Unit 3: Dynamics

"Why do objects change their motion?”




A Brief History of
Dynamics

@ Aristotle (500 BC): moving objects come to rest because
that is their preferred state

@ a force is needed to keep an object moving

@ Galileo Galilei (1600 AD): ball rolling experiment

Initial height Initial height
equals equals
final height final height




A Brief History of
Dynamics

If friction could be eliminated...

If a ball stops when it attains its original height, then this ball
would never stop. It would roll forever if friction were absent.

@ Sir Isaac Newton (1687 AD): expanded on Galileos
work with his Three Laws of Motion




Newton’s
| st Law of Motion

® “Objects in motion tend to stay in motion
(at constant velocity) and objects at rest
tend to stay at rest, unless acted upon by a
net outside force.”

® Obijects resist a change in velocity
(acceleration).

Inertia demos:

® The tendency of an object to resist JETTEITIL
tablecloth and glass

acceleration is called INERTIA. gaw;vzlelrfandblock
earthelrs




Newton’s
| st Law of Motion

® How do we measure inertia?

® |magine you kicked a boulder and a pebble
equally as hard...which resisted a change in
motion more!

® |nertia = Mass

® More mass -> Greater resistance to change




Newton’s
| st Law of Motion

® “Objects in motion tend to stay in motion (at
constant velocity) and objects at rest tend to stay
at rest, unless acted upon by a net
outside force.”

® What is a force?

® A force is a push or a pull that one object
exerts on another.

® A Force is a vector quantity.



Newton’s
| st Law of Motion

® “Objects in motion tend to stay in motion (at
constant velocity) and objects at rest tend to stay
at rest, unless acted upon by a net
outside force.”

® net = vector sum (D ->“sigma” = sum of...)

® When the net force equals zero, the object is in
EQUILIBRIUM (acceleration = zero)

® An object that is accelerating is NOT in equilibrium




Calculating Net Force

3 N, West . 5 N, East 5 N, East
3 N, East

2F =2 N, East >F=8 N, East
3 N, North

3 N, West

2 N, West

2F=0N SF=5.83 N,
31.0°N of E




Newton’s
Second Law of Motion

® |stlaw:“If DF=0,thena=0"

® Antithesis ->“If DF #+ 0,then a #+ 0”

2.

, . YF _
Newton’s Second Law d="— I F = ma
m

The acceleration of an object is directly proportional to the
net force acting on it and inversely proportional to its mass.

The direction of the net force tells you the
direction of the acceleration!




Newton’s
Second Law of Motion

® A 5-kg box has a net force of 25 N exerted on
it. What is the box’s acceleration?

® A 4-kg book experiences an acceleration of 3
m/s2. What is the net force acting on it!

® A 4750-N net force causes a car to accelerate
at 5 m/s2. What is the mass of the car?




Calculating Acceleration
from Net Force

3 N, West n 5 N, East
3 N, East

a = 0.5 m/s?, East a = 2 m/s? East

5 N, East

3 N, North

3 N,West 5> N, East
5 N, East
2 N, West

31.0° N of E
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Newton'’s
Third Law of Motion

® What happens if you punch a wall as hard as
you can!

® The wall “punches” you back just as hard!

® Newton’s 3rd Law -> “Action-Reaction”




Newton'’s
Third Law of Motion

® “For every action there is an equal and
opposite reaction.”

® “When two objects interact, the force
exerted on the first object by the second is
EQUAL IN MAGNITUDE and OPPOSITE

IN DIRECTION to the force exerted on the
second object by the first.”

—

on B — _FBonA

F,




Newton'’s
Third Law of Motion

Mowentum
Carts
® Forces ALWAYS come in pairs. -

® |dentify the reaction force to the following
forces:

® A sprinter pushes to the right on the
starting blocks.

® A bird’s wing pushes down on the air.

® The Earth exerts a gravitational force
pulling on the Moon.



