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CHAPTER I 

INTRODUCTION TO THE STUDY 

Introduction 

Historians trace football, in its earliest form, back 

as far as 500 B.C. when it was played by the Spartans of 

Greece. 1 The game of football originated from a game called 

11 harpaston 11 in which a ball was kicked from one participant 

to another. 2 The conquering Roman Legions adopted the soccer 

technique and took it to Rome where it became the military's 

pasttime. 

Various types of football evolved from this early 

start until, by the Fourteenth Century, the game was played 

in some form all over Europe; however, it was not until the 

Nineteenth Century that the present American game was de

rived.3 The emphasis of the game was upon the running 

attack as passing was not permitted in the rules; further

more, power blocking and mass tackling contributed to the 

roughness of the sport. The alarming number of injuries 

l Bobby Dodd, Bobby Dodd on Footbal 1 (New York: Pren
tice-Hall, Inc., 1954), pp. 1-5. 

2The Junior Illustrated Enc clo edia of S arts (In
dianapolis: The Bobbs-Merrill Company, Inc., 1960 , p. 243. 

3oodd, Bobby Dodd on Football, P. 6. 

l 
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wi th i n the game caused Theodore Roosevelt to request colleges 

to change their rules. In 1905 one step was taken in this 

dir ection when the forward pass was made legal . 1 The for

ward pass began to gain a measure of acceptance and tactical 

ele ga nce in the seasons immediately following as a result of 

Roosev e l t ' s ultimatum. The loudest voice raised in favor of 

legali zing the forward pass as a strategic device was John 

Heism an2 who observed that, "the pass became a favorite offen

sive play of the Midwestern teams around 1908. 113 Kern Tips, 

noted Southwest Football commentator and historian for more 

than t hree decades, recalled the comments of the foremost 

coac he s and players of this era: 

"Early improvisions were pretty crude works of 
art. The quarterback simply chunked the football 
a s best he could. The early pigskin was hardly 
shaped for missilry. It was shaped like a pig. 
But despite the physical deterrent, the basooka 
pass was born, more slung than pitched. 11 4 

This simple stroke, more than any single milestone in 

foo tball's evolution, opened up a whole new world. It put a 

ne w t ool in the hands of the game's great innovators who de

vis ed most of the patterns that are the bases of attack; it 

lThe Junior Illustrated Encyclopedia of Sports, p.246 

2Kern Tips, Texas Football (Garden City: Doubleday, 
Inc. 1964), p. 30. 

3lbid., p. 247. 

4rbid., p. 30. 
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shifte d the emphasis from brawn to brain, from sheer size to 

speedy agility, from destruction to deception. 1 

Dana X. Bible, former coach at the Texas A & M Univer

sity, University of Nebraska, and the University of Texas, 

whose career spanned the development of the forward pass from 

its earl iest infancy until its more sophisticated use in the 

late 1940 's, offered some interesting comments in a personal 

letter to the investigator: 

"The Forward Pass which had been in existance 
from 1905 received tremendous impetus in 1913 when 
Notre Dame defeated favored Army 35 to 13 and the 
two men who employed it (forward pass) so success
fully were Charles 'Gus' Dorais, Quarterback throw
ing to Knute Rockne, an End. 

"From 1905 to about 1930 the Center started 
the play by passing the ball to a Tail back who 
was about five yards back of the line. The forma
tions were single wing, double wing, punt, and 
sp read. The passer had time, hard to rush, but 
very little deception. 

"A bout 1930 or maybe a little before the 'T' 
Format ion was installed in a few teams . In the 'T' 
Formati on the center starts the play by snapping 
the ball back to the Quarterback who is directly 
back and hands under the Center. In case of a for 
ward pass, the Quarterback fakes, gives good decep
tion, then drops back in the pocket to pass or 
fakes then rolls out to pass. 

"From 1930 to 1950 about half of the teams 
used formations with ball going to Tail back and 
ha lf of teams using 'T' formation. Since 1950 
practically all teams use some !arm of th~ 'T' 
formati on Wishbone, I (eye), Wing T, Split End, 

, II 2 Back in Slot, and on and on. 

lTips , p. 7-8. 

2D. x. Bible, personal letter, (December, 1972). 
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With the advent of the forward pass, the role of the 

Quarterb ack became even more vital. High school, college and 

professi onal quarterbacks are now selected because of their 

ability to throw both short and long forward passes. The 

complexi ties associated with the various types of forward 

passing techniques used in the game of ·football are concerned 

with one simpl e purpose: namely, to project the ball from 

one spec ific spot to another in a specific time interval. Ac

cording to Unitas, some quarterbacks threw both the short and 

long passes with the same hard, flat trajectory. 1 Other au

thorities differ in their viewpoints with regard to forward 

pass executi on. Many coaches now employ an analytical and 

scientific approach to the game of football, but the physi

cal factors necessary for a successful forward pass remain 

mysteries. 

Films of high school, college and professional games 

are viewed typically by coaches in an effort to improve the 

playing ability of their teams. No evidence has been found 

to support the conjecture that these films have been used or 

could be used to analyze the physical factors of the football 

in flight. Eve n the films of poor quality may project an ac

curate analysis of the mechanics of the quarterback in action, 

but the cause-effect relationships of the physical factors of 

lJohnny Unitas, 11 It's Not Only How To, It's Who To and 
When", Sports Illustrated (July, 1972), p. 28. 
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the ball in flight are impossible to observe in these films. 

The dis tance trave l ed and time in transit are functions of 

four pr i mary physical factors: l) the trajectorial speed of 

the ball , 2) the angle of inclination of the ball, 3) the 

angle of trajectory of the ball, and 4) the rotation of the 

ball. I t would seem logical that an analysis of these physi

cal prop erties would be of technical and academic value to 

coaches and players as they seek methods for the development 

of optim um skills. 

By analyzing the forward pass as thrown by professional 

quarterb acks under controlled conditions certain factors were 

found whi c h lead to an increased understanding of the skill 

necessa ry in throwing the forward pass. The findings should 

prove he lpful in the teaching and coaching of both the highly 

skille d and the beginning player. The investigator hopes to 

co ntribute to the available literature in forward passing 

skil l s for quarterbacks and to motivate other similar studies. 

The investigator attempted to correspond with the lead

ing Health, Physical Education and Recreational research in

sti tutions, outstanding football coaches and professional 

quarterbacks in the past two decades. No information was 

obtained relative to the physical factors of the forward 

pass in flight. (See appendix.) 
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Statement of the Problem 

The present investigation entailed an examination of 

the ve locity, rotation, and angles of inclination and tra

jectory of the forward pass. Data were collected through 

the use of film analyses of three professional quarterbacks. 

The inv estigation took place during the Fall semester of the 

academic year, 1972-1973. Upon the basis of the findings, 

the inv estigator drew conclusions with respect to velocity, 

rotati on, and angles of inclination and trajectory of the 

footba ll forward pass. 

