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"= But Longitude has no natural "zero."
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| Today, we use Greenwich, England.
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"Once they were out of sight of land...”

from: The Clock That Changed the World (BBC History of the World)

presenter: Adam Hart-Davis; https://www.youtube.com/watch?v=T-g27KS0yiY




Latitude is “Easy”...




Earth, Sun and Stars

The Earth spins on its axis, once per ~24 hours.

Earth’s spin causes distant stars to appear to go in circular paths
(as if painted on to a very distant sphere).

Earth’s spin axis is tilted by 23 degrees from the plane of its orbit.

Because of the tilt, the rise, transit, and set times for a star whose path dips
below the horizon depends on where the Earth is in its orbit (on date).

The value of the maximum altitude (at transit) any star reaches on a
particular day depends on latitude. (+Altitude of North Star=Latitude.)

A star will reach its maximum altitude (“transit”), at the same (local)

time on any given day, as viewed from any place with equal latitude.




Earth, Sun and Stars

The Earth spins on its axis, once per ~24 hours. ’h,

1 Rotation per 24 Hours means

15 degrees of longitude=1 hour
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Earth, Sun and Stars

The Earth spins on its axis, once per ~24 hours.

Earth’s spin causes distant stars to appear to go in circular paths
(as if painted on to a very distant sphere).

Earth’s spin axis is tilted by 23 degrees from the plane of its orbit. 'h,




Earth, Sun and Stars

The Earth spins on its axis, once per ~24 hours.

Earth’s spin causes distant stars to appear to go in circular paths
(as if painted on to a very distant sphere).

Earth’s spin axis is tilted by 23 degrees from the plane of its orbit.

Because of the tilt, the rise, transit, and set times for a star whose path dips
below the horizon depends on where the Earth is in its orbit (on date).

The value of the maximum altitude (at transit) any star reaches on a
particular day depends on latitude. (+Altitude of North Star=Latitude.)
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Earth, Sun and Stars

The Earth spins on its axis, once per ~24 hours.

Earth’s spin causes distant stars to appear to go in circular paths
(as if painted on to a very distant sphere).

Earth’s spin axis is tilted by 23 degrees from the plane of its orbit.

Because of the tilt, the rise, transit, and set times for a star whose path dips
below the horizon depends on where the Earth is in its orbit (on date).

The value of the maximum altitude (at transit) any star reaches on a
particular day depends on latitude. (+Altitude of North Star=Latitude.)

A star will reach its maximum altitude (“transit”), at the same (local)
time on any given day, as viewed from any place with equal latitude.




Earth, Sun and Stars

The value of the maximum altitude (at transit) any star reaches on a
particular day depends on latitude. (+Altitude of North Star=Latitude.)

Great! We can easily use the stars to find latitude.

A star will reach its maximum altitude (“transit”), at the same (local)
time on any given day, as viewed from any place with equal latitude.




Uncertainty—Tragedy
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The Longitude Act

from: The Clock That Changed the World (BBC History of the World)

presenter: Adam Hart-Davis; https://www.youtube.com/watch?v=T-g27KS0yiY
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Videos Copyright 1992, The Mariners' Wuseum. Featuring Captain €ric A, Speth, maritime program manager, of the JamestownYorktown Foundation.



Finding Longitude

...use the stars to find if we know the , very well...

Crazy Simple
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M| scene from “The Longitude”, reproduced from YouTube, without permission

m 20 https://www.youtube.com/watch?v=XUhhdwvLuyk




scene from “The Longitude”, reproduced from YouTube, without permission

LONGITUDE
-

m ¥ https://www.youtube.com/watch?v=XUhhdwvLuyk
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D:L‘:::i& The “Lunar Distance Method”

To find time: Calculate the |
exact path of the moon, as a R Tme 145919
function of time, read off ' |
position, calculate time.

Complications: Relies on
VERY accurate records,

predictions, measurements
and calculations.




Galileo & Jupiter’'s Moons

To find time: Calculate the positions of Jupiter’'s moons
as a function of time. Observe moons, know time.

Complications: Relies on high-resolution observations,

requiring a very stable observing platform (not a ship!!)
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Galileo Galilei

1564-1642

L INCI

On the third, at the seventh hour, the stars were arranged in this
juence. The castern one was 1 minute, 30 seconds from Jupiter

closest western one 2 minutes; and the other western one wa

ast * O * * We

» minutes removed from this one. They were absolutely on tl

ime straight line and of equal magnitude
On the fourth, at the second hour, there were four stars arow

upiter, two to the east and two to the west, and arranged precise!

