
June 25, Week 4

Applying Newton 25th June 2014

Today: Chapter 5, Applying Newton’s Laws

Homework #4 is now available.



Friction
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We use a simplified model of friction that works fairly well for flat,
solid objects in contact with each other. In this model, the amount
of friction depends on the type of materials and whether they
objects are in motion (relative to each other).



Friction

Applying Newton 25th June 2014

We use a simplified model of friction that works fairly well for flat,
solid objects in contact with each other. In this model, the amount
of friction depends on the type of materials and whether they
objects are in motion (relative to each other).

Static Friction -
−→
f s, Force on a stationary object that keeps it at rest.



Static-Friction Exercise I
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A 50-N crate is placed on a horizontal surface. A horizontal force of
15N is applied to the crate. It does not move. How much static
friction is acting on the crate?

15N
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A 50-N crate is placed on a horizontal surface. A horizontal force of
15N is applied to the crate. It does not move. How much static
friction is acting on the crate?

15N

(a) 0.5N
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A 50-N crate is placed on a horizontal surface. A horizontal force of
15N is applied to the crate. It does not move. How much static
friction is acting on the crate?

15N

(a) 0.5N (b) 15N (c) 20N
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A 50-N crate is placed on a horizontal surface. A horizontal force of
15N is applied to the crate. It does not move. How much static
friction is acting on the crate?

15N

(a) 0.5N (b) 15N (c) 20N

(d) 25N (e) 50N



Static-Friction Exercise I
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A 50-N crate is placed on a horizontal surface. A horizontal force of
15N is applied to the crate. It does not move. How much static
friction is acting on the crate?

15N

(a) 0.5N (b) 15N (c) 20N

(d) 25N (e) 50N

−→
w

−→
n

15N
−→
f s

f.b.d

∑
Fx = 0 ⇒

fs = 15N
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A 50-N crate is placed on a horizontal surface. A horizontal force of
25N is applied to the crate. It does not move. How much static
friction is acting on the crate?

20N
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A 50-N crate is placed on a horizontal surface. A horizontal force of
25N is applied to the crate. It does not move. How much static
friction is acting on the crate?

20N

(a) 0.5N



Static-Friction Exercise II

Applying Newton 25th June 2014

A 50-N crate is placed on a horizontal surface. A horizontal force of
25N is applied to the crate. It does not move. How much static
friction is acting on the crate?

20N

(a) 0.5N (b) 15N
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A 50-N crate is placed on a horizontal surface. A horizontal force of
25N is applied to the crate. It does not move. How much static
friction is acting on the crate?

20N

(a) 0.5N (b) 15N (c) 20N
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A 50-N crate is placed on a horizontal surface. A horizontal force of
25N is applied to the crate. It does not move. How much static
friction is acting on the crate?

20N

(a) 0.5N (b) 15N (c) 20N

(d) 25N
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A 50-N crate is placed on a horizontal surface. A horizontal force of
25N is applied to the crate. It does not move. How much static
friction is acting on the crate?

20N

(a) 0.5N (b) 15N (c) 20N

(d) 25N (e) 50N
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A 50-N crate is placed on a horizontal surface. A horizontal force of
25N is applied to the crate. It does not move. How much static
friction is acting on the crate?

20N

(a) 0.5N (b) 15N (c) 20N

(d) 25N (e) 50N



Static-Friction Exercise II
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A 50-N crate is placed on a horizontal surface. A horizontal force of
25N is applied to the crate. It does not move. How much static
friction is acting on the crate?

20N

(a) 0.5N (b) 15N (c) 20N

(d) 25N (e) 50N

−→
w

−→
n

20N
−→
f s

f.b.d

∑
Fx = 0 ⇒

fs = 20N



Static-Friction Exercise II
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A 50-N crate is placed on a horizontal surface. A horizontal force of
25N is applied to the crate. It does not move. How much static
friction is acting on the crate?

20N

(a) 0.5N (b) 15N (c) 20N

(d) 25N (e) 50N

−→
w

−→
n

20N
−→
f s

f.b.d

∑
Fx = 0 ⇒

fs = 20N

Static friction can change in magnitude (and direction)!
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Experiments show that the static friction’s maximum value obeys a
simple equation.
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The static friction has a maximum value

Experiments show that the static friction’s maximum value obeys a
simple equation.

fs,max = µsn
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A 50-N crate is placed on a horizontal surface. The coefficient of
static friction between the crate and the ground is 0.5. What is the
minimum force needed to make the crate move?

?
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A 50-N crate is placed on a horizontal surface. The coefficient of
static friction between the crate and the ground is 0.5. What is the
minimum force needed to make the crate move?

?

(a) 0.5N
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A 50-N crate is placed on a horizontal surface. The coefficient of
static friction between the crate and the ground is 0.5. What is the
minimum force needed to make the crate move?

?

(a) 0.5N (b) 15N
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static friction between the crate and the ground is 0.5. What is the
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minimum force needed to make the crate move?
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A 50-N crate is placed on a horizontal surface. The coefficient of
static friction between the crate and the ground is 0.5. What is the
minimum force needed to make the crate move?