Definitions and/or Explanations of Terms 

For the purpose of clarification, the following explan

ati ons and/or definitions of terms were established for use 

i n t he study: 

A. Cinematography: The investigator accepted the follow

i ng definition and explanation: "Cinematography is the 

art or science of motion-picture. 111 For the purpose of 

this study, the investigator included in the definition 

of cinematography", the analysis of the photography. 

B. Tr a jection: For the purpose of this study, the term 

"trajection" referred to the angle obtained from a 

measurement of the flight path of the football and 

the horizontal. 

lwebster's Third New International Dictionary, Third 
Edi t i on, 1968. 
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Inclination: For the purpose of this study, the term 

"inclination" referred to the degree of incline from 

the horizontal of the longitudinal axis of the foot

ball during any movement of flight. 

Ro tation: For the purpose of this study, the term 

11 ro tation 11 referred to the turning of the bal 1 around 

its long axis during flight. 

E. Vel ocity: The investigator accepted the following def

; ni ti on: "Velocity refers to the di rec ti on of travel · 

as wel 1 as the rate of travel. 111 

F • 

G. 

Sh ort Pass: For the purpose of this study, the term 

"sho rt pass II wi 11 refer to passes thrown at a target 

twenty yards distant from the passer. 

Long Pass: For the purpose of this study, the term 

"long pass 11 referred to passes thrown at a target forty 

yards distant from the passer. 

Purposes of the Study 

The general purpose of the proposed study was to deter

mine the similariti es and differences of three professional 

quarterbacks in the performance of the short and long forward 

passes. Specifica lly, the following factors were analyzed: 

1Geoffrey Dyson, The Mechanics of Athletics (New York: 
Dover Publications, Inc., 1967), P~ 14. 
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A. Angle of inclination of the ball at release and during 

the flight of both the short and long pass. 

B. The angle of trajection of the ball at release. 

C. The rotation of the ball during flight. 

D. The velocity of the ball at release and during flight. 

Delimitations of the Study 

The proposed study was subject to the following delimi

tation s: 

A. Two subjects from the Dallas Cowboys Professional Foot

ball Team. 

B. The application of findings based upon film taken with

out a game-like situation under controlled conditions. 

C. Use of a single Locam High Speed 16 millimeter motion 

picture camera, model 51-0003. 

D. Environmental conditions; primarily wind, barometric 

pressure , humidity and temperature. 

Summary 

Football, which flourished during ancient times as a 

game called "harpaston, 11 has developed into a highly sophis

t i cated sport today. The significant development of football 

in America could be due to the advent of the forward pass. 

The alarming number of injuries within the game caused 

Theodore Roosevelt to request colleges to change their rules. 

In 1905, the forward pass was made legal. The forward pass 
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is considered essential in winning football today. Those in

volv ed in coaching now employ an analytical and scientific 

approac h, but do not appear to understand what occurs in the 

flight of the football and properties related to flight . By 

utilizin g convenient techniques to analyze the forward pass 

as throw n by professional quarterbacks under controlled con

ditions, the physical factors could be observed which would 

lead to an increased understanding of the skill necessary in 

throwing the forward pass and could enhance the teaching and 

coaching of both the highly skilled and beginning player. 

The present investigation entailed an examination of 

the veloc ity, rotation and angles of inclination and trajec

tion of t he forward pass. Data were collected through the 

use of fi lm analyses of three professional quarterbacks. The 

investig ation took place during the fall semester of the 

academic year 1972-73. 



CHAPTER II 

SURVEY OF RELATED LITERATURE 

An i nvestigation of the literature indicated that the 

proposed s tudy did not duplicate any previous investigation. 

Review of t he literature and studies which were related to 

the propose d study or which were helpful to the investiga 

tion in t he development of this study are presented in this 

chapter. 

Pur vis 1 conducted a study which included a cinemato

graphic and mechanical analysis of three college players 

from a r ea universities. Each subject's passing form was 

analyzed in the following manner: (l) a cinematographic 

analysis of the passing form of each player; (2) the physi

cal meas ur ements of the forearm, upper arm, hand, and 

strengt h of grip; (3) calculation of the length of stride 

when t he ball was released for the short pass; (4) calcula

tion of th e length of stride when the ball was released for 

the lo ng pas s ; (5) angular measurement for the long and 

short pass es; and (6) side and front view for the long and 

short pa ss . 

l Charles Purvis, 11 A Cinematographical Mechanical 
An a l ys is of College Football Passers," (unpublished Master's 
thesis , Un i ve rsity of Illinois, 1952), p. 10-15. 

10 
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A Bell and Howell thirty-five millimeter "Eymo" model 

camera was used for filming. Timing of the film was deter

mined by the speed of the camera per frame. A twelve pound 

shot was dropped from a height of seven feet, and by photo

graphin g the dropping of the shot and measuring the distance 

it fell in thirty frames, the time per frame was calculated. 

Two separate sets of results were found through the 

analysis of the film. Purvis's conclusion was that the 

angle of trajectory (i.e., the angle of inclination of the 

footba ll at release) was greater for the short pass than the 

long pass. The reasons given were: (l) the receivers must 

be allotte d time to get behind defense men; (2) the ball is 

more easi ly seen; (3) the long pass is thrown more accurate

ly; (4) the floating pass is more vulnerable for intercep

tion; (5) the receivers are spread out and have more time 

to get into position to receive the ball, and, (6) a greater 

amount of force must be applied to the ball to give it more 

speed in order that it will reach the receiver before a de

fense man has a chance for interception. These statements 

appear to be empirically based since the data limits the ap

plication of the findings. Several of these statements are 

subject to considerable debate by other authorities in the 

field. 

Other interpretations or conclusions from the film 

data analysis were as follows: (l) the length of stride was 
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three feet for short passes, (2) the length of stride was 

found t o vary from 2.5 feet to 3.3 feet, (3) the average 

angle of release was four degrees above the horizontal line 

for all subjects for the short pass, and, (4) the average 

angle of release was fifteen degrees above the horizontal 

line fo r all the subjects for the long pass. 

He ydman 1 conducted a study to analyze mechanically the 

short for ward pass and the long forward pass as thrown by a 

right-han ded college passer. The plan of study was to pre

sent a mec hanical description of the forward pass and to 

present a comparative analysis of the two passes in an ef

fort to i llustrate their fundamental differences. 

Si xteen-millimeter films were taken of the subject 

from thre e camera positions during the execution of the for

ward pass. The investigator analyzed the following items 

which a r e fundamental in execution of the forward pass: (1) 

length of supporting base, (2) degree of knee flexion, (3) 

degree of radial flexion, (4) angle of ball at point of re

lease , (5) degree of shoulder rotation, (6) degree of upper 

arm, (7) degree of shoulder elevation, and, (8) degree of 

elbow fle xion. 

