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Learning Objectives

m Determine Zone Time of Sun’s meridian transit
using Nautical Almanac Mer. Pass. method

= Determine Zone Time of Sun’s meridian transit |
- : using Nautical AlImanac Eqn of Time method

- Determlne Zone Tlme of Sun’s meridian tran5|t
= using GHA = Observer’s Meridian method

' _: ~ This method is required for homework & test
=m Understand difference between Zone Time (ZT) and

f- Local Mean Time (LMT)

=5 Determme Iatltude from an observatlon of the
* Sunat meridian transit

-
-




~ Zone Time (ZT)and
Local Mean Time (LMT)

& A0 Do " A Determining
~—— .o% o  Local Mean Time (LMT)

@ From

Zone Time (ZT)

Recall that The Sun
moves West at a rate of
15 degrees of Longitude

per hour of time or 4

minutes of time per

degree of Longitude

LMT = 0658
ZT =0630

LMT =ZT -DLo W -
LMT=ZT +DLoE
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Meridian Transit of_'Sun
= GHA defrnes position of apparent Sun | :

m Mendran Transrt apparent Sun crosses
observer S mer|d|an |

N Local Hour Angle ( LHA) 0° OO 0’
GHA Observer’s Meridian

N Local Apparent Time ( LAT ) = 12 00-00

m Meridian Transit of Sun is also known as
Local Apparent Noon ( LAN)




Mean Sun & Apparent Sun
m Mean Sun - an imaginary Sun
|nvented for keeplng Zone T|me

N Apparent Sun - the observable Sun
determlnes Apparent Time

m leference is Equatlonof- T|me -

Mendlan Tran5|t OCCUrsS at high noon |
12 hours Local Apparent Time ( LAT)

ASun Dial dlsplays Local Apparent Time
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I\/Ierldlan Passage & Equatlon of Time

: The Equation of Time listed in the Nautical Almanac tabulates the
= difference between the apparent Sun and mean Sun.

If meridian passage at Greenwich is earlier than 1200 GMT then the
a apparent Sun is ahead of the mean Sun and the Equatlon of Timeis

# positive and is shown without a shaded background.
. = |

= |f meridian passage at Greenwich is later than 1200 GMT then the
mean Sun is ahead of the apparent Sun and the Equation of Time is
. = Negative and is shown within a gray shaded background.
- Sailne SUN '

- Eqn. of Time Mer.
- ooh 12" | Pass.
= | Tt I
)

9 12 10
geped 12 10

" The time of the Sun’s meridian passage listed in the Nautical Almanac
2 * is the GMT of the Sun’s passage over the prime merldlan at Greenwmh.
. ., rounded to the nearest whole minute.

—




Analemma

Apparent solar noon occurs after mean solar noon Apparent solar noon occurs before mean solar noon
\ \
SUN
Egn. of Time Mer.

h h
20 . P:' ssn.n Rate of change in the value of the

12 10 Eqn. of Time = 0 seconds/day
12 10

w
o

21 June Declination = 23.45° North

N
o
!

[Eny
o

21 March| Declination = 0° B September, Declination = 0°

=
>
%2}
Y—
o
=
2
©
=
o
[}
@)

'3
‘e
O
*

Yto
L)
Rate of change in the value of the A

Eqn. of Time = 30 seconds/day

- ,

*e W “Q“‘<
“0000000000000000000"

22 December,|Declination = 23.45° South

-15 -10 -5 0 10 15
Mean Sun Ahead of Apparent Sun Equation of Time Apparent Sun Ahead of Mean Sun

_ The Nautical Almanac Values Shown In White Box
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Apparent T|me

IT the apparent Sun IS ahead of the mean Sun

then LAT = LMT + Eqn of Tlme =
| LI\/IT LAT Egn. of Time

If the mean Sun is ahead of the apparent Sun

then: LAT = LMT Egn. of Time
LMT = LAT + Egn. of Time
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Transit via Nautical Almanac Mer. Pass.

On 22 December 2014 you plan on taking a meridian transit sight of
the sun from Ediz Hook, LL=48°08.5'N; Lo=123°26.1'W,; (ZD +8)

From the Nautical Almanao you deter_mine that on 22 December 2014 |
meridian passage at the Greenwich meridian occurs at 1159 GMT.

