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CHAPTER 1
INTRODUCTION

The game of football originates from a game called
harpastum, which was created out of the competitive nature
of man. The men from two small towns in Italy met midway
and fought over a ball, trying to take the ball back to thelr
town, which was & distance of some three mlles., Harpastum
had no rules, no restrictions, no officials, and needless
to say was a very unrefined bit of brutal competition.

The game of footbzll has since become hilghly sophisticated
compared to Harpastum with the development of hlghly pro-
tective equipment, intellectual advancement of coaches,
skilled medical methods, and specific tralning prograus.

Probably the most significant deveclopment in the evolu-
tion of football, as we know 1t tcliay. was the advent of the
forward pass. Because 1t affords a longer gailn of yardage
in a short period of time, passing has beceme the most popular
method of offensive play. It is conclidered almost an esscntial
in winning foothall todlay.

The act of passliy; involves intricate timing and speci-
flcity of movement, Tine difference of a foot or a split

second may determine whether a pass 1s accurately throvn. A



quarterback must be able teo execute a pass consistently many
times during a game.

It 1is the hope of the rescarcher that this study will
11llustrate some of the movements which constitute the funda-

mental execution of the forward pass.

Statement of the Problem
This study was to mechanically analyze the short forward
pass an: the long forward pass as used in football by a right~

handed passer.

Purposes of the Study

1., 7To determine the baslc mechanical movenents utilized
In executing the long forward pass.

2. To determine the bacic mechanical movements utilizedl
in executing the short forward pass.

3. To prescnt a comparative analysis of the two types
of forward passes; i.e., the long pass and the short pass
and 1llustrate the fundamental differences.

4, To present a mechrnical description of the forward
pass that may be used by a gquarterback for the purposc of
lmproving his passing ablllity or by a coach as a teaching

resource,

Definitions of Terwms
1. Short forward pass--a pass that ig throws for a
distance of 0 Co 30 yaids, normally uscd for atiainin, o firet

downe



2. Long forward pass--a pass that 1s thrown for a
distance over 30 yards, normally used for attalning a long
galn or a touchdown.

3, Mechanical movement--any basic movement involving
angles of body segments, flexion, extenslon, and rotation of

body Jjoints and parts.

Review of Previous Studles

Many books and articles have been written about the many
aspects of football. Although many studles have been con-
ducted regarding mechanical analysis and clnematogrephy,
conparatively few have been down ln football.

Bunn (1) states, "The mechanics involved in throwing a
football are exactly the same as those that apply to throwing
a baseball.” In view of thls fact, the researcher has in-
cluded baseball in the search for related literature,

Scott (2), as well as Bunn, has lncluded in her book
detailed mechanical principles related to nearly all sports,
and both books are therefore considered valuable references
to the solution of this problem.

Cureton {3) published materlial explalning in detall the
techniques invelved in cinematographic anaelysis. The technl-
ques, as described by Cureton, such as how to avold gross
perceptive errors by moving the camera bhack, were utilized

in collecting and anal;zing The data for this study.
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Sally Kraska {(4) conducted a study in which she mechani-
cally analyzed the basic sand trap shot of three (3) professional
golfers. Two cameras were utilized in fillming. One was
positioned behind the subject, and the other camera was placed
to the side of the subject. By analyzing the films, she was
able to determinc the fundamental movements and to also bring
out the similarities znd differences in executing the sand
trap shot. She used pholtographs and drawings to 1llustrate
the signlficant yolnts in the shot,.

A mechanical analyslis of two badminton serves was cohw
ducted at Springfield College by Edwin Tetreault (5). He
used Cureton's fermula For measuring the veloclty of the shuttle.
He al=o measured the racket in centimeters and substituted into
the correction facter formula, which was outllined by Cureton.
In the study, he was concerned with Lhz mechanles involved in
executing the low short serve and the high desp scrve, By
using two cameras at two different sngles from the side of the
subjects, he was able to determine the fundamental movements
and depict the similaritics and differences. He used photo-
graphs and drawlngs Lo 1llustrate the basic movements used
in executing the two serves.

