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Abstract: In this article, we shall elucidate the use of shadow lengths for
regulating prayer times among Zoroastrians, focusing on a part of a Zoroastrian
religious book entitled Shayest Nashayest, written in Middle Persian (Pahlav)
language probably around the 9" ¢. A.D. Then, we will compare this text with a
part of another Persian work entitled Yawagit al- Ulim wa Darari al-Nujam
which is written in the second half of the 6™ century after Hijra (the 12" ¢. A.D.)
by Abli Muhammad al-Najjar in Islamic civilization. For this purpose, we will
recalculate the given values for the shadow lengths of the gnomon — taken as the
height of a man — in both texts and find the best fitted latitudes for them. Finally,
we will mention the similarities of the two texts to investigate the possibility of a
historical relationship between them. Moreover, the transmission of this
timekeeping method among some civilizations will be discussed.
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1. Introduction

Several kinds of sundials were commonly used in various civilizations as
astronomical instruments for telling the time of day. We have quite considerable
materials to elucidate the designs of sundials and the methods for their
construction in such civilizations as Egypt, Greece, Rome, China, India and
Islamic civilization. However, our information is too limited to analyze the use
of sundials by Zoroastrians in Iranian pre-Islamic astronomy due to the lack of
original sources.

We can find some evidence of the use of a gnomon shadow length for
determining the time which has elapsed since sunrise or noon, or remains until
noon or sunset in some ancient texts. In addition to the Babylonian origin for
arithmetical foundations of the shadow schemes, it seems that there was a purely
Greek origin, by which we can trace the measurement of time based on the
length of one’s shadow in terms of his feet back to the fourth or fifth century
B.C. in Greek astronomy.”

In another example two Indian sources named Arthasastra (shortly before 300
B.C.) and Sirdiilakarpavadina (anti-caste tract) include the values of noon-
shadow length of a gnomon for various dates probably inspired by
Mesopotamian sources.

In about 450 A.D. Palladius Ritilius Taurus Emilianus indicated shadow
lengths based on one’s height for each hour of the day during each month of the
year in Sicily. * This timekeeping method was used in the Mediterranean and
spread in some other regions. Tiberius’’ timekeeping table (around 850 A.D.) for
the probable latitude 53° and Bede’s table (between 700-730 A.D., England) are
other examples of this timekeeping method.’

New evidence which has recently been found shows that Zoroastrians used
this method for regulating their prayer times as did Muslims.” In the pre-Islamic
Sassanid dynasty (226-652 A.D.), Zoroastrians were a majority in Iran and used

% Neugebauer, pp. 736-740

3 Pingree, pp. 1-12, especially pp. 3-6

* Harris, http://archive.org/stream/jstor-287167/287167_djvu.txt

5 Tiberius was a monk who resided in a monastery situated in a valley of the Anglo-Saxon
countryside at very nearly 53° latitude and prepared the timekeeping table there around 850 A.D.
Kellogg and Sullivan, pp. 8-9

6 Kellogg and Sullivan, pp. 1-13

" On Muslims’ method for determining their prayer times based on the shadow lengths see King,
1990, pp. 192-204; On the origin of the definitions see King, 2004-05, “On The Times of Muslim
Prayer”.
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the Sassanid calendar.® We have two sources that show us the existence of
Zoroastrians’ knowledge about gnomonics at that time. The first one is /frad al-
Magqal fi Amr al-Zilal of al-Biriini, according to which there was a part in the
Shah Zij (Royal Astronomical Handbook) compiled in the Sassanid dynasty.
Unfortunately, no copy of it has survived. The fragment quoted by al-Birtni is
about determining the solar hour angle based on the shadow length of a gnomon
by using trigonometric methods.’

Further evidence of probable astronomical knowledge of the Zoroastrians
applied in gnomonics appears in the 21% chapter of the Shayest Niashayest, a
religious book of the Zoroastrians, where the text explains the way by which one
can use the shadow of a gnomon for regulating his prayer times.'’ It seems that
the main parts of this book were originally compiled in the late Sassanid era''
(the 6™ and 7" ¢. A.D.) by an anonymous author and probably other parts were
added in Islamic period around the 9" c. A.D. However the earliest remaining
manuscripts of this work were copied later, sometime between 1351 and 1397
A.D." and it is not certain that the 21* chapter of this book is a part of the
original text. Furthermore, it is noteworthy that a large number of remaining
Zoroastrian religious texts including materials on praying, liturgy and worship
ceremonies were written in Middle Persian (Pahlavi) language even after the 9"
c. A.D."” Before the time of Zoroaster (whose religion flourished almost
continually from the 6™ c. B.C. to the 7" ¢. A.D.'*), pagan Iranians prayed three
times a day, at sunrise, noon and sunset. These times divided the daylight hours
into two periods. Hawani was the morning one, uzerin (or uzayra) was the
afternoon one and the arwisrothrem was the evening one. Now Zoroaster

8 This calendar included 365 days in twelve months and five extra days at the end of the twelfth
month and one extra month per 120 years. Al-Birtini, 1923, pp. 43-45; Taqizadeh, p. 52-69

% Here is al-Biriini’s account of the ShZh Zij method for finding the solar hour angle: “In the Shah
Z7j, for ascertaining the (part of the day) passed he directs division by the sine of the altitude at the
time, of a thousand and eight hundred. There comes out the hypotenuse of the shadow for that
time, and by it he divides the product of the length of the computed sine (i. e., the day sine) and the
hypotenuse of the noon shadow. What comes out is subtracted from the length of the computed
day sine, and the remainder he subtracts from a hundred and fifty, and the arc sine of the
remainder is found. And so it will be the equation of the sine. If the altitude is easterly, subtract the
equation of the sine from ninety, and if the altitude is westerly increase by it (the) ninety, and there
results the arc of revolution of the sky”. Kennedy, 1976, vol. 1, p. 199.

19 Prof. M. Bagheri was first informed by the late Mr. H. San‘ati Zadeh of the presence of this
passage orally and he conveyed the idea to me.

' Shayest Nashayest, p. 13 (intro)

2 Ibid, p. 19-20 (intro)

13 Boyce, p. 153

" bid, p. 1
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introduced two other times for praying. One of these new times, named
rapithwan, began at noon and extended into the end of the first part of the
afternoon. The second time, whose name was ushah (or ushahin), began at the
midnight and extended until daybreak of the next day." So, the five prayer times
of the Zoroastrians were: hAdwani, rapithwan, uzerin, aiwisrothrem and ushahin.

