
r 
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H
S
 C

 V
O

L
 

7
-F

 fc—I
 

C
om

m
ission? 

ex
p
ert o

p
in

io
n
, d

id
 th

e F
B

I d
o
 an

 ad
eq

u
ate jo

b
 in

 th
eir b

allistics 
test after th

e d
eath

 o
f P

resid
en

t K
en

n
ed

y
 an

d
 fo

r th
e W

arren
 

explanation of? 
to

d
ay

 th
at y

o
u
 w

o
u
ld

 lik
e to

 co
m

m
en

t o
n
 o

r m
ak

e an
y
 ex

tra 
rev

o
lv

ers relatin
g
 to

 an
y
 o

f th
e testim

o
n
y
 th

at h
as b

een
 g

iv
en

 
m

em
bers: Is there anything related to the rifle or either of the tw

o 

olar. 
E

D
G

A
R

. T
h
an

k
 y

o
u
. L

et m
e ju

st ask
 each

 o
f y

o
u
 as p

an
el 

M
r. 

E
D

G
A

R
. 

L
et m

e ask
 y

o
u
 o

n
e fin

al q
u
estio

n
, th

en
. In

 y
o
u
r 

M
r. C

H
A

M
P

A
G

N
E

. N
o, sir. 

M
r. 

C
H

A
M

P
A

G
N

E
. I w

o
u
ld

 say
, co

n
sid

erin
g
 th

e p
ressu

res at th
e 

tim
e, the F

B
I did a very good job. 

M
r. E

D
G

A
R

. A
re th

ere an
y
 tests th

at y
o
u
 w

o
u
ld

 h
av

e d
o
n
e at th

e 
tim

e that w
ere not done? 

M
r. C

H
A

M
P

A
G

N
E

. N
o, sir. 	

. 
M

r. 
E

D
G

A
R

. T
h
an

k
 y

o
u
. M

r. C
h
airm

an
, I h

av
e n

o
 fu

rth
er q

u
es-

tions. 
C

hairm
an 

ST
O

K
E

S. T
h
e tim

e o
f th

e g
en

tlem
an

 h
as ex

p
ired

. T
h
e 

C
hair recognizes the gentlem

an from
 Indiana, M

r. F
ithian. 

M
r. 

F
IT

H
IA

N
. T

h
an

k
 y

o
u
, M

r. C
h
airm

an
. I w

o
n
d
er if th

e p
an

el, 
any one of all of you, w

ould com
m

ent on w
hat has been one of the 

w
idely w

ritten about and discussed features of the actual shooting. 
A

s I u
n
d
erstan

d
 it, th

e d
istan

ce fro
m

 th
e w

in
d
o
w

 w
h
ere O

sw
ald

 
w

as su
p
p
o
sed

 to
 h

av
e b

een
 lo

cated
 to

 th
e P

resid
en

t w
as 1

6
5
 feet. 

W
ith

 th
at w

eap
o
n
 w

h
ich

 y
o
u
 n

o
w

 h
av

e in
sp

ected
 an

d
 test fired

, 
how

 difficult a shot is it w
ith the scope or w

ithout the scope, sort of 
from

 left to right? 
M

r. 
L

U
T

Z
. T

h
e an

sw
er I w

o
u
ld

 g
iv

e, I b
eliev

e, w
o
u
ld

 b
e th

at it 
w

o
u
ld

 n
o
t ap

p
ear to

 b
e a d

ifficu
lt sh

o
t w

ith
 eith

er d
ev

ice w
ith

 
reaso

n
ab

le train
in

g
 o

r a reaso
n
ab

le cap
ab

ility
 o

f a firer th
at w

as 
fam

iliar w
ith that firearm

. 
I 

p
erso

n
ally

 feel th
at th

e iro
n
 sig

h
ts w

o
u
ld

 h
av

e p
ro

v
id

ed
 a 

b
etter cap

ab
ility

 b
ecau

se o
f th

e p
ro

b
lem

s o
f sig

h
tin

g
 th

ro
u
g
h
 th

e 
o
th

er d
ev

ice, th
ro

u
g
h
-th

e telesco
p
ic sig

h
t, b

u
t I feel th

at it co
u
ld

 
have very easily been accom

plished from
 that distancae w

ith that 
rifle. 

M
r. F

IT
H

IA
N

. A
n
d
 w

ith
 th

e car m
o
v
in

g
 at th

e estim
ated

 sp
eed

? 
M

r. 
L

U
T

Z
. 

F
ro

m
 th

e d
ata I h

av
e ab

o
u
t th

e m
o
v
em

en
t o

f th
e 

v
eh

icle an
d
 th

e sp
eed

s in
v
o
lv

ed
, I still feel th

at it w
o
u
ld

 n
o
t h

av
e 

been a difficult target at that distance. 
M

r. 
F

IT
H

IA
N

. Is th
ere an

y
 o

th
er m

em
b
er o

f tlit p
an

el w
h
o
 b

e-
lieves that it w

ould be som
ehow

 an exceptional feat to have hit the 
target from

 that range? 
M

r. B
A

T
E

S
. I don't believe so, no. 

M
r. C

H
A

M
P

A
G

N
E

. N
o, sir. 

M
r. F

IT
H

IA
N

. M
r. N

ew
quist stated, I believe, that the panel could 

n
o
t m

atch
 th

eir o
w

n
 test•fired

 b
u
llets w

ith
 eith

er th
e F

B
I's tests 

from
 1963—

m
aybe I rnisnderstood this—

or the so-called pristine 
b
u
llet th

at h
as b

een
 so

 m
u
ch

 talk
ed

 ab
o
u
t an

d
 th

e b
u
llet frag

-
m

ents rem
oved from

 the lim
ousine? 

O
ne of the reasons theorized that a m

atch could not be m
ade w

as 
th

at th
e rifle h

ad
 b

een
 fired

 to
o
 o

ften
, so

m
eh

o
w

 d
estro

y
in

g
 

o
r 

altering the land-and-groove m
arkings. D

oes anyone on the panel 
know

 how
 m

any tim
es the w

eapon w
as fired by the F

B
I?  
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M
r. B

A
T

E
S

. N
o; I do not. 

M
r. 

C
H

A
M

P
A

G
N

E
. A

re y
o
u
 referrin

g
 ju

st to
 th

e F
B

I firin
g
 it o

r 
the num

ber of tim
es it w

as actually fired? 
M

r. F
Im

L
A

N
. I w

as just going in the order I though: it w
as fired

 
o
n
ce it w

as acquired by the F
B

I and then by the com
m

ittee panel 
and by anybody else. I w

as trying to get at how
 m

uch actual w
ear 

and alteration there has been. 
L

et m
e rephrase the question. I am

 inform
ed by our counsel that 

th
e w

eap
o
n
 h

as b
een

 fired
 o

v
er 1

0
0
 tim

es. Is th
at su

fficien
t w

ear 
th

at it w
o
u
ld

 sig
n
ifican

tly
 alter th

e m
ark

in
g
s an

d
 :h

e id
en

tifica-
tions? 

M
r. C

H
A

M
P

A
G

N
E

. Y
es; I th

in
k
 w

ith
 th

is ty
p
e o

f w
eap

o
n
 an

d
 th

e 
ty

p
e o

f b
u
llets in

v
o
lv

ed
, th

at it is. I th
in

k
 th

at p
ro

b
ab

ly
 th

e 
w

eapon has been fired m
ore than 100 tim

es. 
M

r. F
IT

H
IA

N
. M

r. C
hairm

an, I have no other questions of this 
panel. 

C
hairm

an ST
O

K
E

S. T
he tim

e of the gentlem
an has expired. 

G
en

tlem
en

, an
y
 w

itn
esses ap

p
earin

g
 b

efo
re th

is co
m

m
ittee are 

entitled, after they have concluded their testim
ony, to 5 additional 

m
in

u
tes in

 w
h
ich

 to
 ex

p
lain

, am
p
lify

, o
r in

 an
y
 m

an
n
er ex

p
an

d
 

u
p
o
n
 th

eir testim
o
n
y
. O

n
 b

eh
alf o

f th
e co

m
m

ittee I at th
is tim

e 
ex

ten
d
 to

 y
o
u
 5

 m
in

u
tes in

 w
h
ich

 an
y
 o

f y
o
u
 m

ay
 m

ak
e an

y
 

com
m

ents you so desire. 
M

r. L
u
zz. I d

o
n
't b

eliev
e th

ere is an
y
 fu

rth
er ex

p
an

d
in

g
 o

n
 th

e 
ex

am
in

atio
n
s th

at w
e h

av
e co

n
d
u
cted

. I th
in

k
 w

e feel th
at th

ey
 

have been as thorough as could have possibly been done. W
e have 

been given the opportunity to exam
ine every piece of evidence that 

w
e asked for. W

e didn't have any restrictions. W
e w

eren't bound to 
co

m
e u

p
 w

ith
 a p

articu
lar fin

d
in

g
. S

o
 I th

in
k
 in

 th
at resp

ect w
e 

h
av

e b
een

 v
ery

 fo
rtu

n
ate to

 co
n
d
u
ct an

 o
b
jectiv

e ex
am

in
atio

n
. 

I also
 w

o
u
ld

 lik
e to

 ex
p
ress o

n
 b

eh
alf o

f th
e en

tire p
an

el th
e 

thanks to our ow
n em

ployers, the S
tate of W

isconsin, the S
tate of 

F
lorida, the S

tate of Iow
a, the S

tate of N
ew

 Y
ork, and the M

etro-
politan P

olice D
epartm

ent of the D
istrict of C

olum
bia for allow

ing 
u
s to

 p
articip

ate in
 th

is p
an

el. I w
o
u
ld

 lik
e fu

rth
er to

 ex
ten

d
 o

n
 

b
eh

alf o
f th

e en
tire p

an
el o

u
r ap

p
reciatio

n
 to

 th
e staff o

f th
e 

com
m

ittee, for the assistance they have given us and especially to 
th

an
k
 th

e co
m

m
ittee itself fo

r th
e p

riv
ileg

e an
d
 th

e h
o
n
o
r o

f ap
-

pearing before it. 
C

hairm
an ST

O
K

E
S. W

e certainly deem
 ourselves fortunate to have 

had such a distinguished panel of experts lend their services to this 
cau

se. W
e ap

p
reciate all th

e tim
e th

at y
o
u
 h

av
e ex

p
en

d
ed

 o
n
 

b
eh

alf o
f th

e rep
o
rt th

at y
o
u
 h

av
e b

ro
u
g
h
t to

 th
e co

m
m

ittee an
d
 

th
e testim

o
n
y
 y

o
u
 h

av
e g

iv
en

 u
s h

ere to
d
ay

. W
e ex

p
ress at th

is 
tim

e our very deep appreciation to each of you for the services that 
you have rendered. T

hank you. 
T

he C
hair recognizes P

rofessor B
lakey. 

N
A

R
R

A
T

IO
N

 B
Y

 G
. R

O
B

E
R

T
 B

L
A

K
E

Y
. C

H
IE

F
 C

O
U

N
S

E
L

 A
N

D
 

_
 - S

T
A

F
F

 D
IR

E
C

T
O

R
 

M
r. 

B
L

A
K

E
Y

. T
h
an

k
 y

o
u
, M

r. C
h
airm

an
. M

r. C
h
airm

an
. th

ere 
have been several prior attem

pts to analyze m
issiles and fragm

ents 
recovered from

 the assassination from
 the standpoint of their m

c- 
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-I  tallic m

ak
eu

p
 to

 d
eterm

in
e, fo

r o
n
e p

o
ssib

ility
, if th

ey
 h

av
e a 

com
m

on origin. 
In N

ovem
ber and D

ecem
ber 1963 the F

B
I applied to the evidence 

sam
ples a technique called em

ission spectography. It is a process in 
w

h
ich

 th
e sam

p
les are su

b
jected

 to
 in

ten
se h

eat an
d
 th

eir m
etallic 

co
m

p
o
sitio

n
 is d

eterm
in

ed
 b

y
 th

e co
lo

r o
f th

e g
as th

at is th
en

 
em

itted
. E

m
issio

n
 sp

ecto
g
rap

h
y
, h

o
w

ev
er, is n

o
t h

ig
h
ly

 sen
sitiv

e 
and the tests w

ere deem
ed by the F

B
I inconclusive. 

In M
ay 1964 the F

B
I also perform

ed neutron activation analysis 
on som

e of the sam
ples. T

hat is a nuclear m
ethod to determ

ine the 
elem

en
ts p

resen
t. A

n
 an

aly
sis o

f trace elem
en

ts fo
u
n
d
 in

 th
e 

sam
p
le o

f sim
ilar m

aterials—
fo

r ex
am

p
le, b

u
llet lead

—
en

ab
les a 

highly trained scientist to com
e to a conclusion as to the probabil-

ity of thesam
ples having a com

m
on origin. 

N
ev

erth
eless, "in

co
n
clu

siv
e" w

as also
 th

e term
 u

sed
 b

y
 th

e F
B

I 
to describe its neutron activation analysis. T

he report it subm
itted 

to
 th

e W
arren

 C
o
m

m
issio

n
 stated

 th
at th

e tests w
o
u
ld

 n
o
t, q

u
o
te, 

,*
p
erm

it p
o
sitiv

ely
 d

ifferen
tiatin

g
 am

o
n
g
 th

e larg
er b

u
llet frag

-
m

en
ts an

d
 th

u
s p

o
sitiv

ely
 d

eterm
in

in
g
 fro

m
 w

h
ich

 o
f th

e larg
er 

b
u
llet frag

m
en

ts an
y
 g

iv
en

 sm
all lead

 frag
m

en
t m

ay
 h

av
e co

m
e," 

unquote. 
T

he W
arren C

om
m

ission did not divulge that the neutron activa-
tion analysis had taken place in its final report. Indeed the fact did 
not becom

e public until the early 1970's. 
H

o
p
efu

l th
at n

ew
 tests m

ig
h
t su

cceed
 w

h
ere o

ld
 effo

rts h
ad

 
failed

, th
e co

m
m

ittee en
g
ag

ed
 as a co

n
su

ltan
t D

r. V
in

cen
t P

. 
G

u
in

n
, p

ro
fesso

r o
f ch

em
istry

 at th
e U

n
iv

ersity
 o

f C
alifo

rn
ia at 

Irv
in

e. D
r. G

u
in

n
 h

ad
 n

o
 relatio

n
 to

 th
e W

arren
 C

o
m

m
issio

n
. D

r. 
G

uinn analyzed the assassination evidence sam
ples as w

ell as the 
bullet allegedly fired at G

eneral W
alker. 

In
 h

is ex
p
erim

en
ts, D

r. G
u
in

n
 u

sed
 a h

ig
h
 reso

lu
tio

n
 lith

iu
m

-
drifted germ

anium
 detector, a device that is far m

ore sensitive, and 
h
o
p
efu

lly
 accu

rate, th
an

 th
e o

n
e u

sed
 fo

r th
e F

B
I test in

 1
9
6
4
. 

D
r. G

u
in

n
 receiv

ed
 an

 A
.B

. an
d
 an

 M
.S

. d
eg

ree in
 ch

em
istry

 
from

 the U
niversity of S

outhern C
alifornia in 1939 and 1941 and a 

P
h. D

. in physical chem
istry from

 H
arvard U

niversity in 1949. D
r. 

G
uinn studied radioisotopes at the O

ak R
idge Institute of N

uclear 
S

tudies, O
ak R

idge, T
enn., in 1952. H

e is a fellow
 of the A

m
erican 

N
uclear S

ociety, the A
m

erican A
cadem

y of F
orensic S

cientists, and 
he is a m

em
ber of the A

m
erican C

hem
ical S

ociety. 
D

r. G
uinn has published num

erous scientific articles in the area 
of activation analysis and forensic chem

istry. H
e hat' served as an 

adviser to such agencies as the A
tom

ic E
nergy C

om
m

ission and he 
has m

ade a training film
 on neutron activation analysis w

hich is in 
w

ide use today. 
It w

o
u
ld

 b
e ap

p
ro

p
riate, M

r. C
h
airm

an
, at th

is tim
e to

 call D
r. 

G
uinn. 
C

hairm
an ST

O
K

E
S. T

he com
m

ittee calls D
r. G

uinn. 
S

ir, w
o
u
ld

 y
o
u
 p

lease stan
d
 an

d
 raise y

o
u
r rig

h
t h

an
d
 an

d
 b

e 
sw

orn. 
D

o you solem
nly sw

eari the testim
ony you w

ill give before this. 
co

m
m

ittee is th
e tru

th
, th

e w
h
o
le tru

th
 an

d
 n

o
th

in
g
 b

u
t th

e tru
th

, 
so help you G

od'? 
D

r. G
IA

N
N

. Y
es. I do.  

C
hairm

an ST
O

K
E

S. T
hank you. Y

ou m
ay be seated. 

T
he C

hair recognizes com
m

ittee counsel Jim
 W

olf. 
T

E
ST

IM
O

N
Y

 O
F D

R
. V

IN
C

E
N

T
 P. G

U
IN

N
 

M
r. W

O
L

F
. F

or the record, could you please state your full nam
e? 

D
r. G

U
IN

N
. V

incent P
. G

uinn. 
M

r. W
ocr. W

here are you currently em
ployed? 

D
r. G

U
IN

N
. A

s a professor of chem
istry, U

niversity of C
alifornia, 

Irvine cam
pus. 

M
r. W

O
L

F
. 

A
re y

o
u
 fam

iliar w
ith

 th
e tech

n
iq

u
e o

f an
aly

sis o
f 

evidence sam
ples know

n as neutron activation analysis? 
D

r. Q
U

IN
N

. Y
es; I have been involved in such w

ork for over 20 
years. 

M
r. W

O
L

F
. W

hen did you first personally perform
 this technique? 

D
r. G

U
IN

N
. A

bout 1956. 
M

r. W
O

L
F

. H
ave you testified in legal proceedings before on the 

ap
p
licab

ility
 o

f n
eu

tro
n
 activ

atio
n
 an

aly
sis to

 ev
id

en
ce sam

p
les? 

D
r. G

U
IN

N
. Y

es, on m
any occasions. 

M
r. W

o
ta. D

id
 y

o
u
 testify

 in
 th

e cap
acity

 as an
 ex

p
ert w

itn
ess? 

D
r. G

U
IN

N
. Y

es. 
M

r. 
W

O
L

F
. In

 y
o
u
r cap

acity
 as an

 ex
p
ert w

itn
ess d

id
 y

o
u
 b

o
th

 
testify as to sam

ples you had analyzed and perform
ed the analysis 

on as w
ell as an evaluation of analyses that other people had done? 

D
r. G

U
IN

N
. Y

es, both of them
. 

M
r. W

ord. A
pproxim

ately how
 m

any tim
es have you testified in 

your capacity as an expert w
itness? 

D
r. G

U
IN

N
. I w

ould say approxim
ately 50 tim

es. 
M

n 
W

O
L

F
. G

enerally, D
r. G

uinn, w
hy w

ould one subject an evi-
dence sam

ple to neutron activation analysis? 
D

r. G
U

IN
N

. It d
ep

en
d
s o

n
 th

e k
in

d
 o

f ev
id

en
ce sam

p
le, b

u
t fo

r 
m

an
y
 k

in
d
s th

e p
u
rp

o
se is to

 d
etect v

ario
u
s elem

en
ts in

 th
e sam

- 
ples and com

pare specim
ens to see if they are sufficiently sim

ilar 
in

 co
m

p
o
sitio

n
 th

at it in
d
icates a h

ig
h
 p

ro
b
ab

ility
 o

f co
m

m
o
n
 

origin or, if they differ w
idely, a definite probability of noncom

m
on 

origin. 
M

r. W
O

L
F

. So it m
ay be possible, by neutron activation analysis, 

to determ
ine if tw

o or m
ore unknow

n evidence specim
ens are from

 
the sam

e batch or item
, is that correct? 

D
r. Q

U
IN

N
. T

hat is correct. 
M

r. W
O

L
F

. T
o
 u

se an
 ex

am
p
le, if a crim

e h
ad

 b
een

 co
m

m
itted

 
an

d
 th

e v
ictim

 h
it o

v
er th

e h
ead

 w
ith

 an
 ax

, an
d
 m

etal frag
m

en
ts 

w
ere found in the skull of the victim

, m
ight you be able to analyze 

th
e m

etal frag
m

en
ts fo

u
n
d
 in

 th
e sk

u
ll to

 see if th
ey

 m
atch

ed
 th

e 
ty

p
e o

f ax
 th

at w
as fo

u
n
d
 in

 a p
articu

lar p
erso

n
's h

o
u
se w

h
o
 is 

accused of that crim
e? 

D
r. G

U
IN

N
. Y

es; if one found the sam
e elem

ents at approxim
ate-

ly
 th

e sam
e co

n
cen

tratio
n
s in

 b
o
th

, y
o
u
 co

u
ld

 estab
lish

 th
at th

ere 
w

as a g
o
o
d
 p

ro
b
ab

ility
 th

at it cam
e fro

m
 th

e sam
e ty

p
e o

f ax
. It 

w
ouldn t identify that particular ax because there m

ight have been 
a h

u
n
d
red

 o
r so

 m
ad

e o
f th

e sam
e b

atch
 o

f m
etal b

u
t it w

o
u
ld

 
establish that particular brand and production lot perhaps. 

M
r. W

O
L

F
. Is it easier F

or you to state your conclusion that tw
o 

o
b
jects are alik

e o
r is it easier to

 estab
lish

 th
e co

n
clu

sio
n
 th

e tw
o
 

item
s are not alike? 



4V
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D
r. G

U
IN

N
. It is m

uch easier to exclude; if you find tw
o sam

ples 
that differ m

arkedly, it is easy to say definitively they did not have 
a co

m
m

o
n
 o

rig
in

. If th
ey

 lo
o
k
 sim

ilar in
 co

m
p
o
sitio

n
, th

en
 y

o
u
r 

first statem
en

t is: "T
h
ey

 m
ay

 h
av

e a co
m

m
o
n
 o

rig
in

," an
d
 y

o
u
 

have to look m
ore carefully and look at background data that you 

have obtained on such m
aterials to try to even estim

ate a probabil-
ity that they really do have a com

m
on origin. 

M
r. 

W
O

L
F

. 
B

riefly
, D

r. G
u
in

n
, I w

o
u
ld

 lik
e to

 ask
 y

o
u
 a few

 
general questions about procedures one w

ould em
ploy to do a neu-

tron activation analysis. If, for exam
ple, you had a m

etal specim
en 

to test, w
hat w

ould you do to that m
etal specim

en to prepare it for 
testing? 

D
r. G

utstx. O
n m

any kinds of sam
ples it is necessary to rem

ove, 
as best you can, any external contam

ination, dust, m
oisture, or salt 

from
 handling and perspiration. Y

ou m
ay have to w

ash them
, then 

d
ry

 th
em

, an
d
 so

 o
n
, ju

st to
 g

et rid
 o

f ex
tern

al, ex
tran

eo
u
s co

n
-

tam
ination that w

ould otherw
ise change the m

easured com
position 

from
 w

hat the real m
aterial w

as. T
hat is quite com

m
on. 

M
r. 

W
O

L
F

. A
fter p

rep
arin

g
 th

e sam
p
le, y

o
u
 w

o
u
ld

 th
en

 in
sert 

that sam
ple in a nuclear reactor, is that correct? 

D
r. G

U
IN

N
. Y

ou norm
ally place the individual sam

ples in sm
all 

plastic (polyethylene) vials as a container and, of course, you put 
that into the nuclear reactor. 

M
r. 

W
O

L
F

. A
n
d
 th

e sam
p
le w

o
u
ld

 b
e m

ad
e rad

io
activ

e after it 
w

as placed in the nuclear reactor, is that correct? 
D

r. 
G

U
IN

N
. Y

es; in
 th

e reacto
r th

e p
u
rp

o
se is to

 b
o
m

b
ard

 th
e 

sam
p
le w

ith
 n

eu
tro

n
s. T

h
e n

eu
tro

n
s—

so
m

e o
f th

em
 g

et cap
tu

red
 

b
y
 th

e n
u
clei o

f th
e d

ifferen
t k

in
d
s o

f ato
m

s in
 th

e sam
p
le, an

d
 

that m
akes som

e of these radioactive. S
o w

hen the sam
ple com

es 
out—

particularly m
etal sam

ples—
there is no change in w

eight that 
you can m

easure, there is no change in appearance, but the sam
ple 

is n
o
w

 rad
io

activ
e an

d
 y

o
u
 can

 th
en

 test it w
ith

 su
itab

le co
u
n
tin

g
 

equipm
ent. 

M
r. 

W
O

L
F

. 
N

o
w

, rad
io

activ
e m

aterials d
ecay

, is th
at co

rrect? 
D

r. G
u
irese Y

es. D
ifferen

t rad
io

iso
to

p
es h

av
e d

ifferen
t rates o

f 
decay. 

M
r. W

O
L

F
. C

an you explain in laym
an's term

s w
hat "radioactive 

decay" m
eans? 

D
r. G

m
-sm

. "R
ad

io
activ

e d
ecay

" m
ean

s th
at an

 ev
en

t o
ccu

rs in
 

th
e n

u
cleu

s o
f an

 ato
m

 resu
ltin

g
 in

 it releasin
g
 en

erg
y
 an

d
 p

en
e-

tratin
g
 rad

iatio
n
 an

d
/o

r a p
article su

ch
 as a b

eta p
actbicle, w

hich is 
a h

ig
h
-en

erg
y
 electro

n
. In

 th
e p

ro
cess, it ch

an
g
es n

o
rm

ally
 to

 a 
stable isotope, of the next elem

ent in the case of beta-m
inus em

is-
sion. T

he process of that decay is called "radioactivity" or "radioac-
tive decay. 

S
o
m

e elem
en

ts h
av

e a n
u
m

b
er o

f d
ifferen

t rad
io

iso
to

p
es th

at 
h
av

e b
een

 m
ad

e in
 th

e reacto
r w

ith
 n

eu
tro

n
s. S

o
m

e o
f th

em
 w

ill 
o
n
ly

 fo
rm

 o
n
e rad

io
iso

to
p
e; so

m
e w

ill fo
rm

 tw
o
 o

r th
ree. T

h
e 

radioisotopes of different .elem
ents are characterized by the ener-

gies of the radiations that', they em
it in the process of decaying and 

also
 b

y
 th

eir h
alf-liv

es, v
ith

ich
 is a m

easu
re o

f h
o
w

- rap
id

ly
 th

ey
 

decay aw
ay. 

M
r. S

lim
y
. Y

o
u
 are tellin

g
 u

s d
ifferen

t elem
en

ts h
av

e d
ifferen

t 
radioactive half-lives and, by detecting the radioactive decay of the  
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unknow
n sam

ple, you w
ould be able to identify the elem

ents pres-
ent in that sam

ple, is that correct? 
D

r. G
U

IN
N

. Y
es, particularly, in practice, by looking at the ener-

g
ies o

f th
e g

am
m

a ray
s th

at are em
itted

 b
y
 th

e sam
p
le, rath

er 
th

an
 actu

ally
 m

easu
rin

g
 th

e h
alflife. W

e m
ak

e u
se o

f th
e h

alflife 
but w

e don't usually actually m
easure it. 

M
r. W

O
L

F
. W

hat are som
e of the different types of m

aterials you 
have tested by neutron activation analysis for the purpose of com

-
parison? 

D
r. G

U
IN

N
. W

ell, alm
ost all the kinds of m

aterials you can think 
of that m

ay get involved in som
e kind of crim

inal case—
gunshot 

residues, bullet lead, glass, paint, paper, cloth, oil, greases, and so 
on and on and on. 

M
r. W

O
L

F
. H

ow
 m

any different types of bullets have you exam
-

ined by neutron activation analysis? 
D

r. 
G

U
IN

N
. A

pproxim
ately 165 different actual, know

n brands 
and know

n production lots of bullets. 
M

r. W
O

L
F

. W
ere these of different calibers as w

ell as m
anufac-

tu
rers? 
D

r. G
U

IN
N

. Y
es; they covered the full range of calibers as w

ell. 
M

r. W
O

L
F

. W
hat elem

ents have you found w
ere the m

ost distinct 
to distinguish am

ong different brands of bullets? 
D

r. G
um

 w
. L

ooking over all of the data that w
e have obtained 

and also other people have obtained w
ho have been using the sam

e 
general approach, w

e find there are three elem
ents that com

m
only 

sh
o
w

 u
p
 in

 b
u
llet lead

s b
u
t at w

id
ely

 d
ifferen

t co
n
cen

tratio
n
s, 

d
ep

en
d
in

g
 u

p
o
n
 w

h
ich

 b
u
llet lead

 it is. T
h
ese th

ree elem
en

ts ate 
antim

ony, silver, and copper. 
A

nd I w
o
u
ld

 say
 th

at th
at is ab

o
u
t th

e ap
p
ro

x
im

ate o
rd

er o
f 

im
portance—

that is, antim
ony being perhaps the m

ost inform
ative 

o
r th

e m
o
st critical elem

en
t to

 m
easu

re; silv
er, v

ery
 clo

se to
 it; 

copper, som
ew

hat less, though, m
ainly because copper w

ouldn't be 
so

 b
ad

 in
 an

d
 o

f itself b
u
t, in

 crim
in

al cases, y
o
u
 v

ery
 freq

u
en

tly
 

are lo
o
k
in

g
 at little b

its an
d
 p

ieces o
f b

u
llets, an

d
 th

e o
rig

in
al 

bullets w
ere copper-jacketed and that m

eans som
e of the fragm

ents 
you get m

ay have a little bit of copper im
bedded in them

 physically 
that you can't see and yet it w

ill show
 up m

arkedly in the analysis. 
S

o the copper num
bers can often bounce around. 

M
r. 

W
O

L
F

. 
A

re o
th

er elem
en

ts fo
u
n
d
 to

 b
e p

resen
t in

 b
u
llets 

w
hen you analyze them

, apart from
 antim

ony, silver, and copper? 
D

r. 
G

U
IN

N
. W

ell, m
an

y
 tim

es in
 b

u
llets, u

n
d
er th

e co
n
d
itio

n
s 

th
at w

e n
o
rm

ally
 u

se, y
o
u
 w

ill ju
st see those th

ree. V
ery

 o
ften

, 
u
n
less y

o
u
 v

ery
 carefu

lly
 clean

 th
em

, y
o
u
 w

ill fin
d
 a little b

it o
f 

sodium
 and a little bit of chlorine, com

ing from
 salt, w

hich m
ay be 

fro
m

 p
ersp

iratio
n
 if an

y
b
o
d
y
 h

as h
an

d
led

 th
e sp

ecim
en

s, o
r salt 

sp
ray

 in
 th

e air if it is an
y
w

h
ere n

ear th
e o

cean
, fo

r ex
am

p
le. 

