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® Logistics / Announcements
@® Introduction to Chapter 5
@ Clicker Questions

® Activity: Worked Problem



Logistics/Announ

® Lab this week: Lab 3
® HWS5 due this week on Thursday at 6 PM
® New: Finish HW5 with 100% by Wednesday 6PM and get a 10% bonus!
® Learning Log 5 due on Saturday at 6 PM
® HW and LL deadlines have a 48 hour grace period
@® Test/Bonus Test: Test 2 available this week (Chapters 3 & 4)

® Test Window: Friday 6 PM - Sunday 6 PM
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“Kinematics” a

@® For the past two weeks we have been talking about “Kinematics” in 1D, 2D, and

3D while we studied vectors...

® Kinematics help us describe the way objects move

@® You were told objects had this initial velocity, or that acceleration etc...
® But how did they get those initial velocities ?

@® The next two chapters are about “Dynamics” - how forces affect the motion of

objects and systems.
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Units of Force

The equation F,. = ma is used to define net force in terms of mass, length, and time. As explained earlier, the S|
unit of force is the newton. Since F,.; = ma,

1N = 1kg - m/s*.

Although almost the entire world uses the newton for the unit of force, in the United States, the most familiar unit of
force is the pound (Ib), where 1 N = 0.225 Ib. Thus, a 225-Ib person weighs 1000 N.

WEIGHT

-
The gravitational force on a mass is its weight. We can write this in vector form, where W is weight and m is
mass, as

W = mg. 5.8

In scalar form, we can write




Figure 5.3

(a) An overhead view of two ice skaters pushing on a third skater. Forces are
vectors and add like other vectors, so the total force on the third skater is in
the direction shown.

Adding F

> Body Diagram
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Drawing F

Drawing Free-Body Diagrams

1. Draw the object under consideration. If you are treating the object as a particle, represent the object as
a point. Place this point at the origin of an xy-coordinate system.

2. Include all forces that act on the object, representing these forces as vectors. However, do not include
the net force on the object or the forces that the object exerts on its environment.

3. Resolve all force vectors into x- and y-components.

4. Draw a separate free-body diagram for each object in the problem.

1
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Drawing

Drawing Free-Body Diagrams

1. Draw the object under consideration. If you are treating the object as a particle, represent the object as
a point. Place this point at the origin of an xy-coordinate system.

2. Include all forces that act on the object, representing these forces as vectors. However, do not include
the net force on the object or the forces that the object exerts on its environment.

3. Resolve all force vectors into x- and y-components.

4. Draw a separate free-body diagram for each object in the problem.
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(a) Box at rest on a horizontal surface (b) Box on an inclined plane

- -
Figure 5.4 In these free-body diagrams, N is the normal force, v_s)' is the weight of the object, and I is the friction.
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Figure 5.31

A sled is pulled by force P at an angle of 30°. Draw a Free Body
Diagram of all the forces on the sled, and resolve the forces into their
X and y components.
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Figure 5.31

A sled is pulled by force P at an angle of 30°. Draw a Free Body
Diagram of all the forces on the sled, and resolve the forces into their
X and y components.

Body Diagram
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Figure 5.31

A sled is pulled by force P at an angle of 30°. Draw a Free Body
Diagram of all the forces on the sled, and resolve the forces into their
X and y components.

Body Diagram

olved into
omponents

— e
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Figure 5.32

Block A is resting on top of Block B and the two blocks are placed on
a ramp with an angle 6. Draw the Free Body Diagrams of both
blocks, and resolve the components.
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Body Diagram

Figure 5.32

Block A is resting on top of Block B and the two blocks are placed on
a ramp with an angle 6. Draw the Free Body Diagrams of both
blocks, and resolve the components.

Body Diagram
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Two Blocks i

2e Body Diagram

Example 5.15

Block 1 (mass m1) is in contact with Block 2 (mass m2) and a force F is applied
to m1, towards the right.

