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https://en.wikipedia.org/



ANTIKYTHERA MECHANISM
~100BCE

BACK



http://longnow.org/clock/

CLOCK of the LONG NOW
01997, ONGOING

http://longnow.org/clock/




http://getwallpapers.com/wallpaper/full/f/8/c/573277.jpg

WHY TIME AT ITP?

PHILOSOPHY  
+ 
SCIENCE

Language, history, politics, life…

Modeling nature, engineering, code, design…

http://getwallpapers.com/wallpaper/full/f/8/c/573277.jpg




Sparkfun RTC Breakout boards

 

Russian GLONASS satellite with atomic clock

https://github.com/ITPNYU/clock-club/tree/master/RTC_Clock_Examples




gnomon (n.) 

"vertical shaft that tells time by the shadow it casts" …  from 
Latin gnomon, from Greek gnōmōn "indicator (of a sundial), 
carpenter's rule” … "one that discerns or examines, interpreter, 
expert," from gignōskein "to come to know," from Proto-Indo-
European root *gno- "to know.”

https://www.etymonline.com/word/gnomon

https://www.etymonline.com/word/*gno-?ref=etymonline_crossreference
https://www.etymonline.com/word/gnomon


“As rivers flow into the ocean, all the warriors of this world are 
passing into your fiery jaws; all creatures rush to their destruction 
like moths to a flame. You lap the worlds into your burning mouths 
and swallow them... Tell me who you are, O Lord of terrible form. I 
bow before you; have mercy! I want to know who you are, you who 
existed before all creation. Your nature and workings confound 
me.”

ARJUNA

"I AM TIME, DESTROYER OF ALL."
KRISHNA

BHAGAVAD GITA



TAOSI GNOMON 
Xiangfen 襄汾, Shanxi Province 

2300 - 1900 BCE 
Oldest gnomon, oldest observatory

Handbook of Archaeoastronomy and Ethnoastronomy

https://link-springer-com.proxy.library.nyu.edu/referencework/10.1007/978-1-4614-6141-8
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TAOSI GNOMON 
Xiangfen 襄汾, Shanxi Province 

2300 - 1900 BCE 
Oldest gnomon, oldest observatory

Handbook of Archaeoastronomy and Ethnoastronomy
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EGYPTIAN SUNDIAL 

livescience.com

13th century BCE 
“temporary hours”

http://livescience.com


BYZANTINE SUNDIAL  
6TH CENTURY CE 

http://hist.science.online.fr/

http://hist.science.online.fr/


JANTAR MANTAR, JAIPUR goibibo.com



JANTAR MANTAR, JAIPUR wikipedia



https://www.helios-sonnenuhren.de/en/helios-solar-ring
https://www.helios-sonnenuhren.de/en/helios-subsolaris

https://www.helios-sonnenuhren.de/en/helios-solar-ring
https://www.helios-sonnenuhren.de/en/helios-subsolaris


sundialsoc.org.uk https://www.davidharber.co.uk/

HORIZONTAL VERTICAL

http://sundialsoc.org.uk/the-bss-horizontal-sundial/
https://www.davidharber.co.uk/


ebay.com Jang Yeong-sil Science Garden

EQUITORIAL CONCAVE

http://ebay.com
https://commons.wikimedia.org/wiki/File:Jang_Yeong-sil_Science_Garden-Concave_Sundial_13-11805_Busan,_South_Korea.JPG


JIYEON SONG, ONE DAY POEM PAVILION



https://www.thingiverse.com/thing:1068443

https://www.thingiverse.com/thing:1068443


https://www.youtube.com/watch?v=_E3IqHq2tNU

https://www.youtube.com/watch?v=_E3IqHq2tNU








https://www.suncalc.org/#/40.693,-73.9875,17.72/2019.09.04/14:54/1/3

https://www.suncalc.org/#/40.693,-73.9875,17.72/2019.09.04/14:54/1/3




Clocks are cool



Atlas ObscuraStraousborg Astronomical Clock

https://www.atlasobscura.com/articles/astronomical-clocks-are-the-most-beautiful-way-to-track-the-hours-the-years-and-the-moon


Ferrofluid Clock

https://www.urdesignmag.com/design/2015/10/05/rhei-ferrofluid-display-clock/


Scott Thrift 1-year and 1-day clock

https://www.kickstarter.com/projects/scottthrift/


Simone Giertz Every Day Calendar

https://www.kickstarter.com/projects/simonegiertz/the-every-day-calendar/comments




SPACE



A SPHERE IN SPACE



This in the largest 
circle perpendicular 
to the axis of rotation. 
It is half way between 
the poles.

