SPREADSHEETS RELATING TO SUNDIAL DESIGN
Open Source

SPREADSHEETS

Microsoft Office ~ Excel ~ .xls
Open Office flawlessly uses these

To get started with the Excel version (Office 2003 is much easier to use than Office
2007, 2010, or 2013 if you plan to modify the sheets)

o addintools.com is low cost and makes Office 2007 and later look like Office2003
0 ubitmenu is a free ware menu replacement also

Open Office now fully converts .XLS files so no separate .ODS sheets are available
o openoffice.apache.org
Why smart phones have a different set of sheets

Spread sheet notes when programming them

NOTE: The front page of the main spreadsheet may look different to the examples
Here because it will evolve and improve over time. See next page for an example of
arevised spreadsheet.

NOTE: If you run this directly from an internet download, the hyperlinks will not
work. Do a SAVE first from that download, and then do a RUN.

Simon Wheaton-Smith
February 13, 2013
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SPREADSHEETS RELATING TO SUNDIAL DESIGN
Open Source

CURRENT INITIAL SCREEN as of Sept 26, 2011
BEFORE ENTERING THE JULIAN DAY YOU DESIRE

aAel ¢ | o | E | F | G | H | 1 | 4 ] kK | L | ™M | N ] o] P | @ | B | s | 71 |Ulw
1 MAIN SCREEN YELLOW bozes can be changed  |BLUE bozes are computed updated: Sept 26, 2011  EXCEL and OPEN OFFICE version
| 2 |
3 [Catiude: — 33.50[Longitude 11210
4 | Legal meridian 105
] Gnomaon linear height [nodus uzage) 1
] today is: EBIZ0N) 2001265
7 yau want: Julian day [1-358) ¢<== NOTE: Youmust enter a JULIAN DATE TO START: this sheet shows todays Julian day, but
ou must enter a Julian date [any date). This also enables the main menu.
_9 DECIMAL EOT YALUES mm.mm
1 ASTRONOMICAL EOT [non leap year)
i Today: -a.01
12| Tomorow: -2.22
2
15
16
{7 |
N
20|
2t
22
23|
24|
25
26
T | GENERIC EOT TABLE SUN'S DECLINATION JULIAH DAYS
Sth 15th 26th Gth 15th 26th Sth 15tk 26th
28| JAN A1 a0 120 -2y -2 -1a.z [} 15 25
FEE 1239 1%z 124 -2 120 -394 36 46 5E
MAR 14 9.2 62 B2 -2.4 15 B4 T4 a4
3 APR 28 oo 23 k] a8 1239 a5 105 15
| QUICK SPREADSHEET WITH MOST FUNC[TIONS MAY 2B 4.0 35 160 87 208 125 135 15
| JUM 20 01 20 223 233 234 156 156 176
JU k) 6.2 %) 224 217 198 126 196 208
AUG 64 38 14 172 43 jin 217 227 237
SEF -2.2 5.8 -394 71 32 0.5 248 268 268
ocT 27 -15.1 -85 44 82 Rk} 278 288 298
MOV -85 -15.1 125 155 183 -20E 03 3 329
_ 40| DEC 88 45 02 -223 -23.2 <234 k) 49 359
aAgl c | o | e | F | & | W | 0 | 4 | Kk | L | M | 8 | o] F | @ | R | s | T |ulv
1 MAIN SCREEN YELLOW boges can be changed | BLUE bozes are computed updated: Sept 26, 2011  EXCEL and OPEN OFFICE version
| 2 |
3 [Catiude: — 33.50]Longitude 11p.10
4 | Legal meridian 105
] Gnomon linear height [nodus uzage] 1
3 today is: avzsizon| zomzegel 260)
7 o want: Julian day [1-366) 268
8
) DECIMAL EOT WALUES mm.mm
1 ASTRONOMICAL EOT [non leap year) MmLMm k.hk
il Today: correction minutes  hours For astrocompass, adjust the standard 15
12 TOomOmow: long.corr 28.40 047 deqgrees per haur setting by this angle
13 ERRR 2stro.EOT) -5.01 -0.16| SUN FAST opposite sign to dial correction
14 |t0tal.corr 20.39 032 long.cortd |eottd  |net astro compass
15 Corection For uncorrected dial | 7100| 2.00%|cor: [ -510|