® An 80-kg man and his 30-kg daughter are standing
on a frozen lake facing each. With their hands they
push off against one another. The daughter

experiences an acceleration of +4.0 m/s?.

(a) What net horizontal force is acting on the daughter?
(b) What is the father’s acceleration!?

SF=ma = (30kg)(+4.0 m/s?) =+I120 N

o= SF — 120N

m = 80 kg = -1.5 m/s? (Father)




® What is the “reaction’ force to the Earth’s
gravitational pull on you!?

® YOUR gravitational pull on the Earth!

FEARTH ON PERSON = FPERSON ON EARTH

‘ ' 'EARTH dEARTH —  MPERSON aPERSON




® Do Now:
“A 10-kg object has a net force of 20 N acting on it
to the right.”

® What is the magnitude and direction of the object’s
acceleration!?

® |s this object speeding up? Slowing down? Explain.

Without information on the object’s initial condition, we
have no way of knowing if it is speeding up or slowing down.



Types of Forces

® There are only 3 fundamental forces (all
forces that exist can be explained in terms
of these):

® Electroweak Force

® electrical forces, magnetic forces,
contact forces, weak nuclear force

® Strong Nuclear Force

® Gravitational Force




Force of Gravity (W)

® A 5-kg object is released from rest near Earth’s surface and
experiences free fall. What is the magnitude of the net force
acting on the object?

o T

o T
o

>F =ma = (5 kg)(9.8 m/s?) =49.0 N
his D F is due to one force: gravity

ne force of gravity exerted on an object is also called the

bject’s weight

Definition of W = mo D of object
Weight — M§ gearTH = 9.8 m/s?




Mass vs.VVeight

® Be careful when using the terms “mass” and “weight”;
they are NOT the interchangeable

Mass (m)

Scalar quantity Measured in kilograms

Measure of how much matter an object is composed of

Same everywhere!
—
Weight (W)

Vector quantity Measured in Newtons

Measure of the force the Earth (or other body) exerts on an object

Depends on where you are (varies with location)!



The Normal Force (Fn)

’»

® “Normal” ="“Perpendicular”

® exerted by any surface (horizontal, vertical,
or inclined) in contact with the object

® can vary; depends upon the situation

® some problems will give you the maximum
normal force a surface can exert before
breaking...you will then determine if it
breaks




® A 35-kg crate rests on a horizontal floor. Determine the
magnitude of the normal force the floor exerts on it.

Fn = 343 N

W = (35 kg)(9.8 m/s?) =343 N

Normal force must balance the force of gravity (weight)
if the crate is not accelerating.




® The normal force also tells us an object’s “apparent weight”,
how much it “seems” to weigh due to vertical acceleration.

® An object in equilibrium will have an apparent weight (Fn)
equal to its true weight

® An object in free fall has a Fn of zero (“feels” weightless)

® The “apparent weight” is what a scale reads




® A 95-kg person stands on a scale in an elevator.

® (a) What does the scale read (in Newtons) when the
elevator is at rest?

® (b) What does the scale read when the elevator
accelerates upward at +1.80 m/s*?

® (c) What does the scale read when the elevator
travels at a constant velocity!?

® (d) What does the scale read when the elevator
accelerates downward at -1.80 m/s??




® A 95-kg person stands on a scale in an elevator.

® (a) What does the scale read (in Newtons) when the
elevator is at rest?
1+

a =0,
therefore
F=0

Fy=931 N

W = (95 kg)(-9.8 m/s?)
= .93 N




® A 95-kg person stands on a scale in an elevator.

® (b) What does the scale read when the elevator
accelerates upward at +1.80 m/s??

a + 0,so: Fn=1102 N
+

YF =ma

>F = (95 kg)(+1.80 m/s?)

SF=+I171 N -

+171 N = Fy +W
= Fn + (-931 N)



® A 95-kg person stands on a scale in an elevator.