Assumel meridian passage at your Zone Meridian of 120° W also
occurs at 1159 Zone Time. Your DLo is 3° 26.1' W which equates
to 13 minutes 44 seconds. You can now calculate merldlan passage
at Ediz Hook on 22 December 2014

Zone Time of Merldlan Passage @ 120°W  11- 59 00

- DLo West AT + 13-44
Zone Time of Merldlan Passage @ 123° 26.1'W 12-12-44

MaX|mum error Iess than 30 seconds

Sun
Eqn of Time , T Accuracy is degraded by rounding time of Mer. Pass. to a
00h 12h . - whole minute and the change in the value of the Eqgn. of Time

m sim s - between 1200 GMT & 1200 LAT at observer’s meridian.

02 13101 58 - Accuracy could be improved by using 11:58:32 as mer. Pass.
01 43|01 28 :

01 13|00 58 _time. (See Analemma)
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Transit via Nautical Almanac Egn. of Time

On 22 December 2014 you plan on taking a meridian transit sight of
the sun from Ediz Hook, L =48°08.5'N; Lo=123°26.1' W,;(ZD +8)

From the Néutical Almanab you deter_mihe that on 22 Décember 2014 |
Egn. of Time at 1200 GMT is 1 minute 28 seconds. Apparent Sunis
~ ahead of the Mean Sun. Meridian passage at your Zone Meridian will -

be at 1200 LAT. Since your is Zone Meridian is 120°W your DLo is
3°26.1'W WhICh equates to 13 minutes 44 seconds

Using 01 min 28 seconds as the value of the Eqgn. of Time, determme merldlan
passage at Ediz Hook on 22 December 2014

Maximum errorl is less than 15 seconds _ i) i)
Accuracy varies through the year from =1 to , Noon LAT 12-00-00
=15 seconds, depending on the rate of change ~ Egn.of Time - 01-28
in the Eqn. of Time (See Analemma) g LMT  11-58-32
sun -  DLo0of3°26.1'WAT + 13-44
on i | s | . ZoneTime - 12-12-16
m s| m s h m

02 13/ 01 11 58 I Accuracy is degraded by the change in the value of the
01 43|ﬁ 11 59 Eqn. of Time between 1200 GMT & 1200 LAT at observer’s
01 13[ 00 58 | 11 59 meridian. (See Analemma) :
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Determ-i-ning UT for GHA = LHA

If you are West of Greenwich, select the latest UT hour from the
Nautical Almanac where GHA is less than your meridian.

If you are East of Greenwich, select the latest UT hour from the
Nautical Almanac where GHA is less than 360° minus your meridian.

Take difference between yo.ur meridian and the above GHA

Go to the Yellow Pages and determlne the minutes and seconds that
correspond to the above dlfference |

The Time of Meridian Passage is the above UT hour + the minutes
and seconds you determined from the Yellow Pages

At Meridian Passage th'e LHA of the Sun =020

GHA of the Sun is equal to the observer’s meridian
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Transit via GHA = Observer"s’l\/leridian

On 22 December 2014 you plan on taklng a merldlan transit sight of
the sun from Ediz Hook, L = 48°08.5" N; Lo =123°26.1' W;(ZD +8)

From the Nautical Almanac you determine that at UT 2000 the GHA
of the Sun will be 120 0 19 4' with a Decllnatlon of 23° 25.9'S

Then the Difference between 123° 26.1" and 120°19.4" is 03° 06. 7

From the yeIIow pages we find that 03° 06 i converted to time is
12 minutes 27 seconds 2

GHA of the Sun = 120 °©19.4 @ uT 20-00-00
3° 26.1' converted to time + 12-27

GHA oftheSun=120°26.1"@ UT 20-12-27
il oy 18 (rev)

Zone Tlme of merldlan transit 12-12-27

~Accuracy * 1 second



Comparison of Methods
m The rate of change in the value of the Egn. of Time isat
It’s maximum value on 22 December (=30 seconds/day)

m Nautical Almanac Mer. Pass. method
Zone Time of 12-12-44  Hc = 18° 25.61"
m Nautical Almanac Egn. of Time method
Zone Time _o_f 12-12-16 o Hc = 18° 25.61"
m GHA = Observer’s Meridian method
Zone Time of 12-12-27  Hc=18° 25.61"

m For Zone Time of 12-10-45 = Hc =18° 2555
No significant change in He ever this time period l
~mFor Zone Time of 12-13-55 ~ Hc = 18° 25.56°
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Sklll 1 — Fmd Tlme of TranS|t

On 29 February you plan on taking a merldlan transit sight of the sun
from Ediz Hook, L =48°08.5'N; Lo=123°26.1'W,; (ZD +8).