In the first part of our text, the values of the length of one’s shadow in terms
of one’s feet are given for noon when the sun is at the beginning and the middle
of each zodiacal sign during a year.'® In the second part, the values of shadow
length are given for determining the wzerin prayer time at solstices and the
beginning of Leo. In addition, the author presented a simple arithmetic rule for
calculating the uzerin prayer time for each month. Probably he cited the uzerin
prayer time at solstices as a clue to use this rule, and since this rule would not be
valid for the beginning of Leo,'” he cited the wuzerin prayer time for this
longitude separately. '®

Shadow Schemes in the Islamic Period

In Islam, there were two distinct traditions in astronomy and astronomical
timekeeping. The first was based on mathematics, especially trigonometry, and
involved extensive tables for timekeeping by the sun and stars. This does not
concern us here, the second was folk astronomy, based on numerical, schemes. It
is to this tradition that our material directs us. Widespread use of a gnomon
shadow schemes in Islamic folk astronomy has been shown by giving some
examples of different Islamic sources which include one or more parts about the
use of gnomon shadow length for different purposes such as geographical or
religious aims."” As we know, Muslim geographers divided the northern
hemisphere of the earth into seven climates (ig/im), following (perhaps)
Ptolemy.” They distinguished the climates based on one’s own shadow length in

'3 Ibid, p. 32

' Shayest Nashayest, pp. 251-253

'7As we know, the variation of the solar declination is not linear over the course of the year and it
decreases very slowly from 90° to 120° of ecliptic longitude (from the beginning of Cancer to the
beginning of Leo); see the third paragraph of the part “The Values of Shadow Length for the
Uzerin Prayer Time” of the present paper.

18 In a manuscript of the Shdyest Nashiyest which is preserved in Navsari (India), this chapter is
written under the title “The Truth of the Rapithwan Prayer Time and the Uzerin Prayer Time”,
Meherjirana, f. 26 v

1 King, 1990, pp. 191-249

20 ptolemy refers to seven climata in his A/magest, Book VI, Part 11, p. 315
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terms of one’s feet at midday on the equinoxes.”’ We can trace this way for
determining latitude back to Hipparchus.”

We can also find similar texts in the Islamic sources in which shadow lengths
of a gnomon for performing two prayers of the Muslims were determined.® One
of them, is a kind of encyclopedia of sciences entitled Yawagit al- Ulim wa
Darart al-Nujam which was written in Persian by Abti Muhammad al-Najjar
probably in the second half of the 6™ century after the Hijra (the 12" c.A.D.), in
Qazwin.** In the 27" chapter of this book (“On the Science of Astronomy”) the
author has indicated three values of midday shadow lengths in feet for each
zodiacal sign when the sun is in the first, second or third ten days of each
zodiacal sign.”® In the following, we will survey the values of the shadow length
which are indicated in this book. We can also find some other examples among
Islamic sources in which one’s shadow lengths is indicated for determining the
time of day.”* We now turn to the translations of sections of the two treatises that
are the principal topic of this paper.

2 al-Mugqaddast, pp. 59-61; al-Hamaw1, Vol. 1, pp. 33-36; al-Urdi, pp. 55-61; al-Biriini, 1988, p.
190

22 Berggren and Jones, p. 28

2 King, 2004-05, vol. 1, pp. 476-477, 495, 507

2% Ansari, p. 329-332; Mr. Daneshpazhooh stated that the author of this book is unknown [ Yawdgit
al- ‘Uliim wa Dararf al-Nujim, Edited by Daneshpazhooh, pp. 4, 6 (Intro)]

5 Yawaqit al-‘Ulim wa Darart al-Nujiim, pp. 242-244; This work is published in Iran based on the
three manuscripts: Tehran, Majlis, No. 5943; Tehran, Loghatnameh Dehkhoda Institute, No. 19;
Aya Sofia Library, No. 4359

26 Modarres Razavi, pp. 622-623; King, 2004-05, vol. 1, pp. 223-225; Noori, pp. 315-317
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2a. Translation of the Fragment of the Shayest Nashayest on Finding Prayer
Times >’

Chapter XXI, translation”

1.1 write of the indication of the midday shadow; may it be
auspicious.

2. (when) the sun (is) in Cancer, (the shadow is) the sole of a
man's foot; at the fifteenth (degree) of Cancer, (it is) one foot;
(When) the sun (is) in Leo, (it is) one foot and a half; at the fifteenth
of Leo, (it is) two feet; (When) the sun (is) in Virgo, it (is) two feet
and a half; at the fifteenth of Virgo, (it is) three feet and a half; at
Libra, four feet and a half; at the fifteenth of Libra, five feet and a
half; at Scorpio, six feet and a half; at the fifteenth of Scorpio, seven
feet and a half; at Sagittarius, eight feet and a half; at the fifteenth of
Sagittarius, nine feet and a half; at Capricorn, ten feet; at the
fifteenth of Capricorn, nine feet and a half; at Aquarius, eight feet
and a half; at the fifteenth of Aquarius, seven feet and a half; at
Pisces, six feet and a half; at the fifteenth of Pisces, five feet and a
half; at Aries, four feet and a half; at the fifteenth of Aries, three feet
and a half; at Taurus, two feet and a half; at the fifteenth Taurus, two
feet; at Gemini, one foot and a half; at the fifteenth of Gemini, one
foot.

3. May the end of the (indication of) the midday shadow be good.

4.1 write of the indication of the afternoon; by the help of the
Yazda, may it be good and auspicious.

5. When the day is on the increase and the sun enters the
beginning of Cancer and the shadow becomes six feet and two parts,
one keeps the uzerin gah.

6. Every thirty days, (the shadow) increases always by one foot
and one-third, now for every period of ten days, the reckoning is
always half a foot; (When) the sun (is) at the beginning of Leo, the
shadow (is) seven feet and a half.

" This English translation has been published in the book The Supplementary Texts to the Sayest
né-Sayest by Kotwal (Kotwal, pp. 87-89). In this translation, Kotwal has used modern numerals
for the values, unlike the original text. So, we have replaced the numerals by the words here.

28 This chapter has been written under the title “The Truth of the Rapithwan Prayer Time and the
Uzerin Prayer Time” in the Meherjirana Library manuscript (f. 26 v).
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7. In conformity with this, in every zodiacal sign, similarly, and in
all months, similarly, till the sun enters the beginning of Capricorn,
(when) the shadow becomes fourteen feet and two parts.

