-
i s I.:“ianqcribed in a circle is meast n’s altitude. At
an S
?c]-:ds:gc:r::mthegarc DF will be equal t the beam of
sunrise :m;j sunset, when thieilif’degmlh ‘
sunlight will fall at D but foreven

' Af and BM
the center of the ring. SO arcs AM an

is at E. which can be place
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horizon, the projected sunbeam will drop 2° below D along the
inside of the ring. .

If we were to cut the ring at its point of suspension, M, ang
straighten it out into a flat band, as in the lower part of Figure 167
the cut at M would be represented by the two ends of the flatteneqd
band at AB and CD. The entire length of the band (AC or Bp)
would represent the 360° of the circle, so each degree would take up
<45 of the length of the band. Since in the upper circle MD and ME
are each taken equal to the latitude (here 42°) the point D of the
upper circle will lie on a line EF of the band at the bottom, 43 of the
length of the band from AB—and this line EF will represent an
altitude of zero. The aperture at E in the upper diagram will now
appear at G in the lower part, also 53 of the way from CD to 4B

Divide the band itself into twelve narrow strips, representing the
months of the year. Then find for any hour of any day the sun’s
altitude, by methods described earlier in this chapter when we were
considering the shepherd’s dial. For example, on September 1 at
S.A.M. anq at 4 p.y. in latitude 42° N the sun’s altitude is 27.8°. But
mncf the mscrih_ed angle is measured by half the subtended arc, the
27.8° of solar almnude at BOE in the upper diagram will be measured
:gt;engd?t::rg at DF, and we should measure 53§ of the length
el ﬁ:ﬁ'ﬂ EF.alongthe len‘gthwlse line for September 1.

where each hour line crosses

each month line,
and connect them with smoot

: h eurves for the hour lines. Two of these
hour lines, those for 12-0"clock noon and for either 8 A.m. or 4 p.M.,

”?xwiﬁﬁ&?;" Mb:mi“ the lower part of Figure 16.7.
while easy to la telyt ecome clear'lhat these perforated ring dials,
© @y out in theory, will be too crowded for accurate

reading unless = £
portability. the ring is very large, in which case they lose their

The Sun Watch,

sundial has bwf‘;m years a small and handy folding pocket
; : 2 thrfa“gh the Boy Scouts of America.
2 % ‘hen opened, djt:; mstmmen} is housed in a thin metal
Of concentric hoyr lines mesa,h°f12°mal sundial with three
4 justat mfor latitudes 35°, 40° ana 45°. The
i %.dmmked for the same three latitudes,
S :“-aohhe United States including
> & liny compass for 1reas. The base of the instrument

0g the dial, and the cover contains
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a list of over 40 major U.S, cities with their latitudes, longitudes,
longitude corrections, and compass variations. There is also a table
showing values of the equation of time for selected dates. The instru-
ment is shown in Figure 16.8; and any boy lucky enough to own one
has far more than an interesting toy. The large amount of useful
information tabulated inside the cover adds greatly to its value.

The Capuchin Dial. Old books on sundials often described what they
referred to as ““the dial on a card”—sometimes called a “Capuchin
dial” for reasons which will appear later. This is a reasonably accu-
rate little timekeeper which any boy can make with materials
readily available, although younger boys may need some help in
lying out the angles. _
" To construct the dial we take the following steps, reference being
made to Figure 16.9.
(1) On the small card on which the finished dial will appear, draw

GH parallel to the top of the card. s d 7
(2) Draw EK perpendicular to GH intsersecting it at P. This will
become the 6-o’clock line. _ ‘
(3) With P as the center and with any convenien
semi-circle GKH. . ‘ _
(4) Beginning at G, divide this semi
15° each at a. b, ¢c. d, etc. %4
(5) Through these points of division 01
to EK for the hour lines.
(6) Draw GL. making angle P .
(7) At the point where GL intersects
S ; W equal 23%°.
’ -7 making LGV and LGW eq _
(8) Draw GV and GW m.;kmgm.ianil;::g S e van.ous
equal to the sun’s declina-

ith GL :
g;r example, the little line between

day of February. and if this line

t radius draw the
_circle into twelve equal arcs of
the arc. draw lines parallel

GL equal to the latitude. _
- EK draw VW perpendicular

(9) Lay off along V' W the lines
months, so that they make angles
tion on the first day of the month.

J and he scale marks the first 20", which is the
w:; eft::d:sdeto G. the angle with GL would be I7

‘. Table A.2.) Nega-
sun’s declination on February I e :rpdp:gd;;idve ones from L
tive solar declinations lie from L tow

toward W. diusd
(10) With V as the center and VG as thera

the Tropic of Capricorn.

raw the arc GQ for
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FiGURE 16.9 Diagram for construction of a Capuchin dial.

(11) With L as the center and LG as the radius draw the arc GR for
the equator.
(12) With W as the center and WG as the radius draw the arc GT
for the Tropic of Cancer.
(13) Draw the hour lines
as shown in the figure. The mornng hours ar ! P
= = - P O c no
arc and the afternoon hours along the upper arc. D O e

_ T : : S1OM.
numbers have been omitted in the diagram 10 b LLII]»ﬁ:; ; or edge
(14) Draw the shadow line BC, near and parallel to the upper ecg

of the card.

(15) Lay out a small rectangle, hijk. cente
right end of BC, Cut quite through the card BEe!
this rectangle, hi, ij and jk, and fold the rectangle outd
to the card along the dotted line hk.

from arc GQ toarc G T and number them
e shown on the lower

red on and toward the
along the three sides of
right angles

U,
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(16) Cut out the narrow slit ps centered on BC as ap
through which the sunbeams will pass.

{17) Cut a slit quite through the card along the line Vi
thread through this slit and knot it at the back of the card m.
from pulling through. Attach a light weight to the free eng
thread to serve as a plumb bob.

(18) The thread also carries a bead which fits tightly enc
that it will slide along when pulled, but will :'cmi];n\ = ,?L%gh o
thread otherwise. * Pace on the

aperture

RLln a
keep jy

of the

The dial is now completed and ready for use, alth
usually be copied onto a fresh card om'itting the construction |
so that the finished dial would have the appearance of }__]J:ln:ﬂ .
To use the dial, we first slide the thread along VI fulh 2
representing the current date. We stretch the {hF'c;td to ;lanill:[cfpnw

ough it woulq

7 (the

16.9.
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12-0'clock point) and slide the bead along the thread to that poi
with the gnomon (the rectangle hijk) folded out at right unulcq?t,i:-“;
card we hold the card itself in a vertical plane [\nil:!li:d 1(;\\Qr:i IEL
sun and tilted until the shaft of sunlight falling through the slit ;;
ps falls along the shadow line toward E and B. The thr;ud, ha.mzmv
free but pulled into a vertical position by the weight, will L::.ll'r\‘lh:
pead among the hour lines, where it will mark ihé hour of l.hc‘du‘.
The bead will fall on arc GQ on December 21, on arc GT on June Z-I,.
and on arc GR at the times of the equinoxes.

One can also tell the time of sunrise and sunset from this dial.
With the upper end of the thread set at the appropriate date, pull

the thread taut and swing it until it is parallel to the hour lines. The
thread will now cut the morning hours at the time of sunrise and the
afternoon hours at the time of sunset for the particular date. The
theoretical basis for this dial is ably explained in an article by
Frederick A. Stebbins entitled “*A Medieval Portable Sun-dial™ in
the April, 1961, issue of the Journal of the Royal Astronomical
Society of Canada, and the dial is also discussed in the “Amateur
Scientist Department™ of the Scientific American for May, 1966.

The Capuchins were an order of Italian monks established in the
sixteenth century, and the Capuchin dial took its name from a
fancied resemblance of its curves to the hoods worn by these monks.

as shown in Figure 16.11.

dditions to show the

dial inverted and with a
origin of its name.

FiGure 16.11 Capuchin
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A Very Early Portable Dial. When Fhe Danes ravished Canterpy,
England in the year 1011, they lmpnsoned Archbishop Alphege af).
murdered him in prison the following year when he refused tg n, ?d
ransom. When the Garth Monastery at Canterbury was rusrnr[:-';j“.“
1938 his tomb was opened, and in it was found a little silver hundj]-n
hung from a golden chain. The gnomon was also of gold with e
end fashioned into the head of an animal with tiny precious \_mnnc
inset for the eyes. A reproduction of this early dial. now iy Ihc;
Hellmut-Kienzle Uhren-Museum at Schwenningen, West German:
is shown in its actual size in Figure 16.12 by courtesy of my frieng.
Herr Paul Melchger. The original dial is obviously over nine and a
half centuries old.

Egchfaceol'medial isdividedinto three columns, and each colymp
ca:pes_me names of two months. The gnomon is a removable pin
?l-'hlch i1s ordinarily stored in a hole in the base ; but when the dial i
in use the gnomon is removed and thrust through the hole at the m[\\
:]faljt: ;otlhuen;x: foreilhe appropriate mon_th. The dial, hanging by its
oo O.n = mll,l;gn t::lwa_rd lhrc sun until the §had11\\ of the gnomon
mE ow. Two dots appear_ in each column. When

ow lalls on the lower of thesé dots it is noontime, while at
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nidmorning and midafternoon the shadow falls on the upper dot
Thus the dial showed the times of the medieval unequal cannnu:ai
hours which were set aside for prayers. We can imagine the Arch-
pishop holding his little dial before him as he called his monks to
their devotions. Inscriptions on the sides of the dial invoke blessings
on the unknown maker, and carry wishes for peace to the posscssgr_

Time-Telling at Night. [t may seem pecular to include in a book on
sundials a brief reference to instruments designed to tell time at
pight—but the apparent motions of the moon and stars bear some
re;emblmwc to the motions of the sun, and they, too, have been used

for timekeeping.