® (c) What does the scale read when the elevator
travels at a constant velocity?

a =0, _
therefore Fv=931N +

SF=0




® A 95-kg person stands on a scale in an elevator.

® (d) What does the scale read when the elevator
accelerates downward at -1.80 m/s??

a + 0, so:

Fn =760 N , ¢+
YF =ma
>F = (95 kg)(-1.80 m/s?)
dF=-171 N ]
W=93I N
-7l N=Fy+W

=Fn+ (-931 N)




Tension Force

® Tension -> Force exerted by ropes, wires, or strings
® The tension in a rope is equal at both ends

® Ropes used in examples are assumed to be massless

® Pulleys used are also assumed to be massless




® Determine the tension in the rope when the block is
in equilibrium.

Fr =49 N

SF=0

W = (5 kg)(9.8 m/s2) =49 N




® Determine the tension in the rope when the block is
accelerating up at | m/s2.

2F=5Nup




® Determine the tension in the rope when the block is
accelerating down at | m/s?.

>F =5 N down




Visualizing Forces with
Free Body Force Diagrams (FBFD’s)

e An FEB.ED. consists of:
e A simplified picture of the object (box, dot, etc.)

® Vector arrows representing each force acting
on the object

® An FB.FD. does NOT contain:

® forces the object exerts on other things

® Velocity or acceleration vectors

® >F inertia, or anything else that is not a force



Visualizing Forces with
Free Body Force Diagrams (FBFD’s)

® Tips for drawing FBFDs:
® Start with gravity (W)

® Any other force (for now) is a contact force
(normal force, friction, tension, etc.)

® |f possible draw vectors to scale

’»

® |[abel vectors:“Force exerted on by

® [f you can’t name the object exerting the
force, it probably doesn’t exist!



Visualizing Forces with
Free Body Force Diagrams (FBFD’s)

A box sitting on a table:

—>

FN




Visualizing Forces with
Free Body Force Diagrams (FBFD’s)

A box suspended from a vertical string:

—>

Fr




Visualizing Forces with
Free Body Force Diagrams (FBFD’s)

A person pushes a box across a frictionless floor:




Visualizing Forces with
Free Body Force Diagrams (FBFD’s)

A person pushes a box across a floor (friction
involved):




Visualizing Forces with
Free Body Force Diagrams (FBFD’s)

A box slides down a frictionless inclined plane:




Visualizing Forces with
Free Body Force Diagrams (FBFD’s)

A box slides down a inclined plane
(friction involved):

FN




® A 5-kg block is pulled across a frictionless surface by a
rope which runs parallel to the floor. The tension in
the rope is 60 N.

(a) What is the object’s acceleration!?

Fr=60 N
(@) 2F = ma .T—>
a = 12 m/s? to the right

(b) What would the tension in the rope be if the object
was accelerated vertically upward at this same rate?

(b) 2F=ma =+60 N
Fris 60 N greater than W
W=mg =49 N
Therefore, Fr = 109 N

Fr .




Force of Friction

® “Friction” is a force exerted by a surface on an object
which opposes the relative motion of the object

¢ Magnitude of friction force depends upon:
® Normal force
® “Roughness” of both surfaces
® The ratio of Frto Fn is called the coefficient of friction (u)

® u is the Greek letter mu (pronounced “myoo”)

® larger u ="“rougher” surfaces




Force of Friction

® Direction of friction force:
® Parallel to the surface

® For objects at rest: directly opposite the force(s) that
would cause motion

® For objects in linear motion: directly opposite to the
direction of travel

® For rolling objects: directly opposite to the relative
motion between the object and surface (i.e. in the
direction the object is traveling)

The “Nose” Rule: The direction your nose would bend
is the direction of the frictional force.




