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COACHING PRACTICE 

Reassessing velocity 
generation in hammer 
throwing 

[j§] © by IMF 

24:4; 71 -80, 2009 

By Andreas V. Maheras 

ARSTRA~T 
In the hammer throw, the exertion of 
the force necessary to increase the hor­
izontal velocity of the implement is 
thought to take place mainlv when 
both the thrower's feet are in contact 
with the ground during the double­
support phases of the turns. Coaches 
have therefore sought to maximise the 
duration and the effectiveness of the 
double-support phases while minimis­
ing the length of the single-support 
phases, when it is ass1.1med that the 
thrower is preparing for the next dou­
ble-support. However. as scientific 
Understanding of the event has devel­
oped things have become less clear. It 
is now known that the horizontal veloc­
ity of the hammer is increased mainly in 
the winds or eorly part of the throw, 
when the thrower is stationary or 
rotating s/awly, and that the observed 
increase in velocity during the turns is 
cfue not ta a horizontal pull-push of the 
feet against the ground but to the addi­
tfon of vertical velocity and a shorten­
ing of the hammer radius. Therefore, 
emphasis on the double-support phases 
may well be misplaced. Stressing that 
there is stifl much that is not known 
dbout the hammer throw, the author 
explains current understanding of the 
event in detal/ and makes recommen­
dations for coaches to consider. 

Al ITHnR 
Andreas V. Maheras, PhD, is the throws 
coach at Fort Hays State University in 
Hays, Kansas, USA. A former discus 
thrower with the Greek notional team, he 
has authored o number of other articles 
pertaining to the throwing events. 

Introduction 

T 
he hammer throw movement starts 
with the execution of two or three 
winds, which are followed by three 

or four turns, In which t he thrower rotates with 
the hammer in a synchronised fashion. Dur­
ing the winds and subsequent turns, the 
velocity of the hammer Increases progressive­
ly until the moment of release following the 
last turn. The velocity of t he hammer at 
release is a determining factor for the length 
of the throw. As the throwing movement pro­
gresses, three important features can be 
obseNed: 1) the clrcular motion of the ham­
mer around the thrower, 2) the gradual 
change of the slope of the hammer's plane of 
movement, and 3) the horizontal translation at 
the thrower-plus-hammer system across the 
circle. 

In the early part of the throw, the hammer's 
plane of movement Is rather flat but it 
becomes steeper as the throw advances 
and it reaches a slope of approximately 40° 
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during the last turn. The thrower keeps the 
hammer on its circular path by exerting a 
centripetal force, which can be over 300kg 
during the last turn of a world record throw, 
through the wire to the centre of the ball. In 
tum, the wire exerts an equal and opposite 
force on the hands of the thrower, which 
tends to pull him/her forward (DAPENA, 
1989). 

The concept of hammer throw technique 
held by most coaches has long included the 
following two elements. First, the winds at 
the beginning of the throw have been seen 
as a preliminary movement with a much less 
important Impact on the velocity of the ham­
mer than the turns that follow. Consequent­
ly, relatively little attention has been paid to 
this element of the overall movement. Sec­
ond, it has been thought that exertion of the 
force necessary to increase the horizontal 
velocity of the hammer mainly takes place 
when the thrower's feet are both in contact 
with the ground during the double-support 
phases of the turns. Coaches have there­
fore sought to maximise the duration and 
effectiveness of the double-support phases 
while minimising the single-support phases, 
when it is assumed that the thrower is In a 
recovery phase preparing for the next dou­
ble-support. 

However, as scientific understanding of the 
event l1as developed, the situation has 
become less clear. For a start, there is still 
much that we do not know. What we can see 
now is that the winds are the thrower's best 
opportunity to increase horizontal velocity and 
that vertical velocity is a very Important com­
ponent oftne hammer's total velocity. We can 
also see that emphasis on the double-sup­
port phases may well be misplaced. This Is 
not to say the double-support is unimportant, 
but there are certainly other aspects to 
Increasing the velocity of the hammer at 
release that must be considered. In this arti­
cle I will explain these statements in detail and 
make recommendations for coaches to take 
Into account when thinking about hammer 
throw technique. 