Time by Moonlight. Foraw eek or so just before and after the ime of
full moon, the moonlight is bright enough to cast a shadow on a
sundial, and this moon shadow can be used to get a rough estimate
of the time of night if we make proper corrections. The motions of
the moon are highly complicated, but for our purposes We shall be
close enough if we say that the moon “runs slow™ by about 2
minutes a l]thLi.’ or 48 minutes a day. A week before full moon the
time shown on the sundial by moonlight is about 54 hours “fast”:
on the night of full moon the time shown by moonlight is —c_orrect;
and by a week after full moon the “moon time" is about 53 hours
“slow.” The amounts of the correction during the weeks before and

after full moon are as follows:

days from
fullmoon: 0O
amount of ; 1
3 .00 4:48 5:36
eorrection - 0:00 0:48 136 5:24 3:12 4:00 8
avs before full moon the time sho\\'g
_ after full moon it is "sFOW.
light on 2 sundial indicates
frer full moon, W appl_)-
timate that the ume 1
lication of our rule would give the
o rough to warrant such mis-
b;cn made 2 days before
time was really about

We must remember that on d
by moonlight is “fast,” and on days
Suppose that the shadow cast by moon

e -
that the time is 10:30, and that it1s = days aft
36 minutes 10 &8

the correction of 1 hour and
really about midnight. Strict app

time as 12:06 A.M., but our rule 15 10
leading precision. Had our "_‘b“'ef"*‘“;"“l =
full moon we would have estimated tha
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strict application of the rule would have given 4 t

i ime
ce . of
el ave actually carried tables of these

ials h COrree
-56 .M. Some sundials y & ..
?i;aii for use by those few observers with nocturnal habits wh Migh

understand what the table 1s all about —and';_m_\ d\ Cq-!n-lhc-\\m_wl
sundial enthusiast may take pleasurelm checi‘;mg h.n. dlfu h\ o
light on occasion merely as an experiment. ‘:" as ;‘Drdr.jtllcal time-
keeper this type of “moon dial” leaves much to be desired. both
| J because the corrections are at best very FOUE_h- and because there are
!B relatively few times at night when the sky is clear enough ang tp,
moon bt"ighl enough for us to get a readable shadow on the sundial.

A similar argument is sometimes made about the sundia] itself
Even during the daytime hours it is not always sunny, and there is
not always a shadow on the sundial. The amount of sunshine which
we receive depends in part on our latitude and in part on local
weather conditions. Figure 16.13 shows two maps prepared by the
US. Weather Bureau showing the average numbers of hours of
sunshineactually received during the summer and the winter months
in various parts of the continental United States. For example, in
Chicago we can expect an average of between 4 and 41 sunny hours
on winter days. and 10 to 104 hours on summer days. Since sundials
today get their principal use in summer months when people are out
of doors, the maps should give some encouragement to sundial
users, since they indicate that most parts of the country can expect

sunshine for a large proportion of those summer hours when the
sun is above the horizon,

The Nocturnal. The tossing deck of a sailing vessel was ill adapted

inecpgr {l“: use of a sundial, and sailors needed some other means of
& track of the time. They early developed reasonably satis-

tion (;r:f‘?}::h ; l:lruse in clear daytime weather, based on observa-

sun‘saltitude:: and for severa] ¢ e thow denendedat

i 5 § entu ey dependedd
night on observat; ries they depe

: 1ons of the stars. They noted that the northern
mﬁ:&mg‘;ﬂrﬁd 10 rotate around the Pole Star approxi
and marinerg Y. like a huge hand on a celestial 24-hour UllJl:k_:
.Mmmo_nzed. the positions of the more conspicuous

oS times of night at the various seasons of the

. &minmagohlhey de"ehl?ed a simple small instrument
8ave the Latip :gl CIr observations—an instrument to which
the “noctyrns, o 0rologium nactis, but which Englishmen
4Mal™ This instrument is 5o easy to make that
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-'"'-""q:_”;—;___ AVERAGE NUMBER OF HOURS OF SUNSHINE,DAILY,

SUMMER [ JUNE-AUG.)

LY]
A = apenan
e

=

BASLD O% 200 FRST.ORDER 13 iday
WEATHER BUNEAL STATHOSS o

PLIO0 (a8

N o
- +ar sunshine in the Unit
SURE 16.13 Amounts of summer and winter sunshi
ey i States.
ht hike by

= an overnig S
mself on a py of this

amused i of his own €0

many a Boy Scout has =0
g the 1e stars by means

reading the time from tl bl 7
medieval scientific mslrur_uem,no SR which have sur;l\’ e
i ancient Dot - anxiously S

W ost of the ancien = and are gnk )
beaul{lilfljllT;ngra ved on goppcr or brass. .md
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by wealthy and knowledgeable collectors and museums,
be constructed of any thin material such as plywood or
or even from stiff cardboard. The instrument is made of

they mga,
II"!'L‘\i-}_'!t_uj r'(-j
three parts,

4 and

which are shown separately in the upper part of Figure 16,]
assembled for use at the bottom of that figure.

Portable Dials 171

We first cut out two circular plates of convenient size, the |

arger
pcrhdi"“ 3 inches and the smaller about 2

3 mches in diameter The
jarger disk has a handle at one edge which is ¢

integral part of the disk or attached at the back
Jarger disk is divided '.m.mnd 1ts edge into tw
\\'llbh a division representing the first day of _lamuar} dlrcutlj. opposite
the handle. The twelve divisions represent the twelve months and
run counterclockwise around the edge of the disk There will be
little error if they are laid out of equal size, each subtending an arc of
30°; but if one wishes to be precise it is not difficult 1o proportion
;hcm to the varying lengths of the months Counting 365 days to the
vear. we would assign to January £ of the 36(F of the circumference
or 30.6°; to February we would assign 3% or 27.6°, and so forth.
Figure 16.14 is drawn to such a small scale that only monthly divi-

ither cut out as an
subsequently. This
elve divisions, starting

: ky as they appear about
FIGURE 16.15 Some of the stars of the f‘onﬂbl‘."‘fnstithw part of the
9 P.M. in mid-November. The upper five =IJr;rr“m' Ursa Minor (the
constellation Cassiopeia; the m|.‘_:1.dle gro;i; sivcn stars at the bottom
“Little Dipper" or **Lesser Bear"): and the s or “Big Dipper” or the
are part of Ursa Major (the “Greater Bear '

“Plow™ )L
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as are shown, but in practice one would insert subdivisions f,,

cut out the smaller disk of such a size that the m
which we made around the edge of the lar e
R wmwe- the smaller one is centered R
visible the on top. If,
g . the diameter of the smaller disk is 3 inch smaller than ll?;z
 of the larger disk, there will be a -inch margin of the larger dj
mm the way around the smaller disk when they ;Srt
‘assembled. The second or smaller disk has one or more “teeth” on
~its outer edge which must be located accurately and which should
- reach outat Jeast to the outer edge of the larger disk and perhaps a
b %m,asshowa in the lower part of our figure. Before these
o mmba .a-meurately located we divide the circumference of the
: Mu‘@k into 24 equal divisions, each of 15°, representing the
E ihun‘s’ of the day. One of these divisions is selected as the point
r_ for 12 o’clock und:;ghz; anld t;:e pthc?;li:lours are then numbered in
- sequence running counterclockwise. The nocturnal was sometimes
: Iﬂk ;ﬁhbm ope'. ‘toot_ i3 a_nd §uch an instrument can be made
\ ﬁﬂay e wishes: but since it will soon become apparent that the
:E Instrument ‘.-i'nls lllim:tl;scful wull: :;iliged teeth, and since there is little
o My o adding them, we shall describe an inst t wi
Sy B o strument with three

t division at a ??sitf?n corresponding to 4:14 a.m.
\ mﬂl marked. e LB ”124.4" counterclockwise at 8:18 AM.
‘marked “Cass™ 94.7° clockwise at 5:41 P.M.

ﬁn dtﬁem‘“w l‘ls a cursor or ruler, pivoted at on¢
g 1d fiducial edge™) is so laid out that if
Z5 lpass | t-h.rongh the center of the pivot.
assemboled with the larger disk at the bottom.
W‘fﬁd the cursor on top, as shown in
.14, . :ohree Earts are held together by 2
10 come by) a short nipple of Linch
1@ nut screwed on each end to ho;;:ipthe disks in
mﬂm furnish nuts of the proper
3 The assembly must be 1005€
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In use the instrument is first set for the S oatcalls

used and for the constellation which is to g:t;bf:;:\r:éwﬁ ::r;sd::ize
to observe the- .posijion of the Big D‘ipper or Great Be;;\r, we set m:
tooth labeled 'GB on the smalle‘r disk at the appropriate date.* We
then hold the instrument at arm’s length with the handle pointing
vertically downward and with the plane of the disks perpendicular
1o our line of sight to the North Star. We sight the North Star through
the hole in the central pivot and, keeping the star centered in the
g the cursor until its fiducial edge touches the appropriate
onstellation which we are observing. The fiducial edge
the divisions on the smaller inner disk at the approxi-
e. Thus the instrument at the bottom of Figure
1d have been if we had made an observation at
d if our observation had been on the “Pointers”
mber 29 if on Kochab about March 1:

hole, swin
part of the c
will then cut
mate local mean tim
16.14 is set as it wou
about 1:25 AM.—an
it was made on about Dece
and if on Shedar about July 22.