8. In Capricorn, it decreases again by one-third of a foot; from
there (where) it turns back (its course) just like the decrease of night
and the increase of day, (so) each one of the months decreases
always by one foot and one-third; so every ten days the reckoning is
always half a foot till it comes again to six feet and two parts. Every
zodiacal sign similarly, and the months similarly.

8a. I have written and finished it, I, the servant of the Faith,
Mihr-Aban son of Kay-Husraw, priestly-born.
8b. The writing is mine; I (am) the teacher, Erbad Pésotan, son of
Ram
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2b. Translation of 27% Chapter of the Yawagit al- Ulim wa Darari al-Nujianf® on
Finding Midday Shadow Length

The question twelve: How to know the solar transit (zawal) based on
the [length of one’s shadow in terms of his own] feet?

Answer: [They] know the time of the solar transit based on the
increase of the shadow length of gnomons. [And their method] is such
that they pierce a straight stick to the earth [perpendicularly], so that
its shadow stretches towards west at the sunrise. In this case, when the
sun rises the shadow length shortens and reverts from west, and stops
when the sun reaches its culmination. Then, the shadow length
increases again. Whenever the beginning of increasing of the shadow
length can be known, that time is the time of the solar transit. And in
the divine wisdom, the sun has passed the meridian before this time,
but in the legal elaborations, whenever [the decreasing of the solar
altitude] can be detected is the time of midday. And the midday
shadow length differs in various times and locations. The maximum
value of the shadow length is eleven feet in Qazwin’ and Rayy’'. But
its example is that when the sun enters Aries, during the first ten days
[the length of one’s shadow] is four feet and a quarter’”, and during
the second ten days it is four feet and one sixth [of a foot]*’, and
during the third ten days it is three feet and a half™*.

And when [the sun] enters Taurus, during the first ten days [the
length of one’s shadow] is on sixth of a foot less than three feet, and
during the second ten days it is two feet and two parts of a foot, and
during the third ten days it is two feet and one sixth [of a foot].””

And when [the sun] enters Gemini, during the first ten days [the
length of one’s shadow] is one foot and four sixths of a foot, and

% For this translation, we have used two versions of this work; one of them is published in 1985 by
the late Mohammad-Taqi Daneshpazhooh, and the other is a manuscript which is preserved in the
Loghatnameh Dehkhoda Institute (no. 95). In the cases of having different records of values for a
certain shadow length, we have chosen the correct one and cited the other in the footnote. In the
following, we will use “LD” for the manuscript.

3% Qazwin (Qazvin) is one of the ancient cities of Iran which is located in 150 km northwest of
Tehran.

3! Today, Rayy (Ray or Rey) is the oldest existing city in the province of Tehran.

32 LD: Sixth a foot less than three feet

33 LD: Two feet and two parts

3* LD: Two feet and a sixth

35 LD: There is no information about the shadow lengths when the sun enters Taurus.
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during the second ten days it is one foot and two parts of a foot, and
during the third ten days it is one foot and a half.

And when [the sun] enters Cancer, during the first ten days [the
length of one’s shadow] is one foot and one third of a foot, and during
the second ten days it is one foot and a half, and during the third ten
days it is two feet and one sixth of a foot.

And when [the sun] enters Leo, during the first ten days [the length
of one’s shadow] is two feet and four quarters®® of a foot, and during
the second ten days it is three feet and one sixth’’ of a foot, and
during the third ten days it is three feet and a half*®.

And when [the sun] enters Virgo, during the first ten days [the
length of one’s shadow] is four feet and one sixth of a foot, and
during the second ten days it is four feet and four sixths of a foot, and
during the third ten days it is five feet and one sixth of a foot.

And when [the sun] enters Libra, during the first ten days [the
length of one’s shadow] is six feet, and during the second ten days it
is six feet and three fourths of a foot, and during the third ten days it
is seven feet and a quarter of a foot.

And when [the sun] enters Scorpio, during the first ten days [the
length of one’s shadow] is eight feet and one sixth of a foot, and
during the second ten days it is nine feet and one sixth® of a foot, and
during the third ten days it is nine feet and three fourths of a foot.

And when [the sun] enters Sagittarius, during the first ten days [the
length of one’s shadow] is ten feet, and during the second ten days it
is ten feet and four sixths of a foot, and during the third is eleven feet.

And when [the sun] enters Capricorn, during the first ten days [the
length of one’s shadow] is ten feet and four sixths of a foot, and
during the second ten days it is ten feet, and during the third ten days
it is nine feet and a half.

And when [the sun] enters Aquarius, during the first ten days [the
length of one’s shadow] is nine feet, and during the second ten days it

3 Although this value is cited in both of our sources, it is incorrect literarily and theoretically.
According to the theoretical foundations of sundials, we will use two feet and “a quarter” of a foot
for our calculations in this case.

37 LD: Three feet and a sixth and a half

3% LD: There is no information about the third ten days

39 LD: There is no information about the second ten days
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is ten feet and three fourths *°, and during the third ten days it is nine
feet and one sixth of a foot'.

And when [the sun] enters Pisces, during the first ten days [the
length of one’s shadow] is seven feet and a half*, and during the
second ten days it is six feet, and during the third ten days it is five
feet and a quarter.

And this is closer to the truth. And it would be better if the muezzin
trusts a gnomon, observes its midday shadow and demarcates it daily,
and determines the ‘asr prayer time [based on] seven feet beyond [to
the midday shadow length]. And this is the figure of the gnomon:
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[Fig. 1. A kind of gnomon which was used for determining the ‘asrprayer time
by Muslims ( Yawagqit al- ‘Uliim wa Darart al-Nujim, ms. preserved in
Loghatnameh Dehkhoda Institute, no. 95, f. 64 )]

And this is famous among Sufis and pious and devout that they concern the
shadow, for performing [their] prayers. The prophet Muhammad has told: “The
most devoted to God are those who love God and His devotees, and those who

“0LD: Eight feet and a half
“'LD: Seven feet and a half
“2LD: Eight feet and a half
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observe the sun and stars and shadows to remember God”. [The muezzin] has to
be careful to know the ‘asr prayer time. [For this purpose, he has to] demarcate
the shadow length which corresponds to the midday, then add the height of the
gnomon to the midday shadow length. When the shadow length reaches to this
value, it is the ‘asrprayer time. And God is the wisest as to what is correct. (This
notion suffices, although the subject can be more comprehensive)
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3. Commentary
A) Numerical Values of One’s Shadow Length at Noon of the Beginning and
Middle of Each Zodiacal Sign in the Shayest Nashayest

