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1 What s sliding?

Sliding is getting the wheels on your skates to move across the ground without rolling, but
with your skate perpendicular to your direction of motion (like the stopping foot for T-stop)
and angled in the same direction as your direction of motion. The latter is the main determi-
nant of what tricks are and aren't a slide. For example, T-stop isn't a slide, because the skate
behind is angled backwards, and on the inside edge, which is opposite to your direction of
motion. This means you are dragging your wheels behind you, and hence aren’'t doing a
slide. However, if you change the angle of your skates to point in the same direction as your
direction of motion, which is forwards, your skate would be on the outside edge. This new
trick would be considered a slide, called Barrow.

2 Friction (/)

Friction is the resistive force that resists motion. That means friction will always be acting
in the opposite direction to your direction of motion, since it resists motion. Friction is very
important for sliding, since sliding is all about overcoming friction.

Direction of motion

Friction direction Ground

2.1 Newton’'s 3rd law

Newton's 3rd law is the law that is responsible for the normal contact force experienced by
an object, which is in turn responsible for friction. It states that "Whenever one object exerts
a force on a second object, the second object exerts an equal and opposite force on the first."

All objects have weight, which means they always have a force acting directly downwards.
Because of Newton's 3rd law, which states that the second object exerts an equal and oppo-
site force on the first object, the ground thus exerts a force on the object that is equal to the
weight of the object, but in the opposite direction, or directly upwards.

Normal contact force

Ground



2.2 Laws of friction
There are 5 laws of friction, which are:

1. The friction of the moving object is proportional and perpendicular to the normal con-
tact force. As a mathematical expression, this would be:

[ =uN

Where:

- fis the frictional force exerted on the object.
- u is the coefficient of friction. It is always less than or equal to 1 (u < 1).
- N is the normal contact force.
2. The friction experienced by an object is dependent on the nature of the surface it is

in contact with. In simple terms, it means how much friction an object experiences
depends on how rough or smooth the ground is.

3. Friction is independent of the area of contact as long as there is an area of contact.
Basically, as long as the object is in contact with the ground, there is friction. It doesn’t
matter if the object has a tiny or massive surface area that is in contact with the ground,;
there is always friction as long as there is contact.

4. Kineticfrictionisindependent of velocity. This means that kinetic friction doesn't change,
regardless of how fast the object is moving. The object can be moving extremely slowly
or extremely fast, but the kinetic friction remains the same. Expressing it in mathemat-
ical notation would be:

fr = constant

Where:
- fi is the kinetic friction exerted on the object.

5. The coefficient of static friction is greater than the coefficient of kinetic friction. Es-
sentially, this means the friction an object experiences when it is not moving is much
greater than the friction it experiences when it is moving. Expressing it in mathematical
notation would be:

Hs > [k

Where:

- us is the coefficient of friction for static friction.
- i is the coefficient of friction for kinetic friction.



2.3 Static friction (f.)

Static friction is the friction that is experienced by an object that is at rest, or not moving. The
formula for static friction is:

Js = s N
Where:
- fsis the static friction force exerted on the object.
- us is the coefficient of friction for static friction.

- N is the normal contact force.

2.4 Kinetic friction (f;)

Kinetic friction is the friction that is experienced by an object that is moving. The formula for
kinetic friction is:

fr = pN = constant
Where:

- fr is the Kinetic friction force exerted on the object.
- i is the coefficient of friction for kinetic friction.

- N is the normal contact force.

2.5 Differences between static and kinetic friction

The main difference between static and kinetic friction is that static friction is always stronger
than kinetic friction. Static friction also increases when the force applied is increased, while
kinetic friction remains constant no matter the applied force. This property of static friction
is important to keep in mind when doing slides.

Frictional force
A

Threshold of motion

Kinetic friction

> Force on the object

As you can see from the graph above, static friction increases as the force on the object in-
creases until the threshold of motion, then it decreases and remains constant as kinetic fric-
tion. Keep this graph in mind, as it will be important later.
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2.6 Rolling friction

When inline skating, most of the time our wheels are rolling instead of sliding. This is an
important distinction to make, as the type of friction that is considered in the case of rolling
is different from sliding. Although it seems unintuitive, we consider the static friction instead
of the kinetic friction in the case of rolling. Why? Let's first consider the case of an object that
is not moving.