disk ha
2 The labels on the three teeth of the s;:n:llzl'nd is used for observations o L
“GB” means “Great Bear” Of '-Ef-";m':::“'s 7 psser BeAr” orclidm e of
“pointers” of the “Big Dipper ;' b which lies 3t the extreme SHCE 4 is used for
used for observations of the star‘lfoctls e % = .
e ont oF e ~Little Dipper”: 300 LG e ight ofthe Ui 15 which sl S
observations on the star Sh i:r whid koot gentified In Figure
in the constellation Cassiopeiad- autumn ©
northern sky as it would al;_:;;eal‘ “‘:_281““ . ppﬂf"“;d wby ‘:h;‘ ﬂ:‘ﬁf F‘M h‘k of
more than one tooth on OUr F=2. L or obs;Lug e by selting the M

e —
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The Armillary Sphere

Ancient astronomers used cciestiu} globes \.\.'hich depicted the
heavens much as modern “‘globes of the world™ show Lhe.*c;is and
the continents. The celestial globe showed I.hc uonsfe]];mnns and
their brightest stars, and the imaginary circles of the heavens
corresponding to the meridians and parallels on 11?3!‘1'C..~G'1I'ILL] globes.
For many purposes the body of the globe was omitted and a mere
skeleton used instead, consisting of an assembly of rings representing
the principal circles of the heavens. Such an assembly came to be
called an “armillary sphere™ from the Latin word armilla: a bracelet
or ring. Some armillary spheres were highly complicated with
dozens of rings: but for most purposes they were reduced to three or
four rings, and in this form they became one of the most handsome
and attractive sundials, like the one which stands in front of Old
Main Building at Pennsylvania State University, shown in Figure
171l Inits simplest form the armillary sphere is but an extension of
the equatorial dial described in Chapter 4, with two rings represent-
ing the ecliptic and the meridian, and with a rod passing through
their common center fepresenting the earth’s axis. A third ring is

usually added fepresenting the horizon. and our description will
cover such a three-ring sphere.

e of Measarement. The rings or circles comprising an ;1rmi_1-

- sphere: o Waos Naturally measured in circular units—in
€ees, r}rnnutes.‘and seconds of arc. But even if our original

i impler to apply
: of linear measure—feet and inches.

Or centimeters, [n an}j Particular case conversion from one of these
e casy. Imagine a ring 11 inches in diameter,
edoutinto a band. This band will be just over 343

ong (11 times P1). This R e s L i

Cwrnma 17 )

The Armillary Sphere

Armillary sphe

re, Pen

psylvania State

University-
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entire 360° of the original circle, so ?ﬁc}j dcg’rec IS equivaleny ¢,
342 — (1096 inches. For thl_s ring we can u..m\ ert degrees t0 inchey
by multiplying by 0.096, or inches to «jcgrcfea h} dividing by 0,096 &
by multiplying by its reciprocal, I(l;-i&:}, When in our later directions
wesay to lay offa distance of, say 233°, we can._1f\x ¢ prefer, measure
dislar;ce of 2.256 inches along the arc of the ring.

Laying Out the Rings. For a metal worker, the armillary sphere s,
simple and rewarding project. Armillary :_;pherc_s may be constructed
sothat they are universal (usable in all latitvdes). but they are usually
made for some specific latitude. This is especially true if they include
a horizon ring. While commercial designers like Kenneth Lynch of
Canterbury, Connecticut, make splendid ornamental spheres

5-20 feet or more in diameter. and while the amateur artisan may
make a sphere 3 or 4 feet in diameter by welding together the metal
tires of old wagon wheels, we shall illustrate the layout of a sphere
with rings 1 foot in diameter as being more nearly the size of a
garden sphere. The rules can be adjusted easily for rings of other
sizes.

We start with the band which will bear the hour numbers and
represent the equator. It will be the innermost of the rings which
make up the sphere, and since it is 12 inches in diameter we shall
ne‘ed a band of metal 37.7 inches long. For good proportions it
might be roughly  inch to 1 inch wide and ¢ inch thick—although
;;}:;{:l?;z i:fi:hic_kniess &‘il] depend on lhg stock of metal at hun_d.
P wﬁ: :lrlni:e will measure 37.7 m.:he,i_ Ic;n;h degree will
marks should be 15° o g {,]'“H{ . The bog’
Dikioniit v mi::ld?pa?‘ or 1.57 inches. We place the hour line for
hour lines toward th: E&C'Ur:apd o n-mjdl‘ S Ty ot Ih‘? onhez
morning hours at the lefy a4 “gh.l 1.57 inches asunder, with tht

g and the afternoon hours at the right as
shown in Figure 17.2. Since the sphere will show the time whenev
show the time whenever

the sun is above th .
: ¢ horizon, we should i \ i ) the
tume of earliest s Id include hour lines fron

unrise to the time of latest s latitude.
Theh i est sunset for our lati
ourlines of 6 a.m. and 6 p.m. should be just 18.85 inches apart—

456789101n

E ;
IGURE 17.2 Equatorial band for armillary sphere.
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just half the length of the band, 5o that when the bund is best itan

ircle with the hour marks on its inner surface these two hour lines
~

will lie just opposite each other with the 12-o'clock hour line at the
pottom just half way between them. The ends of the band are now
welded together, or otherwise connected, to make a circle 12 inches
in diameter. : . % :

Our second ring is the horizon ring. which should fit snugly over
{he equatorial ring and must, therefore, be a very little bit longer. The
smount of the added length will depend on the thickness of the metal
‘-mck being used, and one should try the strip of metal around the
2 = ; - - 5 " .

Jutside of the equatorial ring before cutting it to length so that the
U > X : :
two rings will nest snugly together. Since there is no marking on the
h nrizm; ring the band can be welded into a circle as soon as it has

Q E : s
been cut to the proper length. Finally we make the meridian rng
which is cut to the proper length to fit snugly around the horizon

i ; he loneest of the three rings.
ring, being the longes _ _ ks

The three rings must now be combined in their proper pmmon;.

Sy : stal, ¢ ¢ attacn-

The meridian ring is 0 be attached to a pede;:jal. ;'m}? tti:L s

i 1 s the ends ol the ban
. usually made at the point where the ends 0 :
ment is usually made at t it » B T
relded together. as at point A 1n Figure 17.3, which show
e -C ecticut amateur craftsman in his home
: W= c ho

lary sphere made by a Conn R rFo ik o
workshop. In this hgure. the cire ch Al

: : the horzon.

DHGJ the equator, and CHFJ_ sy 0 ohithess

We now attach the horizon Ting atp

31 inc he equatorial

points should be 90° from A—or i InLlhﬁliﬁtz(:J[and g In any
: g - n any

ring is then attached to the meridian ring at po he latitude:

i m A by
armillary sphere point G should be d1>}¢nl fn:he et for
and poi;‘n D should be distant by 9(; P!-:lss 4G will be 42° or 440

Cé <phere is made for RUWGE 3= 20 = onnect the
T;;:T;Sljngugi)[‘ “Ln‘[ be 138° or 1442 tm‘h?]:;‘.t;w;cnl)andﬁ
horizon and the equatoral PO’E‘;!T:E:EQ \.:ords.-D = HG= t‘:i

Ry et cen Cand £~ at ponts
ko h‘n‘:‘.“ » qhi{.“i:'.r;,cs Finally we attach lhig“‘::;‘z‘ QQF-»KP]us
= = §(° = 9.42 inches- e 4 e 113
E:'lg B 2'(i1h 1B cqual to the cOlaCC ngilnjhcsi“d AE=4E
in ace AB = g" =L < ;“'ul.lnd the
e luuiudc. ot o\:_r L‘:; check our measuremf;;,ilian sphere:
= 13 inches. e G 3 any #
& If::'lt_;' "?Lh"'i'f we wish, by the fact that on any

eridian ring, if we Shot
jatitude
colatitude

]

AG = FE = BC

]
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FIGURE 17.3 Homemade armillary sphere.

The TS
Piercgomolnh::;t‘iﬁlj;: h'mf‘ thin rod which runs through holes
among the hour lines on u:m:' Thc shadow of the gnomon, cast
noon the shadow of the :ncq'té‘_““"'“_l ring, shows the time. Just al
gnomon and also across [hm] *mn. ring itself will fall across the
equinox, the sun will be on eh 2-0 clqck line. At the times of the
plane of the equatorial rin ofl he Celes-ual equator, and hence in the
upper part of the ring (D 5 FF Wrmlllar)ﬁspherc, The shadow of the
in Figure 17.3) will fall on the lower part of

the ring. and the h . 5
ring (as he might d(;uirf 11112&:-: Akrbe S_haded If one omits the horizon
from wagon wheels) he w re welding together two large iron Ure

AB = co-¢:and BD = 900111 have distances AG = ¢; GE = %"

The Sun’s Declinati
tion, : ;
the equatorial band fa? the times of the equinoxes the shado™ ol
betwesn Eand Bin Figure 175, 1o O e gnomon, hall £
€17.3. In the summer, when the sun is high-
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the shadow falls farther down the gnomon closer t
winter it falls closer to E. One can c;l.\‘l-'j\ c;-lu"ﬂ‘r':t.l‘,h?. 0
show the sun’s declination by the posi ok 0, R
y the posiion of the shadow on the
gnomon. t
Starting at the center of the gnomon. just half way betwee

B, we measure up tow ard E a distance equal to h;ti'l"th: ::;t?'E'uT
equatorial band. This is the zero point for our calibration I'rn'TI :”‘f
we measure upward toward E for southerly and dow \\r I : nim—g

B for northerly declinations of the sun. [_rl-'.tﬂ the rudlsu: Elof ?
cquawﬂdl circle. the distance, D, which we measure :'ra.r‘n 1-he z::':rn
point for any particular solar declination, d, 15

D= Rtand

In our illustration, where the radius of the equatorial circle is 6
inches. if the sun’s declination is 10 north (asit is about April 16and
August 28 each year) the equation tells us that