Hammer Throw vs. Tug-of-War 

As the thrower-plus-hammer sys·""­
advances across the circle, one may th1nl-. · 
the thrower uses forces result ing from the'" 
lion between his/her feet and the grourc 
resist against being pulled forward, mucn -
what happens in tug-of-war (WOICIK. 19,~ 
However, the dynamics oi the two act -
are quite different. In hammer throwing 
reactionary forces that keep the hamme• 
on its circular path, also serve to keep 
thrower on his/her own, circular path. -
Implies that the thrower does not push 
ward on the ground in order ro stay in placr. 

Figure 1 shows what happens In what c. 
be called a tug-of-war scenario (DAPEJ -
2007). Here, F1 Is the forward force ITl80= 

the wire on the hands; F2 is the weight F 
the vertical force made by the ground on 
foot; F4 Is the horizontal force made b 
ground on the foot. F2 is about the same 
as F3, so they essentially cancel each o 
out; F1 Is about the same size as F4, so 
also cancel out. The sum of all the io 
made on the thrower IS approximately -
and he/she not moving at all 0n a static CO' 

lion) In other words, the body of the thro 
experiences no linear acceleration. 

Figure 2, shows what really happens 
hammer throwing. Here, force F4 Is esse'"" 
ly missing. So forces F2 and F3 essen• 
cancel each other out, leaving us with '1., 

F1, which, indeed, accelerates the body 
ward. But this forward acceleration w,11 
make the thrower actually translate fona 
and fall flat on his/her race. The reason is 
the thrower (like the hammer) is rotating ab_ 

the combined centre of mass (CM) oi 
thrower-plus-hammer system. In Figure 3 -
see that the thrower's CM (yellow dot) is :;,r 

close to the combined system CM (grr=­
dot), so the radius of the path (violet line · 
lowed by the thrower's CM about the co 
blned system CM is pretty small, the d1star -
between those two dots. But the thro½e 
CM Is indeed rotating about the combi 
system CM, and such a rotation (like 
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Figure 1: Forces on the athlete m a tug-of­
war (adapted from: DAPENA, 2007, reprinted 
by perrmss,on) 

Figure 2: Forces on the thrower m hammer 
throwing (adapted from: DAPENA, 2007, 
reprinted by permission) 

other rotation) requires a centripetal accelera­
tion, a force to keep the body's CM following 
that short-radius circular path. And that force 
is exerted by the hammer on the hands 
through the wire, which we have called F1 in 
Figures 1, 2 and 3. 

In the same way, the reaction to F1 Is the 
force exerted by the hands on the hammer 
ball through the wire, and this reaction force 
(which we could call force F5 for example, but 
it is not drawn in the figures), is the centripetal 
force that keeps the hammer ball rotating 
about the combined system CM (the ham­
mer's orange path). 

The phenomenon described shows that 
some of the forces required to maintain the 
static balance of the tug-of-war athlete are 
not necessaiy for the dynamic balance of 1he 

Reassessing velocity generation in hammer lhrow,ng 

• 

Figure 3: The combined centre of mass of the 
thrower-plus-hammer system (adapted from: 
DAPENA, 2007, reprinted by permission) 

rotating hammer thrower. It also shows the 
need for coaches to make a distinction 
between static and dynamic balance when 
dealing with hammer throwing. 

The "Long Double-Support" Model 

However, simply keeping the hammer on a 
circular path will not suffice. The thrower also 
needs to increase the velocity of the hammer. 
According to some authors (BONDARCHUK, 
1977; BLACK 3, 1980; WOICIK. 1980) ham­
mer velocity can generally be Increased most 
effectively during the double-support phases 
of the throw and DAPENA (1984) has 
observed that hammer velocity Increases 
between the high and low points of its orbit. 
which roughly coincide with the beginning and 
the end of the double-support phase respec­
tively. Therefore, it seems logical to assume 
that rt Is easier to produce a rotation about the 
vertical axis when both feet are in contact with 
the ground than when only one foot is In con­
tact with the ground. It also seems logical to 
assume that the single-support phase is a 
recovery ohase during which the athlete pre­
pares for another double-support phase. 

