Chapter 4 — COMPUTING THE JULIAN DAY & TIME

Variable star observations reported to the
AAVSO should always be expressed in terms
of the Julian Day (JD) and the decimal part of
the day given in Greenwich Mean
Astronomical Time (GMAT). This is the
standard unit of time used by astronomers
because it is convenient and unambiguous.
Here are the advantages:

— The astronomical day runs from noon to hoon
so that you don’t have to change calendar dates
in the middle of the night.

— A single number represents days, months,
years, hours, and minutes.

— Data on the same star from people observing
anywhere in the world can be compared easily
since they are all relative to the same time zone;
that of the prime meridian in Greenwich,
England.

What follows is a simple procedure for figuring
the JD and GMAT decimal of your observations.

Step-by-Step Instructions

1. Record the astronomical time and date of
your observation as counted from local
noon. Use the 24-hour clock instead of AM
or PM.

examples:
A. June 3 at 9:34 PM = June 3 at 9:34
B. June 4 at 4:16 AM = June 3 at 16:16

Note that the date of your observation does
not change after midnight because an
astronomical day runs from noon to noon not
midnight to midnight.

. If your observation was made when Daylight
Savings Time (Summer Time) is in effect
where you live, subtract one hour to get
standard time.

A. June 3 at 9:34 DST = June 3 at 8:34
B. June 3 at 16:16 DST = June 3 at 15:16

. Figure the Julian Date equivalent to the
astronomical calendar date of your
observation as determined in Step 1 above
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using the JD calendar shown in Figure 4.1.
A and B: June 3, 2005 = 2,453,525

Find the decimal equivalent of the hours and
minutes of your observation from Table 4.1
and add the result to the JD integer found
above. Notice that this table also takes into
account your longitude (and thus time zone)
so that the end result is expressed in GMAT.

Using the excerpt from Table 4.1 below, you

can see that if you observed from the 15°E
time zone, the GMAT decimal equivalent of
8:34is .3. For the observation made at 15:16,
it would be .6.
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Now add the decimal to the JD integer
determined in Step 3 to arrive at the final
result of:

A. JD = 2453525.3
B. JD = 2453525.6

On the following page are several examples of
conversion from local time to JD/GMAT. It is
recommended that you work through each case
until you feel very comfortable with the
procedure. Remember that recording the proper
date and time for each of your observations is
absolutely essential!



Sample Calculations

Example 1 — Observation from Cambridge, MA,
USA (75°W time zone) at 9:40 pm Eastern
Daylight Time, June 22, 2005

Step 1: astronomical time = 9:40, June 22, 2005
Step 2: 9:40 - 1 = 8:40 on June 22, 2005
Step 3: JD = 2,453,544

Step 4: GMAT decimal = .6

Final result: 2,453,544.6

Example 2 — Observation from Tokyo, Japan
(135°E) at 1:15 am, January 10, 2005

Step 1: astronomical time = 13:15, Jan. 9, 2005
Step 2: N/A

Step 3: JD = 2,453,380

Step 4: GMAT decimal = .2

Final Result: 2,453,380.2

Example 3 — Observation from Vancouver, BC
Canada (120°W) at 5:21 am, February 14, 2005

Step 1: astronomical time =17:21, Feb. 13, 2005
Step 2: N/A

Step 3: JD = 2,453,415

Step 4: GMAT decimal = 1.1 (add 1 day)

Final Result: 2,453,416.1

Example 4 — Observation from Auckland, New
Zealand (180°E) at 8:25 pm, April 28, 2005

Step 1: astronomical time = 8:25, Apr.28, 2005
Step 2: N/A

Step 3: D = 2,453,489

Step 4: GMAT decimal = -0.9 (subtract 1 day)
Final Result: 2,453,488.9

Note that as shown in example 4, if the time
you observe is exactly the same as a time listed
in Table 4.1, you should choose the larger of
the two decimals.

The calendar on page 27 is representative of
the one mailed out to AAVSO observers each
year. It gives the last four digits of the Julian
Day for each day of every month of the year
2005 (On the actual calendar, the months July—
December are on the reverse side). For the
complete JD, add 2,450,000 to the four digit
value given in the calendar for the Astronomical
Day of your observation.
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Some observers prefer to create their own
computer programs or use existing ones to
calculate JD. An online JD calendar can be found
on the AAVSO website (http://www.aavso.org/
observing/aids/jdcalendar.shtml).

Where does JD come from?

In the Julian Day system, all days are numbered
consecutively from Julian Day zero, which began
at noon on January 1, 4713 BC. Joseph Justus
Scaliger, a French classical scholar of the 16th
century, determined this as the date on which three
important cycles coincided; the 28-year solar cycle,
the 19-year lunar cycle, and the 15-year cycle of
tax assessment called the “Roman Indiction”.

