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“LITTLE Lewis my son, | have perceived well by éerta
evidences thine ability to learn sciences touchinmbers
and proportions; and as well consider | thy busgyar in
special to learn the treatise of the astrolabé....

-- Geoffrey Chaucer, A Treatise on the Astrolabe

The Astrolabe
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Part I:

Introduction to the Astrolabe
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Astrolabe History in Summary

Greece and Rome
The first primitive astrolabes were developed in Greece and tleequiskly spread
across the Mediterranean basin.
*“The astrolabe as an instrument is thought to date back at leastessHtolemy
(2nd cen AD) and may be older” — Neugebauer
*"The earliest surviving descriptions of actual instruments weiteewby John
Philoponos of Alexandria (Johannes Grammaticus) in the sixth centu3@d
— Morrison

Introduction into the Middle East
*"Muslims first encountered the astrolabe in Harran in the mid-8th geiiiue
first Muslim known to actually make an astrolabe was al-Fazari, othe dirst
Muslim astronomers known to us. The oldest known astrolabe is from the late 8th
century.” — Morrison
*"Knowledge of astrolabes was widely available by the 9th centuryeinmgent
scholar, Abu al-Abbas Ahmad ibn Muhammad ibn Kathir al-Farghani wrote his
Book on the Construction of the Astrolabe and provides complete instructions for
design." — Morrison

Re-introduction into Europe

Trade and the crusades re-introduced the much-improved astrolabe to Europe
*"The astrolabe was firmly established in Europe by the end of the dr3tlrg"
- Morrison

The astrolabe was in use all over Europe from at least the 13th cen. to teyend of
our period.

Who would possess/use an astrolabe?
*Alchemists
*Astrologers/Astronomers
*Educated individuals
*Use of the astrolabe was taught in university the way slide ruldsa$e, and
high-end calculators are now.

Materials used to construct astrolabes
*Paper (few remain, but were probably fairly common as a cheap #itejna
*Wood (both alone and laminated to paper)
*Metal (Most of the remaining examples)



The Theory Behind the Astrolabe: 1

The Celestial Sphere

From the point of view of an observer, the
sky and its component elements can be N
thought of as resting on the interior surface
of a vast celestial sphere with the Earth
resting in the center. Tropic of Cancer

Like the sphere of the Earth itself, there are
landmarks to aid navigation... The North and
South celestial poles are extensions of the
Earth’s axis. The celestial equator is a
projection of the Earth’s equator. The ecliptic
marks the annual path of the sun through the
sky, and the tropics mark the sun’s
northernmost and southernmost travels in the
sky.

. Ecliptic

“Equator

Tropic of Capricorn

The Local Sky

An observer on the Earth looking up at the sky
can see one-half of the celestial sphere. His  {orizon
viewpoint extends from the horizon (0 degrees)
to zenith (90 degrees). What part of the
celestial sphere can bee seen in the local sky
depends on the location of the observer and the
time and date.

Zenith

Note that in both views, the position of the
North and South celestial poles is the same.



The Theory Behind the Astrolabe: 2

The Planispheric Projection
In a planispheric projection, a sphere is projected onto a plain.
The astrolabe works by overlaying two of these projections:

One of the celestial sphere, from the North Pole to the Tropic of Capricor

Projecting the celestial sph

The other of the local sky, from horizon to zenith.

M

Projecting the local sky

Note that in both projections celestial north
is the center point of the projection.
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The Theory Behind the Astrolabe: 3

When these two projections are overlaid with their common point, the norsti@epmle, as the
pivot, the projection of the celestial sphere can be rotated withctdsptbe projection of the local
sky to display a view of the sky for any combination of date or time.

Overlaid



Major Components of the Astrolabe

Throne

Plates Rete

X " .
A

"\tﬁf&".‘j‘ )

)

Alidade

Notes: _
-The Alidade Rete and Rule are all desig"n_e'_d to rotate freely.

-The Plates (also known as_glimaieS)- of an astrolabe are speadafigiven latitude.
Therefore most astrolabes contained a set of climates, that cosildhpped out as
the user moved to different locations.

-The Astrolabe rule could be either single or double ended.

11



The Front of the Astrolabe

Horizon
W

Zenith
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Tropic of Capricorn
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Using the Scales: The Plate

Meridian
South
4o 2
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The plate is marked with almucantars (lines of altitude) and linasiwiuth (direction).
- The almucantars are 5 degrees apart and 0 (horizon) to 80 deg are

marked.

- Where the lines cross in the center of the 80 deg almucantar marks the

zenith (the point directly overhead)

- The lines of azimuth (direction) are also marked every 5 degrees

The dotted line below the horizon line is the almucantar marking the ewiligiht.

