
AN EXPERIMENTAL STUDY OF THE MOTION 
PRODUCED BY THE FATAL SHOT IN THE 
ASSASSINATION OF PRESIDENT KENNEDY 

Abstract: 

We present evi 
Kennedy‘s head and body 
Sete ties, wit no Tene SROOrine at faved welone 
demonstrate a "rocket" ooo with fragments driven away from the rifle 

Conmnedts on the notion as Sbserred in ane Variuder film by critics and 
defenders of the Warren Report, and examine the failure of the Warren 
Commission to consider this evidence. 

Paul L. Hoch* 
’ (luis W. Alvarez) 
(Don Olson) 

* — The manner in which our names are listed here is meant to indicate 
that this report and its editorial content is the work of P.L.H. The 
report describes our experimental tests of a hypothesis by L.W.A., in which 
D.O. was the chief photographer. 

We are Sees eis draft of Mee report to se uo your critical comments. 
d ara b , brie nysics of the problem to 

rk day, a Rontechnical Gouna Lor Riyeieisce! We expect to distribute 
a revised version of this longer report to students of the Warren Report after 
your comments and objections have Seer considered, ws see the short version 
is completed. W ay arti se pic 2) 

the press; please consider this naterial strictly confidential a this time. 

Berkeley, Calif. 
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APPENDIX 2 - THEY SHOOT MELONS, DON'T THEY? 
(Or, Six Seconds in San Leandro) 

These pictures show the results of our final shooting session. The 

targets are taped-up melons, weighing 1.1 to 3.5 pounds each. Targets 1-3 

were placed at ground level, on the board which is on the side of the support 

away from the gun. Targets 4 and 5 were placed on tov of the wooden support, to 

ensure that the melon would not bounce up, as it might if it were shot from 

above. (The support is about 2 feet high.) Target 6 was suspended by a single 

piece of filament tape from the edge of the top away from the rifle; target 7 

was suspended from the edge towards the rifle. The film (super-8 mm.) was 

taken at a setting of 24 frames per second. 

The next two pages are Xerox copies of prints from slides which were made 

by cutting up a covy of the movie film. The earliest frame in each sequence is 

at the upper left. Color prints can be obtained from me upon request, at cost: 

35¢ for 3x 5", $1 for 7 x10", etc. A duplicate of the entire film is $ 6. 

(The prints show the results as well as the film.) The 7 targets are on 5 slides, 

as follows: Slide 1 (target 1);2 (2-3); 3 (4); 4 (5-6); 5 (7). A few copies of 

this report are being distributed with prints which were done backwards; note 

the orientation of the L-shaped support. In the Xerox copies, the rifle is to 

the right. 

The results shown on the next two pages are summarized here: 

Target 1 rolled violently backwards and to the right (relative to the 
rifleman). A strong forward svray is visible in the first few frames. 

Target 2 lost svray forward, a smaller jet uowards and back, and then 

just slowly rolled over. 
Target 3 rolled about a foot backwards. 
Target 4 showed a very clear backward recoil after a forward jet. (A 

Xerox copy of a negative Thermofax print of these frames is Figure 1 in 

the body of this report.) 
In target 5, there is a clear backward jet as well as a forward one. 

The backward one is less strong, so the melon recoiled backwards. 
Target 6 was driven back and to the right, into the side of the wooden 

rig. Only the spray can be seen in the filn. 
Target 7 sprayed forward and recoiled back in an arc, held by the tane. 

' After about half a second the tape unwound itself from the rig. This 

target and #4 show the rocket effect most clearly.
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APPENDIX 3 - STILL PHOTOGRAPHS OF THE EXPERIMENTAL SETUP AND RESULTS 

This report includes a Xerox copy of four representative still photos. 

Bi6 (lower left) shows the general setup, looking from behind the target towards 

the shooter's position. For comparison with other photos, note that the , 

horizontal leg of the L-shaped target support extends away from the rifle. 

