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CLASS   7  

IV. Solar and Lunar Astronomy in Jewish Law and Practice – the Jewish Calender

A. The Torah’s description of the roles of the sun, moon, and stars

Bereishis 1:14

Ïהִים יְהִי מְאֹרֹת בִּרְקִיעַ הַשָּׁמַיִם לְהַבְדִּיל בֵּין הַיּוֹם וּבֵין הַלָּיְלָה וְהָיוּ-וַיּאֹמֶר אֱ
.לְאֹתֹת וּלְמוֹעֲדִים וּלְיָמִים וְשðִָׁים

And  Hashem  said, “Let there be luminaries in the expanse of the
heavens,  to separate  between the day and between the  night,  and
they shall  be for  signs  and for  appointed  times and for  days and
years.”

 
Rashi

עַל שֵׁם הֶעָתִיד שֶׁעֲתִידִים יִשְׂרָאֵל לְהִצְטַוּוֹת עַל הַמּוֹעֲדוֹת וְהֵם ðִמðְִים. וּלְמוֹעֲדִים
.לְמוֹלַד הַלְּבðָָה

שס. וְשðִָֽׁים יָמִים "לְסוֹף  יוֹם"ס(ה  וּרְבִיעַ  בְּי), א  מַהֲלָכָתָם  מַזָּלוֹת"יִגְמְרוּ  ב 
אוֹתָם שðָָׁה, הַמְשָׁרְתִים  בַּגַּלְגַּל, וְהִיא  לְסַבֵּב  שðְִׁיָּה  פַּעַם  וּמַתְחִילִים  וְחוֹזְרִים 
. כְּמַהֲלָכָן הָרִאשׁוֹן

“And for appointed seasons.” This  refers to the future,  when the
Jewish  people  are  destined  to  be  commanded  concerning  the
festivals, and they (the festivals) are calculated based on the molad
of the moon. (Midrash Rabbah, Bereishis 6:1)
“And years.” At the end of 365 days (other editions add: and 1/4 of a
day) they complete their revolution through the twelve constellations
of the zodiac which serve them, and that constitutes a year (other
editions read: and that is 365 and 1/4 days), and they return and start
a  second  time  to  revolve  on  the  celestial  sphere  like  their  first
revolution.

B. The Torah’s dual calendar dependence

1. The festivals must occur during specific (solar) seasons:

a. Shemos 23:14-16

. שÏָׁשׁ רְגָלִים תָּחֹג לִי בַּשðָָּׁה) יד
אֶת חַג הַמַּצּוֹת תִּשְׁמֹר שִׁבְעַת יָמִים תּאֹכַל מַצּוֹת כַּאֲשֶׁר צִוִּיתÎִ לְמוֹעֵד חֹדֶשׁ) טו

. הָאָבִיב כִּי בוֹ יָצָאתָ מִמִּצְרָיִם וְלאֹ יֵרָאוּ פðַָי רֵיקָם
וְחַג הַקָּצִיר בִּכּוּרֵי מַעֲשֶׂיÎ אֲשֶׁר תִּזְרַע בַּשָּׂדֶה וְחַג הָאָסִף בְּצֵאת הַשðָָּׁה בְּאׇסְפÎְּ אֶת) טז

. מַעֲשֶׂיÎ מִן הַשָּׂדֶה



14) Three times you shall celebrate a festival for Me in the year:
15) You shall observe the festival of unleavened bread; for seven days

you shall eat  unleavened bread as I  have commanded you, at  the
appointed time of the month of Springtime, for then you left Egypt,
and they shall not appear before Me empty-handed.

16) And the Festival of the Harvest, the first fruits of your labors, which
you will sow in the field, and the Festival of the Ingathering at the
departure of  the  year,  when you gather  in  [the  produce  of]  your
labors from the field.

Rashi

.הוּא חַג שָׁבוּעוֹת.  וְחַג הַקָּצִיר
אָסִף .הוּא חַג הַסֻּכּוֹת.  וְחַג הָֽ

Îעֲשֶׂי אֶת־מַֽ  Îְּוּבֶחָג אוֹסְפִים. בְּאָסְפ בַּשָּׂדוֹת  מִתְיַבֶּשֶׁת  הַתְּבוּאָה  הַחַמָּה  יְמוֹת  שֶׁכָּל 
.אוֹתָהּ אֶל הַבַּיִת מִפðְֵּי הַגְּשָׁמִים

