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Sidereal and
Synodic Days
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Sidereal day:

1 Earth rotation relative to the stars ~ 23hrs 56min (360°) Earth Rotation
~ 361°

Solar day:

1 Earth rotation relative to the Sun 24hrs (361°) . Earth rotates 366 times

per ‘normal’ 365-day year
relative to the stars

Sidereal Da
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Note: this has nothing
to do with leap years!

o PRTITITN (Leap years needed because
(1" exaggerated for visibility) Earth takes 365.24 days to orbit)

Sidereal Day = 23hr 56min 4sec

Solar Day = 24hrs James O'Donoghue (@physicsJ)



Sidereal vs.
Synodic (Solar)
Months

» Sidereal Month: 27.3 days (time
taken for the Moon to orbit Earth
relative to the stars).

* Synodic Month (often called
Lunar Month): 29.5 days (time
taken from one New Moon to the
next).

* The differenceis due to Earth’s \Ncw m:_on "~
movement in its orbit. LS al
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N3u3lufk4
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Lunar Phase
Cycle

The Moon is non-luminous; it reflects light from the Sun.

Its apparent shape depends on how much of the illuminated side we can see from Earth
There is one synodic month between each New/Full Moon (29.5 Days).

Waxing: view of illuminated side is increasing

Waning: view of illuminated side is decreasing

https://contrib.pbslearningmedia.org/WGBH/buac19/buac19-int-moonphaseint/index.html
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Apparent Solar Time

* AST uses the Sun’s position as a
reference point

* Local (Apparent) Noon occurs when
the Sun reaches its highest point
(meridian) in the sky. This can be
measured with a shadow stick.

* AST can be crudely measured by a
sundial.

* The length of a solar day varies
throughout the year (due to Earth’s
elliptical orbit and axial tilt)




Mean Solar Time

AST varies through the year (meaning the real sun is not
always at its highest at noon), so we correct for this using
MST.

Measured using a fictional ‘Mean Sun’ that we assume
moves at a constant speed across the meridian.

As itis averaged, each day has the same length (24 hours)
and is therefore more useful in people’s day-to-day lives.

It does, however, mean that the Sun’s meridian is not
always exactly at noon.



Determining Local Noon
(AST) Using Shadows

Shadow Stick Method:

 Place a vertical stick in the
ground.

* Mark the shortest shadow
of the day - this occurs at
local noon.

SHADOW STICK
o

3
15.00 PM

Shadows

2
12.00 PM







* The gnomon should point towards the celestial pole

A (aligning with Earth’s axis), meaning the time markers can
Determining AST e dul sy
USlng Sundials « Time is read where the shadows fall on the hour markers

* This shows Apparent Solar Time (AST)

THE SUNDIAL

Celestial Pole
‘.. North in Northern Hemisphere Shadow Time

VEIGE

Typically
Roman
Numerals

Horizontal Dial Plate




EQUATION OF 1

The Equation of Time

 Equation of Time = Apparent Solar
Time (AST) - Mean Solar Time (MST).

* This equation accounts for the small
daily variations in the Sun’s position.

 The result of this calculation tells us
how far ahead or behind the actual Sun
iIs compared to the fictional ‘Mean Sun’.

* If we measure AST using a Sundial or
Shadow-stick we can use the Equation
of Time to calculate the equivalent local
MST (or Local Mean Time LMT)




Earth’s elliptical orbit
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* The sunrise and sunset positions appear to
change through the year due to the Earth’s axial
tilt and its elliptical orbit.
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Spring Equinox
Winter Sclstice

Sun’s path on
winter solstice

Sun’s path on

: Sun’s path
summer solstice

on equinoxes

https://www.earthspacelab.com/app/solar-time/
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Time Zones

Our phones/watches are set to a particular time zone.

The reference time zone is called Coordinated Universal Time (UTC),
which shows the Mean Solar Time at the Prime Meridian (0° longitude).

All other time zones are based on UTC and corrected with an offset. Our

time zone is Greenwich Mean Time (GMT) which has a UTC offset of
zero.

