AT B AR E20ES a AN 73 802 T B0 ) A R I 28 A )

m = 29 X E63 T30 X

BAEIEREANE.



BH TR






Hmm, it's time
for AAPL to
goes up and BN

B HIARRASEERF = md > AT BEALEREA RS :

7 L dr o, d¥
e’ BT

Equation of Motion #H&)j FFE = W)
EETEI G 8y TR > SR KR - BLr TR IRS EEIIALE. -
ATEE FRAE TEOHIY ARG Y B {8 SR B -



ARIEE FENI_E ¥ TR AL - 45 %€ 28 /572 2(Equation of Motion
R GARANE— R R B () - REm e EE R |

7 L dr _ad¥
e’ rTE

## 8 J7R2Z(Equation of Motion{sE F (M o] LAFHIF(2) » L2 REFEARIAGIREE |

el e B TR
2009/10/05 14:00 LST

|

&1 R E AR |



S 2R A B Sy E NG  FG D, )
R T S — @RI EASH . Fe—G s

72

B HET AV - ARG (PHE -~ 5B HERSIIHYHEIL -

r is the distance
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-------- From Newton’s third law,
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the forces are equal in
magnitude but opposite
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Newton's own copy of his Principia, with hand-written corrections

* a Mathematical demonstration of Copernican hypothesis”

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.



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 it
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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Newton, by William Blake; here, Newton
1s depicted critically as a "divine geometer”
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We may regard the present state of the universe as the effect of its past and the
cause of its future. An intellect which at a certain moment would know all forces
that set nature in motion, and all positions of all items of which nature is
composed, if this intellect were also vast enough to submit these data to
analysis, it would embrace in a single formula the movements of the greatest
bodies of the universe and those of the tiniest atom; for such an intellect
nothing would be uncertain and the future just like the past would be present
before its eyes.

—Pierre Simon Laplace,

A Philosophical Essay on Probabilities

Pierre-Simon Laplace (1749-1827)
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Before t = 1.53 s the
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y(t) = —5gt? + vot + v

Before t = 1.53 s
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(@) Successive images of ball are (b)

separated by equal time intervals.

Successive peaks decrease

in height because ball
& loses energy with
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x(t) = vyt + xg y(t) = —= gt? + vyt + yo

2
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The distance between
Y . the gravity-free trajectory
Tr.ajectory and the actual trajectory
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Dashed arrows show how far the dart and monkey have fallen at
specific times relative to where they would be without gravity.

© 2012 Pearson Education, Inc.

At any time, they have fallen by the same amount. .,
Without gravity ‘ ,,
* The monkey remains in its initial position. A S
* The dart travels straight to the monkey. e 1 24X ;\%Monkey’s
* Therefore, the dart hits the monkey. T : : 7 fall
Tra o s iDart’s i
rajectory of dart i ifall '
without gravity \ AT , gtan. o : :
- : Dart’s . H
= : fall : :
e g ' i ; ;
27 " = i
Dart’sfall _ _+=—"" 4
Trajectory of dart
with gravity
X
d

With gravity

« The monkey falls straight down.

* At any time ¢, the dart has fallen by the same amount
as the monkey relative to where either would be in the
absence of gravity: Ayga = AYmonkey = — %gtz.

* Therefore, the dart always hits the monkey.




https://www.youtube.com/watch?v=cxvsHNR XL jw

http://techtv.mit.edu/collections/physicsdemos/video
s/735-monkey-and-a-gun
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10.56. The vertical height of the ground rises as the horizontal position moves to the right, according to

yslope (X) =X tan(gslope)
. . . o 1 ) . 1 ) :
The vertical position of the ball is given by y(7) =y, +v ;A1 +3q‘,Ar' =y, +v,sin(6)At —EgAf‘. We wish

to relate this to the x direction. Ignoring air resistance the x component of the velocity is constant, so

Afmt oY
v, vcos(d)

X.1

Inserting this into the equation we obtained from the y direction, we have

x 1 x|
(X)) = v. ) 81 9 ; s NN
y(x) =y, +vsin( )[ 1;005(9)] zg[\ricos(Q)]

or

5

1 x )
(x) =y +xtan(f) ——g| ————
y(x) =y, +xtan(0) 2g[“cos(€)J

The ball will strike the ground when p(x)=)

v 'slope

(x). Setting the expressions in equations (1) and (2) equal

to each other yields

mxl —x(tan(d) — tan(@sbpe)) —y, =0

Which can be solved for x using the quadratic formula, to obtain

X=- cos () 2v} (tan(d,,,,,) — tan(0)) — \/8g+ + [Z\Vf(tan(ﬁslope) - tan(@))T =14.6m. Thisisthe
cos (6)