And the Festival of the Harvest. This is the Festival of Shavu’ot.
And the Festival of the Ingathering. This is the Festival of Sukkot.
When you gather in [the produce of] your labors. For all of the days of
the  summer,  the grain dries out  in  the  fields,  and on the festival  [of
Sukkot], we gather it into the house before the rains.

b. Devarim 16:1, 9, 13

פֶּסַח לַה) א וְעָשִׂיתָ  'ÏהֶיÎ כִּי בְּחֹדֶשׁ הָאָבִיב הוֹצִיאÎֲ ה-אֱ' שָׁמוֹר אֶת חֹדֶשׁ הָאָבִיב 
.ÏהֶיÎ מִמִּצְרַיִם לָיְלָה-אֱ

...
. חֶרְמֵשׁ בַּקָּמָה תָּחֵל לִסְפֹּר שִׁבְעָה שָׁבֻעוֹתמֵהָחֵלשִׁבְעָה שָׁבֻעֹת תִּסְפׇּר לÍָ ) ט
...
.חַג הַסֻּכֹּת תַּעֲשֶׂה לÎְ שִׁבְעַת יָמִים בְּאׇסְפÎְּ מִגׇּרÎðְְ וּמִיִּקְבÎֶ) יג

1)  Keep  the  month  of  spring,  and  make  the  Passover  offering to
Hashem, your G-d, for in the month of spring, Hashem, your G-d,
brought you out from Egypt at night. 

...
9) Seven weeks you shall count for yourself, from [the time] the sickle is

first put to the standing crop, you shall begin to count seven weeks.
…
13) You shall make yourself the Festival of Sukkos for seven days, when

you gather in [the produce] from your threshing floor and your vat.

2. The festivals must occur on specific (lunar) dates

a. Vayikra 23:4-6, 15-16, 34

: מִקְרָאֵי קֹדֶשׁ אֲשֶׁר תִּקְרְאוּ אֹתָם בְּמוֹעֲדָם' אֵלֶּה מוֹעֲדֵי ה) ד
'. בַּחֹדֶשׁ הָרִאשׁוֹן בְּאַרְבָּעָה עָשָׂר לַחֹדֶשׁ בֵּין הָעַרְבָּיִם פֶּסַח לַה) ה
.שִׁבְעַת יָמִים מַצּוֹת תּאֹכֵלוּ' וּבַחֲמִשָּׁה עָשָׂר יוֹם לַחֹדֶשׁ הַזֶּה חַג הַמַּצּוֹת לַה) ו



...
שֶׁבַע שַׁבָּתוֹת) טו הַתðְּוּפָה  עֹמֶר  אֶת  הֲבִיאֲכֶם  מִיּוֹם  הַשַּׁבָּת  מִמׇּחֳרַת  לָכֶם  וּסְפַרְתֶּם 

. תְּמִימֹת תִּהְיֶיðָה
'.עַד מִמׇּחֳרַת הַשַּׁבָּת הַשְּׁבִיעִת תִּסְפְּרוּ חֲמִשִּׁים יוֹם וְהִקְרַבְתֶּם מðְִחָה חֲדָשָׁה לַה) טז
...
חַג הַסֻּכּוֹת) לד הַזֶּה  הַשְּׁבִיעִי  לַחֹדֶשׁ  עָשָׂר יוֹם  בַּחֲמִשָּׁה  יִשְׂרָאֵל לֵאמֹר  בðְֵּי  דַּבֵּר אֶל 

'.שִׁבְעַת יָמִים לַה

4)  These  are  the  appointed  [holy  days]  of  Hashem,  holy  occasions,
which you shall designate in their appointed time:

5)  In the first month, on the fourteenth of the month, in the afternoon,
[you shall sacrifice] the Passover offering to Hashem. 

6)  And on the fifteenth day of that month is the Festival of Matzos to
Hashem; for seven days you shall eat Matzos.

...
15) And you shall count for yourselves, from the day after the rest day,

from the day you bring the Omer as a wave-offering,  seven weeks;
they shall be complete.

16) You shall count until the day after the seventh week, the fiftieth day,
[on which] you shall bring a new meal offering to Hashem.