Time zones are 15° of longitude in width, which corresponds to a time
difference of 1 hour (360/24 = 15°) i.e. an observer with a longitude of 15°
WW.Cc)jl',Ild see the sun at its meridian 1 hour after someone at the prime
meridian.
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Finding your longitude using Local Mean Time

If you are on the prime meridian then your Mean Solar Time (MST) will be the same
as the Greenwich Mean Time (GMT).

If you are WEST of the prime meridian then your Local Mean Time (LMT) will be fast
i.e. read an earlier time than GMT.

If you are EAST of the prime meridian then your LMT will be slow i.e. read a later time
than GMT.

(E;vl\%_y degree of longitude will create a difference of 4 minutes between your LMT and

This is due to the direction of rotation of the Earth (eastward).



Equation of Time =

EQUATION OF TIME Apparent Solar Time
(AST) - Mean Solar
Time (MST).

* Anything above 0 means
that AST is ahead of MST
(sundial reads a later time
than the actual local time,
Feb Mar 2 o/ Sep Oct Nov Dec and the Sun reaches its
meridian early).
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* Anything below 0 means
that AST is behind MST
(sundial reads an earlier time
than the actual local time and
the Sun reaches its meridian
late).




Finding your longitude: Shadow stick

Place a stick on a level surface, pointing at your +
zenith

Record the time (with an accurate watch set to
GMT) at which the shadow is shortest (this is
your local noon - 12:00 AST)

Use the Equation of Time to find the Local Mean
Time from your AST of 12:00

Your LMT is earlier than the GMT time you
recorded then you are WEST of the prime
meridian, if it is later than the GMT time you
recorded then you are EAST of the prime meridian.

Calculate your longitude: each degree of
longitude corresponds to 4 minutes difference of
your LMT from GMT.



Example:

* The shortest shadow (which happens at AST of 12:00pm) appears
at 11:45 am according to your watch (set to GMT).

* The EoT for that day is -5 minutes.
* Eol = AST - MST, so MST = AST - EOT.
e MST=12:00-(-5)=12:05 pm.

* This is 20 minutes later the GMT of 11:45 am, so we are East of the
prime meridian.

* Longitude = 20/4 = 5° East



Finding your longitude: Sundial

1. Read the time displayed by the shadow on the
sundial (this is AST).

2. Use the Equation of Time to find the Local Mean
Time from your measured AST.

3. Compare this LMT to GMT from an accurate clock.

4. Ifyour LMT is earlier than the GMT time you are
WEST of the prime meridian, if it is later than the
GMT time you recorded then you are EAST of the
prime meridian.

5. Calculate your longitude: each degree of
longitude corresponds to 4 minutes difference of

your LMT from GMT.




Key Points

* Sun dials and Shadow sticks show AST
* You must use the Equation of Time to correct AST to MST

* Each degree of longitude will mean that your Local Mean Time
(the MST at your longitude) will be different from GMT by 4

minutes.

* If you are West of Greenwich and the prime meridian your LMT will
show an earlier time than GMT

* If you are East of Greenwich and the prime meridian your LMT will
show a later time than GMT



Finding Longitude:
Lunar Distance Method

* Measure the angle between the Moon and another
bright object (e.g. a star such as Regulus) using a
sextant.

* Anyone on Earth who can see the same two bodies
will observe the same angle.

 Consult a prepared table (Nautical Almanac) to find
the time at which specific angular distances will
occur to find the Local Mean Time

 Compare this LMT to GMT to find longitude.
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Finding Longitude: Horological Method

* Navigators used a sextant to observe local apparent noon
when the sun culminated (reached its highest altitude).

* Theythen used a table in the Nautical Almanac (which
listed the Equation of Time for specific dates and times)
to convert the observed local apparent time into local
mean time.

* The navigator could then compare this local mean time
with the Greenwich Mean Time shown on the H4
chronometer (not possible before accurate portable
clocks were invented)

* The resulting time difference was converted into degrees,
minutes, and seconds of longitude.
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