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Disclaimers

A Your speaker is a physics dilettante

A Simplification of necessity leads to some
Inaccuracies I.e., not the complete picture

A Physics without mathematics is like spaghetti
without sauce



Outline

A Definition of time

A Some ancient clocks

A Disaster at semthe longitude problem
A Examples of historical timepieces

A Atomic clocks



OUtIine(cont.)

A So, you want to buy a watch?

A Definition of a second

A The speed of light

A Global Navigation Satellite Systems (GNSS)
A Time dilation

A Suggested reading
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Definition of Time
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https://www.dictionary.com/browse/time
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Definition of Timecont)

Ad¢KS O2YyUAYydzZSR &S| dzS
events that occurs in an apparently
Irreversible succession from the past, through
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https://en.wikipedia.org/wiki/Time

So,

What i1s Time?

A The concept of time is challengingly comp@.x:
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A This impacts our ¢
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Time Is relative not absolute
Time IS Influenced
Time IS Influenced

by speed
by gravity
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https://en.wikipedia.org/wiki/Time

Time Requires Change

A Days, months, seasons, years, lifetimes, etc.
A Speed (miles/hour)
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A The moon circling the earth

A The earth circling the sun

A Ticktock, ticktock, ticktock




Calendars

A Civil Calendars
V Gregorian accepted worldwide, thele factostandard
V Chinese
V lranian (Persian)

A Religious

V Eastern/Orthodox calendarJulian calendar

V Islamic (Hijr) calendara lunar calendar*

V Hebrew/Jewish calendara lunar/solar calendar*

V Buddhist calendar

V 6 Hindu calendars * Also a civil calendar 10
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https://upload.wikimedia.org/wikipedia/commons/a/ab/Universal_Calendar_including_a_meton_cycle.svg

The Gregorian Calendar*

A A year is e time takenby the earthto make
one revolution aroundhe sun

V 365 days a yearnot exactly

V 365.25 days a yearnot exactly

V Averagenumber of days in a year 365.2425
V 97 out of 400 years are leap years, not 100

* Also applies to the Julian calendar
12



Meteorological Seasons

A Four seasons of three months each:
V Spring: March 1 to May 31
V Summer: June 1 to August 31
V Fall: September 1 to November 30
V Winter: December 1 to February 28/29

laboutseasons.html 13



Astronomical Seaso.£s

A Spring
V Begins on thepring equinox March 2@ *

A Summer
V Begins on thesummer solsticeJune 2% *

A Fall
V Begins on théall equinox, September 23 *

A Winter

V Begins on thavinter solstice December 2%.*

* For 2023. The date varies from year to year
14


https://www.timeanddate.com/calendar/aboutseasons.html

Equinoxes and Solstices

A Equinoxeg day and night arequally long
A Solsticeg shortest and longest days of the yea
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Newgrangaa

Northeast Ireland
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Sunrise.on.the

3200 BC Winter Solstice


https://en.wikipedia.org/wiki/Newgrange

Stonehenge (3002500 BC)

Modern day Druids celebrating the summer solstice

On the summer solstice, when the sun rises, the first rays
shine into the heart of Stonehenge
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Pyramid ofKukulkarat Chichéntz&*

18



https://en.wikipedia.org/wiki/El_Castillo,_Chichen_Itza

The Months

A January 31 days AJulyr 31 days

A February 28 or 29 daysA August 31 days

A Marcht 31 days A September 30 days
A Aprilt 30 days A October 31 days

A Mayt 31 days A November 30 days

A Juna 30 days A December 31 days
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Time Related Questions

A What time is it?

A How fast are we going? S = 6T

A How can we find out where we are?

A What is the length of an American foot?

Huh?
Yes, a foot Is related to time
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Sundial

Earliest known: ~1500 BC in Egypt
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Egyptian Karnak Clepsydra (Water Clock)

1391-1353 BC




Roman Water Clock

WATER
SUPPLY

RESERVOIR + FLOAT
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mechanical clock

Time announced by a

Bellt no dial
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Bavaria

14t Century
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GCANAIUGE
Mechanical Clock
~1430

Given to Philip the Gool¥]
Duke of Burgundy
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https://en.wikipedia.org/wiki/Philip_the_Good

Christiaan Huygens patente:
first pendulum clock
June 16, 165& & 2.
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https://www.aps.org/publications/apsnews/201706/history.cfm
https://en.wikipedia.org/wiki/Pendulum_clock
https://www.youtube.com/watch?v=8Gv_gLmXrNA

Huygens presents a pendulum clock to Louis >
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Grandfather (Pendulum) Clocks
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Popular 1940%0s Electric Clock

More accurate than quartz clocks
over a period of months
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Isles ofScilly England

Viewed from the International Space Sta
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