Everything Is El
Is It Magic, or Is

Force and - .
Motion

Weight Drag Tension

The ope xertsatnsion
gﬂm/v

Kinetic Friction

Normal Static Friction

Friction and Normal Forces

Component
perpendicular
to slope:
Normal force

Molecules
resisting
sliding

Molecules
resisting
compression

Component
parallel to slope:
Friction

Drag force

Direction:
Opposite motion of air

Magnitude:

D=1C pAv’

Lift force

Direction:
Perpendicular to velocity

A force is a push or a pull.

A force acts on an object.

Object——

A force requires an agent.

Agent




If there aren’t any external forces,
objects in motion stay in motion,
objects at rest stay at rest.

For every action, there is an ‘a_ Newton’s

equal and opposite reaction. 3rd Law

When you jump
- into the air, what
- provides the ©
force that pushes | =
you offthe |
ground?

Thrust

S
. Fi,
Thrust force is exerted thrust

on a rocket by exhaust

gases.
24
Vexhaust

Back to the Toys

Explain the operation in terms of forces.

What are the forces that act on the dishes?




Data from Car & Driver

0-60 vs 174 €T

0-60 Time

To make it better:

Wings that push down.

y Lift requires speed:Air moving over the wings
gets pushed downward.This pushes the plane
upward.

A skydiver has jumped from an airplane, and has reached terminal speed.

What is the net force on him?

What does this tell you about the weight force and the drag force?
A A —

Apparent Weight B
Forces make
Wapp = magnitude of supporting contact forces [6X0) things move.
Definition of apparent weight

‘The man fecls heavier
i than normal while
accelerating upward




Torques make ‘
things rotate. FSaliie

Torque

Force

Pivot l

Distance to the pivot

Torque = Force x Distance to the pivot

Balancing torques

Who needs to sit closer to the pivot,
the person with the larger mass or
the person with the smaller mass?

What’s the
point of the
wheelbarrow?

A man is carrying a 51 kg load in a wheelbarrow.
What upward force must his hands provide?

II5NXx .l m=125 Nem
500 N x 0.25 m = 125 Nem

Pivot

Mechanical
Advantage

The force on the

garlic clove is 5x

the force exerted
by the hand.

25 50 7.5 100 12.5
Distance from pivot (cm)

Mechanical
Advantage

Question
What are other
tools in the kitchen
or the workshop

that use this T T T T T
principle? 2.5 5.0 7.510.0 12.5
Distance from pivot (cm)

Experiment
Change the
position of the
band. How does
the force required

change?




Negative
Mechanical
Advantage

The force provided
by each quadriceps
for this stance is
more than 5x the
person’s weight

The Curl
Lifting muscle
(biceps)

Elbow joint

If you lift a 10 pound weight,
what is the force provided 36 cm
by your biceps?

The Curl
Lifting muscle
v (biceps)

90 Ib

Elbow joint

If you lift a 10 pound weight,
what is the force provided 36 cm
by your biceps?

Now, look at
the force in
the joint!

A man (weight 700 N, 160 Ib)

stands on the toes of one foot.

What is the force provided by
the Achilles tendon?

Question
Every joint in your
body has negative

mechanical

advantage.
Are there any
beneficial tradeoffs?

Which one is a digger, which one is a jumper?

s

Jumping




Torques in the Spine

Bending at the Waist A 70 kg man bends forward

at the waist; the gravitational
torque is balanced by
muscles along the back.

If you assume that 55% of
his weight is in his torso, and
the center of gravity of his
torso is 43 cm from his hips,

_ and the moment arm for his

spinal muscles is 0.060 m,
what is the force provided
by the muscles?

Bending at the
Waist

55% of weight Man’s weight:
690 N (150 Ib)

Muscle force:

200+% of weigh
of weight 1370 N (310 Ib)

(a)

Jaw pivot

Bite force

(b)

Jaw pivot

Why do dogs have long snouts while cats do not?

Crushing

Slashing




