Today - Lecture 13

o Today’s lecture ... continue with rotations,
torque, ..

« Note that chapters 11, 12, 13 all involve
rotations
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Vector angular velocity

Axis

Define vector ang. velocity

Spindle

| magnitude w =44 U
B | _ .'|'
W © jdirection along rotation axisy

',Isense using right-hand rule]'3

r-'|u--

‘jmisz Axiﬁz Exam p I eS R{ltﬁl..'lﬁ[:--r / B(J'd}"
dX15 :
i ¢ Record at left has
fat w along -z axis W
\ ¢ body to right has -1 | Referenceline
—— . — 4
S gl + ~ -
L U—Jx':a w along +z axis I'/:"
—To x

(5 ()
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review

(D)
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Vector Product (ch 3)

Convention for w recalls the
definition of the vector product
(not a coincidence)

The vector product of chapter 3
IS a convenient way to use the
vector angular velocity (along
with other rotation quantities)

c=a’b
=-pb a
c = ab siInf



Vector product gives tangential velocity

o Already seen
the tangential
speed In terms
of dist from
axis and ang
velocity

v o Vector or

— — cross-product
@ V =W T

gives direction

\gﬁ_‘ Note rel partof r ogfv A WwW&Tr
b WV~ is the ~ distance to

the axis of rotation 17ue for any
! ! V" =WV d r" * rotating vector
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One Step Further

—_ —_— 7 o

V =W I . Any rotating vector -
of fixed length simple For C any

time rate of chan_ge vector of
¢ Was true for radius
vector const. |ength
v ¢ Also true for velocity
/ \ff vector rOtatlng W,
e e A=V
g ° o Directed inward then
 The velocity vector ¢’ R
\T; & Has fixed magnitudke —— =W C
¢ Rotates with angular dt
velocity, w
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Axis

Spindle

(L)
Physics 14
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01-1L13

Centripetal Acceleration
(revisited as a Vector)

a, r « Rate of change of
7\‘ position around
v axis given by
cross-product
W « Also, rate of
. change of velocity
V =W I around axis of
rotation given by
N A same Cross-
ac —-W Vv product
=W (W™ r)
a—.(’: — _ W2r—> w\/e(j1,:0|; Ideﬁntﬁityﬁ(appﬁ)x#E)#
a (b"¢c)=b@-c)-c(@-nb)
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Angular acceleration

| . IT ang velocity,w, changes,
there Is an angular
acceleration, a .

o Point at radius, r, has
linear _acceleration, a;=ra,
tangent to circle at r.

Spindle

dw
— O —> — —_ -
a P a =a r
\ =
v V\IJEI :ﬁl
angular acceleration.MOV
(5 ()
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Angular and Centripetal
Acceleration

Relationships for
constant angular s

acceleration similar to |

those of constant i a

linear acceleration / ¢
See table 11-1 \ % a
Note that pt moving 2 k/

on circle, in general,a v Ag

will have two C r I
components of

acceleration pointing to rotation axis

The two add
vectorially to give
total acceleration th

vector at = dt

=ra
along direction of rotation
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Axis] Hint: HW problem 11-32
Spindle V — rW

N
= =rw
. al: r
a|=ra
ft
« Watermelon seed on record mg wW- W
player q = 0,
& Starts at rest wy=0 _
¢ Reaches 33 1/3 rpm u
o Convert to standard units
« Two components (at right angles) e Coefficient of static
of acceleration friction must be big
« Find net acceleration ... net enough to withstand this
friction force causes it total force
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Kinetic Energy of Rotation: Moment of Inertia

ng

Rotation of a rigid

Rﬂ:ﬁﬂﬂ«i _~Body bOdy about an
axis implies
| ! | Kinetic Energy...
et eference line
<\ | ook down from +z
|/} axis at mass
=0 # pieces Iin body
o
— 1
K a 2 m V energy in rotational motion.MOV
[
_1 8 202 | © g mr2 discrete m
= Ea m. r. AT i
|
I
K =11 w2 | ° ¢y *dm continuous m
2

M
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Point masses: sample prob. 11-5

o Rigid body of two | © é mr2 discrete m
masses (m) connected by S |

rigid massless bar.