The investigator drew the following conclusions: (1) 

an i ncrease in length of base for the long pass was necessary 

lAllan w. Heydman, 11 A Mec~anical_Analysis of the For
wa rd Pass, " (unpublished Masters thesis, North Texas State 
Unive r s ity, 1970), p. 33. 
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to incre ase the distance the ball was thrown, (2) the flex

i on of the right knee was relatively insignificant, (3) more 

wrist action was present in the execution of the short pass, 

while a lesser amount of wrist action was present in the 

long pass, indicating a more rigid wrist position in the 

long pas s, and, (4) a long lever or less elbow flexion was 

necessary to gain a greater force to increase the distance 

t he ball was thrown. 

In the analysis of the film certain basic differences 

were fou nd between the short and long forward pass. The dif

ferences were necessary for the increase in the distance 

that the ball was thrown. A longer supporting base, a 

greate r amount of shoulder rotation, upper arm abduction and 

shoulder ele vation were necessary to increase the distance 

the ball was thrown. A lesser amount of radial flexion and 

elbo w flexio n were necessary. An increase in the angle 

through which the ball traveled from the point of release 

was necessary, also. 

The investigator examined Hill 's 1 study of the discus 

thrower in order to examine the cinematographic techniques 

used in this analysis. Hill sought to determine, through 

cinematography , the importance of the angle of projection, 

lMary Alice Hill, "A Cinematographic Analtsis of Na
tionally Ranked Women Discus Throwers", (unpublished Master's 
thesis, Texas Woman's University, 1971), p. 63-64. 
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the angle of inclination, and the velocity at release in re

lati onship to the distance attained in throwing the discus. 

The inve stigator examined the following: (1) the velocity 

of the discus at release, (2) the distance of each throw, 

(3 ) the angle of projection (trajectory) of the discus, (4) 

the angle of inclination of the discus, and, (5) the speed 

of the hips at various locations during the turn across the 

circle. 

Five women discus competitors served as the subjects. 

The subjects who were filmed at the Third National Woman's 

Inter collegiate Track and Field Championships and the Pan

Ameri can and Russian-American Trails, were viewed by means 

of a sixtee n millimeter analyzer projector. The discus path 

was plotte d for each frame in order to determine velocity, 

angle or project ion, and angle of inclination from release 

through the sixth frame (.083 of a second). Arm angles and 

the hip speeds were analyzed every sixth frame. 

The following conclusions were based upon the data ob

tained from this study: (1) the maximum distance is related 

to the velocity at release when the angle of projection and 

the angle of incli nation are optimum, (2) the ideal angle of 

projection is determined by the velocity generated by the 

discus thrower, (3) the angle of inclination fluctuates 

throughout the early flight of the discus, causing the velo

city to increase and decrease, (4) the ideal angle of 
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incid ence is four degrees to ten degrees below the angle of 

proj ection, (5) the more highly skilled women discus 

throwers accelerate the hips faster between the 450 degree 

point and the 540 degree point of body turn, (6) the velo

city gener ated by the highly skilled women discus throwers 

is greater when the throwing arm lags farther behind the 

body. 

Unitas , 1 the renowned quarterback of the Baltimore 

Colts, revealed the basic differences of throwing the short 

and lon g pass in an article discussing the art of passing. 

Althoug h he stated that form is unquestionably individual

istic in style, he stated that passing should be governed by 

certain mechanical fundamentals. The efficient passer, in 

order to be successful, should adhere to sound basic funda

mentals that include the stance, the grip, and the throw. 

According to Unitas, some quarterbacks throw both the 

short and the long pass with the same hard, flat trajectory. 

In his opinion, the release for the long pass requires a 

higher angle and a greater extension of the throwing arm 

than the short pass. He believed that greater distance can 

be gained with a higher trajectory. 

lJohnny Unitas, 11 It's Not Only How To, It's Who To 
and When 11 , Sports Illustrated, (July, 1972), p. 28. 
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Con erly 1 wrote about the factors which contribute to a 

successf ul forward pass. These included the techniques of 

pass ing and the strategies involved in the game. He stated 

that the re was a distinction between passers and throwers; 

he wrote that the prime rule for a passer was to be comfor

table whi le passing, even though there were certain general 

rules governing the grip, stance, and balance. 

The author concluded that the throwing motion of the 

forward passing technique resembled dart throwing. The 

straigh t motion forward was the same as the wrist snap and 

follow through. 

Friedm an2 found that the majority of coaches emphasize 

only a quick release. He agreed that this factor was neces

sary, but ther e were other important attributes necessary 

for the prof icient quarterbacks. 

The grip was the first concern. Comfort was a prime 

requirement and individual variation should be allowed. The 

cocked wrist was essential for comfort, velocity, and eleva

tion. These component parts of the forward pass, including 

a smooth, quick , accurate and safe delivery, contribute to 

the ultimate objective of passing through release and follow

through. 

lcharles Conerly, The Forward Pass, (New York: E. P. 
Dutton & Co., Inc., 1960), pp. 32-33. 

2senny Frie dman, 11 Forwa~d Passing the Friedman Way,
11 

Scholastic Coach, No. 38 (April, 1967), PP• 54-56. 
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Friedman concluded that delivery was another important 

aspect of passing. The ball should be cocked as close to 

the ear as possible, with forearm and wrist in a straight 

line. He felt that the cocked wrist assured a spi ral, and 

th e weight back assured elevation and the proper amount of 

velocity . 

During the release, the passer lists his front leg and 

steps direc tly toward his target. This type of movement is 

necessary to obta in consistent accuracy. The passer is 

act ually lini ng up his entire body with the target. 

Friedm an stated that in keeping with the laws of 

physics and kinesiology, the elbow must lead the throw, with 

the forearm se rving as a lever. As the ball is brought for

ward, the forearm achieves a perpendicular position with the 

ground. 

The follow-t hrough must be complete. The arm must go 

through direct ly toward the target, followed by the back leg. 

As the back leg is planted ahead in line with the receiver, 

the passer sho uld follow through with the ball, flexing at 

the knees, so that the right arm finishes above the flexed 

right knee with the hand and fingers out-stretched. In 

short, the passer maintains his sighting line from start to 

finish. 

Once the grip, delivery, release, and follow-through 

become automatic a passer will have _taken the first step on 
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the road to becoming a good passer. He'll be knowledgeable 

enou gh to be able to diagnose his mistakes and correct them 

when ever necessary. 

Smith 1 examined the characteristic s of four success

ful college passers: Bobby Garrett, John Brodie, Lee 

Gross cup, and Gary Kerkorian and developed the following 

conc lusions: 

A. Passers can make up for lack of height, weight and 

speed, but seldom can they compensate for small hands. 

The throwing hand must fit far enough around the ball 

so the passer can fake a throwing motion without hav

i ng it slip away from him. 

B. The arm moves the shortest possible distance from the 

ready position (where the ball is held while the pass

er waits for the receiver to get open) to the cocked 

position. 

C. Passers throw with the ground. This position gives 

a near pe rfect overhand motion. 

D. Not one tried to place his index finger parallel to 

the seam of the ball. 

E. Excessive spin makes a ball feel hard when it is 

caught. 

lHomer A. Smith, "The Fundamentals of Forward Pass
ing , 11 Athletic Journal, {March, 1961), PP. 46-49. 
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F. Given a reasonable amount of whip in the throwing arm, 

a passer can be made. 