D = (6)(tan 107) = (6)(0.176) = 1.036,

so we would measure 1.056 inches from our zero point toward B and
mark the point where the shadow would fall at these two times of
year, Similarly we w ould mark another point 1.036 inches above the
zero point for a southerly declination of 10° (February 23 and Octo-
ber 20 each vear). The scale W i1l usually be marked for each 5° or 10°
of solar declination, and we must read the declination from the upper
edge of the shadow of the equatorial band, since we chose as the zero
mark for our scale the point on the gnomon corresponding 10 this
upper edge.

p}i');.le h:ITIC craftsman who works in metal will have little difficulty
in making an armillary sphere which will be a joy 10 him and an
ornament to his oarden. Figure 174 shows such a sphere. more
ambitious. to be ::hura:. than would ordinarily be made 1£lr a hur;e
garden, which was designed and built for the Old Mystic bﬂﬂf’f". \
Edwin Pugsley: but a modest sphere like that o Flilgjl 1tra;1:fn;
project well within the reach of 2 i_uglh schm:ﬂi n::-e.;n—,evenin;ﬁ‘
student or of the craftsman who works with metal proJ

in his garage.
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FiGure 17.4 i
Armillary sphere a1 Old Mystic Seaport
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Memorial Dials

Any well-designed sundial makes a fitti
the .cmmi:'\ . on college campuses and village greens, we see sundial
dedicated to the memory of disnﬂ.gu:shcdh;1":1;n1m or 'l'u.;uhlr'. ..-:fr\
bers. or to founding fathers and worthy citizens. A sundial 1k:~ la

ng memorial, and all across
1l

?‘Hicn more imaginative memorial to veterans who gave their lives
in battle than does the standard bronze plaque—and the plaque

desired. can be set into the pedestal on which the dial stands. Many
an English ge has had from the middle ages a “town post” with
dials on the four sides, antedating the development of the town clock
But there are two or three sundial designs which, by their nature,
are especially suited for use in a cemetery, and we shall treat of such
dials in this chapter. .

Headstone with a Sloping Surface. Figure 18.1 shows @ headstone
which has been cut to leave a sloping surface at the center of the tOP-
The edges of this surface are gnomons which cast shadows among
hour lines which are cut into the level spaces at the ends of the top
The dials are separated halves of an ordinary horizontal dial, S0 e
upper slope must be equal to the jatitude of the place. AnY GriBge
stonemason can do the necessary W ork, but will need exphicit detailed
instructions to guide him. The directions are simplified if the head-
e duc‘ coatheibt i n be the case the stone
faces at an angle, the sloping tablet must als0 stand atan :.mgic 0 thc
main body of the headstone in order that 1ts edges, which serve a8
3 eh : 23 shows & headstone
gnomons, may lie in the meridian. Figure 18.2
which faces somewhat to the

as will ofte

east of south.
able dial In the

T:e Cross Dial. In Chapter 1= 7 : especially suited 85
shape of a cross: but since cruct {o this point- The
cemetery memorials we postPon
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FIGURE 18.1 Cemetery headstone with sundial. Stone faces due south.

general appearance is shown in Figure 18.3. The upper part of the
gravestone is cut in the shape of a cross which faces toward the
north, but with the top tipped back toward the south until the cross
liesin the plane of the Equator. Thus we are looking at the north side

of the stone in the figure. 3
The cross can be considered as composed of a mainshaft to which
three cubes ha‘{e been attached—two at the sides to form the cross
:Iazlr;al;c:tt}}:’leéhlrd at the top. As the sun swings across the sky in the
o En ay, Lhe shadows of_lhese cubes will fall upon the main
R thel:t':amc:c _l?:_hef- Thus just at noon. when the sun is due
g desadas shadwl all directly on top of the topmost cube, and it
s ureow[; But as the sun passes toward the west (the
the top of the Eastf:rtn f::;:ﬁdo:;f of this topmost cube will appear on
Bext 6o or three hour,. and) cube, and will move across it for the
ﬁus l::;;‘h‘wcl:’;‘ ‘:i‘ﬁlfshes in the plane of the Equator. the edges of
axis. Thus we can mak:r:ed‘as gnomons, lie parallel to the car:h;
the two side cubes, and g ramary polar dials for the upper faces =
Tect vertical east or west dials for the sides

Memorial Dials
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FIGURE 18.2 Cemetery headstone with sundial. stone facing southeast.
Since the cubes all

S e . cides of the upper cube.
of the main shaft and the sides ol the upp bous lines will be

have the same dimensions, the spacing of the lines will be as
repeated on each cube, and the arrangement of hods JU=

ines icularly on the
shown in Figure 18.4. At 6 .M. the sun shines perpendn.ulatrh.e i
5 on the western cube and at noon on P

eastern cube, at 6 P-M. dow cast by
the upper cube. In computing the hour angles for the sha £
pper cube. Inc S n's hour angle from the um

any -+ cubes. we take the su |
any one of these cubes, we take t O hat cube, Thus the edges of

when the sun shone perpendicularly ¢ st cube from sunrise
the eastern cube will cast shadows o ‘hf e
until 6 A.m. and then down the eastern S
cross from 6 .. until latein them
hour lines, with the
hour angles from 6 .M. Th
of one hour or 15° as farast

ide of the main shaft of the
(See Figure 18.4.)Forthese

s
: be, we tse the sun

: , cast by theeastern €

shadow Ca; o and AN would be hour angles
us 3 AM.

are
his cube is concerned—but when we

orning
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NOYES

FiGure 18.3 A cross dial cemetery headst

West Foce

—

one.
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considering the shadow cast by th
perpendicular at noon, the hoyr
represent either 11 AM.or 1 py.

The length of the shadow at any hour angle
to the tangent of that hour angle, a5 show ninTa
of the sun’s hour angle are giy

€ upper cube, where the

sun s
angle of one hoyr or |¥°

would
will vary according
ble 18.1. The values

en at intervals of g quarter hour, and
the lengths of the shadow are in units of the side of the cube—that

is, we multiply each length given in Table 18
edge of the cube to conv ert them to
such other units as we

I by the length of the
inches or to centimeters or to
used in measuring the edges of the cube. For
example, suppose the sides of the cubes are S-inch squares, and tha
we want the hour line for 8 .M. The shadow will be cast on the main
shaft of the cross by the eastern cube (see Figure 18.4) and the time
i5 2 hours or 30° from the time when the sunlsho_nc perpendicularly
on this cube. Hence the distance of this hour line from the base of the
cube will be (0.577)(5) or 2.885 inches. Comparable prﬂoccdu:jcs are
used to locate the other hour lines. Reference to the figure should
give such further explanation as may be necessary.

TABLE 181 A
[ 5 R ANGLES, ¥ UniTs
LENGTHS OF SHADOWS ON A Cross DAL AT VARIOUS Hf.n_LR ._\.\c LES, I
il : OF THE LENGTH OF THE EDGE oF THE CUBES

¥ I ) Sun’s length
sun's length u ;
h hour o
o mele shudow
angle shadow angle
By 5 = 30.00° 0577
0.00° 0.000 30.00 B
3.75° 0.065 0767
7.50° 0.132 0.877
11.25° a1 1000
15.00° 0268 1,140
875" 0339 1,303
22.50° [1.4I-_4 1497
26.25° 0.493 173

¢ David can be adapted
_ Star of David can be a¢ just
id Dials. The six-pointed he cross dial j

rStar (!f [.)a-“-ldn?:nisorial sundial Ci"mlf‘ar“?le Izltnfannlcsselomhc

dor u'h;e;b“[dhe star itself consists of six e({?ll?ltire star are 60° angles,

‘t::lsc\rl f a regular hexagon. The “points™ of oints join are angles

sides of a reg . ]f..-s formed where any tWo p the north. with the

a??ﬂl(}h'e _?_EIUS: dTiis in a sloping position mdr‘ﬁﬂs means that this

20°. The star MRS

](;]ane i ;urfaf:e parallel to the equate
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surface is tipped out of the vertical by an angle equ;_ii to the latitude.
Figure 18.5 shows the completed monument, with ‘hc_ topmost
point of the star pointing upward toward the south, and with east g
the left and west at the right.

As the sun moves across the sky the shadow of the various poings
of the star are cast onto the sides of adjacent points. and the pro.
portions are such that it takes just two hours for the shadow tq
traverse the side of each point. As the shadow leaves the hour scaje
at any one point. another shadow starts its journey on the hour
scale of some other point, so that whenever the sun is shining there s
a shadow on some part of the star to denote the time.

The underlying theory will be apparent from Figure 18.6. The
upper part of this figure shows the star as it would appear if we
looked perpendicularly at its surface. The sides of the six points
have been designated with the letters from a through [ so that we
may identify them. The lower part of the diagram shows these
‘twei\'e faces, identified by the same letters, as they would appear
ifthey could be peeled off the points of the star and spread out into a
band—or. in this case. into two bands. The small letters in the lower

Memorial Dials IR7
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East

j West
e _ Wesr
i i

= o c d e f

Ll}._lg T !'II T

R o0 a 7 8§
lil|| '.lll |i|
| L TT1 T
| e ! LY
11 gl p falul s
g h i i k |

FiGure 18.6 Star of David (top), and hour lines as t?;:j Zﬁp:hir::;;h;
various faces (bottom). Hour lines are closely bun; it
angles of the star. but more widely spaced near the I

me sides of star points which
hour ot so before noon. when
tup”on the diagram, the
hadow on face 4; and
d the right. the

part of the diagram identify the sa
they represent in the upper part. Folr_an‘ 2
the sun was just to the left of being “Straig ;
extreme outer edge of face b Was casting I“g- sl
immediately after noon. as the suf "10“[':1‘“5 " fall upon face & In
shadow of the extreme outer tp of face R s 2 sun would reach all
the “Land of the Midnight Suf- the Sm::hcr during the 24 hours:
twelve faces of the star at one time or ano

O war
- . of the faces. two
but in temperate latitudes SOMe of

cun’s rays. LO
side of the star, will never catch the;lll??g:rc-l&ﬁ- The shadow
faces appear blank in the bottom ©
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move from one face of the star to another, spending two hours op
each face. Wy .