Use Excé’rpts from NaUticaI Almanac supplied with JN Student
Manual to determine Zone Time of merldlan transit usmg the three
methods shown below: |
‘m Nautical Almanac Mer. Pass. method
m Nautical Almanac Eqgn. of Time method

n GHA = Observe-t’s Meridian m':ethod

Also compute Hc for each of the above meridian transit times.
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Nautlcal Almanac I\/Ier Pass method

On 29 February you plan on taking a merldlan transit sight of the sun
from Ediz Hook, L =48°08.5' N; Lo 123°26.1' W, (ZD +8).

Use Excerpts from Nautical Almanac supplied with JN course
materlals to flnd Zone T|me of Transit.

Your DLo is 3° 26.1'W which equates to 13 minutes 44 seconds.

Zone Time of Meridian Passage @ 120°W 12-13-00

DLo West AT + 13-44
Zone Tlme of Merldlan Passage @ 123° 26.1'W 12- 26 44

LHA  0.00000 ] L I :
Lat  48.14167 e 180°,-- Hc = 34° 1048

Dec -7.68367

Sun

Day Eqn of Time
00h | 12h
d m s[m s
27
28
29
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Nautlcal Almanac Eqn of Tlme method

On 29 February you plan on taking a meridian transit sight of the sun
from Ediz Hook, L =48°08.5' N; Lo 123°26.1' W, (ZD +8).

Use Excerpts from Nautical Almanac supplied with JN course
materials to flnd Zone Tlme of Transit.

Eqn. of Time @ 12 hours GMT is 12 min 34 seconds
| The mean sun Is ahead of the apparent sun
Your DLo Is 3° 26.1"W which equates to 13 minutes 44 seconds.

> -_ : Noon LAT 12-00-00
' 0.00000 i i Eqn.of Time + 12-34
48.14167 : LMT 12-12-34
-7.68367 ' DLo of 3°26.1'WAT + 13-44
Zone Time 12-26-18

Sun
Eqn of Time
00h | 12h

T il 7n=180° Hc=34° 1048
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GHA Observer S I\/Ier|d|an method

On 29 February you plan on taking a meridian transit S|ght of the sun
from Ediz Hook, L = 48°08.5"' N; Lo 123°26.1' W; (ZD +8).
Use Excerpts from Nautical Almanac supplied with JN course
materials to flnd Zone Tlme of Transit.

From the Nautical Almanac you determine that at UT 2000 the GHA
of the Sun will be 116 °52.5" with a Declination of 07° 41.4'S

Then the Difference betwee'n 123° 26. 1' and 116 ° 52. 5' is'06° 33.6"

From the yellow pages we find that 06° 33.6° converted to time Is
26 minutes 14 seconds
- - - UT 20-00- OO
06° 33 6 ‘converted to tlme + 26-14
~ UT 20-26-14
- - ZD +8 (rev)
~0.00000 i Zone Time 12-26-14
48.14167 . . .
-7 68367 Zn = 180° - Hc =34°10.48'
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Computing Latitud'e

n Obtam Ho at T|me of Tran5|t
m Subtract Ho from 90° to obtain CoAIt

m Name of CoAlt is dlrectlon from the body
to the observer |

m For GMT of the S|ght obtain Dec of sun |
from the Nautlcal Almanac | |

m Combme CoAIt and Dec to obtam your '
latitude: Lat = CoAlt +Dec ' -

If CoAlt & Dec have same name add: If opposite names subtract




- North Pole

Observer’s Meridian &
Zn = 180° also known as

At Meridian Transit the Sun is
On the Upper Branch of the

; Local Apparent Noon (LAN)

QLRc At Meridian Transit

T Lat = CoAlt -Dec

4 Observer’s Zenith

Observer’s

Lat
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=
= 9
-
E
>
- =C
-
=
o
£
-

Navigation
Triangle

Dec

| Observer's

>

A

LIRNNNN0Y

After Meridian Transit

Meridian

| Navigation
. Triangle

Latitude

= = Equator

aka

CoAlt = 90 °-Ho

Zenith Distance

A

2\  Before Meridian Transit
Zn < 180°

The Arrow of Time




= Skill 1 - Solutions Comparison

: : 29 February meridian transit sight of the sun from Ediz Hook,

= L 48°085'N Lo0123°26.1'W  (ZD +8)
.'