It follows, therefore, that maximising the 
double-support phase and minimising the sin­
gle-support phase rs a prudent way to go 
about increasing tores output in hammer 
throwing. One action that has been used to 
achieve this aim Involves keeping the right leg 
close to the body. This enables the thrower to 
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speed up during single-support and thus to 
plant his/her right foot sooner to start the next 
double-support. Another movement involves 
the landing ofthe right foot with the toe point­
ing towards the 270° azimuthal angle instead 
of the 0° angle. Ttus will also allow the throw­
er to plant the right foot earlier, again shorten­
ing the single-support phase and lengthening 
the double-support phase. The thinking 
behind both these movements ls based on 
the slm~le model: 
• double-support =- when the thrower can 

Increase hammer velocity, 
• single-support = a waiting period. 

However, Just because two quantities coin­
cide In time does not mean that one causes 
the other. In fact, no direct cause and effect 
link has been shown between the double-sup­
port phase and the Increase In hammer veloc­
lty (DAPENA, 1989). Moreover, film analysis 
data may not fully support the theory either 
(GUTIERREZ, SOTO & ROJAS, 2002). It Is 
possible then that the association between 
hammer velocity Increase and the double-sup­
port is spurious and coincidental and, Impor­
tantly, tl1at there may be other factors Involved. 

One such a factor may be gravity. As the 
hammer moves upwards and downwards in 
tts sloped plane of movement, gravity natural­
ly will affect Its velocity. 

Another factor may be the horizontal trans­
lation of the thrower-plus-hammer system. 
We can see this in Figure 4 (a), where we 
assume an item is attached at the edge of the 
circular table rotating anticlockwise around 
ttselt (vertical axis) and that the linear velocity 
of the attached Item is a constant 26 m/s. 
Subsequently, if we push the table horizontal­
ly at a constant velocity of 2 mis, as shown in 
Figure 4 (b), the instantaneous velocity of the 
Item itself will be 28 m/s relative to the ground 
(26+2) when the item reaches ihe 90° 
azimuthal angle, because the item is moving 
in the same direction as the system's CM, and 
24 rn/s relative to the ground (26 - 2) when 
the item reaches the 270° azimuthal angle, 
because the item and the system's CM are 

26 m/s 

2 m/s 

0 ... 
26 mis 

a. 
24m/s 

b. 

Figure 4: Relative velocity of an Item ro::a::::­
around a circular path (a) without and 
(b) with /?orizontal translation 

now moving In opposite directions. 
velocity t11en will fluctuate between 24 arr.: 
mis throughout the turns because there ~ 
combination of rotation at a constant arg 
velocity and forward translation at a ~-=­
linear velocity. 

A similar phenomenon may occur a~ 
hammer t i.rowing, wtth the hammer ball ts 
the ttem rotating In a circular path whiles~ 
taneously there is a horizontal translaticr 
the tl1rower-plus-hammer system across 
circle. Such a combined movement wlll c::. - = 
the velocity of the hammer. 

These two factors, gravity and ho~ 
translation, can be mathematically accour-=­
for and subsequently removed from consi;:.;. 
ation when the hammer velocity Is calcuca:=­
(DAPENA, 1984). Und.er these circ;­
stances, In some throwers, the fluctuan 
observed In the velocity of the hammer d·= 
peared. Yet in others, t here was still Ina..::: 
tion of this fluctuation. Tl1us, It is possible-=: 
other factors may also be affecting harr---= 
velocity In some throwers. 

Horizontal and Vertical Velocity Generafio:­

Another problem with the "long doub,=-­
support" hypothesis is that It only considE. 
rotation about the vertical axis. This Imp ~ 
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Rgure 5: Rotation about a vertical axis (left), view from overhead, and rotation about a horizon­
tsl axis (right), view from the 00 azimuthal direction-front 

that the motion of the hammer ball 1s only 
on a horizontal p lane (WOICIK, 1980). In 
reality, however, the motion of the hammer 
also takes place about the horizontal axis, 
which implies motion of the ball on a verti­
cal plane (Figure 5). It is clear then, that to 
increase the velocity of the hammer, a 
thrower needs to obtain a torque not only 
about lhe vertical axis, but also about the 
horizontal axis. 

