SUNDIALS FOR BAY COUNTY

By Dick Suiter
THE DESIGN OF THE HORIZONTAL DIAL

In ancient daysthe concept dfmeasuement was rarely important. élvever,counting of whole
numbershas existedincethe old stone agé&Vith the onset of agriculturéhis was extended to
comparing two weights on an egtsain bahnce, allowing traders to weiginain or whatever else was
required. Tle cubit, being the distance spanned faomelbow to tk tips of the fingers (about 18ches)
was employed as a rougindready measurement of lengiWhen more accuracy was needed, recourse
could be had to length standards marked on baardetal rodsind held at the local king's palace or,
more likely, thke temple. Literacy and somegiee of education werequired, so the natural custodianis
measurement standangerethe literateclerics once writing was invented

Time, on the other hand, was coarsely measured, if deadls and monthsere measured first, because
they wereapproximatey dividedinto integersBut even hex difficulties were encounterggimply
because they did not divide up everigmewhere around 28ayswasan apparent montl, year wash'

an even number of monthgidthe length of a year was not accurately known at fiits¢. day was

broken up into rough quarters by sun altitude, if at all.

Perhaps the Babyloniansitiwvtheir easilydivisible basel2 or basé0 number systepwere the firsto
divide the day up imt 12 hours of night and 12 hours of daythe case of a tropical swome can easily
divide theangle the sun is above the horiznto about 6 fistanda-thumb jumps of 15 degre@san
outstretched armntil you get to zenithin the case of netropical sun it is more complicated.

| don't know how it happened, but | could well imagine a clgeeingtemple acolytdaving the top of a

hill pounded flatand erecting a high sharp pole as a shadowing device. On the first day he marks the
shadow of theharp point at each hoas estimated with a idegree sighting sti¢cland he thinks he is
done.It works greafor about a week, bilowly gets out of alignment as the inifts northward or
southwardn its seasonalariation The shadow just doesn'ore over the marks anymore. Ngxe tries
putting a set of lines radially from the leasf the shadow pole, butvitorks no betterThe hours are long
unevenand few in the summertime days and fast and many in the wintertime. So he sits back and thinks
about this.Finally, he(or amuch laterdescendantlealizes that the axis of symmetry is not the vertical
one of the shadow pole (calledsundialspeakthe "gnomon"), but the rotation axis of the apparent sky
going through the celestial pole. He drdimes not from the base of the pole, but from the intersection of
this imagined axis with the ground and now he has Figure 1.
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Figure 1. A singleode horizontal dial, one hour past noon.

© 2016Astronomical Society of Bay County 1



The area thehadow of th@odus (omodég sweeps out is very large if the node is high enoughuse
nodal sundialsend to be smatemispherical device3he way to shrinla horizontal diaown is to
notice thatanyplace along the line cast by the celestial polar(aeng AB)is a validplace to slide the
node, and it makes the shadow appear along the wholBdin8ee Figure (&). The arrow denoting the
business en@the upper partdpf this lineis called the "style," as itstylus.’ The delicate edgmay be
stiffened by adding a supgavedge to th gnomon, but it still casts the stygdgeshadowalong line BC
Triangle ABC denotes a sheet of light going through the (fiom.our purposes, the sun is infinitely far
away) Because the entire tilted style can be used, there isn't really a need for lines beyotiddaec
drawn under the style. We now have all the elements of a garden horizontal sundial.
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Figur\e\ 2. (a) A tilted style sundial and (b) the way motherh are stiffened.

Still, the way our supmed temple acolyte designed the hour counting was sloppy. Let'soseeduld

do betterFigure 3 isa notionakequatorialsundialviewed almost from the siddt is shape like a child

top sitting on its rimOnN the day of equinox a shadow with a node atémter of this imaginary circle

goes on a straight line through the east cardinal direction, the edge of the circle, and the west cardinal
direction. The circle can be divided ugd 15 degree hour linesing simple geometric method&/'e

know that people could identify the cardinlidections by 260 BCE because the Great Pyramid was
aligned tathese anglewithin 4 minutes of arglittle more than eye resolution)herefore, heould

measure the diameter of the dislby stretching a rope from the end of the shadow to the node. Then the
dialist couldlay the circleflat on the groundand project the hour lines to ttagentiakequinox line.