18
17 GENERAL HOUR ANGLE AZIMUTH ALTITUDE TOOLS
18 | |Almanac page with lots of data Harizontal dial (hediall | ic (hours on elipze] Aztrolabe al anglesy conyerter
18 Hoon transit by day and location Equatarial & Armillary dials i Almanac page with lots of data Astiocompass
0 : C ime-: L P e
21 Mertical decliner [y-dec To copytdistribute thiz spreadsheet give credit to wewillustratingshadows.com
22 Sunrize-zet-EOTmn  Ikalian line Nertical great decliner The books ILLUSTRATIMG TIME'S SHADDW explains these tools in detail.
23 jze- i data Leiling or reflecting dials Alwayz make models of dialz when using automated data and test them before casting the final dial plate.
24 Ieridian dial (pure east or west] Just because figures are prezented, does not mean that they make senze. These are only tools.
25 astronomical EOT any year Eolar dial Several variations of the EOT are uzed here, ALWAYS check to ensure accuracy for your preferred method,
26 Static aztro-EOT For 3 bew years. Inglined decliners.
a7 | EOT with longitude correction Analemma curve (figure §] GEHERIC EOT TABLE SUN'S DECLINATION JULIAN DAYS
_é8 | Leclinationtcalendar curye data Gtk 15th 26th Sth 15th 26th Sth 16th 26th
_&d | fall declination from south Eie ghartz for br line angles JAN 51 a0 2.0 227 -213 132 [ 15 25
_a IMiddleton scales FEE 1239 1%z 124 6.2 120 -94 36 46 5E
el Lunar phazes Beverze engineering an h-dial AR jIk:] 9.3 B3 6.3 24 15 B4 74 a4
i AFR 28 oo 23 6.2 a5 124 a5 105 15
3 QUICK SPREADSHEET WITH MOST FUNCTIONS rnY 3B 4.0 25 6.0 8y 208 126 138 145
3 JUM -2.0 -0 20 223 233 234 156 166 17E
35 Selected Julian day: 262 QUICK ALMANAC JL k) 6.2 %) 229 217 198 126 196 208
38 day's sunrise hh.mm: .20 sunrise azimuth G9.38 AUG 54 38 14 172 4.3 na 217 227 237
_ sunset: hh.mm 1212 SEP 22 58 a4 Fal 33 -0.5 248 258 268
38| solar declination: 05 ocT 27 -15.1 -ES 44 82 e 2re 288 298
o5 EOT mm.mm -9.44 MNOY -85 -15.1 125 155 183 -20E 09 3 329
Al niocn transit khmm.m 12204 [ noon altitude 55.97 DEC 3.8 45 0.2 -22.3 -23.2 -234 339 349 359
41
42
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SPREADSHEETS RELATING TO SUNDIAL DESIGN
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TO GET STARTED WITH THE EXCEL VERSION

The Microsoft Office Excel version of this major spreadsheet, actually two separate master
sheets, uses what is called conditional formatting, and has extensive use of macros.

illustratingShadows.xls all common sundial needs, this included the astronomical EOT

spreadsheet: illustrating-shadows-eot.xls
Marme ’
stuff used in the books —————» . Apx-full tables

Excel for PDAs are fine tuned ———
variatio_ns | ¥ls below - large screen 1 day
the main spreadsheet —— IE‘IJ illustratingShadows.xls

4 IE‘ﬂiIlus,tratir1g|-5,ha|:||:|w5,-neu:ut.:xcls,
&) reference-astro-compass.xds
E‘I_)I reference-spreadsheets.xls

& reference-unknown-dial xls

| PDA - small screen 1 day

»
»

common spreadsheets extracted —>< ) reference-wall-declinationads

IzilJ5h».=.~».=.~t-a§l-syagtut-ar1|:.|-5»a*.r|:|i».=_-.:ch5

¥ spreadsheetsForSundials.doc
- IE‘ﬂsunrim& by lat all decs.xls

& test eot decl relationship.xls

The Excel, and Open Office, spreadsheets have many functions. The Excel begins with a blank
screen.