All circles connecting the 
poles are the same size, and 
are as large as possible.

A SPHERE IN SPACE, SPINNING



1,392,000 km

RELATIVE SIZE, SUN 109X EARTH’S DIAMETER

12,742 km

~149,000,000 km 
(not to scale)



~149,000,000 km

Sun ~ .7 px

RELATIVE DISTANCE, EARTH NOT VISIBLE





~23.5 degrees

A SPHERE IN SPACE, SPINNING, TILTED



A SPHERE SPINNING, TILTED, AND ORBITING
WITH CONSTANT TILT





A B







B
A
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ε = ~23.44°

Arctic Circle

Tropic of Cancer

Equator

Tropic of Capricorn

Antarctic Circle

ε
ε

Axial tilt, obliquity, ε epsilon

No sun Sun low

Sun 
high

All sun



Northern Hemisphere 
Winter Solstice 
December 21

Northern Hemisphere 
Summer Solstice 

June 21

Autumnal Equinox 
September 22

Vernal Equinox 
March 20



(PHEW)



ε = ~23.5°

ε
ε

Axial tilt, obliquity, ε epsilon

+You

Your “up”

Your horizon 
(south)

Midnight

North



A SPHERE WITH FRIENDS

Mars is 
overhead to 

you at midnight



A SPHERE WITH FRIENDS

+

South

East

North

West



DayNight

+



ECLIPTIC
+

+

View from “outside” =  
Orrery

View for you =  
Planetarium

Mars is overhead

South

East West



https://earthsky.org/

WHY “ECLIPTIC”

https://earthsky.org/


(PHEW X 2)



EVERYTHING  
ELSE



EVERYTHING  
ELSE

+You

Infinite 
Celestial 

Sphere

Infinitesimal “point”



EVERYTHING  
ELSE

+You
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EVERYTHING  
ELSE

Winter 
Solstice 

December 21

Summer 
Solstice 
June 21

Autumnal Equinox 
September 22

Vernal Equinox 
March 20



EVERYTHING  
ELSE

Winter 
Solstice 

December 21

Summer 
Solstice 
June 21

Autumnal Equinox 
September 22

Vernal Equinox 
March 20

Sagittarius



EVERYTHING  
ELSE

Winter 
Solstice 

December 21

Summer 
Solstice 
June 21

Autumnal Equinox 
September 22

Vernal Equinox 
March 20

Pisces



EVERYTHING  
ELSE

Winter 
Solstice 

December 21

Summer 
Solstice 
June 21

Autumnal Equinox 
September 22

Vernal Equinox 
March 20

Pisces

http://cse.ssl.berkeley.edu

http://cse.ssl.berkeley.edu/


(PHEW X 3)



https://www.revolution.watch/past-masters-the-astronomical-water-clock-of-su-song

https://www.revolution.watch/past-masters-the-astronomical-water-clock-of-su-song


SU SONG ASTRONOMICAL WATER CLOCK
 01094 CE, FIRST ESCAPEMENT 

“Thus if the water is made to pour with 
perfect evenness, then the comparison of 
the rotary movements (of the heavens 
and the machine) will show no 
discrepancy or contradiction; for the 
unresting follows the unceasing.”