What makes this last statement even more 
important Is the observation that the majority 
of the Increase in velocity during the turns Is 
associated with generation of torque about 
the horizontal axis. In other words, the major­
ity of velocity Increase during the turns is ver­
tical velocity and only a small part of the 
increase Is horizontal velocity (DAPENA, 
1989; MUROFUSHI etal., 2007). 

It 1s true that the horizontal velocity of the 
hammer can be increased much more effec­
tively during double-support than during sin­
gle-support. However, this is only the case 
when the thrower is rotating very slowly. 
When the thrower is rotating fast, it is impos­
sible to Increase horizontal velocity in either 
of the support phases (DAPENA, 1989). 
Instead of thinking that double-support = 
good, because only in double-support can a 
thrower exert torque and, single-suppo1t = 
bad, because In single-support a thrower 

cannot exert any torque, one may need to 
modify this thinking accordingly (DAPENA, 
2007). 

The "big picture" of what happens 1n ham­
mer throwing, is that during the winds (when 
the speed of rotation is slow and the throw­
er is all the time in double-support), the 
thrower increases the horizontal velocity of 
the hammer. But by the time the turns start, 
the hammer is turning fairly fast Oust for ref­
erence here, at 15 m/s), and the body of the 
thrower is also turning pretty fast. As a 
result, during the turns, no more horizontal 
velocity of the hammer can be generated, 
regardless of whether it is at an instant in 
which the thrower is in single-support or at 
an instant in which he/she is in double-sup­
port. If, for the sake of argument, the throw­
er were forbidden to produce any vertical 
velocity, the velocity of the hammer at 
release would be 15 m/s, the same as the 
velocity of the hammer at the start of the 
first turn. 

But the thrower is not forbidden to generate 
vertical velocity. Let's say, for example, that 
during the turns the thrower generates 14 mis 
of vertical velocity. This would be the vertical 
velocity at the steepest point of the path, and 
it would increase gradually from one turn to 
the next; tor example, from O mis to 4 m/s to 
8 mis to 1 i mi s to 14 mis in the four succes-
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0.35 m :!: 0.35 m 

\ I torque clockwise= 0.35 x 600 = 210 Nm 
__ 1 torque counterclockwise = 0.35 x 600 = 21 O Nm 

I 

F1=600N l 
total torque = zero Nm 

F2=600N 

torque clockwise = 0.35 x 500 = 175 Nm 
torque counterclockwise = 0.35 x 700 = 245 Nm 
total torque= 70 Nm counterclockwise 

F1 =500 N F2=700 N 

torque clockwise = 0.25 x 600 = 150 Nm 
torque counterclockwise = 0.45 x 600 = 270 Nm 
total torque = 120 Nm counterclockwise 

F1 =600 N F2=600 N 

Rgure 6: Torque generation during double-support (adapted from: DAPENA, 2007, reprinted by 
permission) Note: The terms "torque clockwise# and "torque anticlockwise" refer to those direc­
tions from the reader's point of view not the thrower's pomr of view. Therefore, a "clockwise tor­
que" refers to a tendency for a rotation towards the thrower's own left and "anticlockwise tor­
que" refers to a tendency for a rotation towards the thrower's own nght. 

slve turns. At the end of the last turn the 
hammer would have this 14 mis of vertical 
velocity plus the 15 mis of horizontal velocity 
already mentioned. The total velocity would 
be equal to the square root of (15' ~ 14i), or 
20.5 mis. 