O
ften you w

ill find a little trace of m
anganese, not so m

uch that it 
is com

m
on but w

e happen to be extrem
ely sensitive for m

anganese. 
T

he m
ain reason for using the activation analysis m

ethod is that 
it is an extrem

ely sensitive m
ethod. it w

ill detect very sm
all con- 

cen
tratio

n
s, b

u
t- it d

o
esn

 t h
av

e th
e sam

e sen
sitiv

ity
 fo

r all ele-
m

ents. S
om

e are far m
ore sensitive than others. S

o w
e som

etim
es 

see a little m
an

g
an

ese :  o
ccasio

n
ally

 a little alu
m

in
u
m

, o
n
ce in

 a 
w

hile som
e arsenic or tin. 
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T
h

at ab
o

u
t co

v
ers all o

f th
e elem

en
ts th

at w
e h

av
e ev

er seen
 in

 
all bullet leads. 

M
r. 

W
O

L
F

. H
ave you analyzed M

annlicher-C
arcano bullets pro-

duced by the W
estern C

artridge C
o. (W

C
C

)? 
D

r. G
U

IN
N

. Y
es, I have. 

M
r. W

O
L

F
. W

hen did you do these analyses? 
D

r. G
U

IN
N

. A
 num

ber of years ago. I believe I started doing the 
first an

aly
ses ab

o
u

t 1
9

7
3

. A
 co

lleag
u

e, n
o

t at Irv
in

e b
u

t at th
e 

U
niversity of K

ansas, D
r. John N

ichols, had been interested in the 
P

resid
en

t K
en

n
ed

y
 case fo

r q
u
ite so

m
e tim

e an
d
 h

e co
n
tacted

 m
e 

and said he had been able to acquire boxes of M
annlicher-C

arcano 
am

m
unition from

 the four production lots that had been produced 
b
y
 th

e W
C

C
, an

d
 h

e w
as w

o
n
d
erin

g
 if I w

o
u
ld

 b
e in

terested
 in

 
d
o
in

g
 an

aly
ses o

n
 th

em
 sin

ce I h
ad

 earlier an
aly

zed
 a lo

t o
f o

th
er 

kinds of bullets. I said yes, and I did, and w
e found som

e unusual 
features about W

C
C

 M
annlicher-C

arcano am
m

unition that show
ed 

it w
as different from

 m
ost kinds of bullets. 

M
r. W

ei's. P
rio

r to
 g

ettin
g

 in
to

 th
o

se featu
res, d

id
 y

o
u

 ex
am

in
e 

b
u

llets fro
m

 ev
ery

 lo
t p

ro
d

u
ced

 b
y

 th
e W

estern
 C

artrid
g

e C
o

.? 
D

r. G
U

IN
N

. Y
es. T

h
e W

estern
 C

artrid
g

e C
o

. rep
o

rted
ly

 m
ad

e 1
 

m
illion rounds of each of 4 production runs, lots 6,000, 6,001, 6,002, 

and 6,003. T
hey w

ere m
ade at different tim

es in 1954, and report-
edly those are the only lots they ever produced, and w

e had boxes 
from

 each of those lots. 
M

r. W
O

L
F

. A
ddressing your analyses, did you find W

C
C

 M
ann-

lich
er-C

arcan
o

 b
u

llets d
iffered

 fro
m

 m
o

st o
th

er b
u

llets y
o

u
 h

ad
 

analyzed? 
D

r. G
U

IN
N

. Y
es; they did. 

M
r. W

O
L

F
. H

ow
 did they differ? 

D
r. G

U
IN

N
. W

ell, as o
f th

e tim
e th

at I first m
easu

red
 th

em
, th

ey
 

had a low
er antim

ony content than I had encountered prior to that 
in

 m
o
st o

th
er b

u
llets, b

ecau
se a v

ery
 larg

e p
ercen

tag
e o

f b
u
llets 

y
o
u
 d

o
 lo

o
k
 at, co

m
m

ercial o
n
es, are h

ard
en

ed
 lead

, w
here they 

deliberatedly add anyw
here from

 half a percent up to perhaps 4 or 
5

 p
ercen

t an
tim

o
n

y
 to

 m
ak

e th
e lead

 m
u

ch
 h

ard
er. A

 v
ery

 larg
e 

p
ercen

tag
e o

f co
m

m
ercial b

u
llets d

o
 h

av
e h

ard
en

ed
 lead

. S
o

 w
e 

have usually found m
uch higher antim

ony levels than in the W
C

C
 

M
annlicher-C

arcano bullets. 
M

r. W
O

L
F

. A
nd W

C
C

 M
annlicher-C

arcano bullets are considered 
unhardened bullets. Is that correct? 

D
r. G

U
IN

N
. T

h
ey

 are d
efin

itely
 u

n
h
ard

en
ed

 b
u
ltits. T

h
at p

u
ts 

them
 dow

n m
uch low

er in antim
ony than m

ost bullets. 
S

u
b
seq

u
en

tly
 w

e—
in

 lo
o
k
in

g
 at a lo

t m
o
re b

ran
d
s in

 th
e in

ter-
im

—
did find som

e others that w
ere also low

, som
e of them

 low
er 

yet in antim
ony, but that w

as one unusual feature. 
T

h
e o

th
er u

n
u

su
al featu

re o
f th

e W
C

C
 M

an
n

lich
er-C

arcan
o

 is 
that there seem

s to be no uniform
ity w

ithin a production lot. T
hat 

is, ev
en

 w
h

en
 w

e w
o

u
ld

 tak
e a b

o
x

 o
f cartrid

g
es all fro

m
 a g

iv
en

 
p
ro

d
u
ctio

n
 lo

t, tak
e 1

 cartrid
g
e o

u
t an

d
 th

en
 an

o
th

er an
d
 th

en
 

an
o
th

er an
d
 th

en
 an

o
th

er. all o
u
t o

f th
e sam

e b
o
x
—

b
o
x
es o

f 2
0
,_

 
th

ese w
ere—

an
d
 an

aly
ie th

em
, th

ey
 all in

 g
en

eral lo
o
k
 d

ifferen
t 

and w
idely different. particularly in their antim

ony content. 
T

h
is is n

o
t tru

e of m
ost bullet leads that w

e have ever looked at 
before, w

hich are very uniform
. In general, if you take m

ost boxes  
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of am
m

unition—
and w

e published on this; it is in the literature—
tak

e a b
u

n
ch

 o
f th

em
 o

u
t, y

o
u

 can
't tell o

n
e fro

m
 th

e o
th

er. T
h

ey
 

all look like little carbon copies even to activation analysis, but not 
so w

ith the M
annlicher-C

arcano. 
M

r. W
O

L
F

. D
id any of the 165 know

n brands and lots of bullets 
y

o
u

 h
av

e p
rev

io
u

sly
 ex

am
in

ed
 h

av
e co

n
stitu

en
t ran

g
es th

at w
ere 

the sam
e as the W

C
C

 M
annlicher-C

arcano bullets _a their antim
o-

ny and silver characteristics? 
D

r. 
G

U
IN

N
. 

Y
es; th

e ran
g

e o
f th

e W
C

C
 M

an
n

lieh
er-C

arcan
o

s, 
esp

ecially
 in

 th
e an

tim
o
n
y
 co

n
ten

t, is so
 w

id
e th

s: it does encom
-

pass som
e of the others w

hich are dow
n at that low

 end; and out of 
165, there w

ere 4 different groups, .1 U
.S

. m
ade and 3 foreign m

ade, 
that fell som

ew
here in that range. 

M
r. W

O
L

F
. A

ddressing the w
ork you did for this com

m
ittee, D

r. 
G

uinn, w
here did you obtain the evidence sam

ples that you exam
-

ined for this com
m

ittee? 
D

r. G
U

IN
N

. W
ell, it w

as d
u
rin

g
 last y

ear. F
irst o

f all, w
e m

ad
e 

th
e arran

g
em

en
ts in

 ad
v
an

ce, an
d
 th

en
 in

 S
ep

tem
b
er o

f last y
ear 

M
r. Jam

es L
. G

ear o
f th

e N
atio

n
al A

rch
iv

es b
ro

u
g

h
t th

e sam
p

les 
out. H

e flew
 out w

ith them
 and brought them

 dow
n w

ith a couple 
of F

ederal guards, dow
n to the laboratory, m

y laboratory at Irvine. 
M

r. W
O

L
F

. A
ll th

e sam
p

les y
o

u
 ex

am
in

ed
 fo

r th
is co

m
m

ittee 
w

ere obtained from
 the N

ational A
rchives, is that correct? 

D
r. G

U
IN

N
. Y

es. 
M

r. W
O

L
F

. H
o
w

 m
an

y
 item

s w
ere b

ro
u
g
h
t to

 y
o
u
 fro

m
 th

e N
a-

tional A
rchives for you to first exam

ine? 
D

r. G
U

IN
N

. T
here w

ere 10 different specim
ens that had C

E
 auin-

b
ers an

d
/o

r F
B

I Q
 n

u
m

b
ers attach

ed
 to

 th
em

-1
0
 d

ifferen
t o

n
es. 

M
r. W

O
L

F
. D

id
 y

o
u

 test all th
ese 1

0
 d

ifferen
t item

s b
y

 n
eu

tro
n

 
activiation analysis? 

D
r. G

U
IN

N
. N

o
. T

h
e first th

in
g
 w

e d
id

 w
as fo

r m
e to

 lo
o
k
 o

v
er 

the sam
ples to see if they w

ere suitable for analysis—
if there w

as 
an

y
th

in
g
 left th

ere to
 an

aly
ze fo

r o
n
e th

in
g
, if an

 an
aly

zab
le 

sam
ple could be obtained. T

hree of them
 w

ere not suitable. 
M

r. W
O

L
F

. W
h

ich
 th

ree item
s w

ere n
o

t su
itab

le fo
r an

aly
sis? 

D
r. G

U
IN

N
. L

et m
e ju

st ch
eck

 so
 I can

 g
et th

e p
ro

p
er n

u
m

b
ers 

for them
. O

ne w
as the so-called D

allas curbing sam
ple. 

M
r. W

O
L

F
. Is that F

B
I N

o. Q
-609? 

D
r. G

U
IN

N
. Y

es; the F
B

I num
ber w

as Q
-609. T

hat w
as a piece of 

cu
rb

in
g
 th

at w
as cu

t aw
ay

 in
 D

ealey
 P

laza b
ecau

se it ap
p
eared

 
th

ere w
as a sm

ear th
at m

ig
h

t b
e fro

m
 a g

razin
g

 b
u

llet, an
d

 th
at 

w
as b

ro
u

g
h

t o
u

t to
 th

e lab
o

rato
ry

. B
u

t after lo
o

k
in

g
 at it, it w

as 
q

u
ite ap

p
aren

t th
at th

ere w
o

u
ld

 b
e n

o
 w

ay
—

it w
as ju

st h
ard

ly
 a 

visible sm
udge. T

o get a sam
ple rem

oved from
 it, you w

ould have 
to

 scrap
e it an

d
 y

o
u
 w

o
u
ld

 en
d
 u

p
 w

ith a sam
ple that w

as m
ostly 

cem
ent. 

Y
o
u
 m

ig
h
t b

e ab
le to

 d
etect a little an

tim
o
n
y
 o

r so
m

eth
in

g
 lik

e 
th

at, b
u

t y
o

u
 co

u
ld

 n
ev

er relate it to
 a p

articu
lar k

in
d

 o
f b

u
llet 

lead. T
his had beettscraped before by F

B
I to take th

eir sam
p

les for 
em

issio
n
 sp

ecto
g
rap

h
y
. an

d
 th

at is w
h
y
 p

ractically
 n

o
th

in
g
 w

as 
left. 

M
r. W

O
L

F
. W

hat are the other sam
ples that w

ere not suitable for 
analysis? 
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D
r. G

u
th

rie. A
n
o
th

er o
n
e w

as F
B

I Q
-3

, w
h
ich

 h
as a C

o
m

m
issio

n
 

n
u
m

b
er, C

E
-5

6
9
. T

h
at w

as rep
o
rted

ly
 a frag

m
en

t reco
v
ered

 fro
m

 
th

e fro
n

t seat o
f th

e D
allas lim

o
u

sin
e. 

M
r. W

O
L

F
. W

h
y
 w

as th
at n

o
t su

itab
le fo

r an
aly

sis? 
D

r. G
U

IN
N

. T
hat 

w
as a sizab

le frag
m

en
t, b

u
t it w

as o
n

ly
 th

e 
jack

et m
aterial. T

h
e lead

 th
at h

ad
 b

een
 in

sid
e o

f it w
as all g

o
n

e 
an

d
, sin

ce I w
as try

in
g
 to

 an
aly

ze b
u
llet lead

, n
o
t jack

et m
aterial, 

th
ere w

as n
o
th

in
g
 left in

 th
at o

n
e to

 an
aly

ze. 
M

r. W
O

L
F

. T
h

e th
ird

 item
 th

at w
as u

n
su

itab
le fo

r an
aly

sis w
as 

w
h
at? 

D
r. G

o
m

a. F
B

I Q
-1

5
, w

h
ich

' also
 h

as C
E

 N
o
. 8

4
1
. T

h
at w

as 
rep

o
rted

ly
 so

m
e v

ery
 tin

y
 p

articles scrap
ed

 fro
m

 th
e in

sid
e su

rface 
o

f th
e w

in
d

sh
ield

 o
f th

e D
allas lim

o
u

sin
e. A

p
p

aren
tly

 in
 th

e p
rev

i-
o
u
s F

B
I em

issio
n
 sp

ectro
g
rap

h
ic ex

am
in

atio
n
s th

at little b
it o

f 
m

aterial h
ad

 b
een

 co
m

p
letely

 u
sed

 u
p

. W
e o

p
en

ed
 th

e co
n

tain
er 

b
u
t w

e co
u
ld

 fin
d
 n

o
th

in
g
 in

 th
ere, n

o
tin

g
 in

 th
ere at all, ev

en
 w

ith
 

m
agnification. 
M

r. W
O

L
F

. A
d

d
ressin

g
 th

e item
s y

o
u

 d
id

 an
aly

ze fo
r th

e C
o

m
m

it-
tee, co

u
ld

 y
o
u
 d

escrib
e w

h
ere th

e tw
o
 item

s in
 w

h
at y

o
u
 h

av
e 

ch
aracterized

 as g
ro

u
p

 2
 w

ere fo
u

n
d

, C
o

m
m

issio
n

 ex
h

ib
it 5

7
3

 an
d

 
C

om
m

ission exhibit 141? 
D

r. G
U

IN
N

. Y
es; just for convenience of discussion I have grouped 

th
e sev

en
 sp

ecim
en

s th
at w

ere an
aly

zed
—

th
at I d

id
 an

aly
ze—

in
to

 
these tw

o groups. G
roup 2 consisted of just tw

o specim
ens: F

B
I Q

-8, 
w

h
ich

 also
 h

as th
e C

o
m

m
issio

n
 N

o
. C

E
-1

4
1

. T
h

at is w
h

at h
as b

een
 

referred
 to

 recen
tly

 h
ere, to

o
, as th

e co
m

p
lete, u

n
fired

 W
estern

 
C

artrid
g
e C

o
. 6

 lie-m
illim

eter cartrid
g
e rep

o
rted

ly
 fo

u
n
d
 in

 th
e 

ch
am

b
er o

f th
e M

an
n

lich
er-C

arcan
o

 rifle fo
u

n
d

 in
 th

e T
ex

as S
ch

o
o

l 
D

epository B
uilding on N

ovem
ber 22, 1963. 

M
r. W

O
L

F
. A

nd C
om

m
ission exhibit 573? 

D
r. G

im
es,. Y

es; C
o
m

m
isio

n
 ex

h
ib

it 5
7
3
 is th

e o
th

er o
n
e, w

h
ich

 
h
as an

 F
B

I n
u
m

b
er o

f Q
-1

8
8
 also

. It is a m
ash

ed
 b

u
llet still in

 tae 
jack

et, an
d

 it is th
e en

e th
at w

as rep
o

rted
ly

 fired
 at G

en
. E

d
w

in
 

W
alk

er in
 A

p
ril o

f 1
9
6
3
. I to

o
k
 sam

p
les o

f b
o
th

 o
f th

o
se, o

f th
e 

b
u
llet lead

, an
d
 an

aly
zed

 th
em

. 
M

r. 
W

O
L

F
. 

A
d
d
ressin

g
 th

e fiv
e ev

id
en

ce frag
m

en
ts w

h
ich

 y
o
u
 

ex
am

in
ed

 in
 w

h
ich

 y
o
u
 called

 g
ro

u
p
 1

, all o
f w

h
ich

 w
ere alleg

ed
ly

 
fo

u
n

d
 in

 o
r n

ear th
e o

ccu
p

an
ts o

f th
e P

resid
en

t's lim
o

u
sin

e, co
u

ld
 

y
o

u
 g

iv
e th

eir C
o

m
m

issio
n

 ex
h

ib
it n

u
m

b
ers an

d
 state w

h
ere th

ey
 

w
ere found, please? 

 
D

r. G
U

IN
N

. Y
es; th

e first o
n
e w

o
u
ld

 b
e C

o
m

m
issio

n
 ex

h
ib

it 3
9
9
. 

T
h
at is th

e sp
ecim

en
 o

ften
 referred

 to
 as th

e p
ristin

e b
u
llet, rep

o
rt-

e
d

ly
 fo

u
n

d
 o

n
 th

e
 stre

tc
h

e
r a

t P
a
rk

la
n

d
 M

e
m

o
ria

l H
o

sp
ita

l in
 

D
allas that afternoon of N

ovem
ber 22, 1963, 

[In
terru

p
tio

n
 fro

m
 th

e flo
o

r.] 
C

h
airm

an
 

ST
O

K
E

S. 
T

h
e
 g

e
n
tle

m
a
n
 in

 th
e
 re

a
r o

f th
e
 ro

o
m

 is 
req

u
ested

 to
 rem

o
v

e h
im

self fro
m

 th
e ro

o
m

. 
C

ounsel, you m
ay proceed. 

M
r. W

O
L

F
. D

r. G
u
t*

. if w
e co

u
ld

 ag
ain

 start w
ith

 th
e item

s th
at 

w
e h

av
e p

laced
 in

 g
ro

u
p
 1

 o
f th

e item
s, all fo

u
n
d
 in

 o
r n

ear th
e 

eccu
can

ts o
f th

e P
resid

en
t's lim

o
u
sin

e, an
d
 if y

o
u
 co

u
ld

 g
iv

e th
eir 

C
o

rru
n

issio
n

 ex
h

ib
it n

u
m

b
ers an

d
 th

e lo
catio

n
 w

h
ere th

ey
 

w
ere 

allegedly found.  
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D
r. Q

U
IN

N
. T

he first of the five w
as C

E
-399. T

hat is the so-called 
p
ristin

e b
u
llet rep

o
rted

ly
 fo

u
n
d
 o

n
 a stretch

er at P
ark

lan
d
 M

em
o
-

rial H
o
sp

ital in
 D

allas. T
h
e seco

n
d
 w

as C
o
m

m
issio

n
 ex

h
ib

it 5
6
7
. 

T
h

at w
as a m

ash
ed

 larg
e b

u
llet frag

m
en

t still in
 its jack

et rep
o

rt-
ed

ly
 reco

v
ered

 fro
m

 th
e fro

n
t seat o

f th
e D

allas lim
o
u
sin

e. 
T

h
e th

ird
 o

n
e, C

E
-8

4
3

, co
n

sisted
 o

f o
n

e larg
er frag

m
en

t an
d

 o
n

e 
sm

aller frag
m

en
t rep

o
rted

ly
 reco

v
ered

 fro
m

 P
resid

en
t K

en
n

ed
y

's 
b

rain
 at au

to
p

sy
. T

h
e fo

u
rth

 o
n

e w
as C

E
-8

4
2

, o
n

e larg
er frag

m
en

t 
an

d
 tw

o
 sm

aller o
n
es rep

o
rted

ly
 reco

v
ered

 fro
m

 G
o
v
ern

o
r C

o
n
n
al-

ly
's w

rist d
u
rin

g
 su

rg
ery

. A
n
d
 th

e fun o
n
e w

as C
E

-8
4
0
, frag

m
en

ts 
rep

o
rted

ly
 reco

v
ered

 fro
m

 th
e rear flo

o
r o

f th
e D

allas lim
o

u
sin

e. 
M

r. W
O

L
F

. W
as th

ere an
y

 lead
 o

n
 an

y
 o

f th
e ev

id
en

ce sam
p

les in
 

th
e N

atio
n
al A

rch
iv

es o
n
 th

e clo
th

in
g
 o

f G
o
v
ern

o
r C

o
n
n
ally

 o
r 

P
resid

en
t K

en
n

ed
y

 th
at y

o
u

 co
u

ld
 su

b
ject to

 n
eu

tro
n

 activ
atio

n
 

an
aly

sis? 
D

r. G
U

IN
N

. N
o

t so
 far as I am

-  aw
are, an

d
 I d

id
 n

o
t an

aly
ze an

y
 

m
aterials fro

m
 clo

th
in

g
 at all, ju

st th
ese b

u
llets o

r b
u

llet frag
-

m
en

ts. 
M

r. W
o
rse. In

 ad
d
itio

n
 to

 th
e ev

id
en

ce sam
p
les, y

o
u
 also

 m
ad

e 
rad

io
activ

e k
n

o
w

n
 stan

d
ard

s o
f th

ree elem
en

ts, is th
at co

rrect? 
D

r. G
u
IN

N
. Y

es, th
e n

o
rm

al p
ro

ced
u
re is to

 n
o
t o

n
ly

 d
etect 

elem
en

ts in
 sam

p
le; b

u
t to

 m
easu

re th
eir co

n
cen

tratio
n

s q
u

an
ita- 

tiv
ely

. T
o

 d
o

 th
is, y

o
u

 n
eed

 to
 k

n
o

w
, fo

r o
n

e th
in

g
, th

e w
eig

h
t o

f 
th

e sam
p
le an

d
, seco

n
d
, y

o
u
 h

av
e to

 co
m

p
are th

e rad
io

activ
ities 

th
at y

o
u
 o

b
serv

e in
 th

e activ
ated

 sam
p
les w

ith
 th

o
se fro

m
 stan

d
ard

 
sam

p
les o

f k
n

o
w

n
 w

eig
h

ts o
f th

e elem
en

ts th
at y

o
u

 are d
etectin

g
. 

M
r. 

W
O

L
F

. 
A

n
d
 th

e th
ree stan

d
ard

s y
o
u
 u

sed
 w

ere o
n
E

" .:,  
co

p
p

er, an
tim

o
n

y
, an

d
 silv

er, is th
at co

rrect? 
D

r. G
U

IN
N

. T
h

at is co
rrect. 

M
r. W

O
L

F
. M

r. C
h

airm
an

, I w
o

u
ld

 ask
 at th

is tim
e to

 sh
o

w
 th

e 
w

itn
ess w

h
at h

as b
een

 m
ark

ed
 as "JF

K
 ex

h
ib

it N
o

. F
-3

2
9

," w
h

ich
 

is a g
rap

h
 o

f th
e d

ecay
 p

attern
 o

f an
 an

itim
o
n
y
 stan

d
ard

. an
d
 th

e 
d
ecay

 p
attern

 o
f C

o
m

m
issio

n
 ex

h
ib

it 8
4
3
, rep

o
rted

ly
 a frag

m
en

t 
reco

v
ered

 fro
m

 P
resid

en
t K

en
n

ed
y

's b
rain

 d
u

rin
g

 th
e au

to
p

sy
. 

after each
 h

ad
 b

een
 activ

ated
 in

 th
e n

u
clear reacto

r. 
D

r. G
u
in

n
, d

id
 y

o
u
 p

rep
are th

ese g
rap

h
s? 

D
r. G

unest. Y
es; I did. 

M
r. 

W
O

L
F

. 
A

n
d

 ad
d

ressin
g

 y
o

u
rself to

 th
e lo

w
er o

f th
e tw

o
 

g
rap

h
s, w

h
at d

o
es th

at g
rap

h
 illu

strate? 
D

r. G
U

IN
N

. W
h

at it sh
o

w
s is th

e p
eak

 in
 th

e g
am

m
a-ray

 sp
ec-

tru
m

, th
e m

easu
red

 g
am

m
a-ray

 sp
ectru

m
, fro

m
 rad

io
activ

e an
tim

o
- 

n
y
, th

e rad
io

iso
to

p
e an

tim
o
n
y
 1

2
2
. It h

as o
n
e p

rin
cip

al g
am

m
a ray

 
w

ith
 a certain

 en
erg

y
, 5

6
4
,0

0
0
 electro

n
 v

o
lts; an

d
 th

at m
ean

s as w
e 

m
easu

re it, it sh
o

u
ld

 fall in
 a certain

 p
o

sitio
n

, h
o

rizo
n

tally
, o

n
 th

e 
sp

ectru
m

. 
W

h
a
t w

e
 se

e
 is ju

st a
n
 e

n
la

rg
e
d
 sm

a
ll p

o
rtio

n
 o

f th
e
 w

h
o
le

 
sp

ectru
m

. Y
o
u
 m

ay
 n

o
te w

e h
av

e a ch
an

n
el n

u
m

b
er th

ere an
d
 th

is 
enlarged portion only ranges from

 roughly channel N
os. G

O
O

 to 700. 
T

h
e en

tire sp
ectru

m
 g

o
es all th

e w
ay

 fro
m

 ch
an

n
el 1

 to
 ch

an
n
el 

4
,0

9
6
. Y

o
u
 can

 see th
is is ju

st a sm
all p

art, b
u
t an

y
 sam

p
le L

iles 
h
as b

een
 activ

ated
 an

d
 co

u
n
ted

 u
n
d
er th

ese co
n
d
itio

n
s an

tim
o
n
y
 in

 
m

easu
rab

le q
u

an
tity

 sh
o

u
ld

 sh
o

w
 a p

eak
 at ex

actly
 th

at lo
cat:o

n
. 
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N
T
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O

N
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A

N
T
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O

N
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 S
T

D
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 60 m
in . td  =

 55 m
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=

 5 m
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T
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T
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G
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O
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O
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S
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P
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S
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0
 m
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122 S
b 

=
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E
T
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E

 
T

A
G

W
O

R
D

 0056 
O

m
=
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/C

M
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E
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S

E
P
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C

H
A

N
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M
B

E
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V
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V
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u
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M
r. W

O
L

F
. A

n
d
 th

e lo
w

er g
rap

h
, D

r. G
uinn, is th

e g
rap

h
 o

f th
e 

k
n
o
w

n
 stan

d
ard

 o
f an

tim
o
n
y
 th

at w
as m

ad
e rad

io
activ

e, is th
at 

correct? 
D

r. G
U

IN
N

. T
hat is correct. 

M
r. W

O
L

F
. A

n
d
 w

h
at d

o
es th

e u
p
p
er g

rap
h
 illu

strate, w
h
ich

 is 
th

e d
ecay

 p
attern

 o
f a frag

m
en

t rep
o
rted

ly
 reco

v
ered

 fro
m

 P
resi-

d
en

t K
en

n
ed

y
's b

rain
 d

u
rin

g
 th

e au
to

p
sy

? 
D

r. G
U

IN
N

. T
h
at sh

o
w

s th
e larg

er b
rain

 sam
p
le, w

h
ich

 w
eig

h
ed

, 
as it sh

o
w

s th
ere-4

1
.9

 m
illig

ram
s is th

e sam
p
le w

eig
h
t. It w

as 
irrad

iated
 in

 th
e reacto

r at th
e sam

e tim
e th

e stan
d
ard

 w
as, fo

r 
th

e sam
e len

g
th

 o
f tim

e; an
d
 th

en
 after so

m
e tim

e o
f d

ecay
 after-

w
ard

, it w
as th

en
 co

u
n
ted

 u
n
d
er th

e sam
e co

n
d
itio

n
s, an

d
 y

o
u
 d

o
 

see y
o
u
 g

et a p
eak

 at th
e sam

e lo
catio

n
—

th
e size o

f th
e p

eak
 is 

d
ifferen

t b
ecau

se th
e sam

p
le an

d
 stan

d
ard

 d
o
n
't h

av
e th

e sam
e 

am
o
u
n
t o

f an
tim

o
n
y
, b

u
t th

e lo
catio

n
 o

f th
e p

eak
 is th

e sam
e. T

h
at 

tells u
s th

at th
at sam

p
le co

n
tain

s an
tim

o
n
y
. 

O
f co

u
rse, in

 th
at sp

ectru
m

, if y
o
u
 w

ere to
 lo

o
k
 at th

e en
tire 

sp
ectru

m
, y

o
u
 w

o
u
ld

 see o
th

er p
eak

s d
u
e to

 co
p
p
er an

d
 so

 o
n
 as 

w
ell. B

u
t w

e are ju
st lo

o
k
in

g
 at th

e an
tim

o
n
y
 p

art o
f th

e sp
ectru

m
 

h
ere. 
M

r. W
ats. W

h
at is th

e sig
n
ifican

ce o
f th

e fact th
at th

e p
eak

 o
f 

th
e g

rap
h
 ab

o
v
e is d

irectly
 ab

o
v
e th

e p
eak

 o
f th

e g
rap

h
 b

elo
w

? 
D

r. G
U

IN
N

. W
ell, fallin

g
 in

 th
e sam

e ch
an

n
el n

u
m

b
er m

ean
s th

e 
g
am

m
a ray

s y
o
u
 are m

easu
rin

g
 h

av
e th

e sam
e en

erg
y
, w

ith
in

 p
lu

s 
o
r m

in
u
s ab

o
u
t 1

,0
0
0
 electro

n
 v

o
lts, an

d
 th

at is w
h
at h

elp
s y

o
u
 

id
en

tify
 it. 

M
r. W

O
L

F
. M

r. C
h
airm

an
, I w

o
u
ld

 lik
e JF

K
 ex

h
ib

it N
o
. F

-3
2
8
 

ad
m

itted
 in

to
 ev

id
en

ce at th
is p

o
in

t. 
C

h
airm

an
 S

T
O

K
E

S
. W

ith
o
u
t o

b
jectio

n
, it m

ay
 b

e en
tered

 in
to

 th
e 

reco
rd

 at th
is p

o
in

t. 
[JF

K
 ex

h
ib

it N
o
. F

-3
2
8
 w

as en
tered

 in
to

 th
e reco

rd
.] 
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2
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  1000 

z
 

• 
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rz 
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D 
0
 

6
0
0
 

4
0
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500 

M
r. 

W
O

L
F

. 
M

r. C
h
airm

an
, I w

o
u
ld

 lik
e to

 h
av

e sh
o
w

n
 to

 th
e 

w
itn

ess w
h
at h

as b
een

 m
ark

ed
 

for identification as JF
K

 ex
h
ib

it 
329, w

hich is a photograph depicting the decay pattern of a silver 
stan

d
ard

 an
d
 a p

h
o
to

g
rap

h
 d

ep
ictin

g
 th

e d
ecay

 p
attern

 o
f a frag

-
m

ent rem
oved from

 P
resident K

ennedy's brain during the autopsy, 
after each had been activated in the nuclear reactor. 

D
r. G

u
in

n
, th

e p
h
o
to

g
rap

h
 at th

e b
o
tto

m
 in

d
icates th

e d
ecay

 
pattern of the know

n sam
ple of silver, is that correct? 

D
r. G

uiN
N

. T
hat is correct. 

M
r. W

O
L

F
. A

nd w
hat does the top graph depict? 

D
r. 