Draw the Free Body Diagrams on both masses.
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Example 5.15

Block 1 (mass m+) is in contact with Block 2 (mass m2) and a force F is applied
to m4, towards the right.

Draw the Free Body Diagrams on both masses.

> Body Diagram
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Net external force

Newton'’s first law

Newton’s second law, vector form

Newton’s second law, scalar form

Newton’s second law, component form

Newton’s second law, momentum form

Definition of weight, vector form

Definition of weight, scalar form

-

Kev E

- - -
Fnet =ZF=F1+F2+"‘

- - -
v = constant when K. = ON

Y F i

— ma

- = > = -
F, =ma,, ZFY = ma,, and ZFZ = ma,.

-
dp
dt

-
mg

mg
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Newton’s third law

Normal force on an object resting on a
horizontal surface, vector form

Normal force on an object resting on a
horizontal surface, scalar form

Normal force on an object resting on an
Inclined plane, scalar form

Tension in a cable supporting an object
of mass m at rest, scalar form

N = —mg
N = mg
N = mgcos 0
T =w=mg

22






An object weighs 294 N on Earth. What is its weight on the Moon?

a) 50.1N , Searth

N/

g moon 6

b) 30.0N
c) 249N
d 1461 N



An object weighs 294 N on Earth. What is its weight on the Moon?

v a) 50.1N , Searth

N/

g moon 6

b) 30.0N
c) 249N
d 1461 N

Detailed solution: The weight on Earth is wr = 294 N, so the mass is
Wg = mg = % where gz = 9.80 m/s®. The weight on the Moon is
.

Wy = Mgy, Where gy = 1.67 m/sz. Inserting the mass, which is the same on

the Moon as on Earth, we find wy, = mg,, = % gy = 92%15 - X 1.67 m/s”
E . S
= 50.1N



Two people apply the same force from the same height to throw two identical

balls in the air. Will the balls necessarily travel the same distance? Why or why
not?

a) No, the balls will not necessarily travel the same distance
because the gravitational force acting on them is different.

b) No, the balls will not necessarily travel the same distance
because the angle at which they are thrown may differ.

c) Yes, the balls will travel the same distance because the
gravitational force acting on them is the same.

d) Yes, the balls will travel the same distance because the angle

at which they are thrown may differ.




Two people apply the same force from the same height to throw two identical

balls in the air. Will the balls necessarily travel the same distance? Why or why
not?

a) No, the balls will not necessarily travel the same distance
because the gravitational force acting on them is different.

v b) No, the balls will not necessarily travel the same distance
because the angle at which they are thrown may differ.

c) Yes, the balls will travel the same distance because the
gravitational force acting on them is the same.

d) Yes, the balls will travel the same distance because the angle

at which they are thrown may differ.

Detailed solution: Not necessarily; if both are thrown at different angles, they will
travel different distances.




Activity:




W |

- A A
20 . A telephone pole has three cables pulling as shown from above, with F; = (300.0i +- SO0.0j),

= A - A
K, = —200.01, and F; = —800.0j. (a) Find the net force on the telephone pole in component form. (b) Find the
magnitude and direction of this net force.
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- A A
20 . A telephone pole has three cables pulling as shown from above, with F{ = (300.0i + SO0.0j),

= A - A
K, = —200.01, and F; = —800.0j. (a) Find the net force on the telephone pole in component form. (b) Find the
magnitude and direction of this net force.
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a. F =F +F +F +F,=100.0i—300.0j N ;

b. F_.=316.0N and 8§ =-71.6° from the positive x-axis

net
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This resource was significantly adapted from the Open Stax Instructor

Slides provided by Rice University. It is released under a CC-BY 4.0

license.

—— Original resource license ——

OpenStax ancillary resource is © Rice University under a CC-BY 4.0
International license; it may be reproduced or modified but must be

attributed to OpenStax, Rice University and any changes must be noted.

32


https://openstax.org/details/books/university-physics-volume-1?Instructor%20resources
https://openstax.org/details/books/university-physics-volume-1?Instructor%20resources

