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Pole vaulting is the most exciting track and field event and many coaches consider it to be the most difficult event to 

understand as well.  The complexity of the pole vault can be simplified by application of basic work and energy principles.  This 

paper uses work and energy principles to build a foundation for the actions used in an effective pole vault.  

Work and energy principles can be used to explain much of the mechanics of pole vaulting.  
Mechanical work is most simply defined as force times displacement:   

Work = U = F • d 

where, U = work done 
F = average force 
d = displacement 

If force and displacement are in the same direction, positive work is done by the force.  If force and 
displacement are in opposite directions, negative work is done by the force.   

Energy is the capacity to do work.  In pole vaulting, three forms of mechanical energy are 
apparent:  kinetic energy, potential energy, and strain energy.  Kinetic energy, KE, is the energy an 
object has due to its motion.  Kinetic energy is defined as : 

KE =  

where, m = mass 
 v = velocity 

Potential energy is the energy an object has due to its position.  Potential energy is defined as: 

PE = Wh = mgh 

where, W = weight 
 h = height 
 g = 9.81 m/s2 = acceleration due to gravity  

Strain energy is the energy an object has due to its deformation.  Strain energy is defined as: 

SE =  

where, k = stiffness 
 x = deflection or change in length 

By definition, work and energy are related.  In fact, the work done on an object by non-
conservative forces (forces other than gravity) equals the change in energy of the object.   

Work = U = E = Ef - Ei = (KE + PE + SE)f - (KE + PE + SE)i  = KEf + PEf + SEf - KEi - PEi - SEi 

This equation forms the basis for our analysis of the pole vault.  If we define the initial and final 
instances during which work is done as the instant of takeoff (the instant when the vaulter’s takeoff 
foot no longer is in contact with the runway) and the instant when the vaulter’s center of mass 
reaches maximum height, then final potential energy becomes the criterion of success in the pole 
vault, since the maximum height reached by the vaulter's center of mass is directly proportional to 
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the potential energy of the vaulter at this instant.  The work-energy equation can be rewritten as 
follows to express this final potential energy (PEf) in terms of work done, initial energies, energy lost, 
and excess kinetic energy: 

 PEf =  KEi + PEi + SEi + U - Elost - KEf 

where KEi is the vaulter's kinetic energy at takeoff; PEi is the vaulter's potential energy at takeoff; SEi is 
the strain energy in the pole at takeoff; U is the work done by the vaulter from takeoff to release; Elost 
is the energy lost by friction, inelastic stretching, etc. between takeoff and release; and KEf is the 
excess kinetic energy possessed by the vaulter at the instant of maximum height in the form of 
rotation or horizontal velocity which do not contribute to PEf. 

So, to vault high, a vaulter should maximize the positive elements and minimize the negative elememts of the above equation.  

In other words, a vaulter should maximize energy at takeoff (KEi + PEi + SEi), maximize work done from takeoff to release (U), 

minimize energy lost (Elost), and minimize excess kinetic energy at maximum height (KEf).  Kinetic energy at takeoff, potential 

energy at takeoff, and work done are the three components which most significantly affect vault height. Figure 1 shows the relative 

contributions of these three components to a 6 m vault. 

 

Figure 1.  Work and energy component contributions to height in a 6.00 m vault. 

What follows are descriptions of what the vaulter should do to maximize these three components and minimize excess kinetic 

energy and energy lost. 

Kinetic energy at takeoff accounts for about 60% of vault height by an elite vaulter and even more for less skilled vaulters.   

KEi is largely determined by the approach run. 
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Potential energy at takeoff accounts for about a meter or more of vault height by an elite vaulter.  PE i is largely determined by 

the vaulter’s height and mass distribution, but position during takeoff can greatly affect PE i as well. 
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Work done by the vaulter from takeoff to maximum height is the component of vault height that is determined by the vaulter’s 

actions on the pole.  How to maximize this component of the pole vault work-energy equation is the most interesting question.  Work 

done is average force times displacement.  There are two constraints on the work done in pole vaulting.  The first is the time the 

vaulter has to do the work (only about 1.3-1.5 seconds).  Since time is limited, vaulters should avoid any passive phases and should 

attempt to add energy by doing work throughout the vault.  The second constraint is the displacement the vaulter’s center of mass 

can move through while still in contact with the pole.  A crude estimate of this displacement is the sum of the distance between the 

center of mass of the vaulter and the top handgrip at the instant of takeoff and at the instant of pole release as shown in Figure 2.  

For most elite vaulters, this distance will be similar (although taller vaulters will have an advantage here).  So, the variable which is 

not constrained is average force, F.  How can a vaulter make the average force acting through the handgrips on the pole larger?  The 

vaulter can do this by swing fast and by keeping the body in a position that requires more force to swing it to vertical.  The more 

elongated the body is, the more difficult, i.e., the more force required, to swing it to vertical. 

 

Figure 2.  Estimate of displacement component of work. 
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Energy losses in the pole vault occur due to inelastic stretching of tendons and ligaments, friction between the fibers of the 

pole, energy not recovered from the pole, etc.   

 