The vertical line through the zenith is the Meridian. It markeepiassing overhead that
runs North-South. The Sun crossing the meridian marks local noon/midnight.

The time scale on the mater limb is marked in minutes, each mark is ®syiraurtd the
hours are marked 1 to 12 twice, once for morning (left side), once for e\egimgside),

in roman numerals.

13
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Using the Scales: The Plate

Example: in the illustration above, the star Altair (top) is at atudé of 27.5 degrees
above the horizon and is 12.5 degrees south of west (bearing 257.5 degrees).

Vega (middle) is 31 degrees above the horizon, 26 degrees north of west.

Alioth (bottom) is about 10 degrees west of north, and about 8 degrees above the
horizon.



The Back of the Astrolabe
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Using the Scales: Elevation

Measuring Altitude above the horiz
- The outermost scale is marked in degrees above the horizon, 0 - 90
degrees, one degree per tick

- In the example above, the alidade is set to 52.5 degrees.

- This scale is only marked above the horizon, if you wish to read an angle
downward, read the scale from the other end of the alidade

A note on taking sights:

On a real astrolabe there are two sights on the alidade to asalshogndn accurate
sighting. When sighting on an object, the astrolabe is suspended frontlaroungh the
throne and allowed to hang. The alidade is then rotated until the tardeteraseen
through both sights. The angle can then be read from the elevation scale.

DO NOT sight on the sun this way. Instead, use the shadow of the sightsup thee
alidade.



Using the Scales: Zodiac and Calendar

The Zodiac and Calendar Scales
- Used to find the position of the Sun for a given day
- Used to find the day the Sun is in a given Zodiac position

Left: Midnight 13 August / Leo 21. Right: Noon April 16 / Aries 26.5

Note: When reading the scales, the lines mark the end of the dagxdrople, on the
right, the alidade is placed half way between the 15 mark and the 16 mark.
(noon on the 16 is half way between midnight on the&nd midnight on
the 16th)

17



The Rete

Ecliptic - Path of the Sun
- Divided by Zodiac
(Sun moves counter-clockwise)

\ / Winter Solstice

Polaris

Fall Equinox
Spring Equino

Summer Solstice

Major Stars

18



Using the Scales: The Zodiac Scale

The Zodiac Scale on the rete shows the
annual path of the sun through the sky

- The scale is marked in degrees, with 30
degrees per sign.

- In the example on the left, the sun is in
Pisces 10 and the rete is set to place Pisces
10 at an altitude of 25 degrees above the
eastern horizon

[ 1
A
/7
/

If the rule is then rotated around to Pisces
10, the user can read the local solar time
from the limb: 8:54 am.

19



20

Example: Find thelocal time of sunset for 13 August

Step 1: Find the position of the sun on th& @BAugust:
-On the back of the astrolabe set the alidade to 13 August

-Read Leo 21 from Zodiac Scale
Step 2: Find the time of Sunset:

- On the front of the Astrolabe, rotate the Rete until Leo 21
touches the western (right) horiz

- Rotate the Rule until it rests on Leo 21

- Read the local solar time from the time scale on the limb: 6:52 pm.



Using the Scales: Shadow Scales

&m%

I

BSIDA RIqI()
Umbra Versa
VAV AN NN

Umbra Recta

6
T i v % N N
Pennsic War

Longitude: 80° 8'W
Time correction: 20 Minutes 32 Seconds
Your Name

There are a large number of available scales devoted to workinghadbws length, especially in
Moslem countries, where the length of shadows was important to definirgletiméc prayer
times. In addition, the various shadow scales can de used to quickly work problems
trigonometry.

For this section we will concern ourselves with the most popular. SdaeShadow Square.

The Shadow Square consists of two squares (see above), divided so as to make reading the lengt
of the shadow of an object easy to compute. As many of the calculairgorayer times are

based on a 7 foot vertical pole or gnomon, one of the scales is usually dividedentioiss The

other side of the scale is divided in any number of ways, 10 and 12 being popular.

The Umbra Recta (horizontal shadow) scale allows the user to ylineesisure the length of the
horizontal shadow of a vertical gnomon: 0 at noon, 7 (for a 7 foot gnomon) when the séff is at
degrees.

The Umbra Versa (vertical shadow) scale does the same for a hakigoomon.

21
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Using the Scales: Shadow Square

Besides measuring directly, you can use proportions to compute
lengths and angles with the shadow square.

For example: If you wish to compute the height of a tree, you
could pace out 10 feet. Then use the astrolabe’s alidade to sight ‘

on the top of the tree. See where the alidade lands on the
shadow square’s Umbra Recta (let's use the 12 scale and say it
lands on 4). 4/12 is 1/3 so the height of the tree is 3 times the
distance you paced out: 30 feet. Note: When doing this kind of
work remember you are measuring from the height of the : G
astrolabe, not the ground, and adjust the height accordingly. / L

/

o
AN

Umbra Versa

30’



Using the Scales: Shadow Square

2. If the angle you are measuring takes you
past the 45 degree mark, things get a little
more complicated; but not too much.