...
34) Speak to the children of Israel, saying: On the fifteenth day of this

seventh  month  is  the  Festival  of  Sukkos,  a  seven  day  period  to
Hashem.

b. Rambam, Hilchos Kiddush ha’Chodesh 1:1-2

וðְֶאֱמַר" עלַת חֹדֶשׁ בְּחָדְשׁוֹ) "במדבר כח יד(חָדְשֵׁי הַשðָָּׁה הֵם חָדְשֵׁי הַלְּבðָָה שֶׁנֶּאֱמַר ) א
כÍָּ אָמְרוּ חֲכָמִים הֶרְאָה לוֹ הַקָּדוֹשׁ בָּרוÍּ". הַחֹדֶשׁ הַזֶּה לָכֶם ראֹשׁ חֳדָשִׁים) "שמות יב ב(

וְקַדֵּשׁ רְאֵה  כָּזֶה  לוֹ  וְאָמַר  לְבðָָה  דְּמוּת  הַנְּבוּאָה  בְּמַרְאֵה  לְמשֶׁה  שֶׁאðָוּ. הוּא  וְהַשðִָּׁים 
". שָׁמוֹר אֶת חֹדֶשׁ הָאָבִיב) "דברים טז א(מְחַשְּׁבִין הֵם שðְֵׁי הַחַמָּה שֶׁנֶּאֱמַר 

לְפִיכÍָ כְּשֶׁיִּתְקַבֵּץ מִן. וְכַמָּה יְתֵרָה שðְַׁת הַחַמָּה עַל שðְַׁת הַלְּבðָָה קָרוֹב מֵאַחַד עָשָׂר יוֹם) ב
הַתּוֹסֶפֶת הַזּאֹת כְּמוֹ שÏְׁשִׁים יוֹם אוֹ פָּחוֹת מְעַט אוֹ יוֹתֵר מְעַט מוֹסִיפִין חֹדֶשׁ אֶחָד וְעוֹשִׂין

שðָָׁה מְעֵבֶּרֶת וְהִיא הַנִּקְרֵאת  הַשðָָּׁה שÏְׁשָׁה עָשָׂר חֹדֶשׁ  הַשðָָּׁה. אוֹתָהּ  לִהְיוֹת  שֶׁאִי אֶפְשָׁר 
חֳדָשִׁים אַתָּה מוðֶֹה". לְחָדְשֵׁי הַשðָָּׁה) "שמות יב ב(שðְֵׁים עָשָׂר חֹדֶשׁ וְכÍָ וְכÍָ יָמִים שֶׁנֶּאֱמַר 

.לְשðָָׁה וְאֵין אַתָּה מוðֶֹה יָמִים

The months of the year are lunar months, as it says, "... the burnt offering
of the month when it is renewed" (Bamidbar 28:14), and, "This month shall
be for you the first of months" (Shemos 12:2). So said our Sages: The Holy
One, blessed be He, showed Moshe in the vision of prophecy an image of
the moon and told him, "When you see the moon like this, sanctify it."

And the years we follow are solar years, as it says, "Keep the month of
spring" (Devarim 16:1). 

How much longer is a solar year than a lunar year? Approximately 11
days. Therefore, when this addition reaches about 30 says, or a little less or
more, we add an additional month and make that year one of 13 months.
This is  called a  “full  year.”  For it  is  impossible to  have a  year  with  12
months  plus  some  extra  days,  as  it  says,  "...of  the  months  of  the  year"
(Shemos 12:2), which teaches that "You count the months of a year, but not
the days of a year."



c. Rambam, Hilchos Kiddush ha’Chodesh 4:1

וְאֵין מוֹסִיפִין לְעוֹלָם אֶלָּא אֲדָר וְעוֹשִׂין אוֹתָהּ. שָׁנָּה מְעֻבֶּרֶת הִיא שðָָׁה שֶׁמּוֹסִיפִין בָּהּ חֹדֶשׁ
וּמִפðְֵּי מָה מוֹסִיפִין חֹדֶשׁ זֶה מִפðְֵּי זְמַן הָאָבִיב כְּדֵי. שðָָׁה שðְֵׁי אֲדָרִין אֲדָר רִאשׁוֹן וַאֲדָר שðִֵׁי

שֶׁיִּהְיֶה חֹדֶשׁ זֶה" שָׁמוֹר אֶת חֹדֶשׁ הָאָבִיב) "דברים טז א(שֶׁיְּהֵא הַפֶּסַח בְּאוֹתוֹ זְמַן שֶׁנֶּאֱמַר 
וְלוּלֵא הוֹסָפַת הַחֹדֶשׁ הַזֶּה הַפֶּסַח בָּא פְּעָמִים בִּימוֹת הַחַמָּה וּפְעָמִים בִּימוֹת. בִּזְמַן הָאָבִיב