As we mentioned, the values of a gnomon shadow length for determining the
Zoroastrians’ prayer times which are cited in the Shayest Nashayest have
similarities with some Islamic astronomical sources on this issue which were
influenced by Greek and Indian background.” Some of the astronomical
information which is cited in such sources is reckoned as folk astronomy.* Here
we should note that since the Shayest Nashayest is written for laity and it is not
an astronomical book, the shadow lengths which are cited in this book have not
been calculated, but very likely they were observed directly so it was not needed
to use any mathematical device such as a sine table. A survey of the values
shows that they have been rounded off to multiples of 0.50 foot. Furthermore,
since we have not found any trace about a professional group, institution or work
for determining Zoroastrian prayer times based on mathematical and
astronomical formulae, and even nowadays it is the duty of their clergies to do it
based on an oral tradition, we can refer the values which are presented in the
Shayest Nashayest to folk astronomy.

Supposing the length of a person’s foot is equal to L of his height® and on
7

the basis of the declination of the sun, if we calculate the corresponding latitude
for each shadow length which is cited in the Shayest Nashayest by using modern
mathematical methods, we find that the computed latitudes corresponding to the
various shadow lengths are unequal, though it is plausible to assume that all of
which were initially observed in a specific latitude. In the following, we will
show that all of the computed latitudes result in a mean value equal to 31;30°.

It seems that the variation of the latitudes would be a consequence of the
author’s rounding off the shadow lengths.** In any case, it should be kept in
mind that this is a religious text and is not written for astronomical,
mathematical, geographical, etc. purposes, so the author would not have felt any
need of highly accurate values.

* King, 2004-05, vol. I, p. 476

“Ibid, pp. 473, 495-497, 502, 514-517

43 al-Birani, 1948, p. 36

4 In the following, we will show that the rounding off the values is the author’s most probable
method to cite them. For this purpose, we will test the interpolation method too.
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B) Recomputation of the Most Compatible Values in the Shayest Nashayest

In this section, we develop further computations to find the latitude best agreeing
with the shadow lengths recorded in the text. For this purpose we have prepared
a computer program which computes shadow length values for noon of the
beginning and middle of each zodiacal sign during a year in different latitudes.*’
The inputs of the program are the declination of the sun (0) and latitudes in steps
of 0.1° from 25° to 40° (). For any latitude, this program computes a series of
values of noon shadow lengths when the sun is at the beginning and middle of
each zodiacal sign. Then, we computed the sum of differences between every
calculated absolute value for a given latitude and the corresponding value in the
text. Then, we chose the latitude that corresponds to the series that has minimum
total difference and its values almost coincide with the values which are given in
the text. Based on this computation, the values of latitudes between 31;18° and
31;42° accord with the data. So we can introduce the mean latitude (31;30°)
which best fits our values. We have also used the least mean squares method for
our recomputation and it confirmed the conclusion. The southern part of
Zabulistan® (31°) and Yazd® (32°) are two main regions lying in this range in
Iran.”® As we know, in the history of Zoroastrians, Yazd was one of their main
cities and their chief temple is located near there.”’ This historical information
about Yazd supports our computations.

Moreover, we then recomputed by linear interpolation to find the shadow
length values, based on the shadow lengths at the equinoxes and solstices as the
basic values. We used this method two times; the first time, we chose the four
basic shadow length values of the text, and the second time, we chose these
basic values according to the best fitted latitude. Finally we compare them with
the values of the text and concluded that it is more probable that the author has
rounded off the values and he didn’t use the linear interpolation method.

I would like to express my sincere gratitude to my dear friend Mr. Moeen Esghaei for his help in
preparing this computer program.

48 zabulistan is a historical region based around today’s Zabul province in southern Afghanistan
and includes a part of today’s Sistan in Iran. Al-BiriinT (2002, p. 52) indicated the latitude of
Zabulistan between 31° and 33°.

47 Yazd is a historical city located in central Iran. Its latitude was indicated 32° in medieval Islamic
sources (Kennedy, 1987, p. 379) which is very close to the modern value 31;53°.

SO E. W. West states that the mean result derived from the calculated latitudes (based on each
individual shadow length value), is in accordance with the latitude of Yazd. West, p. 399

3! Boyce, pp. 162-164, 175
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In the table 1, Sz (F) and Sy (F) indicate the length of one’s shadow in his feet
for the latitudes of the southern part of Zabulistan, and Yazd.” In addition, we
have subtracted the values that were cited in the text from the recomputed values
and shown the differences in the parentheses.

y) 8z (P Sy (F)
0° 421 (-0.24) 4 (-0.50)
15° 3.35(-0.15) 3 (-0.50)
30° 2.46 (-0.04) 3 (0.50)
45° 1.87 (-0.13) 2 (0.00)
60° 1.33 (-0.17) 1 (-0.50)
75° 1.05 (0.05) 1 (0.00)
90° 0.93 (-0.07) 1 (0.00)
105° 1.01 (0.01) 1 (0.00)
120° 1.33 (-0.17) 1 (-0.50)
135° 1.76 (-0.24) 2 (0.00)
150° 2.45 (-0.05) 3 (0.50)
165° 3.16 (-0.34) 3 (-0.50)
180° 4.18 (-0.32) 4 (-0.50)
195° 5.13 (-0.37) 5 (-0.50)
210° 6.34 (-0.16) 7 (0.50)
225° 7.45 (-0.05) 8 (0.50)

52 For calculating these shadow lengths, we have used al-Biriin’s value for number of feet in one’s
height (7). Furthermore, choosing the value 23;26° or 24° for the declination of ecliptic doesn’t
affect our final results about determining the cities. Since the variation of the obliquity of the
ecliptic is negligible, we can assume it as a constant equal to 23;26°. Meeus, pp. 131-136
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240° 8.63 (0.13) 9 (0.50)
255° 9.42 (-0.03) 10 (0.50)
270° 9.79 (-0.21) 10 (0.00)
285° 9.52 (0.02) 10 (0.50)
300° 8.66 (0.16) 9 (0.50)
315° 7.62 (0.12) 8 (0.50)
330° 6.34 (-0.16) 6 (-0.50)
345° 5.26 (-0.24) 5 (-0.50)

