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“Natural” Motion for Newton &
Aristotle

* Natural motion is motion that needs no explanation: the object
naturally moves that way.
« Aristotle: For heavenly objects, natural motion is motionin acircle
with the same speed. For base objects, natural motion isrest.
— A book falls off the table and comes to rest on the floor. This needs no
explanation because rest is the natural state.
« Newton: Natural motion is moving at the same speed in the same
direction.
— Newton'sFirst Law: In the absence of aforce, an object moves at the
same speed in the same direction.
1. A book fals off the table and lands on the floor. For Newton, what is
natural?
a. Thebook is on the floor.
b. Thebook is halfway to the floor.
¢. Thebook isjust starting to fall.
d. | push the book off the table.

“Natural” Motion for Newton &
Aristotle

Natural motion is motion that needs no explanation: the object
naturally moves that way.
Aristotle: For heavenly objects, natural motion ismotionin acircle
with the same speed. For base objects, natural motion isrest.
— A book fdlls off the table and comes to rest on the floor. This needs no
explanation because rest is the natural state.
Newton: Natural motion is moving at the same speed in the same
direction.
— Newton's First Law: In the absence of aforce, an object moves at the
same speed in the same direction.

. Venus moves around the sun in acircle at the same speed. Does

Newton consider this motion natural ?

a Yes, Venusisaheavenly object.

b. Yes, the speed is the same.

c. No, thedirection is not always the same.
d. No, Venusisnot at rest.




Newton’'s Second Law

e Newton'sFirst Law: In the
absence of aforce, an object
moves at thesamespeedinthe  + CaseA

same direction. « Veocityatstat .,
+ Newton's Second Law tells * Velocity after 1s ———*
how to find the motion if there + CaseB
isaforce. « Velocity at start — __
+ Force= massx acceleration . Vdodyafter s —
@ ) Cas?/(; ity at start —_—
+ Accelerationischangein ° ocity at starf
velocity divided by amount of + Velocity afterls  *
time e CaseD
. ) ! R
* Q3 Thevelocity changed in * Velocity a start

a CaseA only * Velocity after2s  ——»

b. CaseB only
c. Neither cases A nor B
d. Both casesA and B
e Q4 Theacceleration is greatest
for which case?

Newton discovers the law of gravity

Newton was sitting under an Moon
apple tree and looking at the
moon. An apple fallson his
head. Newton realizes the moon
and the apple fall for the same
reason. He does aquick . If moon fell 83mm, then force of
calculation and concludes that N gravity falls as distance

the force of gravity decreages as h

5m/( L. Amm)=3600=602

the square of the distance, ~5m/(83mm)=60
« Inasecond, an applefalls5m.
« Themoon stays up in the sky. ~‘.~P5m
What does Newton mean by
Earth

“the moon falls?’
« Themoon is 60 times fart
from the center of the earth
than the apple.

Newton Implies Kepler’'s 3rd Law

¢ Easier derivation: Assume orbit isacircle. Ignore numerical
constants such as p or 2.
* Newton's Law of Gravity: Force between sun and planet
Force = G massg,, Massy/Distance?, F= G M m/R?
* Newton’s2™ Law
Force = massy .« acceleration; F=ma
¢ GM m/R2=m a massof planet cancels out.
« Velocity is approximately R/P, where Pis period. (It is exactly 2pR/P.)
¢ Acceleration, change in velocity/time, is approximately (R/P)/P.
¢ GM/R2=a=R/P?
* P=R¥(G M)
* More accurate derivation
P2=4p3G R3/(Mwn+mp,m)
4p%G = 2x10%0 kg yrdAUS =1 Mg, yrd/AU3

Summarizing Questions

What did Newton learn about Kepler's 3/ |aw that
Kepler did not know?

Does P?= R3, where P isthe period in years and R

issemi-magjor axisin AU apply to a planet in orbit
around another star?