What we see In this example Is that the 
hammer did indeed gain velocity during the 
turns but it did not gain any horizontal veloc­
ity, all the gain was in the vertical. Important­
ly, this gain of vertical velocity had nothing to 

do with the thrower being In double-support 
or in single-support. Whether the thrower is 
in single or double-support matters only in 
relation to gains of horizontal velocity, and 
then It would apply only when the horizontal 
velocity was not yet very high (i.e., during the 
winds, not during the turns). In other words. 
the gains in total velocity that occur during 
the turns are linked to changes In the vertical 
velocity, which can be produced when the 
thrower is In double-support or in single­
support. 
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Agure 7. Forces exerted by the feet on the 
ground and reactionary force exerted on the 
hands by the cable during double-support 
(adapted from: DAPENA, 2008, reprinted by 
permission) 

According to DAPENA ( 1 989 and 2008). the 
torque In the vertical direction (about the hori­
zontal axis) Is generated during double-sup­
port as follows: iirst, tl1e thrower presses hard­
er on the ground wrt:h the left foot than with the 
right foot and/or second, the thrower gener­
ates vertical forces on the ground wrt:h both 
feet, but keeps the CM ofthethrower-hammer 
system closer to the right foot than to the left 
foot, Instead of half-way between them. 

In Figure 6 on top, when the CM Is half way 
between the rigl1t and left leg and both feet 
exert the same forces on the ground, the 
amount of torque produced in the anticlock­
wise or the clockwise direction Is the same 
and therefore t he total amount of torque pro­
duced equals zero. In the middle of Figure 6, 
the CM Is still halfway between the two legs 
but the left foot exerts a la,rger torque and the 
net effect, the difference between the two 
directions, is a total torque pointing clock­
wise, from the thrower's point of view, which 
effectively tends to cause the thrower to 
rotate in that direction (towards his/her rigl1t). 
From this position If the thrower accidentally 
let go of t l1e l1ammer, he/she would fall 
towards his/her right side. 

Reassessing velocity generation In hammer throwing 

However, the thrower does not let go of the 
l1ammer and by pulling on the cable, he/she 
WIii give the I1ammer an upward acceleration. 
In turn, the cable will make a reaction force 
on the thrower's hands (Figure 7). This reac­
tion force wrn exert a clockwise t orque on the 
thrower and It would normally make him/her 
rotate toward l1is/her left (or forward if the 
thrower Is already facing toward the 90° 
azimuthal angle). However, as discussed 
earlier, the forces on the feet are such that 
they produce a net anticlockwise torque 
(towards t l1e thrower's right) about his/her 
CM and the clockwise torque exerted by the 
hammer on the hands about his/her CM 
(towards the thrower's left) simply cancels out 
the anticlockwise torque exerted through the 
feet. The thrower manages to give the I1am­
mer an upward acceleration without losing 
balance, because the total torque on him/her 
will be zero. 

The eventual practical benefit of the left foot 
pressing harder on tlle ground Is that t ile 
thrower will be able to pull harder upward on 
the hammer during the upward part of the 
hammer trajectory resulting In an even greater 
upward acceleration due to that pulling. On 
the other I1and, If the thrower were to press 
harder with t he right foot (instead of the left as 
we have discussed so far), this would result In 
a tendency for the thrower to rotate to the left, 
and the reaction cable force (which also 
makes the tl1rower rotate to the left) will add 
to the forces made on the feet and the t hrow­
er wil l lose balance and fall to the left. 

A detail that needs to be mentioned here 
Is that, during most of the time when the 
hammer ball Is travelling upward, the athlete 
will be not In double-support but in single­
support. The uphill motion will occur approx­
imately between the 0° and i 80° azimuthal 
positions of the hammer. During this ascent, 
the thrower will be In double-support from 
azimuthal angle of 0° of the hammer to 
azimuthal angle of 50° or so (very rougl1 
value). and from there all the way to 180" 
he/she will be In single-support. In other 
words, during most of the uphill travel of the 
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Rgure 8: Ventcal force (F) made by the 
ground, and anticlockvvise torque m produ­
ced around the longitudinal Y-axis during sin­
gle-support (adapted from: DAPENA. 2008, 
reprinted by permission) Note: This axis 
would be perpendicular to the page and is 
passing through the centre of mass (white dot 
at the right hip area). The torque about the 
centre of mass would be the product of (r) x 
(F), and the rorque itself would be as indica­
ted by the curved red arrow. The torque vec­
tor would be pomting along the Y-axis, from 
the page toward the reader. 

hammer the tnrower will be in single-sup­
port. Finally, at the bottom of Figure 6, the 
combination of the location of the CM. which 
Is now more towards the right foot, and the 
amount of torque generated by the feet. pro­
duce an even greater net anticlockwise 
torque. 

