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A digital video camcorder was used to film the kicking leg and initial ball
trajectory when punting a football. The film was analyzed frame by frame
and velocities for the knee, shin, ankle, toe and two tips of the football
were calculated as well as the launch angle of each punt. Upper and lower
leg velocities agreed with published results for similar types of kicks.
Using initial velocities and launch angles in projectile motion equations,
the estimated distances and hang times, neglecting air viscous forces, were
calculated and compared to the actual results. Each punt’s actual distance
was 24-33% less than estimated, but the hang time for two of three punts
was consistent with estimates.

INTRODUCTION resistances and lifts resulting from the ball's
Sports provide an environment oforientation during its flight path. The impact

controlled movements, and thus allow practicaheights and foot angles of three other punts were

studies of classical Newtonian physics. Theompared to their launch angles. Velocities of the

human leg is utilized in several types of specifiknee, shin, ankle, and toe on the kicking leg were

kicking actions: martial arts, placekicking a balhlso determined.

from the ground, and dropkicking a ball in mid-

air. This report will focus on the leg and ballTHEORY

velocities for punting an American football Equations for hang time and horizontal

(dropkick in mid-air). distance can be derived from the projectile
When air viscous forces are neglected @quations of motion

projectile’s range is symmetric about 45°. Under _ 1,

actual conditions, however, a punt’s range may be V(1) = Vo t _ant 1)

maximized at angles less than 45°. This is of x=v_t )

concern to a punter whose objective is tWO'f0|dWhere y and x are the height and horizontal

maximize hang time to allow time for hISdisplacements of the football respectively, and

Eeistrgrﬂgtif r§2|pruhrils ?g;vmn'sf'ﬁﬁd apnodsitrigﬁxm.}.'ﬁ%/ox are its vertical and horizontal velocities,is
maximization of both goals is what Bran'cai‘zioel s vertical acceleration, and t is its time in flight.
refers to as the “kicker’s dilemma.” An expression for hang time, T, results
In a kicking motion, the leg acts like afrgsr;n&sn%vmg equation 1 for t when y=0 and
whip. The hip muscles accelerate the upper Ieab_ '
through the back swing while the knee is bent. (3)
Once the foot has cleared the ground, the upper _ 49 _
leg muscles extend the lower leg at the knee where6, is the initial launch angle. Equation 3
strike the ball with the foot at maximum velocity. shows that hang time depends on the ball’s initial
The foot meets the ball for a punt after the ball igelocity and launch angle. _
dropped from the hands. The height at which it Equation 2 can be solved for horizontal
impacts the foot is thampact height A well- range, R, which is dependent on initial velocity
kicked punt will leave the foot with a rotationand launch angle:
about its long axis, providing a stable spiral _v,’sin(26,)
throughout the punt’s flight. R=———"-2" (4)
Initial velocities and launch angles of three Equations 3 and 4 allow quick calculation

punts were calculated from video analysis an X - -
- . - pected hang time and horizontal range from
used to estimate distances and hang times ba values measured from video analysis — initial

on simple projectile motion equations. Thev

: locity and launch angle. These equations are
estimated values were then compared to the act . L
results. Differences can be F(:lttributed to al;pagsed on fundamental physical principles that

12 %sin(,)
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neglect air resistance. Air resistance, or drag, isseconds. The calculated velocity is associated
viscous force in a direction opposing the velocityith the latter of the two positions and should not
of therg)rojectile. Air drag, W, is given by thebe confused with an instantaneous velocity.
relatio Equation 11 was utilized to find the velocity

W = 1pC AV 5) recorded at a frame, n.
. 2 ° . . — \/(Xn - Xn—l)2 +(yn _yn—l)2
where p is the air density, ¢ is the drag Vo = P (11)
coefficient, A is the cross-sectional area of the n -1

The launch angle was calculated from the
ft tip of each punt (and the right tip of the punts
n which it was captured on film) in two
consecutive frames after impact. Equation 12 was
psed to find the launch angle from position

projectile normal to the trajectory, and v is th
speed of the projectile relative to the air. Air dra
varies widely for a football in flight because a
ball’'s orientation with respect to its forward
motion can change rapidly and often. A footbal

is an ellipsoid, so the most favorable orientation i§'€asurements.
point first with a spiraling motion about its long 6, :tan‘l(y” yn—l) (12)
axis. This behavior limits the cross sectional area X, = X

perpendicular to motion and thus air resistance.

The only factors affecting a punt afterRESULTS
contact with the foot include launch angle, launch Of the 13 total punts filmed, three punts’
speed, air density, wind, spin, shape, and suffac@ideos contained two frames of initial trajectory.
Launch speed and angle were measured usimfiese were used to determine initial velocities
video analysis, and the factors which were naind launch angles. Using equations 3 and 4,

measured contribute to air drag. distance and hang time were estimated for each of
the three punts (numbered 5, 8, and 11).
EXPERIMENT Figure 1 shows the velocities of the

A Canon ZR10 Digital Video Camcordervarious points on the kicking leg and two tips of
captured the kicking leg and initial velocity of thethe football from punt 8. The lines connecting
football for each punt at a frame rate of 30 Hz ange|ocities of a given part of the leg or football
shutter speed of 1/8000. Four pieces of whitgimply serve as guides from frame to frame. The
athletic tape were placed on the kicking leg: ongnes compose a very rough estimate of the actual
on the knee, shin, ankle and toe. The tape servgglocities at any time, and they are limited in their

as reference points from frame to frame in theccuracy by the frame rate of the camcorder.
video analysis. :