Indicated are the hours of 7 AM through 5 PM (daek line isset on 3PM). Six AM and6 PM are at

+90 degrees and are projected to the horizon. These projectionstdhe same as th@&l lines,because
the dial lines go through the plate interceptd we haveshown the intercept of the pattern as it lays on
the graund by a five pointed stait is an easy matter to connect the points of the equinox line with this
plate interceptln fact, you can flip the circl® the north side and project from theBecause it would
make thediagram too busy, | displagnly the houtine for 5 PM.Having two points of a given line is
enough to completely determine the whole line, so we learrectly laid out an eventyimed sundiahs
sophisticated as that made for backyards even todayh@ppened sometime between 1500 BCE and
1500 CE with the capability in handt the time ofClaudiusPtolemy(c. 130 CE)if not thesurviving
concrete examples

The trigonometric equations debing these processasein the figure, but it is important to realize that
they are not necessaris Ron Doerfler points out in his blog entsg theanalemmasf Vitruvius and
Ptolemy, this was doneriginally without algebralogarithms or trigonometry (or, | might add, even
decimal numbers). The old scientididn't know everything we ddut their intelligence was of\very
high order.

© 2016Astronomical Society of Bay County 2



LAT = cos(x/s)
r=d sin(LAT)

Equinoxline="" ‘
\\ | Equatorial disk drawn

N\ 0\3\\‘ flat on the ground

y | y=[d sin(E,AT)]tan(HA)

% =tan(@) so 6 = tan~![sin(LAT)tan(HA)]

Figure 3. Evenlgpaced hours projected along &quinox lineThe dial line is shown drawn fompbn

The expression fay in the bottom line of Figure 3 is conventionally zeroed at theéd@ak line, but for
centraltime is slightly offsetThe longitudeof the Science and Discovery Center is 85.66327 deg W. The
differencefrom 90 degree4.33673 deg, means that here the sun transits at 17min 20eBsexcentral
mean timeYou can put offset hour angles in just as well as balanced ones, and that has been done in
Figure 4.Figure 4 is a printable sundidlat is tuned to giva kind ofzonal timeat the Discoverfenter's
location, without the equation dfiie being compensated for.

THE EQUATION OF TIME

Mean time is a little bit of a problem. In the dayisen clocks were horribly inaccurate, solar time was
king. If it was cloudy, you wreout of luck. You had toely onwater clocksor candle clocks or

whatever. If it was clear, you trusted your sundial tifitee problem was thamechanicatlocks could be
made for only one speed. Even after they were made to be accurate they kepg [@llmfdy at one speed
and did not follow the variance of the earth's attiétt causes th&olartime to migrate about a half hour
throughout the yeaiThey continually had to be reset for noon passage to get the local solar time right.

And why not? Tle local solatime ispreciselytuned for your longituddt can be maintained by having
an accuratdarge tower clochkhat rings out the hours and is fregtigmdjusted fomeridian passage of
the sunlf people wanted a timekeeper in their own homes, they just reset their homodioeler
chimesonce every week or sor they had a sundial in their gardénfeature of oldclock faces was that
the covering glass swung back to allow frequent reggttiecase people wanted to be able to easily
changehem Temperatureeompensated pendulum clocks wexrentuallymade, but they were rare and
they ironically came with an equation of time label so people could caltsleketo"real” solar time.

Thencame the ability to move between cities quickly enough to notice theveasvariation of local
times. About athe same eraame an increase in the accuracy of portable timepi€cas. companies
had to maintain synchronizeghedules over a large aretsetheir trains mightollide. Enter Railroad
Time, or the first paradigm shift where people began to folomedmean tme. Now clock time became
"real."
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5A 6 7 AM
5AM= -110.5° az
6 AM= -81.4°az
8 AM 7AM=  -55.1°az
8AM= -36.4°az
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9AM= -23.4°az
Local
Mean 10 AM= -13.6° az
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/ 11AM= -5.4°az
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— 12AM=  22°az
T I2PM™
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L N 1PM=  10.0°az
- 1P
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not yet 2 PM= 19.0° az
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3PM\\\\ 4PM= 46.3°az
5PM= 69.5°az
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6PM= 98.6°az
4P 7PM= 124.9°az
6 PM

—/

Figure 4. Printable sundial for Scie&®iscovery Center, Panama City EQT correction is blue line of Fig 5.
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Theburdenof the equatiomf time correction hatieen shifted to the sundial. Suddenly, the sundials have
become inaccurate and equation of time must be added or subtracted from them.

