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a The Energy of Rotation
>
>
>

a Rolling Motion
>
>
>

Q Conservation of Energy
>
>
>
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Gie - Consider the rotating rigid body shown in the figure.
\ ‘ | We divide the body into parts of masses m,,m,,m,,...,m.,....
b ; :1;2 The part (or "element") at P has an index i and mass m..
'-.,Rou.m.g [~ The kinetic energy of rotation is the sum of the kinetic
\h / energies of the parts: K = %mlvf +%m2\/22 +%m3v32 +...

1

| 1
K= Zamivf The speed of the ith element v, = @r, — K = Zaml (wr)’.

| 1 :
K :E(Zmirfja)z :Ela)2 The term / = ) m,r is known as

rotational inertia or moment of inertia about the axis of rotation.

ﬁ L. 5
K= E o
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O Power is defined as the amount of work done in a
given time. The instantaneous power is:

p=dW/
Q For pure rotational motion the work is equal to the dt
kinetic energy of rotation:
W=k =L The units
o) of Power:

a The time rate of change of the work can be found
directly as follows:

p-dW _d 1w :lliwzzll de—w
dt  dr\2

a |P]=Watt = i

{8’ \)
—~P=Iwo =T® units give form... N - -m
\)
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a Recall that the units of torque and
work are the same

> 8

0 Consider the power generated by a no
] ] ] ————‘—/ ‘\
rotating grinding wheel: \ &
= P= d—W =T o)
d r=Ia= LM
= dW = taxdt = @6 NI

Wy 0
= de:z'jdé’ 1=t AW =1A0
W, 8
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O The ENERGY of rotating objects can be utilized to
generate/use POWER

P=tw=(Ia)w= 3@ Msz(g)a) M 2y

T T

Axis

Thin rod abont

A - axis through center
\]NH'- \ rpendicular to
! Tl L *
#\ = length

X | 17
\'/ | Lcom :ﬁMLZ
From To
HELICOPTERS.. Lyge = ooy + ML =1 ML WIND TURBINES..
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O Rolling objects
>

{a) Pure rotation —_ “.-'}I Pure translation — () ];'.1:!”!'“.'.1r motion
V7 oo l-.h-"- “illrll ;?T 2i?c-:>|||
/ \ / \ /
I '.I ! l:- '\I lln' .:- LY
| 4 1 ! Yoom " "o
| \JYo | | | | o=
| iy R i \ / \ par |

=
COHT —_ —
V= 0

“Yom ' Yeoom T

1
. K,  =—mv

Trans com

. KRot _ % Iw2 — K — K Trans + K Rot
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a Friction forces

> | ? “/u;/,-.,.,,,,x’ /?

> =il F
0 Free body diagrams /i g
> ¥
+Y

F,=+F,] +Y
F, <—ufFi —v +X

5\

F, =+mgsin 6 —mg cos
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a Frictional forces for rolling
>
>

Q Problem set-up
>

Y F.=F —Mgsinf=Ma

com,x

Y T=RF, =1,
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O To solve for acceleration

>
+Y
acom,x =0OR \/

F.—Mgsin@ =Ma

com, x

a
=1 —2>—Mgsinf=Ma

com R2 com,x
_ gsind
= acom,x - I
1_|_ com
MR?
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a Potential energy

>
AU =mgAh = mg(hf — hl.) How fast is girl

. - . traveling at bottom?
a Conservation Principle o

>
AK +AU =0 N
(k,-k)+U,-U,)=0
=K, +U, =K, +U,
ht
>

%m(v)z +mg(0) = %m(of +mg(h)

= v=,/2gh
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O Place these objects on ramp

> Your Name (Print): Date:
Group Members:

Group:

>

Rolling and Ramps

1 Warm-up: Consider a rolling wheel. What is the
instantaneous linear velocity of a point at the bottom of
the wheel in contact with the ground?

Disk I-Imp

What is the relation between the velocity of the wheel as a whole (essentially the linear velocity
of the axle) and the wheel’s angular velocity?

|
= !
Py
4

1 “ MR>
2 — 2 e —
] MR I, =MR* lgy..=7MR
Disk Hoop 5 .
What is the instantaneous linear velocity of a point at the top of the wheel, relative to the

ground, in terms of the angular velocity?

_ 2
— IObject _ kObjectMR

A hollow 45.8 g cylinder of radius R = 2.25 cm rolls down a 27.3° ramp starting from a height

L ' of i =1.50 m. The cylinder does not slip or slide as it rolls down. What is the linear speed v of
0 Predict the WINNER!

K=K, +K, =AK+AU =0

Trans
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O Apply energy conservation

>
Starts K.+U,=K,+U, Fi.na‘! heiq’ht
from rest 1 IS "Zero
—(0)+ (vgh)= (2 e tiy, 0 j 0
1 1 ’
Mgh = > —~Mv +— > Lopjec Connect angular and
linear variables...
I
2 h V + Object 2
¢ MR®
— = 28h *Object with greatest
1+1,,,., /MR’ inertia loses the race!
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a There are many applications

>

g sin90°
:> acam = 2
1 + Icom /MR / | T
| RF
This is the same answer for v
V2 = vg +2alx that we get using energy!

,  2g(sin 6Ax) 2gh _— A

~V Tl MR 1+1_ MR

. UPII Slide 14 of 14 Adapted from Halliday, Resnick and Walker; © Michael Jay Schillaci