F-4 Microsoft Excel - illustrating-shadows.xls

| Fichier Edition Affichage Insertion Format Outils Données Fenftre ¢

|D@m|§@n‘a{o % E@|ﬂ'“- @ s A %l%i|ﬂ’ﬁs;% -@_Ja.im v1nv||3 Is ‘% = E|@%nuuf&84
| = = | o | ﬁ Q Favoris + | Allera~ | | DAPsastrotCadrans _saolaires\Soft\ExceWindowsiillustrat - .‘
G18 =] =
a8 [ ¢ [ o [ E [ F [ & [ H [ 1 [ o [ ® T L [ W [ ™ [ o [ * [ @ [ ®rR [ =
A TABLE OF CONTENTS As a rule you change figures in yellow boxes and don’t change figureg in blue boxes, Last update: December 16, 2008
2 h and v dial plate graphics, with aspect ratio
3 Y OUF Iatitude: 32,75 mm.mm hohh celing or reflecting dials. Moon transit in almanac.
4 | | Yourlongtude: 108.20 cortection| minutes | hours
5 |Lewal meridian longituds: 105 long.corm 12,80 0,21 For astrocompass, adjust the standard 15
B | |Today 27igfz2009 AVALEUR! LELR!|derived ot 3wave] degrees per hour setting by this angle
7 COPY Julian day [1-368) 0 what is used rotal.cor (opposite sign to disl currediun)l
i Znomon linear height 1 ? Correction for any uncorrected dial Astro compass adiustment for dedree method
k]
10| |Hyperlinks only work if this file is ENTER JULIAN DATE TO START: this sheet calculates the date and julian day, however, you type it in so that
A1 | |SAVED then COPERED. K run from you can do different dates and not upset the spreadsheet. This will alse enable the main menu.
12 internet, don't do OPERN, do SAVE
Ay L
14 L4
L/
L J
L J

L}
Nothing much else will appear until you enter a Julian day. The reason for this is to let you select
any day of the year while still telling you what the Julian day is today. While you could alter this
cell to equal the cell immediately above it, you may forget that change the day on a subsequent
day and thus make mistakes.
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SPREADSHEETS RELATING TO SUNDIAL DESIGN

As soon as the Julian day is entered in that cell, a list of options then appears.

Ll B
T30 - fx

Open Source

A B [ c [ o | E

F [ & [ w [ o [ 2 | k& [ & [ m™

J]

[u]