. הַגְּשָׁמִים
A leap year is a year that includes an additional month. The extra month that
is added is always Adar, and so the year contains two Adars: the first Adar
and the second Adar. Why is this month added? Because of the season of
spring, so that Pesach will fall then, as it says, "Keep the month of spring"
(Devarim 16:1), which means that this month (Nissan) will fall in the spring
season. Without the [occasional] addition of this extra month, Pesach would
sometimes fall in the summer and sometimes times in the rainy season.

d. Rambam, Hilchos Kiddush ha’Chodesh 5:1-3

מִפðְֵּי) א הַזְּמַן אוֹ  וְעִבּוּר הַשðָָּׁה מִפðְֵּי  כָּל מַה שֶּׁאָמַרðְוּ מִקְּבִיעוֹת ראֹשׁ חֹדֶשׁ עַל הָרְאִיָּה 
,Íֶבְּאֶרֶץ הַצֹּר הַסְּמוּכִים  דִּין  בֵּית  אוֹ  יִשְׂרָאֵל  שֶׁבְּאֶרֶץ  סðְַהֶדְרִין  אֶלָּא  אוֹתוֹ  עוֹשִׂין  אֵין 

הַחֹדֶשׁ הַזֶּה) "שמות יב ב(שֶׁכðֶ Íָּאֱמַר לְמשֶׁה וּלְאַהֲרֹן . יִשְׂרָאֵל שֶׁנָּתðְוּ לָהֶן הַסðְַּהֶדְרִין רְשׁוּת
וּמִפִּי הַשְּׁמוּעָה לָמְדוּ אִישׁ מֵאִישׁ מִמּשֶׁה רַבðֵּוּ שֶׁכÍָּ הוּא פֵּרוּשׁ הַדָּבָר" לָכֶם ראֹשׁ חֳדָשִׁים

בִּמְקוֹמְכֶם אַחֲרֵיכֶם  הָעוֹמֵד  וּלְכָל  לָכֶם  מְסוּרָה  תִּהְיֶה  זוֹ  שָׁם. עֵדוּת  שֶׁאֵין  בִּזְמַן  אֲבָל 
סðְַהֶדְרִין בְּאֶרֶץ יִשְׂרָאֵל אֵין קוֹבְעִין חֳדָשִׁים וְאֵין מְעַבְּרִין שðִָׁים אֶלָּא בְּחֶשְׁבּוֹן זֶה שֶׁאðָוּ

. מְחַשְּׁבִין בּוֹ הַיּוֹם
שֶׁבִּזְמַן שֶׁיֵּשׁ סðְַהֶדְרִין קוֹבְעִין עַל פִּי הָרְאִיָּה וּבִזְמַן. וְדָבָר זֶה הֲלָכָה לְמשֶׁה מִסִּיðַי הוּא) ב

ðִזְקָקִין וְאֵין  הַיּוֹם  בּוֹ  מְחַשְּׁבִין  שֶׁאðָוּ  הַזֶּה  הַחֶשְׁבּוֹן  פִּי  עַל  קוֹבְעִין  סðְַהֶדְרִין  שָׁם  שֶׁאֵין 
אֶלָּא פְּעָמִים שֶׁיִּהְיֶה יוֹם שֶׁקּוֹבְעִין בּוֹ בְּחֶשְׁבּוֹן זֶה הוּא יוֹם הָרְאִיָּה אוֹ קוֹדֵם לוֹ. לִרְאִיָּה

וְזֶה שֶׁיִּהְיֶה אַחַר הָרְאִיָּה בְּיוֹם פֶּלֶא הוּא וּבַאֲרָצוֹת שֶׁהֵן לְמַעֲרַב אֶרֶץ. בַּיּוֹם אוֹ אַחֲרָיו בַּיּוֹם
. יִשְׂרָאֵל

לְחַשֵּׁב בְּחֶשְׁבּוֹן זֶה) ג יִשְׂרָאֵל  הִתְחִילוּ כָּל  הַגְּמָרָא בְּעֵת שֶׁחָרְבָה. וּמֵאֵימָתַי  מִסּוֹף חַכְמֵי 
אֲבָל בִּימֵי חַכְמֵי מִשðְָׁה וְכֵן בִּימֵי חַכְמֵי הַגְּמָרָא. אֶרֶץ יִשְׂרָאֵל וְלאֹ ðִשְׁאַר שָׁם בֵּית דִּין קָבוּעַ