2g

horizontal distance that the ball travels, but we are asked for the distance J4 along the

b _(14.6m)
cos(6. cos(20°)

s lope)

incline: d= 16 m

(D

)
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Launch
1st Earth flyby

Mars flyby

2nd Earth flyby
3rd Earth flyby

-
Asteroid Steins flyby ‘\
Asteroid Lutetia flyby S;:l —— Philae landing

Nominal mission end

Enter deep space hibernation » Arrival at comet

< » Rendezvous manoeuvres

Exit deep space hibernation
» Rosetta's journey
» Comet orbit
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(a) Metal ball falling ~ (b) Free-body diagram
through oil for ball in oil

Acceleration versus time Velocity versus time
v, No fluid resistance:

velocity keeps increasing.
<
O a, . No fluid nsulams. | I . Al ———
’ constant acceleration.
8
With flui , ---- With fluid resistance:
i ““',d ESLAkance velocity has an upper limit.
acceleration decreases.
1 1
0 0
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(a) Free-body diagrams for falling with air drag

BiF = mg

Dv? < mg Fvdiverfalling & el
¢ (b) A skydiver falling at terminal speed

a,
jmg mg
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The Euler Method for Solving Dynamics Problems

Step Time Position Velocity Acceleration

0 ) X0 U ay = F(xq, vg, ty) /m
1 t] = l() + Al X1 = Xp == 'U()At U = 1 = (l()Al a, — F(xl s Ul ll)/'ﬂl
2 to = 1) + At Xo = x; + v At w = v + a At as = F(xo, vo, to) /m
3 t3 = to + Al X3 = Xo + oAt vy = o + as At as = F(xs, vs, t3)/m
n In Xn Uy ap
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At=10"*s
x(t,,)=x()+107" xv(z,) (¢
The Sphere Begins to Fall in Oil

)=w(t,)—-107" (980—196><v(t,.))

+1

Time Acceleration
Step (ms) Position (cm) Velocity (cm/s) (cm/s?)
0 0.0 0.0000 0.0 —980.0
1 0.1 0.0000 —0.10 —960.8
2 0.2 0.0000 —0.19 —942.0
3 0.3 0.0000 —0.29 —9235.9
+ 0.4 —0.000 1 —0.38 —905.4
5 0.5 —0.0001 —0.47 —887.7
6 0.6 —0.0001 —0.56 —870.3
7 0.7 —0.0002 —0.65 —853.2
8 0.8 —0.000 3 —1.73 —836.5
9 0.9 —0.000 3 —(.82 —820.1

10 1.0 —0.000 4 —0.90 —804.0



The Sphere Reaches 0.900 vy

Time Acceleration
Step (ms) Position (cm) Velocity (cm/s) (cm/s?)
110 11.0 —0.032 4 —4.43 i [ i b |
111 11.1 —0.0328 —4.44 —108.9
K2 11.2 —0.033 3 —4.46 —106.8
113 11.3 —0.0837 —4.47 —104.7
114 11.4 —0.034 2 —4.48 —102.6
115 11.5 —0.034 6 —4.49 —100.6
116 11.6 —0.055/1 —4.50 —98.6
117 11.7 —0.0355 —4.51 —96.7
118 11.8 —0.036 0 —4.52 —94.8
119 11.9 —0.036 4 —4.53 —92.9

120 12.0 —0.0369 —4.54 —91.1
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Solution of dv,/dt = —x/r3, dv,/dt = —y/r>, r = /22 +y2.
Interval: € = 0.100

Orbit vy =163 v, =0 =05 y=0 at t=0

t x Vg Az Yy Uy Ay r 1/r3

0.0 0.500 —4.000 0.000 0.000 || 0.500 | 8.000
—0.200 1.630

t x Vg Ay Yy Uy Ay r 1/r3

0.1 0.480 —3.685 0.163 —1.251 || 0.507 | 7.677
—0.568 1.505

0.2 0.423 —2.897 0.313 —2.146 || 0.527 | 6.847
—0.858 1.290

0.3 0.337 —1.958 0.443 —2.569 || 0.556 | 5.805
—1.054 1.033

0.4 0.232 —1.112 0.546 —2.617 || 0.593 | 4.794
—1.165 0.772

0.5 0.115 —0.454 0.623 —2.449 || 0.634 | 3.931
—1.211 0.527

0.6 | —0.006 +0.018 0.676 —2.190 || 0.676 | 3.241
—1.209 0.308

0.7 | —0.127 +0.342 0.706 —1.911 || 0.718 | 2.705
—1.175 0.117

0.8 | —0.244 +0.559 0.718 —1.646 || 0.758 | 2.292
—1.119 —0.048
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Fig. 9-6. The calculated motion of a planet around the sun.
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