The distance of each punt was measured i mpact Zone |
with a 60 m measuring tape from the plant foot to l l : l ; l
the estimated catch point. The hang time was * t——f——+— ——~.—|————-
measured with a handheld stopwatch from the v ' /
impact with the foot to the catch by a returner. | : ;

Each punt was imported into iMovie andg * T~/ s—d—=a"
then to Video Point 2.1 for analysis. The fouri |
taped locations on the leg as well as the two tigs
of the football were tracked through each frame of
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each punt. The scale was determined by a meter ; - i
stick placed on the ground approximately 20 cm | M | | | -
closer to the camera than the plane of the kicking "lo I &7 X7 [ |~ [ —%
leg. Each punt was scaled to within 0.06% of [ __ ' | ~So+———0"1 T
every other punt. The average scale was 672.3 0s8  0s0 062  Os4 066 08 00
pixels/meter. e

, . FIG. 1. This i locity vs. time plot for 4 points on th
The data tables of times and positiong; o v tioe of the football in ount g e

created in Video Point were exported into
Microsoft Excel. Excel was used to calculate In a characteristic kick, the parts of the leg

velocities of each marked point on the kicking legnove at similar velocities in the back swing. As
and the two tips of the football. . the leg approaches impact, the knee slows down,
The velocities calculated from the videosthe shin’s velocity remains nearly constant, and
are average velocities from two positionthe ankle and toe accelerate to reach the ball at
measurements over a time period of 0.03ghejr maximum velocities sometime within the

cking leg and two tips of the football in punt 8.



impact zone.
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In Figure 1, it appears that the toethe only punt out of the three used for distance

maximum velocity is about 19.5 m/s, but it wasand hang time estimates in which initial velocity
most likely greater than that at some point in thand launch angle were able to be calculated for

impact zone.
to meet the foot at about 4 m/s.

It is seen initially that the ball drop$oth tips of the ball.
Its next positiofrom left and right tips was 23.9 m with an

The average initial velocity

is captured after impact when its trajectory hasncertainty of 0.6 m. The average angle was

been drastically altered, so the ball veI00|t3509 with an uncertainty of 1.5°.

These

determined just after the impact zone is notncertainties were the only reference for distance
realistic. The final velocity measurement for theand hang time precision for punts 5, 8, and 11, so
ball seen in figure 1 is based on two positions ithe uncertainty of each punt’'s distance and hang

flight and thus is the initial velocity.

time was propagated using these uncertainties for

The ball's initial velocity of the left tip in velocity and angle. The results from punts 5, 8,
punt 8 was found to be 24.5 £ 0.6 m/s at a launcénd 11 are listed in Table 1 and shown graphlcally
angle of 49.4 + 1.5°. The punt yielded a reduceit Figure 2.
distance of 76% from the estimated distance but a
hang time comparable to its estimate. Punt 8 was

Estimated Estimated Actual Actual Comments
Distance Hang-Time Distance | Hang-Time
(x1.5m) | (x0.105s)
Punt5 | 70.8+3.1m| 3.92%+0.13s 48.1m 3.88s Good Punt
Punt8 | 57.2+29m| 3.79x0.12s 46.1m 3.94 s Spiral Turned Ovgr
Punt 11| 56.3+2.8m| 3.70x0.12s 38.0m 4.03s Almost vertical spiral,
Impact towards toe

Table 1: Estimated and actual distances and hang-times of three punts with initial trajectory frames. These punts were
chosen because their video contained two frames of initial punt trajectory, allowing calculation of initial velocities@nd laun

angles. (Note on comments:

In Figure 2, Equations 3 and 4 were used
to produce theoretical curves at given velocities
and varying angles. The estimated values from
Table 1 are given as the hollow symbols, and
the actual values are seen as SO|Id symbols
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FIG 2. Distance vs Hang Time theoretical curves for
initial velocities of each of the three punts. Equations 4
and 9 were used to form the curves. The launch angles of
each punt are labeled at the theoretically predicted results
for each punt located by the hollow symbols. The
corresponding solid symbols indicate actual results.

The actual distance in all three cases is
less than the predicted distances based on the
initial velocities and launch angles. The

“spiral turned over” is the best type of punt — orients ball nose first throughout punt)

decrease in distances ranged from 24-33% of
the estimates. The decreases may be attributed
to air drag, and are comparable to percentage
decreases cited in Hagf 20-50%. Brancazfo
found air resistance reduced the distance of
punts by 18% for “nose-first”, well-spiraling
punts. The range of reduced distances found in
this study suggests moderately well spiraled
punts - consistent with qualitative observations.

For punts 5 and 8, the actual hang time
was within one standard deviation to predictions
by motion equation 3. Punt 11 had an 11%
longer hang time than predicted by equation 3.
The longer hang time may be attributable to air
viscous lift factors acting perpendicular to the
direction of motion.

CONCLUSION

Initial velocity and launch angle
determine the horizontal range and hang time of
a punt, with a significant dependence on air
resistance resulting from various spins on the
ball. Air resistance reduced distances of punts
by 24-33% and had a nearly negligible effect on
hang times estimated from simple equations for
projectile motion. The equations of motion
provide a reasonable approximation for hang
times, but need to include air drag factors to
accurately model distances.
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