.עַד יְמֵי אַבַּיֵּי וְרָבָא עַל קְבִיעַת אֶרֶץ יִשְׂרָאֵל הָיוּ סוֹמְכִין

Everything we have said regarding the establishment of Rosh Chodesh as (א
based on the sighting of the moon, and the establishment of the leap year
because of the season or because of [another] necessity, is not done except
by the Sanhedrin in Eretz Yisrael or by a court of ordained judges in Eretz
Yisrael that was granted authority by the Sanhedrin. For so it was said to
Moshe and to Aharon, “This month shall be for you the first of months”
(Shemos  12:2),  and  from the  Oral  Tradition  they  learned,  student  from
teacher, from Moshe Rabbeinu, that the explanation of the verse is that “this
testimony is to be entrusted to you and to those sages who will arise after
you and in your place.” But in a time when there is no Sanhedrin in Eretz
Yisrael, we establish the months and institute leap years solely according to
the fix calendar calculations that we calculate today.
This matter is a Halachah given to Moshe at Sinai, that when there is a (ב
Sanhedrin,  we  establish  [the  months  and  leap  years]  according  to  the
sighting [of the moon]. And when there is no Sanhedrin, we establish [the
months and leap years] according to the fixed calendar calculations that we
calculate today, and we do not involve the sighting [of the moon]. Rather,
sometimes the day that we establish through this fixed calendar calculation



will be the day of sighting [the new moon], or it will precede the day of
sighting by a day, or it will  follow it  by a day. And this that it  (the day
established to be Rosh Chodesh) will occur a day after the sighting [of the
moon] is an extraordinary phenomenon, and [it happens only] in the lands
that are west of Eretz Yisrael. When the fixed calendar is followed, there are
times when the day established [as Rosh Chodesh] will be the day on which
the  moon  is  sighted,  and  there  are  times  when  the  sighting  will  either
precede or follow it by a day. It is, however, an extremely extraordinary
phenomenon for [the day established as Rosh Chodesh] to be a day after the
sighting [of the moon], [and this is possible only] in the lands that are west
of Eretz Yisrael. 
(ג  When did the entire Jewish people begin calculating the calendar with
this system? From the end of the time of the Sages of the Gemara, when
Eretz Yisrael was destroyed and no established court was left there. But in
the days of the Sages of the Mishnah, as well as in the days of the Sages of
the  Gemara,  until  the  time of  Abaye and Rava,  they  would  rely  on  the
establishment [of the court] of Eretz Yisrael.

3. The Sod ha’Ibur – the Secret of Intercalation

a. The length of one lunar cycle:

Gemara, Rosh Hashanah 25a

Said to them Rabban Gamliel, “I have received a tradition from the house
of my forefathers that the renewal of the moon is not less than than 29 and
a half days, 2/3rds of an hour and 73 chalakim.”

“2/3rds of an hour and 73 chalakim” = 44 minutes and 3 1/3 seconds:

2/3 of an hour= 40 minutes

+
73 chalakim = 73 X 3 1/3 seconds

= 243 1/3 seconds
= 4 minutes, 3 1/3 seconds

= 44 minutes, 3 1/3 seconds

1) There are 1,080 chalakim (parts) in one hour. Therefore, 1 chelek = 3 ⅓ seconds.

1080 chalakim ÷ 60 minutes = 18 chalakim per minute
18 chalakim = 1 minute = 60 seconds
60 ÷ 18 = 3 ⅓ seconds
1 chelek = 3 ⅓ seconds



2) Rambam, Hilchos Kiddush ha’Chodesh 6:2

.שְׁתֵּים עֶשְׂרֵה בַּיּוֹם וּשְׁתֵּים עֶשְׂרֵה בַּלַּיְלָה. הַיּוֹם וְהַלַּיְלָה אַרְבַּע וְעֶשְׂרִים שָׁעוֹת בְּכָל זְמַן
לְפִי שֶׁמðְִּיָן זֶה יֵשׁ. וְלָמָּה חִלְּקוּ הַשָּׁעָה לְמðְִיָן זֶה. וְהַשָּׁעָה מְחֻלֶּקֶת לְאֶלֶף וּשְׁמוðִֹים חֲלָקִים

וְהַרְבֵּה חֲלָקִים יֵשׁ לְכָל אֵלּוּ. בּוֹ חֲצִי וּרְבִיעַ וּשְׁמִיðִית וּשְׁלִישׁ וּשְׁתוּת וְתֵשַׁע וְחֹמֶשׁ וְעִשּׂוּר
. הַשֵּׁמוֹת

Day and night are always a twenty-four hour period, twelve in the day and
twelve in the night night. An hour can be divided into 1080 units. Why did
they choose to divide the hour into this number? Because this number can
be divided in half, into fourths, eighths, thirds, sixths, ninths, and tenths.
Each of these fractions contains many of these units.