The movie camera is out of sight to the right. Target # 5 is resting on the 

top of the support. Ci was taken as the shot was fired and shows the recoiling 

melon in flight. C2, taken from the direction of the movie camera, shows where 

the melon came to rest. (The vertical lines painted on the support are 2 and 6 

inches long.) In C4, a stick indicates the entrance hole; the larger exit hole 

is also visible. 

The rest of the 64 photos we took can be obtained from me at cost upon 

request. Xerox copies (at 6¢ per page of 4) or standard prints are available. 

A brief catalog of the photos is presented here: 

Al through A24 were taken at the second of the three experimental 
sessions. The targets in A6 through Aii were rubber balls filled with 

gelatin; they tended to go away from the gun, but not in a direct lime. 
The film did not show much of a forward jetting of material. A11 through 
A16 show plastic bottles filled with water as targets; they tended to 
explode. The last target is a pineapple, taped uv but not thoroughly; 
it shattered, with the largest piece going perpendicular to the bullet 
path and one major fragment driven back toward the rifle. 

The B and C series were taken at the third session, as were the films 

presented in Appendix 2. 85 through B9 show target #1; BLO and Bil, 
target # 2; 313 and 514, target # 3; B15 through B19, target # 4; 
Ci through C4, target # 5; C5 through C9, target # 6; C10 through C14, 
target # 7. C12, which was taken by snapping the shutter in reaction 
to the sound of the shot, corresponds to about 5 frames after impact; 

it shows the melon held by the tape, which is almost horizontal, after 
having recoiled backwards.
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E
Y
F
E
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T
 

IN 
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TRIAL 
OF 

CLAY 
SHAW 

QD q 
a 
rom 

the 
New 

C
r
l
e
a
r
s
 

T
i
m
e
s
-
P
i
c
a
y
u
n
e
,
 

F
e
b
r
u
a
r
y
 

15, 
1969, 

page 
12-23: 

e
e
e
e
 

S
h
a
n
e
y
f
e
l
t
 

saic h
e
 

and 
BT 

b
a
l
i
d
e
t
i
c
s
 

e
x
p
e
r
t
 

R
o
b
e
r
t
 

A. 
v; 

Y
r
a
z
i
e
r
 

w
e
n
t
 

to 
D
e
a
l
e
y
 
r
l
a
z
a
 
May 

24, 
e
e
 

to 
r
e
-
e
n
a
c
t
 

the 
a
s
s
a
s
s
i
n
a
t
i
o
n
,
 

u
s
i
n
g
 

a 
car 

and 
i
n
d
i
v
i
d
u
a
l
s
 

of 
the 

a
c
n
r
o
x
i
m
a
t
e
 

size 
of 

f
r
e
s
i
d
e
n
t
 

K
e
n
n
e
d
y
 

and 
Gov. 

C
o
n
n
a
l
l
y
.
 

The 
p
u
r
c
o
s
e
,
 

he 
said, 

was 
to 

r
e
v
o
s
i
t
i
o
n
 

the 
l
i
m
o
u
s
i
n
e
 

in 
o
r
d
e
r
 

to 
e
s
t
a
b
l
i
s
h
 

the 
d
i
r
e
c
t
i
o
n
 

of 
the 

s
h
o
t
s
,
 

the 
p
e
c
a
u
e
n
c
e
 

of 
the 

s
h
o
t
s
,
 and 

the 
time 

and 
l
o
c
a
t
i
o
n
 

of 
the 

l
i
m
o
u
s
i
n
e
 

w
h
e
n
 

the 
shot ts 

w
e
r
e
 

f
i
r
e
d
,
 

and 
"
a
n
y
t
h
i
n
g
 

to 
h
e
l
p
 

the 
W
a
r
r
e
n
 

C
o
m
m
i
s
s
i
o
n
 

r
e
a
c
h
 

a 
c
o
n
c
l
u
s
i
o
n
 

in 
its i

n
v
e
s
t
i
g
a
t
i
o
n
.
"
.
.
 