F

[ e [ ®r |

1 TABLE OF CONTENTS Az 2 rule you change figures in yellow boxes and don™ change figures in blue Last spdate: April 27, 2003
2 h and v dial plate graphics, with azpect ratio
3 Y our latitede: 3275 mm.mm h.hih ceiling or reflecting dials. Noon transit in almanac.
4 T our longitude: 108_20 corpectiol minutes | hours
5 Le:gal meridian longitude: 105 lang.arr 12.50 0.21 Far astrecompasz, adjust the standard 15
& Today tizgfzons 2003173 I 173 derived cat Fuave] 2.5 0.04 degrees per hour setting by thiz angle EXCEL YERSION
7 | |cop?  Jufian day (1566 179 what ic used roralzare | 15.38|  0.26 [opposite sign to dialcorrectil -3.g5] NOT FOR OFEN
[l Gnomen lingar height 1 Correction for any uncerrected dial 2 22 adju OFFICE use
A | open office
0 Hyperlinks only work if thiz il isI version instead
n #AWED then OPEMED. IF run from
12 internct, don't do OPEM, do SAYE INFO: __illustrating-shadows.xlz iz linked to illustrating-shadows-cot.xls
13 Almanag page with lots of datg Has mizcelancous data such as azimuth, altitude, and other related data JULIAN DATE TAELE
14| | Been tranzit by day and location Givan the locatian, what time is noon transit, printable table Date Julian
15 Harizental dial (h-dial) chart Thiz spreadshest haz data For horizental dialz with and without longituds correction M 1
16 “ertical dinl non declining (e-dial® chart Thiz spreadzhect has data for harizontal dialz with and without langitude correction 1o 104
17 Srertjcal decliner [y-dec chart The wertical decliner dial - all the data pou could ever want, 2mall or large declinations 2o 20|
15 y-deg, ne chart byt very detailed The wertical decliner dial - all the data you could ever want, small or large declinations an 32|
13 Bic charks for br line angle: For a given latitude, 2 horizontal dial plate iz drawn using the Excel pie chart Feature 210 41
20 aren H
21 [eridian dial (pure szt or west ezt and East [true] Facing dialz, hour lin distances az well 2z M [=ln)
22 | | Polar disl Polar dial declination line information 310 53
2% 320 e
24 Analemmatic (hours on clipse] Dierive x,y paints ar angles Fram center For any latitude and cllipse size an a1
25 Inclined decliners with limitationz, thiz implements wariouz farmulae For declining recliners 410 100
26 | | Analemma curve (figurs &) Azimuth and distance -or- %,y For an analemma point [Jatitudes +0 ko +60][times 0S00-1600] atzn 110)
21 M 121
25 Dieclingtiondcalendar curve daty Declination lines or calendar curses [based on altitude or azimuth] Mo 130
23 St20 140
30 " Beyerze cngineering an h-dial Enter measurements from the phote of 3 store bought horizental dial, derive design latitude 0] 152]
i " gl deslination from south Uzing latdleng, anemen length, and date, converts readings o wall declination szimuth &0 18]
32 2" Conyert bime bo hour angle Helps with astra compass, 0600-1800 a5 270 ko 030 with aptional correction 0= 1|
33 ™ 152
34 Gomgeh - F1 Funrize and set adjusted For longitude and EOT for a given latitude, also gives sunrize o 131
35 azimuth, declination, noon solar altitude, and daylength Tan 201
36 £ Qeg Az For the abowe excepk the EOT iz in decimals of 3 minute and not mm.ss &M 213
31 S0 222
56 | | Astrelabe almycanters The circles for the sun altitudes For latitudes 50 1o 65 aten 232
33 M 244
40 General asteo EOT anw pear Pure astronomical EQT Far centurics and with zalstice and cquiina: data 3l 253
41 ific aztra-| 2 EOQT tables for 2004, 2005, 2006, 2007 and For 1504, 1304, 2104 and 2204 along aran 263
42 101 274
45 | | Lunar phaces Lunar phases based on a date - helps find new moon, 19, Fm, and 3. 1010 283
44 Middleton scales Generates the values so wou may build a Middleton ruler or set of scales. 1020 233
45 Cxiling or reflecting dials Dials on a cicling derived from light reflected from 2 mirror hifal S04
46 il 314
47 NOTE:  Voumay copy or distribute thiz zpreadshect provided crediviz given te wwwillustratingshadaws com 2 J24
45 MOTE: The books ILLUSTRATING SHADO'W S and ILLUSTRATIMNG MORE SHADDWS cxplain these toals in detail. 121 S35
43 CAUTID &lways make modelz of dialz when using automated data and test them before cazting the Final dial plake. 1210 344
50 Just because figures are presented, does not mean that they make sense. These are tools, not final products. 1220 354
H CAUTIO Several variations of the EOT arc wsed hore, ALWATE check to encure accuracy for your preferred method,
"c2 | END ™
53
54
4 4 » [ Table of Contents,/ Almanac ,{ Transit / h dial /v dial ,{ v-dec / v decliner detailed , v meridian / polar / ceiling / :

The important point to remember is that formulae are used extensively, and if you alter a formula
with data or vice versa, that becomes a permanent change.