G
U

IN
N

. It is th
e sam

e sam
p
le th

at y
o
u
 saw

 o
n
 th

e p
rev

io
u
s 

photograph, the 41.9 m
illigram

 sam
ple of m

aterial rem
oved from

 
P

resid
en

t K
en

n
ed

y
's b

rain
, b

u
t activ

ated
 th

is tim
e u

n
d
er v

ery
 

d
ifferen

t co
n
d
itio

n
s, v

ery
 rap

id
ly

, b
ecau

se w
e w

ere lo
o
k
in

g
 fo

r a 
v
ery

 sh
o
rt liv

ed
 iso

to
p
e h

ere, n
am

ely
, th

e rad
io

activ
e silv

er 1
1
0
, 

w
hich has a half life of only 24.4 seconds. T

hat m
eans it is rapidly 

disappearing by decay, dropping in half roughly every 24 seconds. 
S

o you m
ust look at it very quickly to see it at all. 

M
r. 

W
O

L
F

. H
o
w

 d
o
es th

e an
tim

o
n
y
 o

n
 th

e p
h
o
to

 p
eak

 o
n
 th

e 
rig

h
t, JF

K
 ex

h
ib

it F
-3

2
9
, d

iffer fro
m

 th
e an

tim
o
n
y
 o

n
 th

e p
h
o
to

-
peak on the upper left? 

D
r. G

U
IN

N
. I p

ick
ed

 th
is o

n
e p

articu
larly

 to
 illu

strate th
is p

o
in

t, 
th

at ev
en

 w
ith

 th
e h

ig
h
 reso

lu
tio

n
 g

erm
an

iu
m

 d
etecto

r y
o
u
 w

ill 
n
o
tice th

at clo
se to

 th
e silv

er p
eak

 o
f th

e sam
p
le, b

u
t n

o
t o

f th
e 

silv
er stan

d
ard

, th
ere is a little p

eak
 o

v
er to

 th
e left, an

d
 th

at is 
also

 fro
m

 rad
io

activ
e an

tim
o
n
y
, b

u
t it is fro

m
 a d

ifferen
t iso

to
p
e 

w
ith

 a d
ifferen

t h
alf life. T

h
at is an

tim
o
n
y
 —

1
2
4
 m

,, w
h
ich

 h
as a 

gam
m

a-ray energy of 646,000 electronvolts, w
hich brings it close to 

the 658,000 electron-volt peak of silver —
110. R

ather than use this 
sm

aller an
tim

o
n

y
 —

1
2

4
 m

, p
eak

, fro
m

 th
e sh

o
rt irrad

iatio
n

, to
 

m
easu

re th
e an

tim
o
n
y
 co

n
ten

ts q
u
an

titativ
ely

, I u
sed

 th
e m

u
ch

 
larg

er p
eak

 o
f an

tim
o
n
y
 —

1
2
2
, fro

m
 th

e lo
n
g
er irrad

iatio
n
, to

 
o
b
tain

 a m
o
re p

recise _
m

easu
rem

en
t. W

ith
 silv

er th
ere is really

 
only one choice, the short-lived silver —

110. 
M

r. 
W

O
L

F
. I w

o
u
ld

 m
o
v
e th

at JF
K

 ex
h
ib

it F
-3

2
9
 b

e ad
m

itted
 

into evidence. 
C

hairm
an S

T
O

K
E

S
. W

ithout objection, it m
ay be entered into the 

record. 
[T

he above referred to JF
K

 exhibit F
-329 follow

s:] 
M

r. W
o
u
.. D

r. G
u
in

n
, I w

o
u
ld

 n
o
w

 lik
e to

 tu
rn

 to
 so

m
e o

f th
e 

results of the analyses you perform
ed for the com

m
ittee and som

e 
of the conclusions you m

ay have obtained. 
T

urning to the item
s in w

hat you characterized as group 2, first, 
this consisted of the alleged bullet fired at G

eneral W
alker and the 

unfired W
C

C
 M

annlicher-C
arcano cartridge. W

as the unfired W
C

C
 

M
annlicher-C

arcano cartridge sim
ilar to the previous W

C
C

 M
ann-

licher-C
arcano cartridges you had tested? 

D
r. G

U
IN

N
. F

irst of all, I am
 looking for the table here. 

W
ould you repeat the question, please? 

M
r. 

W
O

L
F

. W
as the unfired W

C
C

 M
annlicher-C

arcano cartridge 
th

at y
o
u
 tested

 sim
ilar to

 th
e p

rev
io

u
s o

n
es y

o
u
 h

ad
 tested

 in
d
e-

pendent of the w
ork you did for this com

m
ittee? 
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D
r. G

U
IN

N
. Y

es, sir; th
e k

ey 'elem
en

ts, th
e an

tim
on

y an
d

 th
e 

silv
er, w

ere in
 th

e sa
m

e ra
n

g
e a

s th
e o

th
er W

C
C

 M
a
n

n
lich

er-
C

arcan
o sam

p
les. T

h
e an

tim
on

y w
as d

efin
itely d

ow
n

 at th
e low

er 
en

d
 an

d
 th

e silver w
as u

p
 at th

e u
p

p
er en

d
, b

u
t it w

as in
 th

e sam
e 

gen
eral ran

ge. 
M

r. W
O

L
F

. A
n

d
 w

h
at w

as th
e com

p
osition

 you
 fou

n
d

 in
 you

r 
an

alysis of th
e W

alk
er b

u
llet fragm

en
t? 

D
r. G

U
IN

N
. A

bout 1.7 p
arts p

er m
illion

 an
tim

on
y. E

ach
 valu

e h
as 

a little u
n

certain
ty to it, b

u
t ju

st statin
g th

e n
u

m
b

ers, 17 p
arts p

er 
m

illion
 an

tim
on

y, an
d

 20.6 p
arts p

er m
illion

 silver, in
 th

e W
alk

er 
b

u
llet. 
M

r. W
O

L
F

. W
as th

is sim
ilar to th

e com
p

osition
 of th

e u
n

fired
 

W
C

C
 M

annlicher-C
arcano cartridge? 

D
r. G

U
IN

N
. Y

es, sir; th
e u

n
fired

 W
C

C
 M

an
n

lich
er-C

arcan
o car-

trid
ge w

h
ich

 w
e took

 ap
art, took

 a little sam
p

le ou
t of th

e lead
; 

an
d

 p
u

t b
ack

 togeth
er again

, in
stead

 of 17 p
arts p

er m
illion

 an
ti-

m
on

y it w
as 15, in

stead
 of 20.6 p

arts p
er m

illion
 silver, it w

as 22.4. 
T

h
ese are w

ell w
ith

in
 th

e ran
ges of sligh

t variation
 th

at you
 get 

from
 w

ith
in

 su
ch

 m
aterials. 

M
r. W

O
L

F
. In

 you
r p

rofession
al op

in
ion

, D
r. G

u
in

n
, is th

e frag-
m

en
t rem

oved
 from

 G
en

eral W
alk

er's h
ou

se a fragm
en

t from
 a 

W
C

C
 M

annlicher-C
arcano bullet? 

D
r. G

U
IN

N
. I w

o
u

ld
 sa

y
 th

a
t it is ex

trem
ely

 lik
ely

 th
a
t it is, 

b
eca

u
se th

ere a
re v

ery
 few

, v
ery

 few
 o

th
er a

m
m

u
n

itio
n

s th
a
t 

w
ou

ld
 b

e in
 th

is ran
ge. I d

on
't k

n
ow

 of an
y th

at are sp
ecifically 

th
is close 

as th
ese n

u
m

b
ers in

d
icate, b

u
t som

ew
h

ere n
ear th

em
 

th
ere are a few

 oth
ers, b

u
t essen

tially th
is is in

 th
e ran

ge th
at is 

rath
er ch

aracteristic of W
C

C
 M

an
n

lich
er-C

arcan
o b

u
llet lead

. 
M

r. W
O

L
F

. T
u

rn
in

g
 to

 w
h

a
t h

a
s a

lrea
d

y
 b

een
 p

la
ced

 o
n

 th
e 

exh
ib

it b
oard

 an
d

 lab
eled

 at tab
le 1 an

d
 m

ark
ed

 for id
en

tification
 

as JF
K

 exh
ib

it F
-330, D

r. G
u

in
n

, w
as th

is ch
art p

rep
ared

 b
y you

? 
D

r. G
U

IN
N

. Y
es, it w

as. 
M

r. W
O

L
F

. D
oes th

is ch
art rep

resen
t th

e resu
lts you

 ob
tain

ed
 

d
u

rin
g you

r tests of th
e evid

en
ce sp

ecim
en

s? 
D

r. G
U

IN
N

. Y
es, for th

ese five evid
en

ce sp
ecim

en
s, th

is ch
art lists 

all of th
e in

form
ation

 ob
tain

ed
, even

 for a few
 traces of elem

en
ts 

for w
h

ich
 w

e fin
d

 n
o real sign

ifican
ce. B

u
t, for th

e sak
e of com

-
p

leten
ess th

ey are all listed
. T

h
ere are som

e eigh
t elem

en
ts listed

 
for each

 sam
p

le. 
M

r. W
O

L
F

. I m
ove th

at JF
K

 exh
ib

it N
o. F

-330' b
e-ad

m
itted

 in
to 

evid
en

ce. 
C

hairm
an ST

O
K

E
S. W

ithout objection, it m
ay be received. 

[T
h

e ab
ove referred

 JF
K

 exh
ib

it N
o. F

-330 follow
s:]  
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 detected 

J
F

K
 E

a
m

o
n -  F

-3
3
0
 

M
r. W

O
L

F
. D

r. G
u

in
n

, ad
d

ressin
g you

r atten
tion

 to th
e colu

m
n

 
lab

eled
 "

p
ercen

tage lead
,"

 w
h

at d
oes th

is in
d

icate? 
D

r. G
U

IN
N

. L
ead

 is on
e of th

e elem
en

ts th
at w

e can
 d

etect w
ith

 
activation

 an
alysis, b

u
t n

ot w
ith

 great sen
sitivity. H

ow
ever, if you

 
h

ave d
ealin

gs w
ith

 sam
p

les th
at are m

ostly lead
, you

 d
on

't 
m

esa 
great sen

sitivity to at least d
etect it, et cetera, b

u
t even

 h
ere th

e 
p

recisio
n

 o
f m

ea
su

rem
en

t is n
o
t g

rea
t, a

n
d

 if y
o
u

 lo
o
k

 a
t th

e 
n

u
m

b
ers you

 w
ill see p

ercen
t of lead

 is sh
ow

n
 as p

lu
s or m

in
u

s 2, 
p

lu
s or m

in
u

s 3, or even
 p

lu
s or m

in
u

s 4 p
ercen

t. Y
ou

 w
ill n

ote 
th

at th
ey all com

e ou
t ab

ou
t in

 th
e ran

ge of 100. 
A

ll th
is really sh

ow
s is th

at th
ese m

etal fragm
en

ts th
at w

e w
ere 

lo
o
k

in
g
 a

t in
d

eed
 w

ere lea
d

 fra
g
m

en
ts, th

ey
 w

eren
't steel 

frag-
m

en
ts, for exam

p
le, or som

eth
in

g else; th
ey w

ere lead
. 

M
r. W

ou
. W

h
at d

oes th
e P

P
M

 p
rior to th

e listin
g for each

 of th
e 

oth
er elem

en
ts in

d
icate? 

D
r. G

U
IN

N
. P

P
M

 is ju
st th

e ab
b

reviation
 for p

arts p
er m

illion
 b

y 
w

eigh
t. O

n
e p

art p
er m

illion
 is on

ly on
e ten

-th
ou

san
d

th
 of a p

er-
cen

t. 
M

r. W
O

L
F

. D
r. G

u
in

n
, b

ased
 on

 th
ese resu

lts, d
o you

 h
ave an

 
o
p

in
io

n
 a

s to
 w

h
a
t ty

p
e o

f b
u

llets th
ese fra

g
m

en
ts w

ere fro
m

?
 

D
r. G

U
IN

N
. O

n
ce again

, every on
e of th

ese sam
p

les is in
 th

e sam
e 

ran
ge, w

h
ich

 is an
 u

n
u

su
al ran

ge, as th
e b

ack
grou

n
d

 W
C

C
 M

an
n

-
lich

er-C
arcan

o sam
p

les th
at w

e h
ave look

ed
 at from

 all fou
r p

ro-
d

u
ction

 lots. T
h

ese five fall righ
t in

 th
e m

id
ran

ge, in
 fact. T

h
ey are 

n
ot th

e h
igh

est; th
ey are n

ot th
e low

est of th
e an

tim
on

y ran
ge, an

d
 

th
e sam

e is tru
e of th

e silver. 
M

r. W
ats._ Is it you

r op
in

ion
 th

en
 th

at th
ese all are fragm

en
ts 

from
 W

C
C

 M
annlicher-C

arcano bullets? 
• D

r. G
U

IN
N

. I th
in

k
 th

at is th
eir m

o
st lik

ely
 o

rig
in

, y
es. 

M
r. 

W
O

L
F

. 
L

o
o
k

in
g
 a

t th
ese resu

lts, ca
n

 y
o
u

 d
eterm

in
e h

o
w

 
m

an
y b

u
llets th

ese evid
en

ce sp
ecim

en
s cam

e from
? 
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D
r. G

uIN
N

. Y
es, that is the really interesting part of this. I don't 

su
p

p
o

se p
eo

p
le in

 b
ack

 can
 see, o

r y
o

u
 u

p
 th

ere can
 see, th

e 
num

bers on the chart very w
ell, but you have the report to look at. 

If you look at these five that are listed up here, and you first of all 
lo

o
k

 at th
e p

rim
e o

r k
ey

 elem
en

t, w
h

ich
 is an

tim
o

n
y

, y
o

u
 fin

d
 o

f 
th

e fiv
e sam

p
les, th

at th
ere are tw

o
 o

f th
em

 th
at are u

p
 so

m
e-

w
here around 800 parts per m

illion, and you find three others that 
are dow

n just a shade over 600 parts per m
illion. 

N
o
w

, after each
 n

u
m

b
er th

ere is sh
o
w

n
 a p

lu
s o

r m
in

u
s. T

h
is is 

only the uncertainty of that particular m
easurem

ent from
 w

hat w
e 

call the counting statistics. T
hat uncertainty w

e can m
easure. 

M
r. W

O
L

F
. D

r. G
uinn. B

efore w
e go into a m

ore technical expla-
n
atio

n
, can

 y
o
u
 ju

st fro
m

 lo
o
k
in

g
 at th

e resu
lts, state w

h
at is th

e 
num

ber of bullets that these evidence specim
ens cam

e from
? 

D
r. G

U
IN

N
. Y

es, sir, I can. 
M

r. 
W

O
L

F
. 

W
h
at is th

e n
u
m

b
er o

f b
u
llets, in

 y
o
u
r o

p
in

io
n
? 

D
r. G

uiN
N

. T
hese num

bers correspond to tw
o bullets. T

w
o of the 

sam
ples have indistinguishable com

positions, indicating that they 
cam

e fro
m

 th
e sam

e b
u

llet, an
d

 th
e o

th
er th

ree p
articles are ev

i-
dently sam

ples from
 another bullet. 

M
r. 

W
O

L
F

. S
o

 it 
is y

o
u
r o

p
in

io
n

 th
at th

e ev
id

en
ce sp

ecim
en

s 
represent only evidence of tw

o bullets, is that correct? 
D

r. G
U

IN
N

. Y
es, sir, th

ere is n
o
 ev

id
en

ce fo
r th

ree b
u
llets, fo

u
r 

bullets, or anything m
ore than tw

o, but there is clear evidence that 
there are tw

o. 
M

r. W
O

L
F

. A
nd w

hich specim
ens that correspond, respectively, of 

the tw
o bullets? 

D
r. G

uIN
N

. U
sing the C

E
 num

bers, the 399 specim
en, w

hich is 
th

e so
-called

 stretch
er o

r p
ristin

e b
u
llet—

it h
as v

ario
u
s n

am
es—

ag
rees in

 co
m

p
o

sitio
n

 b
o

th
 in

 its an
tim

o
n

y
 an

d
 its silv

er w
ith

 
C

E
-842, w

hich are the fragm
ents reportedly recovered from

 G
over-

nor C
annally's w

rist. 
M

r. W
O

L
F

. Is it your' testim
ony that C

E
-399 and C

E
-842, the so-

called
 p

ristin
e b

u
llet, an

d
 th

e frag
m

en
ts rem

o
v
ed

 fro
m

 G
o
v
ern

o
r 

C
o

n
n

ally
's w

rist d
u

rin
g

 su
rg

ery
, b

o
th

 cam
e fro

m
 th

e sam
e b

u
llet? 

D
r. G

uIN
N

. Y
es. O

ne, of course, is alm
ost a com

plete bullet so it 
m

ean
s th

at th
e 8

4
2

 frag
m

en
ts cam

e fro
m

, in
 th

is case, th
e b

ase o
f 

the bullet. 
M

r. W
O

L
F

. D
r. G

u
in

n
, am

 I co
rrect th

at tech
n
ically

 y
o
u
 can

n
o
t 

to
d
ay

 testify
 to

 th
e co

m
p
lete v

alid
ity

 o
f th

e so-caned single bullet 
th

eo
ry

 b
ecau

se th
ere w

as n
o
 lead

 left in
 th

e b
ack

 w
o
u
n
d
 o

f th
e 

P
resident or around the P

resident's throat that w
ould allow

 you to 
ex

am
in

e it an
d
, th

erefo
re p

o
ssib

ly
 d

eterm
in

e th
at C

E
-3

9
9
 p

assed
 

through the P
resident? 

D
r. G

U
IN

N
. Y

es, reportedly there w
ere no lead fragm

ents found 
in

 th
e b

ack
-to

-th
ro

at w
o
u
n
d
 o

f th
e P

resid
en

t, an
d
 h

en
ce n

o
 sp

eci-
m

en
s to

 b
e an

aly
zed

,' so
 

I 
k

n
o

w
 n

o
th

in
g

 ab
o

u
t th

at p
articu

lar 
w

ound. 
M

r. W
O

L
F

. Y
ou can, how

ever, today state for the first tim
e scien-

tifically that C
E

-399 did cause the injuries to G
overnor C

onnally's 
w

rist? 
D

r. G
urzfrt. Y

es sir. those tw
o m

atch so closely that I w
ould say 

that such w
as the case.  
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M
r. W

O
L

F
. W

h
at is th

e d
eg

ree o
f co

n
fid

en
ce an

d
 certain

ty
 w

ith
 

w
hich you can state this conclusion? 
D

r. G
U

IN
N

. I w
ish that I could put a num

ber on it, as w
e often 

can do, that is, calculate a probability, but w
e really don't have the 

b
ack

g
ro

u
n

d
 in

fo
rm

atio
n

 to
 m

ak
e a n

u
m

erical calcu
latio

n
 in

 th
is 

case. O
ne can only show

 w
hat inform

ation w
e do have, and that is 

that you sim
ply do not find a w

ide variation in com
position w

ithin 
individual W

C
C

 M
annlicher-C

arcano bullets, but you do find w
ide 

com
position differences from

 bullet to bullet for this kind of bullet 
lead. T

hus, w
hen you find .tw

o specim
ens that agree this closely, 

y
o
u
 can

 say
 it lo

o
k
s in

d
eed

 lik
e th

ey
 are p

ieces fro
m

 th
e sam

e 
bullet. 

M
r. W

O
L

F
. W

o
u

ld
 y

o
u

 state th
at y

o
u

r co
n

clu
sio

n
 is m

o
re p

ro
b

-
able than not, highly probable, or w

hat is the degree of certainty of 
your conclusion? 

D
r. G

U
IN

N
. I w

ould say highly probable, yes. I w
ould not w

ant to 
say

 h
o
w

 h
ig

h
, w

h
eth

er it w
as 9

9
 p

ercen
t o

r 9
0
 p

ercen
t o

r 9
9
.9

 
percent. I can't m

ake a calculation like that. 
M

r. W
O

L
F

. Y
ou w

ould state it is highly probable that the injuries 
to

 G
o
v
ern

o
r C

o
n
n
ally

's w
rist cam

e fro
m

 th
e so

-called
 p

ristin
e 

bullet? 
D

r. G
utN

N
. T

hat is correct. 
M

r. W
O

L
F

. W
ere y

o
u
 p

resen
t y

esterd
ay

 d
u
rin

g
 th

e testim
o
n
y
 o

f 
D

r. W
echt? 

D
r. G

U
IN

N
. Y

es, sir; I w
as. 

M
r. W

O
L

F
. D

id you hear D
r. W

echt testify, in response to ques-
tions from

 counsel, that in his opinion it w
as im

possible for C
E

 -7:. 
to have caused the injury to G

overnor C
onnally's w

rist, even• if it 
h

it n
o

th
in

g
 else, b

ecau
se C

E
-3

9
9

 w
o

u
ld

 h
av

e h
ad

 to
 sh

o
w

 m
o

re 
deform

ity? 
D

r. G
uiN

N
. Y

es: I heard him
 m

ake that statem
ent. 

M
r. W

O
L

F
. D

r. G
uinn. on the basis of your scientific analysis, do 

you believe D
r. W

echt to have been correct? 
D

r. G
U

IN
N

. 
W

ell, I 
th

in
k
 th

at is h
is o

p
in

io
n
, b

u
t lik

e m
an

y
 

o
p

in
io

n
s an

d
 m

an
y

 th
eo

ries, so
m

etim
es th

ey
 d

o
n

't ag
ree w

ith
 th

e 
facts. 

M
r. W

ats. D
r. G

u
in

n
, h

av
e y

o
u

 p
rep

ared
 a rep

o
rt fo

r th
e co

m
-

m
ittee w

h
ich

 co
m

p
letely

 d
escrib

es y
o
u
r w

o
rk

 fo
r th

e co
m

m
ittee 

and your conclusions? 
D

r. G
U

IN
N

. Y
es, sir. 

M
r. W

O
L

F
. D

o you have that report w
ith you? 

D
r. G

U
IN

N
. Y

es, sir. It is right here. 
M

r. 
W

O
L

F
. 

M
r. C

h
airm

an
, I m

o
v

e th
at D

r. G
u

in
n

's rep
o

rt b
e 

m
ark

ed
 as JF

K
 ex

h
ib

it N
o
. F

-3
3
1
 an

d
 in

tro
d
u
ced

 in
to

 ev
id

en
ce. 

C
hairm

an S
rroias. W

ithout objection it m
ay b

e in
trod

u
ced

 at th
is 

point. 
[T

he above referred to JF
K

 exhibit F
-331 follow

s:] 
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JF
K

 E
xtuerr F-331 

A
 R

E
P

O
R

T
 T

O
 :H

Z
 R

O
U

S
E

 O
F

 R
E

P
R

E
S

E
n:A

T
IV

E
S

 

SE
L

E
C

T
 C

O
M

M
I7T

E
E

 O
N

 A
SSA

SSIN
A

T
:';N

S 

o
n
 
t
h
e
 
s
u
b
j
e
c
t
 
o
f
 

1977 N
E

U
T

R
O

N
 A

C
T

: -:,1710N
 A

N
A

L
Y

S
IS

 '-i-EA
SU

R
EZIEN

TS 

O
N
 
B
U
L
L
E
T
-
L
E
A
D
 
S
P
E
C
I
M
E
:
i
3
 
7
N
v
O
L
V
E
D
 
I
N
 
T
R
E
 
1
9,S

3
 
A
S
S
A
S
S
I
N
A
T
I
O
N
 

O
F
 
P
R
E
S
:
L
E
N
T
 
J
O
H
N
 
F
.
 
K
E
N
N
E
Z
7
 
 

b
y
 

D
r
.
 
V
i
n
c
e
n
t
 
P
.
 
G
u
i
n
n
 
(
P
h
.
D
.
)
 

P
r
c
f
e
s
s
o
r
 
o
f
 
C
h
e
m
i
s
t
r
y
 

U
n
i
v
e
r
s
i
t
y
 
o
f
 
C
a
l
i
f
o
r
n
i
a
 

I
r
v
i
n
e
,
 
C
a
l
i
f
o
r
n
i
a
 

, 147 

S
e
7
b
e
r
,
 
1
9
7
3
 

se. 

5U
T 

I. 	
I
N
T
R
O
D
U
C
T
I
O
N
 

T
h
i
s
 
r
e
p
o
r
t
 i
s
 
a
 
p
r
e
s
e
n
t
a
t
i
o
n
 
o
f
 
t
h
e
 
r
e
s
u
l
t
s
 
o
b
t
a
i
n
e
d
 

a
n
d
 
t
h
e
i
r
 
i
n
t
e
r
p
r
e
t
a
t
i
o
n
,
 
i
n
 
a
 
S
e
p
t
e
m
b
e
r
 
1
2
-
1
4
,
 
1
9
7
7
 
i
n
s
t
r
u
-

m
e
n
t
a
l
 
n
e
u
t
r
o
n
 
a
c
t
i
v
a
t
i
o
n
 
a
n
a
l
y
s
i
s
 
(
I
N
A
A
)
 
s
t
u
d
y
 
o
f
 
b
u
l
l
e
t
-

l
e
a
d
 
s
p
e
c
i
m
e
n
s
 
i
n
v
o
l
v
e
d
 
i
n
 
t
h
e
 
N
o
v
e
m
b
e
r
 
2
2
,
 
1
9
6
1
 
a
s
s
a
s
s
i
n
a
-

t
i
o
n
 
o
f
 
P
r
e
s
i
d
e
n
t
 
J
o
h
n
 
F
.
 
K
e
n
n
e
d
y
 
i
n
 
D
a
l
l
a
s
,
 
a
n
d
 
o
f
 
a
 

specim
en 

f
r
o
m
 
a
 
b
u
l
l
e
t
 
a
l
l
e
g
e
d
l
y
 
f
i
r
e
d
 
a
t
 
G
e
n
e
r
a
l
 
E
d
w
i
n
 
W
a
l
k
e
r
 

in
 
A
p
r
i
l
 

o
f
 
1
9
6
3
.
 T
h
e
 
a
u
t
h
o
r
 
h
a
s
 
b
e
e
n
 
e
n
g
a
g
e
d
 
i
n
 
n
e
u
t
r
o
n
 
a
c
t
i
v
a
t
i
o
n
 

a
n
a
l
y
s
i
s
 
!
N
A
A
)
 
r
e
s
e
a
r
c
h
 
a
n
d
 
a
p
p
l
i
c
a
t
i
o
n
s
 
f
o
r
 
t
h
e
 
p
a
s
t
 
2
0
 

y
e
a
r
s
 
-
-
 
f
i
r
s
t
,
 
a
s
 
R
e
a
d
 
o
f
 
t
h
e
 
R
a
d
i
o
c
h
e
m
i
s
t
r
y
 
S
e
c
t
i
o
n
 
o
f
 
t
h
e
 

-

S
h
e
l
l
 
D
e
v
e
l
o
p
m
e
n
t
 
C
o
n
p
a
n
y
,
 
n
e
x
t
 
(
1
9
6
2
-
1
9
7
9
)
 
a
s
 
T
e
c
h
n
i
c
a
l
 
D
i
r
e
c
-

t
o
r
 
o
f
 
t
h
e
 
A
c
t
i
v
a
t
i
o
n
 
A
n
a
l
y
s
i
s
 
P
r
o
g
r
a
m
 
a
t
 
G
e
n
e
r
a
l
 
A
t
o
m
i
c
,
 
a
n
d
 

(
s
i
n
c
e
 
e
a
r
l
y
 
1
9
7
9
)
 
a
s
 
P
r
o
f
e
s
s
o
r
 
o
f
 
C
h
e
m
i
s
t
r
y
 
a
t
 
t
h
e
 
U
n
i
v
e
r
-

s
i
t
y
 
o
f
 
C
a
l
i
f
o
r
n
i
a
 
a
t
 
I
r
v
i
n
e
 
(
U
C
T
)
.
 
T
h
e
 
a
u
t
h
o
r
'
s
 
f
i
r
s
t
 

s
t
u
d
i
e
s
 
o
f
 
t
h
e
 
a
p
p
l
i
c
a
t
i
O
n
 
o
f
 
t
h
e
 
h
i
g
h
l
y
 
s
e
n
s
i
t
i
v
e
 
N
A
A
 
m
e
t
h
o
d
 

t
o
 
p
r
o
b
l
e
m
s
 
i
n
 
t
h
e
 
f
i
e
l
d
 
o
f
 
s
c
i
e
n
t
i
f
i
c
 
c
r
i
m
e
-
i
n
v
e
s
t
i
g
a
t
i
o
n
 

c
o
m
m
e
n
c
e
d
 
i
n
 
e
a
r
l
y
 
1
3
5
2
,
 
h
a
v
e
 
c
o
n
t
i
n
u
e
d
 
s
t
e
a
d
i
l
y
 sin

c
e
 
t
h
a
t
 

t
i
m
e
,
 
a
n
d
 
h
i
s
 
f
o
r
e
n
s
i
c
 
a
c
t
i
v
a
t
i
o
n
 
a
n
a
l
y
s
i
s
 
p
u
b
l
i
c
a
t
i
o
n
s
 
c
o
n
s
t
i
-

t
u
t
e
 
9
3
 
o
f
 
h
i
s
 
1
8
1
 
p
u
b
l
i
c
a
t
i
o
n
s
,
 
t
o
 
d
a
t
e
,
 
I
n
 
t
h
e
 
f
i
e
l
d
 
o
f
 

r
a
d
i
o
c
h
e
m
i
s
t
r
y
/
a
c
t
i
v
a
t
i
o
n
 
a
n
a
l
y
s
i
s
.
 
D
u
r
i
n
g
 
t
h
e
 
p
e
r
i
o
d
.
 
1
3
6
2
-

1
9
7
i
,
 
h
i
s
 
f
o
r
e
n
s
i
c
 
N
A
 
r
e
s
e
a
r
c
h
 
w
a
s
 
s
u
p
o
e
r
t
e
d
 
f
i
r
s
t
 
b
y
 
t
h
e
 

U
.
 
S
.
 
A
t
o
m
'
-:

.E
n
erg

y
 
C
o
m
m
i
s
s
i
o
n
 
a
n
d
 
l
a
t
e
r
 
j
o
i
n
t
l
y
 
b
y
 
t
h
e
 
A
E
C
 

a
n
d
 
t
h
e
 
L
a
w
 
E
n
f
o
r
c
e
m
e
n
t
 
A
s
s
i
s
t
a
n
c
e
 
A
d
m
i
n
i
s
t
r
a
t
i
o
n
 
(
L
E
2
A
1
 
o
f
 
t
h
e
 

U
.
 
3
.
 
C
e
p
a
r
t
m
e
h
t
 
o
f
 
Z
u
s
t
i
t
a
.
 