Ground
X

Focusonthe point labelled X. This is the point that we will consider when considering motion.
It is clear in this example that since the object is not moving, the point labelled X is also not
moving. Hence, for this point X, we should consider static friction as the point is not moving.
Let's now consider the case where the object is moving.

Direction of motion

Ground Direction of motion of point X

X

Once again, focus on the point labelled X. Now it is clear that since the object is moving, the
point labelled X is also moving, so we should consider kinetic friction in this case.



Now let's consider the case of a rolling object in its 1st second of motion. Whent¢ = 1, ¢
representing time,

Rolling direction

Ground

In the next second, when t = 2,

Rolling direction

Ground

In the next second, when t = 3,

Rolling direction

Ground

From the series of images above, you can tell that point X is never in motion, and it doesn’t
move. Instead, as the wheel rolls, point X rolls away and is no longer in contact with the
ground. Every second, a new point comes into contact with the ground, which is point Y at
t = 2 and point Z at t = 3. Hence, since the points are not moving when they are in contact
with the ground, the friction we should consider is static friction. Thus, we consider the static
friction in the case of rolling.



3 Friction and sliding

Now that we know that our skate wheels are experiencing static friction, and that sliding
is about getting past the threshold of motion and entering the zone where kinetic friction
applies (refer to section|2.5), we can think about how to make this process easier for ourselves.

3.1 Decreasing the angle of the skate to the ground

The most common advice that you will hear people tell you is probably to bend or sit lower
when doing slides. The reason for this is to decrease the angle of the skate to the ground.
Let's consider our skates at a high angle to the ground.

Normal contact force
(N)

Sliding direction

ffffff —>»—— Ground
a =060 static friction
(1sIN)

Now, let's consider our skates at a much lower angle to the ground.

Normal contact force
(V)
Sliding direction

e Ground
Static friction
(1sN)

As shown in the diagrams above, decreasing the angle of the skate to the ground (a) de-
creasesthe normal contact force (N) and increases the horizontal component (z-component)
of the force of the wheels on the ground (F,,).

Notice that when angle a = 60°, the horizontal component of F,, is smaller than the static
friction (usN), meaning that we cannot overcome the static friction. This is due to the larger
vertical component (y-component) of F,,. Because of Newton's 3rd law, the normal contact
force will be larger as well, which results in a larger static friction to overcome, as the static
friction is proportional to the normal contact force (fs = psN).

However, when angle a = 30°, the horizontal component of F,, is now larger than the
static friction, meaning that we can overcome the static friction. This is due to the vertical
component of F,, being smaller, resulting in less static friction to overcome.
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Therefore, to increase the chance of the skates sliding against the ground, the angle of
the skates to the ground should be decreased as much as possible.

The safe maximum angle, meaning the maximum angle of the skates to the ground that
will always allow a slide to occur, is 45°. The reason for this is:

cos45° (Horizontal component) = sin45° (Vertical component) =

Sl

Since the vertical component of F,, is equal to the normal contact force (N), and because
we know the coefficient of static friction is always less than or equal to 1 (us < 1, refer to
section [2.2), the horizontal component of F,, will always be larger than the static friction
(usN). Any angle (a) smaller than 45° will slide as well, since the horizontal component of F,,
only increases as the angle (a) decreases.

3.1.1 In practical terms

Practically, this means you should bend your knees as much as possible so that you can de-
crease your body height, and hence decrease the angle of your skates to the ground. How-
ever, you might find that most experienced sliders aren't really bending their knees that
much and some have their knees really straight while sliding. The reason for this is that your
knees are not the only body part you can adjust to decrease the angle of your skates to the
ground. You can also tilt your ankles to achieve the same effect, but that is usually far more
difficult to do, so the usual advice is always to bend or sit lower.