What does the equation of time look likEffe "equation” itself is kind of complicated and
unilluminating, but the ggh of Figure 5 tells it all. The loweg(red) curve is for the usual type of dial
where 12 noon is otme northsouth line. The uppdblue) curve is for the Figure 4 type, where the mean
time shift isalreadyadded or subtracted out. The red curve depends daddw#on. The blue curve
depends only on the earth's odtitthe center of the time zqrend does not change from place to plétce
seems to be comprised of two sine waves, with one having aboatthgi¢requency of thether. We see
that theshadev goes from about 3 minutes fast34 minutes fast (red curve) at the Science and
Discovery centefor the 12 o'clock line pointed North

15

Equation of time (minutes error in sundial centered on mean time)
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Figure 5Top(blue) cuve . Equation of timg EOT = local na@ ¢ apparent time). Please note sign convention here.
Bottom (red) curve Correction with mean time shift includddr the Science and Discovery center.

If you rotate the hour angle so that it is permanently "late" (as in Figure 4), you can read fh@time
about 14 minutes slow in February to about 17 minutes fast in Novébibercurve) It is not balanced
because the higher frequency curve does not lingitlnthe low frequency curve.

The equation of timehartpresents us with a conundrum. We can leave it uncorradtedn eastwest
balanced sundighccompaniyng it with a plague or monoment of the graph, and hope that sundial users
will have the sens® subtract the correct number of minugesd curve)o derive the clockime. Or
perhapave canshift bytheP.C.average 17.34 minutes, and accompany it with the blue curve. That way
sophisticated users case theEOT curveto derive theclocktime. Less sophisticated users who don't use
the curve will spend much of the year witlpilus or minus to 10minutes even if they ignore tlohart

Fig. 4 isof the lattertype though | admit that sundials without eastst symmetry are a bit more
corfusingand a timepiece accurate to only about 10 minutes is hardly inspiring read withthe aid

of the time correctiorhart, properlynadesundialsare routinelyaccurate to within 2 minutes or.so

SUNDIAL SOFTWARE

Figure 4 was prepared witlm &xcelspreadsheet and the formula épn Figure 3. But you might guess
thatmore specialized software has been written, and you would be correct. One such software is the
programShadowsPrdy Francois Blateyron (source at enlil)s available inafreewareversion thats
perfectly adequatfor the preparation of ordinary horizohthals. ShadowsPre more obsure

capabilities are found imid-level and higHevel (paid) versions. Figure 6 shows one output.
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x=37.16 mm, y=-5.99 mm

Date

olcIe
tlcIG
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Civil Time: 16 h 00 min -> Solar Time: 16 h 13 min

[v] Skip night
["]Daylight sawvings time

30 June

5
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Q@) Mean Hour

Figure 6. Tim&one correctechorizontal dial with dayof-year readout. Equatiownf-time is shown for 12 noon, but
is true of any timeGreenline is rough position of straight equinox line of Fig. 3

A bit of interpretation will illuminate this busy diagram. To avoid a huge area being coveraethdals

dial only covers times between 7 am and 4 pm, although it could covetimeitwe were to draw the
lines all the way to the center, Bs insidehie dotted line of Figure. Xhis is a dayof-year sundial, with

the tip of the style's shadow pointing out the,dessuming you know approximately which season it is in.
The gnomon is between A and Bhe tan triangle is the gnomoslisape if we were tay it flat on the
ground. The gray triangle is the shadow with the time indicatdb@tzonecorrected dial time on June
30.1f each square were 1 inch, this dial would have &arzb high gnomon and cover 29 by 14 inches.