Smi th stated that there is an art in being able to 

throw of f balance. Just before the ball is delivered the 

passer's arm and shoulders must be in the same relation to 

the targ et when he is throwing on balance. His shoulders 

must be sq uared with the line of flight of the ball, the 

wrist mus t be cocked so that the ball can be thrown with 

an overha nd motion, and the hand must follow-through di

rectly tow ard the target. 

The r esearch examined does not provide any available 

informatio n related to the physical properties of the foot

ball in fl ight. The investigator's research is the first, 

as far as s he determines, of a study of this nature. 



CHAPTER III 

METHODS AND PROCEDUR ES 

The investigati on entailed the study of factors related 

to the foo tball forward pass. The overall purpose of the 

investi gation was to examine the similarities and differences 

in the perfo rmance of the short and long forward pass as 

performe d by two professional quarterbacks. Specifically, 

the following factors were examined: the angle of inclina

tion of the ball at release and during the flight of both 

the short and long pass, the angle of trajectory of the ball 

at release, the rotation of the ball during flight, and the 

felocity of the ball at release and during flight. 

The prese nt chapter contains the methods and procedures 

used in the fulfillment of the purpose of this study . It in

cludes source s of data, preliminary procedures, description 

of the camera, selection of the subjects and procedures re

lated to the collection of data. 

Both huma n and documentary sources were utilized in 

the invest igation. The human sources used as subjects in the 

investigat ion were two professional quarterbacks of the Dallas 

Cowboys Professi onal Football Team. 

20 
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Documentary sources included books, pamphlets, and 

periodi cals. Other published and unpublished reports, and 

rese arch pertinent to the investigation were employed. 

Preliminary Procedures 

The investigator surveyed and assimilated information 

pertinent to all phases of the proposed study. This infor

mati on was used in the formulation of a tentative outline. 

Permission to use the equipment required by the study 

was secured from the Dean of the College of Health, Physical 

Educa tion and Recreation at the Texas Wo~an's University in 

Denton, Texas. The investigator also obtained approval for 

filming from the Dallas Cowboys Professional Football Team, 

Dallas, Texas, and from the quarterbacks participating. 

Permissi on for filming was secured from the head coach of 

the Dallas Cowboys. 

The outline of the proposed investigation was developed 

by the investigator and approved by the members of the thesis 

commi ttee. On August 10, 1972, the complete tentative out

line of the thesis was presented at a Graduate Seminar. The 

outline was revised in accordance with suggestions offered 

by those participating. A prospectus of the approved study 

was filed in the Office of the Dean of Graduate Studies at 

the Texas Woman's University. 
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Selection and Description of the Subjec ts 

Th e selection was based upon the following criteria: 

1. The athletes were professional football players. 

2. The subjects were outstanding quarterbacks. 

3. The locale was within sufficient distance that the 

specializ ed equipment and personnel considered for filming 

was availa ble. 

4. The club and subjects were willing to participate 

in the study. 

Selection and Description of Instruments 

The in vestigator used a Locam High Speed 16 millimeter 

motion pictu re camera, model 51-0003. The shutter provided 

a 120 degre e opening with a speed of 1/540 thousands of a 

second expos ure and produced a detailed frame by frame image 

of the foot ball. The Angenieux Zoom lens was used for the 

filming and allowed the investigator to place the camera at 

an optim um distance from the subjects. 

Kodax Blac k and White Tri-X Reversal Film, perforated 

on both edges , was used in the camera. This high speed film 

wa s selecte d to allow for an f-stop of 5.6 or 8, and provide, 

therefore, for optimum depth of focus. A Sekonic light meter 

was used to determine the f-stop setting on the camera. The 

film was taken at a speed of 180 frames per second. 
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Procedures Followed in Filming the Skill 

The subjects were photographed from the side-view in 

the Dallas Cowboy practice field in Dallas, Texas during 

June, 1973. Each subject threw the football six times. The 

subjects were instructed to execute throws of twenty and 

forty yards as they would in competition. The camera used 

to film the side-view of the throw rested on a table set at 

a distance of fifty feet from the subject. Posts set at five 

and ten yard intervals were used as known measurements for 

reference points for passes. 

Daylight provided the illumination necessary for the 

exposure of the film. The film was developed by WBAP Film 

Processing , Ft. Worth, Texas. 

Proced ures Followed in Analyzing the Skill 

For the initial viewing the films were projected at six

teen frames per second by a 16 millimeter analyzer projector. 

The film was then viewed frame-by-frame in order · to collect 

the following data: the angle of inclination of the ball at 

release and during the flight of both the twenty and forty 

yard passes, the angle of trajectory of the ball at release 

and during flight, the rotation of the ball during flight, 

and the velocity of the ball at release and during flight. 

The angle of trajectory of the football and the angle 

of inclination of the football were determined from the 
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horiz ontal by the use of a protractor, from the plottings 

from r ele ase to t he sixth frame of the bal l 's flight. The 

angle of tr aje ctory was determined from the angle formed by 

the path of th e ball at known interval s unti l the apogee was 

reached and th e an gle of inclination was obtained also at 

known in tervals. 

The rotat ion of the ball during fligh t was me as ured by 

counting the num be r of revolutions of the bal l f r om rele ase 

through t he entir e distance of the pass . Th e number of 

rotati on s was noted as the number of times the l acin g of t he 

ball was visible during the pass. 

The vel oc i ty of the ball was determined by project i ng 

the film image of the football on plotting paper. Velocity 

was calcu lated a t release, and at five, ten, fif t een, a nd 

twenty ya rds fo r the twenty yard pass. For the forty yard 

pass, ve locity was calculated at release, and at ten, twenty , 

thirty, and f orty yards. The values at each yardage point 

were ca lculated by dividing the cummulative distance in feet 

that t he ball had traveled by the elapsed time in seconds. 

Pre paration of the Final Written Report 

Upon the completion of the analysis of the data col 

lected, the i nve s tigator organized and presented the data i n 

appropriate il lu s trations, graphs, tables, and charts. The 

data were summa ri ze d and conclusions were drawn based upon 
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the purpose of the study. A final written report of the 

study was prepared which included implications of the find

ings and recommendations for further studies. A bibliography 

and appendices were included to complete the written report. 

Summary 

In this chapter, the investigator described the pro

cedures followed in the development of the study. They were 

described under the following headings; preliminary procedures, 

selection and description of the subjects, selection and 

descriptio n of instruments, procedures followed in analyzing 

the skill, and preparation of the final written report. 

Prelimin ary procedures included securing permission to 

do the study, developing a tentative outline which was pre

sented at a Graduate Seminar at the Texas Woman's University 

in Denton, Texas, revision of the outline, and filing of the 

approved outline in the Office of the Dean of Graduate 

Studies in the form of a Prospectus. Two nationally promi

nent professional quarterbacks were selected as subjects. 

The investi gator used the technique of cinematography. 