200’

Example: You wish to measure the height of a tower. You pace off a distance of 200
feet and use the astrolabe’s alidade to sight on the top of the tower. Ref& ey
12-scale shadow square, you get a reading of 3. If this was on the Umtas e

that would mean the tower was 800 feet tall (3 is 1/4 of 12, 4 times 200 is...). But you
are on the Umbra Versa scale, so you revitrsgroportion: 3 is 1/4 of 12 so the

tower height is 1/4 of the distance to the tower, or 50 feet.

——

/ﬂ,_

Umbra Versa
i

cta Umbra Recta
]
/ ! RN
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Astrolabe Problems

Note: Due to variations in the instruments, and differences in technique, yourramgie
vary a bit. If you are within 15 minutes you are doing well, within 5 minetesllent.

Basic Problems:

1. What is the zodiac position of the sun on July 23?

2. What is the zodiac position of the sun on September 47?

3. On what day does the sun enter Capricorn?

4. What day is the sun in Cancer 23?

5. Where on the zodiac is the sun at its highest noon altitude? What ttheatt? is

6. Where on the zodiac is the sun at its lowest noon altitude? What d&tt

7. Using the astrolabe, what are the dates for the equinoxes and sdl@deenember. The
solstices are the longest/shortest days and the equinoxes occur wiaed déyht are
equally long.)

8. Given a 7 foot vertical gnomon: If the sun is at an altitude of 57 degrieastis the
length of its shadow on the ground?

9. Given a 12 foot horizontal gnomon: If the sun is at an altitude of 25 degresdss the
length of its shadow on the wall?

10. What direction does the sun set at on the 23 of August?



Astrolabe Problems

Medium Problems;

1. Itis the 23rd of July. What local time is Sunset? When is the eskafng twilight?
When does the star Markab rise?

2. It is the 23rd of August, How long is the day?
3. It is the 12th of December, How long is the day?

4. You need to cut down a tree, You want to be sure there is room for it to fBll safe
You pace out 20 feet, you sight the top at an angle of 63 1/2 degrees. Detbemine
height of the tree.

5. It is the afternoon of the 10th of August. You measure the sun at arofbgle
degrees. What time is i

Advanced Problems;

1. It is the dead of winter. Your cook wants to plant a herb garden behind thekitche
The neighboring house blocks the sun for part of the day. You stand in center of the
future garden plot and measure the angle of the neighboring roof (40 §egree
Estimate the minimum number of hours of sun the garden would get from spring
equinox to fall equinox.

2. You are on the top of a 40 foot tower. Engineers are setting up catapults in the
distance. You want to know the distance to the catapults. Sighting on them, your
astrolabe’s Umbra Versa 12 scale shows 2. What is the distancectiapealts?

25
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Answers

Basic Problems:

l.Leol

2. Virgo 12.5

3. December 21st

4. July 14/15th

5. Gemini 30/ June 21

6. Sagittarius 30/ December 21

7. Summer solstice: Gemini 30/ June 21 || Fall Equinox: Pisces 30/ Matalvia@ey
Solstice: Sagittarius 30/ December 21 || Spring Equinox: Virgo 30/rSkeete23

8. 4.5 feet.
9. 5.5 Feet
10. 17 degrees North of West / 287 Degrees

Medium Problems;

1. On the 23 of July the sunis at Leo 1.5, Local sunset is at: 7:14 pm solantanmg
Twilight ends at 9:15 pm solar time, Markab rises at 8:03 pm solar

2. On the 23 of August the sun is at Virgo 0.5, The sun rises at 5:19 am solsunTdeds at
6:43 pm solar, The day is 13 hours and 22 minutes long

3. On the 12th of December the sun is at Sagittarius 20.5, The sun rises at 8idl@raThe
sun sets at 4:34 pm solar, The day is 9 hours and 8 minutes long

4. 40 Feet. The 12 shadow square reads 6 at the given angle, so the heightefishaice
the distance to it (6/12 = 1/2)

5. The sunis in Leo 18, Solar time is 2:14 PM.

Advanced Problems;

1. The sun will shine on the garden when it is above 40 degrees, Set the Suws po#iie
equinox (spring or fall) to 40 degrees above the morning horizon, and note eén@® thizh).
Then move it to 40 degrees above the evening horizon and note that time (2:aBheThe
difference is the minimum time the garden will have sun (4 Hours, 9 M)nutes

2. 2/12 = 1/6 and you are on the umbra versa scale so the proportion is relierséaret
the distance is 6 times that of the height - or 240 feet



Part ||

Advanced Astrolabe Functions
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Using the Scales: The Moon and Planets

The Ephemeris:

Finding the Sun’s position is easy with an astrolabe. Locating the o#jer afjects in
the sky is more complicated.