D
y
m
o
n
d
 

a
s
k
e
d
 

him 
af 

he 
had 

seen 
any 

vhoto: 
e
M
 

e
f
f
o
r
t
s
 

(sic) 
i
n
d
i
c
t
i
n
g
 

(sic) 
that 

the 
s
h
o
t
s
 

cane 
f
r
o
m
 

a
n
y
w
h
e
r
e
 

but 
the 

r
i
g
h
t
 

rear 
of 

the 
m
o
t
o
r
c
a
d
e
,
 

"T 
h
a
v
e
 

n
o
t
.
”
 

Cn 
r
e
d
i
r
e
c
t
,
 

/ A
s
s
i
s
t
a
n
t
 

D
i
s
t
r
i
c
t
 

A
t
t
o
r
n
e
y
 

A
l
v
i
n
 

7 
Oser 

a
s
k
e
d
 

S
h
a
n
e
y
f
e
l
t
 

if 
in 

f
r
a
m
e
 

313 
and 

t
h
o
s
e
 

i
m
m
e
d
i
a
t
e
l
y
 

a
f
t
e
r
 

he 
had 

m
a
d
e
 

any 
m
e
a
s
u
r
e
m
e
n
t
s
 

of 
the 

d
i
s
t
a
n
c
e
 

b
e
t
w
e
e
n
 

K
e
n
n
e
d
y
'
s
 

b
a
c
k
 

and 
the 

b
a
c
k
 

s
e
a
t
 

of 
the 

car. 
He 

said 
he 

did 
not 

(mn 
r
e
c
r
o
s
s
 

S
r
a
 

n
a
t
n
)
 

he 
said 

t
h
a
t
,
 t
h
o
u
g
h
 

he 
did 

not 
m
a
k
e
 

the 
m
e
a
s
u
r
e
m
e
n
t
s
 

C
s
e
r
 

a
s
x
e
d
 

a
c
o
u
t
,
 

he 
eek 

o
b
s
e
r
v
e
 

the 
p
i
c
t
u
r
e
 

c
l
o
s
e
l
y
 

in 
r
e
l
a
t
i
o
n
 

to 
e
i
s
 

He 
then 

sai¢c 
t
h
a
t
 

2 vame 
313 

-- 
w
h
e
r
e
 

K
e
n
n
e
d
y
 

is 
A
l
t
 

in 
the 

h
e
a
d
 - 

f
r
a
m
m
e
n
t
a
r
y
 

s
t
r
e
a
k
s
 

are 
"
g
o
i
n
g
 

in 
a 

f
o
r
w
a
r
d
 

m
o
t
i
o
n
"
 

and 
the 

“
b
u
r
s
t
 

af 
pink 

is 
in 

the 
f
o
r
w
a
r
d
 

¢ 

‘My 
i
m
o
r
e
s
s
i
o
n
,
"
 

ie 
said, 

'is 
that 

the 
shot 

came 
f
r
o
m
 

the 
r
e
a
r
.
"
 

He 
s
a
i
d
 

he 
was 

taking 
into 

c
o
n
s
i
d
e
r
a
t
i
o
n
 

only 
"the 

exnlosion 
or 

position 
of 

matter 
or 

whatever 
it 

is 
flying 

through 
the 

air." 
Miss 

30nd 
was 

the 
next 

witness 
called 

.... 