F
r
o
m
 
t
h
i
s
 
r
e
s
e
a
r
c
h
 
c
a
n
e
 
t
h
e
 
7
:
A
A
 

m
e
t
h
o
d
 
f
o
r
 
d
e
t
e
c
t
i
o
n
 
o
f
 
g
u
n
s
h
o
t
 
r
e
s
i
d
.
.
.
e
s
 
t
h
a
t
 
i
s
 
n
o
w
 
u
s
e
d
 

b
y
 
t
h
e
 
F
3
1
 
a
n
d
 
m
a
n
y
 
o
t
h
e
r
 
l
a
w
 
e
n
f
o
r
c
e
m
e
n
t
 
a
g
e
n
c
i
e
s
 
a
r
o
u
n
d
 
t
h
e
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w
o
r
l
d
,
 
a
n
d
 
e
x
t
e
n
s
i
v
e
 
r
e
p
o
r
t
s
 
o
n
 
t
h
e
 
u
s
e
 
o
f
 
I
N
A
A
 
f
o
r
 
t
h
e
 
t
r
a
c
e
-
'
 

e
l
e
m
e
n
t
 
c
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 
(
a
s
 
t
o
 
p
r
o
b
a
b
i
l
i
t
y
 
o
f
 
c
o
m
m
o
n
 
o
r
i
g
i
n
)
 

o
f
 
s
u
c
h
 
e
v
i
d
e
n
c
e
-
t
y
p
e
 
m
a
t
e
r
i
a
l
s
 
a
s
 
b
u
l
l
e
t
 
l
e
a
d
,
 
p
a
i
n
t
,
 
p
a
p
e
r
,
.
 

a
n
d
 
o
i
l
.
 

N
A
A
 
i
s
 
a
 
n
u
c
l
e
a
r
 
m
e
t
h
o
d
 
o
f
 
e
l
e
m
e
n
t
a
l
 
a
n
a
l
y
s
i
s
.
 
I
t
 
i
s
 

a
 
n
u
c
l
e
a
r
 
m
e
t
h
o
d
 
o
f
 
a
n
a
l
y
z
i
n
g
 
s
a
m
p
l
e
s
 
o
f
 
a
l
l
 
k
i
n
d
s
 
o
f
 
m
a
t
e
r
i
a
l
s
 

t
o
 
d
e
t
e
r
m
i
n
e
 
t
h
e
 
e
l
e
m
e
n
t
s
 
p
r
e
s
e
n
t
 
i
n
 
t
h
e
m
.
 

T
h
e
 sa

m
p

le
s to

 b
e
 

an
aly

zed
 
a
r
e
 
p
l
a
c
e
d
 
i
n
 
s
m
a
l
l
 
p
l
a
s
t
i
c
 
v
i
a
l
s
,
 l
o
w
e
r
e
d
 
i
n
t
o
 
o
r
 

n
e
a
r
 
t
i
:
t
e
 
c
a
r
s
 
o
f
 
a
 
r
e
s
e
a
r
c
h
-
t
y
p
e
 
n
u
c
l
e
a
r
 
r
e
a
c
t
o
r
,
 
a
n
d
.
 
t
h
e
n
 

b
o
m
b
a
r
d
e
d
 
w
i
t
h
 
a
 
v
e
r
y
 
l
a
r
g
e
 
n
u
m
b
e
r
 
o
f
 
s
l
o
w
 
n
e
u
t
r
o
n
s
 
(
t
y
p
i
c
a
l
l
y
,
 

a
b
o
u
t
 
1
0
 
t
r
i
l
l
i
o
n
 
p
e
r
 
s
e
c
o
n
d
)
 
f
o
r
 
a
 
s
e
l
e
c
t
e
d
 
p
e
r
i
o
d
 
o
f
 
t
i
m
e
.
 

W
h
e
n
 
t
h
e
 
s
a
m
p
l
e
s
 
a
r
e
 
r
e
m
o
v
e
d
 
f
r
o
m
 
t
h
e
 
r
e
a
c
t
o
r
,
 
t
h
e
y
 
a
r
e
 
e
s
s
e
n
-

t
i
a
l
l
y
 
u
n
c
h
a
n
g
e
d
 
i
n
 
c
o
m
p
o
s
i
t
i
o
n
 
(
a
n
d
 
i
n
 
m
o
s
t
 
c
a
s
e
s
,
 
i
n
 
a
p
p
e
a
r
-
 

a
n
r
e
l
,
 
b
u
t
 
t
h
e
y
 
a
r
e
 
n
o
w
 
r
a
d
i
o
a
c
t
i
v
e
,
 
s
i
n
c
e
 
c
a
p
t
u
r
e
 
o
f
 
a
 

n
e
u
t
r
o
n
 
b
y
 
m
a
n
y
 
o
f
 
th

e
 a

to
m

ic
 n

u
c
le

i o
f 

m
a
n
y
 
o
f
 
th

e
 
e
le

m
e
n

ts 

p
r
u
s
e
n
t
 
i
n
 
t
h
e
 
s
a
m
p
l
e
s
 
h
a
s
 
f
o
r
m
e
d
 
r
a
d
i
o
a
c
t
i
v
e
 
(
u
n
s
t
a
b
l
e
)
 
n
u
c
l
e
i
 

o
f
 
_
m
e
s
a
 
e
l
e
m
e
n
t
s
.
 
:
C
i
t
h
 
o
r
 
w
i
t
h
o
u
t
 
(
a
s
 
n
e
e
d
e
d
)
 
s
o
m
e
 
c
h
e
m
i
c
a
l
 

p
r
o
r
e
s
5
o
g
 
o
f
 
t
h
e
 
a
c
t
i
v
e
t
e
d
 
s
a
m
p
l
e
s
 
b
e
f
o
r
e
 
c
o
u
n
t
i
n
g
,
 
t
h
e
 

s
e
r
p
_
i
e
s
 
a
r
e
 
t
h
e
n
 
c
o
u
n
t
e
d
 
o
n
 
a
 
g
a
m
m
a
-
r
a
y
 
s
p
e
c
t
;
o
m
m
t
e
r
 
-
-
 
a

-

s
o
p
n
i
s
t
i
c
a
t
e
d
 
d
e
t
e
c
t
o
r
 
a
n
d
 
e
l
e
c
t
r
o
n
i
c
 
a
p
p
a
r
a
t
u
s
 
t
h
a
t
 
m
e
a
s
u
r
e
s
 

t
h
e
 
e
n
e
r
g
i
e
s
 
a
n
d
 
n
u
m
b
e
r
s
 
o
f
 
t
h
e
 
g
a
m
m
a
 
r
a
y
s
 
e
m
i
t
t
e
d
 
b
y
 
e
a
c
h
 

r
a
i
l
o
a
c
t
i
v
e
 
s
a
m
p
l
e
.
 
T
h
e
 
g
a
m
m
a
-
r
a
y
 
e
n
e
r
g
i
e
s
,
 
o
b
s
e
r
v
e
d
 
a
s
 
p
e
a
k
s
 

i
n
 
e
a
r
n
 
e
p
e
c
t
r
t
i
m
,
 
i
l
e
n
t
i
f
y
 
t
h
e
 
v
a
r
i
o
u
s
 
e
l
e
m
e
n
t
s
 
t
h
a
t
 
h
a
v
e
 
b
e
e
n
 

m
a
d
e
 
i
e
r
e
c
t
a
b
l
y

-
ra

d
io

a
c
tiv

e
, 
a
n
d
 
t
h
e
 
r
e
s
s
u
r
e
d
 
s
i
z
e
s
 
o
f
 
t
h
e
 
p
e
a
k
s
 

	
 
t
h
e
 
=
R
u
n
=
s
 
o
f
 
t
h
e
 
e
l
e
m
e
n
t
s
 
p
r
e
s
e
n
t
.
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T
h
e
 
p
r
i
n
c
i
p
a
l
 
a
d
v
a
n
t
a
g
e
s
 
o
f
 
t
h
e
 
r
e
a
c
t
o
r
 
n
e
u
t
r
o
n
 

a
c
t
i
v
a
t
i
o
n
 
a
n
a
l
y
s
i
s
 
m
e
t
h
o
d
 
a
r
e
 
(
1
)
 
i
t
 
c
a
n
 
d
e
t
e
c
t
 
a
n
d
 
a
c
c
u
r
a
t
e
-

l
y
 
m
e
a
s
u
r
e
 
e
v
e
n
 
v
e
r
y
 
t
i
n
y
 
a
m
o
u
n
t
s
 
(
t
y
p
i
c
a
l
l
y
,
 
o
n
e
 
b
i
l
l
i
o
n
t
h
 

o
f
 
a
 
g
r
a
m
)
 
a
n
d
 
v
e
r
y
 
l
o
w
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
(
e
.
g
.
,
 
o
n
e
 
p
a
r
t
 
p
e
r
 

b
i
l
l
i
o
n
(
 
o
f
 
m
a
n
y
 
e
l
e
m
e
n
t
s
 
i
n
 
a
 
s
a
m
p
l
e
,
 
(
2
)
 
i
t
 
c
a
n
 
u
t
i
l
i
z
e
 

s
a
m
p
l
e
 
s
i
z
e
s
 
r
a
n
g
i
n
g
 
a
l
l
 
t
h
e
 
w
a
y
 
f
r
o
m
 
a
 
t
i
n
y
 
s
p
e
c
k .  u

p
 
t
o
 

s
e
v
e
r
a
l
 
g
r
a
m
s
,
 
(
3
)
 
i
t
 
c
a
n
 
s
i
m
u
l
t
a
n
e
o
u
s
l
y
 
d
e
t
e
c
t
 
a
 
n
u
m
b
e
r
 
o
f
 

e
l
e
m
e
n
t
s
 
i
n
 
a
 
s
a
m
p
l
e
,
 
a
n
d
 
(
4
)
 
i
t
 
c
a
n
 
i
n
 
m
a
n
y
 
i
n
s
t
a
n
c
e
s
 
b
e
 

c
a
r
r
i
e
d
 
o
u
t
 
n
o
n
d
e
s
t
r
u
c
t
i
v
e
l
y
.
 
T
h
e
 
m
a
i
n
 
i
n
d
u
c
e
d
 
r
a
d
i
o
a
c
t
i
v
i
t
i
e
s
 

a
r
e
 
t
h
o
s
e
 
t
h
a
t
 
h
a
v
e
 
r
a
t
h
e
r
 
s
h
o
r
t
 
h
a
l
f
 
l
i
v
e
s
 
(
l
.
e
.
,
 
t
h
e
y
 
d
e
c
a
y
 

a
w
a
y
 
i
n
 
a
 
m
a
t
t
e
r
 
o
f
 
s
e
c
o
n
d
s
,
 
m
i
n
u
t
e
s
,
 
o
r
 
h
o
u
r
s
)
,
 
a
n
d
 
h
e
n
c
e
 

t
h
e
 
a
n
a
l
y
z
e
d
 
s
a
m
p
l
e
s
 
s
o
o
n
 
b
e
c
o
m
e
 
n
e
g
l
i
g
i
b
l
y
 
r
a
d
i
o
a
c
t
i
v
e
 
a
n
d
 

h
e
n
c
e
 
c
a
n
 
b
e
 
h
a
n
d
l
e
d
 
w
i
t
h
 
c
o
m
p
l
e
t
e
 
s
a
f
e
t
y
.
 

i
n
 
p
r
e
v
i
o
u
s
 
e
x
t
e
n
s
i
v
e
 
I
N
A
A
 
s
t
u
d
i
e
s
 
o
f
 
b
u
l
l
e
t
-
l
e
a
d
 

s
p
e
c
i
m
e
n
s
 
(
o
f
 
m
a
n
y
 
d
i
f
f
e
r
e
n
t
 
c
a
l
i
b
e
r
s
,
 
m
a
n
u
f
a
c
t
u
r
e
r
s
,
 
a
n
d
 
p
r
o
-

d
u
c
t
i
o
n
 
l
o
t
s
)
,
 
i
t
 
w
a
s
 
f
o
u
n
d
 
t
h
a
t
 
t
h
r
e
e
 
k
e
y
 
e
l
e
m
e
n
t
s
 
w
e
r
e
 
a
l
-

m
o
s
t
 
a
l
w
a
y
s
 
d
e
t
e
c
t
a
b
l
y
 
p
r
e
s
e
n
t
,
 
b
u
t
 
a
t
 
w
i
d
e
l
y
 
d
i
f
f
e
r
e
n
t
 
c
o
n
-

c
e
n
t
r
e
t
i
o
n
s
,
 
d
e
p
e
n
d
i
n
g
 
c
o
o
n
 
t
h
e
 
s
o
u
r
c
e
 
o
f
 
t
h
e
 
b
u
l
l
e
t
 
l
e
a
d
:
 

a
n
t
i
m
o
n
y
 
(
S
b
)
,
 
s
i
l
v
e
r
 
(
A
g
)
,
 
a
n
d
 
c
o
p
p
e
r
 
I
 
C
u
)
.
 
A
n
t
i
m
o
n
y
 
c
o
n
-

c
e
n
t
r
a
t
i
o
n
s
 
i
n
 
t
h
e
 
r
a
n
g
e
 
o
f
 
a
b
o
u
t
 
1
 
t
o
 
1
0
 
p
a
r
t
s
 
p
e
r
 
m
i
l
l
i
o
n
 

b
y
 
w
e
i
g
h
t
 
(
I
p
o
m
 
=
 
0
.
0
0
0
1
%
)
 
a
r
e
 
u
s
u
a
l
l
y
 
f
o
u
n
d
 
i
n
 
u
n
h
a
r
d
e
n
e
d
 

b
u
l
l
e
t
 
l
e
a
d
,
 
m
a
d
e
 
w
i
t
h
 v
i
r
g
i
n
 
l
e
a
d
,
 
w
h
e
r
e
a
s
 
l
e
v
e
l
s
 
i
n
 
t
h
e
 

r
a
n
g
e
 
o
f
 
a
b
o
u
t
 
0
.
4
%
 
t
o
 
4
i
 
S
b
 
a
r
e
 
f
o
u
n
d
 
i
n
 
c
o
m
m
e
r
c
i
a
l
 
b
u
l
l
e
t
 

l
e
a
d
s
 
t
h
a
t
 
h
a
v
e
 
b
e
e
n
 
h
a
r
d
e
n
e
d
 
b
y
 
a
l
l
o
y
i
n
g
 
S
b
 
w
i
t
h
 
t
h
e
 
l
e
a
d
.
 

I
n
t
e
r
m
e
d
i
a
t
e
 
S
b
 
l
e
v
e
l
s
 
(
i
.
e
.
,
 
b
e
t
w
e
e
n
 
a
b
o
u
t
 
1
0
 
p
p
m
 
a
n
d
 
p
e
r
h
a
p
s
 



5
1

0
 

/
5
0
0
 
p
p
m
)
 
a
r
e
 
e
n
c
o
u
n
t
e
r
e
d
 
i
n
 
u
n
h
a
r
d
e
n
e
d
 
b
u
l
l
e
t
 
l
e
a
d
 
L
n
 
w
h
i
c
h
 

s
o
m
e
 
r
e
c
y
c
l
e
d
 
l
e
a
d
 
i
s
 
u
s
e
d
,
 
a
l
o
n
g
  w
i
t
h
 
v
i
r
g
i
n
 
t
e
e
d
,
 
b
u
t
 
i
n
 

w
h
i
c
h
 no 

S
b
 
h
a
s
 b

e
e
n
 d

e
lib

e
ra

te
ly

 
a
d
d
e
d
 
f
o
r
 
h
a
r
d
e
n
i
n
g
.
 
S
i
l
v
e
r
 

c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
a
r
e
 
u
s
u
a
l
l
y
 
f
o
u
n
d
 
t
o
 
l
i
e
 
i
n
 
t
h
e
 
r
a
n
g
e
 
f
r
o
m
 

s
h
o
u
t
 
0
.
5
 
p
p
m
 
t
o
 
1
0
0
 
p
p
m
,
 
a
n
d
 
t
h
e
 
A
g
 
a
p
p
e
a
r
s
 
t
o
 
c
o
m
e
 
i
n
 
m
a
i
n
l
y
 

a
s
 
a
 
n
a
t
u
r
a
l
 
i
m
p
u
r
i
t
y
 
i
n
 
t
h
e
 
l
e
a
d
 
s
u
p
p
l
y
.
 
C
o
p
p
e
r
 
c
o
n
c
e
n
t
r
a
-

t
i
o
n
s
 
a
r
e
 
u
s
u
a
l
l
y
 
f
o
u
n
d
 
t
o
 
1
4
2
 
i
n
 
t
h
e
 
r
a
n
g
e
 
o
f
 
a
b
o
u
t
 
S
 
p
p
m
 

t
o
 
4
0
0
 
p
p
m
,
 
a
n
d
 
t
h
e
 
C
u
 
a
l
s
o
 
a
p
p
e
a
r
s
 
t
o
 
c
o
m
e
 
i
n
 
v
a
i
n
l
y
 
a
s
 
a
 

n
a
t
u
r
a
l
 
i
m
p
u
r
i
t
y
 
i
n
 
t
h
e
 
l
e
a
d
 
s
u
p
p
l
y
.
 
O
f
 
t
h
e
s
e
 
t
h
r
e
e
 
k
e
y
 

e
l
e
m
e
n
t
s
,
 
C
u
 
i
s
 
t
h
e
 
o
n
e
 
o
f
 
l
e
a
s
t
 
u
s
e
f
u
l
n
e
s
s
 
f
o
r
 
c
o
m
p
a
r
i
s
o
n
s
,
 

d
u
e
 
t
o
 
a
-
e
a
t
:
a
n
t
 
o
c
c
l
u
s
i
o
n
 
o
f
 
t
i
n
y
 
b
i
t
s
 
o
f
 
c
o
p
p
e
r
 
i
n
 
t
h
e
 
b
u
l
l
e
t
 

le
a

d
 co

m
in

g
 fro

m
 th

e
 
c
o
p
p
e
r
 
j
a
c
k
e
t
 
o
f
 
j
a
c
k
e
t
e
d
 
b
u
l
l
e
t
s
 
i
n
 

th
e

 

s
a
m
p
l
i
n
g
,
 
a
n
d
 
f
r
o
m
 
t
h
e
 
b
r
a
s
s
 
c
a
r
t
r
i
d
g
e
 
o
r
 
b
r
a
s
s
 
p
r
i
m
e
r
 
c
a
p
 
i
n
 

t
h
e
 
f
i
r
i
n
g
 
o
f
 
t
h
e
 
c
a
r
t
r
i
d
g
e
-
-
 
p
r
o
d
u
c
i
n
g
 
o
c
c
a
s
i
o
n
a
l
 
s
p
u
r
i
o
u
s
l
y
 

h
i
p
h
 
C
u
 
v
a
l
u
e
s
.
 

O
c
c
a
s
i
o
n
a
l
l
y
,
 
t
h
e
 
:
N
A
A
 
a
t
 
b
u
l
l
e
t
-
l
e
a
d
 
s
p
e
c
i
m
e
n
s
 
a
l
s
o
 

s
h
o
w
s
 
t
h
e
 
p
r
e
s
e
n
c
e
 
o
f
 
t
r
a
c
e
s
 
o
f
 
c
e
r
t
a
i
n
 
o
t
h
e
r
 
e
l
e
m
e
n
t
s
,
 
s
u
c
h
 
a
s
 

a
l
u
m
i
n
u
m
,
 
a
r
s
e
n
i
c
,
 
m
a
n
g
a
n
e
s
e
,
 
t
i
n
,
 
s
o
d
i
u
m
,
 
a
n
d
 
c
h
l
o
r
i
n
e
.
 

T
h
e
t
e
 
e
l
e
m
e
n
t
s
,
 
w
h
e
r
e
 
d
e
t
e
c
t
e
d
.
 
h
a
v
e
 
g
e
n
e
r
a
l
l
y
 
n
o
t
 
p
r
o
v
e
d
 
t
o
 

h
e
 
t
o
n
s
i
s
t
e
n
t
 
e
n
o
u
g
h
 
t
o
 
b
e
 
u
s
e
f
u
l
 
f
o
r
 
t
h
e
 
c
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 
o
f
 

b
u
l
l
e
t
 
l
e
a
d
 
a
s
 
t
o
 
i
t
s
 
o
r
i
g
i
n
.
 
S
o
d
i
u
m
 
a
n
d
 
c
n
l
o
r
i
n
e
,
 
t
h
e
 
c
o
n
-

s
t
i
t
u
e
n
t
s
 
o
f
 
c
o
m
m
o
n
 
s
a
l
t
,
 
a
p
p
e
a
r
 
t
o
 
o
c
c
u
r
 
p
r
i
m
a
r
i
l
y
 
a
s
 
t
h
e
 

r
e
s
u
l
t
 
o
f
 
e
x
t
e
r
n
a
l
 
c
o
n
t
a
m
i
n
a
t
i
o
n
.
 

I
n
 
e
a
r
l
i
e
r
 
I
N
A
A
 
s
t
u
d
i
e
s
 
o
f
 
b
u
l
l
e
t
 
l
e
a
d
s
 
f
r
o
m
 
m
a
n
y
 

d
i
f
f
e
r
e
n
t
 
m
a
n
u
f
a
c
t
u
r
e
r
s
 
(
S
e
e
,
 
r
e
f
e
r
e
n
c
e
s
 
4
 
a
n
d
 
5
 
i
n
 
A
p
p
e
n
d
i
x
 

2
0
,
 
i
t
 
w
a
s
 
f
o
u
n
d
 
t
h
a
t
 
b
u
l
l
e
t
s
 
f
r
o
m
 
a
 
g
i
v
e
n
 
m
a
n
u
f
a
c
t
u
r
e
r
 
a
n
d
 

5
1

1
 

p
r
o
d
u
c
t
i
o
n
 
l
o
t
 
w
e
r
e
 
g
e
n
e
r
a
l
l
y
 
q
u
i
t
e
 
u
n
i
f
o
r
m
 
i
n
 
t
h
e
i
r
 
S
b
 
a
n
d
 

A
g
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
,
 
b
o
t
h
 
w
i
t
h
i
n
 
a
 
g
i
v
e
n
 
b
u
l
l
e
t
 
a
n
d
 
a
m
o
n
g
s
t
 

b
u
l
l
e
t
s
 
f
r
o
m
 
t
h
e
 
s
a
m
e
 
b
o
x
 
o
r
 p

ro
d
u
ctio

n
 
l
o
t
.
 
T
h
u
s
,
 
f
o
r
 such 

t
y
p
i
c
a
l
 
a
m
m
u
n
i
t
i
o
n
 
i
t
 
i
s
 
g
e
n
e
r
a
l
l
y
 
n
o
t
 
p
o
s
s
i
b
l
e
 
t
o
 
d
i
s
t
i
n
-

g
u
i
s
h
 
a
m
o
n
g
s
t
 
b
u
l
l
e
t
s
,
 
o
r
 
b
u
l
l
e
t
 
f
r
a
g
m
e
n
t
s
,
 
f
r
o
m
 
t
h
e
 
s
a
m
e
 

b
o
x
 
o
f
 
c
a
r
t
r
i
d
g
e
s
.
 

H
o
w
e
v
e
r
,
 
w
h
e
n
 
t
h
e
 
a
u
t
h
o
r
 
a
n
a
l
y
z
e
d
 
(
S
e
e
,
 
A
p
p
e
n
d
i
x
 
C
)
 

q
u
i
t
e
 
a
 
n
u
m
b
e
r
 
o
f
 
W
e
s
t
e
r
n
 
C
a
r
t
r
i
d
g
e
 
C
o
m
p
a
n
y
 
M
a
n
n
l
i
c
h
e
r
-

C
a
r
c
a
n
o
 
6
.
5
 ra

m
 b

u
lle

ts, fro
m

 
t
h
e
i
r
 
p
r
o
d
u
c
t
i
o
n
 
l
o
t
s
 
6
0
0
0
,
 
6
0
0
1
,
 

6002, 
a
n
d
 
6
0
0
1
 
Ith

e
 
o
n
l
y
 
f
o
u
r
 
l
o
t
s
 
t
h
e
y
 
p
r
o
d
u
c
e
d
 
o
f
 
t
h
i
s
 

t
y
p
e
)
,
 
t
h
i
s
 
a
m
m
u
n
i
t
i
o
n
 
w
a
s
 found 

t
o
 
d
i
f
f
e
r
 
s
h
a
r
p
l
y
 
f
r
o
m
 

t
y
p
i
c
a
l
 
b
u
l
l
e
t
 
l
e
a
d
s
-
 
A
l
t
h
o
u
g
h
 in

d
iv

id
u
a
l b

u
lle

ts
 w

e
re

 fo
u
n
d
 

t
o
 
b
e
 
f
a
i
r
l
y
 
h
o
m
o
g
e
n
e
o
u
s
 
i
n
 
t
h
e
i
r
 
S
b
 
a
n
d
 
A
g
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
,
 

th
e
y
 d

iffe
re

d
 
g
r
e
a
t
l
y
 
f
r
o
m
 
b
u
l
l
e
t
 
t
o
 
b
u
l
l
e
t
 
a
m
o
n
g
s
t
 
s
a
m
p
l
e
s
 

t
a
k
e
n
 
f
r
o
m
 
t
h
e
 
s
a
m
e
 
b
o
x
.
 
F
o
r
 
e
x
a
m
p
l
e
,
 
t
h
e
 
A
g
 
l
e
v
e
l
s
 
i
n
 

b
u
l
l
e
t
s
 
f
r
o
m
 
l
o
t
 
6
0
0
3
 
r
a
n
g
e
d
 
f
r
o
m
 
7
.
5
 
p
p
m
 
t
o
 
1
5
.
9
 
p
p
m
,
 
t
h
e
 
S
b
 

l
e
v
e
l
s
 
f
r
o
m
 
8
0
 
t
o
 
7
3
0
 
P
a
m
 
(
a
n
d
 
t
h
e
 
C
u
 
l
e
v
e
l
s
 
f
r
o
m
 
1
7
 
t
o
 
6
2
 

p
p
m

). T
h
is

 g
re

a
t 
v
a
r
i
a
t
i
o
n
 
f
r
o
m
 
b
u
l
l
e
t
 
t
o
 
b
u
l
l
e
t
 
f
r
o
m
 
t
h
e
 

s
a
m
e
 
b
o
x
 
t
h
u
s
 
i
n
d
i
c
a
t
e
d
 
t
h
a
t
 
f
o
r
 
t
h
i
s
 
u
n
u
s
u
a
l
 
k
i
n
d
 
o
f
 
a
m
-

m
u
n
i
t
i
o
n
,
 
i
t
 
w
o
u
l
d
 
b
e
 
p
o
s
s
i
b
l
e
 
t
o
 
d
i
s
t
i
n
g
u
i
s
h
 
o
n
e
 
b
u
l
l
e
t
 
(
o
r
 

b
i
a
l
e
t
 
f
r
a
g
m
e
n
t
)
 
f
r
o
m
 
a
n
o
t
h
e
r
,
 
e
v
e
n
 
t
h
o
u
g
h
 
t
h
e
y
 
b
o
t
h
 
c
a
m
e
 

f
r
o
m
 
t
h
e
 
s
a
m
e
 
b
o
x
 
o
f
 
M
a
n
n
l
i
c
h
e
r
-
C
a
r
o
a
n
o
 
c
a
r
t
r
i
d
g
e
s
.
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P
R
E
P
A
R
A
T
I
O
N
 
O
F
 
T
H
E
 
S
A
M
P
L
E
S
 
F
O
R
 
A
N
A
L
Y
S
I
S
 

T
h
e
 
a
n
a
l
y
s
e
s
 
t
h
a
t
 
a
r
e
 
t
h
e
 
s
u
b
j
e
c
t
 
o
f
 
t
h
i
s
 
r
e
p
o
r
t
 

w
e
r
e
 
c
o
n
d
u
c
t
e
d
 
a
t
 
t
h
e
 
U
n
i
v
e
r
s
i
t
y
 
o
f
 
C
a
l
i
f
o
r
n
i
a
 
a
t
 
I
r
v
i
n
e
 

(
U
C
I
)
 
d
u
r
i
n
g
 
t
h
e
 
p
e
r
i
o
d
 
o
f
 
S
e
p
t
e
m
b
e
r
 
1
2
-
1
4
,
 
0
7
7
.
 
I
n
 
t
h
e
s
e
 

m
e
a
s
u
r
e
m
e
n
t
s
,
 
e
i
g
h
t
 
e
l
e
m
e
n
t
s
 
w
e
r
e
 
d
e
t
e
r
m
i
n
e
d
 
q
u
a
n
t
i
t
a
t
i
v
e
l
y
,
 

b
y
 
t
h
e
 
m
e
t
h
o
d
 
o
f
 
i
n
s
t
r
u
m
e
n
t
a
l
 
n
e
u
t
r
o
n
 
a
c
t
i
v
a
t
i
o
n
 
a
n
a
l
y
s
i
s
 

(
I
N
A
A
)
,
 
u
s
i
n
g
 
t
h
e
 
t
h
e
r
m
a
l
-
n
e
u
t
r
o
n
 
f
l
u
x
 
o
f
 
t
h
e
 
U
C
I
 
r
e
s
e
a
r
c
h
-

t
y
p
e
 
n
u
c
l
e
a
r
 
r
e
a
c
t
o
r
 
f
o
r
 
t
h
e
 
a
c
t
i
v
a
t
i
o
n
 
o
f
 
t
h
e
 
s
a
m
p
l
e
s
,
 
a
n
d
 

t
h
e
 
3
8
 
c
m
3  G

e
(
L
i
)
/
4
0
9
6
-
c
h
a
n
n
e
l
 
g
a
m
m
a
-
r
a
y
 
s
p
e
c
t
r
o
m
e
t
e
r
 
a
t
 
U
C
I
 

f
o
r
 
t
h
e
 
c
o
u
n
t
i
n
g
 
o
f
 
t
h
e
 
a
c
t
i
v
a
t
e
d
 
s
a
m
p
l
e
s
.
 
T
h
e
 
e
i
g
h
t
 
e
l
e
-

m
e
n
t
s
 
m
e
a
s
u
r
e
d
 
i
n
 
t
h
e
 
s
a
m
p
l
e
s
 
w
e
r
e
 
t
h
e
 
f
o
l
l
o
w
i
n
g
:
 

l
e
a
d
 	

a
l
u
m
i
n
u
m
 

'
s
i
l
v
e
r
 	

m
a
n
g
a
n
e
s
e
 

a
n
t
i
m
o
n
y
 	

s
o
d
i
u
m
 

c
o
p
p
e
r
 	

c
h
l
o
r
i
n
e
 

T
h
e
 
e
v
i
d
e
n
c
e
 
s
p
e
c
i
m
e
n
s
 
t
o
 
b
e
 
t
e
s
t
e
d
 
w
e
r
e
 
r
e
m
o
v
e
d
 

f
r
o
m
 
t
h
e
 
U
.
 
S
.
 
N
a
t
i
o
n
a
l
 
A
r
c
h
i
v
e
s
,
 
i
n
 
W
a
s
h
i
n
g
t
o
n
,
 
D
.
 
C
.
 
b
y
 

M
r
.
 
J
a
m
e
s
 
L
.
 
G
e
a
r
 
o
f
 
t
h
e
 
A
r
c
h
i
v
e
s
 
s
t
a
f
f
.
-
 

1
/
 
 
T
h
e
 
e
v
i
d
e
n
c
e
 

1. 	
T
h
e
 
s
p
e
c
i
m
e
n
s
 
w
e
r
e
 
b
r
o
u
g
h
t
 
t
o
 
C
a
l
i
f
o
r
n
i
a
 
i
n
 
s
e
c
u
r
e
 
c
o
n
-
 

t
a
i
n
e
r
s
 
b
y
 
c
o
m
m
e
r
c
i
a
l
 
a
i
r
l
i
n
e
.
 
