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• • The rationale for certain actions oecurring 
prior to, during. and Immediately after the 
take-off phase ofthe pole vault are examined 
theoretically and then empirically. Actions which 
are desirable, as indicated by the theory and 
research. are then presented. * * 
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The take-off is the most important phase of 
the pole vault. The vaulter's actions during this 
phase of the vault greatly affect his/her actions 
during subsequent phases and ultimately affect 
the height achieved. The importance of the take-
off phase may be best demonstrated by analyzing 
the factors that determine Performance in the 
pole vault. Meehanically. work and energy princi
ples can be used to derive an equation for the 
maximum height achieved by vaulter: 

PE(apex) = 

where. 
PE(apex) 

TE{to) 

U(to-rel) 

E(to-rel)|ost 

KE(rel)xs 

TE(to) + U{to-reI) - E(to-rel)Iost - KE(rel)xs 

= potential energy of vaulter at the 
apex of vault 

= total mechanical energy of vaul
ter and pole at take-off 

= mechanical work done by vaulter 
from take-off to pole release 

= mechanical energy lost from take-
off to pole release 

= excess kinetic energy at pole re
lease. 

This equation essentially states that the maxi
mum height achieved by a pole-vaulter (PE (apex)) 
is determined by: 
1) how high his centre of gravity is and how fast 

he is moving at take-off (TE(to)), 
2) how much he pulls and pushes himself up

ward on the pole during the vault (U(to-rel)), 
3) how much energy is lost or not converted to 

potential energy (E(to-rel)|ost and KEO-el),̂ . 

The first term in the list above and on the right 
side of the equation has to do with the vaulter's 
take-off. The other terms in the list above and on 
the right side of the equation have to do with 
the vaulter's actions while on the pole, but these 
may also be influeneed by the take-off actions as 
well. Obviously then, an effective take-off is a re
quirement for successful vaulting. A poor take-
off may be salvaged by the vaulter to clear mod
erate heights, but world class heights may only 
be managed with effective take-off mechanics. 

What is an effective take-off in pole vaulting? 
An effective take-off is one in which the vaulter 
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maintains or increases the mechanical energy he 
has developed during the approach run while 
minimizing energy losses during this and subse
quent phases of the vault. This definition of an 
effective take-off provides the theoretical foun-
dation for our analysis of factors which contrib
ute to an effective take-off. 

The take-off phase begins with the touchdown 
of the take-off foot and ends at the instant of 
take-off, when this foot leaves the ground. The 
analysis which follows encompasses the take-off 
phase and the phases immediately preceding and 

following take-off. This includes the preparation 
for take-off. take-off foot touchdown (foot-
strike). pole plant (pole strike). take-off, and foi
low through. This analysis of the take-off phase 
includes three elements: 

1 Theory - the theoretical basis for the recom
mended actions of the vaulter. 

2 Research - the research results and observa
tions which provide empirieal support for the 
recommended actions of the vaulter. 

3 Application - the recommended actions of 
the vaulter. 

Theory 

1. Maximize kinetic energy going 
into take-off phase. 

2. Minimize energy loss due to 
braking forces underneath 
take-off foot by decreasing 
downward velocity of centre of 

Preparation for take-off 

Research 
1. Vault height is significantly 

correlated to approach run 
velocity. 

2. Most vaulters have a shorter 
last step than 2nd to last step; 
the difference in step lengths 
is larger for elite vaulters. 

Appl icat ion 

1. Maximize speed over last steps 
of approach run by maintaining 
or increasing velocity during 
planting action. 

2. Make the last step (the step 
onto your take-off foot) shorter 
by bringing your take-off foot 
down more quickly. Make sure 

aecurate so you don't have to 
Stretch out your last step. 

Touchdown or foot strike 
(the instant the take-off foot strikes the ground) 

Theory 

1. Minimize energy loss due to 
braking forces underneath 
take-off foot. 

Research 

la. Horizontal distance from centre 
of gravity to take-off foot is 
shorter during last step than in 
previous steps. 

Ib. Elite vaulters maintain a more 
upright trunk at touchdown. 

Application 

la. Make the last step shorter by 
bringing your take-off foot 
down more quickly (see previ
ous entry). 

Ib. Keep an upright posture and 
avoid leaning backwards. 
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(the 

Theory 
1. Maximize positive work done 

during take-off phase by allow
ing greater displacement of 
centre of gravity forward and 
upward during take-off phase. 

2. Minimize energy loss due to 
inelastic stretching of musdes. 
tendons. and ligaments. 

3. Minimize possible energy losses 
due to premature bending of 
pole (pole is not 100% efficient 
and does not return all of the 
energy stored in it). 