Table 1. Recomputed amounts of the Shayest Nashayest shadow length values for the
southern part of Zabulistan and Yazd

In another manuscript of the Shayest Nashayest, preserved in the Meherjirana
Library (Navsari, India), some values of noon shadow lengths in the beginning
and middle of zodiacal signs differ from that of the text published in Iran in 1990
(In the following, we will use “IND” for the manuscript which is preserved in
the Meherjirana Library and “IR” for the text which was published in Iran). One
of these differences concerns the shadow length at noon of the middle of Libra.
The length of this shadow was recorded as 5 feet in IND,” but based on our
calculations for the latitudes of Yazd and the southern part of Zabulistan the
value given as 5.50 feet which appears in IR seems to be more accurate. Shadow
length values written in the English translation of the Shayest Nashayest are
similar to those of IR, except for the shadow length of the beginning of Cancer.™

Other differences between IND and IR, relate to the shadow lengths of the
middle of Capricorn and the beginning of Aquarius. In IND, these values are
recorded 6.5 and 7.5 feet,” but in IR they are recorded as 9.5 and 8.5 feet.
Moreover, in both of them, shadow lengths for the beginning of Capricorn and
middle of Aquarius are recorded as 10 and 7.5 feet. But since the shadow length
continuously decreases from the beginning of Capricorn to the beginning of
Cancer and it is also based on the recalculated values of shadow length for Yazd

53 Shayest Nashayest, Meherjirana, f. 26 v
* Kotwal, pp. 86-88
3 Shayest Nashayest, Meherjirana, f. 27 r
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and the southern part of Zabulistan, the two values which are recorded in IND
are inaccurate.

The way the author of our text cites the shadow length values is very similar
to that of Tiberius. Both of them have cited the shadow lengths for midday of the
first and fifteenth degree of each zodiacal sign (of course Tiberius’ text includes
shadow lengths values for the morning and the ninth hour of these dates t0o).>

The Values of Shadow Length for the Uzerin Prayer Time

In the next part of chapter 21, our author presents the way by which, one can
determine the beginning of the uzerin prayer time (from three hours after noon to
the beginning of night and the appearance of stars)’’ based on the length of one’s
shadow.™ According to this part, it seems that Zoroastrians determined their
prayer times based on the shadow length of a gnomon (or one’s shadow length)
much as Muslims did.

In this part, our author has written that the values of one’s shadow length at
the wuzerin prayer time on the summer solstice, the beginning of Leo, and the
winter solstice are 6 feet and “2 bahrs”, 7.50 feet, and 14 feet and “2 bahrs”
respectively.”” Then, he states that from the summer solstice to the winter
solstice, the shadow length increases 11 feet per 30 days, and 0.5 feet per 10

3
days, and when the sun returns to the summer solstice, shadow length decreases
at the same rate.

According to the text, the difference of shadow lengths between the solstices
is 142 _g2_g- So the mean rate of increasing the shadow length is 8 _4 _ 1 for
3 3 6 3 3
each month and P for each 10 days. However we know that on the days

3 9 2
near the solstices, the change of the shadow length value is small. So, during the
other months, the increase of the shadow length is more than on those days,

% Kellogg and Sullivan, pp. 10, 11; Shayest Nashayest, pp. 251-253

7 Oshidari, p. 140; According to Zoroastrian clergies, the Zoroastrians’ prayer times are
delineated based on an oral tradition (and not mathematical or astronomical background) by their
clergies.

58 Shayest Nashayest, pp. 252, 253

% In the English translations of the Shayest Nashayestand Yawagqit al- Ulim wa Dararf al-Nujim
(parts 2a. and 2b. of the present paper), “Bahr’ was translated to “Part”, but in the old Persian

language "two bahr" was equal to E(Dehkhoda, Vol. 3, p. 4439).
3
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which compensates for this depletion. As we see, our author has recorded 1

2

feet instead of 62,1 g feet for the beginning of Leo.”” This difference (1 foot)
373 2
will be compensated for in the other months. Furthermore, the decrease of the
shadow length is cited as 1 feet instead of ! feet for Capricorn. This difference
3 3

(1 foot), too, will be compensated for in the other months. °' In the table 2, S
shows the values of shadow length in terms of feet for the uzerin prayer time on

the three days mentioned above, according to the text.

y) S(H Hours since noon
(based on the shadow length in the text)
L2
90° 6+ 3 =667 3.25
120° 7.50 3.42
1424
270° 3 - 1467 2.33

Table 2. The passed time since noon for the uzerin prayer time for three important days
of a year according to the Shayest Nashayest

But, as we mentioned formerly, we know that the uzerin prayer time coincides
with three hours after noon, so if we recalculate those values for the best fitted
latitude (31;30°%), we will have three new values (table 3):

A S31.30 (F)
90° 5.97 (0.70)
1200 | 624 (-124)
270° | 19.02 (4.35)

Table 3. Recomputed values of the shadow length for the tree uzerin prayer times which
are mentioned in the Shayest Nashayest

0 In IND, this value is written 8.50, Meherjirana, f. 27 r
8! Shayest Nashayest, p. 253
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C) Numerical Values of One’s Shadow Length in the Yawagqit al- Ulim wa
Dararf al-Nujiim

In this part, we shall survey the 27" chapter of another Persian text entitled
Yawagqit al- ‘Ulim wa Darari al-Nujim which includes the values of the length
of one’s midday shadow for the first, second and third ten-day periods of each
zodiacal sign. Since the author of this work, Abii Muhammad al-Najjar, was
adept in Islamic religious sciences and literature,”” and based on our current
knowledge, except for the Shayest Nashayest (which is authored around the 9™
c. A.D. as we mentioned formerly), there were no other Zoroastrian works
including such information about determining the prayer times by shadow
lengths, it is most probable that the 27" chapter of the Yawagit al- ‘Ulim wa
Darart al-Nujiim was written influenced by other similar Islamic sources on this
subject.

