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Quick recap



Dimensional Analysis Exercise

[ ' . . | ?
What is the time period of a simple pendulum® y frictionless pivot

e for small angles?

4 am Iitude; f
‘ g 5 massless rod

* Can the formula below be right?
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» Can terms in the exponent have units? trajectory massive bob

equ_iiiﬁrium
. N = Noe—kx position




Conditions for equilibrium

* The translational motion of a body governed by Newton’s law is:

. dP
I =—
dt

* A body is in translational equilibrium if:
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Conditions for equilibrium

e The net force should be zero:

=

net X

=
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Conditions for equilibrium and definition of torque

* The rotational motion of a body governed by Newton’s
law IS:

_dL
® Tnet: dt

* A body is in rotational equilibrium if:

=0

* Tyet — 0, Thetx — 0, Tnet,y = 0, Thet.z

* Jorque is the measure of a force's tendency to
cause an object to rotate around an axis, acting as
the rotational equivalent of linear force

« Defined as the product of the applied force (F) and

the perpendicular distance (r) from the axis of
rotation to the line of action of the force

(t = rF sin 6)




Conditions for equilibrium and definition of torque

* The rotational motion of a body governed by Newton’s
law IS:

_dL
® Tnet: dt

* A body is in rotational equilibrium if:

* Tper =0

* Torque is the measure of a force's tendency to o -
cause an object to rotate around an axis, acting as A partic e s locatec at position &
the rotational equivalent of linear force When a force F is applied to the

particle, only the perpendicular
component I, produces a torque.
This torque T =r X F has

the perpendicular distance (r) from the axis of magnitude 7 = Irl [F.| = Irl IFl sin 6
rotation to the line of action of the force

* Defined as the product of the applied force (F) and

(t = rF sin 0)


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

Center of gravity

The gravitational force I"' ¢ on a body effectively acts on a single point called the center

of gravity (cog) of the body
At each point:

-T_XF

Sum: 7, —ZT—Zlgl

As a whole, using the concept of center of gravity:
¢« T = xCOgF

e T= X Y Fy,
Equate: x 6‘082 Z il g
Substitute: xCOmei 8 = Z AiM;§;

Cancel g, X, Z m, = Z XMy, Xepo = % Z X;m;



Equilibrium
(12-2)



Overhead views of rods are shown with non-zero forces acting on them. Which rod(s) can be in
equilibrium 1f the force magnitudes are adjusted appropriately?

d
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Overhead views of rods are shown with non-zero forces acting on them. Which rod(s) can be in
equilibrium 1f the force magnitudes are adjusted appropriately?

a b

——
T
S

Scenario a:
* Net force: Can be zero if magnitudes are equal
* Net torque: Both forces produce a clockwise torque about the center. Result: No.

Scenario b:
* Net force: Can be zero
* Net torque: All forces produce a counter-clockwise torque about the center of the rod. Result: No.

Scenario c:
» Net force: Can be zero if F,, = Fy,,.1 + F om0

* Net torque: The downward force on the left creates counter clockwise torque; the downward force on the right creates clockwise torque. These can balance. Result: Yes



Overhead views of rods are shown with non-zero forces acting on them. Which rod(s) can be in
equilibrium 1f the force magnitudes are adjusted appropriately?

a b

—
T
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Scenario d:
* Net force: Can be zero
* Net torque: Every force in this configuration contributes to a clockwise rotation about the center. Result: No.

Scenario e:
* Net force: Can be zero
* Net torque: You have forces on both sides of the center providing both clockwise and counterclockwise torques. Result: Yes.

Scenario f:
* Net force: Can be zero
* Net torque: Similar to (c), the symmetric placement of upward and downward forces allows for the torques to cancel out. Result: Yes.



Overhead view of a uniform rod 1n static equilibrium.
Can you find the magnitudes of the forces F1 and F2 from force equilibrium alone?

20N 34 d d d . P

%ﬂ_

10N Fi




Overhead view of a uniform rod 1n static equilibrium.
Can you find the magnitudes of the forces F1 and F2 from force equilibrium alone?