F
r
o
m
 

the 
New 

C
r
l
e
a
n
s
 

S
t
a
t
e
s
-
I
t
e
m
,
 

F
e
b
r
u
a
r
y
 

14, 
1969, 

vage 
9: 

(
A
p
p
a
r
e
n
t
l
y
 

S
h
a
n
e
y
f
e
l
t
 

was 
not 

a
s
k
e
d
 

a
b
o
u
t
 

this 
m
a
t
t
e
r
 

on 
d
i
r
e
c
t
 

e
x
a
m
i
n
a
t
i
o
n
.
)
 

eee. 
D
y
m
o
n
d
 

then 
a
s
k
e
d
 

S
h
a
n
e
y
f
e
l
t
 

as 
a 

p
h
o
t
o
g
r
a
p
h
i
c
 

e
x
p
e
r
t
 

if 
he 

had 
seen 

any 
e
v
i
d
e
n
c
e
 

that 
P
r
e
s
i
d
e
n
t
 

K
e
n
n
e
d
y
 

was 
shot 

f
r
o
m
 

a
n
y
 

d
i
r
e
c
t
i
o
n
 

e
x
c
e
n
t
 

the 
r
e
a
r
.
 

OD 
"I 

did 
not," 

r
e
o
l
i
e
d
 

S
h
a
n
e
y
f
e
l
t
.
 

Cser 
then 

took 
the 

w
i
t
n
e
s
s
,
 

a
s
k
i
n
g
,
 

“
A
c
c
o
r
d
i
n
g
 

to 
F
r
a
m
e
 

313, 
did 

you 
m
e
a
s
u
r
e
 

the 
d
i
s
t
a
n
c
e
 

f
r
o
m
 

the 
b
a
c
k
 

of 
the 

car 
and 

P
r
e
s
i
d
o
n
t
 

K
e
n
n
e
d
y
'
s
 

s
h
o
u
l
d
e
r
s
 

to 
the 

b
o
o
k
 

d
e
p
o
s
i
t
o
r
y
 

w
i
n
d
o
w
?
"
 

"No," 
renlied 

Shaneyfelt, 
Q 

~- 
Did 

you 
m
e
a
s
u
r
e
 

the 
d
i
s
t
a
n
c
e
 

f
r
o
m
 

the 
b
a
c
k
 

of 
/
r
e
s
i
d
e
n
t
 
K
e
n
n
e
d
y
 

and 
the 

b
a
c
k
 

of 
the 

seat 
at 

F
r
a
m
e
 

314 
to. 

the 
w
i
n
d
o
w
 

at 
any 

t
i
m
e
’
 

A 
- 

7 
did 

not 
U
s
e
r
 

then 
t
e
n
d
e
r
e
d
 

the 
w
i
t
n
e
s
s
 

b
a
c
k
 

to 
D
y
m
o
n
d
.
 

Q 
- 

You 
have 

said 
you 

did 
not 

m
e
a
s
u
r
e
 

the 
d
i
s
t
a
n
c
e
 

from 
w
h
e
r
e
 

f
r
e
s
i
d
e
n
t
 

K
e
n
n
e
d
y
 

sat 
to 

the 
w
i
n
d
o
w
,
 

Did 
you 

take 
t
h
e
s
e
 

d
i
s
t
a
n
c
e
s
 

into 
a
c
c
o
u
n
t
?
 

A 
- 

Yes. 
All 

of 
t
h
e
 
s
t
u
d
i
e
s
 

T 
m
a
d
e
 

of 
the 

Z
a
v
r
u
d
e
r
 

film 
took 

into 
a
c
c
o
u
n
t
 

e
v
e
r
y
t
h
i
n
g
 

I 
could 

rossibly 
find 

to 
examine...., 

Q 
- 

Did 
you 

finc: 
snr 

p
h
o
t
o
g
r
a
x
n
h
n
i
e
 

e
v
i
d
e
n
c
e
 

of 
w
n
a
t
 

d
i
r
e
c
t
i
o
n
 

the 
shots 

that 
hit 

:
r
e
s
i
d
e
n
t
 
H
e
n
n
e
d
y
 

cane 
Prom’ 