The framework of this text is similar to a short anonymous Syrian treatise on
timekeeping.” There is no numerical formula in this section and its purpose is
informing the laity about the prayer times, just as the Shayest Nashayest.
Moreover, as we mentioned, al-Najjar was skilled in religious sciences and
literature, and not in astronomy and mathematics, so we can view it as a text in
folk astronomy in its time and not a professional work on mathematical
astlronomy.64

The author believes, based on the text,” that the shadow lengths were
observed directly in the latitude of Qazwin (37°) or Rayy (35;35°) and have been
rounded off to multiples of 1 and 1 foot.”® We have tabulated these values and

4 6
recomputed them for the mentioned latitudes. Moreover, we have also found the
best fitted latitude (34;48°) for the text values®’ and compared them with the
values which correspond to the latitudes of Qazwin and Rayy. In the table 4, Sq

82 Ansari, p. 329-332

% King, 2004-05, vol. I, pp. 508-509

% In this part of the mentioned book, al-Najjar tried to answer a common person who asked him
how one can determine the midday [for praying] simply.

85 Yawagit al- ‘Ulim wa DararT al-Nujim, p. 242

% We chose the mentioned values of latitude for Qazwin and Rayy according to al/-Qaniin al-
Mas idi and some other medieval Islamic sources. Al-Birtni, 2002, p. 60; Kennedy, 1987, p. 270,
284

87 For this purpose we have used the mathematical methods which are discussed in the beginning
of the part B. Similar to the calculations for the Shayest Nashayest, choosing the value 23;26° or
24° for the ecliptic declination doesn’t affect our final results about determining the cities for the
Yawagit al- ‘Uliim.
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(F) and Sk (F) indicate the length of one’s shadow in his feet for the latitudes of

Qazwin and Rayy.

5 (P) S® A
4.70 (0.45) | 4.95(0.70) 0°-10°
4.08 (-0.09) | 4.27(0.10) 11°-20°
3.44 (-0.01) | 3.65(0.15) 21°-31°
2.90 (0.07) | 3.10(0.27) 32°-41°
2.49 (-0.18) | 2.66 (-0.01) 42°-51°
2.11 (-0.06) | 2.29(0.12) 52°-62°
1.82(0.15) | 2.00(0.33) 63°-72°
1.64 (-0.03) | 1.81(0.14) 73°-82°
1.54 (0.04) | 1.71(0.21) 83°-93°
1.52(0.19) | 1.71(0.38) 94°-103°
1.60 (0.10) | 1.80(0.30) 104°-113°
1.80 (-0.37) | 1.99 (-0.18) 114°-124°
2.06 (-0.19) | 2.27(0.02) 125°-134°
2.38(-0.79) | 2.65(-0.52) 135°-143°
2.83(-0.67) | 3.12(-0.38) 144°-155°
3.34(-0.83) | 3.66 (-0.51) 156°-165°
3.87(-0.80) | 4.25(-0.42) 166°-175°
4.57(-0.60) | 4.95(-0.22) 176°-186°
5.31(-0.69) | 5.74 (-0.26) 187°-196°
6.05(-0.70) | 6.57 (-0.18) 197°-206°
6.95(-0.30) | 7.48(0.23) 207°-216°
7.86 (-0.31) | 8.46 (0.29) 217°-226°
8.75(-0.42) | 9.46(0.29) 227°-236°
9.71 (-0.04) | 10.44 (0.69) 237°-246°

10.54 (0.54) 11.31 (1.31) 247°-256°
11.16 (0.49) | 11.96 (1.29) 257°-266°
11.54 (0.54) | 12.29(1.29) 267°-276°
11.59 (0.92) 12.24 (1.57) 277°-286°
11.28 (1.28) 11.87 (1.87) 287°-296°
10.64 (1.14) 11.26 (1.76) 297°-306°
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9.83 (0.83) 10.37 (1.37) 307°-316°
8.95 (0.45) 9.38 (0.88) 317°-326°
7.96 (0.46) 8.36 (0.86) 327°-336°
6.94 (-0.56) | 7.38(-0.12) 337°-346°
6.11 (0.11) 6.47 (0.47) 347°-356°
5.40 (0.15) 5.67 (0.42) 357°-365°

Table 4. Recomputed amounts of the Yawagit al- ‘Uliim shadow length values for
Qazwin and Rayy

As we see, the latitude that gives values closest to those of the values of
shadow lengths recorded in the Yawagit al- ‘Ulim, is closer to the latitude of
Rayy than to that of Qazwin. Moreover, the differences between the interpolated
values and the values written in the text show that the author did not use the
interpolation method. It seems that he measured the shadow length values and
rounded off them to the mentioned fractions of a foot, but his measurements
were not very accurate.

After indicating the midday shadow, the author explained how the muezzin
can determine the ‘asr prayer time. The author has also shown a figure of an
instrument by which one can measure the shadow length in terms of feet for
determining the ‘asrprayer time (Fig. 1). Unfortunately the author didn’t explain
how to use it, but it seems that one should hang it from its top which is indicated
by the name "Hanging Position" (Mowdi 7 ‘Alageh) and use the graduated scale
at the bottom, for measuring the shadow lengths. Presenting the picture of this
instrument in the text, makes it more likely that the shadow lengths were written
based on direct observations and not on calculations.
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4. Conclusions

A survey of the two mentioned texts shows some similarities between their
frameworks, both of which have two main parts, the first being allocated to the
values of midday shadow lengths to determine the zuhr (rapithwan) prayer time,
and the latter showing how to determine the ‘asr (uzerin) prayer time. Another
similarity is that both texts show a strong religious interest and so the values that
are cited by their authors are not so accurate as would be required in an
astronomical work. Thus, the values presented in the both works belong to the
tradition of folk astronomy.

Al-Biriint’s reference to a part of Shah Zij, which is related to the use of a
gnomon for determining some solar parameters, demonstrates that the Sassanid
astronomers knew how to use a gnomon for some sophisticated astronomical
purposes such as timekeeping. Hence, citation of the values of midday length of
one’s shadow in a chapter of a Zoroastrian religious book whose main parts were
written in the Sassanid era is not surprising.

According to the 21* chapter of the Shayest Nashayest, we can conclude that
Zoroastrians, like Muslims, used the shadow length of gnomon for determining
their prayer times. And, on the basis of this Zoroastrian text, there is a similarity
between the Zoroastrian and Muslim methods of determining the daily prayer
times. But since we don’t know whether this chapter was included in main parts
of the book, we do not claim that the use of a gnomon for determining prayer
times was in common in pre-Islamic Iran. Furthermore, we have to take account
of one Indian source, inspired by Mesopotamian astronomy, which includes the
values of midday shadow length of a gnomon for measuring the time. In fact in
the lands around Iran it seems there was a custom of timekeeping which is very
similar to the way that is used in the Shayest Nashayest, and various Islamic
sources such as Yawagqit al- ‘Ulim wa Darari al-Nujiim, Ahsan al-Taqasim and
al-Mughni. All of these things lead us to conclude that it is quite possible the 21*
chapter of the Shayest Nashayest was written under the Islamic domination in
Iran, and that Zoroastrians were inspired by Muslims to use the shadow length of
a gnomon for determining their prayer times, which were also influenced by
Muslims.