During single-support, the torque is pro­
duced automatically because the point of 
support, which Is the left foot. is not directly 
under the thrower, and the reactionary vertical 
force generated by the ground on the left foot 
exerts a torque about a longitudinal axis pass­
ing through the CM (Figure 8). To better 
imagine this effect, we can picture someone 
standing with both feet on the ground. If they 
were to remove the right foot without making 
any other changes they would tall toward the 
right. However, this ,s not the case during 

hammer throwing because the torque that the 
thrower receives from the ground is transmit­
ted to the hammer. This way, the thrower 
does not fall, despite the fact that the point of 
support (the left foot) Is not directly beneath 
his/her CM while at the same time the ham­
mer accelerates. We need to point out here 
that although the existence of the torque Is 
automatic, the size of it can be altered by the 
thrower, depending on how he/she interacts 
with the hammer, how he/she uses his/her leg 
muscles, etc. 

Yet another point to add here is that the 
thrower can (and normally does) reduce the 
radius of rotation of the hammer ball some­
what as the throw progresses from turn one 
to turn four. This will produce some increase 
In the total velocity of the hammer ball. In the 
example we have been using the total veloci­
ty of the ball at the end of lhe last turn won't 
be 20.5 mis, but closer to 24 mis. 

Conclusions 

Coaches implicitly tend to think In terms of 
' distance of force application• to increase 
l1orizontal velocity and that force application 
can only occur In double-support. However, 
It is an over-s1mplificat1on to consider that In 
hammer throwing there is rotation about a 
vertical axis only. Toe rotation occurs about 
an inclfned axis, which implies rotation about 
both a vertical, and a horizontal axis. The 
rotation about the vertical axis (l1orizontal 
velocity) can best be produced during the 
double-support phase, but only if the thrower 
is rotating slowly. The rotation about the hor­
izontal axis (vertical velocity) can be produced 
both during the single-support and double­
support phases and thus, single-support 
phase does not have to be a "recovery" 
phase. 

If we were to assume that the forces gener­
ated In hammer throwing (dynamic balance) 
are similar to those observed in tug-of-war 
(static balance), then In the double-support 
phase In hammer throwing it would be possi­
ble to push forward on the ground with the left 
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foot and pull backward with the right foot. As 
a result there would be an increase of the 
angular momentum of tl1e combined 1hrower­
plus-hammer system about the vertical axis, 
From this, one could further Infer that In sin­
gle-support it would be much more difficult to 
increase the angular momentum. Tl1erefore, 
under those conditions, to generate the max­
imum possible amount of angular momentum 
about t l1e vertical axis during tl1e t t1row, a 
thrower would want to maximise the time In 
double-support within each turn. As 
explained earlier, to do this, there would be a 
need to minimise the time In single-support. 
This means that the thrower would want to 
take off late (for example at the 90° azimuthal 
angle) and land early (for example at the 2200 
or 2300 azimuthal angle), 

However, in reality, the forces generated In 
hammer throwing are not similar to those of a 
tug-of-war and the "long double-support" 
model places the emphasis on the wrong 
concept. Toe reason can be found in the 
sentence in the previous paragraph where It 
says: "to generate the maximum possible 
amount of angular momentum about the ver­
t ical axis during the throw, a thrower would 
want to ... ". It turns out that generating the 
maximum possible amount of angular 
momentum about the vertical axis Is NOT the 
main goal of the hammer thrower (DAPENA, 
2008). 

