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(a) Torque is due to the
tangential component
of force: 7 = rF..

% F, = Fsin¢
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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 Mr.
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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Central force rf (r)

X

Figure 3.1 The central-force problem.
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Scattering at the Coulomb potential
Cross section / Rutherford formula
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Central force 7/ (r)
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Figure 3.1 The central-force problem.
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FIGURE 85 The effective potential for gravitational attraction V(r) is composed of
the real potential —k /rterm and the centrifugal potential energy
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The equation for the path of a particle moving under the influence of a central
force whose magnitude is inversely proportional to the square of the distance be-
tween the particle and the force center can be obtained (see Equation 8.17) from

j (1/72) dr
a(r) = \/ + constant (8.38)

The integral can be evaluated if the variable is changed to u = I/r (see Problem
8-2). If we define the origin of @ so that the minimum value of ris at 8 = 0, we
find

12
21
pk v
cosf = = (8.39)
1+ 25
pk?
Let us now define the following constants:
2 )
a=—
uh 5 | (8.40)
E=L\/1+—;
KB
Equation 8.39 can thus be written as
Z=1+ccosh (8.41)
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E=V... Circle

FIGURE 85 The effective potential for gravitational attraction V(r) is composed of
the real potential —k/rterm and the centrifugal potential energy
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FIGURE 89 The geometry of elliptic orbits is shown in terms of parameters «, g, a,
and b Pand P’ are the foci.

and P’ are the foci. From this diagram, we see that the apsidal distances (7, and
Tmax @8 Measured from the foci to the orbit) are given by

)
r =gl —8) = —
1 + &
> (8.44)
Tmax = @(l + &) =
1 — g



HEE > BREAREE T EB R T |













ife Rigid Body /& — Al HVE R Z &R
el1| S (o W (R A EE B A SRR T 2147 |




@ YouTube

I~
]
o
~
()
o
o

7=\

Y

>l

>




il A2 A g Rotation of Rigid Body

R 84435 — ] S gy > @
Rota .tiOIl P Body M
axis
(/" Reference line il
TN y
M &
X

T =] LA = HL [FSPAS

>
) com

i SRS




e A 45 5] X S e

/ \'
Rotation Be
cly
axis \{ 7%
s Reference line

/|() 2

il A FEE B RLAH A o FefM A UG MRS IrBEACE -
s P M Sl aH R RS Y B R = BG4 bt 7t -



475 [ e - WS Bk %IEE@%EHE’JEE%’ETLT\BLEHFEJEQﬁz!
NIELE WA hesEs - (E—rrayEs) > 2—EE EAES (f—EF®) -
R R A TiEE - 172 PR Ar |
Bl _ERVES IR R R T E -

i ERAE LB _ERVSNREC R s (t) * RFEIRTEREL -
PR AT AR Hh 2 B R B e AR B 01 - Blx gl Ry A e, |

y

si(t) = 1;0;(¢) <>
Rc,‘t‘v.t'A ! # _~Body
Particle . . As; (t) = riAQi(t) -
rc length

" FAE DS Sy BAALL - —
Angular - Si . N “ i
position 9. 4] EEE%&.E@HHE@@EEE%& ° y

‘ |
> Center of ! /‘()
circular motion




el1| S R (R A EE B A SRR T 2147 |

= el RS P WL
RE1L2H9N S
ASl — T1A91 ASZ — T2A82

5015027 FERYHErE By -

" 1 FER o (R I R R B -
@ B - OT ey e 02 Netli ffg s -
0
26, A, = AO,= MO
S B A (AR I (A2 A0 - As;(t) = 7; - A6 (L)

RS A L BRI T > r A[E] - ALEA[E - (HEEAE—TRETAG -



y Position at
time ¢, = t, + At

\

w

_Position
O A6 at time ¢,

0,

(B8 e (E Ao -
RS BT BIRLT-El e — e e - B E—EE{Ee -
FrA E B\ AR EARR

As; =1; - AB
B R U
ds; do .
py=—=n—-=nw  rPERRBE -
dt dt
db
= a0

P B Ry EEh A AN o] AR L — Ay LR FRoR |



Distance through which point P on
the body moves (angle 6 is in radians)

Linear speed of point P :
(angular speed w is in radfs) }
y v

’
,' Circle followed

II by point P

1
I

‘Copyrit 2008 Pearson Education. Inc. publishing as Pearson Addson- Weesley

w is positive for a
counterclockwise rotation.

h

w is negative for a
clockwise rotation.
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The velocity is

The tangential always tangent to
acceleration the circle, so the

causes the radial component
particle to v, 1s always zero.

change speed.

......
L
",
.

a

The radial or«====seeeey
unlnpual

causes lhc

particle to change Fefefrence

direction. e Or.
measuring
angles

r
"""" The angular velocity w is
the rate of change of 6. w
is positive for ccw rotation,
negative for cw rotation.
opyright © 2008 Pearson Education, Inc., publishing as Pearson Addison-Wesley.
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Angular Acceleration

dw

d*6

a(t) =

dt

dt?

Ait = &
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Radial and tangential acceleration components:
= w’ris point P’s centripetal acceleration.