E
x
c
e
p
t
 
d
u
r
i
n
g
 
t
h
e
 
d
a
y
-

t
i
m
e
 
p
e
r
i
o
d
s
 
o
f
 
S
e
p
t
e
m
b
e
r
 
1
2
,
 
1
3
,
 
a
n
d
 
1
4
,
 
1
9
7
7
,
 
w
h
e
n
 
t
h
e
y
 

w
e
r
e
 
i
n
 
t
h
e
 
p
r
o
c
e
s
s
 
o
f
 
b
e
i
n
g
 
s
a
m
p
l
e
d
 
a
n
d
 
a
n
a
l
y
z
e
d
,
 
t
h
e
y
 

w
e
r
e
 
k
e
p
t
 
l
o
c
k
e
d
 
u
p
 
a
t
 
t
h
e
 
L
a
g
u
n
a
 
N
i
g
u
e
l
,
 
C
a
l
i
f
o
r
n
i
a
,
 

b
r
a
n
c
h
 
o
f
 
t
h
e
 
N
a
t
i
o
n
a
l
 
A
r
c
h
i
v
e
s
.
 

D
u
r
i
n
g
 
a
l
l
 
o
f
 
t
h
e
 
o
p
e
r
a
-

t
i
o
n
s
 
o
n
 
t
h
e
 
e
v
i
d
e
n
c
e
 
s
p
e
c
i
m
e
n
s
 
c
a
r
r
i
e
d
 
o
u
t
 
a
t
 
U
C
I
 
d
u
r
i
n
g
 

t
h
e
 
S
e
p
t
e
m
b
e
r
 
1
2
-
1
4
,
 
1
9
7
7
 
p
e
r
i
o
d
,
 
t
h
e
 
s
p
e
c
i
m
e
n
s
 
w
e
r
e
 
a
c
-

c
o
m
p
a
n
i
e
d
 
b
y
 
M
r
.
 
J
a
m
e
s
 
G
e
a
r
,
 
o
f
 
t
h
e
 
N
a
t
i
o
n
a
l
 
A
r
c
h
i
v
e
s
,
 

a
n
d
 
b
y
 
t
w
o
 
F
e
d
e
r
a
l
 
g
u
a
r
d
s
 
f
r
o
m
 
L
o
s
 
A
n
g
e
l
e
s
.
 
A
t
 
t
h
e
 
e
n
d
 

o
f
 
t
h
e
 
d
a
y
 
o
n
 
S
e
p
t
e
m
b
e
r
 
1
4
,
 
1
9
7
7
 
a
l
l
 o
f
 
t
h
e
 
a
c
t
i
v
a
t
e
d
 

s
a
m
p
l
e
s
 
w
e
r
e
 
r
e
t
u
r
n
e
d
 
t
o
 
M
r
.
 
G
e
a
r
.
 

s
p
e
c
i
m
e
n
s
 
w
h
i
c
h
 
a
r
e
 
t
h
e
 
s
u
b
j
e
c
t
 
o
f
 
t
h
i
s
 
r
e
p
o
r
t
 
m
a
y
 
h
e
 
p
u
t
 
i
n
 

t
w
o
 
g
r
o
u
p
s
.
 
T
h
e
 
f
i
r
s
t
 
g
r
o
u
p
 
a
r
e
 
t
h
o
s
e
 
r
e
p
o
r
t
e
d
l
y
 
f
o
u
n
d
 

l
o
c
a
t
e
d
 
i
n
 
o
r
 
n
e
a
r
 
t
h
e
 
o
c
c
u
p
a
n
t
s
 
o
f
 
t
h
e
 
P
r
e
s
i
d
e
n
t
'
s
 
l
i
m
o
u
s
i
n
e
,
 

t
h
e
 
l
i
m
o
u
s
i
n
e
,
 
o
r
 
t
h
e
 
a
r
e
a
 
i
m
m
e
d
i
a
t
e
l
y
 
s
u
r
r
o
u
n
d
i
n
g
 
i
t
.
 
T
h
e
 

s
e
c
o
n
d
 
g
r
o
u
p
 
c
o
n
s
i
s
t
s
 
o
f
 
a
 
s
a
m
p
l
e
 
t
a
k
e
n
 
f
r
o
m
 
t
h
e
 
u
n
f
i
r
e
d
 
c
a
r
t
-

r
i
d
g
e
 
r
e
p
o
r
t
e
d
l
y
 
f
o
u
n
d
 
i
n
 
t
h
e
 
T
e
x
a
s
 
S
c
h
o
o
l
 
B
o
o
k
 
D
e
p
o
s
i
t
o
r
y
 

B
u
i
l
d
i
n
g
 
o
n
 
N
o
v
e
m
b
e
r
 
2
2
.
 
1
9
6
3
,
 
a
n
d
 
a
 
s
a
m
p
l
e
 
t
a
k
e
n
 
f
r
o
m
 
t
h
e
 

m
a
s
h
e
d
 
b
u
l
l
e
t
 
r
e
p
o
r
t
e
d
l
y
 
f
o
u
n
d
 
i
n
 
t
h
e
 
h
o
m
e
 
o
f
 
G
e
n
e
r
a
l
 
E
d
w
i
n
 

W
a
l
k
e
r
,
 
a
f
t
e
r
 
h
e
 
w
a
s
 
r
e
p
o
r
t
e
d
l
y
 
f
i
r
e
d
 
u
p
o
n
 
i
n
 
A
p
r
i
l
 
o
f
 
1
9
6
3
.
 

T
h
e
 
e
v
i
d
e
n
c
e
 
s
p
e
c
i
m
e
n
s
 
c
o
n
s
i
s
t
e
d
 
o
f
 
t
h
e
 
f
o
l
l
o
w
i
n
g
,
 
l
/
 

G
r
o
o
m
 
i
;
 	

(
1
)
 

F
B
I
 
n
o
.
 
Q
6
0
9
.
 
R
e
p
o
r
t
e
d
l
y
 
p
i
e
c
e
 
o
f
 
c
u
r
b
 
f
r
o
m
 

D
e
a
l
e
y
 
P
l
a
z
a
.
 

(
2
)
 F
B
I
 
n
o
.
 
0
3
 
(
C
E
-
5
6
9
)
.
 
R
e
p
o
r
t
e
d
l
y
 
a
 
f
r
a
g
m
e
n
t
 
r
e
-

c
o
v
e
r
e
d
 
f
r
o
m
 
t
h
e
 
f
r
o
n
t
 
s
e
a
t
 
o
f
 
t
h
e
 
D
a
l
l
a
s
 
l
i
m
o
u
s
i
n
e
.
 

(
3
)
 F
B
I
 
n
o
.
 
0
1
5
 
t
c
E
-
5
4
1
)
.
 
R
e
p
o
r
t
e
d
l
y
 
p
a
r
t
i
c
l
e
s
 

s
c
r
a
p
e
d
 
f
r
o
m
 
t
h
e
 
i
n
s
i
d
e
 
s
u
r
f
a
c
e
 
o
f
 
t
h
e
 
w
i
n
d
-

s
h
i
e
l
d
 
o
f
 
t
h
e
 
D
a
l
l
a
s
 
l
i
m
o
u
s
i
n
e
.
 

(
4
)
 F
B
I
 
n
o
.
 
Q
l
 
I
C
E
-
3
9
9
)
.
 
W
h
o
l
e
 
b
u
l
l
e
t
,
 
s
t
i
l
l
 
i
n
 

i
t
s
 
j
a
c
k
e
t
,
 
r
e
p
o
r
t
e
d
l
y
 
f
o
u
n
d
 
o
n
 
a
 
s
t
r
e
t
c
h
e
r
 

a
t
 
t
h
e
 
P
a
r
k
l
a
n
d
 
M
e
m
o
r
i
a
l
 
H
o
s
p
i
t
a
l
 
i
n
 
D
a
l
l
a
s
,
 

o
n
 
t
h
e
 
a
f
t
e
r
n
o
o
n
 
o
f
 
N
o
v
e
m
b
e
r
 
2
2
,
 
1
9
6
3
.
 

(
5
)
 F
B
I
 
n
o
.
 
Q
2
 
(
C
E
-
5
6
7
)
.
 
M
a
s
h
e
d
 
l
a
r
g
e
 
b
u
l
l
e
t
 

2
.
 	

T
h
e
 
C
E
-
n
u
m
b
e
r
 
i
s
 
t
h
e
 
n
u
m
b
e
r
 
a
s
s
i
g
n
e
d
 
b
y
 
t
h
e
 
W
a
r
r
e
n
 

C
o
m
m
i
s
s
i
o
n
 
a
s
 
i
t
s
 
e
x
h
i
b
i
t
 
n
u
m
b
e
r
s
;
 
t
h
e
 
F
B
I
 
0
 
n
u
m
b
e
r
 

i
s
 
t
h
e
 
i
d
e
n
t
i
f
i
c
a
t
i
o
n
 
n
u
m
b
e
r
 
a
s
s
i
g
n
e
e
 
b
y
 
t
h
e
 
F
B
I
 

L
a
b
o
r
a
t
o
r
y
.
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f
r
a
g
m
e
n
t
,
 
s
t
i
l
l
 

in
 
i
t
s
 
j
a
c
k
e
t
,
 
r
e
p
o
r
t
e
d
l
y
 	

D
a
l
l
a
s
 
c
u
r
b
i
n
g
 
s
a
m
p
l
e
 
(
F
B
I
 
n
o
.
 
0
6
0
9
)
 
w
a
s
 
n
o
t
 
s
u
i
t
a
b
l
e
 
f
o
r
 

r
e
c
o
v
e
r
e
d
 
f
r
o
m
 
t
h
e
 
f
r
o
n
t
 
s
e
a
t
 
o
f
 
t
h
e
 
D
a
l
l
a
s
 	

I
N
A
A
 
a
n
a
l
y
s
t
s
.
 
T
h
e
 
s
l
i
g
h
t
 
g
r
a
y
 
s
m
e
a
r
 
o
n
 
i
t
 
h
a
d
 
p
r
e
v
i
o
u
s
l
y
 

l
i
m
o
u
s
i
n
e
.
 	

b
e
e
n
 
s
c
r
a
p
e
d
 
b
y
 
t
h
e
 
F
B
I
 
L
a
b
o
r
a
t
o
r
y
,
 
a
n
d
 
t
h
e
 
s
c
r
a
p
i
n
g
s
 

1
6
1
 
F
B
I
 
n
o
s
.
 
0
4
.
 
5
 
tcz-6411. 

O
n
e
 
l
a
r
g
e
r
 
f
r
a
g
m
e
n
t
,
 	

a
n
a
l
y
z
e
d
 
b
y
 
e
m
i
s
s
i
o
n
 
s
p
e
c
t
o
g
r
a
p
h
y
,
 
i
n
 
1
9
6
4
.
 
T
h
e
 
a
m
o
u
n
t
 
o
f
 

a
n
d
 
o
n
e
 
s
m
a
l
l
e
r
 
f
r
a
g
m
e
n
t
,
 
r
e
p
o
r
t
e
d
l
y
 
r
e
c
o
v
e
r
e
d
 	

r
e
m
a
i
n
i
n
g
 
m
e
t
a
l
 
(
?
)
 
i
n
 
t
h
e
 
s
m
e
a
r
 
w
a
s
 
t
o
o
 
s
m
a
l
l
 
f
o
r
 
p
r
o
p
e
r
 

f
r
o
m
 
P
r
e
s
i
d
e
n
t
 
X
e
n
n
e
d
y
'
s
 
b
r
a
i
n
 
a
t
 
a
u
t
o
p
s
y
.
 	

I
N
A
A
 
m
e
a
s
u
r
e
m
e
n
t
s
,
.
 
a
n
d
,
 
f
u
r
t
h
e
r
,
 
a
n
y
 
m
a
t
e
r
i
a
l
 
s
c
r
a
p
e
d
 
f
r
o
m
 

1
7
1
 
F
B
I
 
n
o
.
 
Q
9
 
!
C
E
-
8
4
2
1
.
 
O
n
e
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i
e
 
f
o
r
 

6
.
5
 
m
m
 
c
a
r
t
r
i
d
g
e
s
 
w
a
s
 
p
u
r
c
h
a
s
e
d
 
a
n
d
 
t
h
e
n
 
u
s
e
d
 
o
n
 
S
e
p
t
e
m
b
e
r
 

1
4
,
 
1
9
7
7
.
 
a
l
o
n
g
 
w
i
t
h
 
t
h
e
 
U
C
I
 
r
e
l
o
a
d
i
n
g
 
e
q
u
i
p
m
e
n
t
,
 
t
o
 
d
i
s
-

a
s
s
e
m
b
l
e
 
a
n
d
 
l
a
t
e
r
 
r
e
a
s
s
e
m
b
l
e
 
t
h
e
 
C
E
-
1
4
1
 
c
a
r
t
r
i
d
g
e
.
 
T
h
e
 

c
a
r
t
r
i
d
g
e
 
w
a
s
 
f
i
r
s
t
 
e
x
a
m
i
n
e
d
 
v
i
s
u
a
l
l
y
,
 
w
i
t
h
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 

o
b
s
e
r
v
a
t
i
o
n
s
 
m
a
d
e
:
 
(
1
)
 
t
h
e
 
c
a
r
t
r
i
d
g
e
 
b
a
s
e
 
w
a
s
 
s
t
a
m
p
e
d
 

"
W
C
C
 
6
.
5
 
m
e
'
,
 
(
2
)
 
t
e
e
 
e
n
t
i
r
e
 
c
a
r
t
r
i
d
g
e
 
c
a
s
e
,
 
a
n
d
 
t
h
e
 
b
u
l
l
e
t
 

1
0
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A
s
 
w
e
l
l
 
a
s
 
p
r
e
p
a
r
i
n
g
 
t
h
e
 
e
v
i
d
e
n
c
e
 
s
a
m
p
l
e
s
,
 
t
o
u
r
 

s
a
m
p
l
e
 
s
t
a
n
d
a
r
d
s
,
 
e
a
c
h
,
 
o
f
 
s
i
l
v
e
r
,
 
a
n
t
i
m
o
n
y
,
 
a
n
d
 
c
o
p
p
e
r
 
w
e
r
e
 

p
r
e
p
a
r
e
d
 
o
n
 
S
e
p
t
e
m
b
e
r
 
8
 
a
n
d
 
9
,
 
1
9
7
7
 
t
o
 
b
e
 
u
s
e
d
 
i
n
 
t
h
i
s
 
t
e
s
t
.
 

S
t
a
n
d
a
r
d
 
s
a
m
p
l
e
s
 
o
f
 
t
h
e
 
e
l
e
m
e
n
t
s
 
t
o
 
b
e
 
m
e
a
s
u
r
e
d
 
a
r
e
 
n
e
c
e
s
s
a
r
y
 

i
n
 
o
r
d
e
r
 
t
o
 
c
o
n
v
e
r
t
 
t
h
e
 
m
e
a
s
u
r
e
d
 
g
a
g
a
-
r
a
y
 
p
e
a
k
s
 
q
u
a
n
t
i
t
a
-

t
i
v
e
l
y
 
t
o
 
m
i
c
r
o
g
r
a
m
s
 
o
f
 
e
l
e
m
e
n
t
 
p
r
e
s
e
n
t
 
I
n
 
a
 
s
a
m
p
l
e
 
-
-
 
t
h
i
s
 

i
s
 
t
h
e
 
u
s
u
a
l
 
c
o
m
p
a
r
a
t
o
r
 
m
e
t
h
o
d
.
 
S
a
m
p
l
e
s
 
a
n
d
 
s
t
a
n
d
a
r
d
s
 
a
r
e
 

a
c
t
i
v
a
t
e
d
 
a
n
d
 
c
o
u
n
t
e
d
 
e
x
a
c
t
l
y
 
t
h
e
 
s
a
m
e
 
w
a
y
.
 
E
a
c
h
 
s
i
l
v
e
r
 

s
t
a
n
d
a
r
d
 
c
o
n
t
a
i
n
e
d
 
3
.
2
5
 
m
i
c
r
o
g
r
a
m
s
 
(
f
i
g
)
 
o
f
 
s
i
l
v
e
r
,
 
e
a
c
h
 
a
n
t
i
-

m
o
n
y
 
s
t
a
n
d
a
r
d
 
c
o
n
t
a
i
n
e
d
 
2
I
3
 
m
i
c
r
o
g
r
a
m
s
 
o
f
 
a
n
t
i
m
o
n
y
,
 
a
n
d
 
e
a
c
h
 

c
o
o
p
e
r
 
s
t
a
n
d
a
r
d
 
c
o
n
t
a
i
n
e
d
 
1
9
2
 
m
i
c
r
o
g
r
a
m
s
 
o
f
 
c
o
p
p
e
r
.
 
E
a
c
h
 

s
t
a
n
d
a
r
d
 
c
o
n
s
i
s
t
e
d
 
o
f
 
0
.
1
0
0
 
c
m
3
  o
f
 
a
 
f
r
e
s
h
l
y
 
p
r
e
p
a
r
e
d
 
a
q
u
e
o
u
s
 

s
o
l
u
t
i
o
n
,
 
g
e
n
t
l
y
 
d
r
i
e
d
 
i
n
 
t
h
e
 
b
o
t
t
o
m
 
o
f
 
a
 
h
a
l
f
-
d
r
a
m
 
p
o
l
y
e
t
h
y
l
-

e
n
e
 
v
i
a
l
,
 
a
n
d
 
c
e
m
e
n
t
e
d
 
d
o
w
n
 
w
i
t
h
 
a
 
f
e
w
 
d
r
o
p
s
 
o
f
 
a
 
1
0
1
 
p
a
r
a
f
f
i
n
 

s
o
l
e
t
i
o
n
 
i
n
 
c
a
r
b
o
n
 
d
i
s
u
l
f
i
d
e
 
(
a
l
l
o
w
e
d
 
t
o
 
d
r
y
 
a
t
 
r
o
o
m
 

t
e
m
p
e
r
a
t
u
r
e
)
.
 

p
a
c
k
e
t
,
 
w
e
r
e
 
r
a
t
h
e
r
 
d
a
r
k
 
i
n
 
c
o
l
o
r
 
-
-
 
i
n
d
i
c
a
t
i
n
g
 
e
x
t
e
r
n
a
l
 

e
x
i
d
a
t
i
e
n
/
s
u
l
f
i
d
i
n
g
,
 
(
3
)
 
t
h
e
r
e
 
w
a
s
 
n
o
 
f
i
r
i
n
g
-
p
i
n
 
i
m
p
r
e
s
-

s
i
o
n
 
a
t
 
t
h
e
 
b
a
s
e
,
 
w
h
e
r
e
 
t
h
e
 
p
r
i
m
e
r
.
 
c
u
p
 
i
s
 
l
o
c
a
t
e
d
,
 
i
n
-

d
i
c
e
t
i
n
g
 
t
h
a
t
 
t
h
e
 
c
a
r
t
r
i
d
g
e
 
h
a
d
 
n
e
v
e
r
 
u
n
d
e
r
g
o
n
e
 
e
v
e
n
 
a
n
 

a
t
t
e
m
p
t
e
d
 
(
a
b
o
r
t
i
v
e
)
 
f
i
r
i
n
g
.
 
U
p
o
n
 
d
i
s
a
s
s
e
m
b
l
y
,
 
t
h
e
 

b
u
l
l
e
t
 
(
p
r
o
/
e
c
t
i
l
e
l
 
p
a
r
t
 
w
a
s
 
f
o
u
n
d
 
t
o
 
b
e
 
t
h
e
 
s
a
m
e
 
i
n
 

s
h
a
p
e
,
 
d
i
m
e
n
s
i
o
n
s
,
 
w
e
i
g
h
t
,
 
a
n
d
 
s
i
n
g
l
e
 
c
a
n
n
e
i
u
r
e
 
a
s
 
o
t
h
e
r
 

W
e
s
t
e
r
n
 
C
a
r
t
r
i
d
g
e
 
C
o
m
p
a
n
y
 
6
.
1
 
m
m
 
M
a
n
n
i
i
c
h
e
r
-
C
a
r
c
a
n
o
 
b
u
l
-

l
e
t
s
 
f
r
o
m
 
t
h
e
i
r
 
p
r
o
d
u
c
t
i
o
n
 
L
o
t
s
 
5
0
0
0
,
 
5
0
0
1
,
 
6
0
0
2
,
 
a
n
d
 

6
0
0
3
.
 
T
h
e
 
p
r
i
s
t
i
n
e
 
j
a
c
k
e
t
e
d
 
b
u
l
l
e
t
,
 
b
e
f
o
r
e
 
s
a
m
p
l
i
n
g
,
 

w
a
s
 
f
o
u
n
d
 
t
o
 
w
e
i
g
h
 
1
0
.
4
0
8
2
 
g
r
a
m
s
 
(
1
6
0
.
6
2
 
g
r
a
i
n
s
)
.
 
T
h
i
s
 

c
o
m
p
a
r
e
s
 
c
l
o
s
e
l
y
 
w
i
t
h
 
t
h
e
 
n
o
m
i
n
a
l
 
b
u
l
l
e
t
 
w
e
i
g
h
t
 
o
f
 
1
6
1
 

g
r
a
i
n
s
 
q
u
o
t
e
d
 
b
y
 
t
h
e
 
W
e
s
t
e
r
n
 
C
a
r
t
r
i
d
g
e
 
C
o
m
p
a
n
y
.
 
T
h
e
 
g
u
n
-

p
o
w
d
e
r
 
f
r
o
m
 
t
h
e
 
c
a
r
t
r
i
d
g
e
 
w
a
s
 
a
l
s
o
 
w
e
i
g
h
e
d
,
 
a
n
d
 
f
o
u
n
d
 
t
o
 

b
e
 
2
.
8
2
9
4
 
g
r
a
m
s
 
(
4
3
.
6
6
.
 
g
r
a
i
n
s
)
,
 
w
h
i
c
h
 
a
g
r
e
e
s
 
c
l
o
s
e
l
y
 
w
i
t
h
 

t
h
e
 
m
a
n
u
f
a
c
t
u
r
e
r
'
s
 
n
o
m
i
n
a
l
 
v
a
l
u
e
 
o
f
 
4
4
 
g
r
a
i
n
s
.
 
A
f
t
e
r
 
t
h
e
 

t
w
o
.
 
d
r
i
l
l
i
n
g
 
s
a
m
p
l
e
s
 
w
e
r
e
 
t
a
k
e
n
 
f
r
o
m
 
t
h
e
 
b
u
l
l
e
t
 (
2
4
.
3
 
m
g
 

a
n
d
 
6
.
3
 
m
g
)
,
 
t
h
e
 
b
u
l
l
e
t
 
w
a
s
 
r
e
w
e
i
g
h
e
d
,
 
a
n
d
 
f
o
u
n
d
 
t
o
 
n
o
w
 

w
e
i
g
h
 
1
0
.
3
7
7
4
 
g
r
a
m
s
 
(
1
6
0
.
1
5
 
g
r
a
i
n
s
)
.
 
T
h
e
 
c
a
r
t
r
i
d
g
e
 
w
a
x
 

t
h
e
n
 
r
e
a
s
s
e
m
b
l
e
d
,
 
w
i
t
h
 
t
h
e
 
g
u
n
p
o
w
d
e
r
 
a
n
d
 
s
a
m
p
l
e
d
 
b
u
l
l
e
t
 

b
a
c
k
 
i
n
 
p
l
a
c
e
.
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T
H
E
 
A
N
A
L
Y
S
E
S
 
O
F
 
T
H
R
 
S
A
M
P
L
E
S
 
A
T
 
U
t
i
 

O
n
 
S
e
p
t
e
m
b
e
r
 
1
3
,
 
1
9
7
7
1
(
 
e
a
c
h
 
s
a
m
p
l
e
 
(
e
x
c
e
p
t
 
f
o
r
 

s
a
m
p
l
e
s
 
E
C
-
8
-
1
 
a
n
d
 
H
C
-
8
-
2
)
 
w
a
s
 
a
c
t
i
v
a
t
e
d
 
t
w
i
c
e
 
a
n
d
 
c
o
u
n
t
e
d
 

t
w
i
c
e
,
 
u
n
d
e
r
 
c
o
n
d
i
t
i
o
n
s
 
o
p
t
i
m
i
z
e
d
 
f
o
r
 
t
h
e
 
g
e
n
e
r
a
t
i
o
n
 
a
n
d
 

d
e
t
e
c
t
i
o
n
 
o
f
 
s
h
o
r
t
-
l
i
v
e
d
 
i
n
d
u
c
e
d
 
r
a
d
i
o
a
c
t
i
v
e
 
s
p
e
c
i
e
s
. 1
/
  W
i
t
h
 

t
h
e
 
0
C
I
 
T
R
I
G
A
 
M
a
r
k
 
I
 
n
u
c
l
e
a
r
 
r
e
a
c
t
o
r
 
r
u
n
n
i
n
g
 
s
t
e
a
d
i
l
y
 
a
t
 

f
u
l
l
 
p
o
w
e
r
 
(
2
5
0
 
k
i
l
o
w
a
t
t
s
)
.
 
e
a
c
h
 
s
a
m
p
l
e
,
 
i
n
 
i
t
s
 
c
l
o
s
e
d
 
1
.
3
 

c
m
3
  p
o
l
y
e
t
h
y
l
e
n
e
 
v
i
a
l
,
 
w
a
s
 
i
r
r
a
d
i
a
t
e
d
 
f
o
r
 
4
6
 
s
e
c
o
n
d
s
 
i
n
 
t
h
e
 

p
n
e
u
m
a
t
i
c
-
t
u
b
e
 
r
e
a
c
t
o
r
 
c
o
r
e
 
p
o
s
i
t
i
o
n
 
(
w
h
e
r
e
 
t
h
e
 
t
h
e
r
m
a
l
-

n
e
u
t
r
o
n
 
f
l
u
x
 
i
s
 
2
.
5
 
x
 
1
0 1
2
  n
/
c
m
2
  -
 
s
e
c
)
,
 
a
l
l
o
w
e
d
 
t
o
 
d
e
c
a
y
 

f
o
r
 
4
0
 
s
e
c
o
n
d
s
 
(
d
u
r
i
n
g
 
w
h
i
c
h
 
t
h
e
 
a
c
t
i
v
a
t
e
d
 
s
a
m
p
l
e
 
w
a
s
 
t
r
a
n
s
-

f
e
r
r
e
d
 
t
o
 
a
 
f
r
e
s
h
,
 
l
a
b
e
l
e
d
 
v
i
a
l
)
,
 
a
n
d
 
t
h
e
n
 
c
o
u
n
t
e
d
 
f
o
r
 
4
0
 

s
e
c
o
n
d
s
 
c
i
o
c
k
t
i
m
e
 
o
n
 
t
o
p
 
o
f
 
a
 
o
n
e
-
c
e
n
t
i
m
e
t
e
r
 
t
h
i
c
k
 
p
l
a
s
t
i
c
 

b
e
t
a
-
p
a
r
t
i
c
l
e
 
a
b
s
o
r
b
e
r
 
o
n
 
t
o
y
 
o
f
 
a
 
3
8
 
c
u
b
i
c
-
c
e
n
t
i
m
e
t
e
r
 
h
i
g
h
-

r
e
s
a
l
u
t
i
e
n
 
c
o
a
x
i
a
l
 
l
i
t
h
i
u
m -
d
r
i
f
t
e
d
 
g
e
r
m
a
n
i
u
m
 
(
G
e
(
L
i
)
)
 
s
e
m
i-

c
o
n
d
u
c
t
o
r
 
g
a
m
e
s -
r
a
y
 
d
e
t
e
c
t
o
r
,
 
c
o
u
p
l
e
d
 
t
o
 
a
 
4
4
9
6
-
c
h
a
n
n
e
l
 

p
u
l
s
e
-
h
e
i
g
h
t
 
a
n
a
l
y
z
e
r
.
 
D
u
r
i
n
g
 
t
h
e
 
c
o
u
n
t
i
n
g
 
o
f
 
a
 
s
a
m
p
l
e
.
 

4
.
 
?
r
e
s
e
n
t
 
d
u
r
i
n
g
 
t
h
e
s
e
 
t
e
s
t
s
 
w
e
r
e
 
D
r
.
 
G
u
i
n
n
;
 
M
i
c
h
a
e
l
 

P
u
r
c
e
l
l
,
 
a
 
l
a
b
o
r
a
t
o
r
y
 
a
s
s
i
s
t
a
n
t
;
 
A
r
c
h
i
v
i
s
t
 
J
a
m
e
s
 
G
e
a
r
;
 

a
n
d
 
t
w
o
 
F
e
d
e
r
a
l
 
g
u
a
r
d
s
.
 

5
.
 

O
p
t
i
m
i
z
e
d
 
c
o
n
d
i
t
i
o
n
s
 
v
a
r
y
 
f
o
r
 
e
a
c
h
 e
l
e
m
e
n
t
.
 
F
o
r
 
e
l
e
m
e
n
t
 

r
a
d
i
o
i
s
o
t
o
p
e
s
 
w
i
t
h
 
a
 
s
h
o
r
t
 
h
a
l
f
 
l
i
f
e
,
 
a
 
s
h
o
r
t
 
i
r
r
a
d
i
a
t
i
o
n
 

t
i
m
e
,
 
a
 
s
h
o
r
t
 
d
e
c
a
y
 
t
i
m
e
,
 
a
n
d
 
a
 
s
h
o
r
t
 
c
o
u
n
t
i
n
g
 
t
i
m
e
 
p
r
o
-

v
i
d
e
 
o
p
t
i
m
i
z
e
d
 
/
N
A
A
 
d
e
t
e
c
t
i
o
n
 
c
o
n
d
i
t
i
o
n
s
.
 
F
o
r
 
e
l
e
m
e
n
t
 

r
a
d
i
o
i
s
o
t
o
p
e
s
 
w
i
t
h
 
a
 
l
o
n
g
 
h
a
l
f
l
i
f
e
,
 
o
p
t
i
m
a
l
 
c
o
n
d
i
t
i
o
n
s
 

a
r
e
 
a
 
l
o
n
g
 
i
r
r
a
d
i
a
t
i
o
n
 
t
i
m
e
,
 
a
 
l
o
n
g
 
d
e
c
a
y
 
t
i
m
e
,
 
a
n
d
 
a
 

l
o
n
g
 
c
o
u
n
t
i
n
g
 
t
i
m
e
.
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t
h
e
 
a
n
a
l
y
z
e
r
 
p
e
r
c
e
n
t
a
g
e
 
d
e
a
d
t
i
m
e
 
w
a
s
 
r
e
a
d
 
f
r
o
m
 
t
h
e
 
d
e
a
d
t
i
m
e
 

m
e
t
e
r
 
a
t
 
t
h
e
 
b
e
g
i
n
n
i
n
g
 
a
n
d
 
a
t
 
t
h
e
 
e
n
d
 
o
f
 
t
h
e
 
c
o
u
n
t
i
n
g
 

p
e
r
i
o
d
.
g
 
A
s
 
s
c
a
n
 
a
s
 
t
h
e
 
c
o
u
n
t
i
n
g
 
o
f
 
t
h
e
 
s
a
m
p
l
e
 
w
a
s
 
c
o
m
-

p
l
e
t
e
d
,
 
i
t
s
 
c
o
m
p
l
e
t
e
 
p
u
l
s
e
-
h
e
i
g
h
t
 
s
p
e
c
t
r
u
m
 
w
a
s
 
t
r
a
n
s
f
e
r
r
e
d
 

t
w
i
c
e
 
t
o
 
a
 
f
r
e
s
h
 
m
a
g
n
e
t
i
c
 
t
a
p
e
,
 
i
d
e
n
t
i
f
i
e
d
 
b
y
 
i
t
s
 
t
a
g
w
o
r
d
.
 

