Classical Mechanics

Lecture 16

Today’s Concepts:

a) Rolling Kinetic Energy

b) Angular Acceleration
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Your Thoughts

Just getting dizzy with rotational versions of newton's laws. -.
Too many equations to remember and cope with
wow... like wow man.. what just happened.

Wﬁat unme'rciﬁi[d’oom d'Otﬁ rot MJOOH tﬁe error (mey SOM[?

What does the center of mass have to do with this section?

A little brush up on last lectures material would help, just to reinforce what has
been taught

moments of inertia still throw me it takes me a couple tries to think through
them and with really rotation period | am finding it more challenging despite
the fact | had trouble learning it last year as well

just stop teaching these things plz -
Very confusing at first, but after | closed facebook it started to make sense.

Kill me, man.
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Your Thoughts

Just getting dizzy with rotational versions of newton's laws. -.

It's really weird that a block would have more acceleration than a ball

Please explain the reasoning for : Which one, large or small cylinder reach the
bottom first.

arrrrrrghhhhhhhh > <
Rotational Dynamics is going to be the cause of my grey hair

cool beans.

if the objects don't depend on mass, what was with the cookie tin dealio on
Friday that was weighted unequally?

this stuff seems straightforward, but | would still like to go over moment of
inertia
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| am not majoring in physics because biology and | have a love for each
other that physics will never break. However, | find this amusing.

http://graphjam.com/2010/05/11/funny-graphs-majoring-physics/

now 404
Why | Am Majoring in Physics

To increase
mankind's
understanding of the
universe

To figure out how to
build a lightsaber

Cross products reminded me of this joke: why can't you cross a mountain climber with a
mosquito?
Because you can't cross a scalar with a vector.
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http://graphjam.com/2010/05/11/funny-graphs-majoring-physics/
http://graphjam.com/2010/05/11/funny-graphs-majoring-physics/

| felt like every slide just had a ton of equations just being used to find new
equations. Other than that the actual use of the equations doesn't seem so bad,
but | still don't really know what to do for the CheckPoints.

PE = MgH Energy Conservation
KE =0 &Y
PE =0
H KE = Ktrans + Krot
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Let’s work through this again.

Rolling without Slipping
For a Solid Sphere

2

Koo =— M,
y o — 10
Al]( Total

Question: What is the speed at the bottom of the ramp?
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Rolling Motion

Objects of different / rolling down an inclined
plane:

AK = - AU = Mgh

My*

V=R
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If there is no slipping:

V

~~._ Wherev =R

~

~
~
~
~

In the lab reference frame In the CM reference frame
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V

N

K = %](Dz "'%Mvz Use v =wRand /= cMR>. HOOP:c =1
K L CMR'w’ +1Mv2 =l(c+1)Mv2 el
2 2 2 Sphere: ¢ = 2/5
etc...
So:

Doesn’t depend on M or R, just on ¢ (the shape)
Ramp demo
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Clicker Question

A hula-hoop rolls along the floor without slipping.
What is the ratio of its rotational kinetic energy to its
translational kinetic energy?

rot

K 3
B)

Krot
K trans K trans 4 K

O__.

Recall that / = MR’ for a hoop about

an axis through its C M.
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CheckPoint

A block and a ball have the same mass and move with the same

initial velocity across a floor and then encounter identical
ramps. The block slides without friction and the ball rolls

without slipping. Which one makes it furthest up the ramp?
A) Block
B) Ball
C) Both reach the same height.

’m“‘tphg’ic, Mechanics Lecture 16, Slide 10



The block slides without friction and the ball rolls without slipping.
Which one makes it furthest up the ramp?

A) Block !L» !
B) Ball

C) Same

A) The ball losses energy to rotation

B) The ball has more total kinetic energy since Arswer Cheice Distributien
it also has rotational kinetic energy. 30 =
Therefore, it makes it higher up the ramp. 5,

10

C) If they have the same velocity then they 18 >
should go the same height. The rotational 0 1 2 3

energy should not affect the ball.
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CheckPoint

A cylinder and a hoop have the same mass and radius. They
are released at the same time and roll down a ramp without
slipping. Which one reaches the bottom first?

A) Cylinder
B) Hoop

C) Both reach the bottom
at the same time
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A) Cylinder

B) Hoop

C) Both reach the bottom
at the same time

A) same PE but the hoop has a larger rotational

Which one reaches the ba*om first?

inertia so more energy will turn into rotational e v o s auen s o0-

kinetic energy, thus cylinder reaches it first. .

u
§
ia
5
,h

B) It has more kinetic energy because it has a
bigger moment of inertia.

C) Both have the same PE so they will have the
same KE and reach the ground at the same time.

138
[

ol NN NN NN
A 8 c

smartPhysics
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CheckPoint

A small light cylinder and a large heavy cylinder are
released at the same time and roll down a ramp without
slipping. Which one reaches the bottom first?

A) Small cylinder .

B) Large cylinder

C) Both reach the bottom
at the same time
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CheckPoint

-
-
-
-
[
- |

A small light cylinder and a large heavy cylinder are released at the &
same time and roll down a ramp without slipping. Which one

reaches the bottom first?
A) Small cylinder @

B) Large cylinder

C) Both reach the bottom
at the same time

A) Because the smaller one has a smaller moment

Of | n e rtl a . Two Cylinders on Ramp: Question 1 (N = 80)
80,

B) The large cylinder has a larger moment of
inertia, and therefore, ends up with more energy.