A cinematographic anslysis of the tennls forshand stroke
was conducted by Barbara Ruth Southward (6), Michiman State

University, in which she used onc camera to film players of



various levels ranging from beglnners to champions. In her
analysis, she itllustrotes and discusses the differences in
fundamental execution of the stroke and concludes that teaching
techniques used by teachers and coaches are correct. In col-
lecting the data for her study, Miss Southward used only one
camersz and did not mark the subjects. It is the oplinion of
this writer that both of these factors are important in meking

a thorough analysis.
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CHAPTER II
PROCEDURES

Due to the complexity involved in cinematography and
techniques for exactness in mechanical analysis, reference
is made to the format used by Tetreault (1) regarding the
list of movements of the body that were analyzed and the
l1ist of points on the hody that were marked for analysis.
Although the movements 1nvolved in throwing & football are
quite different from those involved in serving a shuttle,

the format used in thic study is very similar.

Source of Data

Three 16-millimeter movie cameras were used by photo-
graphers to film the subject while exccutling the forward
pass for both shert ~nd long distances. After anslyzing
the filnms, it was possible to determine the feollowing items:

l. ILength of supporting bace

2. Degree of knee fleyion

3« Degree of radial flexion

4, Angle at which ball 1s projected at point of release

5« Deagree of shoulder rotation

6. Degrce of uppcr aram abduction

7« Degree of shoulder elevation

8. Degrce of elbow flexioun

The subject was instructed to wear a minlmauw smoont of

clothing, consisting of a pair of trunks, socks and a palr

of gym showses With minim:l clobthing, 1t was poouiibhlo o



mark the subject with black dots on hls body at the following

polntss

1. The lateral malleolus of the right fibula
2. The medlal nzlleolus of both right and left tiblae
3. The inner aspect of the left thigh
4. The lateral =nd medial epicondyles of both right
and left femurs
5. The right and left patellas
6. The greater trochanter of the right femur
7. The dilstal end of the third metacarpal bone of the
right hand
8. The center of the wrist at the distzl end of the
right radius and ulna
9. The stylold process of the right uina
10. Tha2 right olecrancon process
1l., The lateral ond medlal eplcondyles of the right
humarus
12. The proximel end of both right and left humeri
13. The prozimal end of the right clavicle
14. The distal end of both right and left clavicles

Selection of Subject

Stephen Wayne Ramsey: Mr., Ramsey 1s 22 years old,
welghs 207 pounds, and stands six feet and two inches tall.
He holds nearly every record possible for a quarterback at
North Texas State University. Mr. Ramsey personally set
seven Natlonal Colleglate Athletic Association career records
in 1969, Ue is, statistically, one of the best passing
guarterbacks 1n the history of college footbhall.

The subject was gelected becanse he has achlieved con-
slderable success in passing, and it was assumed that this

success w5 due in part to effective passing abllity.



Experimental Studies

Limited studies in cinematography regarding mechanical
analysis of sport slrills led the researcher to declde that
a pilot study was necessary.

In the first study, the subject was fllmed with two
16-millimeter Bell and Howell movie cameras. One camera was
positioned 30 fect to the right of the subject and at right
angles to the linear oovement of the thrower. The other
camera was positicined 30 feet directly in front of the subject
under the flight ¢ the » 1. The caneras were equipped with
25-millimeter lenses and were mounted on tripeds approximately
5 feet ab re the ground. The {ila was taken at normal motion
speed, which 1s 24 frames per second. Twenty-four sequences
were taken of the subject executing the forward pass, 12
sequences of the short pass and 12 o the long pass.

It was necegsary to make a silze comparison between actunl
size and the projected image. The football uhlch has a known
length, was used as the corrective measuring device, The
subject was marked at those polnts on his person which would
facilltate the analysis of the mechanical moveements involved
In executing the pass.

The film was processed and a l6-niliimeter Lafayetio
analyzer projzcter was used in analysis.