Procedures were developed, decisions were made concerning 

pertinent details, each subject was filmed according to es

tablished criteria, and the various films were developed by 

WBAP Film Processing, Fort Worth, Texas. 
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The following procedures were adhered to in writing 

th e final written report of the study: (1) preparation, 

presentation , approval and submission of the outline for 

fili ng with the Dean of Graduate Studies; (2) development 

of each chapter with revisions by the members of the thesis 

comm ittee incorpo rated into each chapter; (3) presentation 

of t he findin gs in tabular form; (4) preparation of the 

writ t e n report of the study including conclusions drawn and 

rec ommendations for future studies; (5) prepara tion of a 

bibl iography; and (6) preparation of the appendices. 

In Chapter IV of this thesis, the investigator will 

pres ent the findings of the study. 



CHAPTER IV 

PRESENTATION OF THE FINDINGS 

In Chapter IV the results of the cinematographic 

analysis of the forward pass are presented. The filmed data 

were obtained from two professional quarterbacks of the 

Dallas Cowboys Professional Football Team, Dallas, Texas, 

during June , 1973. Data are presented in tabular form show

ing the find ings of the study. The findings are organized 

under center headings in accordance with the primary purposes 

stated in Chapte r I of this study. 

Velocities~ Release and During Flight for 

the Short and !:..Q_!l9_ Pass 

The invest igator sought to determine the velocity of 

the football at release and during flight when thrown by two 

highly qualif ied subjects. The data pertaining to the veloc

ity of the ball at release and at measured points during 

flight of the s hort and long pass are presented in Tables l 

and 2. The ve locity of the football was calculated in feet

per-second. Tab le l presents the velocities at release and 

during flig ht fo r the short pass. 

A study of Table 1 reveals that the pass of Subject 

One achieved max imum velocity at release and diminished as 

27 
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the pass continued in its flight. The velocity of Subject 

One's sho rt pass was computed at 117 .1 892 feet-per -second 

at rele ase and at 79. 1375 feet-per-second at twenty yards. 

The patte rn for the velocities obtained by the flight of 

Subj ect Two's pass varied with that of Subject One. The 

veloc ity of Subject Two's short pass was computed at 85.1531 

feet- per-seco nd at release, increased to 93.7756 feet-per

second at five yards and diminished to 79.5221 feet-per

second at twe nty yards. 

TABLE 1 

VEL OCITIES AT RELEASE AND DURING FLIGHT FOR THE SHORT PASS 
IN FEET-PER-SECOND 

Distance Subject 1 Subject 

Release 117.1892 85. 1531 

5 Yards 83.8511 93.7756 

1 0 Yards 81.0720 91.5237 

1 5 Yards 79.7398 82.8183 

20 Yards 79. 1375 79.5221 

2 

Another interesting aspect of this comparison was that 

Subject One's pass maintained less velocity at ten, fifteen, 

and twenty yards than did Subject Two's although Subject One's 

velocity was considerably greater at release. A possible ex 

planation for this will be presented in the discussion of 

Table 4. 
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A study of Table 2 reveals that the passes of both 

subject s achieved maximum velocity at release and diminished 

as the pass continued in its flight. The film for Subject 

Two did not provide measurable data after the first twenty 

yards. The velocity of Subject One's long pass was computed 

at 90.09 01 feet-per-second at release and dimished to 74.3944 

feet- per-second at forty yards. The velocity of Subject 

Two's long pass was computed at 94.0420 feet-per-second at 

relea se and diminished to 81.8330 feet-per-second at twenty 

yards. It is noteworthy that the velocity achieved after 

twenty yards of the flight of the long pass of both subjects 

was superi or to that of the short pass velocity at twenty 

yards . 

Table 2 

VELOCIT IES AT RELEASE AND DURING FLIGHT FOR THE LONG PASS 
IN FEET-PER-SECOND 

Dista nce Subject 1 Subject 

Release 90.0901 94.0420 

l 0 Yards 89.0180 89.1980 

20 Yards 82.9492 81.8331 

30 Yards 78. 1129 

40 Yards 74.3944 

2 
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Rotation During Flight for the Short Pass 

The second purpose of the investigation was to deter

mi ne the number of rotations of the football during flight. 

Tabl e 3 presents data obtained from an analysis of the film 

of the two subjects throwing the short pass . 

TABLE 3 

NUMBER AND FRAMES OF ROTATION DURING FLIGHT FOR THE 
SHORT PASS 

Numb er of 
Rota tions Frames 

1 5 to 18 

2 19 to 38 

3 39 to 58 

4 59 to 77 

5 78 to 96 

6 97 to 115 

7 116 to 134 

Speed of 
Rotation* 

13 (.0666) 

20 (.1055) 

19 (. 1000) 

18 ( .0944) 

18 ( .0944) 

18 ( .0944) 

18 ( .0944) 

Frames 

9 to 29 

30 to 50 

51 to 71 

72 to 93 

94 to 115 

94 to 115 

Speed of 
Rotation 

20 (. 1055) 

20 (. 1055) 

20 (. 1055) 

21 (.1111) 

21 (.1111) 

21 (.1111) 

*The number of frames required for a single rotation of 
the football and the time required for this rotation 

Tabl e 3 reveals that the short pass thrown by both sub

jects rotated from six to seven times in flight as measured 

from release to the twenty yard line. One rotation of the 

ball ranged from thirteen to twenty frames for Subject One, 

whereas the range for Subject Two was from twenty to 
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twenty-two frames. It is interesting to note that the speed 

of rotation remained fairly constant during the later por

tions of its flight even as the velocity of the football 

diminishe d. The great speed of the first rotation of Sub

ject One's pass is not explained by the data collected. It 

can only be surmised that this early speed of rotation was 

related to the great velocity at release as shown in Table 1. 

Both the rotational speed of the ball and the velocity of the 

ball diminished considerably during the first five yards. 

Angles of Inclination and Trajection Qf the Short 

and !:..Q.!ul_ Pass 

Another of the purposes of the investigation was to 

determi ne the angle of inclination and trajection of the 

football from the horizontal. Table 4 presents the data 

for the angles of inclination and trajection of the short 

pass at release, and at five yards, ten yeads, fifteen yards 

and twenty yards. 

A study of Table 4 reveals that the angle of inclina-

tion of the football is below the horizontal at release for 

both s ubjects. The angle of trajection for both subjects was 

found to be similar at release and differed but slightly 

throughout the flight of their passes. It is noteworthy 

that the angle of inclination of Subject One was higher at 

release than that of Subject Two and change was higher at 

fiftee n and twenty yards. The pass of Subject One also 
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maint ained the greater variation of the angle of inclination 

from the highest to the lowest measurement observed in a 

single ro tation. 