T
h
e
 
s
a
m
p
l
e
s
,
 
a
n
d
 
t
h
e
 
s
t
a
n
d
a
r
d
s
 
o
f
 
a
n
t
i
m
o
n
y
,
 
s
i
l
v
e
r
,
 
a
n
d
 

c
o
p
p
e
r
.
 
w
e
r
e
 
p
r
o
c
e
s
s
e
d
 
i
d
e
n
t
i
c
a
l
l
y
 
i
n
 
t
h
i
s
 
f
a
s
h
i
o
n
,
 
i
n
 
s
u
c
-

c
e
s
s
i
o
n
,
 
o
n
e
 
a
t
 
a
 
t
i
m
e
.
 
E
a
c
h
 
s
a
m
p
l
e
 
a
n
d
 
s
t
a
n
d
a
r
d
 
w
a
s
 
t
h
e
n
 

a
c
t
i
v
a
t
e
d
 
a
n
d
 
c
o
u
n
t
e
d
 
a
 
s
e
c
o
n
d
 
t
i
m
e
,
 
u
n
d
e
r
 
t
h
e
 
s
a
m
e
 
c
o
n
d
i
-

t
i
o
n
s
.
 

O
n
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 
d
a
y
 
(
S
e
p
t
e
m
b
e
r
 
L
4
,
 
1
9
7
7
)
 
t
h
e
 
s
a
m
p
l
e
s
 

a
n
d
 
t
h
e
 
s
t
a
n
d
a
r
d
s
 
o
f
 
a
n
t
i
m
o
n
y
 
a
n
d
 
c
o
p
p
e
r
,
 
a
n
d
 
s
a
m
p
l
e
 
H
C
-
8
-
1
,
 

w
e
r
e
 
a
c
t
i
v
a
t
e
d
 
i
n
 
t
h
e
 
r
e
a
c
t
o
r
 
a
g
a
i
n
 
-
-
 
t
h
i
s
 
t
i
m
e
 
f
o
r
 
o
n
e
 

h
o
u
r
 
a
n
d
 
a
l
l
 
a
t
 
t
h
e
 
s
a
m
e
 
t
i
m
e
,
 
e
a
c
h
 
s
a
m
p
l
e
,
 
i
n
 
i
t
s
 
1
.
3
 
c
m
3
  

2
o
l
y
n
t
e
v
e
l
e
n
e
 
v
i
a
l
,
 
i
n
 
a
 
s
e
p
a
r
a
t
e
 
t
u
b
e
 
o
f
 
t
h
e
 
4
0
-
t
u
b
e
 
r
o
t
a
r
y
 

s
p
e
c
i
m
e
n
 
r
a
c
k
.
 
o
f
 
t
h
e
 
r
e
a
c
t
o
r
.
 
A
t
 
f
u
l
l
 
p
o
w
e
r
 
(
2
5
0
 
k
i
l
o
w
a
t
t
s
)
.
 

6
.
 	

.
i
h
e
l
e
 
t
h
e
 
p
u
l
s
e
-
h
e
i
g
h
t
 
a
n
a
l
y
z
e
r
 
i
s
 
m
e
a
s
u
r
i
n
g
 
t
h
e
 
s
i
z
e
 

o
f
 
o
n
e
 
e
l
e
c
t
r
i
c
a
l
 
p
u
l
s
e
 
f
r
o
m
 
t
h
e
 
G
e
(
L
i
)
 
d
e
t
e
c
t
o
r
,
 
t
o
 

d
e
t
e
r
m
i
n
e
 
i
n
 
w
h
i
c
h
 
o
f
 
t
h
e
 
4
0
9
6
 
c
h
a
n
n
e
l
s
 
i
t
 
s
h
o
u
l
d
 
b
e
 

s
t
o
r
e
d
•
a
s
 
a
 
c
o
u
n
t
,
 
t
h
e
 
a
n
a
l
y
z
e
r
 
c
a
n
n
o
t
 
a
c
c
e
p
t
 
a
n
o
t
h
e
r
 

i
n
p
u
t
 
p
u
l
s
e
.
 
T
h
i
s
 
p
e
r
i
o
d
 
i
s
 
c
a
l
l
e
d
 
"
d
e
a
d
t
i
m
e
"
.
 
I
n
 
t
h
e
 

a
n
a
l
y
z
e
r
 
c
i
r
c
u
i
t
i
n
g
,
 
t
h
e
 
e
e
r
c
e
n
t
a
g
e
 
o
f
 
t
h
e
 
t
o
t
a
l
 
c
l
o
c
k
-

t
i
m
e
 
t
h
a
t
 
i
s
 
d
e
a
d
l
i
n
e
 
i
s
 
c
o
n
t
i
n
u
o
u
s
l
y
 
m
o
n
i
t
o
r
e
d
 
a
n
d
 

d
i
s
p
l
a
y
e
d
 
o
n
 
a
 
p
e
r
c
e
n
t
 
d
e
a
d
t
i
m
e
 
m
e
t
e
r
.
 
T
h
e
 
c
o
u
n
t
s
 

o
b
t
a
i
n
e
d
 
d
u
r
i
n
g
 
e
g
i
v
e
n
 
c
l
o
c
k
t
i
m
e
 
p
e
r
i
o
d
 
a
r
e
 
t
h
e
n
 
c
o
r
-

r
e
c
t
e
d
 
f
o
r
 
t
h
i
s
 
d
e
a
d
t
i
m
e
 
l
o
s
s
 
o
f
 
c
o
u
n
t
s
 
b
y
 
d
i
v
i
d
i
n
g
 

t
h
e
 
o
b
s
e
r
v
e
d
 
c
o
u
n
t
s
 
b
y
 
(
1
 
m
i
n
u
s
 
t
h
e
 
a
v
e
r
a
g
e
 
f
r
a
c
t
i
o
n
a
l
 

d
e
a
d
t
i
m
e
)
 
d
u
r
i
n
g
 
t
h
e
 
c
o
u
n
t
i
n
g
 
p
e
r
i
o
d
.
 
I
n
 
o
r
d
e
r
 
t
o
 

a
v
o
i
d
 
s
p
e
c
t
r
u
m
 
d
i
s
t
o
r
t
i
o
n
,
 
i
t
 
i
s
 
n
o
t
 
a
d
v
i
s
a
b
l
e
 
t
o
 
u
s
e
 

t
h
e
 
c
o
u
n
t
i
n
g
 
d
a
t
a
 
f
o
r
 
r
e
a
l
l
y
 
q
u
a
n
t
i
t
a
t
i
v
e
 
c
a
l
c
u
l
a
t
i
o
n
s
 

i
f
 
t
h
e
 
d
e
a
d
t
i
m
e
 
d
u
r
i
n
g
 
t
h
e
 
c
o
u
n
t
i
n
g
 
p
e
r
i
o
d
 
i
s
 
g
r
e
a
t
e
r
 

t
h
a
n
 
a
b
o
u
t
 
1
0
3
.
 

e
a
c
h
 
s
a
m
p
l
e
 
e
n
 
t
h
e
 
r
o
t
a
r
y
 
s
p
e
c
i
m
e
n
 
r
a
c
k
 
i
s
 
e
x
p
o
s
e
d
 
t
o
 
a
n
 

a
v
e
r
a
g
e
 
t
h
e
r
m
a
l
-
n
e
u
t
r
o
n
 
f
l
u
x
 
o
f
 
1
.
0
 
x
 
1
0
1
2
 
n
/
c
m
2
 
-
 
s
e
c
.
 

D
u
r
i
n
g
 
t
h
e
 
f
i
r
s
t
 
p
a
r
t
 
o
f
 
t
h
i
s
 
o
n
e
-
h
o
u
r
 
i
r
r
a
d
i
a
t
i
o
n
,
 
s
a
m
p
l
e
 

H
C
-
a
-
2
 
a
n
d
 
o
n
e
 
e
a
c
h
 
o
f
 
t
h
e
 
a
n
t
i
m
o
n
y
,
 
s
i
l
v
e
r
,
 
a
n
d
 
c
o
p
p
e
r
 

s
t
a
n
d
a
r
d
s
 
w
e
r
e
 
a
c
t
i
v
a
t
e
d
 
i
n
 
t
h
e
 
p
n
e
u
m
a
t
i
c
-
t
u
b
e
 
r
e
a
c
t
o
r
 
p
o
s
i
-

t
i
o
n
 
(
a
t
 
a
 
t
h
e
r
m
a
l
-
n
e
u
t
r
o
n
 
f
l
u
e
 
o
f
 
2
.
5
 
x
 
1
0 1
2
  n
/
c
m
2
  -
 
s
e
c
)
 

a
n
d
 
c
o
u
n
t
e
d
 
a
s
 
i
n
 
t
h
e
 
m
e
a
s
u
r
e
m
e
n
t
s
 
o
n
 
t
h
e
 
p
r
e
v
i
o
u
s
 
d
a
y
:
 
a
t
 

i
r
r
a
d
i
a
t
i
o
n
,
 
d
e
c
a
y
 
a
n
d
 
c
o
u
n
t
i
n
g
 
t
i
m
e
s
 
o
f
 
4
0
 
s
e
c
o
n
d
s
 
e
a
c
h
.
 

T
h
e
 
H
C
-
5
-
2
 
s
a
m
p
l
e
 
w
a
s
 
a
c
t
i
v
a
t
e
d
 
a
n
d
 
c
o
u
n
t
e
d
 
t
w
i
c
e
.
 
A
f
t
e
r
 

t
h
e
 
e
n
d
 
o
f
 
t
h
e
 
o
n
e
-
h
o
u
r
 
I
r
r
a
d
i
a
t
i
o
n
,
 
e
a
c
h
 
s
a
m
p
l
e
 
a
n
d
 
s
t
a
n
d
a
r
d
 

w
a
s
 
r
e
m
o
v
e
d
 
f
r
o
m
 
t
h
e
 
r
o
t
a
r
y
 
s
p
e
c
i
m
e
n
 
r
a
c
k
,
 
e
a
c
h
 
s
a
m
p
l
e
 

t
r
a
n
s
f
e
r
r
e
d
 
t
o
 
a
 
f
r
e
s
h
 
l
a
b
e
l
e
d
 
p
o
l
y
e
t
h
y
l
e
n
e
 
v
i
a
l
,
 
a
n
d
 
t
h
e
n
 

e
a
c
h
 
c
o
u
n
t
e
d
 
f
o
r
 
3
0
0
 
s
e
c
o
n
d
s
 
l
i
v
e
t
i
m
e
 
o
n
 
t
h
e
 
G
e
(
t
i
)
/
4
0
9
6
-
 

c
h
a
n
n
e
l
 
g
a
m
m
a
-
r
a
y
 
s
p
e
c
t
r
o
m
e
t
e
r
 
a
s
 
b
e
f
o
r
e
.
 
A
s
 
b
e
f
o
r
e
,
 
a
l
s
o
,
 

e
a
c
h
 
p
u
l
s
e
-
h
e
i
g
h
t
 
s
p
e
c
t
r
u
m
 
w
a
s
 
r
e
c
o
r
d
e
d
 
t
w
i
c
e
 
o
n
 
t
h
e
 
m
a
g
n
e
t
i
c
 

t
a
p
e
,
 
a
l
o
n
g
 
w
i
t
h
 
i
t
s
 
i
d
e
n
t
i
f
y
i
n
g
 
t
a
g
w
o
r
d
.
 
T
h
e
 
t
i
m
e
 
o
f
 
d
a
y
 

a
t
 
w
h
i
c
h
 
e
a
c
h
 
c
o
u
n
t
 
w
a
s
 
s
t
a
r
t
e
d
 
w
a
s
 
n
o
t
e
d
 
-
-
 
f
o
r
 
u
s
e
 
i
n
 
s
u
b
-

s
e
q
u
e
n
t
 
d
e
c
a
y
 
c
o
r
r
e
c
t
i
o
n
s
.
 

A
t
 
t
h
e
 
b
e
g
i
n
n
i
n
g
 
o
f
 
t
h
e
 
c
o
u
n
t
i
n
g
 
o
n
 
e
a
c
h
 
d
a
y
,
 
t
h
e
 

e
n
e
r
g
y
 
s
c
a
l
e
 
w
a
s
 
c
a
l
i
b
r
a
t
e
d
 
b
y
 
m
e
a
n
s
 
o
f
 
t
h
e
 
6
6
1
.
6
 
k
e
V
 
g
a
m
m
a
 

r
a
y
 
o
f
 
c
e
s
i
u
m
 
-
 
1
3
7
 
a
n
d
 
t
h
e
 
1
1
1
2
.
4
 
k
e
y
 
g
a
m
m
a
 
r
a
y
 
o
f
 
c
o
b
a
l
t
 
-
 

6
0
.
 
T
h
e
 
e
n
e
r
g
y
 
c
a
l
i
b
r
a
t
i
o
n
 
p
u
l
s
e
-
h
e
i
g
h
t
 
s
p
e
c
t
r
a
 
w
e
r
e
 
a
l
s
o
 

s
t
o
r
e
d
 
a
n
 
t
h
e
 
m
a
g
n
e
t
i
c
 
t
a
p
e
.
 
T
h
e
 
e
n
e
r
g
y
 
r
a
n
g
e
 
c
o
v
e
r
e
d
 
w
a
s
 

f
r
o
m
 
1
5
 
k
e
V
 
(
c
h
a
n
n
e
l
 
2
)
 
t
o
 
3
2
7
7
 
k
e
V
 
(
c
h
a
n
n
e
l
 
4
0
9
6
)
.
 

O
n
 
s
u
b
s
e
q
u
e
n
t
 
d
a
y
s
,
 
e
a
c
h
 
r
e
c
o
r
d
e
d
 
p
u
l
s
e
-
h
e
i
g
h
t
 

s
p
e
c
t
r
u
m
 
w
a
s
 
r
e
a
d
 
b
a
c
k
 
o
f
f
 
t
h
e
 
m
a
g
n
e
t
i
c
 
t
a
p
e
.
 
E
a
c
h
 
s
p
e
c
t
r
u
m
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w
a
s
 
s
c
a
n
n
e
d
 
c
a
r
e
f
u
l
l
y
 
o
n
 
t
h
e
 
e
x
p
a
n
d
e
d
 
o
s
c
i
l
l
o
s
c
o
p
e
 
d
i
s
p
l
a
y
,
 

a
n
d
 
t
h
e
 
e
n
e
r
g
y
 
o
f
 
e
a
c
h
 
s
i
g
n
i
f
i
c
a
n
t
 
p
h
o
t
o
p
e
a
k
 
o
b
s
e
r
v
e
d
 
w
a
s
 

c
a
l
c
u
l
a
t
e
d
 
a
n
d
 
p
r
i
n
t
e
d
 
o
u
t
 
o
n
 
t
h
e
 
T
e
l
e
t
y
p
e
w
r
i
t
e
r
,
 
u
s
i
n
g
 
t
h
e
 

b
u
i
l
t
-
i
n
 
P
C
P
-
8
 
c
o
m
p
u
t
e
r
.
 
E
a
c
h
 
s
e
l
e
c
t
e
d
 
p
h
o
t
o
p
e
a
k
 
o
f
 
q
u
a
n
t
i
-

t
a
t
i
v
e
 
i
n
t
e
r
e
s
t
!
!
 
w
a
s
 
p
r
i
n
t
e
d
 
o
u
t
 
c
h
a
n
n
e
l
 
b
y
 
c
h
a
n
n
e
l
,
 
i
n
-

c
l
u
d
i
n
g
 
t
h
e
 
r
e
g
i
o
n
s
 
o
n
 
e
a
c
h
 
s
i
d
e
 
o
f
 
t
h
e
 
p
e
a
k
.
 
I
n
 
t
h
e
 
s
p
e
c
t
r
a
 

f
r
o
m
 
t
h
e
 
p
n
e
u
m
a
t
i
c
-
t
u
b
e
 
m
e
a
s
u
r
e
m
e
n
t
s
,
 
t
h
e
 
p
r
i
n
c
i
p
a
l
 
p
h
o
t
o
-

p
e
a
k
s
 
o
b
s
e
r
e
e
d
 
w
e
r
e
 
t
h
e
 
f
o
l
l
o
w
i
n
g
,
 

1
.
 
t
h
e
 
6
3
8
 
k
e
V
 
p
e
a
k
 
o
f
 
2
4
.
4
-
s
e
c
o
n
d
 
s
i
l
v
e
r
 
-
 
1
1
0
.
 

2
.
 
t
h
e
 
4
9
8
,
 
6
0
3
,
 
a
n
d
 
6
4
6
 
k
e
y
 
p
e
a
k
s
 
o
f
 
9
1
-
s
e
c
o
n
d
 

a
n
t
i
m
o
n
y
 
-
 
1
2
4
m
1.
 

3
.
 
t
h
e
 
1
0
3
9
 
k
e
V
 
p
e
a
k
 
o
f
 
5
.
1
0
-
m
i
n
u
t
e
 
c
o
p
p
e
r
 
-
 
6
6
.
 

3
m
a
t
l
e
r
 
p
e
a
k
s
 
d
u
e
 
t
o
 
2
.
3
1
-
m
i
n
u
t
e
 
a
l
u
m
i
n
u
m
 
-
 
2
8
 
(
a
t
 
1
7
7
9
 
k
e
V
)
 

a
n
d
 
d
u
e
 
t
o
 
6
6
.
9
-
m
i
n
u
t
e
 
l
e
a
d
 
-
 
2
0
4
m
 
(
a
t
 
1
7
5
,
 
8
9
9
,
 
a
n
d
 
9
1
2
 
k
e
V
)
 

w
e
r
e
 
a
l
s
o
 
o
b
s
e
r
v
e
d
 
a
n
d
 
p
r
i
n
t
e
d
 
o
u
t
.
 
T
h
e
 
5
6
4
 
k
e
V
 
p
e
a
k
 
o
f
 
2
.
9
0
-

d
a
y
 
a
n
t
i
m
o
n
y
 
-
 
1
2
2
 
a
n
d
 
t
h
e
 
5
1
1
 
k
e
V
 
p
e
a
k
 
o
f
 
1
2
.
8
0
-
h
o
u
r
 
c
o
o
p
e
r
 
-
 

5
4
 
w
e
r
e
 
o
b
s
e
r
v
e
d
,
 
b
u
t
 
n
o
t
 
p
r
i
n
t
e
d
 
o
u
t
.
 

I
n
 
t
h
e
 
s
p
e
c
t
r
a
 
f
r
o
m
 
t
h
e
 
r
o
t
a
r
y
-
r
a
c
k
.m
e
a
s
u
r
e
m
e
n
t
s
,
 

7
.
 	

A
n
 
o
s
c
i
l
l
o
s
c
o
p
e
 
i
s
 
e
m
p
l
o
y
e
d
 
t
6
 
:
•
i
s
u
a
l
l
y
 
d
i
s
p
l
a
y
 
t
h
e
 
p
u
l
s
e
-
 

h
e
i
g
h
t
 
s
p
e
c
t
r
u
m
.
 
G
e
n
e
r
a
l
l
y
,
 
t
h
e
 
s
p
e
c
t
e
u
m
 
h
a
s
 
t
h
a
 
"
s
h
a
p
e
 

o
f
 
a
 
d
e
s
c
e
n
d
i
n
g
 
c
u
r
v
e
,
 
u
p
o
n
 
w
h
i
c
h
 
p
e
a
k
s
 
a
r
e
 
s
u
p
e
r
i
m
p
o
s
e
d
.
 

E
a
c
h
 
e
l
e
m
e
n
t
 
r
a
d
i
o
i
s
o
t
o
p
e
 
s
h
o
w
s
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
 
p
e
a
k
s
 
o
f
 

c
e
r
t
a
i
n
 
e
n
e
r
g
i
e
s
 
a
n
d
 
o
f
 
d
i
f
f
e
r
e
n
t
 
s
i
z
e
s
.
 
A
 
p
e
a
k
 
s
i
z
e
 

m
e
a
s
u
r
e
m
e
n
t
 
i
s
 
m
a
d
e
 
b
y
 
m
e
a
s
u
r
i
n
g
 
i
t
s
 
a
r
e
a
.
 
A
 
p
e
a
k
 
o
f
 
t
h
e
 

t
e
s
t
e
d
 
s
a
m
p
l
e
 
i
s
 
r
a
t
e
r
 
c
o
m
p
a
r
e
d
 
w
i
t
h
 
t
h
e
 
a
r
e
a
 
o
f
 
t
h
e
 
c
o
r
-

r
e
s
p
o
n
d
i
n
g
 
p
e
a
k
 
o
f
 
o
n
e
 
o
f
 
t
h
e
 
k
n
o
w
n
 
s
t
a
n
d
a
r
d
 
s
a
m
p
l
e
s
.
 
T
h
e
 

r
e
l
a
t
i
v
e
 
a
r
e
a
 
o
f
 
t
h
e
 
p
e
a
k
 
f
r
o
m
 
t
h
e
 
t
a
s
t
e
d
 
s
a
m
p
l
e
 
c
o
m
p
a
r
e
d
 

t
o
 
t
h
e
 
a
r
e
a
 
o
f
 
t
h
e
 
p
e
a
k
 
f
r
o
m
 
t
h
e
 
k
n
o
w
n
 
s
t
a
n
d
a
r
d
 
i
n
d
i
c
a
t
e
s
 

t
h
e
 
t
o
t
a
l
 
w
e
i
g
h
t
 
o
f
 
t
h
e
 
e
l
e
m
e
n
t
 
w
i
t
h
i
n
 
t
h
e
 
t
e
s
t
e
d
 
s
a
m
p
l
e
.
 

I
n
 
s
o
m
e
 
c
a
s
e
s
,
 
t
h
e
r
e
 
a
r
e
 
o
v
e
r
l
a
e
s
 
o
f
 
p
e
a
k
s
 
o
f
 
s
i
m
i
l
a
e
 

e
n
e
r
g
i
e
s
.
 
A
c
c
o
r
d
i
n
g
l
y
,
 
t
h
e
 
p
h
o
t
o
p
e
a
k
 
m
e
a
s
u
r
e
d
 
f
o
r
 
a
n
y
 

g
i
v
e
n
 
e
l
e
m
e
n
t
 
i
s
 
c
h
o
s
e
n
 
c
o
n
s
i
d
e
r
i
n
g
 
t
w
o
 
f
a
c
t
o
r
s
 
-
-
 
a
 
l
a
r
g
e
 

p
e
a
k
,
 
a
n
d
 
o
n
e
 
w
h
i
c
h
 
d
o
e
s
 
n
o
t
 
o
v
e
r
l
a
p
 
w
i
t
h
 
a
 
p
e
a
k
 
o
f
 
a
n
o
t
h
e
r
 

e
l
e
m
e
n
t
.
 
S
u
c
h
 
a
 
p
e
a
k
 
i
s
 
a
 
s
e
l
e
c
t
e
d
 
p
h
o
t
o
p
e
a
k
 
o
e
e
q
u
a
n
t
i
t
a
-

t
i
v
e
 
i
n
t
e
r
e
s
t
.
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t
h
e
 
p
r
i
n
c
i
p
a
l
 
p
h
o
t
o
p
e
a
k
s
 
o
b
s
e
r
v
e
d
 
w
e
r
e
 
t
h
e
 
f
o
l
l
o
w
i
n
g
:
 

1
.
 
t
h
e
 
5
1
1
 
k
e
y
 
p
e
a
k
 
o
f
 
1
2
.
8
0
-
h
o
u
r
 
c
o
p
p
e
r
 
-
 
6
4
.
 

2
.
 
t
h
e
 
5
6
4
 
k
e
V
 
p
e
a
k
 
o
f
 
2
.
8
0
-
d
a
y
 
a
n
t
i
m
o
n
y
 
-
 
1
2
2
.
 

S
m
a
l
l
e
r
 
p
e
a
k
s
 
d
u
e
 
t
o
 
2
.
5
7
6
-
h
o
u
r
 
m
a
n
g
a
n
e
s
e
 
-
 
5
6
 
(
p
r
i
m
a
r
i
l
y
 

a
t
 
8
4
7
 
k
e
V
)
,
 
t
o
 
6
0
.
4
-
d
a
y
 
a
n
t
i
m
o
n
y
 
-
 
1
2
4
 
(
p
r
i
m
a
r
i
l
y
 
a
t
 
6
0
3
 

k
e
V
)
,
 
t
o
 
1
4
.
9
6
-
h
o
u
r
 
s
o
d
i
u
m
 
-
 
2
4
 
(
a
t
 
1
3
6
8
 
k
e
V
 
a
n
d
 
2
7
5
4
 
k
e
V
)
,
 

t
o
 
3
7
.
2
9
-
m
i
n
u
t
e
 
c
h
l
o
r
i
n
e
 
-
 
3
8
 
(
a
t
 
1
6
4
3
 
k
e
V
 
a
n
d
 
2
1
6
8
 
k
e
V
)
,
 

a
n
d
 
t
o
 
6
6
.
9
-
m
i
n
u
t
e
 
l
e
a
d
 
-
 
2
0
4
m
 
(
a
t
 
3
7
5
,
 
9
9
9
,
 
a
n
d
 
9
1
2
 
k
e
V
)
 

w
e
r
e
 
a
l
s
o
 
o
b
s
e
r
v
e
d
 
a
n
d
 
p
r
i
n
t
e
d
 
o
u
t
.
 

F
o
r
 
a
l
l
 
s
p
e
c
t
r
a
,
 
t
h
e
 
c
o
u
n
t
s
 
i
n
 
e
a
c
h
 
c
h
a
n
n
e
l
 
o
f
 
e
a
c
h
 

s
e
l
e
c
t
e
d
 
p
h
o
t
o
p
e
a
k
,
 
a
n
d
 
t
h
e
 
c
o
u
n
t
s
 
i
n
 
s
e
v
e
r
a
l
 
c
h
a
n
n
e
l
s
 
o
n
 

e
a
c
h
 
s
i
d
e
 
o
f
 
e
a
c
h
 
p
e
a
k
,
 
w
e
r
e
 
p
r
i
n
t
e
d
 
o
u
t
.
 
F
r
o
m
 
t
h
e
s
e
 
r
e
a
d
-

o
u
t
s
,
 
a
n
d
 
t
h
o
s
e
 
o
f
 
t
h
e
 
a
n
t
i
m
o
n
y
,
 
s
i
l
v
e
r
,
 
a
n
d
 
c
o
p
p
e
r
 
s
t
a
n
d
a
r
d
s
 

a
n
d
 
t
h
e
 
s
a
m
p
l
e
 
•
w
e
i
g
h
t
s
,
 
t
h
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
 
o
f
 
e
a
c
h
 
o
f
 
t
h
e
s
e
 

t
h
r
e
e
 
e
l
e
m
e
n
t
s
 
o
f
 
p
a
r
t
i
c
u
l
a
r
 
i
n
t
e
r
e
s
t
 
(
a
n
d
 
t
h
e
 
s
t
a
n
d
a
r
d
 

d
e
v
i
a
t
i
o
n
 
o
f
 
e
a
c
h
,
 
c
a
l
c
u
l
a
t
e
d
 
f
r
o
m
 
t
h
e
 
c
o
u
n
t
i
n
g
 
s
t
a
t
i
s
t
i
c
s
)
 

w
a
s
 
c
a
l
c
u
l
a
t
e
d
 
f
r
o
m
 
t
h
e
 
p
n
e
u
m
a
t
i
c
-
t
u
b
e
 
d
a
t
a
 
f
o
r
 
2
4
.
4
-
s
e
c
o
n
d
 

s
i
l
v
e
r
 
-
 
1
1
0
,
 
9
3
-
s
e
c
o
n
d
 
a
n
t
i
m
o
n
y
 
-
 
1
2
4
m
1
  (
v
i
a
 
i
t
s
 
4
5
8
 
k
e
y
 

p
e
a
k
)
,
 
a
n
d
 
5
.
1
0
-
m
i
n
u
t
e
 
c
o
p
p
e
r
 
-
 
6
6
.
 
F
r
o
m
 
p
r
e
v
i
o
u
s
 
a
c
t
i
v
a
-

t
i
o
n
s
 
o
f
 
l
e
a
d
 
s
t
a
n
d
a
r
d
s
,
 
t
h
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
 
o
f
 
l
e
a
d
 
i
n
 
e
a
c
h
 

s
a
m
p
l
e
 
w
a
s
 
c
a
l
c
u
l
a
t
e
d
 
f
r
o
m
 
t
h
e
 
s
u
m
 
o
f
 
t
h
e
 
p
h
o
t
o
p
e
a
k
 
a
r
e
a
s
 
o
f
 

t
h
e
 
3
7
5
,
 
8
9
9
,
 
a
n
d
 
9
1
2
 
k
e
V
 
p
e
a
k
s
 
o
f
 
6
6
.
9
-
m
i
n
u
t
e
 
l
e
a
d
 
-
 
2
0
4
m
.
 

U
s
i
n
g
 
s
t
a
n
d
a
r
d
 
t
a
b
l
e
 
v
a
l
u
e
s
,
 
t
h
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
 
o
f
 
a
l
u
m
i
n
u
m
 

i
n
 
e
a
c
h
 
s
a
m
p
l
e
 
w
a
s
 
c
a
l
c
u
l
a
t
e
d
 
f
r
o
m
 
t
h
e
 
1
7
7
9
 
k
e
V
 
p
e
a
k
 
o
f
 
2
.
3
1
-
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m
i
n
u
t
e
 
a
l
u
m
i
n
u
m
 
-
 
2
8
.
 
I
n
 
t
h
e
 
c
a
l
c
u
l
a
t
i
o
n
s
,
 
s
m
a
l
l
 
c
o
r
r
e
c
t
i
o
n
s
 

w
e
r
e
 
m
a
d
e
 
f
o
r
 
t
h
e
 
a
v
e
r
a
g
e
 
a
n
a
l
y
z
e
r
 
f
r
a
c
t
i
o
n
a
l
 
d
e
a
d
t
i
m
e
 
d
u
r
i
n
g
 

e
a
c
h
 
c
o
u
n
t
i
n
g
.
 