Secondly, if you download the sheet from the website, you must SAVE it before using it. If you
download and then open without an intermediate save, then hyperlinks will cause problems.
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The spreadsheet and its sub sheets are self explanatory. However some sheets use graphics,
such as the horizontal dial.

Al - 13
A B | c | D E | F | & H T JJ] K | L 5] W | O F | @0 R | § T | W YO W

ALL THIL FIGUILS WOW MLLLD FON A MONEEOMTAL SUS DAL Lk 1o Lid o corkials
Check out: a3.1 u'h disls with graphs.als in U Excel POA Folder

Thrira o v iy v B Fopaiwd i doasned i coimabow Lk 0 il bl

Tz chimrge Latrbonrg, <h g S on e Ll o conimnts ahset

1 par | - R

L e e L T L T T | {4 IR
P b, Tho W P B s o s 1m0 0 L s, D o,

J TR

B AR |l e ks e s e s s e s v g Lyl s

[ W Wer | Haie e rest nmitinn DT s ket |

Today's san dechnason (Mol souh of g
B Do Fot isgres

CHART PROBAELY MEEDE AEPECT RATID ADJUE TREMT |

N \\L‘IHX /
S N/ S

TIE OF DAY

[elelslals s v n s]elulelshly o w wlulubelelals < alz] o

There is an inverted V in the graph, a technique used in some other graphical depictions
programmed in other languages.

The apex should be a 90 degree angle. So if you do a screen capture and the aspect ration is
guestionable, simple stretch or compress one axis until the apex measures 90 degrees.

The astronomical equation of time sheet (EOT) is a separate spreadsheet due to its size. It
always provides two tables of results. One assumes a leap year while the other does not. You
select the appropriate table.

www.illustratingshadows.com 5
Simon Wheaton-Smith



SPREADSHEETS RELATING TO SUNDIAL DESIGN
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WHY OPEN OFFICE NO LONGER HAS A DIFFERENT VERSION

Open Offices is free, unlike Microsoft's Office. While it is almost compatible, it is not quite.

e - |

C9 - A =IF(INT{CT2-100%(INT(C72/100))}<6]]

Al B | e | o | e | FfF | & |
1
2 NOON TRANSIT FOR THE YEAR BUT FOR ANY GIVEN LOCATION
3
4 NOOM TRANSIT FOR & SPECIFIED LOCATION hhmm.m
5 Longitude of design dial: Longitude of standard time: 105.00]
[
T 1 2 3 4 5 [ T
(] Jan Feb Mar Apr Ma Jun J Al
9 11216118 122812 122507 121881 121030 121085 121825
10 2| 121658 122520 122496 1216824 121023 121074 121838

& illustrating-shadows.ods - OpenCffice.org Calc

File Edit View Insert Format Tools Data Window Help

= ; = - | AB E %
BrBl= Haar vExaa-¢ &
{ [@d | Arial ] o [-] B 7 U ===2 B
9 |E| M E = |=IF('INT(C?2-lﬂﬂ*ﬂNT(C?Z,ﬂGO]D pps")
Al B fmome D | E [ F | 6 [ H | )

1

2 HOON TRANSIT FOR THE YEAR BUT FOR ANY GIVEN LOCATION

3

4 NOON TRANSIT FOR A SPECIFIED LOCATION hhmm.m

5 Longitude of design dial: | 108.20|Longitude of standard time: 105.00 D
6

7 1 2 3 4 5 6 7

i Jan Feb Mar Apr WMay Jun Jhy Aug

! 1I 1216.11' 122812 122507 1218381 121030 121085 121825 1218,
10 2| 1216.58] 122620 122495 121624 121023 121074 121638 1218

wn

The top spreadsheet is Microsoft Excel in action. The circled area shows a comma “,” in a
conditional formula, whereas the Open Office below has a semi colon “;”. These differences
happen only when formulae or special features are used. Open Office fully converts these
correctly, hence no separate .ODS files are provided.