Force of Friction

® Why does friction exist?
® Friction is a contact force (electroweak force)

® Chemical bonds are created between the atoms of the
surface and object (cold welding)

® Bonds created when the object is at rest are generally
stronger than the bonds when the object is in motion

relative to the surface




Static Friction

® Static = stationary (object at rest relative to
surface)

® Static friction force varies
® Resists any attempt to put the object in motion

® Can only become so large (determined by )

Definition of
Static Friction Ff <ulk,
Force

us -=> Coefficient of Static Friction




Kinetic Friction

® Kinetic = motion

e Kinetic friction force is constant regardless of
speed (assuming Fn is constant)

Definition of
Kinetic Friction Ff — ]/thN
Force

uk -> Coefficient of Kinetic Friction




Comparing ys and pi

® i will always be smaller than ys for a given pair
of surfaces

® |t takes more force to get something in motion
than to keep it in motion

Table 4.2 Approximate Values of the Coefficients of Friction
for Various Surfaces*

Coefhicient of Static Coefficient of
Materials Friction, g, Kinetic Friction, uy

Glass on glass (dry) 0.94 0.4
[ce on 1ce (clean, 0 °C) 0.1 0.02
Rubber on dry concrete 1.0 0.8
Rubber on wet concrete 0.7 0.5
Steel on ice 0.1 0.05
Steel on steel (dry hard steel) 0.78 0.42
Teflon on Teflon 0.04 0.04

Wood on wood 0.35




® A 5-kg wooden box sits at rest on a wooden
horizontal floor. What range of values could the
static friction force have?

® A 5-kg wooden box slides across a wooden
horizontal floor. What is the magnitude of the
kinetic friction force?

Table 4.2 Approximate Values of the Coefficients of Friction
for Various Surfaces*

Coefhicient of Static Coefficient of
Materials Friction, g, Kinetic Friction, uy

Glass on glass (dry) 0.94 0.4
[ce on 1ce (clean, 0 °C) 0.1 0.02
Rubber on dry concrete 1.0 0.8
Rubber on wet concrete 0.7 0.5
Steel on ice 0.1 0.05
Steel on steel (dry hard steel) 0.78 0.42
Teflon on Teflon 0.04 0.04

Wood on wood 0.35 0.3




Problem Solving
with Dynamics

® Remember the 5 Steps to Good Problem
Solving

® Visualize
® List

® Choose
® Solve

® Justify



Problem Solving

with Dynamics
® Draw a FBFD of the object

® What forces are acting on the object (gravity,
normal force, tension, friction, etc.)

® Draw and label each force vector in your FBFD

® Set up a coordinate system (in 2D if necessary)

® |f there is more than one object you may need to
draw multiple FBFDs!




Problem Solving
with Dynamics

® Questions to ask yourself:
® What is the state of motion!?
® |[s friction static or kinetic!?
® What is the net force?
® Do you know the acceleration! Can you determine it!

® Do you know magnitude of all forces! Can you
determine them!?

Remember: When dealing in 2D, “vertical” and “horizontal”
dimensions are independent...treat them separately!



® |n order to keep a 65-kg crate moving at a constant
velocity, a dock worker needs to exert a constant
horizontal force of 190 N to the right. What is the
coefficient of friction between the crate and floor?

FN Since DF = 0:
Fr ELIN W= Fn
Fr= 190 N
W
Uk = FdFn

= 190 N/(65 kg x 9.8 m/s?)
=0.298




page 105, Example 9

® A skier stands motionless on a horizontal patch of snow.
She holds a horizontal rope, which is about to pull her
forward. The skier’s mass is 59 kg and the coefficient of
static friction between her skis and snow is 0.14. What
is the maximum force the rope can apply without moving

her!? )
Fy =578 N Since 2 F = 0: m = 59 kg
Hs = 0.14
F W=FN
f T Fr=1
Fr=Fr
W= 578 N
W= mg Fr < psFN

= (59 kg)(9.8 m/s?)  Fmax = (0.14)(578 N)
=578 N =80.9 N