The Sun (by definition) always lies on the ecliptic, all that is netml&mtate it in the sky
accurately is its location on that line.

The Moon and planets, however often lie up to several degrees north or south of the
ecliptic, this makes it harder to locate them precisely. In additdike the Sun, the
other bodies in the system do not follow set, repeated paths through the skglea s
scale like the one the astrolabe uses to keep track of the sun is iibe feas

To find the positions of the Moon and planets, you will need to make usetobfaaeles
known as an “Ephemeris” (See the next page)

To define the location of a place on the Earth we use a coordinate Syfstatitude
(N/S) and Longitude (E/W). The Celestial Sphere has a veryasisyistem of location:

- Declination is the angle North or South of the celestial equator
- Right Ascension is the equivalent of longitude. As we are using the
zodiac for locating objects East/West, we will ignore right esica.

The ephemeris gives the location of objects in terms of their zodiaopasnd
declination. This can be a bit confusing at first, remember, declinatitve iangle above
or below the celestial equatarot the ecliptic.

Astrolabes would often have a declination scale on the rule to make woiking w

declination easier.
Declination Scale

' AR

D <
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AN et gw U, H
l==.. _ “"‘“ ““v" mng:g{wm 5
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1 L nL .\\\\& B >

Celestial Equator
(O degrees Declination)

29



30

August 2011

(%] p)) ? Q? o 2 5
1 | 92 0826| 2 2445 | | 0100 | %2 0409 | I1 2824 | ‘T 0858 | Q@ 1221
2 09-23| M 09-16 01-09 05-23 2904 09-03 1226
3 10-21 2352 01-12 06-37 2944 09-09 1230
4 1118| Q 08-26 01-10 0751 | & 00-24 09-14 1235
5 12416 2262 01-03 09-05 01-05 09-19 1239
6 1313 | M. 0702 0051 10-19 0145 0923 1244
7 14-11 2109 00-33 1133 02-25 09-28 12-49
8 1512 | # 0456 00-11 1247 03-05 09-32 1254
9 16-06 1830 | R 2943 1401 03-44 09-36 1259
10 1703| & 0151 29-10 15-16 04-24 09-40 1304
1 1801 1500 2833 16-30 05-04 09-44 1309
12 1858 2758 2752 17-44 05-44 09-48 13415
13 1956 | W 1044 2708 1858 06-23 09-51 13-20
14 2053 2318 26-21 20-12 07-03 0955 1325
15 2151 | ¥ 0542 2532 2126 07-42 0958 1331
16 2248 1755 2442 2240 0822 1001 1336
17 2346 2959 2351 2354 09-01 1003 1342
18 2444 | P 1155 2301 2509 09-40 1006 1347
19 26-41 23-46 2214 26-23 10-19 1008 1353
20 2639 | O 0537 2120 2737 1058 10-11 1358
21 2737 1731 20-47 2851 1138 10-12 1404
22 2835 2933 2011 | M 00-06 1216 10-14 14-10
23 2033 | 11 1148 19-39 01-20 1255 10-16 14-16
24 | M 00-30 2422 19-14 02-34 1334 1017 1422
25 0128 | & 07419 1856 0348 1413 10-18 1428
26 02-26 2043 1845 0502 1452 10-19 1434
27 03-24 | 2 04-34 18-42 06-17 1530 10-20 14-40
28 04-22 1853 18-46 07-32 16-09 10-21 14-46
29 0520 | B 03-33 1859 08-46 16-47 10-21 1452
30 06-18 1828 19-20 10-00 1726 10-21 1458
31 07-16 | O 0328 19-49 11-15 18-04 10-21 1505
Declination - August 2011
5] p)) [ Q o 3 b
1 |+ 1809| 0850 |+ 0802 |+ 2007 |+ 2343 |+ 13-17 |- 0242
"2 | 1754| o0328| o0748| 1951| 2344| 13-18| 0244
™3 | 1739|- 02-16| 0735| 1935| 2345| 1320| 0245
"4 | 1723|- 0752| o0725| 1917| 2346| 1321| 0247
5 | 1707 |- 1259| o0718| 1859 2347| 1322| 0249 O sun
6 1651 |- 17-19| 07-13| 18-41| 23-47| 1324| 0252 D  Moon
7| 1634|- 2036| 07-10|- 1822| 2347| 1325| 0254 ¥ Mercury
8| 1618 |- 2237| o07-11| 1803| 2347| 1326| 0256 ?  Venus
@ | 1601|- 2316| 07-14| 17-43| 2347| 1327| o0258 o Mars
0| 1543 |- 2234| 0720| 1722| 2346| 1328| 0260 4 Jupiter
(11| 15-26 |- 2037| 07-29| 1702| 2346 1329| 03-02 > Satum
12| 1508 |- 1738| 0741| 1640| 2345| 1330| 0304 ,
13| 1450|- 1352| 0754 16-18| 2344| 1331| 0306 T Aries
14| 1432|- 0932| 08-11| 1556| 2343| 1332| 0309 lﬁl Taurus
[15] 14-13|- 0454 | 0830| 1533| 2341| 1333| 03-11 L, Gemini
16| 1355|- 0008| 0851| 15-10| 23-40| 1333| 03-13 e Cancer
7| 1336| 0435| 09-13| 14-47| 2337| 1334| 03415 % Leo
18| 13-17| 0904| 0937| 14-23| 2336| 1335| 03-18 a I‘_’I';Er’;
19| 1267| 1311| 1002| 1368| 2334| 1335| 03-20 - )
20| 1238| 1648| 10-28| 13-34| 2331| 1336| 0322 M. Scorpio
21| 12-18| 1944| 1053| 1308| 2329| 1336| 0325 7 Sagittarius
22| 1188| 2151| 11-19| 12-43| 23-26| 1336| 0327 & Capricorn
23| 1138| 2260| 11-43| 1247| 23-23| 1337| 0330 W Aquarius
(24| 11418| 2301| 1207| 1151| 2320| 1337| 0332 ¥ Pisces
25| 1057| 2148| 1220 1124 2317| 1337| 0334
26| 1036| 1921| 1249 1058 23-13| 1337| 0337
27| 10-15| 1543| 1308| 1031| 2310| 1337| 0339
(28] 0954| 1105| 1324| 1003| 2306| 1337 | 0342
(29| 0933 0543| 1337| 0936 23-02| 1337| 0344
(30| 09-12|- 0003| 1348| 0908 2258 1337| 0347
3 08-50 | - 0552 13-56 08-39 22-54 13-37 03-49 Ephemeris page for August