3.2 Minimising the force of the wheels on the ground

Frictional force
A

Threshold of motion

Kinetic friction

> Force on the object

Remember static friction increasing as the force on the object increases from section
(The graph is also shown above for easy reference.) That is exactly why the force of the wheels
on the ground should be minimised. This minimising of force on the wheels on the ground
is usually only applicable to the preparation phase of a slide, which is when you would bend
or sit lower to enter the slide.

The reason is that the static friction that you experience in this preparation phase will
affect how fast you can perform the entry into the slide, also known as the "cut". For basic
slides like power slide, acid and soul slide, it does not really matter, as you have one skate that
is rolling on the ground. These basic slides are considered stable slides. However, for more
advanced slides, which are unstable, such as the parallel or magic slide, where both skates
are sliding, it makes a world of difference.



3.2.1 Newton’s 2nd law

Newton's 2nd law states that "The acceleration of an object depends on the mass of the
object and the amount of force applied." As a mathematical expression, this would be:

Foet = ma
Where:

- Fis the net force acting on the object.
- m is the mass of the object.

- a is the acceleration of the object.

Importantly, the force acting on the object in the equation is the net force (F,.) acting
on the object. What is the difference between a net force and a regular force acting on an
object? Let's consider the example of an object moving across the ground.

Forward force (F)

Ground
Friction (f)

In the diagram above, two forces are acting on the object, a forward force F and a frictional
force f. Each of them is considered a regular force. If we sum up the forces on the object,
taking the direction of the forces into consideration, we will have the net force acting on the
object. Thus, the net force in this situation would be:

Fnet =F— f
Where:

- The direction to the right is assumed to be positive (+) and the direction to the left is
assumed to be negative (-).

- F,e is the net force acting on the object.
- Fis the forward force.

- fis the frictional force.

Applying Newton's 2nd law in this situation would yield us:

Fot =F —f and Fue =ma
F—f=ma
Where:
- F,e is the net force acting on the object.
- Fis the forward force.
- fis the frictional force.

- m is the mass of the object.

- ais the acceleration of the object.



3.2.2 Newton’s 2nd law and static friction

Remember from section[3.2]that we want to minimise the force of the wheels on the ground,
and hence also the static friction, as static friction increases with the force of the wheels on
the ground.

Reducing this static friction means that you will face less resistive force when performing
the "cut", or the entry to the slide, thus allowing you to accelerate much faster and perform
the "cut" at a higher speed. This is thanks to Newton’'s 2nd law, and the equation that we
figured out in section|3.2.1] which looks something like this:

F—fs=ma

Whetre:

- F,e is the net force acting on the object.

- Fis the forward force.

- fsis the static frictional force.

- m is the mass of the object.

- ais the acceleration of the object.

Let'ssay F =10, fe =5and m =1,

10 —5=1a
a=5ms 2

Now if we decrease the static friction (fs) to 2N,
10-2=1a
2

a=8ms"

We can see that we get a higher acceleration when the static friction is decreased, which
means we would be able to perform the "cut" much faster.
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3.2.3 In practical terms

Practically, this advice is very counterintuitive to what you would automatically do when try-
ing to slide. Instead of pressing down on your skates, which is what most people usually do
when they bend their knees to decrease the angle of their skates to the ground (section[3.1),
you need to keep your leg muscles as relaxed as possible and try your best not to press down
at all.

Most would also think that they will need a lot of additional force to get their wheels to
slide, but pressing down on your skates to increase the force of the wheels on the ground will
only backfire, as most tend to lose control and over swing, or end up "cutting" too slowly due
to the increased static friction.

One way to go about decreasing the force of the wheels on the ground is to think about
the default skating position with your knees bent, usually called 11. In this position, your
knees are bent, but you aren't purposefully pushing down on your knees. The same applies
when bending your knees lower to prepare for a slide. Just keep them as relaxed as you
would when you are in the 11 position.

Another way to go about it is to breathe in right before you bend your knees to prepare
for a slide, then, as you bend your knees, breathe out at the same time to get your muscles
to relax.

This advice is often left out by most experienced sliders, but it is very important to keep it
in mind to slide easily.

4 Linear momentum

The linear momentum of an object is defined as the product of its mass and velocity. Ex-
pressed mathematically, this is:

Where:

- pisthe linear momentum of the object.
- m is the mass of the object.