Reading the blue curve coctéon of Figure 5, we realize that this is 4:00 central standard time, which is
thecivil time in the inset. The inset also gives the true sitee as 4:13 pm, but that is measured faom
12-noon line pointed to the north (the red cugiresthe eq.of timeis 13 minutes ahead Figure 5).

The dayof-year is poorly estimated for days around the solstices, since the shaslewch a long hang
time, especially in the summen middle moiths, it is wonderfully precise, because tiggshadow is
flying in the declination directiarnhe two solstice lines aseen to b@ppositely directed hyperbolas
The curve flattens tobaut the position of the gredine on the dagof the equinors As mentioned
before, hese are the only days the tip of the shafidlews a straight line.

ANALEMM ATIC DIALS

Sundials possess one disadvantage. The gnomons eventually get damaged tirateliémy" somewhat
like the similarly-namedgarden gnome dhe movieAmelieor the Travelocity commercial3here is one
neartheWilliam Oxley Thompson Library at theli StateUniversitycampus in Columbus Oh{see
reference}hat was mada 1905, and has been without gnormast of the intervening 111 years. It is
too bad because it was a really accurate equatgpalthathad the equation of timsrrectionscribedin

at each houirncidentally, when it was installed it was thought to be exactly at latitude 40 degrdes nor
but the latitude line has creptfew hundred feet awayith more accurate surveying methods
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There is a type of monumental sundial that dispenses with the gnomon and rieplahes person
standing above a mark on the pavement. Thus, userstieagiyomon with thenand it cannot be stolen
This verticalgnomon dial is not the usual type because each "walking" gnomon has a different height
and hence differdrcentermpoint at B It turns out that the height of the gnomon makes no difference if one
slides its position along a lineack that looksimilar totheanalemma collapsed to a edienensional
structure(it is nota projectionof the analemmaeally). The dial shadow is read where it crosses an
ellipse. See Figre 7 for one calculated féfanama City, FLThe central line is an annual chart telling
you where the gnomon/style goes. For example, if you want to s&ythen the summer stice, you

go all the way to the red ball at the top, just below thelagfical symbol for Cancer.&., the tropic of
Cancer). Conversely, winter solstisehe tiny blue circle at the bottgrmbove the symbol for Capricorn
The symbol 1l stands for 1 Mar, and-IV stands for 1 Apr.March 21, the equinox, is about 2/3 of the
distance between threalong the straight line connecting 6 am and 6 pm.

If you are using your body as the style/gnomon, you have to stand with the center of your feet above this
point. The center point for most people is between the arches of the feet. It is more #opaudtece in

the directiorof your shadow, hdling the center line between ydeet. If your shadow isn't long enough,

hold your arms above your head with the palms flat together. If your shadow is much too long, you can
often use the gap between yoegdas an inverted gnomon

So where does the "analemmatic” come in if Z is not the ssnthe declination of the suim#his case

we are expected to use the teaanalemman its more generic meaning. That any graphical construct
actingas an astronomicatomputer. All sundials are in this sense "analemmatic” but this one compresses
a great deabf analog computation in its construction, and so perhaps deserves the prize.

Each block is 10 inches
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a CLOCK TIME = SUN TIME + TOTAL CORRECTION \ /
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Figure 7 An analemmatic dial centered aolar time with Panama Cityime correctionindicated.
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It and the sun's rays are,fact, a complicated-B nomogram. Prior to the advent of calculators,
nomograms were a lot more common for repetitive calculations. Incidentally, the other formulas you need
are:

i & i0 OENAOOAF+ ——,
whereq is the angle to the mdle, HA is the hour angld@he totaltime correction isi (oL o-E@T). For
downtownPanama Cityi oL 0 n'ig90i85.65528)/15 =0.28965 hours, meaning the dial is 17 minutes
23 seconds fadtom the zone shift alone~or Panama Citythe total correction is conveniently always
negative.