3) Rambam, Hilchos Kiddush ha’Chodesh 6:3

הָאֶמְצָעִי בְּמַהֲלָכָם  שðְִׁיָּה  פַּעַם  שֶׁיִּתְקַבְּצוּ  עַד  זֶה  חֶשְׁבּוֹן  לְפִי  וְהַחַמָּה  הַיָּרֵחַ  .מִשֶּׁיִּתְקַבֵּץ 
וּשְׁבַע מֵאוֹת וּשÏְׁשָׁה. תִּשְׁעָה וְעֶשְׂרִים יוֹם וּשְׁתֵּים עֶשְׂרֵה שָׁעוֹת מִיּוֹם שÏְׁשִׁים מִתְּחִלַּת לֵילוֹ

וְזֶה הוּא הַזְּמַן שֶׁבֵּין כָּל מוֹלָד וּמוֹלָד וְזֶה הוּא חָדְשָׁהּ. וְתִשְׁעִים חֲלָקִים מִשְּׁעַת שÏְׁשׁ עֶשְׂרֵה
. שֶׁל לְבðָָה

From when the  moon  and  the  sun  reach  conjunction,  according  to  this
calculation, until the next time they reach conjunction, with their average
movement, is a period of 29 full days, 12 hours of the 30th day, and 793 units
of the 13th hour. This is the interval between each and every conjunction,
and this is the month of the moon.

4) Rambam, Hilchos Kiddush ha’Chodesh 6:8

אִם פְּשׁוּטָה הִיא. וְכֵן כְּשֶׁיִּהְיֶה עִמÎְּ יָדוּעַ מוֹלַד שðָָׁה זוֹ וְתוֹסִיף שְׁאֵרִיתָהּ עַל יְמֵי הַמּוֹלָד
וְכֵן. יֵצֵא לÎְ מוֹלַד שðָָׁה שֶׁלְּאַחֲרֶיהָ. שְׁאֵרִית הַפְּשׁוּטָה וְאִם מְעֻבֶּרֶת הִיא שְׁאֵרִית הַמְעֻבֶּרֶת

וְהַמּוֹלָד הָרִאשׁוֹן שֶׁמִּמֶּנּוּ תַּתְחִיל הוּא מוֹלַד שֶׁהָיָה בַּשðָָּׁה. שðָָׁה אַחַר שðָָׁה עַד סוֹף הָעוֹלָם
.וְהוּא הָיָה בְּלֵיל שðִֵׁי חָמֵשׁ שָׁעוֹת בַּלַּיְלָה וּמָאתַיִם וְאַרְבָּעָה חֲלָקִים. הָרִאשׁוðָֹה שֶׁל יְצִירָה

.ד וּמִמֶּנּוּ הוּא תְּחִלַּת הַחֶשְׁבּוֹן"סִימָן לָהֶם בהר
Similarly, when you know the time of conjunction for a particular year and
you  add  its  remainder,  either  the  remainder  of  an  ordinary  year  or  the
remainder of a leap year, to the time of conjunction, you will determine the
time of the conjunction of the following year, and so, too, every year after
year until the end of history. And the first conjunction from which you begin
is  the  conjunction  that  was  at  the  first  year  of  Creation,  which  was  on
Monday night, 5 hours and 204  chalakim [after nightfall]. The mnemonic
for this is: ד ר ה "ב - - . And this is the starting point of the calculations.

5) Calculating the Molad for any month

Add 29 days, 12 hours, 793 chalakim to this month’s molad, and we’ll get next 
month’s molad.
OR, add X number of Molads to the very first Molad ( ד"בהר ).



Example:
Molad of Kislev 5786 = 1 hour, 38 minutes, and 9 chalakim on a Thursday afternoon.

Add 29 days = Friday a month later.
Add 12 hours to 1PM = 1AM.
Add 44 minutes to 38 minutes = 82 minutes = 2AM and 22 minutes.
Add 1 chelek to 9 chalakim = 10 chalakim.

