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Isaac Newton

(1642-1727)
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r is the distance
between the.,,
centers. w I

= The forces are ';ﬂong the

Zonl ine between the centers.

“teseeees From Newton’s third law,
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r 18 the distance
between the.,
centers.

m,

.
.

F

lon2 %

The forces are along the
line between the centers.

From Newton’s third law,

the forces are equal in
magnitude but opposite
in direction.
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t= 1.00s,vy=?F

t=?,vy=?¢-'- =

t=0,vp, = 15.0m/st_ yo

(@) y- graph (curvature is
downward because a, = —g
is negative)

y (m) Before t = 1.53 s the
15 = ball moves upward.

~Aftert=153s
the ball moves
downward.

R A

=20
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(b) vy graph (straight line with
negative slope because a, = —g
is constant and negative)

v, (mfs)

15 Beforet=153s

" the y-velocity is
positive.

T4 T

Afterr=1.53s
the y-velocity is
negative.




Parabolic
trajectory
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Newton's own copy of his Principia, with hand-written corrections

Makes out all the phenomena of the celestial motions by the only supposition of
a gravitation towards he center of sun, decreasing as the squares of the distances.

a Mathematical demonstration of Copernican hypothesis”
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EVERY BODY PERSEVERES

The comet of 1680— “as observed by Flamsteed” and “corrected by Dr.

Halley.” Newton also collated sightings by Ponthio in Rome, Gallet in
Avignon, Ango at La Fleche, “a young man” at Cambridge, and M.
Arthur Storer near Hunting Creek, in Maryland, in the confines of Vir-
ginia. “Thinking it would not be improper, I have given . . . a true repre-
sentation of the orbit which this comet described, and of the tail which 1t
emitted in several places.” He concludes that the tails of comets always rise
away from the sun and “must be derived from some reflecting matter”—

smoke, or vapor.
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Engraving around 1530 (from Hemleben: "Galile1")
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Newton, by William Blake; here, Newton
1s depicted critically as a "divine geometer”
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* A force is a push or a pull.

* A force is an interaction between two objects
or between an object and its environment.

* A force is a vector quantity, with magnitude
and direction.

F (force)

(a) Normal force 7: When an object rests or
pushes on a surface, the surface exerts a push on
it that is directed perpendicular to the surface.




v=0

Object

is at rest.

Static friction is opposite

the push to prevent motion.

Free-body diagram

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Addison-Wesley.

ury
f: E. push

F 1 balanced by f, and
the box does not move.

j_r; F push
*

As F,, increases, f, grows . . .

F

push
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Object is
accelerating.




w
No applied force,

box at rest.
No friction:

=0

(e)
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Weak applied force,
box remains at rest.
Static friction:

Js < mn

(e
Ji

™~

w

Stronger applied force, Box sliding at
box just about to slide. constant speed.
Static friction: Kinetic friction:

Js = pgn /fk = pyn

Y

v

Box at rest; static friction Box moving; kinetic friction

equals applied force.

is essentially constant.
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Box at rest; static friction Box moving; kinetic friction
equals applied force. is essentially constant.
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TABLE 6.1 Coefficients of friction

Static Kinetic
Materials M M

Rubber on
concrete

Steel on steel
(dry)

Steel on steel
(lubricated)

Wood on wood
Wood on snow
Ice on ice
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2 mg

_ _ v
E, = ma, nsin@ = m— cos 6
r

E, = ma,, ncosd —mg =0 v =,/rgtanf
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n
To jump up, this
player will push
down against the
O iy~ il N = floor, increasing
F\- lFblockon runner the upward reaction
! -
3 force n of the floor
. F'\ w on him
W : 2
T'he force of the starting block on the § =
runner has a vertical component that ||u.~ player is a

counteracts her weight and a large freely falling object

horizontal component that accelerates her

©

. The water exerts a buoyancy force that
y ¥ counters the swimmer’s weight

F buoyancy

e s 4.,
¥ "lhruq ’«Ir;lg

Kicking causes the “v.\ICI to

exert a forward reaction force,

Thrust is countered by drag

forces exerted by the water

=l

or thrust, on the swimmer.

on the mov Ing swimmer
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9.8M, + 9.8 = 6.9M, + 17.0
MA = 2.5 kg
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(a) Pulling a crate at an angle h/T sih 30

n+Tsin30°— Mg =20

T cos30°—n -y, = Ma



Mgsina —n -y, = Ma




Bugwn
u, = 0.80 m =50kg
/ s = 0.60
\w[ v Find
' f. where 0= 20°
17/ 0 where cabinet slips

NOrmal 7 /

Friction f; Gravity fG

n—Mgcosf =0
Mg sing —f, =

Mgsin@, = Mg cos 0, - ug
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behavior of the block?

9.98 <= Two  blocks
with masses 4.00 kg and
8.00 kg are connected
by a string and slide
down a 30.0° inclined
plane (Fig. P5.98). The
coefficient of Kkinetic
friction between the

4.00-kg block and the plane is 0.25; that between the 8.00-kg
block and the plane is 0.35. (a) Calculate the acceleration of each
block. (b) Calculate the tension in the string. (¢) What happens if the
positions of the blocks are reversed, so the 4.00-kg block is above

the 8.00-kg block?
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T = 15.8N > a = 8.3m/s?
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Two surfaces
in contact

Very few points

are actually (

in contact. F(107'*N)
6.0 —
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1 | 1 = ' | x(10719m)

-3.0 |-

Molecular bonds forn
between the two mate _
These bonds have to t ™

. 2.5 3. 3.5 4.5 . 5.5 ).
broken as the object s ? 0 3.9 %0 & M o 0
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[ —+77 Lennard-Jones

F(10712N)
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x (10719 m)
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F(10712N)

Residual E-M force in action: the
atoms are electrically neutral, but
the electrons in one are attracted
to the protons in another, and vice
versa!
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i‘ The Four Fundamental Interactions

,/—‘\

All forces in the world can be
attributed to these four interactions!
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Uranium-238

Z=92, N=146
A=238
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10 m

- !
L L

100 m
If an atom could be expanded to the size of a football stadium, the nucleus would be the size of a
single blueberry. (credit middle: modification of work by “babyknight” /Wikimedia Commons;
credit right: modification of work by Paxson Woelber)
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