In Figure 8, took a little model of this dial outside, set a chess bishop with a myintgnetricknob on
top of the approximate position dfi¢ day 9/10L6 (or 1/3° the way between-IX and 1-X), aligned it N

S, leveled it, and read off thiene as4:27 pm solar time. (The white line has been painted on in
PowerPoint to make the middle of the shadow easier t&esémated time is 4+(30 min x 9/10) = 4)27
By using thetime correctionchart and the 1 howorrection for daylight time, | was able to calate the
clock time withn aminute.This relies somewhat on luck, but | don't think my earlier claim of acgucac
within 2 minutesof a properly aligned and used sundsatompletely unreasonable

Chess bishop sitting 4
on10IXand
centered on line  ~

1=

Reads 427pm ola‘

£4 r time on 9/10/]9 :
ama City, FL, USA 1= Clock tlmecqrrec ion (below) *-20 mln ?

o ’ ” -”

: :30° 09’ 31” North o Inferred time = 4:07pm & SARS ER

ong: 85° 39’ 19" W g Clock read: 17 0 28 CDT 4 07:28 m

Zone shift: —17 min 23 sec o

Nominal style height: 72 in a

Horizontal plate z 5

sM =100 inches g 10 / \\

sm = 50.24 inches € / \

Z= +37.48 inches g 15 N /
E -20 N——""" \ /
R s \ /

CLOCK TIME = SUN TIME + TOTAL CORRECTION
-30 ’

1/1 1/31 3/1 3/31 4/30 5/30 6/29 7/29 8/28 9/27 10/27 11/26 12/26

Figure 8. A miniature model of an analemmatic dial seems to v@ukrtz clocksetwithin 24 hrsby WWV.

There is anice example of an analemmatic dial at Northwest Florida State College in a small countyard
thecampus aNiceville. The seni-major axis of this sundids about 10 fee20 feet total width)lIt is

made of an array @trtisticcolored tiles, which is desbed atthe Niceville link in the references. In

Figure 9, you can see the uang up with the North line, but theser has not yet turned to face her
shadow Facing one'shadow is bedb minimize forwarebackward leaning errarbut stayon the line

For really accurate readipa verticalsurveyingpoleis usedas a gnomon
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Left pic:© 2010 Northwest Florida State College, used \pighmission

Figure 9. (InsetPwl's head shapeof analemmatic dial oNWFSC inNiceville FL(Photcs) Dial inuse.Assuming an
autumn time, itwasabout 2:30 solar tim@n Oct 172:00CSTor 3:00CDTMy shadow on 1/21/17. LST about
12:35¢ 0:02:56 mincorrection from college handout] 12:32compares taecordedcell time of 12:33:25

The analemmatic didh Figure 7is suggested as a project for supervised youngsters using sidewalk chalk
and the 108nch semimajor axis design indicated in the same figure (I chose this scaling bebaus
height of the preeenkid is a little smallethan college studentd would recommend ifor the Science
and Discovery €nter if | could think of develandsunnyplace to put it. More permanent installations
could be done with rectangular bricsest on edgefor the central line and circular pavers set even with
the groundor the ellipse The Fig. ial can be used drscaled anywhere in northwesbfida, but the
time corredbn is tuned forthe longitude oPanama City.For more infoabout the calculatigrsee the
sourceforge entry in the Referencés.derive a 12 non=North dial, you just tell a filbo the online app
and claimyou are at 30.2 latitude ar@0 degrees longitude. Then you usettiel time correction
appearing in Figure 7. Or you can go witle skewed one like the app generates, but you need tioeuse
centered equation of tin{blue lineinstead ofed line in Fig $.

Figure 10is theFig. 7central slide lindor the Panama City annalematic in Figure@gpanded and set on

its side. The table at right is the location in inches of the littlennégrof-month circles, calculated

from the Z expression in Fig 7. Declination was calculated from pg. 485 Bik{iianatory Supplement

in the references. The zero point is the 6 o'clock crossing line. It can be seen to slide plus or minus a little
over ayardin this 100inch semimajor axis ellipse.