?

(a) 0.5N (b) 15N (c) 20N

(d) 25N (e) 50N
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A 50-N crate is placed on a horizontal surface. The coefficient of
static friction between the crate and the ground is 0.5. What is the
minimum force needed to make the crate move?

?

(a) 0.5N (b) 15N (c) 20N

(d) 25N (e) 50N
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A 50-N crate is placed on a horizontal surface. The coefficient of
static friction between the crate and the ground is 0.5. What is the
minimum force needed to make the crate move?

−→
P

(d) 25N

At the “breaking point”, the static friction
has reached it maximum value but there’s
no acceleration yet.

−→
w

−→
n −→

P

−→
f s,max

f.b.d
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A 50-N crate is placed on a horizontal surface. The coefficient of
static friction between the crate and the ground is 0.5. What is the
minimum force needed to make the crate move?

−→
P

(d) 25N

At the “breaking point”, the static friction
has reached it maximum value but there’s
no acceleration yet.

−→
w

−→
n −→

P

−→
f s,max

f.b.d
∑

Fy = 0 ⇒

n = w = 50N



Static-Friction Exercise III
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A 50-N crate is placed on a horizontal surface. The coefficient of
static friction between the crate and the ground is 0.5. What is the
minimum force needed to make the crate move?

−→
P

(d) 25N

At the “breaking point”, the static friction
has reached it maximum value but there’s
no acceleration yet.

−→
w

−→
n −→

P

−→
f s,max

f.b.d
∑

Fy = 0 ⇒

n = w = 50N

fs,max = µsn ⇒

fs,max = 0.5 (50N)
fs,max = 25N



Static-Friction Exercise III

Applying Newton 25th June 2014

A 50-N crate is placed on a horizontal surface. The coefficient of
static friction between the crate and the ground is 0.5. What is the
minimum force needed to make the crate move?

−→
P

(d) 25N

At the “breaking point”, the static friction
has reached it maximum value but there’s
no acceleration yet.

−→
w

−→
n −→

P

−→
f s,max

f.b.d
∑

Fy = 0 ⇒

n = w = 50N

fs,max = µsn ⇒

fs,max = 0.5 (50N)
fs,max = 25N

∑
Fx = 0 ⇒

P = fs,max
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horizontal. When the ramp is slowly raised, the block begins to
slide when the incline’s angle becomes 26.6◦. What material is the
ramp made out of?
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Example: A 5-kg wooden block is placed on a ramp which is initially
horizontal. When the ramp is slowly raised, the block begins to
slide when the incline’s angle becomes 26.6◦. What material is the
ramp made out of?

Incline- Flat surface inclined at an angle α, i.e., a ramp.



Incline Example
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Example: A 5-kg wooden block is placed on a ramp which is initially
horizontal. When the ramp is slowly raised, the block begins to
slide when the incline’s angle becomes 26.6◦. What material is the
ramp made out of?

Incline- Flat surface inclined at an angle α, i.e., a ramp.

α
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Weight components!
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For incline problems, it is usually more convenient to use
coordinates parallel (‖) and perpendicular (⊥) to the incline.

‖

⊥

α ‖

⊥

−→
w

α

w
‖

w
⊥

Weight components!



Parallel and Perpendicular Components

Applying Newton 25th June 2014

For incline problems, it is usually more convenient to use
coordinates parallel (‖) and perpendicular (⊥) to the incline.

‖

⊥

α ‖

⊥

−→
w α

w
‖

w
⊥

Weight components!



Parallel and Perpendicular Components
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For incline problems, it is usually more convenient to use
coordinates parallel (‖) and perpendicular (⊥) to the incline.

‖

⊥

α ‖

⊥

−→
w α

w
‖

w
⊥

Weight components!

w‖ = w sinα = mg sinα
w⊥ = w cosα = mg cosα
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−→
f k, sliding friction.

Experiments show that the kinetic friction’s value is approximately
constant and obeys a simple equation.

fk = µkn
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Kinetic Friction -
−→
f k, sliding friction.

Experiments show that the kinetic friction’s value is approximately
constant and obeys a simple equation.

fk = µkn
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A wooden block is sliding down a 37◦ wooden incline. What is its
acceleration?

α = 37◦



Kinetic Friction Example
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A wooden block is sliding down a 37◦ wooden incline. What is its
acceleration?

α = 37◦

−→
n

−→
w‖

−→
f k

−→
w⊥



Kinetic Friction Example
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A wooden block is sliding down a 37◦ wooden incline. What is its
acceleration?

α = 37◦

−→
n

−→
w‖

−→
f k

−→
w⊥

a = g (sinα− µk cosα) = 4.33m/s2

∑
F⊥ = ma⊥ ⇒ n− w⊥ = 0

⇒ n = w⊥ = mg cosα

∑
F‖ = ma⊥ ⇒ w‖ − fk = Ma

⇒ mg sinα− µkmg cosα = ma
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