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What did we cover last week?




Torque of a force

When a force F acts on a body, the torque 7 of that force with respect

to a point 0 is equal to the vector product of the position vector I of the

point at which the force acts and =
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lever arm

torque 7
out of the page

Torque

7=FxF

!

Torque magnitude
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Laws of rotational dynamics

The rotational analog of Newton's 29 law says that the net torque acting on a body
equals the product of the body's moment of inertia and its angular acceleration.
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Combined translation and rotation

General motion of a rigid body
Translational motion of the center of mass
+ rotational motion about an axis through the center of mass.

Kinetic energy of combined motion

R
== W = translation rotation
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g Vem --- center-of-mass velocity
lcm --- moment of inertia
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Combined translation and rotation

Dynamics of combined motion

Newton's 2" law = motion of the center of mass
Rotational equivalent of Newton's 2"9 law = rotation about the center of mass.

Translational dynamics

R Z Fext = M &g,
L—— w = Rotational dynamics
h N ZTZ = lema;

— valid for rotation about an axis of
symmetry that does not change direction



Combined translation and rotation

Rolling without slipping

Point 1 on the rolling body contacting the surface on which the body rolls

has zero relative velocity with respect to the surface

No-slipping condition:
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Work of a torque on a rotating body

= integral of the torque

Power:

Work done by a torque

P=r1,0,

W =I;ZTZ d9=j;2 F.., Rd@

Work - energy theorem:
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— the total rotational work done
on a rigid body by a torque is equal to
the change in rotational kinetic energy

—> product of the torque and the angular velocity



Angular momentum

Angular momentum of a particle || = x P=TFxmv
with respect to point O:

—> vector product of the particle's position vector r relative to point 0
and its momentum p=mv

Angular momentum of a rigid body

L=1®

rotating about a fixed axis of symmetry:
| ... moment of inertia

@... angular velocity




Rotational dynamics and angular momentum

The net external torque on a system is equal to the rate of change of the
angular momentum of the system:
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If the net external torque on a system is zero, the total angular momentum
of the system is constant (conserved): dL/dt =0



What will we cover today?




Lesson plan

1. Conditions for equilibrium

2. Center of gravity

3. Rigid-body equilibrium problems
4. Stress, strain, and elastic moduli

5. Elasticity and plasticity



