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Disclaimers

ÅYour speaker is a physics dilettante

ÅSimplification of necessity leads to some 
inaccuraciesτi.e., not the complete picture

ÅPhysics without mathematics is like spaghetti 
without sauce
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Outline

ÅDefinition of time

ÅSome ancient clocks

ÅDisaster at seaτthe longitude problem

ÅExamples of historical timepieces 

ÅAtomic clocks
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Outline (cont.)

ÅSo, you want to buy a watch?

ÅDefinition of a second

ÅThe speed of light

ÅGlobal Navigation Satellite Systems (GNSS)

ÅTime dilation

ÅSuggested reading
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Augustine of Hippo
354-430 AD

ά²Ƙŀǘ ƛǎ ǘƛƳŜΚ
If one asks me, I know,

άʆʽ ʶʾ˄ʰʽ ˗ˊʰΚ
ɮ˄ ˃ʶ ˊ˖ˍʺˋʶʽ ˁʱˉˇʽˇˌΣ ˅ʷˊ˖Φ

ʰ˂˂ʱ ʰ˄ ʻʷ˂˖ ˄ʰ ˍˇ ʶ˅ʹʴʺˋ˖
ʰˎˍˈ˄ ˉˇˎ ˊ˖ˍʱʶʽΣ ʵʶ˄ ˍˇ˄ ˅ʷˊ˖έ
but if I wish to explain it to
ƘƛƳ ǿƘƻ ŀǎƪǎΣ L Řƻ ƴƻǘ ƪƴƻǿέ

ċ Active hypertext links

https://en.wikipedia.org/wiki/Augustine_of_Hippo
https://www.thefamouspeople.com/profiles/st-augustine-778.php


Definition of Time

ÅάhŦΣ ǊŜƭŀǘƛƴƎ ǘƻΣ ƻǊ ǎƘƻǿƛƴƎ ǘƘŜ ǇŀǎǎŀƎŜ ƻŦ 
ǘƛƳŜέ ŦǊƻƳ Dictionary.com

Åά¢ƘŜ ǘƘƛƴƎ ǘƘŀǘ ƛǎ ƳŜŀǎǳǊŜŘ ŀǎ ǎŜŎƻƴŘǎΣ 
ƳƛƴǳǘŜǎΣ ƘƻǳǊǎΣ ŘŀȅǎΣ ȅŜŀǊǎΣ ŜǘŎΦέ ŦǊƻƳ The 
Britannica Dictionary

6

https://www.dictionary.com/browse/time
https://www.britannica.com/dictionary/time


Definition of Time (cont.)

Åά¢ƘŜ ŎƻƴǘƛƴǳŜŘ ǎŜǉǳŜƴŎŜ ƻŦ ŜȄƛǎǘŜƴŎŜ ŀƴŘ 
events that occurs in an apparently 
irreversible succession from the past, through 
ǘƘŜ ǇǊŜǎŜƴǘΣ ƛƴǘƻ ǘƘŜ ŦǳǘǳǊŜέ ŦǊƻƳ Wikipedia 
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https://en.wikipedia.org/wiki/Time


So, What is Time?

ÅThe concept of time is challengingly complex:

V Time is relative not absolute

V Time is influenced by speed

V Time is influenced by gravity

ÅThis impacts our daily lives
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{ǘŀȅ ǘǳƴŜŘ ŦƻǊ ŘŜǘŀƛƭǎΧ

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


Time Requires Change

ÅDays, months, seasons, years, lifetimes, etc.

ÅSpeed (miles/hour)

Å{ǘŀǊǎΩ ƳƻǾƛƴƎ ƛƴ ǘƘŜ ǎƪȅ

ÅThe moon circling the earth

ÅThe earth circling the sun

ÅTick-tock, tick-tock, tick-tock
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Calendars

ÅCivil Calendars
VGregorianτaccepted worldwide, the de facto standard

VChinese

VIranian (Persian)

ÅReligious
VEastern/Orthodox calendarτJulian calendar

VIslamic (Hijri) calendarτa lunar calendar*

VHebrew/Jewish calendarτa lunar/solar calendar*

VBuddhist calendar

V6 Hindu calendars 10* Also a civil calendar
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The Universal Calendar

Depending on 
the calendar,

12 different dates
for the New Year

https://upload.wikimedia.org/wikipedia/commons/a/ab/Universal_Calendar_including_a_meton_cycle.svg


The Gregorian Calendar*

ÅA year is the time takenby the earth to make 
one revolution aroundthe sun

V365 days a yearτnot exactly

V365.25 days a yearτnot exactly

VAverage number of days in a year 365.2425

V97 out of 400 years are leap years, not 100
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* Also applies to the Julian calendar



Meteorological Seasons

ÅFour 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

13/calendar/aboutseasons.html



Astronomical Seasons

ÅSpring
VBegins on the spring equinox,  March 20th *

ÅSummer
VBegins on the summer solstice, June 21st *

ÅFall
VBegins on the fall equinox, September 23rd *

ÅWinter
VBegins on the winter solstice, December 21st *
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* For 2023.  The date varies from year to year 

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


Equinoxes and Solstices

ÅEquinoxesτday and night are equally long

ÅSolsticesτshortest and longest days of the year
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Newgrange
Northeast Ireland

3200 BC
Sunrise on the
Winter Solstice

https://en.wikipedia.org/wiki/Newgrange
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Stonehenge (3000-2500 BC)

On the summer solstice, when the sun rises, the  first rays  
shine into the heart of Stonehenge 

Modern day Druids celebrating the summer solstice
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Pyramid of Kukulkán at Chichén Itzá*

* Yucatan, Mexico Built between 8th and 12th centuries AD

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


The Months

ÅJanuaryτ31 days

ÅFebruaryτ28 or 29 days

ÅMarchτ31 days

ÅAprilτ30 days

ÅMayτ31 days

ÅJuneτ30 days
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ÅJulyτ31 days

ÅAugustτ31 days

ÅSeptemberτ30 days

ÅOctoberτ31 days

ÅNovemberτ30 days

ÅDecemberτ31 days



Time Related Questions

ÅWhat time is it?

ÅHow fast are we going?

ÅHow can we find out where we are?

ÅWhat 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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1391-1353  BC

Egyptian Karnak Clepsydra (Water Clock)
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Roman Water Clock
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Modern Water Clock 
by Bernard Gitton

Time Displayed:  4:06

{ }Č
ċ 2 min/bulb
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Salisbury Cathedral
Clock ~1386

άhƭŘŜǎǘέ ǿƻǊƪƛƴƎ 
mechanical clock

Time announced by a
Bellτno dial
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City  Hall
Clock Tower

Passau, Bavaria

14th Century
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άCƛǊǎǘέ {ǇǊƛƴƎ 5ǊƛǾŜƴ 
Mechanical Clock 

~1430

Given to Philip the Good
Duke of Burgundy

https://en.wikipedia.org/wiki/Philip_the_Good
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Christiaan Huygens patented
first pendulum clock
June 16, 1657

https://www.aps.org/publications/apsnews/201706/history.cfm
https://en.wikipedia.org/wiki/Pendulum_clock
https://www.youtube.com/watch?v=8Gv_gLmXrNA
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Huygens presents a pendulum clock to Louis XIV*

* After a 1659 engraving
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Grandfather (Pendulum) Clocks

1700 1750 Modern
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Popular 1940s-50s Electric Clock
More accurate than quartz clocks
over a period of months 
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O

Isles of Scilly, England

Č
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Isles of Scilly, England

Viewed from the International Space Station