C) The mass is canceled out in the velocity equation
and they are the same shape so they move at the 20 T
same speed. Therefore, they reach the bottom at ]
the same time.
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What you saw in your Prelecture:

Question: What is the acceleration?

y Newton's 2™ Law

Mgsin0- f = Ma,

Newton's 2™ Law for Rotations

=

Acceleration depends only on the shape, not on mass or radius.
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Clicker Question

A small light cylinder and a large heavy cylinder are released at
the same time and slide down the ramp without friction. Which
one reaches the bottom first?

A) Small cylinder ‘

B) Large cylinder

C) Both reach the bottom
at the same time
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Bowling Ball

-~ QO

e

A spherical bowling ball with mass m = 4.2 kg and radius R = 0.114 m is thrown down the |ane with an
initial speed of v = 8.7 m/s. The coefficient of kinetic friction between the sliding ball and the ground is p
= 0.32. Once the ball begins to roll without slipping it moves with a constant velocity down the lane

1) What is the magnitude of the angular acceleration of the bowling ball as it sides down the lane?
rad/s?

fR _uUMgR Sug

T
T=J]0 =—» O =— - =3
gMR2

2R

smartPhysics
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Bowling Ball

—a

—_—)

A spherical bowling ball with mass m = 4.2 kg and racius R = 0.114 m Is thrown down the lane with an
initial speed of v = 8.7 m/s. The coefficient of kinetic friction between the sliding ball and the ground is p
= 0.32. Once the ball begins to roll without slipping it moves with a constant velocity down the lane

2) What is magnitude of the linear acceleration of the bowling ball as it shides down the lane?
mis?

o uMg
M M

F=Mag—a= wg

smartPhysics
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Bowling Ball a = ”“ g

A spherical bowling ball with mass m = 4.2 kg and radius R = 0.114 m IS thrown down the |ane with an
initial speed of v = 8.7 m/s. The coefficient of kinetic friction between the sliding ball and the ground is
= 0.32. Once the ball begins to roll without slipping it moves with a constant velocity down the lane V — 0)

A

3) How long does it take the bowling Dall to begin rolling without slipping?

: v, —at =otR
w V= VO —at Once V=WZX it rolls

VO\ without slipping VY — Mgt — Sﬁt

’ OR = oR? wg

v

V=y,—at 2

t 2

v
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Bowling Ball

4) &) How far does the bowling ball slide before it begins to roll without slipping?
m

5) &) What is the magnitude of the final velocity?
m's

2
X=vy,l——at
2 } Plug in @ and 7 found in parts 2) & 3)

v=y,—al
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Bowling Ball

-~

.

— —_— a=ug
2
Interesting aside: how Vv is related to v, : [ = 7 Vo
v=y,—al HE
2V()
V="Vy— U8 710
0 HE
v=V,——V
0 0
7
5
y = ;VO Doesn’t depend on u

V= (0.714)\/0 We can try this...
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Position vs time for Bowling Ball

x4 ' . .
Linear Fit for: Latest | Position Qu a d ral_l C C u rve ﬁt

m:SIop'ﬂ 1.780 m/s to region 866 S
to 9.05 s:

b (Y-Intercept): -14.88 m
Vo=2.67 m/s

Correlation: 0.9999
RMSE: 0.01043 m

xd
Auto Fit for: Latest | Position
X = A"(t-10)A2+B8"(t-10)+C
t0; 8.662
24 A -0.2980 +/- 0.2231
B: 2.670 +/~ 0.08628
C: 0.2006 +/- 0.007028
RMSE: 0.005113 m

Position (m)

Linear fit to region
9.1s5to0 10.3 s

v=1.78 m/s

8 9 10
Time (s)
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Linear velocity vs time

roIIing

— —
8.5 9.0

T
9.5

- -
10.0
Time (s)

the velocity vs
time graph
shows that
clearly vis
nearly (5/7) vo
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Bowling Ball
/-\ oL
—>

—_—)

6) ) Anerthe bowling ball begins to roll without slipping, compare the rotational and translational
kinetic energy of the bowling ball

O KEgt < KEtran
O KEqot = KEyran
O KEqot > KEyran

K My*

1
tran=5
x =1

rot _I(D =
2
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Clicker Question

Suppose a cylinder (radius R, mass M) is used as a pulley. Two masses
(7, > m,) are attached to either end of a string that hangs over the

pulley, and when the system is released it moves as shown. The string
does not slip on the pulley.

Compare the magnitudes of the acceleration /
of the two masses: o

A) a,>a,

T
B) a,=a, h ? a,

C) a,<a,
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Clicker Question

Suppose a cylinder (radius R, mass M) is used as a pulley. Two
masses (m2, > m,) are attached to either end of a string that hangs

over the pulley, and when the system is released it moves as
shown. The string does not slip on the pulley.

How is the angular acceleration of the wheel /
related to the linear acceleration of the
04

masses?

A) o = Ra

B) a = al/R T T, a,
C) o= R/a
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Clicker Question

Suppose a cylinder (radius R, mass M) is used as a pulley. Two -
masses (m2, > m,) are attached to either end of a string that hangs
over the pulley, and when the system is released it moves as
shown. The string does not slip on the pulley.
Compare the tension in the string /
on either side of the pulley:
a
A) T,>T,
B) T, =T, r T,
C) T,<T, 4
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Atwood’s Machine with Massive Pulley:

A pair of masses are hung over a
massive disk-shaped pulley as
shown.

> Find the acceleration of the blocks.

For the hanging masses use F' = ma

a
For the pulley use t = /o = IE
TR-TR =1% =L MRa
1t = 1y 25

1
(Since [ = 5]\41132 for a disk)
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Atwood’'s Machine with Massive Pulley:

We have three equations and three
unknowns (7', 75, a).

Solve for a.

-mg+T,=-ma (1)

-m,g + 1, = mya (2)

1

T\~ T,=—Ma (3) T,

a

" 3
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a =
m1+m2+M/2 &