A study of the figure will show that the shadow will appear on the
various faces in the following order:

4-6 aAMm. on face a

6-8 A.Mm. on face f

8-10 A.M. on face k

10 A.M.—noon on face d
noon-2 P.M. on face i
2pm—4pM. on face b
4-6p.M. on face g

6-8 p.m. on face |

Obviously adjacent faces on the star alternate between morning and
afternoon hours, and faces which are six intervals apart carry hour
lines which are twelve hours apart. When the shadow leaves any
face it immediately reappears on the face which is five spaces
removed in a counterclockwise direction. On some faces the shadow
starts at the outer tip and works inward toward the obtuse angle at
the junction of the points—on others it starts at the obtuse angle and
foves out toward the tip. If on any face it moves inward, it moves
outward on the two adjacent faces, and vice versa.

Th; hour llqes are not evenly spaced. Their spacing can be found
gr;aphmally asin F:gf:re 18.7. Here we see the upper half of the star.
with the topmost point labeled cOg. If this point is formed by faces
‘”f“;d [ of the preceding figure, then the line ¢0S lies in the meridian
:]l; Satthe south, Atnoon the sun shines in the direction S to e and
. Ii;ll;:::ts lehde entire faces qc, cO, Qg. and gi. Let us draw arc

i 2L a:er hall10 and lay oﬁ‘upqn it 15° arcs to show the sun’s
posity cach hour, A_l 8 AM. 1t will shine in the direction 0i. and
then at successive hours s direction will ch 2. 0d
ete. It will moye ; Change to Oh, Og, Of. Oe, Od.

g across the Tace gi of Figure 187 during the hours
from 8 AM. t0 10 A, ang il we continue the |j > arc
tothena ) ue the lines beyond the arc
points where they strike the star a h and i we shall hav
= [ : alg, hand i we shall have the
Positions of the hour lines for 10am. 9 : S
can find the POSItions of th =7 AM.and 8 a.m, Similarly we
Ris: o Ot the other hour lines a5 they are shown in
- 1gure 18.6. If you prefer, yoy can caleulate the distanc
lines, using th € the distances of the hour
using t ﬂﬂﬂgenlsoftheanglesasiuCh ill
find that Wvon gl apters8and 9. You wil
start at the inner obyse angle on any face and work
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Figure 18.7 Finding the hour lines on a Star of Dawid dial.

' i e e 1.000, you
out toward the pointed tip, calling the length ;f-thif;ches‘
will reach the various quarter-hour marks at these

to first quarter hour 0_0??

to second quarter hour 0_1’23

to third quarter hour g-;.ef.

to fourth quarter hour (]..'133

to fifth quarter hour 0,61§

to sixth quarter hour U‘Tt;?

to seventh guarter hour 1,000

to eighth quarter hour ! o .
Each of these figures must be muiulg:lh;::(:::s Ll.:'ecemi.mclel's e

o 18.7)1
= from ato ¢ in Flgurel : in centimeters. h
l?]lsz:-nc.e r of the hour lines In inches or mng]e with the \-cmﬁ_ll
the 1sldn&.e§ f the star makes an @ Jike except for their
The sloping face 0 vid dials are alike £ sed in
equal to the latitude. All Star of De e

calibrated can be
< heen correctly GRlIDIRISEET il
scale. A star dial which I;";e Sl; ?s tipped 10 the proper ADE]

of t

i dian.

any latitude if the face e with respect e the:;? b
: rlv ore ; ina cem
tllflieas.:;:nl:sfo&r yol' David grawes‘f;:r"s design-

Pa.rk New Jersey, made after the au
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Practical Hints on Dialling

Most of this bool
Most of this book has been c
g S D‘;‘.n concerned with explaining |
for a sundial, | g 5 e
Our original design is ‘1'; n ¢l pees
sign is often cluttered

out the desig
with construction |
istruction lines and for ]
. s and for our final di:
sized diagram like 3 = o
gram like that of Figure 19.1 “h_[\_:tﬁl?ht:»d-'fm“} ;
g .1, which is based on the

horizontal f“l‘l] Ol gure 2.0« I P & = C > i
W1Z: 1 Eurl - I age 4 If the gnomon 10 ha
I 1 L4 I5 1€ Ve

om

rizontal dial derived fr

Figurg 19,1 Finished design of the bO
Figure 3.5 on page 4=
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192 Sundials
significant thickness, we split the diagram into two parallel parts, as
in Figure 5.4 on page 41. The final diagram may well it other
lines, even up to the complication of Figure 15.1 on page 123, but this
diagram should carry whatever lines and symbols are to appear on
our final work. ; - -

The problem remains of tmnsﬁ;rrlﬂg the design from paper into
some permanent form in which it can be placed outdoors in the
weather. Some portable dials, which could be kept indoors except
during moments of observation, were made with the paper pasted or
glued to a wooden base, in which case the problem was simple.

. Sundials are made of a wide variety of materials, so artists and
artisans with widely differing skills and backgrounds may each find
a field challenging his abilities, with materials and methods which
are familiar to him. The reader is urged to begin with the materials

closest at hand, and those to which he is most accustomed.

Old dials were often etched on metal. Today the etching would
usvally be done on heavy-gauge brass or aluminum plate, and the
worker who has mastered the technique may add baked-on enamel
for the lines of his design. The metal worker with skill in casting may
wish to make a dial of cast metal similar to those found in the stores,
but fitted to his own latitude and embodying his own creative design.
If he is not equipped to carry out the final steps he may content
rhim:;;:ll’with making the pattern, which is then taken to a professional
or casting.

Some craftsmen will prefer to work in ceramics. The makine of a
ceramic sundial does not require a potter’s wheel, but uses the “slab”
method. The design is either incised in
with glazes, and the gnomon is
handle to

to the slab or applied to it
applied much as one attaches a
" “__I*[ ‘-'L’“%f"“'f Ic.f.i_':'.l%r‘. One sholuld remember that most
_ > Will not stand freezing and thawing. and should be brought
indoors for the winter. y &

of(l;)l?lg::;“\‘,—;i::;@: Tn.a;]d'e of_ wood and attached to the outer walls
19 Sho\ts;;moden:dﬁli ? ul.seful material l.:r the purpose. Figure
New England slrinn:rs]‘d ot Wood which has withstood a number of

and which

oOccasional coat of paint. Even the I:h('mld e ".mcmm'“‘l-\' with i
a wooden dial, and mz;n; o b ¢ DCEinning cmltxm;m can manage
informative project. The o = B0) ‘has found it an interesting and
location, but in an\»‘~a-e overall size of the dial will depend on its
and giving j Une'c:- be,one starts by making his wooden dial plate

IWo coats of flag Wwhite paint. Paints with a

Fractical Hings on Dialling

FIGURE 19.2 Large wooden dial with metal gnomon on the easterly
wall of a public building

glossy finish should be ay oided. since Ih(.‘} do not take ink well. Uﬂf
may wish to use what the paint stores call “white undercoater.

When this white undercoat is completely dry, the design is trans-
ferred to it, either with a ruling pen and black india ink (as m i)hu.
4 modern indelible marking pen

upper left of Figure 19.3) or with at all. to allow for

It is at this stage that provision must be m;u.fc. if Yihwe:
the width of the gnomon. If the dial is a small one, Ihd}%m r;l-;!l d.m‘!
be made of any metal stiff enough to resist hcm-jms hs T\.a;- from
of Figures 19.3 and 19.4 used a gnomon L'il{ I“"ih[:iui;l‘ junction
one of the small steel plates used by clcutnuh‘ig-" t;.'}curl-’ 19.4) was
boxes. A small tab of metal (shown crosshatched 10 FIE

e hthe
- and a slot was cut throug
left projecting below the base line, AC _andaslc s inntrtold
2 A 19.3) into which this tab ¥ :

shown at
at the point of the gnomon she

dial plate (upper right. Figure
at the dial center from which the

This slot is carefully placed so th
4 in Figure 19.4) will rest exactly
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hour lines radiate. Since this isa horizontal dial. angle BAC in the

iitude. Had the gnomon been cut out of wood
dial plate from below, or, better.
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figure must equal the
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reasonably circular, and fastened together in accordance with %
rules given in Chapter 17. §

Laying out an Ellipse. Draftsmen are familiar with a number f
methods of drawing ellipses. but for sundial purposes one of the 1\:-2
following methods will probably suffice. Ellipses are used I‘Fiill'irijz
in laying out analemmatic dials (see Chapter 13) and in such L:'l‘it‘-
the lengths of the semi-major and the semi-minor axes are ulre"i.ds
decided. We may proceed as in Figure 19.5, where the major a‘n;\

B o

B
=

FiGure 19 i
-5 Laying out an ellipse with g loop of strin
g.

