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Changing direction is changing momentum.

Let’s first address agility as a mechanical problem.

1. Brake2. Turn 3. Reaccelerate 180° CoD

p = m × v

468 k.gm/s0 k.gm/s

If m = 78 kg and v = 6 m/s, then p = 468 kg.m/s 

∴ need to produce 468 kg.m/s opposite direction.
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To change the motion of an object, we must apply an external force.

This is captured by Newton’s second law.

Force can only be applied during 
ground contact (Newton’s third law)

Acceleration is the rate of 
change in velocity:

a = Δ𝑣/𝑡

But Sport is fast. Time is limited.

So not just a question of how much force, but how much force given time

Let’s say braking is 
distributed across 3 steps

0.15 s 0.20 s 0.25 s

Collectively they totalled 0.6s 

Then in 0.6 s you 
produced 468 kg·m/s 

of braking impulse
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Newton’s second law can be expressed to acknowledge this time constraint.

Because acceleration is the 
rate of change in velocity:

𝐹=𝑚⋅Δ𝑣/𝑡

Rearranging gives:

𝐹⋅𝑡=𝑚⋅Δ𝑣

Therefore, to change momentum, the athlete must produce an impulse.

This is the impulse-momentum 
relationship: 𝐽=Δ𝑝

Using previous example

𝑝 = 468 kg·m/s

t = 0.6 s

Now we can calculate ave F

𝐹 = 780 N

But the goal of sport is to be faster than your opponent

Can you “bleed off” 468 kg·m/s faster? 

Entry momentum into the turn is fixed 
(mass doesn’t change and you want high velocity)

∴ Braking impulse per step must increase

Goal:
5 steps become 3 

and/or
0.6 s becomes 0.5 s
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Impulse can be increased in two broad ways:

1. Increase the magnitude of force. 

The goal in sport is always more force in less time.

2. Increase the time over which force     
is applied

𝑝 = 𝑝

1

2

200 kg·m/s

200 kg·m/s

1

2

468 kg·m/s ÷ 0.5 s 
= 936 N 

Need another 156 N
(936 N – 780 N)

• 2 up 1 down

• Snap downs 

• Drop catches

• Banded assistance

• Field-based decels

So, we train to get (eccentrically) stronger

Sling shot!
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As athletes become 
(ecc) stronger, they 
can generate more 
braking impulse.

This translates to less 
steps, less time, and 
less distance to stop 

However, stronger 
athletes may also 
become faster.

If entry velocity 
increases, 
momentum into the 
turn increases.

Now the problem has 
changed. With more 
momentum to bleed 
off, braking impulse 
must increase.

The faster you run, 
the slower you stop. 

The Deceleration Paradox

78 kg x 7 m/s = 546 
kg·m/s in 0.5 s = 1092 N Favg × t=mΔv ∴ Δv=(Favg × t)/m  Δv=(156×0.5)/78 = 1m/s    

Which you don’t have = 
extra step or more time

An inescapable paradox! 

3 steps

4 steps

5 steps

Assuming the goal is to stop ASAP

3 steps

4 steps

5 steps

3 steps

3 steps

3 steps
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The fastest into the turn are the slowest out.

Deceleration testing, agility testing, CoDD.

BoS CoM

DoF

DoF = f(CoM relative to BoS)

The second recognises that 
force is a vector; it has both 

magnitude and direction

The first solution to increasing 
braking impulse per step was 

more force in less time.

Greater the separation, more acute the ∠, the greater the horizontally directed F.

So, now not just how much force 
in time, but where it is directed

1

2
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Relationship between BoS, CoM and DoF

DoF
BoS
CoM

Separation between CoM and BoS determines DoF
and thus net horizontal braking force 

Deceleration

Relationship between BoS, CoM and DoF

DoFBoSCoM

Separation between the CoM and BoS determines DoF
angle and thus net horizontal propulsive force 

Acceleration
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Fig 4a-b: Create ~ 45° lean, ~ 90° @ ankle, 
knee, and hips, with a horizontally project 
knee and arm “whip”

Fig 4c-d: ~ land under hip with a positive shin 
angle, while trail leg initiates low recovery 
traveling below the knee

Fig 4e-f: Foot lands maintaining positive 
shin angle and acceleration mechanics

The split step is pre-programmed. 

We do it to create favourable angles to produce horizontal force production

Acceleration

d abc

e f g h

In a 180, we must finish braking in a position primed to Reaccelerate.
180° CoD

My favourite coaching cue: “head never goes between toes”
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Resisting or Encouraging a CoD?  You need to “fall”!

Turning is less intuitive. Especially as we instinctively reach for the line
180° CoD
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The cross-over step is pre-programmed

If I can get you to turn like this… 
job done!

Re-acceleration takes care of itself

Inside leg
(not reaching for the line)

Outside leg
(reaching for the line)

Inside leg vs. Outside leg. Don’t reach for the line, it’s false economy
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CoMBoS

DoF

60 – 90 ˚ turns

Dummy-jab stepOutside leg turn

Feint in one direction to 
“dummy” the opponent and 

load the outside leg

Jab implies you hit the 
ground hard, but fast

What does this mean for testing?

Don’t just focus on the outcome (time), focus on the how it was achieved (mechanics)

1. Brake2. Turn 3. Reaccelerate 180° CoD
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6
REPS

Asymmetry?

Variability often greater than the imbalance

But even if it wasn’t, because the output variable is 
time, the cause of a side-to-side imbalance is unknown:

Is it a: (1) weaker limb, (2) suboptimal motor pattern, 
(3) or some combination of those?

Other CoDS test? Including the CoDD?

5-2-180 check sheet 
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Lecture handouts, worksheets, 
and papers available here

@ProfAnthonyTurner