- v is the velocity of the object.

What does all of that mean? Well, linear momentum refers to the momentum of an object
in a straight line path. There is another kind of momentum called angular momentum for
rotating objects, but we will not get into that here, as it is irrelevant.

Linear momentum, being a product of the mass and velocity of an object, means that
as the mass of the object increases, the momentum also increases. That means a heavier
object will have more momentum than a lighter object and vice versa. The definition of linear
momentum also tells us that the momentum of an object increases as its velocity increases,
which means a fast object has more momentum than a slow object and vice versa.
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4.1 Deriving the momentum form of Newton’s 2nd law
From section we know Newton's 2nd law is expressed as:
Fret = ma
Where:
- F,e is the net force acting on the object.
- m is the mass of the object.
- ais the acceleration of the object.

This has nothing to do with momentum, so we need to adjust the form to make it relevant
for momentum.

To do that, we need to think about what acceleration is when you break it down. Accelera-

tion is the change in velocity divided by the time taken for that change in velocity. Expressed
mathematically, it is:

Whetre:

- a is the acceleration of the object.

- Av is the change in velocity of the object.

- tis the time taken for the change in velocity.

Let's substitute this equation for acceleration into the equation for Newton's 2nd law:
Fret = ma

_ Av
ot

Fnet =m (Av>
t

Freit = mAv (1)

a

The equation is starting to look familiar, mAv looks quite similar to the equation for lin-
ear momentum (p = mv). The A symbol, called delta, represents a change. In this case, it
represents a change in velocity.

If we think about an object changing itslinear momentum, it is unlikely to change its mass
over time, since most objects have a fixed weight. Hence, it is the velocity of the object that is

changing. Now we have a new equation by thinking about the change in linear momentum,
which is:

Ap = mAv (2)
Where:
- Ap is the change in linear momentum of the object.
- m is the mass of the object.

- Av is the change in velocity of the object.

12



We can now substitute the new equation we got for the change in linear momentum,
equation (2), into the modified form of Newton's 2nd law, which is equation (1):

F et = mAv
Ap =mAv
Fnett = Ap

Where:

- F,e is the net force acting on the object.

- m is the mass of the object.

- Av is the change in velocity of the object.

- Apisthe change in linear momentum of the object.

What this equation tells usis that the net force acting on the object, multiplied by the time
taken for the object to change its velocity, gives us the change in the object's momentum.
4.2 Momentum form of Newton's 2nd law

Therefore, from the above section (section |4.1), the mathematical expression for the mo-
mentum form of Newton's 2nd law is:

Fhet = Ap =mAv
Where:
- F,e is the net force acting on the object.
- m is the mass of the object.
- Av is the change in velocity of the object.

- Ap is the change in linear momentum of the object.

13



5 Linear momentum and sliding

Now that we know about the momentum form of Newton'’s 2nd law (section |4.2), we need
to understand its implications when we perform a slide.
5.1 Deriving the change in linear momentum to slide

When inline skating, the wheels on the skate would be rolling and moving in the direction
we are moving towards. However, when sliding, you would usually turn your skates such
that they are perpendicular to the direction of motion so that you can get the wheels to slide
instead of roll.

When you are rolling:

Rolling direction

When you start the slide:

Sliding direction

Rolling direction

As seen from the above two diagrams, the rolling direction of your wheels is perpendicular
to the sliding direction of your wheels. Thus, the initial linear momentum of your wheels
when you start the slide is zero.

14



Let's construct an equation to define the initial inear momentum of the wheels when you
start the slide:

Di = mu;
pi = m(0)
p; =10

Where:

- p; is the initial linear momentum of the wheels when starting the slide.
- m is the mass of your body with the skates.

- v; iIs the initial velocity of the wheels when starting the slide.

Let's construct another equation to define the final linear momentum of the wheels when
your wheels start sliding across the ground.

pf = mvf
Where:
- pyisthefinal linear momentum of the wheels when they start sliding across the ground.
- m is the mass of your body with the skates.
- vy is the final velocity of the wheels when they start sliding across the ground.