NOTE: if you OPEN an Excel sheet in Open Office, then the formulae are correctly converted.

NOTE: The Open Office handling of conditional formatting is different, which is why the Open
Office version shows the menu of choices on the main sheet right at startup whereas the Excel
version does not. Conditional formatting and hyperlinks have issues.

NOTE: Open Office auto-fill can be a pain, and data validation does not help. In essence the
most common cell to be auto-filled is the GNOMON LINEAR HEIGHT. If it auto-fills, just hit
DELETE, or, you co do TOOLS, CELL CONTENT, and click AUTOFILL off.
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WHY SMART PHONES HAVE A DIFFERENT SET OF SHEETS

Smart phones have a small screen and scrolling around the screen is tedious. For that reason
there are special sheets designed for the small screen. Further, graphing is managed differently,
and hyperlinks are not functional.

A | B | ¢ | o | E | F |
1 |HORIZONTAL SUN DIAL
2 |Latitude (0-90) 3275 corr
3 |Longitude (0-180 + or -) 10§ 2()| me— 128
4 |Legal reference longitude 105.00 —
g
6 TIME OF DAY
[ am pm
8 12.00 12.00
g 11.50 0.50 584 233
10 11.00 1.00 10.09 .45
11 10.50 1.50 14 59 10.73
12 10.00 2.00 19.49 15.28
13 950 250 24 95 20.26
14 9.00 3.00 31.18 2581
15 250 3.50 3542 3217
16 2.00 400 46.96 39 58
17 7.50 4.50 57.08 48.34
18 7.00 5.00 63 64 5871
19 6.50 5.50 82.09 70.75
20 6.00 6.00 84.10
21

These sheets are great in Excel and in Open Office as they are VERY SIMPLE to use.
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SPREAD SHEET NOTES WHEN PROGRAMMING THEM

[Extracted from several pages in the lllustrating Shadows books] Describing a formula or set of
formulae (English) or formulas (American) is easier said than actually getting them into a
spreadsheet for real usage. The following points all relate to a common spreadsheet, the one
used for this book.

ANGULAR MEASURE

Angular measures are commonly in degrees, 90 degrees being a right angle and there are 360
degrees in a circle. However, spreadsheets use radians, which are different to degrees. There
are 2 * pi radians in a circle of 360 degrees.

Thus, every formula that uses degrees needs the measure to be converted to radians.
=RADIANS(360) would return 6.283

Thus the trigonometric functions SIN, COS, TAN, COTAN, and so on, need the radian conversion
first.

=TAN(RADIANS(45)) would return 1.0
Similarly, any function that returns an angular measure, such as ATAN, ACOS, ASIN, or
ARCTAN, ARCOS, ARCSIN, also printed as TAN™, COS™, SIN™, would need to be converted
back to degrees, and this is done using the DEGREES function.

=DEGREES(6.283) would return 359.984 or 360.0 depending on precision
Which raises another issue, that of rounding and precision. The number of significant digits on the
fractional side not only determines accuracy, it also controls rounding. Thus when the above
function is given one decimal position, the results is 360.0 rather than 359.9.

ROUNDING

The number of significant digits after the decimal point is controlled by the FORMAT, CELLS,
NUMBER option. Some functions do rounding of their own, and in some surprising ways.

=INT(5.1) =INT(5.9) =INT(-5.1) =INT-(5.9) returns
5 5 -6 -6

The INT (integer) function returns the integer part of a number on the left side of the decimal
point, rounds down. And the number below 5.9 is 5, however the number below -5.1 is -6
because this is already in the negative scale.

However, the ABS (absolute) function which removes the sign may be used if the above rounding
down on the negative side is not desired.

=INT(ABS(5.5)) =INT(ABS(-5.5)) returns
5 5

If the sign must be retained, then the SIGN function can be used. Assume that cell B3 has a
value of 5.5 and cell B4 has value of -5.5 then the following results can be obtained:

=SIGN(B3)*INT(ABS(B3)) =SIGN(B3)*INT(ABS(B3)) returns
5 -5
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