ARMILLARY 
SPHERE MADE 
BY GIROLAMO 
DELLA 
VOLPAIA, 
FLORENCE, 
ITALY, 01554

London Science Museum

https://collection.sciencemuseumgroup.org.uk/search/categories/astronomy


AUGHRA’S 
ORRERY
Dark Crystal



NASA





VOYAGER

Sirius

Gliese 445

Voyager 2 in 
296,000 years

https://space.stackexchange.com/questions/1621/where-
are-pioneer-10-11-and-the-voyagers-ultimately-headed

Aldebaran Pioneer 10 in 
2,000,000 years

Voyager 1 in 
40,000 years

https://space.stackexchange.com/questions/1621/where-are-pioneer-10-11-and-the-voyagers-ultimately-headed
https://space.stackexchange.com/questions/1621/where-are-pioneer-10-11-and-the-voyagers-ultimately-headed


EXISTING 
IN 
TIME

Feddersen NYU/ITP









https://www.reedmaxson.com/graphic-scores.html

https://www.reedmaxson.com/graphic-scores.html


https://www.youtube.com/watch?v=HilGthRhwP8


Rite of Spring Score, Igor Stravinsky



Score of Ice Spirits, Meredith Monk



La Cachucha, by Friedrich Albert Zorn (wikipedia)



https://www.moma.org/explore/inside_out/2012/12/21/exhibiting-
fluxus-keeping-score-in-tokyo-1955-1970-a-new-avant-garde/

https://www.moma.org/explore/inside_out/2012/12/21/exhibiting-fluxus-keeping-score-in-tokyo-1955-1970-a-new-avant-garde/
https://www.moma.org/explore/inside_out/2012/12/21/exhibiting-fluxus-keeping-score-in-tokyo-1955-1970-a-new-avant-garde/
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ARDUINO PROCESSING P5JS

“TIC
K”



Smoothly transition a variable from one value to another in a set time
EASING

Schedule code for execution in the future
TIMELINES

Use physics or other rules to determine next frame for one or more objects.
SIMULATION



0

100% 
1.0

0 100% 
1.0

VALUE

PROGRESS

Smoothly transition a variable from one value to another in a set timeEASING



0

100% 
1.0

0 100% 
1.0

VALUE

PROGRESS



0

100% 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0 100% 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0

100% 
1.0

0 100% 
1.0

VALUE

PROGRESS



0

100% 
1.0

0 100% 
1.0

VALUE

PROGRESS



https://easings.net/en

ROBERT 
PENNER

https://easings.net/en


ROBERT 
PENNER

Robert Penner’s 
Programming Macromedia 
Flash (2002)



https://greensock.com/ease-visualizer





Use physics or other rules to determine next frame for one or more objects.SIMULATION

Craig Reynolds’ Boids (1986) Robert Hodgin’s (Flight 404)  
Magnetosphere, 2007



Initial Position

Initial Velocity

Constant Acceleration (Gravity)

T = 0



T = 1
Acceleration is sum of forces acting on particle 
Add acceleration to velocity 
Add velocity to position



T = 2



T = 3



T = 4…



http://roberthodgin.com/project/magnetosphere

Can be expanded to three 
dimensions, multiple particles, and 
attractive and repulsive forces. But 
the steps between frames will 
remain basic vector addition. 



https://github.com/flight404/Eyeo2012

Acceleration is sum of forces acting on particle 
Add acceleration to velocity 
Add velocity to position



“The physics of the simple vehicle model is based on 
forward Euler integration. At each simulation step, 
behaviorally determined steering forces (as limited 
by max_force) are applied to the vehicle’s point mass. This 
produces an acceleration equal to the steering force 
divided by the vehicle’s mass. That acceleration is added 
to the old velocity to produce a new velocity, which is 
then truncated by max_speed. Finally, the velocity is added 
to the old position:

    steering_force = truncate (steering_direction, 
max_force)
    acceleration = steering_force / mass
    velocity = truncate (velocity + acceleration, 
max_speed)
    position = position + velocity

The simple vehicle model maintains its velocity-aligned 
local space by incremental adjustment from the previous 
time step.”

https://www.red3d.com/cwr/steer/gdc99/

Acceleration is sum of forces acting on particle 
Add acceleration to velocity 
Add velocity to position

Steering Behaviors For Autonomous Characters 
Craig W. Reynolds



Pretty good source in-house