S
i
m
i
l
a
r
l
y
,
 
f
r
o
m
 
t
h
e
 
r
o
t
a
r
y
-
r
a
c
k
 
d
a
t
a
,
 
t
h
e
 
c
o
n
c
e
n
t
r
a
-

t
i
o
n
 
o
f
 
a
n
t
i
m
o
n
y
 
i
n
 
e
a
c
h
 
s
a
m
p
l
e
 
w
a
s
 
c
a
l
c
u
l
a
t
e
d
 
f
r
o
m
 
t
h
e
 
s
i
t
e
 

o
f
 
t
h
e
 
5
6
4
 
k
e
V
 
p
e
a
k
 
o
f
 
2
.
3
0
-
d
a
y
 
a
n
t
i
m
o
n
y
 
-
 
1
2
2
,
 
a
n
d
 
t
h
e
 
c
o
n
-

c
e
n
t
r
a
t
i
o
n
 
o
f
 
c
o
p
p
e
r
 
i
n
 
e
a
c
h
 
s
a
m
p
l
e
 
w
a
s
 
c
a
l
c
u
l
a
t
e
d
 
f
r
o
m
 
t
h
e
 

s
i
z
e
 
o
f
 
t
h
e
 
5
1
1
 
k
e
V
 
o
o
s
i
t
r
o
n
 
a
n
n
i
h
i
l
a
t
i
o
n
 
p
e
a
k
 
o
f
 
1
2
.
8
0
-

h
o
u
r
 
c
o
p
p
e
r
 
-
 
6
4
.
 
F
r
o
m
 
t
h
e
 
p
r
e
v
i
o
u
s
 
a
c
t
i
v
a
t
i
o
n
 
o
f
 
l
e
a
d
 

s
t
a
n
d
a
r
d
s
,
 
t
h
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
 
o
f
 
l
e
a
d
 
i
n
 
e
a
c
h
 
s
a
m
p
l
e
 
w
a
s
 

a
g
a
i
n
 
c
a
l
c
u
l
a
t
e
d
 
f
r
o
m
 
t
h
e
 
s
u
m
 
o
f
 
t
h
e
 
p
h
o
t
o
p
e
a
k
 
a
r
e
a
s
 
o
f
 
t
h
e
 

3
7
5
,
 
8
9
9
,
 
a
n
d
 
9
1
2
 
k
e
V
 
p
e
a
k
s
 
o
f
 
6
6
.
9
-
m
i
n
u
t
e
 
l
e
a
d
 
-
 
2
0
4
m
 
(
n
o
t
e
:
 

l
e
a
d
 
-
 
2
0
4
m
 
i
s
 
a
 
f
a
s
t
-
n
e
u
t
r
o
n
 
p
r
o
d
u
c
t
 
o
f
 
l
e
a
d
,
 
r
a
t
h
e
r
 
t
h
a
n
 
a
 

t
h
e
r
m
a
l
-
n
e
u
t
r
o
n
 
(
n
,
l
e
)
 
p
r
o
d
u
c
t
,
 
f
o
r
m
e
d
 
b
y
 
t
h
e
 
l
e
a
d
 
-
 
2
0
4
 

(
n
.
 
n
'
)
 
l
e
a
d
 
-
 
2
0
4
m
 
r
e
a
c
t
i
o
n
)
.
 
r
i
s
i
n
g
 
s
t
a
n
d
a
r
d
 
t
a
b
l
e
 
v
a
l
u
e
s
,
 

t
h
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
 
o
f
 
m
a
n
g
a
n
e
s
e
 
i
n
 
e
a
c
h
 
s
a
m
p
l
e
 
w
a
s
 
c
a
l
c
u
l
a
t
e
d
 

f
r
o
m
 
t
h
e
 
8
4
7
 
k
e
V
 
p
e
a
k
 
o
f
 
2
.
5
7
6
-
h
o
u
r
 
m
a
n
g
a
n
e
s
e
 
-
 
5
6
,
 o
f
 
s
o
d
i
u
m
 

f
r
o
m
 
t
h
e
 
1
3
6
8
 
k
e
V
 
p
e
a
k
 
o
f
 
1
4
.
9
6
-
h
o
u
r
 
s
o
d
i
u
m
 
-
.
2
4
,
 
a
n
d
 
o
f
 

c
h
l
o
r
i
n
e
 
f
r
o
m
 
t
h
e
 
2
1
6
8
 
k
e
v
 
p
e
a
k
 
o
f
 
3
7
.
2
9
-
m
i
n
u
t
e
 
c
h
l
o
r
i
n
e
 
-
 
3
8
.
 

A
l
l
 
o
b
s
e
r
v
e
d
 
p
e
a
k
 
a
r
e
a
s
 
w
e
r
e
,
 
o
f
 
c
o
u
r
s
e
,
 
c
o
r
r
e
c
t
e
d
 
t
o
 
t
h
e
 
s
a
m
e
 

d
e
c
a
y
 
t
i
m
e
,
 
b
y
 
m
e
a
n
s
 
o
f
 
t
h
e
 
r
a
d
i
o
i
s
o
t
o
p
e
 
h
a
l
f
l
i
f
e
 
a
n
d
 
t
h
e
 

t
i
m
e
 
b
e
t
w
e
e
n
 
t
h
e
 
e
n
d
 
o
f
o
t
h
e
 
r
o
t
a
r
y
-
r
a
c
k
 
i
r
r
a
d
i
a
t
i
o
n
 
a
n
d
 
t
h
e
 

s
t
a
r
t
 
o
f
 
t
h
e
 
c
o
u
n
t
i
n
g
 
p
e
r
i
o
d
 
o
f
 
t
h
e
 
s
a
m
p
l
e
.
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I
V
.
 	

T
H
E
 
R
E
S
U
L
T
S
 
O
B
T
A
I
N
E
D
 
I
N
 
T
H
I
S
 
S
T
U
D
Y
 
(
1
9
7
7
)
 

T
h
e
 
r
e
s
u
l
t
s
 
o
b
t
a
i
n
e
d
 
o
n
 
t
h
e
 
t
a
s
t
e
d
 
s
p
e
c
i
m
e
n
s
 
f
o
r
 

G
r
o
u
p
 
I
 
a
r
e
 
p
r
e
s
e
n
t
e
d
 
i
n
 
T
a
b
l
e
 
I
,
 
A
p
p
e
n
d
i
x
 
B
.
 
a
n
d
 
t
h
o
s
e
 
f
o
r
 

G
r
o
u
p
 
E
l
 
i
n
 
T
a
b
l
e
 
I
I
I
,
 
A
p
p
e
n
d
i
x
 
G
.
 
T
h
e
 
T
a
b
l
e
s
 
l
i
s
t
 
t
h
e
 
c
o
n
-
 

c
e
n
t
r
a
t
i
o
n
 
f
o
u
n
d
 
i
n
 
w
e
i
g
h
t
 
p
e
r
c
e
n
t
 
f
o
r
 
l
e
a
d
,
 
a
n
d
 
i
n
 
p
a
r
t
s
-

p
e
r
-
m
i
l
l
i
o
n
 by w

e
i
g
h
t
 
(
p
p
m
)
 
f
o
r
 
t
h
e
 
e
l
e
m
e
n
t
s
 
a
n
t
i
m
o
n
y
,
 

s
i
l
v
e
r
,
 
c
o
p
p
e
r
,
 
a
l
u
m
i
n
u
m
.
 
m
a
n
g
a
n
e
s
e
,
 
s
o
d
i
u
m
,
 
a
n
d
 
c
h
l
o
r
i
n
e
 
-
-

e
i
g
h
t
 
e
l
e
m
e
n
t
s
 
i
n
 
a
l
l
.
 

T
h
e
 
v
a
l
u
e
s
 
s
h
o
w
n
 
f
o
r
 
s
i
l
v
e
r
 
a
n
d
 
a
l
u
m
i
n
u
m
 
w
e
r
e
 
c
a
l
-
 

c
u
l
a
t
e
d
 
f
r
o
m
 
p
e
a
k
 
a
r
e
a
s
 
o
f
 
2
4
.
4
-
s
e
c
o
n
d
 
s
i
l
v
e
r
 
-
 
1
1
0
 
(
a
t
 
6
5
8
 

k
e
V
)
 
a
n
d
 
o
f
 
2
.
3
1
-
m
i
n
u
t
e
 
a
l
u
m
i
n
u
m
 
-
 
2
8
 
(
a
t
 
1
7
7
9
 
k
e
V
)
,
 
r
e
-

sp
e
c
tiv

e
ly

, in
 
t
h
e
 
p
u
l
s
e
-
h
e
i
g
h
t
 
s
p
e
c
t
r
a
 
f
r
o
m
 
t
h
e
 
4
0
-
s
e
c
o
n
d
 

o
n
e
u
m
a
t
i
c
-
t
u
b
e
 
a
c
t
i
v
a
t
i
o
n
s
.
 
A
s
 
n
o
t
e
d
 
e
a
r
l
i
e
r
,
 
t
h
e
s
e
 
s
p
e
c
t
r
a
 

a
l
s
o
 
s
h
o
w
e
d
 
p
e
a
k
s
 
d
u
e
 
t
o
 
a
n
t
i
m
o
n
y
 
-
 
1
2
4
m
1
,
 
c
o
m
e
r
 
-
 
6
6
,
 
a
n
d
 

l
e
a
d
 
-
 
2
0
4
m
,
 
b
u
t
 
t
h
e
s
e
 
t
h
r
e
e
 
e
l
e
m
e
n
t
s
 
w
e
r
e
 
d
e
t
e
r
m
i
n
a
b
l
e
 
s
o
r
e
 

e
x
a
c
t
l
y
 
f
r
o
m
 
t
h
e
 
s
p
e
c
t
r
a
 
o
b
t
a
i
n
e
d
 
i
n
 
t
h
e
 
o
n
e
-
h
o
u
r
 
r
o
t
a
r
y
-

r
a
c
k
 
i
r
r
a
d
i
a
t
i
o
n
,
 
a
n
d
,
 
h
e
n
c
e
 
t
h
e
 
T
a
b
l
e
 
v
a
l
u
e
s
 
f
a
r
 
a
n
t
i
m
o
n
y
 

(
v
i
a
 
t
h
e
 
5
6
4
 
k
e
V
 
p
e
a
k
 
o
f
 
2
.
8
0
-
d
a
y
 
a
n
t
i
m
o
n
y
 
-
 
1
2
2
)
,
 
c
o
p
p
e
r
 

(
v
i
a
 
t
h
e
 
5
1
1
 
k
e
V
 
p
e
a
k
 
o
f
 
1
2
.
8
0
-
h
o
u
r
 
c
o
p
p
e
r
 
-
 
6
4
1
,
 
a
n
d
 
l
e
a
d
 

(
v
i
a
 
t
h
e
 
t
h
r
e
e
 
p
e
a
k
s
 
o
f
 
6
6
.
9
-
m
i
n
u
t
e
 
l
e
a
d
 
-
 
2
0
4
m
)
 
a
r
e
 
t
h
o
s
e
 

o
b
tain

ed
 f
r
o
m
 
t
h
e
 
r
o
t
a
r
y
-
r
a
c
k
 
i
r
r
a
d
i
a
t
i
o
n
.
 
T
h
e
 
r
e
s
u
l
t
s
 

s
h
o
w
n
 
i
n
 
t
h
e
.
 
T
a
b
l
e
s
 
f
o
r
 
m
a
n
g
a
n
e
s
e
,
 
s
o
d
i
u
m
,
 
a
n
d
 
c
h
l
o
r
i
n
e
 
a
r
e
 

a
l
s
o
 
f
r
o
m
 
t
h
e
 
r
o
t
a
r
y
-
r
a
c
k
 
i
r
r
a
d
i
a
t
i
o
n
.
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T
w
o
 
o
f
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h
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p
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n
a
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y
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(
t
h
e
 
5
.
4
 

m
i
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l
i
g
r
a
m
 
H
C
-
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-
2
 
s
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p
l
e
,
 
a
n
d
 
t
h
e
 
1
.
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m
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l
l
i
g
r
a
m
 
H
C
-
9
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2
 

s
a
m
p
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e
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h
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r
e
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u
l
t
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w
i
t
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e
x
p
e
c
t
e
d
 
s
t
a
n
d
a
r
d
 
d
e
v
i
a
t
i
o
n
s
 
t
o
 

t
h
o
s
e
 
o
b
t
a
i
n
e
d
 
f
r
o
m
 
t
h
e
 
r
e
s
p
e
c
t
i
v
e
 
l
a
r
g
e
r
 
s
a
m
p
l
e
s
 
(
t
h
e
 
4
1
.
9
 

m
i
l
l
i
g
r
a
m
 
H
C
-
4
-
1
 
s
a
m
p
l
e
,
 
a
n
d
 
t
h
e
 
1
6
.
4
 
m
i
l
l
i
g
r
a
m
 
H
C
-
9
-
1
 

s
a
m
p
l
e
)
,
 
b
u
t
 
t
h
e
 
s
u
c
h
 
m
o
r
e
 
e
x
a
c
t
 
v
a
l
u
e
s
 
o
b
t
a
i
n
e
d
 
f
r
o
m
 
t
h
e
 

l
a
r
g
e
r
 
s
a
m
p
l
e
s
,
 
o
n
l
y
,
 
a
r
e
 
s
h
o
w
n
 
i
n
 
t
h
e
 
T
a
b
l
e
s
.
 

I
n
 
m
o
s
t
 c
a
s
e
s
,
 
t
h
e
 	

v
a
l
u
e
 
s
h
o
w
n
 
a
f
t
e
r
 
e
a
c
h
 
v
a
l
u
e
 

i
n
 
t
h
e
 
T
a
b
l
e
s
 
r
e
p
r
e
s
e
n
t
s
 
t
h
e
 
u
n
c
e
r
t
a
i
n
t
y
 
o
f
 
t
h
e
 
v
a
l
u
e
 
(
e
x
-

p
r
e
s
s
e
d
 
a
s
 
o
n
e
 
s
t
a
n
d
a
r
d
 
d
e
v
i
a
t
i
o
n
)
 
c
o
m
p
u
t
e
d
 
o
n
l
y
 
f
r
o
m
 
t
h
e
 

c
o
u
n
t
i
n
g
 
s
t
a
t
i
s
t
i
c
s
.
 
I
n
 
g
e
n
e
r
a
l
,
 
t
h
e
 
o
v
e
r
a
l
l
 
u
n
c
e
r
t
a
i
n
t
y
 
o
f
 

a
 
g
i
v
e
n
 
v
a
l
u
e
 
m
a
y
 
b
e
 
i
n
 
s
o
m
e
 
c
a
s
e
s
 
a
s
 
m
u
c
h
 
a
s
 
t
w
o
 
o
r
 
t
h
r
e
e
 

t
i
m
e
s
 
t
h
e
 
s
t
a
n
d
a
r
d
 
d
e
v
i
a
t
i
o
n
 
c
a
l
c
u
l
a
t
e
d
 
j
u
s
t
 
f
r
o
m
 
t
h
e
 
c
o
u
n
t
-

i
n
g
 
s
t
a
t
i
s
t
i
c
s
.
 
F
o
r
 
s
i
l
v
e
r
 
a
n
d
 
a
l
u
m
i
n
u
m
,
 
w
h
i
c
h
 
w
e
r
e
 
m
e
a
s
u
r
e
d
 

t
w
i
c
e
 
o
n
 
e
a
c
h
 
s
a
m
p
l
e
,
 
t
h
e
 
+
 
v
a
l
u
e
s
 
s
h
o
w
n
 
r
e
p
r
e
s
e
n
t
 
o
n
e
 

s
t
a
n
d
a
r
d
 
d
e
v
i
a
t
i
o
n
 
c
a
l
c
u
l
a
t
e
d
 
f
r
o
m
 
e
i
t
h
e
r
 
t
h
e
 
c
o
u
n
t
i
n
g
 

s
t
a
t
i
s
t
i
c
s
 
o
r
 
t
h
e
 
s
p
r
e
a
d
 
o
f
 
t
h
e
 
t
w
o
 
v
a
l
u
e
s
 
-
-
 
w
h
i
c
h
e
v
e
r
 
w
a
s
 

l
a
r
g
e
r
.
 

T
h
e
 
p
p
m
 
v
a
l
u
e
s
 
s
h
o
w
n
 
i
n
 
t
h
e
 
T
a
b
l
e
s
 
f
o
r
 
a
n
t
i
m
o
n
y
,
 

s
i
l
v
e
r
,
 
a
n
d
 
c
o
p
p
e
r
 
w
e
r
e
 
o
b
t
a
i
n
e
d
,
 
a
s
 
m
e
n
t
i
o
n
e
d
 
e
a
r
l
i
e
r
,
 
b
y
 

c
o
m
p
a
r
i
s
o
n
 
w
i
t
h
 
s
t
a
n
d
a
r
d
 
s
a
m
p
l
e
s
 
o
f
 
t
h
e
s
e
 
e
l
e
m
e
n
t
s
 
a
c
t
i
v
a
t
e
d
 

a
n
d
 
c
o
u
n
t
e
d
 
a
l
o
n
g
 
w
i
t
h
 
t
h
e
 
v
a
r
i
o
u
s
 
e
v
i
d
e
n
c
e
 
s
a
m
p
l
e
s
,
 
a
n
d
 
h
e
n
c
e
 

t
h
e
s
e
 
v
a
l
u
e
s
 
s
h
o
u
l
d
 
b
e
 
q
u
i
t
e
 
a
c
c
u
r
a
t
e
.
 
S
i
m
i
l
a
r
l
y
,
 
t
h
e
 
r
e
s
u
l
t
s
 

f
o
r
 
l
e
a
d
 
s
h
o
u
l
d
 
b
e
 
v
e
r
y
 
r
e
l
i
a
b
l
e
 
s
i
n
c
e
 
t
h
e
y
 
w
e
r
e
 
b
a
s
e
d
 
o
n
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p
r
e
v
i
o
u
s
l
y
 
t
e
s
t
e
d
 
l
e
a
d
 
s
t
a
n
d
a
r
d
s
.
 
F
a
r
 
t
h
e
 
r
e
m
a
i
n
i
n
g
 
e
l
e
m
e
n
t
s
 

(
a
l
u
m
i
n
u
m
,
 
m
a
n
g
a
n
e
s
e
,
 
s
o
d
i
u
m
,
 
a
n
d
 
c
h
l
o
r
i
n
e
)
.
 
w
h
o
s
e
 
p
r
e
s
e
n
c
e
 

w
a
s
 
n
o
t
 
k
n
o
w
n
 
i
n
 
a
d
v
a
n
c
e
,
 
a
s
 
m
e
n
t
i
o
n
e
d
 
e
a
r
l
i
e
r
,
 
s
t
a
n
d
a
r
d
s
 
o
f
 

t
h
e
s
e
 
e
l
e
m
e
n
t
s
 
w
e
r
e
 
t
h
u
s
 
n
o
t
 
p
r
e
p
a
r
e
d
 
a
t
 
t
h
e
 
t
i
m
e
 
O
f
 
t
h
e
s
e
 

e
x
p
e
r
i
m
e
n
t
s
.
 
I
n
s
t
e
a
d
,
 
s
t
a
n
d
a
r
d
 
t
a
b
l
e
 
v
a
l
u
e
s
 
w
e
r
e
 
u
s
e
d
 
i
n
 
t
h
e
 

c
a
l
c
u
l
a
t
i
o
n
s
 
f
o
r
 
t
h
e
s
e
 
e
l
e
m
e
n
t
s
.
 
A
s
 
a
 
r
e
s
u
l
t
,
 
t
h
e
 
r
e
p
o
r
t
e
d
 

p
p
m
 
v
a
l
u
e
s
 
f
o
r
 
t
h
e
s
e
 
f
o
u
r
 
e
l
e
m
e
n
t
s
 
p
r
e
s
e
n
t
 
i
n
 
t
h
e
 
e
v
i
d
e
n
c
e
 

s
a
m
p
l
e
 
c
o
u
l
d
 
b
e
 
i
n
 
e
r
r
o
r
 
b
y
 
a
 
f
a
c
t
o
r
 
o
f
 
p
e
r
h
a
p
s
 
t
w
o
 
o
n
 
a
n
 

a
b
s
o
l
u
t
e
 
s
c
a
l
e
.
 
H
o
w
e
v
e
r
,
 
t
h
e
 
u
s
e
 
o
f
 
t
a
b
u
l
a
t
e
d
 
s
t
a
n
d
a
r
d
 

v
a
l
u
e
s
 
d
o
e
s
 
n
o
t
 
a
f
f
e
c
t
 
t
h
e
 
r
e
l
a
t
i
v
e
 
v
a
l
u
e
s
 
-
-
 
o
n
l
y
 
t
h
e
 
a
b
s
o
l
u
t
e
 

v
a
l
u
e
s
 
o
f
 
a
 
g
i
v
e
n
 
e
l
e
m
e
n
t
 
i
n
 
t
h
e
 
v
a
r
i
o
u
s
 
s
a
m
p
l
e
s
.
S
/
  

1
7-
-
- F
o
r
 
e
x
a
m
p
l
e
,
 
i
f
 
t
h
e
 
e
s
t
i
m
a
t
e
d
 
v
a
l
u
e
s
 
f
o
r
 
a
l
u
m
i
n
u
m
,
 
b
a
s
e
d
 

o
n
 
s
t
a
n
d
a
r
d
 
t
a
b
l
e
s
,
 
I
n
 
t
w
o
 
s
a
m
p
l
e
s
 
w
e
r
e
 
5
.
0
+
0
.
5
 
o
r
 
a
n
d
 

2
.
5
+
0
.
3
 
p
p
m
,
 
t
h
e
 
r
a
t
i
o
 
o
f
 
t
h
e
i
r
 
a
l
u
m
i
n
u
m
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 

w
o
u
l
d
 
b
e
 
2
.
0
1
+
0
.
3
1
 
t
o
 
1
.
 
t
f
 
t
h
e
 
s
t
a
n
d
a
r
d
 
t
a
b
l
e
 
v
a
l
u
e
 

f
o
r
 
a
l
u
m
i
n
u
m
 
v
e
r
a
 
2
0
3
 
h
i
g
h
,
 
f
o
r
 
e
x
a
m
p
l
e
,
 
t
h
e
 
t
r
u
e
 
s
a
m
p
l
e
 

a
l
u
m
i
n
u
m
 
v
a
l
u
e
s
 
w
o
u
l
d
 
b
e
 
6
.
2
+
0
.
6
 
p
p
m
 
a
n
d
 
3
.
1
, -
0
.
3
 
p
p
m
,
 

r
e
s
p
e
c
t
i
v
e
l
y
,
 
b
u
t
 
t
h
e
i
r
 
r
a
t
i
o
 
w
o
u
l
d
 
s
t
i
l
l
 
b
e
 
2
.
0
1
+
0
.
3
)
 

t
o
 
1
.
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v
.
 	

C
O
N
C
L
y
s
t
o
N
s
 

A
.
 
I
t
 
i
s
 
h
i
g
h
l
y
 
p
r
o
b
a
b
l
e
 
t
h
a
t
 
t
h
e
 
e
v
i
d
e
n
c
e
 
s
p
e
c
i
m
e
n
s
 
 

f
r
o
m
 
G
r
o
u
p
 
I
  a
r
e
 
a
l
l
 
f
r
a
g
m
e
n
t
s
 
f
r
o
m
 
M
a
n
n
l
i
c
h
e
r
-
C
a
r
c
a
r
m
 
b
u
l
l
e
t
s
.
 

A
s
 
d
i
s
c
u
s
s
e
d
 
i
n
 
A
p
p
e
n
d
i
x
 
C
.
,
 
M
a
n
n
l
i
c
h
e
r
-
C
a
r
c
a
n
o
 
a
m
-

:
a
i
^
i
t
i
a
n
 
d
i
s
p
l
a
y
s
 
v
e
r
y
 
d
i
s
t
i
n
c
t
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
w
h
e
n
 
a
n
a
l
y
z
e
d
 

b
y
 
n
e
u
t
r
o
n
 
a
c
t
i
v
a
t
i
o
n
 
a
n
a
l
y
s
i
s
.
 
T
h
e
 
a
m
m
u
n
i
t
i
o
n
 
d
i
s
p
l
a
y
s
 
a
n
 

u
n
u
s
u
a
l
 
r
a
n
g
e
 
o
f
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
f
o
r
 
t
h
e
 
a
n
t
i
m
o
n
y
 
i
n
 
b
u
l
l
e
t
 

l
e
a
d
.
 
T
h
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
f
o
r
 
s
i
l
v
e
r
 
a
r
e
 
u
n
u
s
u
a
l
 
a
s
 
w
e
l
l
,
 

a
l
t
h
o
u
g
h
 
n
o
t
 
a
s
 
d
i
s
t
i
n
c
t
 
a
s
 
t
h
o
s
e
 
o
f
 
a
n
t
i
m
o
n
y
.
 
B
a
s
e
d
 
u
p
o
n
 

t
h
e
s
e
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
,
 
a
n
d
 
t
h
e
 
r
e
s
u
l
t
s
 
o
b
t
a
i
n
e
d
 
f
r
o
m
 
a
n
 
a
n
a
l
y
s
i
s
 

O
E
 
t
h
e
 
e
v
i
d
e
n
c
e
 
s
p
e
c
i
m
e
n
s
,
 
i
t
 
i
s
 
h
i
g
h
l
y
 
p
r
o
b
a
b
l
e
 
t
h
a
t
 
a
l
l
 
t
h
e
 

e
v
i
d
e
n
c
e
 
s
o
e
c
i
m
e
n
s
 
a
r
e
 
f
r
a
c
m
e
n
t
s
 
f
r
o
m
 
M
a
n
n
i
i
c
h
e
r
-
C
a
r
c
a
n
o
 
b
u
l
l
e
t
s
.
 

T
h
e
 
a
n
t
i
m
o
n
y
 
c
o
n
t
e
n
t
 
o
f
 
t
h
e
 ev

id
en

ce 
f
r
a
g
m
e
n
t
s
 
i
s
 
s
u
c
h
 
t
h
a
t
 

i
t
 
i
s
 
s
i
g
n
i
f
i
c
a
n
t
l
y
 h

ig
h
er 

t
h
a
n
 
t
h
a
t
 
f
o
u
n
d
 
i
n
 
m
o
s
t
 
u
n
h
a
r
d
e
n
e
d
 

b
u
l
l
e
t
 
l
e
a
d
 

exam
ined 

b
y
 
t
h
e
 
a
u
t
h
o
r
,
 
a
n
d
 
s
i
g
n
i
f
i
c
a
n
t
l
y
 
l
o
w
e
r
 

th
an

 
c
h
a
t
 
f
o
u
n
d
 
i
n
 
b
u
l
t
a
t

el
e
a
d
 
o
f
 
h
a
r
d
e
n
e
d
 
l
e
a
d
 
b
u
l
l
e
t
s
 

e
x
a
m
i
n
e
d
 
b
y
 
t
h
e
 
a
u
t
h
o
r
.
 
S
u
c
h
 
a
n
 
i
n
t
e
r
m
e
d
i
a
t
e
 
r
a
n
g
e
 
o
f
 
a
n
t
i
m
o
n
y
 

c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
i
s
 
p
a
r
t
i
c
u
l
a
r
l
y
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c-
o
f
 
M
a
n
n
I
i
c
h
e
r
-

C
a
r
c
a
n
o
 
a
m
m
u
n
i
t
i
o
n
.
 
T
h
e
 
v
a
l
u
e
s
 
o
f
 
s
i
l
v
e
r
 
f
o
u
n
d
 
i
n
 

th
e 

f
r
a
g
m
e
n
t
s
 

a
l
s
o
 
s
u
p
p
o
r
t
 
t
h
e
 
c
o
n
c
l
u
s
i
o
n
 
t
h
a
t
 
t
h
e
 
f
r
a
g
m
e
n
t
s
 
a
r
e
 
f
r
o
m
 

M
a
n
n
l
i
c
h
e
r
-
C
a
r
c
a
n
o
 
a
m
m
u
n
i
t
i
o
n
,
 
a
s
 
t
h
e
s
e
 
v
a
l
u
e
s
 
a
l
s
o
 
a
r
e
 
w
i
t
h
i
n
 
t
h
e
 

r
a
n
g
e
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
 
o
f̂
m
a
n
n
l
i
g
h
e
r
-
C
a
r
o
a
n
o
 
a
m
m
u
n
i
t
i
o
n
.
 

8
-
 
i
t
 
i
s
 
h
i
c
h
l
y
 
p
r
o
b
a
b
l
e
 
t
h
a
t
 
t
h
e
 
W
a
l
k
e
r
 
b
u
l
l
e
t
 
i
s
 
a
 
 

B
a
n
c
l
i
c
h
e
r
-
C
a
r
c
a
n
o
 
b
u
l
l
e
t
.
 

T
h
e
 
b
u
l
l
e
t
 
f
r
a
g
m
e
n
t
 
r
e
c
o
v
e
r
e
d
 
f
r
o
m
 
t
h
e
 
h
o
m
e
 
o
f
 
 

G
e
n
e
r
a
l
 
W
a
l
k
e
r
 
I
s
 
a
p
p
a
r
e
n
t
l
y
 
a
l
s
o
 
f
r
o
m
 
m
a
n
n
l
i
c
h
e
r
-
C
a
r
c
a
n
o
 

a
m
m
u
n
i
t
i
o
n
.
 
T
h
i
s
 
s
a
m
p
l
e
 
(
C
E
-
5
7
3
,
 
F
B
I
 
(
1
1
8
8
1
 
o
f
 
a
 
b
u
l
l
e
t
 

f
r
a
g
m
e
n
t
 
r
e
c
o
v
e
r
e
d
 
f
r
o
m
 
t
h
e
 
h
o
m
e
 
o
f
 
G
e
n
e
r
a
l
 
W
a
l
k
e
r
 
i
n
 
A
p
r
i
l
 

o
f
 
1
9
6
3
 
w
a
s
 
a
n
a
l
y
z
e
d
 
b
y
 
t
h
e
 
P
t
/
 
i
n
 
l
a
t
e
 
1
9
6
3
,
 
b
u
t
 
o
n
l
y
 
b
y
 

t
h
e
 
r
a
t
h
e
r
 
q
u
a
l
i
t
a
t
i
v
e
 
m
e
t
h
o
d
 
o
f
 
e
m
i
s
s
i
o
n
 
s
p
e
c
t
o
g
r
a
p
h
y
.
 

T
h
e
y
 
d
i
d
 
n
o
t
 
a
n
a
l
y
z
e
 
i
t
 
b
y
 
n
e
u
t
r
o
n
 
a
c
t
i
v
a
t
i
o
n
 
a
n
a
l
y
s
i
s
.
 

T
h
i
s
 
s
a
m
p
l
e
 
w
a
s
 
a
n
a
l
y
z
e
d
 
b
y
 
I
N
A
A
 
d
u
r
i
n
g
 
t
h
e
 
U
C
I
 
a
n
a
l
y
s
i
s
.
 

I
t
 
w
a
s
 
d
e
t
e
r
m
i
n
e
d
 
t
h
a
t
 
t
h
e
 
b
u
l
l
e
t
 
l
e
a
d
 
c
o
n
s
i
s
t
e
d
 
o
f
 
a
l
m
o
s
t
 
1
0
0
%
 

l
e
a
d
,
 
w
i
t
h
 
o
n
l
y
 
1
7
 
p
p
m
 
a
n
t
i
m
o
n
y
 
a
n
d
 
2
0
.
6
 
p
p
m
 
s
i
l
v
e
r
.
 
