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Isaac Newton

(1642-1727)
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The Great Plague killed an estimated 100,000

people—
population—

It was the last plague in Europe.

almost a quarter of London's
in 18 months.
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Woolsthorpe Manor
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Newton returned home. He built bookshelves and made a small study for
himself. He opened the nearly blank thousand-page commonplace book
he had inherited from his stepfather and named it his Waste Book. He
began filling it with reading notes. These mutated seamlessly into
original research. He set himself problems; considered them obsessively;
calculated answers, and asked new questions. He pushed past the
frontier of knowledge (though he did not know this).
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Newton's Waste Book (MS Add.4004)

Much of Newton's important work on calculus is developed in this large
notebook, which he began using in 1664 when he was away from Cambridge
due to the plague. Newton inherited the book from his stepfather Rev
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The plague year was his transfiguration. Solitary and almost

incommunicado, he became the world’s paramount mathematician.
Newton Gleick
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Although he had been undistinguished as a Cambridge student,
Newton's private studies at his home in Woolsthorpe over the

subsequent two years saw the development of his theories on calculus,
optics, and the law of gravitation.
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Poor Mr Newton, we fell right onto his head...
Hope he'll be OK...



“After dinner, the weather being warm, we went into the garden and drank tea,
under the shade of some apple trees...he told me, he was just in the same
situation, as when formerly, the notion of gravitation came into his mind. It
was occasioned by the fall of an apple, as he sat in contemplative mood. Why
should that apple always descend perpendicularly to the ground, thought he
to himself...”

...without the ground, it will reach the center of the earth eventually.....

Memoirs of Sir Isaac Newton’s Life, written by William Stukeley
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Newton's own copy of his Principia, with hand-written corrections for the
second edition, in the Wren Library at Trinity College, Cambridge.
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E, = ma, nsin@ = m— cos 6
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E, = ma,, ncosd —mg =0 v =,/rgtanf



W RE IR
AR T B2 Ao (R
TR EAEENYRE - B (807 mE e —(E R
e S E B DIREEE  EORHMZa I EARE -
rIL TREEC » FRERAIE

(@ (b)

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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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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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




. 0
(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




TE—(E R EA W E E AT T - P RELARERATAEERE - dB1VE 8 TR - 78R
EE M F3.0kg > AEIFT/R o ¥ N E 7227577880 DA — (w5 aoHE ST - fI00975
[ BEL/KSPR I By 6 = 30° > [GIRFEAG 5 BRI A — (@l =5 e - jeII0975
[ B /K SPEER A TR By € = 30° » (EHE A Z1 4 E SR i _EFRR A 2 E) - WA {EDT A AN
F5 10N o ELRIEEENHFAE ot B0 RUEEWA{lE 75 B —EE AR EhHY - Wl 77 5 Bt i
ENESRRBENE 4 025  REEERT TERAVAE_EIY5RITTAVINE 27D N?(20)

o N et

s BRABIYSR IR/ INEy T - 205 58 e Y s B e
F X cos30° — (F Xsin30°+ Mg) Xy + T = Ma -

A5 J7 8 e o B E A

F X cos30°— (—F Xsin30°+ Mg) Xy — T = Ma
WA ARIRCRI R 25 AR ZESE -

(2 X F xsin30°) X y, = 2T

T =F xsin30° X py = 1.25N -




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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Two surfaces
in contact

Very few points

are actually (

in contact. F(107'*N)
6.0 —
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1 | 1 = ' | x(10719m)
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Molecular bonds forn
between the two mate _
These bonds have to t ™
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[ —+77 Lennard-Jones

F(10712N)
6.0 —

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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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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