After analyzing the film, it was found to be blurred

at cruclial points; and 1t waes decid:ad that the subject must
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be fllmed at a speed of more then 24 frames per second, thus
slowing down the actlon process., The decislion was made to
do a study of a subject executling the forward pass during
whlch time the cameras would b2 callbrated at different speeds
ranging from 32 to 64 frames per second.

This study was completed and it was found that fllming
at 64 frames per second also resulted in blurry results of
the crucial point of release,

Since the l6-millimeter Bell and Howell cenmeras used 1n
these twoe studles were capable of filming only at 64 frames
per second, it was neregsary to obtain a camera with greater
capabllities. After conslderable luvestligation and experi-
mentation, 1t was detormined that a high-speed cimera capable
of filming 400 frames per second wovld be used along with the

two Bell and Howell cameras.

Setting and Equipment

A positlon for throwing was sclected which providcd a
background contrasts A portable partition with a white back-
ground was placed behind the subject, and behind the partiticon
was a scaffold on which a photographer was stationed t¢ {ilm
from the overhead position.

Owing to the coemplexity of movements invelved in execeuting
the forward pass, three cameras, each equipped with a 25~
millimeter lens, were utilized te tale in the full rarmse of

movement,
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Camera #l1, a Mitchell 16-millimeter high-speed movie
camera, was positioned on a tripod approximately five feet
above the floor and thirty feet to the right of the subject
at right angles to the linear movement of the thrower,

Camera #2, a Bell and Howell 16-millimeter movie camera,
was positioned on a tripod approximately five feet above the
floor and thirty feet in front of the subject directly in
l1ine and under the flight of the bail and ninety degrees
right from camera #l.

Camera #3, which was identical to camera #2, was hand-
held by a photographer standing on the scaffold, The canera
was held approximately fifteen feet above the subject's head.

Two 600~watt stand-up lights were used to supply adequate
lighting.

The following diagrams illustrate the position of the

cameras and equipment relative to the subject's position.

ARV

l— D— — L amae WA

, (- 00T Loyl
Y m et -~ - [, vt . 1 r

7‘—— J0 S0 /\}'-,‘!\}_-i‘_t w4
{

Lameaatt |

| Se AT oLy

.j\
S EN AU YA AN

b v \%7
| >

-
. ""‘)t'-\»_/\\"‘\ﬁﬂ

- Tl

O RN T

L] ¢ fuate 4 HA ;J{ e iy W ﬁ.

Fig. 1l-=Overhead view Plge. 2--Side view



12

Teclinloues of Collecting Data

The subject was glven ample warm-up time and was then
instructed to position himself at a point near a plece of
tape which was placed on the floor. While executlng the
pass, the subject was ingtructed to do so with his rear foot
on or near the tape.

A foott:1l was pleced in front of the subject z2nd he
was Instructed to pleck The ball up and execute both short and
long pasues alternztely bepinning with the short passe.

The cameras uere ztarted just as the subject touched the
ball and ran contlauou:ly untlil he crmpleted his follow
through.

A sequence yecerd was Kept of the passes by placing a
numbered card on the floor beside the subject so both ground
cameras werce able to film the mrber of the partlicular sequence,
The number and type of pass (short or long) was recorded on
paper. A 16~millimet.ir Liafayette Analyzer Projector was uced

In viewing the filmnm.

Procedural Description
In order to make neanlingful measurcments, it was neceszary
to establish a size conparison between the projected image
and the actual srnbject.
Two yard sticky waere taclked on the partition behind the

sbuejcte One was tacked *n a vertlecal position and one wes
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tacked in a horizontal position., Black marks were made on
each end of the yard stick and at the 12-inch and 24-inch
marks. These marks were used ag check polnts in the film
taken from camera position #l, A plece of tape was placed
on the end of the partition facing #2 camera position and
one~foot nmerks were me.sured and marked in black on this tapc.
Thig device was used for s'ze comparison in the film taken
from #2 position.
The measurcment, recorded in centimeters, was substituted
into the correction factor formula outlined by Cureton (2).
Actual length of one=foot mark = 12,00 inches = (30.50 cwu.)
Len~th of projecind imaget One foot = 4.8 cm
Therefor:=:

