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Video title: 1.2 Force Summation 

Learning outcome: 

• To define force summation 

• To understand and describe three factors that affect force summation 
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In order to generate momentum, a force must be applied to a object. This object could be 
ourselves as we attempt to launch ourselves over a bar, it could be a ball we want to kick over a 
goal post, or it could be an object we are trying to hit with a bat. 
 
To do these tasks well, we refer to our ability to apply force summation efficiently. 
 
We define force summation as the amount of force we can generate and transfer to an object. 
 
For some of us, force summation comes naturally. For others it is not so easy. We have this term 
call uncoordinated. And we probably all know someone like this, that friend who doesn’t participate 
in much sport, but when they do they can’t seem to put one foot in front of the other without getting 
tangled up. 
 
The term uncoordinated simply refers to someone with poor force summation. And to be a little 
more specific, this person lacks the sequencing and timing of their body segments, and may have 
issues relating to range of motion. There are the three key factors affecting force summation that I 
am going to discuss in this video. 
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Larger muscle groups generate greater force than smaller ones as a result of their greater cross 
sectional area. Take your glutes for example. These are a muscle with a large cross sectional area 
that play a significant role in propelling your body forward when you run. They contribute much 
more force than your calf muscles do which have a smaller cross sectional area. 
 
If we are looking to generate large forces then larger muscle groups should be used. They should 
also be used in the correct order, from large to small. 
 
Take this pitcher for example. In frames 1 and 2, all force the force is being generated by the lower 
body. There is no other movement occurring in his body. His trunk position is the same, even the 
ball is yet to move.  
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The transition from frame 2 to 3 is much different though. Look at how his trunk is now in flexion 
and his shoulder is rotating as it begins the process of bringing the ball forward to the point of 
release. 
 
What we don’t see is somewhere between frames 3 and 4, are the much smaller movements of 
the hand and wrist which play a crucial role in finishing the throw and adding movement to the ball 
like in a curveball or change up pitch. 
 
This clearly demonstrates the need to ensure we use our muscles in the correct order, from large 
to small. 
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When several joints are used in a skill, their timing are crucial when trying to maximise force 
output. To give maximum force to an object, we need to ensure that the force contribution of each 
body segment is adding to the overall momentum at the right time. This way, the force generated 
by one part of the body is built on by the force of subsequent joints. 
 
The following graph should hopefully highlight the importance of body segment timing. The Y axis 
in this graph indicates the velocity generated by our summation of forces. The higher along this 
axis we can get, the better our force summation is. The x axis refers to time. This axis will highlight 
whether or transfer of momentum is too early or too late. 
 
Each body segment has an optimal point at which we need to transfer momentum to the next body 
segment. Transfer momentum too early or too late and you lose power. 
 
We are considering the upper body here and our first segment is our trunk. The bright green 
athlete is a world class athlete and the dark green athlete has just taken up the sport.  
 
The optimal point for transfer of momentum is the highest point on the shape, let's take a look at 
the results. 
 
As you can see, the beginner has transferred momentum too late, this has resulted in decreased 
velocity already. As we progress through the segments you can see the poor transfer of 
momentum from our beginner compared to our world class athlete. 
 
The final result clearly highlights the difference in performance. By failing to transfer momentum at 
the optimal point, the beginner finishes the movement with much less force and velocity. 
 
The correct sequence and timing allow the athlete to attain maximal release velocity. 
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Generally, to give maximum force to an object in throwing, kicking or striking, we need to move the 
segments through the greatest range of motion we possibly can. Doing this gives us the most 
potential for force summation because the increased range of motion in a body segment  allows 
the segment to generate force over a longer period of time. 
 
In this picture Luke McCalister and ex All Black is kicking a penalty. He has a fairly considerable 
range of motion. This indicates that he is kicking from quite a distance away from the goal posts. 
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In this video we looked at three factors that affect force summation. 
 
Sequencing of segments allows us to use large to small muscle groups, maximising force output. 
 
Timing of body segments ensure we transfer momentum at the right time. 
 
And range of motion increase our potential for force summation. 
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