= ra means that P’s rotation is speeding up

acceleration

of point P

A

© 2012 Pearson Education, Inc.
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6(t) x(t)

A
v

Angular speed w = d6/ dt Linear speed v = dx/dt
Angular acceleration a = dw/ di Linear acceleration a = duv/ dlt
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(a) Torque is due to the
tangential component
of force: v = rF..

Y F, = Fsind
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(b) The moment arm
d = rsing is the
distance between
the pivot point
and the line of
action. -

Torque is the force
multiplied by the
moment arm: 7| = dF.

*

M
*
. ( b
>
"

Line of action
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6(t) x(t)

A

v

Angular speed w = d6/ dt Linear speed v = dx/dt

Angular acceleration a = dw/ dli Linear acceleration a = dv/ dl
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Hoop about
central axis

(a)

I=4M(R? + R3)

Axis
Annular cylinder

(or ring) about
central axis

()

Solid cylinder
(or disk) about

) central axis
I

(¢)

Solid cylinder
(or disk) about

) central diameter
E
R \‘/

I=iMR? + b ML?

Axis

Thin rod about
axis through center

Solid sphere
about any
diameter

)]

Thin
spherical shell
about any
diameter

Hoop about any
diameter

Slab about
perpendicular
axis through

/ center

(1)
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Axis

Volume element:
cylindrical shell

with radius r and L 2
thickness dr I = r dm
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Useful Equations in Rotational and Linear Motion

Rotational Motion About a Fixed Axis

Linear Motion

Angular speed w = d6/dt
Angular acceleration a = dw/ dl
Net torque 27 = Ja

If wr= w; + a

a = constant 0= 6, + w;t + %ati’

(1)/2 o (!),'2 s QQ(OJ_ 6,)

oy
Work W = T dO
0;

. . . l ‘)
Rotational kinetic energy K = 5 Iw”
Power ? = T
Angular momentum L = lw

Net torque 27 = dL/dl

Linear speed v = dx/dt

Linear acceleration a = dv/dl

Net force 2F = ma

[t U= v; t+ at

a = constant { Xy = Xx; i 05 A é(zt2
vf = y? + 2a(xr — x;)

Xy
Work W = f : F. dx

X;
Kinetic energy K = %va
Power P = Fv
Linear momentum p = muv

Net force ZF = dp/dl
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This baton toss can be represented as
a combination of ...

... rotation about ... plus translation
the center of mass ... of the center of mass.
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(a)

Particle i

Position of particle
[ relative to the
center of mass
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Axis of rotation
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-

1)
cm . cm

7 7 ~ "
\ 7% ; .
, cm
=

Velocity v; of particle in rotating, translating
rigid body = (velocity v, of center of mass) +

(particle’s velocity v, relative to center of mass)

Fi — Fi rel T ch - 7
Vi = Vj rel * Uem >

Tem  Pi%
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How a Disc Brake Works

Piston

Brake System Components

Drum Brakes

Caliper

wheel
" attaches — Brake Pads
mergency here
Brake
Lines == Rotor
Disc Brakes
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Ui = Vj rel * Uem

Rotation around center of mass:
Translation of center of mass:  for rolling without slipping,

velocity U, speed at rim = v, Combined motion
- e I = 2—»
3 Ucm U3 = Uy U3 = 20y
» »
=2
l7cm ch 170111 2 -Nw —
D @ @——— .4—> + 0. — —
3,
1 — - — _—) K
Ucm Uy, = — Uy

Wheel is instantaneously at rest
where it contacts the ground.



Object rolls one revolution
without slipping.

Cycloid path followed
by the point on the rim

u’:
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(a)
y Position of particle
[ relative to the
Particle i center of mass

"+ Center-of-
mass position

i = Tirel * Tem
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T = Tirel + Tem = (Wemt + R cos wt, R sin wt + R)




Bll— : glE LA EE RS
Mgsinf — f, = Ma., BV FE% o
FEFE SR F7 ]

SefBs e - HlET R B R R ) 5 A
BT TR S 5 R B EE R TR T 18]

T=Rfs=la Jig#  EIEEE LEEEIIE -
e JJFEA H AFEEE T -

Aecm = R

\“ —
\ F_ cos 0

o  FEBEHGELE - o

g sin 6 P I gsiné

a = L . ) =
| FEZEIARE - 0 R2
MR?Z MR?

JNZRFE /NS BREBATRLT- Rr ©






Radius R —
5

Cylinder

® particle

Sphere All mass M

1 1
K==I.,0, +§Mvcm = Mgh

2

Ve = Rw

ARBNR(T
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Particle

Circular hoop
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Known Top view

m =1500 kg

r=50m

m = 1.0

Find

Rear view
of car

Vimax This force prevents
the tire from
slipping sideways.
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(a) Pure rotation ' (#) Pure translation — (¢) Rolling motion
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Molecular bonds
break as the wheel
rolls forward.
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(b) Rigid sphere rolling on a deformable
surface
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Contact area ™.,

The wheel flattens where it touches  Norma! foree :
produces a torque about

the Surface, glVlng a contact area the center of the sphere that
rather than a point of contact. opposes rotation.
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(a) Pure rotation
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(H) Pure translation
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