12 ine = X in, = multiplier = Z.5 inches per centimeter
.8 cm 1 cm

Thus, every image measured in centimeters was multiplied

by 2.5, in order to arrive at the actual size measurement in

inches. j
All measurements were takcen from the point at which the

body or bhall began its forward motion to that point at which

the ball was released.
The inage was projected on a flat sheet of graph paper

attached to the wall exactly ten feclt frewm the projector and

was measurcd with a meter sticl end/or a protractor. Carce was

taken to center each Mrame to get exact relatlionnhips between

frameas,
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CHAPTER IIIX
ORGANIZATION AND ANALYSIS OF DATA

This chapter contains the data that were collected by
the researcher by reviewing the films that were taken of the
subject while executing the forward pass 1or both short and
long di: “ances. Owing to the complexity of the data, tables,
drawings ¢1d short discussions were utilized to 1llustrate
the fundamental dlfferences between the short pass and the
long pass and to mu%e the analysis as meaningfuvl as possible,

Measul ement It Length of supportinig basgse., The follow-

ing table illustrates the range and mean lengths of supporting

base,
TABLE I
LENGTH OF SUPPORTING BASE
Short Pass Long Pass
Range 23.25«27475 Lenhen 26,00«28,75 inches
Mean 25425 inches 27«75 inches

The moun lenpgth o base vwhile execeuting the forward Hacs
was equal to or greater thun 33 por cent of the subjech's

22



23

standing height. The length of base was lncreased by an
average of twe and one-half inches from the short pass to

the long pass. This increase indicates a portion of movement
in the overall execution that is requlired to lncrease the
distance the ball is thrown. The following drawing illustrates
the position of the feet at that point when the supporting

base had been firmly established:

FAige 1l ~--Length of
suportlig bise,

Measurement IIi1 Degree of knee flexion. The following
table illustraftes the range and mean degrees of knee flexion
of both right and left knee at position #1 and #2. Position /1
1s that position at which the subject had established a firm
base. Position #2 is that position of the body at the time

the ball was released.



TABLE II

DEGHEE O KNEE FLEXTION

2l

Range
Right Knee #1
Right Knee £2
Left Knee #1
Left Knee #2
Mean

Right Knee #1

Short Poass

Long Pass

12~18 Degrees

31~41 "
9-21 "
8“13 n

15437 Degrees

19-28 Degrees

Blh-hy »
1““23 n
5-13 ™

24,25 Deprees

Right Knee #2 35450 " 43,00 "
Lelft Knee #1 15.37 " 18.62 "
Left Knee #2 10,37 " 10.62 "

The smallest increase in knee flexlon was found in com~
paring the left knee at the polint of release in the short
pass and the left knee at point of release in the long puous.
This nominal awmount of increase of .25 degrees indlcated tint
the left lepy was firsly positiloned in hoth passes. The deonrce
of knce flexlon wes lncreanscd from the short pass to the lorg
pass by an aversge of 4,97 desrees al all pesitilonz measured.

This Increazse indicates a portien of wovewent in the overall
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execution that 1s required to increase the distance the

ball was thrown. The followlng draviings lllustrate knee

flexion.

Fig. 12-~Knee flexion

Measurement I1I:s Degree of radial flexion. The radial
flexion depicted in these frames for both short and long
prasses was considered as movement toward ulnar flexion in-
volving wrlist flexlion and wrist prenation which i1s techni-
cally a part of the follow through. Table III 1llustrates
the range and mean degrees of radial flexlon at three points:s
one frame prior to the point of release of the ball, the
point of release, and one frame after the point of release

of the ball.