UT, GMT, and GMAT

Often in astronomy you will see the time of
events being expressed in Universal Time (or
UT). This is the same as Greenwich Mean Time
(GMT) which starts at midnight in Greenwich,
England. To find the UT equivalent of a specific
time, simply add to it, or subtract from it, as the
case may be, the zone difference for your
observing location. The “World Map of Time
Zones” (Figure 4.2) is provided to help you to
determine the zone difference for your location.
To convert from UT to Greenwich Mean
Astronomical Time (GMAT) subtract 12 hours.

Two additional reference tables are provided in
this chapter for your convenience:

Table 4.2 lists the JDs for the zero day of each
month from 1996 to 2025. The zero day (which
is actually the last day of the previous month) is
used for ease in calculating the JD of any given
day by making it possible to simply add the
calendar date to the JD listed.

example: Jan. 28, 2005
= (JD for Jan 0) + 28
= 2453371+28
= 2453399

Table 4.3 can be used to find the GMAT decimal
of the day to four decimal places. This degree
of accuracy is only needed for certain types of
stars (see Table 6.1, page 43).



Figure 4.1 — Sample JD Calendar
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The AAVSO 1s a scientific and educational organization which has been serving astronomy for 94 vears.
Headquarters of the AAVSO are at 25 Birch Street, Cambridge, Massachusetts, 02138, U.S.A. Annual and
sustaining memberships in the Association contribute to the support of valuable research.
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Figure 4.2 — World Map of Time Zones
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“World Map of Time Zones” produced by HM Nautical AlImanac Office Copyright Council
for the Central Laboratory of the Research Councils. Reproduced with their permission.
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Table 4.1 — JD Decimal of the Day This chart can be used to convert into a tenth of a day, the
time at which an observation is made, expressed in Greenwich Mean Astronomical Time. To use
it, find the longitude that best describes the time zone of your observing location, then move down
the column until you find the two times that bracket the time of your observation (i.e. one time is
earlier and the next time going down the table is later than your observation). Now follow the row
across to the left and record the decimal number. This will be added to the JD integer for the date
of your observation. If the time of your observation is exactly the same as one of the times given on
the table, take the larger of the decimal numbers that bracket it.
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Table 4.2 — Julian Day Number 1996-2025

To use this table, add the calendar date (based on the noon to noon astronomical time) of your

observation to the zero day of the appropriate month for the desired year. For example, for an

observation made on February 6, 2015, the Julian date would be: 2457054 + 6

2457060.