Pole plant or pole strike 
instant the pole strikes to back o f the box) 

Research 

la. Pole strike occurs during second 
half of take-off phase and later 
for elite vaulters. 

Ib.The top hand is more closely 
aligned vertically to the take-
off foot toes at pole strike for 
elite vaulters. 

2a. Elite vaulters maintain a more 
upright trunk at pole strike. 

2b. Elite vaulters have a slight 
elbow flexion of the top arm at 
pole strike. 

2c. Elite vaulters create an angle of 
approximately 30 degrees 
between the pole and the run
way at pole strike (see entries 
la and 1b). 

3a. Pole strike (and Initiation of 
pole bend) occurs later during 
the take-off phase for elite 
vaulters (see entry la above). 

3b. Elite vaulters create an angle of 
approximately 30 degrees 
between the pole and the run
way at pole strike (see entry 2c). 

Application 

1. Keep last step aecurate so take-
off foot is not underneath. Pole 
strike should oecur when you 
are on your toes and actively 
pushing yourself upward and 
forward off of your take-off 

foot. If it occurs earlier, you will 
be reacting passively to the 
action of the pole, and in most 
cases energy losses will oecur. 

2a. Keep an upright posture and 
avoid leaning backwards. 

2b. Keep arms. shoulders. and trunk 
rigid by pre-tensing musdes. 

2c Extend top arm vertically, and 
maintain upright posture (see 
entry 2a). Optimize grip height 
(don't grip so high that energy 
losses due to lower pole angle 
outweigh the advantages of the 
higher grip). 

3a. (see entry 1) 

3b. (see entry 2c) 

Take-off 
(the instant the take-off foot no longer contacts the ground) 

Theory 
1. Maximize potential energy. 

2. Maximize kinetic energy. 

Research Application 
1. Elite vaulters have a higher cen- 1. Maintain upright posture. 

tre of gravity positions at take- extend arms upward. drive free 
off. leg upward, fully extend take-

off leg at knee and ankle. be 
tall. 

2a. Elite vaulters have faster hori- 2a. See all entries under prepara-
zontal velocities at take-off. tion. touchdown, and pole 

2b. Elite vaulters have faster verti- strike. 

cal velocities at take-off. 2b. Jump upward at take-off. 
Vaulters have a take-off angle 
slightly lower than long 
jumpers. but higher than triple 
jumpers. 
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Foilow through 
(the phase immediately fo l lowing take-off) 

Theory 
1. Transform kinetic energy from 

the takeoff to potential energy 
at the end of the vault by 

maintaining enough pole speed 
to cause the pole to rotate to 

vertical. Do this by minimizing 
the distance from the vaulter's 
centre of gravity to the box. 

2. Minimize energy lost when ini
tially bendmg the pole by 
reducing the buckling force 

required to start the pole bend
mg. 

Research 
la. Elite vaulters reduce the effec

tive pole length by 30% by 
bending the pole. In other 

words. at maximum bend. the 
distance from handgrip to butt 

plug is approximately 70% of 
the pole's original length. 

Ib. Vaulters keep the top arm and 
trail leg extended during the 
foilow through. 

2. Vaulters create a torque on the 
pole by keeping the bottom arm 
rigid or providing some resis
tance against the pole with the 
bottom hand. 

Application 
la. Allow the pole to bend (see 

entry 2 below). 

Ib. Fully extend top arm and take-
off leg briefly following the 
takeoff - maintain a long body 
position (see note below). 

2. Press upward with both arms 
when pole strike occurs. 

Note concerning the foilow through: A taller 
vaulter has an advantage here. His long radius 
slows his rotation about the top hand. and puts 
his centre of gravity closer to the box. It also cre-
ates a larger eolumn force on the pole thus help-
ing to bend the pole. A shorter vaulter, due to his 
shorter radius, has too much rotation about his 
top hand. This may cause him to swing up too 
quickly and stall out. He must slow this rotation 
by pressing with the bottom hand, this also cre-
ates a torque which bends the pole. Since a 
shorter vaulter also has shorter radius about his 
top hand, his eolumn force on the pole is smaller. 
Pressing with the bottom hand thus serves two 
purposes for a shorter vaulter: it slows his rota
tion about the top hand and helps to bend the 
pole. 

Unfortunately, pressing with the bottom hand 
often destroys too much rotation about the top 
hand and the shorter vaulter must then tuck 
tighter and pull vigorously with the bottom arm 
in order to then catch up to the pole. This press, 
tuck and shoot method of the shorter vaulter is 
as effective as the long swing method of the 
taller vaulter, but the margin for error is less. and 
timing is critical. 

[?@] 
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