TABLE 4 

ANGLE S OF INCLINATION AND TRAJECTION FOR THE SHORT PASS 

Subject l Subject 2 

*AI *AIL 
*Alh *AT *AI *All *Alh *AT 

Release - l o 110 -50 l 2 ° 

6th Frame -12° 11 ° l o l 3 ° 

5 Yards _30 -13° -20 11 ° _70 -13° l o go 

l 0 

l 5 

20 

Yards 00 -60 l o 20 _40 _go 50 l o 

Yards 30 -1 0 go -60 -60 -60 -1 0 -60 

Yards _40 _40 60 _go -1 3 ° -16° -80 -13° 

*AI - represents the angle of inclination at each point 
of measurement 

*All - represents angle of inclination at lowest point 
during a single rotation 

*Alh - represents angle of inclination at highest point 
during a single rotation 

*AT - represents angle of trajection 

This greate r 11 wobble 11 over the later portion of its flight 

along with the tendency of the ball to maintain a higher 

angle of inclination are possible explanations for the greater 

deceleration found in this pass of Subject One. The lower 
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ang les of inclination at release by Subject Two might provide 

the explana tion for early acceleration of speed found over 

the first five yards. There is a possibility also that the 

camera failed to accelerate immediately for the initial 

porti on of this throw. 

Table 5 presents the data for angles of inclination and 

trajec tion of the long pass at release, and at ten yard s, 

and twenty yards. 

TABLE 5 

ANGLES OF INCLINATION AND TRAJECTION FOR THE LONG PASS 

Subject l Subject 2 

*AI *AT *AI *AT 

Release 30 27° 80 26° 

l 0 

20 

30 

40 

Yards 16° 1 2 ° 

Yards 50 - l o 

Yards -80 

Yards -20° 

*AI - represe nts the angle of inclination at each point 
of meas urement 

*AT - represents angle of trajection 

A study of Table 5 presents the data for angles of in

clinatio n at release and the angle of trajection for the long 

pass at release, ten yards, twenty yards, thirty yards and 
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forty yards. The angles of inclination could not be reliabl y 

compute d when filmed at this distance. Film did not provide 

measurab le data after twenty yards for Subject Two. The 

finding s revealed that the angle of inclina tion for both 

subjects was above the horizontal for the long pass. The 

angle of trajec tion for Subject One ranged from twenty-

seven degr ees at release to a minus twenty degrees at the 

forty yar d line. Subject Two's angle of trajection ranged 

from twenty-six degrees at release to a minus one degree at 

twenty yards. The angle of inclination of both subjects' 

passes , while positive, was still considerably less than 

the angles of trajections. 

SUMMARY 

In Chapte r IV, an analysis and interpretation of the 

data were prese nted. Data were compiled from the film 

analysis of the side-view of professional quarterbacks 

throwing passes twenty yards and forty yards in length . The 

data were gat hered in Dallas, Texas at the Cowboys' practice 

field in June of 1973. The data were presented in tabular 

form for clarifi cation of the findings. The treatment and 

analysis of the findings were elaborated upon at the intro-

duction of eac h table. 

Chapter v will contain a final summary, conclusions, 

and recommendati on for further study. 



CHAPTER V 

SUMMARY, CO NCLUSIONS, AND RECOMMENDATIONS FOR 

FURTHER STUDY 

Summary of the Study 

Few studies have been conducted on the forward pass 

and only one cinemato graphic investigatio n has been re

porte d. Several studies related to the forward pass have 

been presented in recent years, but these, for the most part, 

have been concerned with an investigation of the kinesio

logica l and mecha nical principles in throwing the football. 

The purpose of the present investigation was to deter

mine, through cinematography, the importance of the angle of 

incl ination of the ball at release and during flight of both 

the short and long pass, the angle of trajectory of the ball 

at release, the rotation of the ball during flight and the 

velocity of the ball at release and during flight. 

The film data were obtained by means of a sixteen 

millimeter Locam high speed motion picture camera. One view 

was taken; the side-view. Posts set at the five and ten 

yard intervals were used as known measurements for reference 

points for use in the analysis. 

Two profess ional quarterbacks served as subjects. The 

two subjects had achieved national prominence as outstanding 

35 
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pass e r s during recent years; one had been selecte d Pl ayer of 

the Year in the National Football League. 

The films, collected at the Dallas Cowboys pr actice 

field, Dallas, Texas, were viewed by means of a s ix teen 

millime te r analyzer projector. Frame by frame pl ottings 

were mad e fo r angle of trajectory, angle of inclination, 

rotation and velocity from release and during flight at 

known dista nces. For a more detailed description of the 

analyses , refer to Chapter III, Methods and Procedures. 

The find i ngs were discussed through an analysis of the 

tables pr esented in Chapter IV. The specific findings and 

conclusio ns are presented hereinafter. 

Findings 

The following are findings pertaining to the primary 

purposes of the study: 

l. The velocity of the short pass after five yards 

diminis hed as the pass continued its flight. 

2 . The velocity of the short or twenty yard pass was 

not a lw ays greatest at release. 

3. The velocity of the long or forty yard pass was 

greatest a t re lease and diminished during its flight. 

4. The rotation of the ball during the twenty yard 

pass remained fairly constant from the second rotation through 

t he completion of its flight over as the velocity diminished. 
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Rotation During Flight for the Short Pass 

Th e second purpose of the investigation was to deter

mi ne the number of rotations of the football during flight. 

Tab le 3 presents data obtained from an analysis of the film 

of the two subjects throwing the short pass. 

TABLE 3 

NUMBER AND FRAMES OF ROTATION DURING FLIGHT FOR THE 
SHORT PASS 

Num ber of 
Rota tions 

1 

2 

3 

4 

5 

6 

7 

Frames 

5 to 18 

19 to 38 

39 to 58 

59 to 77 

78 to 96 

97 to 115 

116 to 134 

Speed of 
Rotation* 

13 (.0666) 

20 (.1055) 

19 (.1000) 

18 (.0944) 

18 ( .0944) 

18 ( .0944) 

18 ( .0944) 

Frames 

9 to 29 

30 to 50 

51 to 71 

72 to 93 

94 to 115 

94 to 115 

Speed of 
Rotation 

20 (. 1055) 

20 (.1055) 

20 (.1055) 

21 (.1111) 

21 (.1111) 

21 (.1111) 

*The number of frames required for a single rotation of 
the football and the time required for this rotation 

Table 3 reveals that the short pass thrown by both sub

jects rotate d from six to seven times in flight as measured 

from release to the twenty yard line. One rotation of the 

ball ranged from thirteen to twenty frames for Subject One, 

whereas the range for Subject Two was from twenty to 
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twenty -two frames. It is interesting to note that the speed 

of rotati on remained fairly constant during the later por

tion s of its flight even as the velocity of the football 

dimini shed. The great speed of the first rotatio n of Sub

ject One's pass i s not explained by the data co llected. It 

can only be surmised that this early speed of rotation was 

related to the great velocity at release as shown in Table 1. 

Both the rotational speed of the ball and the velocity of the 

ball dimin ished considerably during the first five yards. 

Ang les of Inclination and Trajection .Q.f_ the Short 

and .hQ.!!_g_ Pass 

Another of the purposes of the investigation was to 

dete rmine the angle of inclination and trajection of the 

footba ll from the horizontal. Table 4 presents the data 

for the angles of inclination and trajection of the short 

pass at releas e, and at five yards, ten yeads, fifteen yards 

and twenty yards. 