Reading the Ephemeris

Object
August 2011
(%) P 9 Q o % b

1 . 0826 S 2445 | M 0100 | 2 0409 | I1 2824 | 'Y 0858 | O 12-21
2 0923 | |} 09-16 0109 05-23 29-04 0903 12-26
3 10-21 2352 01-12 06-37 29-44 09-09 12-30
4 1118 | 2 08-26 01-10 0751 | & 00-24 09-14 12-35
5 12-16 2252 0103 09-05 0105 09-19 12-39
6 1313 | M. 07-02 00-51 10-19 0145 09-23 12-44
7 14-11 2109 00-33 11-33 02-25 09-28 12-49
8 1512 | ¥ 0456 00-11 1247 0305 09-32 1254
9 16-06 18-30 | 42 2943 14-01 03-44 09-36 1259
10 1703 | & 0151 29-10 C15-16 ) 04-24 09-40 1304
11 18-01 1500 28-33 m’ 05-04 4 1309
\ Day of month Zodiac sign Position in sign

Degrees-Minutes

1. The zodiac symbol is not printed for each entry, scan up the columml tilhheezurrent
sign. Note that angles are divided into Degrees (0 to 360, or 0 to 30 in this dese asd

30 degrees in every zodiac sign), Minutes (60 minutes per degree) amdlS g0

seconds per minute). In the table above, the first two digits are the nahdegrees (0 to

30), the next two are the number of minutes (0 to 60): That is, “14-35” isasehdl

degrees, 35 minutes.

2. Example: On August 10, Venus is in Leo 15 degrees 16 minutes; and Jupifenés i9
degrees 40 minutes. Note: When using an astrolabe you can round to thehadiarest
degree (i.e. Leo 15.5, Aries 9.5)

Sources for ephemeris data are listed at the end of the handout
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Reading the Ephemeris - Declination

Declination - August 2011

&) P ? Q o 3 5
1 |+ 18-09 0859 |+ 08-02 [+ 2007 |+ 2343 |+ 1317 |- 0242
2 1754 03-28 07-48 19-61 23-44 13-18 02-44
3 1739 | - 02-16 07-35 19-35 23-45 13-20 02-45
4 17-23 |- 07562 07-25 1917 23-46 13-21 0247
5 1707 |- 12569 07-18 1859 2347 13-22 0249
6 16561 |- 1719 07-13 18-41 2347 13-24 02-52
7 16-34 | - 20-36 07-10 |- 18-22 2347 13-25 02-54
8 16-18 | - 2237 07-11 1803 2347 13-26 02-56
9 1601 |- 23-16 07-14 1743 2347 1327 02-58
10 1543 | - 22-34 07-20 17-22 23-46 13-28 02-60
11 15-26 | - 20-37 07-29 1702 23-46 13-29 03-02

1. The longitude table discussed on the last page gives the objedisrarathe ecliptic.
To find the object’s location above or below the ecliptic, you must udedbknation
table.