—ast ® - O * $ \ka

an a straight line, as in the adjoining figure. The casternmost wa
listant 3 minutes from the next one, while this one was 40 second
om Vlllplh'r fn]w!(r wWas 4 mnutes trom the nearest western one
d this one 6 minutes from the westernmost one. Their magnitude
:re nearly equal; the one closest to Jupiter appeared a little smaller
an the rest. But at the seventh hour the castern stars were only

) seconds apart. Jupiter was 2 minutes from the nearer casten

* % O X ¥ West

me, while he was 4 minutes from the next western one, and this
one was 3 minutes from the westernmost one. They were all equal
and extended on the same straight line along the ecliptic

On the fifth, the sky was cloudy

On the sixth, only two stars appeared flanking Jupiter, as is scen
F

zast * O * West

o the adioining figure. The castern one was 2 minutes and the

vestern one 3 minutes from Jupiter. They were on the same straight
ine with Jupiter and equal in magnitude

On the seventh, two stars stood near Jupiter. both to the east

Notes for & re-productions of Siderius Nuncius




Galileo’s New Order, A WorldWide Telescope Tour by Goodman, Wong & Udomprasert 2010
Microsoft Research WWT Software (~now “OpenWWT”): Wong (inventor), Fay (architect), et al.




Galileo & Jupiter's Moons — BEUELIEAS

January 11, 1610

Galileo’s New Order, A WorldWide Telescope Tour by Goodman, Wong & Udomprasert 2010
Microsoft Research WWT Software (~now “OpenWWT”): Wong (inventor), Fay (architect), et al.




Finding Longitude

...use the stars to find if we know the , very well...

Crazy Simple
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"do it with a clock..”

from: The Clock That Changed the World (BBC History of the World)

presenter: Adam Hart-Davis; https://www.youtube.com/watch?v=T-g27KS0yiY
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Time-based navigation relies on known speed...

of Earth’s rotation.

shown at 2 hours per second elapsed on-screen




GPS also relies on known speed...of light

GPS & Relativity, by the Perimeter Insitute: https://www.youtube.com/watch?v=zQdljwoi-u4




Aboard a Modern Cruise Ship...

The backup system to GPS is
a second GPS.
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solar-sidereal off by 2 min for 180 deg of longitude difference

Now

2015 Fi 15 May 19:00:00
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L6 7
19:00:00

Zone Time

Greenwic

19:03 E
Greenwich Solar Time

2015 Fri 15 May 19:00:00

1 Sidereal Time

Location: User Input

Latitude 10.0°N
Longitude 0.0°E

Suntise 05:39 Hrs
Culmination 11:56 Hrs
Sunset 18:14 Hrs

Equation of Time + 3min 393
Longitude Offset  +0min 00 s

LHA Aries 158.19°

2015 IMMay 15 Fri 19:00:00

Local Sid. Time  158.19°
Local Hour Angle 105.91°
Greenwich H. A, 105.91°

Sun R.A. 3h 29m 8s
52.28°
Zone - Solar -3.6 min

Sidereal & Solar Clock 0.98
® 20032013 J. Giesen
www . GeoAstro.de

Greenwich solar-sidereal= 8h 31m 54.2 s

Time Zone Dayignt S. T. Location Lat. xx.xx  Long. xx.xx Time Zone Dayight S. T. Location Lat xx.xx  Long. Xx.xx Run
UT +-0h 4 @ User Input 410 | Applyinput | UT +-0n 4 ™ User Input 4210 179.99 Apply input
Local Time (h:m) 19 3 00 = Date 2015 3 May = 15 Local Time (h:m) 19 3 00 = Date 2015 3 May = 15
TN 1z T
yale N g - i :
/ Julian Day Julian Day
e TR - - \
{ 3 2457158, 29167 I 2457158, 29167
i| ? : !l System Clock: UT-4 h 3 ||| System Clock: UT-4 h
."»-\._- - ’ DST may be active / DST may be active
N . « S
~ B - 6
UT 19:00:00 10:32:44.8 GHA Aries 158. 19° UT 19:00:00 GHA Aries 158.19°

Location: User Input
Latitude 10.0°N
Longitude 179.99° E

Suntise 17:39 Hrs
Culmination 23:56 Hrs
Sunset 06:14 Hrs

Equation of Time + 3min 393
Longitude Offset  +719min 58 s
LHA Aries 338.18°
2015 May 15 Fri 19:00:00

19:03:39

Greenwich Solar Time

Local Sid. Time  338.18°
Local Hour Angle 285.9°
Greenwich H. A, 105.91°

Sun R.A. 3h 29m 8s
52.28°
Zone - Solar -723.6 min

Sidereal & Solar Clock 0.98
© 20032013 J. Giesen
www . GeoAstro.de

local solar-sidereal=8 h 29 m 53.6s

Sidereal time is the right ascension of stars on your local meridian at any moment.