Practical Hints gn Dialling
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4B, and the minor axi&_ CD, intersect at 0. Settin
compasses in C, and with a radius equal ¢ e

: 18 T 0 A0, draw :
intersecting AB at E and at F. These two points s ?hon arcs
ellipse. Insert three pins in points E, C and F. as in p:nm; 0: the
! ‘ of the

ﬁg.ure‘ and encn.rcle 1hem with a loop of thread of stout stri
withdraw the pin at C, and put the point of a pencil insid h ring.
of string. Draw the loop tight with the pencil point, and k:l ¢ loop
Joop tight, swing the pencil point around the p r\n.—‘-.(\eg,l:ft:e
ellipse seen under construction in part C of the fi i -

.-\Ilcrn:_m\-n:i_\' one can draw the ellipse by means 01'-;.1 trammell. In
Figure 1_9,@ we ha\f: the major axis, 4B, and the minor axis. CD.
intersecting at 0. We take a strip of cardboard, or a strip of wood
like a yardstick, qnd mark on it points E, F and G so that EG is
equal to the semi-major axis, AO: and so that EF is equal to the
semi-minor axis, OD. We place the trammell on the two axes which
we have already drawn of proper length (depending on the latitude),
and we slide the trammell over the paper, keeping pomt F always
on the major axis and point G always on the minor axis. Point E will
then trace out the.desired ellipse. In laying out a large ellipse for a
garden the author has madea makeshift trammell of a garden hose,
with pieces of electricians’ tape marking points E, F and G, and with
two grandsons walking around the garden holding the hose taut
while points F and G are moved along the axes already staked out
on the ground. For a small ellipse points E, F and G may bemarkad
on the edge of a 3 by 5 card, and for ellipses of intermediate size the
diallist will use his ingenuity.

D

f 1 mmmell.
FiGure 19.6 Laying outan ellipse with 8
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Setting the Dial in Place. Even though a sundial has beep ¢
and properly designed. it cannot lc!_! the tme correctly yp|
properly set in place. With portable dials this may be roughly accom.
plished with a compass to show the north and by h_ungmg the
mstrument up to get it plumb. But a permanent sundial dgxtr,ﬂ:ﬁ
reasonable care in giving it the proper location. [t 80O8S Withgy,
saying that one should select a spot which is open to the syp during
most Lo{ the day. If the instrument is a horizontal dig]. the di;:‘[
plate should be carefully leveled with a carpenter’slevel:org vertica|
dial should be accurately plumbed with a plumb line or ith a
carpenter’s level. The line showing 12 o’clock noon local apparen,
time should lie in the meridian. With vertical dials, this means that
this hour line should be vertical. With horizontal dials it mvolves
placing the hour line accurately in a north-south direction—+
the meridian.” Several methods for determining the meridian
outlined in Chapter 3. If You are designing a dial 1o show

areful],
€55 11 is

in
Were
mean
time (one which includes longitude corrections such as these
described in Chapters 2 and 5) the hour line of noon local
time will notappear; but in such cases it should be mark
when laying out the design for use in orienting the
Longitude corrections can be built into any dial by precisely the
same methods as those described in Chapter 5 for horiz ntal d'..'u'_\ -

by computing the position of the shadow at a few minutes before or
after the hour by local apparent time, when the

priate hour angle at the standarg time meridian,

apparent
ed obscurely
finished dia].

sun has the appro-

Finding Latitude angd Longitude. Some brief directions for finding
Your latitude are given in Chapter 5 byt if you cannot determine the
;ali?udc and longitude directly from 2 Map you may often proceed
indirectly with a sufficient degree of accuracy. Firsdl we find, from
Table A 6 of our Appendix or elsewhere. son{e nearby city or town
‘w"hese Iutlnuc.i‘e and longitude are known. This we ‘:\'huI] call the
dégo“ﬁ city. ‘B}' careful Mmeasurement op g map or otherwise, we
l‘rnlnle h.o“ far north or south, and how far east or west, the
snown city is fmn‘! the “dial city Where the dial is o be erected. We
0 not mea One city to the other. but make two
ure 19.7. If 4 represents the known city

e due east or west from 4 and due north

Intersecting point ay ¢ The dial city lies,

BOWn city by a distance AC and south of

Practical Hinys on D!’uﬂmgr

C_ 11 miles

B
FiGuRe 19.7 Finding the latitude and longitude of one aity from those
of another city close by.
the known city by a distance CB. We compare these distances “\lé'h
the scale of miles on the map, and find their lengths in a_-ml;}. ;1
! ; - b4 S ] . H < - an
then convert these mileages to degrees or minutes of latitude
longitude. e s S
Suppose, for example, we want to know the latitude and longi 2
it Pennsyivanis. Table A6k Appendix gives the
% Aiipons, w0y S.. [" I(‘ >llege, Pennsylvania as 40°48'N and
f near ate OlCge, i - :
Fo oo '!“Lh-} x ybile road map, for want of a
1°532"W. Measuring on an automobile 2 = i
17°52 d oo :'d hat Altoona is 21 miles south and 29 miles
etter source, we find that Altg E4T, T [ e
S ;'”S L‘k College. Each mile of north-south dn-lu.t:_tIr! o
west o1 state College. g A e = 21 miles so
equivalent of about 0.868 minutes of ldm[Ud-L' ;u [%Lin ¢ Altoona is
St - .5 of latitude. Since
- - yut |8 minutes « _ st
are equivalent to abc ; at the appro»
iouthqol' State College we wt‘”‘_‘CE - nn‘f Qh#hc adjustment for
i;1\'imdt' of Altoona is 40°48' — 18’ = 4030 . 7
longitude is not quite so simple. TP.L ith the latitude, and our adust-
ing to one minute of longitude varies & -e we just estimated that 1519._
ment factor is 0.868/cos latitude. .5|nu1m factor is 0.868 cos4{f"nl'
latitude of Altoona is 40°30 our adjustme ¢t mile is the equivalent &
¢ o £ = <l eS| R
or 0.868/0.760 = 1.14, and each wi-\.hﬁ titude. Hence our 39_“’"“
about 1.14 minutes of longitude at this 12 133 minutes of longitude.
O R 29|tl_l4mrab01ﬂ ~ddtoget TS +33
westare theeq . west of State College. we a : \ona. Atlases give
Since Altoona is wes ate longitude of Aliu - o, med
= 78°25" as the approximate a5 40°32'N and 78 =2
i . ates of Altoona as 4V 2=
the actual coordinates of A":,ugh for dialling purposes
our estimate is plenty close enoug

: - i <pond-
east-west mileage correspon




Appendix

HOW TO USE THE TABLES

Table A.1. The Equation of Time. This table shows the average
amount by which local mean time differs from local apparent Smeat
noon on each day of the year. If proper corrections have been made
for longitude (see Chapter 2), the table shows the number of minutes
and seconds by which the sundial 1s fast or slow compared with an
accurate clock. For more accurate values, consult a current ephe-
meris: but the values tabulated here will not differ from the actual
values by more than 10-15 seconds. and in most cases will be within
-3 seconds of the actual values. For converting from mean to
apparent time Or vice Versa our rules are:

states that the dial is “fast™:
(@) LMT.=LAT. —e¢

(B)LAT. =LMT. +e€
(2) When the tabl

(a) LM.T. =1

(B)LAT. =1

(1) When the table

f w
=

e states that the dial 1s “slow’:

A
LN
This table shows how many

h of the celestial equator
¢ given with the negaftive

Table A.2. Declinations of the Sun.
degrees and minutes the sun1s north orsout
onany day of the year. When declinationsar sun is north
sign (—) the sun is south of the equator. O :he b:;elsol' the
of the equator. The values given in _‘hc table arel %::;lz.a‘luema\'
fDur-_\-cur h.‘dr‘-} ear Ccy cle, and in any given "-e;iT‘IFELHESICS{ at 'lh.e
differ slightly from that given here. Efror .\nl r at the times of
times of the equinoxes and will practically |s:tPF'r§ '\, For more
the solstioss. They should never excoed 3995 " &

% - or almanac
precise values consult a current ephemers &
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202 Sundials
Table A.3. The Zodiac. The ecliptic is a great circle along which the
sun appears to move in its annual journey around the heaveng, Th-‘-
movements of the major planets never carry them far from the ecli =
tic, and the zodiac1s 2 hand or belt 16 wide centered on the CL‘Elpfj
within which the planets can be found. This belt is divided in[‘-L.
twelve “signs,”’ each covering 30° of celestial longitude. We \:un;.
monly express the time of year by giving the month and day, but aq
alternative method is to state where the sun is on the ecliptic, or i,
which sign it appears. Thus we can say that it is November 18§ op
that the sun is at the 26° of Scorpio. Early sundials often carried Emc;
by means of which one could tell in what sign the sun was 3“L'll’cd-
These were. then, lines for showing the time of year, something ]E;;L. .1

modern calendar.