2. As with the zodiac sign and the longitude table, you will need to scan cpltinen to
discover whether the declination is positive (+, above the equator) orvee@gatielow the
equator).

3. To find the declination of the object on a given date you use the declitadilerentry
for that date.

4. In our previous example we found that Jupiter was in Aries 9-40 on Audst 10

Checking the declination table you will see that Jupiter’s deabindtr that date is 13
degrees, 28 minutes above the celestial equator. Again, when working vasirthlabe
you can round off to the nearest half degree, so Jupiter is at a deanliobti13.5.

NOTE: The data shown in these tables is for 0:00am, so the numbers$ogideigust 10
are also midnight August™



Example: Find the location of Saturn in the sky at sunset, August 10t 2011.

Step 1: Find the position of the sun on the 10th of August:
- On the back of the astrolabe set the alidade to 10 August
- Read the solar position: Leo 18

Step 2: Find the location of Saturn for the 10th of August:

- From the ephemeris:
- Longitude: Libra 13-04
- Declination: -02-60 (-03 rounded)

Step 3: Set the astrolabe to sunset on 10 August:

am

—

&
NS
A

Step 4: Rotate the rule to the position of Saturn on the ecliptic (Librand3pad its
location on the declination scale (-03).

At sunset on the 10th of August, Saturn is located in the Western sky at 2ésdsgpee
the horizon, 30 degrees South of West.
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Medieval Timekeeping:
Equal Hours vs. Unequal Hours

In the Middle Ages there were two competing systems of timekeeping
The Equal Hour system is the one you are familiar with.
The Unequal Hour system is different:

-The day (sunrise to sunset) and the night (sunset to sunrise) are each
divided into 12 hours, regardless of the time of year

- In Summer an hour of daylight is longer than an hour of

darkness, in Winter the reverse is true.

- The sun rises at the start of the first hour of the day and séts at t

end of the 12th hour of the day, which is also the start of the first

hour of the night.

“I will meet you a 10 tonight” vs. “I will meet you at the third hour of thght”

The unequal hour system was used for Christian prayer times among other use

Equal Hours Unequal Hours
1. 24 hours in a day 1. 24 hours in a day
2. An hour is 60 minutes long 2. The length of an hour varies over the

. e course of a year
3. Daytime hours and nighttime hours y

the same length 3. Daytime hours and nighttime hours

different lengths most of the year
4. Night time and day time different ! g 4

lengths 4. Night time and day time each 12
hours long

For example: During Pennsic war week a daytime unequal hour is about 70 raimlites
a nighttime unequal hour is 50 minutes.



Using the Scales: Unequal Hours

Converting to Unequal Hours
- One common use of the astrolabe was converting solar time (equal hourgjualunoairs

The Unequal hour scales can be found it two possible places: On the front, belhmrizbe
line (below); and on the back (above. As the unequal hour scale is symmstncatimes
only half of it us shown (See the example in the front of the handout).
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Using the Scales: Unequal Hours

Example: Find the Unequal Hour for 4:45 PM on July 14th

Step 1: Find altitude of the sun at noon on the 14th of July.
- The sun is at Cancer 22.5 (From the zodiac scale).
- rotate the rete until Cancer 22.5 is on the noon meridian.

p’“‘t“\‘«“ﬂi‘}"o .

. O (7554 s
$~ SRS \‘\“ﬂf"’/ A
& \\Xn o

-Read 70 degrees from plate: The sun’s noon altitude is 70 degrees.

Step 2: Rotate the alidade to 70 degi

- Mark the location of the noon (6) unequal hour on the alidade.



Using the Scales: Unequal Hours

Step 3: Find altitude of the sun at 4:45 on the 14th of July.
- Rotate the rule to Cancer 22.5.
- Rotate the rete and rule together until the rule points to 4:45 on thadare.

-Read 27.5 degrees altitude from plate

Step 4: Rotate the alidade to 27.5 degrees:

- Read the unequal hour from the mark: The tenth hour, or the beginning of
the 11th Hour of the day.
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Medieval Timekeeping:
Prayer Times

Both the Christian and Islamic traditions prescribe set daily ptayes. The astrolabe is
useful for determining the times for both. (Note: In both cases timewvamgyy location and
century).