So the Molad of Teves = 2 hours, 22 minutes, and 10 chalakim on Friday morning.

b. The length of one lunar year (12 months):

   12 X 29 days, 12 hours, 44 minutes, 3 1/3  seconds
= 354 days, 8 hours, 48 minutes, 40 seconds

c. The difference between 1 solar year (365 ¼ days) and 1 lunar year (12 months):

365 days 5 hours 59 minutes 60 seconds
- 354 days 8 hours 48 minutes 40 seconds

= 364 days 29 hours 59 minutes 60 seconds
- 354 days 8 hours 48 minutes 40 seconds

   10 days 21 hours 11 minutes 20 seconds

d. Calculating when the spring equinox will occur on the Jewish calendar

Year 1
The difference between the Molad of Nissan and the spring equinox (the Tekufah of Nissan):

 0 days 0 hours 0 minutes 0 seconds

Year 2
The difference between the Molad of Nissan and the spring equinox (the Tekufah of Nissan):

10 days 21 hours 11 minutes 20 seconds

(This means that the spring equinox will occur 10 days, 21 hours, etc., later. This will still be before the 15th of 
the month, so Pesach can fall in that month.)

Year 3
The difference between the Molad of Nissan and the spring equinox (the Tekufah of Nissan):

   10 days 21 hours 11 minutes 20 seconds
+ 10 days 21 hours 11 minutes 20 seconds

   21 days 18 hours 22 minutes 40 seconds



(This means that the spring equinox will occur 21 days, 18 hours, etc., after the Molad, which means that if that 
month is Nissan, Pesach will be falling BEFORE the spring arrives. So that month becomes Adar Sheni, the year
is a leap year, and Pesach will fall in the following month.)

Year 4
Since Year 3 was a leap year, we do not add 10 days, 21 hours, etc., to the Molad, because that would tell us only
how long after the Molad of ADAR the spring falls for Year 4. We want to know how long after the Molad of 
Nissan it will fall. So we first must find the length of a leap year. Since a leap year has 13 months, we multiply 
13 by the length of a month:

   13 X 29 days, 12 hours, 44 minutes, 3 1/3  seconds
= 383 days, 21 hours, 32 minutes, 43 1/3 seconds

This is longer than a solar year:

383 days 21 hours 32 minutes 43 1/3 seconds
- 365 days 6 hours

18 days 15 hours 32 minutes 43 1/3 seconds

This means that the spring equinox falls 18 days, 15 hours, etc., EARLIER on the Jewish calendar than it did the 
year before. So when there is a leap year, we subtract this amount between the Tekufah (spring equinox) date and
the Molad to find the difference between the Tekufah (spring equinox) and the Molad for the next year.

Accordingly, in the fourth year, the Tekufah (spring equinox) falls 3 days, 2 hours, 49 
minutes, and 56 2/3 seconds after the Molad, and Pesach (15 days after the Molad) will 
certainly fall in the spring, so no need for a leap year.

e. The 19-year cycle

12 regular years (lunar calendar):

12 months X (29 days, 12 hours, 44 minutes, 3 1/3 seconds) = 354 days, 8 hours, 48 minutes, 40 seconds

12 regular years X (354 days, 8 hours, 48 minutes, 40 seconds) = 4252 days, 9 hours, 44 minutes, 0 seconds

7 leap years (lunar calendar):

7 leap years X (383 days, 21 hours, 32 minutes, 43 1/3 seconds) = 2687 days, 6 hours, 49 minutes, 3 1/3 seconds

         TOTAL:      6939 days, 16 hours, 33 minutes, 3 1/3 seconds

19 solar years

19 X (365 days, 6 hours) = 6939 days, 18 hours

The difference of 1 hour, 26 minutes, 56 2/3 seconds, is resolved by additional changes 
being made in certain years, such as adjustments to the lengths of the months of 
Marcheshvan and Kislev.



C. A deeper look

1. Alei Shur, vol. I, p. 56

     A matter with which all the scholars of the nations struggled, up until the Middle
Ages, was the establishment of the calendar and the reconciliation of the moon-based
months  with the sun-based year.  The Sages of  Yisrael  had clear knowledge in  this
profound matter; they received it as a  tradition, each person from the mouth of his
teacher, going back to Moshe Rabbeinu, who received it from Hashem Himself. Upon
the cessation of the practice of establishing the new month based on the testimony of
witnesses,  our  Sages  revealed  the  secret  of  [the  calculation  of]  the  molad and  the
wisdom of the intercalation of the years, and it became known to the world that based
on the Torah the calculation of the years is built upon a cycle of 19 years, in which the
months of the moon are reconciled with the years of the sun. And it was a tradition
received by the Sages that perpetually there would be seven leap-years fixed within
every cycle of 19 years. We find that in every cycle there are 235 months, which are
6939 2/3 days and 595  chalakim – which is exactly the length of 19 solar years, no
more and no less. (This calculation is based on the knowledge that one revolution of the
moon around the earth – that is, the duration of time of one lunar month – takes 29



days,  12 hours,  and 793  chalakim of  an hour,  according to  the  reckoning  of  1080
chalakim in every hour.)