Finally, our calculations and corrections for the sizes of shadow lengths which
were written in the Shayest Nashayest, shows that the original table was
composed for a latitude between 31;18° and 31;42°. The most likely regions in
Iran are therefore, the southern part of Zabulistan (31°) and Yazd (32°). On the
basis of the historical information we have about Zoroastrians, it is more
probable that the city was Yazd. In addition, the latitude (34;48°) yielding results
that best fit the values of shadow lengths that are cited in the Yawagir al- ‘Ulim
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wa Darari al-Nwyjiim. Though the author of this book wrote that the values
correspond to the latitudes of the cities Rayy and Qazwin, our calculations show
that the values accord more closely with the latitude of Rayy (35;35°) rather than
that of Qazwin (37°). It is noteworthy that for finding the closest cities to the
best fitted latitudes in both cases, we used medieval values of the latitudes. We
have also corrected some errors in the shadow lengths cited by the authors.

Acknowledgements
The author’s greatest debt of gratitude goes to his mentor and the supervisor of
his M.A. thesis, Prof. Mohammad Bagheri. He is also very grateful to Professors
John Lennart Berggren and Alexander Jones for their many helpful comments on
the drafts of this paper.

He also expresses special thanks to Dr. Hamid-Reza Giahi Yazdi, without
whose guidance he would not have been able to write this paper.

However the author is of course, fully responsible for any remaining defects
Or erTors.



Two Early Persian Texts on Shadow Schemes 141

Bibliography

Ansari, Hassan, Barrasithaye Tarikhi dar Howzeye Eslam wa Tashayyo ‘ (Historical
Studies in the field of Islam and Shiism), Library, Museum and Document
Center of Iran Parliament Publications, Tehran, 2012.

Berggren, J. Lennart and Alexander Jones, Pfolemy’s Geography, an Annotated
Translation of the Theoretical Chapters, Princeton University Press, Princeton,
2000.

al-Birlini, Abli Reyhan, al-Athar al-Baqgiya ‘An al-Qoriin al-Khaliya (Chronologie
Orientalischer Volker), edited by C. Eduard Sachau, repr. Leipzig: Otto
Harrassowitz, 1923.

——, Ifrad al-Maqgal fi Amr al-Zilal (The Exhaustive Treatise on Shadows),
Heydar Abad al-Dakan, Ottoman Osmaniye Encyclopedia, first edition, 1948.
——, Kitab al-Tathim li-Awa’il Sina ‘at al-Tanjim (The Book of Instruction in the
Art of Astrology), edition and introduction by Jalal al-Din Homaei, Homa

Publications, 4™ edition, Tehran, 1988.

, al-Qanin al-Mas adr (Canon Masudicus), edited by Abdul Karim Sami al-
Jundi, Beirut, Dar al-Kutub al-‘IImiyya, vol. 2, 2002.

Boyce, Mary, Zoroastrians, Their Religious Beliefs and Practices, London, Boston
and Henley, Routledge & Keganpaul Publications, First published in 1979.

Dehkhoda, Ali Akbar, Loghatnameh (Encyclopedic Dictionary), Chief Editors:
Mohammad Moein and Ja“far Shahidi, Tehran, Tehran University Publications,
14 Vols, Illustrated, 1993-94.

al-Hamaw1, Yaqut ibn ‘Abd Allah, Mu jam al-Buldan (Dictionary of Countries),
Introduction by ‘Abd al-Rahman al-Mar‘ashli, four vols., Dar Ihya al-Torath al-
‘Arabi, Beirut, 1996.

Harris, J. Rendel, “On the Locality to Which the Treatise of Palladius De
Agricultura Must Be Assigned”, http://archive.org/stream/jstor-287167/
287167 _djvu.txt.

Kellogg, Robert L. and Mark Sullivan, “The Tiberius Manuscript Horologium”,
The Compendium, Journal of the North American Sundial Society, Vol. 4, no.
2, June 1997.

Kennedy, E. S., The Exhaustive Treatise on Shadows by Abi al-Rayhan
Muhammad b. Ahmad al-Birani, Translation & Commentary, Institute for the
History of Arabic Science, University of Aleppo, Syria, 1976.

and M. H. Kennedy, Geographical Coordinates of Localities from Islamic
Sources, Frankfurt am Main, 1987.

King, David. A, A Survey of Medieval Islamic Shadow Schemes for Simple Time-
Reckoning, Oriens, Vol. 32, 1990, pp. 191-249, and a new version — see below.



http://archive.org/stream/jstor-287167/%20287167_djvu.txt
http://archive.org/stream/jstor-287167/%20287167_djvu.txt

142 Pouyan Rezvani

——, In Synchrony with the Heavens, Studies in Astronomical Timekeeping and
Instrumentation in Medieval Islamic Civilization, 2 Volumes, Brill, Leiden,
Boston, 2004-05, Part III: “A Survey of Arithmetical Shadow-Schemes for
Time-Reckoning” (a new version of the 1990 publication), and Part IV: “On the
Times of Muslim Prayer”.

Kotwal, Firoze M. P, The Supplementary Texts to the Sayest né-Siyest,
Kommissionhr: Munksgaard, KUbenhavn, 1969.

Meeus, Jean, Astronomical Algorithms, Published by Willmann-Bell, First English
ed., Virginia, 1991.

Modarres Razavi, Mohammad Taqi, Ahval wa Athari Khwadjeh Nasir al-Din Tisi
(Life and Works of Khwadjeh Nasir al-Din al-Tusi), Asatir Publications,
Tehran, second ed., 1991.

al-Moqaddast, Shams al-Din, Afsan al-Taqasim fi Ma ‘rifat al-Agalim (The Best
Divisions in the Knowledge of the Regions), ed. M. J. De Goeje, Dar Sadir,
Beirut, 1906.

Neugebauer, Otto E., A History of Ancient Mathematical Astronomy, Vol. 2,
Springer-Verlag, Berlin-Heidelberg-New York, 1975.