SOME SUNDIALS IN BAY COUNTY
I know of at leasthreelarge sundials in Bay Cotyn Unfortunately, two of these are naltvaysavailable
to the public. One is on interior elementary school grounds and the other in a gated conitharatier

is at the recently reconditioned downtown marina, and was moved frqofatteewhere it was set down
by the buildersThis is by no means@mprehensive list. | just heard about them.
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Major axis 1/1/16 -36.7

Scale: 1 block = 10 inches (6 o’clockline) 2/1/16 -26.7
3/1/16 111

1 4/1/16 73

- - N 5/1/16 2356

n = - i _é: ' 6/1/16 352

>=(. x >'< > = § 6/20/16 375
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r -~ n - - wh 8/1/16 278

- = = < < < 9/1/16 122

3 N 101/ 5.2

v 11/1/16 226

12/1/16 348
12/21/16 375

Figure 10 Details on the yearly vertical gnomon track of Panama Cig¥@etin sMA)with table of offsetqinches)

1) At Lucille Moore Elementary school there is a large t@ud sundial. It seems to bdongitude
correctecbecause of the tilor the tilt could becaused bylistortion in the imaging lenslrigurell

shows thattiis about 10 feet in diameter. | can't tell from the Google aerial photo below whether the red
arrow is comprised of pavers joist red paintlt, like many sundials, is being crept up on by surrounding
trees. The prettiest places to puhdials don't always kedipe shade oufThe only reason there is no
recent effort made to replace the gran at Ohio State's dial is becatise dial has become mostly
shaded.]f you can't achieve altitudehé¢ best location for sundials are immediately noghter of wide,

low, buildings orastreet, both irbig paved areathat cannotever support treesNo prettiness in this
instruction but good sundial lornterm survivability.There are no lines on thikal photq but that may

be just low resolutiork-rom the inset (Figure 4 on its side), the numbers around the outside seem to be
spaced wrong It could be my imaginatiorut this sundial seems to bely decorative(lt also seems to

be matched by an identical courtyard pattern at Patronis Eleméntary.

2) The Wild Heron roundabout dial (Figurg)1This dial, whose primary function is being a sculpture

and only seconddyiis a sundial, seems to have a nagak gnomon (recall this means that the indicator

is not the blade of a style but a single point). That point in this case seems to be the tip of the beak of the
highest heron. By moving the triangle to along theatdbtiurve, | was speculating that the artists were

trying for an "average position" meme-less accurate style, but the sculpture is just too wide to use in this
manner and besides it wiggles too much around the proper position. It was originally ingtalleaur
monuments approximately on the equinox line (follow the red line domhigh would be good only for

a brief timeof the yeaybut is currently nogévenlaid outas a sundial. Nevertheledsn sure you'll agree

it is doing a fine job just as giantsculpture.
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Figurell. Horizontal dial in interior catyard at Lucille Moore schoffrom Google Maps] At right is correct
configuration for a horizontal dial withpolar style Note too everspacing at edge of circle.
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Flgure . The Wild Heron gated communlty rodabout centerplece sculptureith various angles shown
[photo and annotation by author]

There issome talk about resurrecting the Wild Heron puk'sfunction as a sundial, but its sheezesi
may preclude this. Thaodusis 100 inches above the concrete pedestdeven the limitechours ofthe
batwinged plateof Figure 6 would have a width of 50 felttis huge.

3) The downtowrPanama City Marina used to have a sundidalated byNavy personnein 1963 Then
theMarina streets were moveddathe sundial disappeared. After some titnesappeared. It is a classic
horizontalcentereebn-zonetype (blue EOT correction curveyith arobust,wide gnomon. To think of

the way a wide gnomon works, imagine it as twotgligoffset dials, with one edge of the style being for
AM times and the other eddgeing for PM. This impliea little jog in the lines that are continued onto
the other sid¢usually 5,6 and7). The makerchose deliberatglto neglect the jogsecausehe shadow
sometimeswitchesshadowingedgeswith the sun that lowThe pointat whichthe lines are drawmeet
curls around the blurdw end of the gnomorit is shown in Figure 13.

Figure 13. Marinaundial showing splitand zonal offsefwhite arrow points out equatiorof-time plaque)
Yesthis sideshifted gnomon is mounted correctljhe two edges areffset as in Fig 4.
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