TABLE IIT

DEGREE OF RADIAL FLEXION

Short Pass Long Pass

Range

Frame #1 4~15 Degrees 0-18 Degrees

Frame #2 2-16 " =10 "

Frame #3 0-12 . 2. 5 "
Mean

Frame i/ 11.00 Degrees 7,12 Deprees

Frame #2 8737 " ' 6.75 "

Frame #3 5,62 " 3,37 "

The decresse iu the anile of radial floxion from Frame #1
to Frame #3 for both short and long passes were proportionall:
the same; however, the meoar anount of radisl flexion for the
short pass was 8.33 degrees as coupuied t¢ 5.75 degrees for
the long pasz,.

These data indicote thet more wrist action is used in
executing the short pass. The lesuor amount of wrist sction
of the long pass indicates a more rigmld and stable action in
executing the long pass. Tho drawiv on the following page

1lIunetrates those fraves in which radial flexion was meastod,
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Fig. 13~--Radial Flexilon

Measurement IV: The angle at which the ball was projectud,
Table IV illustrates the range and mean degree that the bell

was projected after release.

TABLE 1V

ANGLE OF PROJECTION

Short Pass Long Pass
Range 9-13 Degrees 18-25 Deyrecs
Mean 11, Dogrees 21.9 Degr:s

The mean dlffercnce in the angle from the short pass to

the long pass was 10.5 degrees. Thls difference indicates
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the necessary inecrzase in the angle of the trajectory of the
ball to increase the distance from approximately twenty-five
yards to approximately fifty yards. The following drawing

illustrates the position of the ©al1l at the point of release

and for five frames thereafter:

Fig. 1l4-~4ngle of
ball projection.

Measurement Vi Degree of shoulder rotation. The
following table illustrates the range and mean amount of

shoulder rotation:

TABLE V

DEGREE OF SHOULDER ROTAYL N

Short Paugs Long Pnss

Range 35~98 Deprees 101-206 Degie:s

Mean 96.28 Degrees 103.00 Degrecs
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The mean increase of 6.72 degrees between the short pass
and the long pass indicates that more rotation of the shoulders
is necessary to attain a greater force necessary to attaln a
greater dlstance of the ball. The following drawlngs illustrate

shoulder rotations

Fig. 15-~Shoulder rotation

Measurement VIt Degree of upper arm abduction. The

table i1llustrates the range and mean amount of upper arm

abduction:
TABLE VI
DEGREE OF UPPER ARM ABDUCTION
Short Pass Long Pass
Range 135 Nerrees 137 Degrees
Mean 135 Degrees 137 Degrecs
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The slight increase of two degrees indicates t at there
is little difference in the amount ¢f upper ~rm abduction
between the short pass and the long pass. Since there is s
significant difference in the end result of the two passes,
this slight increase indicates that the influence of upper
arm abduction on the exccution of the pass is nomilnal. The

following drawing illustrates upper arm abduction:

Fig. 1l6=-~Upper arm abduction

Measurement VII: Degree of shoulder elevation. The
table on the following page illustrates the rangze and mean

anount of shoulder elevation:
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TABLE VII

DI.GREE OF SHOULDER ELEVATION

Short Pass Long Pass
Range 204=25 Degrees 29-30 Degrees
Mean 2k .33 Degrees 29,66 Degrecs

The 1. ¢ -ease in shoulder elevation from the short pass
to the lons pass is 5.33 degrees. This difference indl- ates
that the shoulder was positioned to faclllitate a more
gccessible amount of freedom of the 1 mb to galn more furcﬁ
in attaining a greater distance of the ball. The funcstlc:
of shoulder elevation is to place the glenoid fossa 1In a
position in which the humerus 1is able to move with mazimum

freedom. The following drawing 1llustrates shoulder elcvatiom

Fig. 17=--Shoulder eclevation
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Measurement VIII: Degree of elbow flexion. The following

table 1llustrates the range and mean degrees of elbow flexions

TABLE VIIIL

DEGREE OF ELBOW FLEXION

Short Pass Long Pass
Range 6~12 Degrees 1 Degree
Mean B.33 Depree: 1 Degree

The mean difference between the degree of elbow flexlion
in the short pzss, which was 8.33 degrees, and the degree of
elbow flexion in the long pass, which was 1 degree, indlcates
that less force and leverage were necessary to execute the
short pass. It also indicates that an almost maximum amount
of leverage is utilized in executing the 1long pass.