OLOL8FE | 08E0YFE | BFE09EE | BLE09E | 888090 | LSE0MFE | L2B09FC |HEL08FC | H9L09FC | SELOYRE | LOL09FC | 9L909FC || $608
SFO0YFE | S1908FE | FBS09FC | FPSS09FC | ECS09FC | C6FOMEE | CHF09FC | LEFDYRE | LOF09FE |0LE09FE | LFEOSRD |OLEDAFE || PE0E
BLZOMEE | BFE0MFE | B1E09FC | BE109FC | LAS109kC | HELOYFE | 96009FC |S9008F2 | SEODIFE | FO00YEE | 94BESED | SEPEESEL || £608
FIBESEE | FBEESFE | ESEESEE | ECABSKEE | CBABSHE | L9L65FE | LELBSED |00L65FE | OLHBSEE | BEHESES | L 1965FC |0BSESKEE || 6608
BFSESEE | BLSESEE | BBFESEE | B5FESHE | LOPBESHE | HBEESEE | Q9EBSHD |SEEESHE | SOEBSEE | FACESEE | OFCESED |SLCESEE || 08
FELESEE | #SLESFE | ECLESEE | EBOBSKHE | CO0BSKHE | LEOBSEE | LO0BSHE |04A6ESFE | OFEESEE | BOBESES | 08BE85FC | BRBRESKHL || 0608
B1BESFE | BBLESFE | LS5485FC | LELBSHE | 9BYBSHE | S9HESFE | SEQRSHD |FO985FE | FLSESEE |EFSESED | S1SESFD | FEFRSEL || 6408
ESFESEE | ECRESEE | CBEBSEC | CHEBSKHE | |EEBSKHE | D0EESFE | 0LCB5FC |BECESRE | BOZBSEE |BL185FE | 0S185FC |BLLESEED || 8k0E
B8085FE | BS085FE | LC0BSEE | LEBLSHE | 996.5tC | SEBLSEE | SOBLSED |PABLSHD | PRELSED |ELBLSED | SBLISHD | FRLLSEE || ZE0E
ECLLSHE | EBRLSHE | COHLGEE | CEQLSRE | LOBLSRE | DLSLSRE | OFGLSEE |BOSLSHE | BLRLSED | BER.LSED | BLE.ISED | BEELSED || 9408
LSELSFE | LCELSRE |HBELASET | QHELSEE | SECLSEE | POZLSEE | PALLSED |EFLLSEE | ELLASED | 2BOLSFE | PROLSED |ECOLSEE || SE08
CEBYSEE | 29695 FE | LEBISEED | LOB9SKHE | 0L805tC | BEBYSEE | BOBNSHD |BLLUSRE | BRLA9SEE | L1 L95FE | BEOYSHD | BEONSHE || PEOE
LEQYSEE | LBSHSEE |HO595EFE | QBSOS | SOSHSHE | bAFUSED | PRFHSED |ELPYSEE | EBEQSEE | ZSEYSEE | PCEHSHD |EBCHSEE || S08
CACHSFE | CECHSREE | LOZTSED | LAL9SHE | OFLOSHE | BOLYSEE | BAO8SED |BFOYSEE | BLO9SFE | LBESSEE | BSBESHD | LEBESEE || CE08
HEBSSEE | H9BSERE | SEBSSEC | SUBSSKHE | PLASSHE | ERLSSRE | ELLSSRD |28955FC | ECHSSEE | LCHSERE | EBSESRD | CHSESEE || keOE
VEGSSEE | LOSSSEE | 0LFSSRC | OFFSSEE | BOFSSEE | BLESSEE | BRFESSRD |LLESSEE | ABESSRC | 9SEG5RC | BOCSSRE | LBLGSRE || 040C
HALSERE | HELSSRE | SOLSSEE | SLOSSKHE | PROSSEE | ELOSSEE | EBBFSRD |ZSBFERE | ECBFSEFD | LBEFSES | EHBFSRD | CEBFSEL || 6008
LOBESED | LLLPSRE |OFLPSEE | OLLAFSED | BASFSED | BEFAFSED | BLAFSED | LBSESRC | LSSFERE | 9CSHERD | LBFFSED | 99FFSET || 800€
SEPFSED | SOPPERE | PAERSED | PREFSED | ELEFSED | CBEPSRED | CSOPSRD | LEOFERD | LBLESED (09LFSFE | ZELFSRD | LOLFSEE || 2008
OL0FSEE | OFOFSEE | BOOFSEE | BLBESKHE | BFEESKHE | LLBESEE | L8BESHD |HSBESHD | HOBESED |SELESED | LYLESHD |QELESKHD || 9008
SOLESEE | SLBESRE | PFHESET | PLAESKHE | EBSESKHE | ESSESRE | CCSESHD | LBFESHD | |9FESED |DERESED | ZOFESHD | | LEESKHE || 008
OFEESKEE | OLEESEE | BLCESKE | BRCESEE | BLCESKE | LBLESKE | LSLESKEE |HELESEE | 9B0ESKEE | SHOESKES | QEDESKE | SOOESEE || 1008
FLBESEE | PPECSEE |ELBESED | EBBISKHE | 258450 | LEBESFE | |BLESHD |09L25FE | OELCSEE |BEHISED | LA9ESFD | OFIE5HE || £008
BO9ZSFE | BASCSRE | BFSESEED | BLSISED | ABFISED | HSPOSED | 9EFCSED |SBECSEE | SRECSEE | FEECSEE | QOEZSHD | SLCESFC || 008
FPFECSED | FLECSRE |EBLESED | ESLESED | 221250 | LBOCSRE | LH0E5FE |DE0Z5FE | 000Z5FE |BIELSEE | LFBLSED |OLBLSED || 008
BLBLSEE | BFELSEE |BLELSED | BELLSHD | LASALSHE | HELLSEE | 9BDLSHD |S9915FE | SEHISEED |FOHLSED | SLSLSRD | FESLSED || 0008
ELSISFE | EBRISEE | 2SFISED | CEFLSED | LBELSEE | D9ELSFE | OEELSHD |BBCLSRE | BAZISFE |BECLSEE |OLCLSHD |BLLLISEE || 6664
BFLISES | BLLISEE | LBOLSEE | LS0LSHE | 920150 | SBE0SEE | SHB0SEC | FEBOSEE | FOB0SEE |ELB0SEE | SFBOSEFD | FLBOSKHE || 8664
ERLOSFE | ESLOSRE | 22L05FC | CEI0SHE | 19905tE | DEHOSEE | O0905FC |BIS05FE | BESOSEE | B0S0SFE | 08F0SED | BEFISEE || 2664
BLFOSES | BBEDSEE | LSEOSEE | LZE0SHE | 9BC0SHE | S9205FE | SECOSED |FOCOSHE | FLLOSEE |ERLOSES | #LLOSED | EB00SKHE || 9668
0320 | 0AON | 0320 odas | oBny o punp | pAe | p4dy 0480 | 09od guer ||| 4234
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Table 4.3 — JD Decimal (to four places) To use this table, find the GMAT hours across
the top of the page and the minutes down the side. The result is the fraction of the day
represented. GMAT is explained on page 26 of this manual.
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