A 
- 

Yes, 
C
b
d
v
i
o
u
s
l
y
,
 

the 
m
a
i
n
 

s
e
a
r
c
h
 

of 
t
h
e
e
 

hae: 
pues 

e
n
e
 

x
e
n
n
e
d
y
 

an 
the 

back 
and 

In 
F
r
a
m
e
 

313, 
the M

i
a
 
a
e
 

of 
that 

r 

of 
h
i
s
 } 

- 
A4¥,2 

t
h
r
o
u
g
h
 

the 
air, 

f
l
y
i
n
g
 

f
o
r
w
a
r
d
,
 

To 
me, 

as 
a 

l
a
y
m
a
n
 

w
i
t
h
 

no 
k
n
o
w
l
e
d
g
e
 

of 
b
a
l
l
i
s
t
i
c
s
,
 

t
h
i
s
 

has 
to 

m
e
a
n
 

cee. 
Cser 

i
n
t
e
r
r
u
v
t
e
d
 

to 
note 

that 
S
h
a
n
e
y
f
e
l
t
 

had 
not 

b
e
e
n
 

e
n
t
e
r
e
d
 

as 
a 

b
a
l
l
i
s
t
i
c
s
 

e
x
p
e
r
t
 

and 
c
o
u
l
d
 

not 
s
p
e
a
k
 

as 
one. 

J
u
d
g
e
 

H
a
c
z
e
r
t
y
 

i
n
s
t
r
u
c
t
e
d
 

S
h
a
n
e
y
f
e
l
t
 

to 
s
p
e
a
k
 

f
r
o
m
 

his 
v
i
e
w
 

as 
a 

p
h
o
t
o
g
r
a
p
h
i
c
 

e
x
e
r
t
,
 

"As 
a 

p
h
o
t
o
g
r
a
p
h
i
c
 

expert, 
my 

impression 
is 

that 
the 

shots 
came 

from 
the 

rear," 
said 

Shaneyfelt. 
D
y
m
o
n
d
 

c
o
n
t
i
n
u
e
d
 

his 
c
r
o
s
s
-
e
x
a
m
i
n
a
t
i
o
n
.
 

Q
-
 

Mr, 
S
h
a
n
e
y
f
e
l
t
,
 

in 
a
r
r
i
v
i
n
g
 

at 
this 

c
o
n
c
l
u
s
i
o
n
,
 

did 
you 

take 
into 

a
c
c
o
u
n
t
 

the 
m
o
v
e
m
e
n
t
s
 

of 
F
r
e
s
i
d
e
n
t
 
K
e
n
n
e
d
y
'
s
 

b
o
d
y
 

in 
f
r
a
m
e
 

313? 
A 

- 
No, 

in 
f
r
a
m
e
 

313 
t
h
e
r
e
 

is 
no 

m
o
v
e
m
e
n
t
.
 

Q 
- 

What 
a
b
o
u
t
 

the 
f
r
a
m
e
s
 

b
e
f
o
r
e
 

and 
a
f
t
e
r
 

f
r
a
m
e
 

3137 
A 

- 
No. 

I 
did 

not 
take 

account 
of 

movements 
of 

the 
body, 

but 
used 

the 
explosion 

of 
Fresident 

Kennedy's 
head, 

Q 
- 

in 
these 

frames, 
would 

you 
identify 

material 
streaking 

through 
the 

air? 
A 

- 
Ho. 

J 
c
o
u
l
d
 

not 
i
d
e
n
t
i
f
y
 

then. 
‘There 

was 
s
o
m
e
t
h
 ring 

pink 
s
t
r
e
a
k
i
n
g
 

d
i
r
e
c
t
l
y
 

f
o
r
w
a
r
d
 

and 
s
o
m
e
t
h
i
n
g
 

p
e
r
v
e
n
d
i
c
u
l
a
r
,
 

but 
also 

f
o
r
w
a
r
d
,
 

At 
this 

p
o
i
n
t
 

S
h
a
n
e
y
f
e
l
t
 

was 
e
x
c
u
s
e
d
.
.
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