The following drawing illustrates elbow flexlion:

ﬁt

R
it

Figs 18--L.bow flugion



CHAPTER IV

SUNMMARY AND CONCLUSIONS

The purpose of this study was to mechanically analyze
the short forward pass and the long forward puss ag used in
footb:ll by a richt-h:inded passer. The plan of the study was
to present a mechaiiical description of the forward pass and
to present a compsrative analysis of the two passes in an
effort to 1llustrate their fundamental differsesnces.

Sixteen~nlllimetr £ilms were taken of the subject from
three camcra positions es he executed the forward pass os
described and anaslyzed in thls situdy. Upon reviewing the
films, it was porslble to mechanically znalyze the following
1tems which are fundamental in execution of the forward pass:

1. Length of supporting base

2« Degree of knee {lexion

3¢ Degree of razdial flexion

he Anglc of bhell at point of relcase

5+ Degree of shoulder rotation

6. Degree of upper arm abduction

7. Degree of shoulder eclevation

8. Degree of elbow flexion

Conclusions

The length of supvorting base varied according to the

pass belng executed. The mean difference between the short

pass ond the long pass was 2.50 Inches. It was concludcd

33
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that thils increase.in lencgth of bage for the long pass wWas
necessary to increase the distance the ball was thrown.

The amount o kneo flexion varied from the short pass
ﬁo the long pass by an average of 4,97 degrees. Ab the
point of release of the ball, the mean amount of knee flexlon
in the left knee for both shiort and long passes was 10.50
degrees and dirf. centiated only .25 degrees between the short
pass and the long pzsse At the pouint eof release of the ball,
the right knee was fleged mach mors than the left knee and
was approximately 10 inches off the floors The right leg was
uced only as a halance; therefore 1t was concluded that the
flexion of the right knee was relatively insignificant.

The mcan ameunt of radial flexion for the short paszs was
8433 degrees a3 compar2d to 5.75 degrecs for the long pacs.

It was concluded that there was more wrist action in executing
the short pass, while the lesger amount of wrist acticn in
the long pass Indicated a more rigid wrlst position.

In order for the subject to increazse the distance of the
throw from approxinately twenty-five yards to fifty yards, it
was neccssary to inercase the amount of shoulder rotation an
average of 6.72 degrecz from the short pass to the long pass.

In order to planc the shoulder in a more advantageous posi-
tion Tor a longer throw, it was neéeuzary to e¢levate the shoulder

an average of 5,373 desrees. The amount of upper arm abduction was



35

coincidental with shoulder elevation in that the shoulder
elevation increase allowed the upper arm to abduct to the
necessary position to throw the ball a greater distance.

An average of 8.33 degrees of elbow flexion was utilized
in executing the short paess as compared to orly 1 degree of
elbow flexion utilized in the long pass. It was, therefore,
concluded that a leng lever or less elbow flexion was necessary
to gain a greater force to increuge the distance the ball was
thrown.

In analyzing the f1lluw taken of the subject, 1t was poszible
to deternine certain basic differences between the short forward
pass end the long forvard pause. These differences were deemod
necessary to lncreace the dlstance the ball was Liivrowrn. &
longes supporting basc, a greater amcunt of shoulder rotation,
upper arm abduction and shoulder elevsatlon were found tu be
necessary to incicase the distoice the ball was thrown. A
lesser amount of radisl flexion and elbow flexien was found
to be necessary. Also, an Increase in the sngle throush which
the ball traveled from the point of release was found to be
necessary.

Most passers will differ somewhat in thely styles cof
throwlng and some passers wlll alifer a groealt deal. For
most passers, these bosic 4dlf ferences would hold trus wlth

only slight variationa.
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