Noori, Mohammad Yousof, Mafatih al-Arzaq Ya Kelid Hayi Dari Ganj Hayi
Gohar (The Keys for the Treasuries of Jewel), Introduction by Houshang
Sa‘idlou, Society for the Appreciation of Cultural Works and Dignitaries, first
ed., Tehran, 2002.

Oshidari, Jahangir, Vajé Naméye Towzihiye Ayine Zartosht (An Explanatory
Dictionary for the Religion of Zoroaster), 4™ ed., Daneshnaméye Mazd Yasna,
editors: Fereydoun Fatemi & Shams Langroudi, Tehran, Markaz Publications,
2007.

Pingree, David, “The Mesopotamian Origin of Early Indian Mathematical
Astronomy”, Journal for the History of Astronomy, Edited by M. A. Hoskin,
Vol. 4, Part 1, 1973.

Ptolemy, Claudius, Prolemy’s Almagest, Translated and Annotated by G. J.
Toomer, Princeton University Press, 1998.

Shayest Nashayest, Matni bé Zabané Parsiye Miyane (Pahlaviye Sasani) (Shayest
Nashayest, A Text in Pahlavi Language), first ed., transcription and translation:
Katayoun Mazdapour, Tehran, Institute for Cultural Studies and Researches,
1990.

——, Meherjirana library (Navsari, India), G-Section, MS no.3.3.

Taqizadeh, Seyyed Hassan, Bist Magaleye Taqizadeh (Twenty Iranian Studies),
Iran library, General Editor: e. Yar-Shater, Tehran, 1968.

al-‘Urdi, Mu’ayyad al-Din, Kitab al-Hay’ah (The Astronomical Work of
Mu’ayyad al-Din, A Thirteenth Century Reform of Ptolemaic Astronomy),



Two Early Persian Texts on Shadow Schemes 143

Edition and Introduction by George Saliba, Center for Arab Unity Studies,
Third ed., Beirut, 2001.

West, E. W., The Sacred Books of the East, Vol. V, Pahlavi texts, part 1, Oxford,
Clarendon press, 1880.

Yawaqit al- ‘Uliim wa Darari al-Nujiim, Introduction and edition by Mohammad-
Taqi Daneshpazhooh, second ed., Tehran, Ettela“at Publications, 1985.

——,Loghatnameh Dehkhoda Institute, MS no. 95.



144

Appendix

Pouyan Rezvani

a. Original Text of the Shayest Nashayest (Shayest Nashayest, Mazdapour, pp.

251-253)

21

1. Nisan 1 sayag 1 ném-rdz nibesém, farrox bawad!

2. Xwarsed pad karzang, panj-€k <>, pay 1 mard; panzdahom 1
karzang, €k pay; xwar$eéd pad ser, €k pay ud ném; panzdahom 1 $er,
do pay; xwarsed pad hosag, do pay ud n€m; panzdahom 1 hosag, se
pay ud ném; tarazug, ¢ahar pay ud ném; panzdahom 1 tarazug, panj
pay ud ném; gazdum, $a§ pay ud né€m; panzdahom 1 gazdum, haft
pay ud ne€m; n€masp, hast pay ud n€m; panzdahom 1 némasp, nod pay
ud ném; wahig, dah pay, panzdahom 1 wahig, n6 pay ud ném; dol,
hast pay ud ném, panzdahom 1 dol, haft pay ud ném; mahig, $a$ pay
ud n€m, panzdahom 1 mahig, panj pay ud n€m; warrag, ¢ahar pay ud
ném; panzdahom 1 warrag, se pay ud ném; gaw, do pay ud ném;
panzdahom 1 gaw, do pay; do-pahikar, & pay ud ném; panzdahom 1
do-pahikar, & pay.

Sayag 1 n€m-roz wast, xiib-frazam bawad!

3. Nisan 1 uz€rin nib&sém, xiib ud farrox bawad; pad yazadan
ayarth!

4. Ka roz pad abzon bawed, xwarsed pad sar 1 karzang ayed ud
sayag Sa$ pay ud do bahr bawed; uzerin gah gired.

5. Har sth rdz-€ pay-e ud se €k-& hame abzayed, ntin ¢iyon hard ah
roz, ném pay oSmar hamé bawed; xwars§ed pad sar 1 ser, sayag haft
pay ud nem.

6. Pad &n padisar, har axtar-€ ham-gonag, ud mahigan ham-gonag;
ta xwarséd be sar T wahig ayed, sayag Cahardah pay ud do bahr
bawed.

7. Andar wahig, se €k 1 pay abaz kahed, az andoh abaz wardéd,
Ciyon kahisn 1 Sab ud abzayis$n 1 roz. har mahigan-& pay-& se ek-&
hame kahed, ¢iyon har dah roz, ném pay o$mar hamé bawed; ta abaz
0 Sa$ pay ud do bahr ayed. har axtar-€ ham-gonag ud mahigan ham-
gonag.

8. a. Nibist ud frazameénid hém, man dén-bandag mihr-aban 1 kay-

husraw hérbed-zad.

8. b. Nibist xwe$ man awestad pesSyotan T ram, hérbed.
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b. A Manuscript of the Shayest Nashayest Preserved in the Meherjirana Library
(Navsari, India), no. 3.3
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c. Original Text of the Yawagqit al- ‘Ulim wa Dararf al-Nujiam ( Yawagit al- ‘Ulim
wa Darari al-Nujim, Mohammad-Taqi Daneshpazhooh, pp. 242-244)

5L 43 S ol 4y il J) 5 Gialid sow Aliea

308 O 4o ol (sn 4S 280 Glia (ol 5 L0l aldl) Al Gl 4 ST ) el
s () e e ol Al o8GT 150 X1 o jie (5 s gn s ) Aglos 2l 0 QST () sa Uiy
o1 S A8 g Al sy Gl sa g L) e 4y il 4S o80T U cad S e e (55 ) 5 IS e
@I ale a5 28l JI) s (Gl )5 0 Al ) a8 adaal G Bl oy e K
A8 e sne 4S 3 5 A s oS00 eyl alad (S5 e S 0 sa Jls) o ) Gl il s
Lol 80 a8 033 (5 5 s B e D e dsh e 5 0 50 olal 5 el 2 4l L8 L
);zr_Jajmﬁe_ﬁ)\_sqﬂéjeﬁﬂédj\)ﬁf_)mmamUuﬂQP«sayou;d&
D80 et g p A a g e 3 5023 Ko a8 ) Sy GRS gl Jlen npsd
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