Table ._-\.4_. Conversion of Arc to Time. The sun appears to complete
a circuit of the heavens in one day—360° in 24 hours. Thus c;tc-h ‘r; \ )
1'.:..1113 equu;alem of 15° and each degree is the equivalent of 4 minjulr,:l.r
We often find it necessary or convenient to convert our J-.l:-t hh;\
and fc:nh from degrees and minutes of arc to hours and -'n;'}::: ,...u [
tlme. Suppose, for example, that we are told that the i-\.."ﬂ-n‘ du m
Boise. Idaho is 116°12" west. To convert this to its equiv: leni p
we note from Table A 4 that: ‘ e

90° = Q" oo™
26° —1h 44m
12 = 00™ 48°

totals 116°12' = 7h 44™ 48+

Table A.5. Conversion of Time to Arc. This tabl

solution of such
c o
2 15 27 problems as:

What e facilitates the
v nat 1s the sun’s :

) e sun’s hour angl
PM.2 From Table A5 we find - S 2 TS

- = 30_

15™ = 3°45’

h m -
totals 2* 157 27 — 3305145~

Table A6, Latity

d 2
the communiies | . Longitudes and

isted in this table a

Standard Time Zones. Since
reall in the United States. the

Appendix
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jatitudes are all north and the longitudes are a|
are numbered to _\hm\ how many hours must be ':dL";:i Aot
ctandard time to find the corresponding time a added to the local

. 573 1t Greenwich. E
.+ a guarter ¢ . : . Engls
Over a qu‘sr.’.wr of the U.S. population lives in the COMMunities =iy
listed. The time zones are: unities here

zone standard standard
numaoer fime
4 Atlantic
5 Eastern 75° W
6 Central 90° W
7 Mountain 105° W
b Pacific 120 W
9 Yukon 35°W
10 Alaska-Hawail 150° W
11 Bering 165° W

Table A.7. Earliest Sunrise and Latest Sunset. In laying out a sun-
dial one includes hour lines only for those hours when the sun can
shine on the dial. The times of sunrise and sunset vary through the
year and at different latitudes. In any latitude. the earliest sunrise and
latest sunset occur late in June in the Northern Hemisphere. This
table gives the times when the sun’s upper limb will appear to beon
the horizon after allowance has been made for atmospheric refrac-
table is drawn up for the Northern Hemisphere,

tion. Although the :
n Hemisphere with minor error.

it will serve for the Souther

mes at Various Latitudes and Seasons. Thetime
aries with the Jatitude and the season. This
table covers most latitudes of the United States and muc_h of EL‘lr?IpC.
and gives the local apparent time of sunset &t \‘armus umeqs NL}\TJA'[L
For example. if we want 10 know the time of Sm.lsf?:j:*,'--l\i 1';ub;:
Missouri. on March 2, we note lh;l_i !‘he Jatitude i:}:!jrabie. gt
A.6) and the sun’s declination is —7°26' (Table A= -P““_ It)c.‘;tl-:lppﬂ-

Table A.8. Sunset Ti

of sunrise or sunset v

3 un sets ¢ n:\,_\(l.lnd:‘AE appa
us at once that the sun sets betwee : 2
rent time, and inter able would tell us that the ime 1S

e, i e :
more nearly 5:56 corrected for long!

€ NEd 2

the equation of time in ¢
2 if we wanted the Central St
Sunrise times will be about 8

polation In thet
p.t. This would be
accordance wit

h the rules outline
of sunset

andard Time
as these sun

far before noon

tude and for
=d in Chapter
in St. Louis.
set times
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aff n. (March 2 sunrise at St. Louis about 5:56 before Noon
are after n"IOH- v.) For southern latitudes the table can be used b
or ab‘_‘l-lt':‘i.ll s?‘-':n' of the solar declination. Thus in the Southery
rc\'c"_smf‘:eco.-e would use the table as though the sun’s dc““"iﬂion
?nﬂ;t\:!l:[:c; 2 were + 7°26' instead of —7°26".

§ Mecessury
ined in
The

compared with

== A8E 2R Ea sz
Table A.9. This table is used for drawing the hquf lines on hor;’zo.ntal | 235 ;; oo Bumme i
dials or on vertical direct south dials ll'l.‘;l uml’ bqu&‘irc as explaineg
in Chapters 5 and 6 on pages 40 and 53. J\_dca_surcmems. followed AP ol
by the letter v’ are taken vertically on the sides of the unit Square: e .

15

others are taken horizontally on the top ul'th;.f square for hor:’zlunta] 5

dials and on the bottom for vertical ones. Where necessary, Inter-
polate for latitude to the nearest tenth of a degree, corresponding tq
about 7 miles on the earth’s surface.

nst
18
36

ZEARCHERINRZ 533092 509882 iz
Table A.10. This table is used for laying out the hour lines on hori- M T NI O G a0 2055 O v o
. owhdiabsinvarious latitudes. The table B als R LR S PE S LR Y e e
gives the angles which the hour lines make with the 12-o clock or £ 532 A i i T e
. . -0 TEZeoccunBnnnn T
meridian line. Latitudes for horizontal dials appear across the top of e |
- . r ks B =l ] -..-.-.r.v:--—'-‘_
the table —for vertical direct south dials across the bottom. Where =S 2ot Oiag ZaRaaN Fnagnt Suny s
1 P B < e S = cccFeococo oo oo
necessary, interpolate for latitude to the nearest tenth of a degree. B E e 0 A TR0 00 B
" ==
! Tables A.11 and A.12. These tables reduce the computation in -
i laying out refiected ceiling dials. Their use is explained in Chapter 14. :

All figures in these tables are in terms of the ve
the mirror to the ceiling. and must be multiplie
. convert them to the actual measureme
distance from mirror to ceiling is 38 in
these tables tell us that

rtical distance from
d by that distance to
nts in use. Thus if the vertical
ches, and if our latitude is 35°.

L2RQUTRZIINESNE
the equinoctial line will be (38)(0.7002) = §sr¥-oove R
2(3.6 inches north of the pomt on the ceiling vertically above the )
mirror; that the dial center will be (38)(2.128) = 80.9 inches south c3¥moEesons 232
of the first point just foung (and hence 80.9 — 26.6 = 54.3 inches =21 RS
d outdoors south of the house); and that the hour line for 10:30 A.m.
will cross the equinoctial line (38)(0.5057) = 192 inches from the szhozos: E.':_,E:-EE
junction of the meridian and the equinoctial fine, SEhmmmesaze2e’
309223 220RI=2
WM T TN W NS e
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Sundials
TABLE A4

CoNvERSION OF ARC TO TIME

arc time: arc: time are time
degrees h m degrees h m  degrees h om
minutesm 5 minufes m § mnutes m S

00 60
04 61
08 62
2. &

16 64

2=

0 00 30
004 31
0 08 32
012 33

16

N NN

LR S B )

b

65
66
67
68
69

20
24
) 28

) 32

1 L
= N Lh

LIS R

ok I T SN N
Y

= L
BEHBEE Bys
| B O N )
o e b

(F%]

45 5
6 3 3
47 3 5
48 3 5
49 3 5

" LA L Lh L
W hd -
Lt Lad Lad Lad
huh L Ln

sl

85
86
87
88
89

-] O LA

LA L Lh L Ly

O oo

Lk tad L L Ld

INg  number of minutes and

nds of time Opposite it in the right-hand

column,

arc: rime: arc: time
SecC. Sec.

0.00
0.07
0.13
0.20

L L3 L b

[
f v
(S

b b =
— S

10nLh
[ N Lad
ottt

L Lo Ll L Ll

o 00

19 19 F b b

i

~J O
Ll =)

[l el g
ga

O 50
(e

L Lh L L g N N
e L b = OO0 =1 SN LA

3 &
T B

Ln Lh Ly Ly
~] O\ Lh

L
O oo
L L L 1 L

D oo oo
BAS

2
|:‘-—
| 8

In either pair of columns
above, find the number of
seconds of arc in the
lefi-hand column and the
corresponding number of
seconds of time opposite
it in the right-hand
column. Time is given in
seconds and hundredths.

Appendix

N TABLE A S
Conversion oF Tiye T0 ARc
time in arc in rime

. » arc -
hours degrees min ol

d m
sec, m s

0 —_—
0 0 00
015
0 30
0 45

1 00

:.

i s
=1

bk I s s
=
Lol L b Lad
- v

Ly

"

10 00
10 15
10 30
10 45
11 00

tod td fd 1 1
e
525 th

11 15
11 30
11 45
12 00

12 15

b g
= fu
n = O

T
B 4l
£

b B 1D 1D
. tad

300
315 ot

12 45
13 00
13 15

13 30

330
345
360

O Ln LA L un
o Gl s
-2 1

=

13 45
14 00

("

In the small table
directly above, find the
number of hours of
tme in the left column,
and directly opposite
it in the right column
find the corresponding
number of dcgrcc.sh?f
arc, In the larger table ———r - fi
at the right, Iingd the number of minutes of ime l;d;hc ;ﬂ;grﬂfm::g
opposite it in the right-hand column the corres o - the left-hand column
minutes of arc; or find the number qrsccnmi»? um; In{an:in the right-hand
and the corresponding number of minutes and seconds o
column.

~ & O
S ibe gl
End

1
(7
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Akron, Ohio
Albany, N.Y.
Albuguerque, N. Mex.
Allentown, Pa.
Amarillo, Tex.
Ambherst, Mass.
Anaheim, Calif.
Annapolis, Md.
Atlanta, Ga.
Augusta, Me.
Austin, Tex.

Baltimore, Md.
Baton Rouge, La.
Beaumont, Tex.
Berkeley, Calif.
Bismark, N.D.
Boise, Idaho
Boston, Mass,
Bridgeport, Conn.
Buffalo, N.Y.
Burlington, Vi.

Cambridge, Mass.
Camden, N.J.
Canton, Ohio
Carson City, Nev.
Charleston, W. Va._
%aﬂone. N.C.
attanooga, Tenn.

Cheyenne, Wyo,
Chicago, IlL
Cincinnati, Ohio
Cleveland, Ohio
Columbia. S.C.
Columbus, Ga,
Columbus, Ohio
Concord, N.H.
Corpus Christi, Tex.
Dallas, Tex.
Dawson, Alaska
Dayton, Ohh;o

m‘ ich.
Denver, Colo.

Moines, |
Detres Mimnwa
Dover, Del,
Duluth, Ming,

Sundials

TaBLE A6
LATITUDES, LONGITUDES AND STANDARD TIME ZONES OF SELECTED U.§, Crries

latitude

41°04'

42 40
3505
40 37
3514
42 23
33 50
39
45
l".'
18

J)tIJ“NI‘
o 1 00 ¢

18
30
04

53

s,_.uﬁu_:,-}'_,

S

longitude

31733
73 49
106 38
75 30
101 50
72 31
117 56
76 30
84 24
69 50
97 47
76 38
91 10
94 06
122 17
100 18
116 12
71 05
7312
78 55

73 14

71 06
75 07
8123
119 46
81 40
80 50
85 18
104 50
87 45
84 30
81 41
81 00
84 59
83 03
71 34
97 26

96 48
139 24
84 10
83 14
105 00
93 35
83 05
75 32
92 10

fime
Z0ne

SN LA LA LA 00 L O L ) LA Lay

~ Sh o O Oh La

LN LA LA L

MALALR O lnn D & @ Lh Lh L Ln Lny Ly O~ Lh LA Lh 00 Lh Lh ey

Elizabeth, N.J.
El Paso, Tex.
Erie, Pa.
Evansville, Ind.