Why? Because during t he turns the throw­
er is turning so iast already that it is nearly 
impossible to push forward on the ground 
with the left foot and pull backward with the 
right. Therefore the angular momentum 
about the vertical axis increases very lltlle. 
Putting the emphasis on this is focusing on 
something that is going to be of a small value 
no matter what. Of course, the actual value 
of angular momentum about the vertical axis 
will be big even if the gain during the turns will 
be small. But this momentum will 11ave been 
generated, almost all of It, during the winds, 
with very lrttle of it being generated during the 
turns. So the most important thing that Is 
happening during the turns Is not the change 

Reassessing velocity generatiOn In llammer throwing 

ln the angular momentum about the ve1iical 
axis, it is the change in the angular momen­
tum about the Y-axis, which Is the axis aligned 
with the midline of the tl1rowing sector and, In 
1urn, this is linked 1o the changes in the verti­
cal velocity of the hammer. 

Following the discussion above, hammer 
throwers cannot afford to take it easy in the 
preliminary phase (tl1e winds). They need to 
produce a lot of hammer velocity already in 
the winds. Of course, they have to stay 
under control, but they still need to be very 
dynamic. Moreover, although the "flatness" 
of the plane ot the winds has been 
addressed before (e.g. EBERHARD, 1990) it 
heeds to be emphasised that, from a 
mechanical point of view, throwers need to 
keep the hammer ball on as flat a path as 
possible. There will be time later (during the 
turns) to add vertical velocity but only a 
small amount of horizontal velocity can be 
added in the turns so it must be the focus 
during the winds. 

To be clear, we are not saying that a throw­
er cannot Increase han,mer velocity In dou­
ble-support. What we are saying is that a 
thrower can Increase hammer velocity BOTH 
in double-support and 1n single-support. 
What has been observed is that the Increase 
in the velocity oi the hammer ball during the 
turns is due mainly to the addition of vertical 
velocity, and In part also to the shortening of 
the hammer radius. But the increase is not 
due to a horizontal pull-push mechanism of 
the feet against the ground; that was some­
thing that stopped happening with the end of 
the winds. Moreover, neither the increase of 
vertical velocity nor the shortening of the 
hammer ball radius are favoured by being in 
double-support. That is why, from this point 
of view, the achievement of a long double­
support during the turns may not be as 
important as many think. 

If maximising double-support may not be 
1he best approach in hammer throwing, then 
what would the alternative be? The answer is 
we don't know (at least experimentally) the 
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optimal pattern in regard to double-support 
versus single-support. In the final turn of a 
hammer throw. it is possible that the thrower 
does not Increase the hammer velocity much 
during tlie downward part of the hammer's 
path (from. say. the 240° azimuthal angle to 
the 0° azimuthal angle}, and that 1he only 
hammer velocity Increase occurs between the 
0° azimuthal angle and release (at the 
azimuthal angle of 70° or 90° or something 
like that). In such case. earlier landing of the 
right foot would not contribute to an increase 
of the hammer velocity. However, we cannot 
be sure about this part because here we may 
be getting near the limits of applicability of 1he 
theories and data to actual throwing, but It Is 
perfectly possible. 

Again, with all this. we are not trying to 
denigrate the double-support. We are just 
trying to say that the single-support Is not 
necessarily the "poor relative" and therefore, 
It Is not the guaranteed wasteland that we 
used to think. In other words. we cannot be 
sure anymore that maximising the double­
support time is the optimum. Maybe max­
imising double-support is still the optimum. 
Or maybe maximising single-support is the 
optimum. Or maybe some Intermediate 
between the two is the optimum. We simply 
don't know. 
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Recommendations 

Based on the d1scuss1on above, I can make 
the following recommendatlons to coaches: 

1. During the winds (which are all in double­
support}, the thrower can increase both 
horizontal velocity and ver11cal velocity but 
for maximum effectiveness needs to con­
centrate on Increasing horizontal velocity 
during this period. 

2. During the single-support phases of rhe 
turns, the thrower can increase verttcal 
velocity, and he/she needs to do so. 

3. During the double-support ohases of the 
turns. the thrower can also increase verti­
cal velocity and he/she needs to do so. 
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