A study of Table 4 reveals that the angle of inclina-

tion of the football is below the horizontal at release for 

both subjec ts. The angle of trajection for both subjects was 

found to be sim ilar at release and differed but slightly 

through out the flight of their passes. It is noteworthy 

that the angle of inclination of Subject One was higher at 

release than that of Subject Two and change was higher at 

fifteen and twenty yards. The pass of Subject One also 
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maint ain ed the greater variation of the angle of inclinat ion 

from the highest to the lowest measurement obse r ved in a 

single ro tatio n . 

TABLE 4 

ANGLES OF I NCLINATION AND TRAJECTION FOR THE SHO RT PASS 

Subject 1 Subjec t 2 

*A I *AIL 
*Aih *AT *AI *A I I *Ai h *AT 

Release - l o 1 1 ° -50 12 ° 

6th Frame - 1 2 ° 1 1 ° 1 0 1 3 ° 

5 Yards _30 -13° -20 11 ° -70 -13° 1 0 90 

l 0 

l 5 

20 

Yards 00 -60 l o 2 0 -40 _go 50 1 0 

Yards 30 -1 0 go -60 -60 - 60 -1 0 -60 

Yards _40 _40 60 _go -13° -16° -80 -13° 

*AI - represents the angle of inclination at each point 
of measurement 

*All - represents angle of inclination at lowest point 
during a single rotation 

*Alh - re presents angle of in lination at highest point 
during a single rotation 

*AT - re presents angle of trajection 

This gr eate r "wobble" over the later portion of its flight 

along wit h t he tendency of the ball to maintain a higher 

angle of i nc l i nation are possible explanations for the greater 

deceleratio n f ound in this pass of Subject One. The lower 
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angl es of inclination at release by Subject Two might provide 

the explanation for early acceleration of speed found over 

the fir st five yards. There is a possibility also that the 

camera failed to accelerate immediately for the initial 

portion of this throw. 

Tabl e 5 presents the data for angles of inclination and 

trajectio n of the long pass at release, and at ten yards, 

and twenty yards. 

TABLE 5 

ANGLE S OF INCLINATION AND TRAJECTION FOR THE LONG PASS 

Subject 1 Subject 2 

*AI *AT *AI *AT 

Release 30 27° 80 26° 

1 0 

20 

30 

40 

Yards 16° l 2 ° 

Yards 50 - 1 0 

Yards -80 

Yards -20° 

*AI - represents the angle of inclination at each point 
of measurement 

*AT - represents angle of trajection 

A study of Table 5 presents the data for angles of in

clinat ion at release and the angle of trajection for the long 

pass at release, ten yards, twenty yards, thirty yards and 
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forty yards. The angles of inclination could not be reliably 

computed when filmed at this distance. Film did not provide 

meas urable data after twenty yards for Subject Two. The 

findi ngs revealed that the angle of inclination for both 

subjec ts was abo ve the horizontal for the long pass. The 

angle of trajection for Subject One ranged from twenty-

seven degrees at release to a minus twenty degrees at the 

forty yard line. Subject Two's angle of trajection ranged 

from twenty-six degrees at release to a minus one degree at 

twenty yards. The angle of inclination of both subjects' 

passes , while positive, was still considerably less than 

the angles of trajections. 

SUMMARY 

In Chapte r IV, an analysis and interpretation of the 

data were prese nted. Data were compiled from the film 

analysis of the side-view of professional quarterbacks 

throwing passes twenty yards and forty yards in length. The 

data were gat hered in Dallas, Texas at the Cowboys' practice 

field in June of 1973. The data were presented in tabular 

form for clarificat ion of the findings. The treatment and 

analysis of the findings were elaborated upon at the intro-

duction of each table. 

Chapter v will contain a final summary, conclusions, 

and recommendation for further study. 



CHAPTER V 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS FO R 

FURTHER STUDY 

Summary of the Study 

Few studies have been conducted on the forward pass 

and only one cinematographic investigation has been re

ported. Several studies related to the forward pass have 

been pr e sented in recent years, but these, for the most part, 

have bee n concerned with an investigation of the kinesio

logica l and mechanical principles in throwing the football. 

The purpose of the present investigation was to deter

mine, t hrough cinematography, the importance of the angle of 

inclina tion of the ball at release and during flight of both 

the short and long pass, the angle of trajectory of the ball 

at re l eas e, the rotation of the ball during flight and the 

veloc ity of the ball at release and during flight. 

Th e film data were obtained by means of a sixteen 

mill i me ter Locam high speed motion picture camera. One view 

was take n; the side-view. Posts set at the five and ten 

yard int e rvals were used as known measurements for reference 

poi nt s for use in the analysis. 

Two professional quarterbacks served as subjects. The 

t wo s ubj ects had achieved national prominence as outstanding 

35 
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passer s during recent years; one had been se l ected Player of 

the Ye ar in the National Football League. 

The films, collected at the Dallas Cowboys practice 

field, Dallas, Texas , were viewed by means of a s ixteen 

millime ter analyzer projector. Frame by frame plottings 

were made for angle of trajectory, angle of inclination, 

rotatio n and velocity from release and during flight at 

known distances. For a more detailed description of the 

analyses , refer to Chapter III, Methods and Procedures. 

The findings were discussed through an analysis of the 

tables pres ented in Chapter IV. The specific findings and 

conclus ions are presented hereinafter. 

Findings 

The fo llowing are findings pertaining to the primary 

purposes of the s tudy: 

1. The velocity of the short pass after five yards 

diminished as the pass continued its flight. 

2. The velocity of the short or twenty yard pass was 

not always greates t at release. 

3. The vel ocity of the long or forty yard pass was 

greatest at release and diminished during its flight. 

4. The rotation of the ball during the twenty yard 

pass remained fairly constant from the second rotation through 

the comp letion of its flight over as the velocity diminished. 
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5. The angle of inclination of the footbal l for the 

twenty yard pass was below the horizontal at release. 

6. The range of the angle of inclination for the 

twenty yard pass is greater during the first portion of its 

flight than during the last rotation. 

7. Less deceleration in the velocity occurred when 

the fluctu ation in the angle or inclination (wobble) was 

minimal. 

8. Less deceleration in the velocity of the football 

occurred when the angle of inclincation was nearer the angle 

of trajecti on. 

9. The angle of inclination for the long or forty 

yard pass was above the horizontal but still considerably 

less than the angle of trajection. 

Conclusions 

The following conclusions were based upon the data ob-

tained from this study. 

1. The velocity of the pass at release is not the only 

factors in achieving velocity over a set distance. The fluc

tuation of the angles of inclination during rotation (wobble) 

and the variation of the angle of inclination with the angle 

of trajectio n are other important consideration. 

2. The angle of inclination of the football at release 

is always less than the angle of trajection. 
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3. A higher angle of inclination at release results 

in a higher angle of inclination at the conclusion of the 

fligh t. The inverse is also true. A lower angle of in

clinat ion at relase results in a lower inclination at the 

conclu s i on of the flight. 