Hence, the change in momentum from when you start the slide until your wheels start
sliding across the ground would be:

pf = mvf
pi=0
Ap =py —pi
Ap =mvy —0
Ap = muy
Where:
- pyisthefinal linear momentum of the wheels when they start sliding across the ground.
- m is the mass of your body with the skates.
- vy is the final velocity of the wheels when they start sliding across the ground.

- p; is the initial linear momentum of the wheels when starting the slide.

- Apisthe change in momentum when you start the slide until your wheels start sliding
across the ground.

15



5.2 Equation for the change in linear momentum to slide
From the above section (section[5.1), we know that the change in momentum while sliding
is:
Ap = muy
Where:

- Apisthe change in momentum when you start the slide until your wheels start sliding
across the ground.

- m is the mass of your body with the skates.

- vy is the final velocity of the wheels when they start sliding across the ground.

5.3 Deriving the key equation

Now that we have the equation for the change in linear momentum while sliding (section
5.2), we can substitute it into the momentum form of Newton'’s 2nd law (section|4.2) to ob-
tain the key equation that we need:

Ap = muy
Fnett = Ap
Freit = muy

Where:

- Apisthe change in momentum when you start the slide until your wheels start sliding
across the ground.

- m is the mass of your body with the skates.
- vy is the final velocity of the wheels when they start sliding across the ground.
- F,e is the net force acting on the ground by the wheels.

- tis the time taken from the start of the slide to when the wheels are sliding across the
ground.

5.4 The key equation
From the above section (section[5.3), we know that the key equation we need is:
Freit = muy
Where:
- F,e is the net force acting on the ground by the wheels.

- tis the time taken from the start of the slide to when the wheels are sliding across the
ground.

- m is the mass of your body with the skates.

- vy is the final velocity of the wheels when they start sliding across the ground.
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5.5 The key equation and sliding

Now that we have the key equation (section [5.4), we can use it to explain two of the most
commonly given pieces of advice for sliding.

5.5.1 Increasing your speed

Most of the time, the standard advice given when you seem to have your sliding position
correct is to just go faster. Let’s first assume that our velocity (speed) before the slide, when
we are rolling, is the same as the velocity we continue to move at after the wheels start sliding,
making calculations easier. Basically, we are assuming that there is no change in our overall
momentum between rolling before the slide and when the wheels start sliding. With this
assumption, then we can substitute vy, the final velocity of the wheels when they start sliding
across the ground, in the key equation with v,, which is the velocity we are going at before
the slide. This would be:
Freit = muy
Vf = Up
Frett = mu,
Where:
- F, is the net force acting on the ground by the wheels.

- tis the time taken from the start of the slide to when the wheels are sliding across the
ground.

- m is the mass of your body with the skates.
- vy is the final velocity of the wheels when they start sliding across the ground.
- v, is the velocity before the slide, when the wheels are still rolling.

With this new equation, we can see that increasing our speed by going faster would in-
crease the net force acting on the ground by the wheels. Let's put in some values to make it
easier to understand, by assuming t = 2, m = 4, and v, = 10,

Freit = mu,
Foee x2=4x10
Fnet =20

Now if we increase our speed from 10ms~! to 20ms™1, so v, = 20,

Freit = mu,
Fret x2=4x20
Frer =40

The net force acting on the ground by the wheels has increased from 20N to 40N. Let’s
illustrate this with the diagrams from section (3.1
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When our speed is 10 (v, = 10),

Normal contact force

Sliding direction
D ——

4
B

Resolved z-component

. Ground
: Static friction

v (1sN)

Resolved y-component

When our speed is 20 (v, = 20),

Normal contact force

(N)
A
Sliding direction Fu
<<€
a = 30°
< > Ground
Resolved z-component : Static friction
: (usN)
Y

Resolved y-component

From the diagrams above, we can see we have a much larger force (F,) to work with,
which makes sliding easier and more forgiving. However, notice that the diagrams are just
scaled versions of each other, which means the ratio of all the forces involved is the same.
This means that you can't substitute decreasing the angle of your skates to the ground with
higher speeds, as you will still have the same issue of the static friction (usN) being larger
than the horizontal component of the force of your wheels on the ground (refer to section

3.1).
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5.5.2 "Cut" faster

"Cutting" faster just means executing the entry to the slide faster. Essentially, you want to get
from your initial preparation position for the slide into the final sliding position that you hold
in as little time as possible. But why? If we look at the key equation (section[5.4), there is a
time term (¢) inside:
Frett = muy
Where:

- F,e is the net force acting on the ground by the wheels.