Fairbanks, Alaska
Farmington, Conn.
Flint, Mich.

Ft. Wayne, Ind.
Ft. Worth, Tex.
Frankfort, Ky.

Gary, Ind.
Glendale, Calif.

Grand Rapids, Mich.

Great Falls, Mont.
Greensboro, N.C.

Hammond, Ind.
Harrisburg, Pa.
Hartford, Conn.
Helena, Mont.
Honolulu, Hawaii
Houston, Tex.

Indianapolis, Ind.

Jackson, Miss.

Jackson Twp., Kans.

Jacksonville, Fla.
Jefferson City, Mo.
Jersey City, N.J.
Juneau, Alaska

Kansas City, Kans.
Kansas City, Mo.
Ketchican, Alaska
Knoxville, Tenn.

Lansing, Mich.
Lincoln, Mass.
Lincoln, Neb.
Little Rock, Ark.
Long Beach, Calif.
Los Angeles, Calif.
Lousville, Ky.
Lubbock, Tex.

Madison, Wis.
Manchester, N.-H.

Appendix

latitude

40°40r
3145
42 07
38 00

64 50
41 43
43 03
41 05
32 45
3B 1

41 34
34 09
42 57
47 30
36 03

41 37
40 17
41 45
46 35
21 19
29 45

39 45

3220
38 26
30 20
38 33
10 44
58 20

39 05
39 02
55 25

36 00

42 44
42 25
40 49
34 42
3347
3400
38 13
3335

(>

43°04'
4239

longitude

413y
106 30
80 05
873

)

147 50
72 49
83 40
85 08
97 20
B4 53
87 20
118 20
86 40
111 16
79 50

87 30
76 54
242
112 00
157 50
95 25

86 10

90 11
97 44
81 40
92 10
7404
134 20

94 37
94 33
131 40
83 57

85 34
7117
96 41
3446
118 15
118 15
85 48
101 53

89°22'
7128

211

time
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time
Zong

TABLE A.6 cont inued laritude longitude

Manhattan, Kans.
McPherson, Kans.
Memphis, Tenn.
Miami, Fla.
Milwaukee, Wis.
Minneapolis, Minn.
Mobile, Ala.
Montgomery, Ala.
Montpelier, VL.

Nashville, Tenn.
Newark, N.J.

New Haven, Conn.
New Orleans, La.
Newport News, Va.
New York, N.Y.
Niagara Falls, N.Y.
Nome, Alaska
Norfolk, Va.
Northampton, Mass.

Oakland, Calif.
Oklahoma City, Okla.

Old Faithful Geyser, Wyo.

Old Saybrook, Conn.
Olympia, Wash.
Omaha, Neb.

Pasadena, Calif.
Paterson, N.J.
Peoria, Ill.
Philadelphia, Pa.
Phoenix, Aniz.
Pierre, S.D.
Pittsburgh, Pa.
Ponce. P.R.
Portland, Me.
Portland, Ore.
Portsmouth, Va.
Providence, R.I.

3911

77

45
03
00
40

-

16

i el Lh Ln GO

fad lad e o B L L

£

e

10
44

96
Q7
Y0
Al

87 56

93

88

86 2

™y

86

74
5
79

90

b
6
6

5

=y

~J L Oh Wh OO

LA Lh OO0 Lh de tn O

wh

- AV RV

Salem, Oregon

Salt Lake City, Utah
San Antonio, Tex
San Diego, Calif,
San Francisco, Calif
San Jose, Calif

San Juan, PR,
Santa Ana, Calil.
Santa Fe, N. Mex.
Savannah, Ga
Scranton, Pa
Seattle, Wash
Sheboygan Falls, Wis
Shreveport, La
South Bend, Ind
Spokane, Wash
Springfield, Il
Springfield, Mass
State College, Pa
Stillwater, Okla
Storrs. Conn.
Syracuse, N.Y

Tacoma, Wash
Tallahassee, Fla.
Tampa, Fla
Toledo, Ohio
Topeka, Kans
Torrance, Calif.
Trenton, N.J
Tucson, Anz
Tulsa, Okla.

University Park, Pa.
Utica, N.Y

Washington, DX
Waterbury, Conn
Wichita. Kans
Wichita Falls, Tex
Winston-Salem: N.C
Wolfeboro, N.H
Worcester, Mass

Yonkers, N.Y
Youngstown, Ohio

latitude longitude
123 01
111 55
98 3
117

) = e LA e DO

B L L = L L

30 26
27 58
4] 40
902
13 50
40 15
12 15

6 07

40 48
43 06

38 55
41 33
3743
33 55
36 05
43 36
42 17

40 56
41 05

) 00 4= OO0 00 00 €N =)

LN G0 O OO 00 LA L

. XV

3 LA 00 Oh LA LA L O y
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226 Sundials

Prise, M. de la. Cadrans solaires. Caen: 1781. ;
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United States Navy Department, Hydrographic Office. Tables of

d Azimuth: U.S. Hydrographic Publicatioy

Computed Altitude an /
No. 214. Washington, D.C.: U.S. Government Printing Office.

Index

Altitade of sun, 135
Altitudes, method of equal, 19 Equal altitude et

Analemma, 21 Equati [
_ ; uation of time, 9, 125, 201, 2
dimensions of, 26 Equator, 140 e

Analemmatic dial, 108 -1 di
uato: 2
by central angles, 112 Equatorial dial, 29, 157
by computation, 108
limiting hours, 114

Ellipse, to draw, 196

Furniture, defined, 122

scale of dates, 111 Gnomon, 29
Arc converted to time, 202, 208
Armillary sphere, 174 Horizontal dial, 35
Azim‘uth. computed, 91 adjustment for latitude, 47
defined, 90 by computation, 45
of the sun, 130 graphical layout, 38
limiting hours, 49
Bibliography, 225 longitude corrections, 46
tabulated angles, 43, 219
Capuchin dial, 161 unit square, 40, 217
Ceiling dials, 116 Horizontal line, 148
by calculation, 118 Hour angles, 7-8
by observation, 118
Colatitude, 29, 52 Inclining dials
Compass variation, 18 defined, 100
Conversion direct east and west, 103

direct north and south, 101

apparent to mean time, 12 )
reduction to new latitude, 101

arc to time, 202, 208-209

local and standard time, 15 Latitgde: 37 ~
Cross dial, 157, 181 ad;;snté.nglg:sai 1o new,
Cubic dial, 155 to 9 -
Cylinder, 150 of U.S. cities, 202, 210-213
Length of day, 148
Declination, lines of, 137 Limiting hour lines

on analemmatic dials, 114

found graphically, 140 . A
in polar dials, 143 g: f:g;“?&fiﬁ;’g dials, 83, 85
from tables, 138 sl cal direct east OF west

on vertical dials, 143, 146

of the sun, 178, 201, 206

of a wall, 87-88 .
Declining reclining dials. 10 S oy south dials, 35
Dial furniture, (see Furniture) on vertical direc
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Local apparent time, 8
Local mean time. 8
Longitude, gs
i1
::; ?.?; cities, 202, 210-213
Longitude correction, 14, 198
for horizontal dials, 46

Memorial dials, 181
Meridian, 7
to find, 18
Moonlight, time-telling by, 167
Mottoes, 124

Nighttime time-telling, 167
Nocturnal, 168

Nodus, 128

Noon mark, 18

Pillar dial, 150

Polar angles, 80

Polar dial, 70
by calculation, 71
gnomon for, 72
graphic construction, 70

Portable dials, 150

Reclining dials
defined, 100
direct east and west, 103
direct north and south, 101
measuring reclination, 101-102
reducing to new latitude, 101
Reflected dials, 116
Ring dial, 157-158

Shepherd's dials, 150
arilhn_:clic approach, 153
graphic approach, 152
Standard time, shown on equatorial
dial, 31
Star of David dials, |85
Style, 37, 72, 129
height of, 77, 129
perpendicular, 128
foot of, 129
height of, 129
Sub-style distance, 76
Sub-style Iig:,“?s
Ve and | 203,
L, times of, 20?:’#2‘;,3 i

Tablet dials, 154
Temporary hours, 2
“Time, converted to arc, 202, 209
kinds of, 6
conversion of, 12, 15
daylight saving, 17
local apparent, 8
local mean, 8
standard, 12
zone, 13
in other cities, 125
Time zones of U.S. cities, 202,
210-213
Traveler’s dial, 150
Trigon, 142

Tropics of Cancer and Capricorn,

140
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Unequal hours, 2
Unit square, 204
Universal dials, 68, 70
Universal ring dial, 157

Vertical declining dials, 74
by computation, 78
when declination is large, 94
gnomon of, 83
graphical construction, 75
limiting hours on, 83
north decliners, 84
Vertical direct east dials, 64
by calculation, 66
gnomon, 64, 68
graphical construction, 64
limiting hours, 64
Vertical direct north dials, 57
gnomon for, 60
limiting hours on, 58
method of tangents, 61
Vertical direct south dials, 52
limiting hours on, 55
in a unit square, 53
Vertical direct west dials, 64
by calculation, 66
gnomon of, 64, 68
E.l'aphic construction of, 64
limiting hours on, 64

Zod::ac, 202, 207
ac, signs of, 148, 207
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