- - Nautlcal Almanac Mer Pass I\/Iethod Zone Tlme 12-26-44

= | | ~ Hc=34°10.48"
-

= u Nautical Almanac Egn. of Time method Zone Time 12-26-18
- - Hc=34°10.48'
“ m GHA = Observer’s Meridian method  Zone Time 12-26-14

a

Zenith Distance L = CoAlt -Dec

~ D J:< Observer’s Latitude - Hc=34°1048'

Declinatidn of Sun O7° 41 0'S=7. 690°'

-~ Equator :

Declination
S : %% Observer S Latltude = Zenith Dlstance + Decllnatlon

L (90° -34. 1747°)N 24 6833°S = 48. 137°N = 48°08.5’ N,

Observer’s Merldlan
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Example Computmg Latltude

Observer North of Equator and also North of Sun

Ho = 70°
Zn =180 ° : e
CoAlt=90°-70°=20°N _ % .
Dec = 10° N i i

L=CoAltzDec: - . o o e
L= 20°N+10°N 30°N : | e

Equator

50°N

Observer

Sun




Example Computmg Latltude '

Observer North of Equator but South of sun

to-¢ = - — 50N
i Zh=Am -

CoAlt =90° - 80° = 10° S i G
o : : Sun
Dec=20° N . AL{f.CO 9 un

L= CQAHZ +Dec ' T B -:Observer '
b 1008 = 20° N : 100N .I_Equat'or

NP
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Ho = 30°

Zn =360° el
CoAlt = 90° — 30° = 60° S
Dec =20° N '

L = CoAlt +Dec |

L =60°S-20° N = 40°S
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Example Computmg Latltude '

Observer South of Equator & also South of Sun

50°N

Equator

Observer

50°S




LATITUDE BY I\/IERIDIAN TRANSIT'

90° 89°60
| -Ho '
CoAIt:90° Ho _._'N/S*
Dec 'N/S
- A= CoAIt+Dec ' NS
If(A>90)thenA 180°-A 'N /S ***
- iz A' 'N/S
DRL 'N/S
s G nm

*  CoAlt name is same as direction from the body’s
declination to your DR Latitude

~** |f CoAlt and Dec have same name, add _

** |f CoAlt and Dec have opposite names, subtract,

*** |f A> 90° body is on lower branch of your meridian
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- Reviewing -- Meridian Transit
= Celestial body isonthe upper | ocal Apparent Time = 1200
‘branch of observer’s meridian - . .

4 LHA of Sun. ] OOO°;O_O_O' Elevated Pole

— Sun reaches max. altitude for
that date & reference position. ,
— Azimuth of body is 0° (due . Greenwich

north) or (180°) due south of ’ o Meridian

~ Observer’s position. S
— Navigation triangle collapses Co-Alt ... aka

» Elevated pole, observer, '

and GP of body are all on

~ the observer’s meridian.

» Observer’s latitude can be
~ found by simple addition GHA of Sun Equal to
or subtraction Observer's Longitude

TR

Observer

-.
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-
A
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-
2
s
-
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i »
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Observer’s 'Iat'itude-: Zenith'D'i'istanc-e + Decli'n'atiion of Sun.




Isometrlc of Merldlan Tran5|t Dlagramf;_--_'  ;

| Zenith Distance = 90° - Ho = CoAlt

. \/4

Elevated Pole Dec «— Equator

/
ﬁ\p,.,\/‘ ~\ Q
AN
N Ob
\ ,./,,,«;’J/ TN g
\\ 7 <
. N LUE )
N 7 @
QNN NI NN r
N NN S
' /%\ 7 In this example

Celestial Horizon L. = CoAlt +Dec
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Altitude of Sun at Transit for Year 2003
Location 48° 8.5' N 123° 26.0' W

Date

Sun's Altitude @ Transit

Sun's Altitude @ Transit + 60 Seconds

15 January

21° 46.54"

21° 46.52"

15 February

29° 15.43'

29° 15.42"

15 March

39°48.38"

39°48.37"

15 April

51°41.97"

51°41.95

15 May

61° 27.25"

61° 27.20'

15 June

65°10.57"

65° 10.52'

15 July

63°20.93"

63° 20.88'

15 August

55° 50.60"

55°50.55'

15 September

44° 48.49'

44° 48.44'

15 October

33°16.31"

33°16.30°

15 November

23°19.64'

23° 19.60"

15 December

18° 34.88'

18° 34.86"
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