- tis the time taken from the start of the slide to when the wheels are sliding across the
ground.

- m is the mass of your body with the skates.
- vy is the final velocity of the wheels when they start sliding across the ground.

Notice that the time term (¢) stands for the time taken from the start of the slide to when
the wheels are sliding across the ground. This means that decreasing this time will result
in a larger force and vice versa. Let's put in some values to make it easier to understand, by
assuming m =4,vy =10and t =2,

Freit = muy
Foee x2=4x10
Fnet =20

Now if we decrease the time from 2sto 1s,sot =1,

Freit = muy
Fret x1=4x10
Fnet =40

The net force acting on the ground by the wheels has increased from 20N to 40N. Let’s
illustrate this again with the diagrams from section|3.1
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When you take 2 seconds to "cut" (t = 2),

Normal contact force
(V)
Sliding direction

e Ground
Static friction
(,USN)

When you take 1 second to "cut" (t = 1),
Normal contact force
(V)
A

Sliding direction

A

& a = 30°
— € > Ground
Static friction

(/I’SN)

Notice that from the above diagrams, we have a much larger force (F,,) to work with once
again, similar to the situation in the previous section (5.5.1), which makes sliding easier. Once
again, the diagrams are just scaled versions of each other, meaning that the ratio of all the
involved forces is the same. Similarly, you also cannot substitute decreasing the angle of your
skates to the ground with a faster "cut", as you will still face the same issue of static friction
(usN) being larger than the horizontal component of the force of your wheels on the ground
(refer to section|3.1).

Additionally, you should realise that your speed (section|5.5.1) and how fast you "cut" (this
section) both affect the force of the wheels on the ground (F,,), which means if you want to
slide at any speed, you will have to practice "cutting" very quickly. This is the proper way to do
any slide, as you usually start by sliding at low speeds and then slowly working your way up
to the higher speeds, mostly for safety reasons. You will also tend to panic and get anxious
when trying to slide at very high speeds when you are not used to it, which greatly increases
the chance of messing up your slide and falling.

Practically, this advice means you should move your body into the sliding position as
quickly as possible, usually with a sudden motion like a fast kick, jerk, or twist to ensure the
slide goes through. This can be terrifying for unstable slides like parallel slide or Ern Sui, but
it is necessary if you would like to perform the slide at any speed. Otherwise, you will need
relatively high speeds to perform the slide.
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6 Summary

To sum up, 3 of the most common advice for sliding are explained, namely:

1. Bend or sit lower, which is explained by friction and resolving the force of the wheels
acting on the ground in section This is the most important advice to keep in mind,
as it is nigh impossible to slide in inline skating without this advice.

2. Run or skate faster, which is explained by the momentum form of Newton’s 2nd law
(section[4.2) transformed into the key equation (section|[5.4) in section[5.5.1

Foeit = Ap=mAv  —  Fuut = muy
Where:

- F,e is the net force acting on the ground by the wheels.

- tis the time taken from the start of the slide to when the wheels are sliding across
the ground.

- Ap is the change in linear momentum of the object.
- m is the mass of your body with the skates.

- Av is the change in velocity of the wheels from the start of the slide to when the
wheels are sliding across the ground.

- vy is the final velocity of the wheels when they start sliding across the ground.

3. "Cut" faster, which is also explained by the momentum form of Newton'’s 2nd law (sec-
tion [4.2) transformed into the key equation (section in section as shown
above.

Additionally, there is one more piece of advice that isn't heard as often, which is to min-
imise the force of the wheels on the ground. This is explained using a combination of New-

ton’s 2nd law (3.2.1) and a property of static friction (2.5).

Hopefully, you found this deep dive into the physics of sliding helpful in understanding
how to slide more easily. All the best for your slides!
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