Christian prayer times - based largely on the unequal hours of the day

1. Matins - Start of the day, Ninth hour of the night

2. Lauds - Beginning of morning twilight (Sun 18 degrees below horizon)

3. Prime - Sunrise (12th hour of the night / beginning of the first hour of the day)
4. Terce - Third hour of the day

5. Sext - Sixth hour of the day (Noon)

6. None - Ninth hour of the day

7. Vespers - Sunset (12th hour of the Day / beginning of the first hour of the night)
8. Compline - From bedtime to the third hour of the night

Islamic prayer times

1. Fajr - Morning/Dawn prayer. Starts at beginning of morning twil{§hin 18 degrees below
horizon), and ends at dawn.

2. Zuhr - Midday prayer. Begins when the shadow of a vertical gnomon (uguaky) is
equal to its length at noon plus 1/4 the length of the gnomon. Ends when the shadow is t
it's noon length.

3. Asr - Mid-afternoon prayer.

*Two schools of thought, early and late

*Early: Begins when the shadow of a vertical gnomon (usually 7 fesqued to twice
its noon length. Ends when the shadow is twice the length of the gnomon.
eLate: Begins when the shadow of a vertical gnomon (usually 7 feeflia ® twice
the length of the gnomon. Ends at sunset.

4. Maghrib - Sunset prayer. Starts at sunset, Ends at end of evening t{flight8 degrees
below horizon).

5. Isha - Evening prayer. Starts at the end of evening twilight. Endsvat da



Using the Scales: Shadow Square

Example: In Islam, the Midday Prayer, Zuhr, isdefined as beginning when the shadow
of avertical gnomon (usually 7 feet) isequal to itslength at noon plus 1/4 the length of
the gnomon. Find the Local Solar time for Zuhr on July 14th.

Step 1: Find length of the shadow at noon on the 14th of July.
- The sun is at Cancer 22.5 (From the zodiac scale)
- Rotate the rete until Cancer 22.5 is on the noon meridian
- Read 70 degrees from the plate

Step 2: Rotate the alidade to 70 degrees:

- ,
o /
LA | /
'gl l,r'r {
g / /
L1 / /
-'Illr‘lz lllllllf
Umbra Recta/ /
Il
S 7 7] / l
.'rl

- Note where the alidade crosses the 7 unit scale Umbra Recta (2.5)
The shadow of a 7 foot vertical gnomon would 2.5 feet

- Add 1.75 (7/4) and move the alidade to that position (4.25)

/ Penns
/ Longitude
/,f"ITime correction: 20

S Your
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Using the Scales: Shadow Square

Step 3: You can now read the altitude of the sun at the start of Zuhthfeoaltitude scale (59
degrees)

Step 4: Find the Time

- Set Cancer 22.5 to 59 degrees above the west horizon

- Rotate the rule to Cancer 22.5 and read the time: 1:50pm



Using the Scales: The Cotangent Scale

I

[

TN

BEIDA RIQUI) %
Umbra Versa §

Umbra Recta Umbra Recta

S 7 i { I [N : A
Pennsic War
Longitude: 80° W
Time correction: 20 Minutes 32 Seconds
Your Neme

In addition to the shadow square, some astrolabes include additionalfscalesking with
shadow lengths. Th@otangent Scale (the curved scale below the shadow square) is one of
these.

Like the shadow square, it can be computed for a variety of gnomon lengtks,thali
square, it allows angles past 45 degrees to be read directly.
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Using the Scales: Cotangent Scale

Example: In Islam, the late time for the mid-afternoon prayer, Asr, beginswhen the
shadow of a vertical gnomon (usually 7 feet) is equal to twice the length of the gnomon.

Step 1: On the left (7) side of the cotangent scale, rotate thdalidd4 (twice 7):

-

it

Step 3: Find the time that the sun is at an angle of 26.5 degrees itetheaf sky, using the
front of the astrolabe (left to the student)
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Dealing with the Modern World: Adjusting
Local Solar Time to Local Standard Time

When you read/set the time on an astrolabe, you are working in solaiftiroenvert to
local standard time you will need to make the following adjustments:

1. Daylight Savings Time correction -- if DST is in effect, you will need to add an hour
to the time on the astrolabe.

2. Time zone correction -- as standard time uses the same time over the width of a time
zone, you will need to add or subtract up to 30 minutes depending on where you are in the
time zone. The time zone correction for Pennsic is +20 minutes.

3. Equation of Time correction -- depending on the time of year, solar time varies from
clock time due to the eccentricity of Earth’s orbit. The graph beleesghe correction.

To convert from solar time to clock time, subtract the number. To cadineertclock time

to solar time add the number.