And behold,  in approximately the era of Rabbeinu ha'Kadosh (Rebbi Yehudah
ha'Nasi, 135-220 CE, the redactor of the Mishnah), there was, living in Alexandria, the
great  astronomer  [Claudius]  Ptolemy  [(100-170  CE)],  the  author  of  the  book,  The
Almagest, from which scholars studied astronomy until the modern era. When Ptolemy
found  out  about  the  19-year  cycle  and  the  precise  details  of  the  calculations
surrounding the moon, etc., on which the cycle is based – he was utterly astounded;
how could it be that the Sages of Yisrael possessed knowledge that the scholars of the
nations had not yet discovered? And he wrote  that  this proves that they (the Sages of
Yisrael) had prophecy among them. This point is related by Rav Yitzchak Abarbanel in
his commentary on the Torah, Parshas Bo, on the verse, “This month shall be for you
the first of months” (Shemos 12:2), s.v. v'ha'Limud (#3) (cited by Wessely in his book
Gan Na'ul 7:5, with more elaboration).

Indeed, this is a clear proof that there was prophecy among Yisrael and that the
Torah is Divine.

2. Rav Moshe Shapiro   zt’l   : The deeper meaning behind the ability to synchronize the lunar 
and solar calendars. (See Additional Resources.)



Additional re  s  ources for Class 7:  

Understanding the Jewish Calendar. Rabbi Nathan Bushwick, Mozaim Publishing (1989).

A Glimpse of Light: A discussion on the Hebrew Calendar and Judaic Astronomy (Based on 
Maimonides' Kiddush Ha'chodesh). Julian Schamroth, M.D. Targum Press, 1998

Moon and the Molad of the Hebrew Calendar. Dr. Irv Bromberg’s comprehensive mathematical 
discussions and charts on the calculations of the Molad. https://kalendis.free.nf/hebrew/molad.htm?i=1

Rav Moshe Shapiro zt’l, lecture before Rosh Hashanah 5760 (2000), available online at 
https://lehavin.org/ תשס-השנה-ראש / .

Additional readings for Class 7

Rav Samson Rafael Hirsch, Bereishis 1:14

מטרת המאורות היא להאיר בעולם הזה, ומטרה זו אכן מתקיימת במלואה. (במאמר המוסגר... 
ðזכיר, שהכיðוי ״מאורות״ מלמדðו שהם ðושאי אור, ולא מקורות אור.) אולם הפסוק מדגיש שוב שהם
מאורות – רק ״ברקיע השמים״, בשמים ביחס לארץ. מה הם המאורות כשלעצמם, ואיזה עוד מטרה
אולי יש להם, אלה הן שאלות שאיðן שייכות לפרשה זו. פרשה זו עוסקת רק בהשפעת המאורות
ומטרתם בעולם הגשמי והמוסרי של הארץ. משום כך השמש והירח מוזכרים ראשוðים, שכן השפעתם
על הארץ ðראית לכל. ״ואת הכוכבים״ – הבאים רק כתוספת, שכן חשיבותם בעולמðו ðיכרת פחות.
עðיין פרשה זו הוא רק לומר, שה׳ ברא את המאורות הגדולים, שאורם מסדיר את כל החיים על

הארץ; וכן גם את הכוכבים; ושהוא קבע את מהלכם וייסד את פעילותם ברקיע השמים....
The purpose of the luminaries is to give light in this world, and this purpose indeed is
fully fulfilled. (Parenthetically, we should note that the term מאורות teaches us that they
are  bearers  of  light,  not  sources  of  light  themselves.)  However,  the  verse  again
emphasizes that they are luminaries only “in the firmament of the heavens,” that is, in the
skies as they relate to the Earth. What the luminaries are in and of themselves, and what
other purposes they may have, are questions that are not relevant to this  parshah. This
parshah deals only with the influence of the luminaries and their purpose within the
physical  and  moral  world  of  the  Earth.  For  this  reason,  the  sun  and  the  moon  are
mentioned first, since their influence upon the Earth is clearly evident to all.  “And the
stars” are mentioned only afterward, as an addition, because their significance in our
world is less apparent. The subject of this parshah is only to declare that Hashem created
the great luminaries, whose light regulates all life on Earth, as well as the stars; and that
He ordained their courses and established their functions in the firmament of the skies.