0 Ay 2 :
. Find I for two axes I ° gr"dm continuous m

M
| ——Rotation axis
through
center of mass — i )2 + (i )2
3 com 5 I com m (2 L m 2 L
b — 1 2
| | I com 2 mL
(a)
| — Rotation axis through
end of rod 2 2
- m — + ( )
L o 1, =m(0) +m(L
|
- L -
| — 2
(b) Iend — mL
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Moments of Inertia ..

continuous rigid bodies

0 a2 « Rod of mass, M,
| d dm radius, R, and
length, L R<<L
« Moments of Inertia

about two axes, (a)
and (b)

o — 322 1, = 1MR?
Rotation o= / a 2

axis :
/ Determined I — 1
by geometry b 2
of body

' Characteristic
dimension of body
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I © ¢ydm Typical Shapes - table 11-2

Hoop ahour Annular cyvlinder Solid cylinder
central axis {or ring) about {or disk) about
central axis central axis
I= MR? (a) I=4M(R% + R3) (5) (]
Axtis Axis
Solid cvlinder Thin rod about Solid sphere
(or disk) about / axis through center about any
central diameter perpendicular to diameter
lengih
I i
R \/ \(/
I=1MR* + 1 MIL2 (d) I=3%MIL2 (e) I=1MR2 (f)
Axis Axis Aodis
Thin Hoop about any Slab about
spherical shell diameter perpendicular
about any axis through
diameter /,l center
b—a
1= 3MR? L W rahMea®+ ) b
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Parallel Axis Theorem

dm « Simple technique for
T finding 1 about a
Rotatdon a8 y_ b different axis (when

through P . .
know 1t about axis

through the cntr of mss)

o Pick origin at ¢ of m with
AT Zz-axis along w
OTATION AX1S

through
¢ S0 Xcom™ Yeom=0

center of mass

gam = d R

y

colIrn

— 2
IP o Icom +Mh
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l/ Torque: Can change

Rotational Kinetic Ener

/ Definition of Torque

t=r"F
t =rF sinf Indirection * rF plane
t =r.F =rk

o Torgue produces Angular Acceleration
o Body’s rotational energy changes as result

« Work done by torque \£\/ork = FtS — Frq
:tq
dg

| J action of F Power =t — =tw

dt
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Utility of Torque- rotation about fixed axis

? F. component can"t move m
BN \ F =ma, =mra
,. t =rk =rmra
t =la with 1 =mr~
Note directions of t and &

Rotation axis

=1a with I =3 mr?

. Massless rod of length, ¢ When net torque on body
r, with pt-mass, m, at IS zero, there can be no
end angular acceleration

o apply force, F, as shown o IT w=0, and no torque,

w stays that way
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Specifying Torque
t.=1a with I =g mr

)

]

A® T

Line of action ﬂfF

t=F"'F t = rF sinf

{er}

« Note the equivalence of the two
perspectives

__ ¢ distance times transverse force
orque.MOV Component

¢ lever, or moment, arm times force

¢ Importance of all seen In pix
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| larger, a smaller

— s - O
t=1a with I =g mr?
o« Note that this form i1s similar to Newton’s
2nd | aw: F=ma

¢ Motion driver (force) produces linear
acceleration .. smaller If inertia (mass) larger

o Torgque drives angular acceleration
¢ |, property of the body, Is a measure of

rotational inertia E’J
platform- | w bodiesl-SNDRS.MOV

<]

platform- | w bodies2-SNDRS.MOV
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Torques do Work and
Make Energy

. Rotational Mechanical Work =FKs =Frqg
Energy

« Kinetic Energy result of =19
angular acceleration or Power =tw
Work done

o Energy rot pix @
energy-power in rotational motion2. MOV
o Analogy between
energies

¢ translational
¢ rotational
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Center of Gravity

o Rigid body feels
gravity as if all
E the body mass
| -uneot concentrated at
- — center of mass
Momment ¢ See proof in text
@ (sec 13-3)

o Conseguence

¢ Pivot rigid body and
cog must lie below
It
J(‘-‘_f_*g « Demo
F .
Lo x:{\ .« Pivot body at cog
A and stable (no
arm 0 tO rque)
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Finding C of M Empirically

Nig x, o N, . Allow rod to slide
]T 2 4 f, | across hands

o« Works because
the forces and
mg || torques on the

rod must sum to

Zero
Why does this work?? Feom = 7 @ AM
1D -- like stick
Mo dm _M
dl L
L L L
o = & gl =L ydl ==
0 0 2
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Conclude

« Remember that HW 6 on chapters 10-11
due on Wednesday

o Read through chapters 12-13 ... will finish
In the next two lectures
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