Variation in the Equation of Time During the Year
(Local Mean Solar - Local Apparent Solar)

20.0

. \
i / \
SN/

-15.0

Equation of Time (Minutes)

-20.0
1-Jan 1-Feb 1-Mar 1-Apr 1-May 1-Jun 1-Jul 1-Aug 1-Sep 1-Oct 1-Nov 1-Dec
Date

Example: Find sunset time for 13 August in EST:

- on 13 August, the sun sets at 8:17 pm EST

- according to the astrolabe the sun sets at 6:52 pm solar time

- add 1 hour for DST — giving 7:52 pm

- add 20 minutes time zone correction for Pennsic — giving 8:12 pm

- subtract -5 minutes EoT correction from graph above — giving 8:17 pm.
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Astrolabe Problems

Note: Due to variations in the instruments, and differences in technique, yourramgie
vary a bit. If you are within 15 minutes you are doing well, within 5 minetesllent.

-Times are in local solar time unless otherwise specified
Medium Problems:
1. Itis 3:00 in the afternoon by the sun, on September 4th. What is the unequal hour?

2. It is the start of the fifth hour of the day on May 12th. What is the &égualtime by the
sun?

3. It is the afternoon of the 10th of August. You measure the sun at arobgldegrees.
What time is it? (Local Solar time and Eastern Standard Time)

Advanced Problems:
1. What time does Jupiter rise on 24 August?
2. When is the full moon in August? The new moon?

3. Determine the local solar times for the Christian prayershéodth of August. (Lauds,
Prime, Terce, Sext, None, Vespers)

4. Do the same for the Islamic prayer times. (Fajr, Zuhr, Asrhkilaglsha)

5. You are planning tactics for the field battle. It is scheduled f&M&ST on the 13th of
August. You have been asked to calculate the direction and angle of the surgkréhat
can be taken into account. Remember that you need to convert from EST twlacal
time. Find the local solar time and the direction and altitude of the sun.



Answers

Medium Problems;

1. On the 4th of September the sun is at Virgo 11.5. The noon altitude of the sun is 56
degrees. Therefore the time is 3/4 of the way through the 9th hour of the day

2. On the 12th of May the sun is at Taurus 21.5. The noon altitude of the sun is 66
degrees. Therefore the start of the fifth hour of the day is 9:45 am.

3. The sunis in Leo 18, Solar time is 2:14 PM, EST is 3:39 PM

Advanced Problems;

1. On 24 August Jupiter is in 10.5 Aries at a declination of + 13.5. The Sunisin 1.5
Virgo. Place Jupiter on the Eastern (left) horizon and read the §98%a PM.

2. I'm being tricky. The Moon is full when it is directly opposite the suthe sky
(opposite side of the ecliptic); and is new when it is at its clégdbe sun in the sky
(same side of the ecliptic) The moon will be full on 13 August and new on 29 August

3.

Lauds - 3:00 AM
Prime - 4:55 AM
Terce -8:31 AM
Sext -12:00 AM (Noon)
None -3:23 PM
Vespers -7:01 PM
4,
Fajr -3:00 AM — 4:55 AM
Zuhr -1:52 PM - 2:31 PM
Asr
Early -2:31 PM -4:35 PM
Late -4:35 PM - 7:01 PM
Maghrib -7:01 PM - 8:54 PM
Isha - 8:54 PM - Dawn

5. On the 18 of August 10 AM EST converts to 8:35 AM solar time. On the morning of
13 August the Sun will be in 20.5 Leo. Setting that to 8:35 AM the Sun will be 38
degrees above the horizon at 16 degrees South of East.
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Astrolabe Resources

Websites:

http://astrolabes.org - James Morrison's Site

http://astrolabeproject.com — My website - home of the Astrolalre@eor
http://www.astro.com/swisseph/swepha_e.htm - ephemeris source. RDF file
http://www.autodidacts.f2s.com/astro/index.html - Keith's Astrolabe
http://www.ted.com/talks/tom_wujec_demos_the_13th_century_astrolabe.html
http://mww.mhs.ox.ac.uk/astrolabe/ - an online collection of astrolabes
http://www.puzzlering.net/astrolabe.html - Currently the only comrabyci
available astrolabe of any quality.

Software:
TheAstrolabe Generator — free and open-source. Generates custom PostScript
(EPS) files allowing you to print out and build your own astrolabes -

http://astrolabeproject.com

Stellarium — A free and open-source planetarium program. Good for working
astrolabe problems and checking results. http://www.stellariur

Shadows Pro — Sundial software that incorporates an astrolabe simulator — 50 Euros
— | have not used this personally —
http://pagesperso-orange.fr/blateyron/sundials/shadowspro/gb/index.html

[llustrating Shadows— Spreadsheets for calculating sundials and astrolabe plates
http://www.illustratingshadows.com/

Printing EPS filesPrintFile — Windows - http://www.lerup.com/printfile/

Viewing EPS filesGhostScript andGSView - http://pages.cs.wisc.edu/~ghost/
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