20N 34 d d d . P

%ﬂ_

10N Fi

20—10-F1+F2=0 No!



Overhead view of a uniform rod 1n static equilibrium.
Can you find the magnitudes of the forces F1 and F2 from force equilibrium alone?

20N 34 d d d . P>

-

10N Fi

Forces

20-10-F1+F2=0

Torques

Ex. Place origin at Fi

Anti-Clockwise +

5d20+d10+dF2=0 = F2=90N => Fi=100N



A uniform bar of weight 10 N 1s suspended by two wires under tension F1 and F2. The
horizontal arrows measure to the middle.
In which arrangement are the tensions indeterminate?

10 N 10 N

F1 d F2 F1 ‘ ‘ F2

10 N 10 N




A uniform bar of weight 10 N 1s suspended by two wires under tension F1 and F2. The
horizontal arrows measure to the middle.
In which arrangement are the tensions indeterminate?

d d
F1 [ ] F> F1 I I F>
10 N 10 N
4 5 d/2&
F1 d F2 F1 ‘ ‘ F2
10 N 10 N

 Net force: Can be zero
* Net torque: hard to calculate, no easy pivot point that can defined



Add to the diagram all the macroscopic forces and their types that may act on the heavy
rigid uniform ladder (the thing in blue).




Add to the diagram all the macroscopic forces and their types that may act on the heavy
rigid uniform ladder.

Friction
Normal

Normal
Weight

Friction

Normal



Elasticity
(12-3)



Key Concepts

* Three elastic moduli are used to describe the elastic behavior (deformations) of objects as
they respond to forces that act on them

 Hooke’s law: The strain (fractional change in length) is linearly related to the applied
stress (force per unit area) by the proper modulus:

e Stress = modulus X strain

 When an object is under tension or compression, the stress-strain relation is written as;

F_ AL AL . . . . .
. —=FL , Where is the tensile or compressive strain of the object, I is the

A L L
magnitude of the applied force F' causing the strain, A is the cross sectional area

over which F is applied (perpendicular to A), and E is the Young’s modulus for the

F
object. The stress Is Z




Key Concepts

* Focusing on the equation:

' AL
o _:E_
A L

e Stress = modulus X strain



In an plastic deformation region, the gradient of the stress-strain curve
a) Is always positive

b) Is always negative

c¢) Is always both positive and negative

d) May be positive or negative in places



In an plastic deformation region, the gradient of the stress-strain curve
a) Is always positive

b) Is always negative

c¢) Is always both positive and negative

d) May be positive or negative 1n places



Ultimate Rupture

strength

Yield
strength

- .

Range of permanent
deformation

Linear (elastic) range

Stress (F/A)

0 Strain (AL/L)



Which of the following relations 1s stated in Hooke’s law?
a) Stress and strain are proportional to each other

b) Stress and strain are inversely proportional to each other
¢) Square of strain 1s directly proportional to stress

d) Square of strain 1s inversely proportional to stress



Robert Hooke

e What did he do? Known for

"

wymalics
Discovery of Gamma Arietis
Discovery of cell

Discovery of Great Red

Spot

Hooke's

HoOoKe's

HOoOKe's

Hooke's wheel

Micrographia
USCOUU ""

FPortable camera obscura

Helicle

Schlieren

Shadowgraph

Structural coloration

Sash window




Which of the following relations 1s stated in Hooke’s law?
a) Stress and strain are proportional to each other

b) Stress and strain are inversely proportional to each other
¢) Square of strain 1s directly proportional to stress

d) Square of strain 1s inversely proportional to stress



Which among the following 1s the correct SI unit for the Young (or elastic) Modulus?
a) N/m

b) N/m3

c) N/m?

d) N

¢) No units



Which among the following 1s the correct SI unit for the Young (or elastic) Modulus?
a) N/m

b) N/m3

c) N/m?

d) N

¢) No units



