Lab 7 is in SCI 136 (!)
Please, login into webassing,
LectureMCQ L15 (PY105)

and answer question 1
(but ONLY Q1!).
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Pleas sign in using the sign-in sheets on

the bench. Thank you

Good morning!l.

Note: exam room

@ | change:
- |Exams 2,3 take

place in STO B50




The lever-arm for AEIRy
the torque of the /-
tension force  axis of
relative to the  rotation

hinge is - [ .
represented by
the red segment #

1. 2. 3. ... mg

Webassign: L15 Q2




The lever-arm for the

Webassign: L15 Q2

torque of the tension
force relative to the
hinge is represented

axis of
by the red segment # etk .d
1. 2 3. . rotation

Fy

0 \\ mg



A heavy rod is suspended to a wall by
the means of a horizontal string.

/

Draw FBD.

|  For each force
“calculate”/draw the
lever-arm
the hinge relative to the hinge.
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Finding the center of gravity (CG)
(old name for CofM)

If this is CG the object must be in equilibrium



Finding the center of gravity (CG)

+ F hold

in Equilibrium => CG
Msystemg



Finding the center of gravity (CG)

A 100 g meter stick has a 200 g weight attached
to its end. Find the CG of the system (The size
of the weight is greatly exaugurated).
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Finding the center of gravity (CG)

A 100 g meter stick has a 200 g weight
attached to its end. Find the CG of the

system.
The same as
Next page

in Equilibrium => CG

+ F hold

M

systemg



Finding the center of gravity (CG)

A 100 g meter stick has a 200 g weight attached to its end. Find
the CG of the system.

+ F hold
0.5-x

X |e—

1m ’;1*g

M-g M*g*x - m*g(0.5-x) =0
=>x=1/6 m




+ F hold

Is CG = CotM?




2w,

MiX1 *MX2 — 176 m
m, +m,

X =

cm




How to find the location
of CG.




Why do towers fall?

https://en.wikipedia.or
g/wiki/Leaning Tower
of Pisa



https://en.wikipedia.org/wiki/Leaning_Tower_of_Pisa

60 kg T  The human spine A “fun” fact

120_=
When one bends the upper
mg body over so it is horizontal
Do not read this slide that can put a great deal of

stress on the /lumbrosacral disk, the disk separating the lowest
vertebra from the tailbone (the sacrum). One has to be careful when
picking something up!

The force of gravity, mg, acting on the upper body (this is about

65% of the body weight).

The tension in the back muscles can be considered as a force T that
acts at an angle of about 12° to the horizontal when the upper body

is horizontal.

The support force F from the tailbone, which also acts at a small

angle measured from the horizontal. (by A. Duffy)



60 kg 6= 120 At thee equilibrium

‘T\Xﬁf—f;
) _ —
AdsBT— =N + 0. 1x =1

rotation Y=

\J

mg
T 1s applied about 10% further from the tailbone than the force of
gravity 1s, so this gives:

Tsm0O * (x +0.1x) =mg x

mg 0.65-60-10

And 1.1sin @ 1.1sin12

This 1s roughly the force pressing the one’s spine!

An equivalent of about 170 kg or 370 Ib!

The moral of the story: when picking up stuff, use your legs, not
your back:; bend your legs instead of your back (by A. Duffy)




Not Equilibrium

|F]

The rod is initially at rest. Two forces
are equal in magnitude but opposite to| |F]
each other.
The net force is ZERO!
The net torque is NOT zero.
=> The rod is rotating! o #0!




NOT equilibrium
The rod is initially at rest. Two forces (“ p u re” rOtatI O n )

are equal in magnitude but opposite to| |F]|

each other. _ N 2 L R

The net force is ZERO!

—> —>
The net torque is NOT zero. ’ z l a
=> The rod is rotating! a # 0 !

Not Equilibrium
l |Fl

(——-——* ; . o Negative torque TNET — Tl +T2 +T3 + L
FI Post}wc"lorquc “into” ®
out @ 2
1 2 Thotiow cyl — Iring = mr
Irod =—mL
12 o2 ) -
sph gmr IdiSC — Icyl = Emr

I = a moment of inertia, a.k.a. rotational inertia



A disk with a ball.

Lring = mr
2
I = Zmrz Ismallmass = mrz Isph — gmrz
1 1
Icyl :_ml"Z Irod — A L2
R=20cm, m=50 g, 2 12
_ _\_ . = "._L_:
Miisi = 200 g. Tow= Loe ¢ Lusg= MO
Find Iy ., relative to _ Al— 2 (D) + ,og'.(:?) zlf).oocs

the center of the disc. —



— 00—

Webassign: L15 Q3

In order to increase the moment of inertia of the

system we need to move the weights ...
1. Closer to the middle point of the rod
2. Farther away from the middle point of the rod

9 2,
= mr I, =—mr

[ =Smr’
5

small mass

Ling = mr? I 1
g I = —mr - 2
cyl 2 Irod 12 mL »
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In order to increase the moment of inertia of the system we need to move

the weights ... | Webassign: L15 Q3
1. Closer to the middle point of the rod

2. Farther from the middle point of the rod
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= mr rod 12

small mass
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For ANY system, in general [ =3mr’

If we do not change its mass, but change
its mass distribution, we change its
moment of inertia: by moving mass away
from the axis of rotation, we increase the
moment of inertia relative to that axis.

E.G.: a solid cylinder vs. a hollow cylinder

(or a ring)
I

- _ — 2



A sphere and a disk (or a
solid cylinder) have the
same mass and the same
size. You apply the same
net torque to both.
Starting from rest, which
spins faster 1 s later?

1. Sphere Webassign: L15 Q4
2. Cylinder

3. Equally fast

T .. =1
1
eyl —Emr
2
I, =§mr




A sphere and a disk (or a solid cylinder)
have the same mass and the same size. You
apply the same net torque to both. Starting
from rest, which spins faster 1 s later?

1. Sphere

2. Cylinder

3. Equally fast

Webassign: L15 Q4 Loes J— T




If M =10 kg, R =25 cm, what force

should we apply to a string to
provide for the disc the angular
acceleration of 20 rad/s??




4

If M =10 kg, R =25 cm, what force
should we apply to a string to

| provide for the disc the angular
~accelerati 20 rad/s?
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Newton's 2" |aw

Two N2Ls! ]

. for rotational
Newton's 2nd motion (usually
law for about CofM)
translational TNt =T ¥ T+ T+ ...
motion (CofM) T =l

ﬁ = I — moment of inertia

ner — Md Depends on the shape

(mass distribution)



The disk was
released from
rest.

N

If M=10 kg, m =5 kg,
R =25 cm, assume
friction provides a
torque equal to 0.1 of
the torque provided by
the force of tension.
Find the angular
acceleration.




3« The disk was released from rest.

If M=10 kg, m=5 kg, R =25 cm, assume friction
provides a torque equal to 0.1 of the torque provided by
the force of tension. Find the angular acceleration.
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T, |=|T,|=T

T= M/j-'l?) 5(10-9%)= 26 Sa ‘