4. After the first rotation, the speed of rotation 

seemed t o remain fairly constant even though the forward 

velocity of the p~ss diminished considerably. 

5 . A relationship between velocity of the football 

and spe ed of rotation could not be determined from the data 

collect ed. 

Recommendations for Future Studies 

The following recommendations are suggested for addi

tiona l investigations: 

l. Conduct a cinematographic study to investigate the 

rota tional speed of the football in relation to the velocity. 

2. Conduct a cinematographic study to investigate the 

veloc ity of the football at release as related to the speed 

of t he hand during the passing motion. 

3 . Conduct a cinematographic study to investigate the 

basi c differences in the style of well-known passers. 



BIBLIOGRAPHY 

l. Conerly, Charles. The Forward Pass. New York: E. P. 
Dutton and Company, Inc., 1960. 

2. Dodd, Bobby. Bobby Dodd on Footba ll. New York: 
Prentice-Hall, Inc., 1954. 

3. Dyson, Geoffrey. The Mechanics of Athletics. New York: 
Dover Publi cations, Inc., 1967. 

4. _________ . 11 Elementary Principles and Tech niqu es 
of Cinematographical Analysis. 11 The Research 
Quarterly, X (May, 1939), 21. 

5. Fooltrick, William. 11 An Analysis of Javelin Throwing. 11 

Unpublis hed Master's thesis , Springfield College, 
1938. 

6. Friedman, Benny. 11 Forward Passing the Friedman Way. 11 

Scholas tic Coach, XXXVI (April, 1967), 54-6. 

7. Heyman, Allan W. 11 A Mechanical Analysis of the Forward 
Pass. 11 Unpublished Master's thesis, North Texas 
State University, 1970. 

8. Hill, Mary Alice. 11 A Cinematographical Analysis of 
Nationally Ranked Women Discus Throwers. 11 Un
publis hed Master's thesis, Texas Woman's Univer
sity, 1 9 71 . 

9 . Jones, George Alan. High Speed Photography. 
Principle s and Applications. New York: 
1952. 

Its 
Wiley, 

10. The Junior Illustrated Encyclopedia of Sports. 
Indianna polis: The Bob-Merrill Co., Inc., 1960 . 

11. Lawther, J. C. Psychology of Coaching. New York: 
Prentice-H all, 1951. 

12. Malina, Robert M. 11 Effects of Varied Information 
Practice Conditions of Throwing Speed and Accuracy. 11 

The Research Quarterly, XL (March, 1968). 

39 



40 

13. Purvis, Charles. 11 A Cinematographical and Mechanical 
Analysis of College Football Passers. 11 Unpublished 
Master's thesis, University of Illinois, 1952. 

14. Smith, Homer A. 11 The Fundamentals of Forward Passing 
Athletic Journal, XLI (March, 1961). 

15. Tips, Kern. Texas Football. Garden City: Doubleday, 
Inc., 1964. 

16. Unitas, Johnny. "It's Not Only How To, It's Who To and 
When. 11 Sports Illustrated (July, 1972). 

17. Webster's New Third International Dictionary. Third 
Edition, 1968. 



A P P E N D I C E S 



l. John McKay 

42 

Appendix A 

Mailing List 

Univer sity of Southern California 
Los Angeles, California 

2. Don Fambroung 
University of Kansas 
Lawrence, Kansas 

3. Bill Battle 
University of Tennessee 
Knox ville, Tennessee 

4. Darrell Royal 
University of Texas 
Aust in, Texas 

5. John Jardine 
University of Wisconsin 
Madison, Wisconsin 

6. Hugh Dougherty 
Michigan State University 
East Lansing, Michigan 

7. Paul Bryant 
University of Alabama 
Tuscaloosa , Alabama 

8. Jim Sweeney 
University of Washington 
Pullman, Washington 

9. Ara Parseghia n 
Notre Dame 
Notre Dame, Indiana 

10. Chuck Fairbanks 
University of Oklahoma 
Norman, Oklahoma 

11. Mike White 
University of California 
Berkeley, Ca lifornia 



12. Vince Dooley 
University of Georgia 
Athens, Georgia 
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13. Charles Mcclendon 
Louisiana State University 
Baton Rouge, Louisiana 

14. Bart Starr 
Green Bay Packers 
Green Bay, Wisconsin 

15. Y. A. Tittle 
New York Giants 
New York City, New York 

16. Sonny Jurgerson 
Washington Redskins 
Washington, D. C. 

17. Norm Van Bracklin 
Atlanta Falcons 
Atlanta, Georgia 

18. Eddie Crowder 
University of Colorado 
Boulder, Colorado 

19. Johnny Unitas 
Baltimore Colts 
Baltimore, Maryland 



Johnny Unitas 
Baltimore Colts 
Baltimore , Maryland 

Dear Mr. Unitas: 
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2317 Bird 
Ft. Worth, Texas 76111 
November 4 , 1972 

I am a graduate student at Texas Woman's University working 
to comp-lete my thes is on "Cinematographical Analysis of the 
Velocity, Rotati on and Angles of Inclination and Trajectory 
of the Footbal 1 Forward Pass. 11 This study wi 11 be ma de of 
three professional quarterbacks of the Dallas Cowboys . A 
camera filming at 500 frames per second will be used to 
determine velocity and rotation of the football at release 
and during flight. 

Your outstanding achievements in professional football pro
vide a rich bac kground of knowledge pertaining to the skill 
of passing the f ootball. Your cooperation would be most 
helpful if you would briefly contribute by answering the 
questions enclose d. 

The results will be mailed to you. Enclosed is a stamped, 
self addressed envelope for your convenience and any infor
mation you might hav e will certainly be appreciated. Thank 
you for your time. 

Sincerely yours, 

Joan Gillette 



Eddie Crowder 
University of Colorado 
Boulder, Colorado 

Dear Mr. Crowder: 
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2317 Bird 
Ft. Worth, Texas 76111 
October 15, 1972 

I am a graduate student at Texas Woman's University 
working to complete my thesis on "A cinematographical 
Analysis of the Velocity, Rotation, and Angles of Inclina
tion and Trajectory of the Football Forward Pass. 11 

I am seeking your help on any knowledge or information 
that you may have or know of concerning the forward pass in 
the past 25 years. 

All participants that participate by giving informa
tion in this study will have the results available upon 
request. Enclosed is a stamped, self addressed envelope 
for your conve nience and any information you might have will 
certainly be appreciated. Thank you for your time. 

Sincerely yours, 

Joan Gillette 
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Appendix B 

SUBJECTS 

The subjects for the investigation had achieved na 

tional prom i nence as outstanding passers during preceed

ing yea rs. One had been selected Player of the Year in 

the Nat ion a l Football League and both had produced highly 

succ essfu l post seasons which saw them rank among the 

lea de r s in pass competition averages. 

Subject l 

Subject 2 

Roger Staubach 

Craig Morton 

Dallas Cowboys, Dallas, Texas 

Dallas Cowboys, Dallas, Texas 