(
S
e
e
 

A
p
p
e
n
d
i
x
 
G
.
1
 
I
t
s
 
c
o
m
p
o
s
i
t
i
o
n
,
 
t
h
e
r
e
f
o
r
e
,
 
i
s
 
c
o
n
s
i
d
e
r
a
b
l
y
 

d
i
f
f
e
r
e
n
t
 
f
r
o
m
 
a
n
y
 
o
f
 
t
h
e
 
D
a
l
l
a
s
 
s
p
e
c
i
m
e
n
s
 
-
-
 
w
h
i
c
h
 
a
r
e
 
a
l
s
o
 

a
l
m
o
s
t
 
1
0
0
%
 
l
e
a
d
,
 
b
u
t
 
c
o
n
t
a
i
n
 
m
u
c
h
 
m
o
r
e
 
a
n
t
i
m
o
n
y
 
(
6
0
2
 
t
o
 
8
3
3
 

p
p
m
)
 
e
n
d
 
m
u
c
h
 
l
e
s
s
 
s
i
l
v
e
r
 
(
7
.
9
 
t
o
 
9
.
8
 
p
p
m
)
.
 
H
o
w
e
v
e
r
,
 
t
h
e
 

a
n
t
i
m
o
n
y
 
c
o
n
t
e
n
t
 
o
f
 
t
h
e
 
W
a
l
k
e
r
 
b
u
l
l
e
t
 
i
s
 
c
l
o
s
e
 
t
o
 
t
h
e
 
r
a
n
g
e
 

o
f
 
S
b
 
v
a
l
u
e
s
 
f
o
u
n
d
 
e
a
r
l
i
e
r
 
a
t
 
O
C
T
 
f
o
r
 
M
a
n
n
l
i
c
h
e
r
-
C
a
r
c
a
n
o
 

b
u
l
l
e
t
s
 
f
r
o
m
 
t
h
e
 
f
o
u
r
 
W
e
s
t
e
r
n
 
C
a
r
t
r
i
d
g
e
 
C
o
m
p
a
o
y
 
p
r
o
d
u
c
t
i
o
n
 

l
o
t
s
 
(
2
4
 
t
o
 
1
2
1
8
 
p
p
m
i
,
 
a
n
d
 
a
l
s
o
 
c
l
o
s
e
 
t
o
 
t
h
e
 
r
a
n
g
e
 
o
f
 
A
g
 

v
a
l
u
e
s
 
f
o
u
n
d
 
i
n
 
s
u
c
h
 
a
m
m
u
n
i
t
i
o
n
 
(
6
.
0
 
t
o
 
1
5
.
9
 
p
p
m
l
.
 
F
u
r
t
h
e
r
-

m
o
r
e
,
 
t
h
e
 
c
o
m
p
o
s
i
t
i
o
n
 o
f
 
t
h
e
 
W
a
l
k
e
r
 
b
u
l
l
e
t
 
i
s
 
v
e
r
y
 
c
l
o
s
e
 
t
o
 

t
h
a
t
 
o
f
 
t
h
e
 
u
n
f
i
r
e
d
 
M
a
n
n
l
i
c
h
e
r
-
C
a
r
c
a
n
o
 
c
a
r
t
r
i
d
g
e
 
r
e
p
o
r
t
e
d
l
y
 

r
e
c
o
v
e
r
e
d
 
f
r
o
m
 
t
h
e
 
r
i
f
l
e
 
f
o
u
n
d
 
i
n
 
t
h
e
 
T
S
B
D
.
 

T
h
e
 
u
n
f
i
r
e
d
 
M
C
 
c
a
r
t
r
i
d
g
e
 
(
C
E
-
1
4
1
,
 P
S
I
 
0
8
)
 
w
a
s
 
n
e
v
e
r
 

b
e
f
o
r
e
 
t
a
k
e
n
 
a
p
a
r
t
 
c
r
 
a
n
a
l
y
z
e
d
.
 
A
t
 
M
C
I
 
i
t
 
w
a
s
 
e
x
a
m
i
n
e
d
,
 

t
a
k
e
n
 
a
p
a
r
t
,
 
i
t
s
 
s
e
v
e
r
a
l
 
c
o
m
p
o
n
e
n
t
s
 
w
e
i
g
h
e
d
,
 
t
h
e
 
b
u
l
l
e
t
 
l
e
a
d
 

s
a
m
p
l
e
d
,
 
t
h
e
 
c
a
r
t
r
i
d
g
e
 
r
e
a
s
s
e
m
b
l
e
d
,
 
a
n
d
 
t
h
e
 
t
w
o
 
s
m
a
l
l
 
b
u
l
l
e
t
-

l
e
a
d
 
s
a
m
p
l
e
s
 
t
a
k
e
n
 
f
r
o
m
 
i
t
 
a
n
a
l
y
z
e
d
 
b
y
I
N
A
A
.
 
(
S
e
e
 
A
p
e
n
d
i
x
 
G
.
1
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I
t
s
 
c
o
m
p
o
s
i
t
i
o
n
 
(
a
l
m
o
s
t
 
1
0
0
%
 
l
e
a
d
,
 
1
5
 
p
o
e
 
a
n
t
i
m
o
n
y
,
 
a
n
d
 
2
2
.
4
 

p
e
n
 
s
i
l
v
e
r
)
 
i
s
 
e
x
t
r
e
m
e
l
y
 
c
l
o
s
e
 
t
o
 
t
h
a
t
 
o
f
 
t
h
e
 
W
a
l
k
e
r
 
b
u
l
l
e
t
 

a
n
d
,
 
c
o
n
s
e
q
u
e
n
t
l
y
,
 
s
u
p
p
o
r
t
s
 
t
h
e
 
c
o
n
c
l
u
s
i
o
n
 
t
h
a
t
 
t
h
e
 
W
a
l
k
e
r
 

f
r
a
g
m
e
n
t
 
i
s
 
f
r
o
m
 
W
C
 
a
m
m
u
n
i
t
i
o
n
.
 

C
.
 
T
h
e
 
r
e
s
u
l
t
s
 
i
n
d
i
c
a
t
e
 
t
h
e
 
c
r
e
s
e
n
c
e
 
o
f
 
o
n
l
y
 
t
w
o
 
 

b
u
l
l
e
t
s
 
i
n
 
G
r
o
u
p
 
I
.
 

W
h
e
n
 
t
h
e
 
r
e
c
e
n
t
 
D
C
/
 
r
e
s
u
l
t
s
 
w
e
r
e
 
a
n
a
l
y
z
e
d
 
s
t
a
t
i
s
t
i
c
-

a
l
l
y
,
 
t
a
k
i
n
g
 
i
n
t
o
 
a
c
c
o
u
n
t
 
b
o
t
h
 
t
h
e
 
o
v
e
r
a
l
l
 
r
e
p
r
o
d
u
c
i
b
i
l
i
t
y
 

o
f
 
t
h
e
 
m
e
a
s
u
r
e
m
e
n
t
s
 
o
n
 
a
 
s
i
n
g
l
e
 
s
a
m
p
l
e
 
a
n
d
 
t
h
e
 
v
a
r
i
a
b
i
l
i
t
y
 

d
u
e
 
:
e
 
c
o
u
n
t
i
n
g
 
s
t
a
t
i
s
t
i
c
s
 
o
f
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
m
e
a
s
u
r
e
m
e
n
t
s
,
 

e
v
i
d
e
n
c
e
 
f
o
r
 
t
h
e
 
p
r
e
s
e
n
c
e
 
o
f
 
o
n
l
y
 
t
w
o
 
b
u
l
l
e
t
s
 
i
s
 
f
o
u
n
d
.
 
W
h
e
r
e
-

a
s
,
 
f
o
r
 
m
o
s
t
 
b
r
a
n
d
s
 
o
f
 
a
m
m
u
n
i
t
i
o
n
 
i
t
 
i
s
 
n
o
t
 
p
o
s
s
i
b
l
e
 
t
o
 
d
i
s
-

t
i
n
g
u
i
s
h
 
b
e
t
w
e
e
n
 
t
w
o
 
b
u
l
l
e
t
s
 
f
r
o
m
 
c
a
r
t
r
i
d
g
e
s
 
f
r
o
m
 
t
h
e
 
s
a
m
e
 

b
o
x
/
p
r
o
d
u
c
t
i
o
n
 
l
o
t
,
 
e
a
r
l
i
e
r
 
s
t
u
d
i
e
s
 
b
y
 
t
h
e
 
a
u
t
h
o
r
 
o
n
 
w
e
s
t
e
r
n
 

C
a
r
t
r
i
d
g
e
 
C
o
m
p
a
n
y
 
N
a
n
n
l
i
c
h
e
t
-
C
a
r
c
a
n
o
 
5
.
5
 
m
m
 
b
u
l
l
e
t
s
 
h
a
v
e
 

s
h
o
w
n
 
t
h
a
t
 t:Iis 

b
r
a
n
d
 
(
l
o
t
s
 
6
0
0
0
,
 
6
0
0
1
,
 
6
0
0
2
,
 
6
0
0
3
)
 
e
x
h
i
b
i
t
s
 

w
i
d
e
l
y
 
d
i
f
f
e
r
e
n
t
 
a
n
t
i
m
o
n
y
 
v
a
l
u
e
s
,
 
e
v
e
n
 
a
m
o
n
g
s
t
 
b
u
l
l
e
t
s
 

f
r
o
m
 
a
 
g
i
v
e
n
 
l
o
t
,
 
s
o
 
t
h
a
t
 
i
n
d
i
v
i
d
u
a
l
 
b
u
l
l
e
t
s
 
o
f
 
t
h
i
s
 
b
r
a
n
d
 
c
a
n
 

u
s
u
a
l
l
y
 
b
e
 
d
i
s
t
i
n
g
u
i
s
h
e
d
 
f
r
o
m
 
o
n
e
 
a
n
o
t
h
e
r
.
 (
S
e
e
 
A
p
p
e
n
d
i
x
 
C
.
)
 

T
h
e
 
p
r
e
s
e
n
c
e
 
o
f
 
o
n
l
y
 
t
w
o
 
b
u
l
l
e
t
s
 
i
s
 
i
n
d
i
c
a
t
e
d
 
a
s
 

f
o
l
l
o
w
s
:
 

O
l
 	

(
S
t
r
e
t
c
h
e
r
 
b
u
l
l
e
t
)
 
a
n
d
 
Q
9
 
(
f
r
a
g
m
e
n
t
s
 
f
r
o
m
 

C
o
n
n
a
l
l
y
'
s
 
w
r
i
s
t
)
 
m
a
t
c
h
 
o
n
e
 
a
n
o
t
h
e
r
 
w
i
t
h
i
n
 
o
n
e
 

s
t
a
n
d
a
r
d
 
d
e
v
i
a
t
i
o
n
 
i
n
 
b
o
t
h
 
a
n
t
i
m
o
n
y
 
a
n
d
 
s
i
l
v
e
r
.
 

0
4
,
 
5
 	

(
F
r
a
g
m
e
n
t
s
 
f
r
o
m
 
P
r
e
s
i
d
e
n
t
 
K
e
n
n
e
d
y
'
s
 
b
r
a
i
n
)
,
 

0
2
 
(
l
a
r
g
e
 
f
r
a
g
m
e
n
t
 
f
o
u
n
d
 
i
n
 
c
a
r
)
,
 
a
n
d
 
0
1
4
 

 

(
s
m
a
l
l
e
r
 
f
r
a
g
m
e
n
t
s
 
f
o
u
n
d
 
i
n
 
c
a
r
)
 
m
a
t
c
h
 
o
n
e
 

a
n
o
t
h
e
r
 
w
i
t
h
i
n
 
o
n
e
 
s
t
a
n
d
a
r
d
 
d
e
v
i
a
t
i
o
n
 
i
n
 

b
o
t
h
 
a
n
t
i
m
o
n
y
 
a
n
d
 
s
i
l
v
e
r
.
 

D
i
,
 	

a
l
t
h
o
u
g
h
 
s
i
m
i
l
a
r
 
i
n
 
s
i
l
v
e
r
 
c
o
n
t
e
n
t
,
 
i
s
 

m
a
r
k
e
d
l
y
 
d
i
f
f
e
r
e
n
t
 
i
n
 
a
n
t
i
m
o
n
y
 
c
o
n
t
e
n
t
 
f
r
o
m
 

0
2
,
 
0
4
,
 
5
,
 
a
n
d
 
0
1
4
.
 

0
9
 	

d
i
f
f
e
r
s
 
c
o
n
s
i
d
e
r
a
b
l
y
 
f
r
o
m
 
0
2
,
 
Q
4
,
 
5
,
 
a
n
d
 

0
1
4
 
i
n
 
b
a
t
h
 
a
n
t
i
m
o
n
y
 
a
n
d
 
s
i
l
v
e
r
.
.
 

T
h
e
s
e
 
r
e
s
u
l
t
s
 
t
h
e
r
e
f
o
r
e
 
i
n
d
i
c
a
t
e
 
t
h
e
 
p
r
e
s
e
n
c
e
 
o
f
 

o
n
l
y
 
t
w
o
 
b
u
l
l
e
t
s
:
 
(
0
1
 
a
n
d
 
0
9
 
o
n
e
 
b
u
l
l
e
t
)
 
a
n
d
 
(
0
2
,
 
0
4
,
 
5
,
 
a
n
d
 

0
1
4
 
a
 
s
e
c
o
n
d
 
b
u
l
l
e
t
)
.
 
T
h
e
r
e
 
i
s
 
n
o
 
e
v
i
d
e
n
c
e
 
o
f
 
a
 
t
h
i
r
d
 

b
u
l
l
e
t
.
2/
 T
h
e
 
a
n
a
l
y
s
e
s
 
n
o
t
 
o
n
l
y
 
r
e
s
u
l
t
e
d
 
i
n
 
v
a
l
u
e
s
 
f
o
r
 
s
i
l
v
e
r
 

a
n
d
 
a
n
t
i
m
o
n
y
 
i
n
 
t
h
e
 
v
a
r
i
o
u
s
 
s
a
m
p
l
e
s
,
 
b
u
t
 
a
l
s
o
 
i
n
 
v
a
l
u
e
s
 
f
o
r
 

s
i
x
 
a
d
d
i
t
i
o
n
a
l
 
e
l
e
m
e
n
t
s
:
 
l
e
a
d
,
 
c
o
p
p
e
r
,
 
a
l
u
m
i
n
u
m
,
 
m
a
n
g
a
n
e
s
e
,
 

s
o
d
i
u
m
 
a
n
d
 
c
h
l
o
r
i
n
e
.
 
T
h
e
 
v
a
l
u
e
s
 
f
o
r
 
t
h
e
s
e
 
a
d
d
i
t
i
o
n
a
l
 
s
i
x
 

e
l
e
m
e
n
t
s
 
d
o
 n

o
t 
a
p
p
e
a
r
 
t
o
 
c
o
n
t
r
i
b
u
t
e
 
m
u
c
h
 
u
s
e
f
u
l
 
i
n
f
o
r
m
a
t
i
o
n
 

e
x
c
e
p
t
 
t
o
 
c
o
n
f
i
r
m
,
 
q
u
a
n
t
i
t
a
t
i
v
e
l
y
,
 
t
h
a
t
 
a
l
l
 
t
h
e
 
s
a
m
p
l
e
s
 
a
r
e
 

a
p
p
r
o
x
i
m
a
t
e
l
y
 
1
0
0
%
 
l
e
a
d
.
 
W
i
t
h
 
t
h
e
 
e
x
c
e
p
t
i
o
n
 
o
f
 
0
9
,
 
a
l
l
 
t
h
e
 

9
.
 	

I
n
d
e
p
e
n
d
e
n
t
 
r
e
s
e
a
r
c
h
 
c
o
n
d
u
c
t
e
d
 
b
y
 
t
h
e
 
a
u
t
h
o
r
 (
S
e
e
,
 
R
e
f
e
r
-
 

e
n
c
e
 
N
u
m
b
e
r
 
1
0
 
i
n
 
A
p
p
e
n
d
i
x
 
H
.
)
 
i
n
d
i
c
a
t
e
s
 
t
h
a
t
 
a
 
c
a
r
e
f
u
l
 

a
n
a
l
y
s
i
s
 
o
f
 
t
h
e
 
d
a
t
a
 
o
b
t
a
i
n
e
d
 
b
y
 
t
h
e
 
F
B
I
 d
u
r
i
n
g
 
t
h
e
 
I
N
A
A
 

tests co
n

d
u

cted
 
b
y
 
t
h
e
 
F
B
I
 
i
n
 
1
9
5
4
 
(
u
s
i
n
g
 
a
 
s
c
i
n
t
i
l
l
a
t
i
o
n
 

d
e
t
e
c
t
o
r
 
r
a
t
h
e
r
 
t
h
a
n
 
t
h
e
 
h
i
g
h
e
r
-
r
e
s
o
l
u
t
i
o
n
 
m
o
d
e
r
n
 
G
e
(
L
1
)
 

d
e
t
e
c
t
o
r
)
 
w
o
u
l
d
 
r
e
a
c
h
 
t
h
i
s
 
s
a
m
e
 co

n
clu

sio
n
. 

T
h
e
 
F
a
r
 
r
e
-

p
o
r
t
e
d
 
t
h
e
 
r
e
s
u
l
t
s
 
o
f
 
i
t
s
 
t
e
s
t
s
 
a
s
 
I
n
c
o
n
c
l
u
s
i
v
e
 
d
u
e
 
t
o
 

t
h
e
 
w
i
d
e
 
v
a
r
i
e
t
y
 
o
f
 
a
b
s
o
l
u
t
e
 
v
a
l
u
e
s
 
o
b
t
a
i
n
e
d
 
e
a
c
h
 
t
i
m
e
 
a
 

s
a
m
p
l
e
 
w
a
s
 
t
e
s
t
e
d
.
 
T
h
e
s
e
 
r
e
s
u
l
t
s
,
 
h
o
w
e
v
e
r
,
 
w
e
r
e
 
u
n
d
e
r
 

d
i
f
f
e
r
i
n
g
 
t
e
s
t
 
c
o
n
d
i
t
i
o
n
s
.
 
I
t
 
i
s
 
n
e
c
e
s
s
a
r
y
 
t
o
 
c
o
m
p
a
r
e
 

t
h
e
 
r
e
s
u
l
t
s
 
o
b
t
a
i
n
e
d
 
u
n
d
e
r
 
a
 
g
i
v
e
n
 
s
e
t
 
o
f
 
c
o
n
d
i
t
i
o
n
s
.
 

r
a
t
h
e
r
 
t
h
a
n
 
a
 
c
o
m
p
a
r
i
a
o
n
 
o
f
 
a
l
l
 
t
h
e
 
v
a
l
u
e
s
 
u
n
d
e
r
 
a
l
l
 

c
o
n
d
i
t
i
n
n
s
,
 
t
o
 reach

 th
e co

n
clu

sio
n

 
t
h
a
t
 
o
n
l
y
 
t
w
o
 
b
u
l
l
e
t
s
 

w
e
r
e
 
p
r
e
s
e
n
t
.
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c
o
p
p
e
r
 
v
a
l
u
e
s
 
w
e
r
e
 
a
p
p
r
o
x
i
m
a
t
e
l
y
 
t
h
e
 
s
a
m
e
 
-
-
 
i
n
 
t
h
e
 
r
a
n
g
e
 
o
f
 

4
0
 
t
o
 
5
8
 
p
p
m
.
 
T
h
e
 
v
e
r
y
 
h
i
g
h
 
c
o
p
p
e
r
 
v
a
l
u
e
 
o
f
 
t
h
e
 
0
9
 
s
a
m
p
l
e
 

1
9
9
4
 
p
p
e
l
)
 
i
s
 
m
o
s
t
 
l
i
k
e
l
y
 
d
u
e
 
t
o
 
c
o
n
t
a
m
i
n
a
t
i
o
n
 
f
r
o
m
 
t
h
e
 
c
o
o
p
e
r
 

j
a
c
k
e
t
 
o
f
 
t
h
e
 
b
u
l
l
e
t
.
 
T
h
e
 
c
o
p
p
e
r
 
v
a
l
u
e
s
 
f
o
r
 
s
a
m
p
l
e
s
 
Q
4
,
 
5
,
 

Q
2
,
 
a
n
d
 
Q
1
4
 
a
v
e
r
a
g
e
 
4
2
 
+
 
2
 
p
p
m
 
-
-
 
a
p
p
r
e
c
i
a
b
l
y
 
d
i
f
f
e
r
e
n
t
 
f
r
o
m
 

t
h
e
 
0
1
 
(
s
t
r
e
t
c
h
e
r
 
b
u
l
l
e
t
)
 
c
o
p
p
e
r
 
v
a
l
u
e
 
o
f
 
5
8
 
+
 
3
 
p
p
m
.
 
T
h
e
 

a
l
u
m
i
n
u
m
 
v
a
l
u
e
s
 
r
a
n
g
e
 
f
r
o
m
 
1
.
1
 
t
o
 
3
.
1
 
p
p
m
 
a
n
d
 
s
h
o
w
 
n
o
 

s
y
s
t
e
m
a
t
i
c
 
t
r
e
n
d
s
 
b
e
t
w
e
e
n
 
t
h
e
 
t
w
o
 
g
r
o
u
p
s
 
o
f
 
s
a
m
p
l
e
s
.
 
S
i
m
i
l
a
r
-

l
y
,
 
t
h
e
 
m
a
n
g
a
n
e
s
e
 
v
a
l
u
e
s
 
r
a
n
g
e
 
f
r
o
m
 
0
.
0
1
 
t
o
 
0
.
1
0
 
p
p
m
 
a
n
d
 

s
h
o
w
 
n
o
 
s
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.
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c
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l
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a
b
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r
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i
a
t
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a
s
 
r
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.
 

A
b
b
r
e
v
i
a
t
i
o
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f
a
r
 
c
e
n
t
i
m
e
t
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,
 
a
 
m
e
t
r
i
c
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n
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n
g
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h
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c
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.
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.
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.
 

c
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u
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.
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c
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c
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c
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.
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d
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.
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u
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i
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.
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i
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.
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0  Nn  means  none  detected.  
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t
h
a
t
 
h
e
 
c
o
n
d
u
c
t
e
d
 
w
i
t
h
 
a
 
M
a
n
n
l
i
c
h
e
r
-
C
a
r
c
a
n
o
 
r
i
f
l
e
 
o
f
 

t
h
e
 
s
a
n
e
 
m
a
k
e
 
a
s
 
t
h
a
t
 
r
e
p
o
r
t
e
d
l
y
 
u
s
e
d
 
b
y
 
L
e
e
 
H
a
r
v
e
y
 

O
s
w
a
l
d
.
 
L
a
c
e
 
i
n
 
1
9
7
2
,
 
O
r
.
 
N
i
c
h
o
l
s
 
c
o
n
t
a
c
t
e
d
 
t
h
e
 

a
u
t
h
o
r
,
 
o
f
f
e
r
i
n
g
 
t
o
 
s
u
p
p
l
y
 
b
u
l
l
e
t
-
l
e
a
d
 
s
a
m
p
l
e
s
 
f
r
o
m
 

t
h
e
 
f
o
u
r
 
p
r
o
d
u
c
t
i
o
n
 
l
o
t
s
,
 
f
o
r
 
N
A
A
 
e
x
a
m
i
n
a
t
i
o
n
 
b
y
 
t
h
e
 

a
u
t
h
o
r
.
 
T
h
e
 
a
u
t
h
o
r
 
a
c
c
e
p
t
e
d
 
t
h
e
 
o
f
f
e
r
,
 
a
n
d
 
O
r
.
 
N
i
c
h
o
l
s
 

s
h
o
r
t
l
y
 
s
e
n
t
 
h
i
m
 
t
w
o
 
b
u
l
l
e
t
s
 
f
r
o
m
 
L
o
t
 
6
0
0
0
 
a
n
d
 
f
o
u
r
 

e
a
c
h
 
f
r
o
m
 
L
o
t
s
 
6
0
0
1
,
 
6
0
0
2
,
 
a
n
d
 
6
0
0
3
.
 
T
h
e
 
a
u
t
h
o
r
 

c
o
m
m
e
n
c
e
d
 
a
n
a
l
y
s
i
s
 
o
f
 
t
h
e
s
e
 
i
n
 
l
a
t
e
 
1
9
7
3
 
w
i
t
h
 
m
o
s
t
 
o
f
 
t
h
e
 

w
o
r
k
 
c
a
r
r
i
e
d
 
o
u
t
 
d
u
r
i
n
g
 
1
9
7
4
 
a
n
d
 
a
 
f
e
w
 
f
i
n
a
l
 
m
e
a
s
u
r
e
m
e
n
t
s
 

e
a
r
l
y
 
i
n
 
1
9
7
5
.
 

S
a
m
p
l
e
s
 
r
a
n
g
i
n
g
 
i
n
 
w
e
i
g
h
t
 
f
r
o
m
 
4
4
 
t
o
 
5
8
 
m
i
l
l
i
g
r
a
m
s
 

(
e
a
c
h
 
w
e
i
g
h
e
d
 
t
o
 
w
i
t
h
i
n
 	

0
.
1
 
m
i
l
l
i
g
r
a
m
)
 
w
e
r
e
 
d
r
i
l
l
e
d
 
o
u
t
 

f
r
o
m
 
t
h
e
 
o
p
e
n
 
b
a
s
e
 
e
n
d
 
o
f
 
e
a
c
h
 
b
u
l
l
e
t
 
w
i
t
h
 
a
 
c
l
e
a
n
e
d
 
s
m
a
l
l
 

s
t
e
e
l
 
d
r
i
l
l
,
 
a
f
t
e
r
 
f
i
r
s
t
 
s
c
r
a
p
i
n
g
 
t
h
e
 
s
u
r
f
a
c
e
 
o
f
 
t
h
e
 

b
u
l
l
e
t
 
f
a
c
e
 
f
r
e
e
 
o
f
 
o
x
i
d
i
z
e
d
 
l
a
y
e
r
 
w
i
t
h
 
a
 
c
l
e
a
n
 
s
t
a
i
n
l
e
s
s
-

s
t
e
e
l
 
s
c
a
l
p
e
l
.
 
E
a
c
h
 
d
r
i
l
l
e
d
 
s
a
m
p
l
e
 
w
a
s
 
w
a
s
h
e
d
 
w
i
t
h
 
h
i
g
h
-

p
u
r
i
t
y
 
t
o
l
u
e
n
e
,
 
t
o
 
r
e
m
o
v
e
 
a
n
y
 
o
i
l
 
o
r
 
g
r
e
a
s
e
 
p
o
s
s
i
b
l
y
 

p
r
e
s
e
n
t
.
 I
n
 
t
h
e
 
f
i
r
s
t
 
a
n
a
l
y
s
e
s
,
 
a
l
l
 
1
4
 
s
a
m
p
l
e
s
,
 
a
l
o
n
g
 
w
i
t
h
 
a
 

s
t
a
n
d
a
r
d
 
o
f
 
a
n
t
i
m
o
n
y
,
 
w
e
r
e
 
a
c
t
i
v
a
t
e
d
 
f
o
r
 
2
 
h
o
u
r
s
 
i
n
 
t
h
e
 

r
o
t
a
r
y
-
s
p
e
c
i
m
e
n
 
r
a
c
k
 
o
f
 
t
h
e
 
U
C
I
 
T
R
I
G
A
 
M
a
r
k
 
I
 
r
e
a
c
t
o
r
,
 
a
t
 

a
 
t
h
e
r
m
a
l
-
n
e
u
t
r
o
n
 
f
l
u
x
 
o
f
 
1
.
0
 
x
 
1
0
1
2
  n
/
c
m
2-
s
e
c
.
 
A
f
t
e
r
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a
 
d
e
c
a
y
 
p
e
r
i
o
d
 
o
f
 
a
p
p
r
o
x
i
m
a
t
e
l
y
 
2
4
 
h
o
u
r
s
,
 
e
a
c
h
 
a
c
t
i
v
a
t
e
d
 

s
a
m
p
l
e
 
w
a
s
 
c
o
u
n
t
e
d
 
f
o
r
 
2
0
0
 
s
e
c
o
n
d
s
 
l
i
v
e
t
i
m
e
 
o
n
 
t
o
p
 
o
f
 

a
 
3
8
 
c
m
3
  G
e
(
1
,
4
1
 
d
e
t
e
c
t
o
r
 
(
w
i
t
h
 
a
 
1
 
c
m
 
b
e
t
a
-
p
a
r
t
i
c
l
e
 

a
b
s
o
r
b
e
r
)
,
 
c
o
u
p
l
e
d
 
t
o
 
a
 
4
0
9
6
-
c
h
a
n
n
e
l
 
p
u
l
s
e
-
h
e
i
g
h
t
 
a
n
a
l
y
z
e
r
.
 

T
h
e
 
o
n
l
y
 
p
h
o
t
o
p
e
a
k
s
 
o
b
s
e
r
v
e
d
 
w
e
r
e
 
t
h
o
s
e
 
o
f
 
1
2
.
8
0
-
h
o
u
r
 

6
4
c
u
,
 
2
.
8
0
-
d
a
y
 
I
2
2
S
b
,
 
6
0
.
4
-
d
a
y
 1
2
4
6
b
,
 
a
n
d
 
1
4
.
9
6
-
h
o
u
r
 
2
4
,
a
.
 

T
h
e
 
c
o
u
n
t
s
 
i
n
 
t
h
e
 
5
1
1
 
k
e
V
 
p
e
a
k
 
o
f
 "

C
u
,
 
i
n
 
t
h
e
 
5
6
4
 
k
e
v
 

p
e
a
k
 
o
f
 
1
2
25
b
,
 
a
n
d
 
i
n
 
t
h
e
 
1
3
6
8
 
cell 

p
e
a
k
 
o
f
 
2
4
N
a
 
w
e
r
e
 

p
r
i
n
t
e
d
 
o
u
t
.
 
A
f
t
e
r
 
c
o
r
r
e
c
t
i
n
g
 
a
l
l
 
o
f
 
t
h
e
 
d
a
t
a
 
t
o
 
t
h
e
 

s
a
m
e
 
d
e
c
a
y
 
t
i
m
e
,
 
t
h
e
 
n
u
m
b
e
r
 
o
f
 
m
i
c
r
o
g
r
a
m
s
 
o
f
 
c
o
p
p
e
r
 
(
C
u
)
,
 

a
n
t
i
m
o
n
y
 
(
S
b
)
,
 
a
n
d
 
s
o
d
i
u
m
 
(
N
a
)
 
i
n
 
e
a
c
h
 
s
a
m
p
l
e
 
w
a
s
 
c
a
l
c
u
l
a
t
e
d
,
 

a
l
o
n
g
 
w
i
t
h
 
i
t
s
 
s
t
a
n
d
a
r
d
 
d
e
v
i
a
t
i
o
n
 
-
-
 
c
a
l
c
u
l
a
t
e
d
 
f
r
o
m
 
t
h
e
 

c
o
u
n
t
i
n
g
 
s
t
a
t
i
s
t
i
c
s
.
 
D
i
v
i
d
i
n
g
 
e
a
c
h
 
p
g
 
v
a
l
u
e
 
b
y
 
t
h
e
 
s
a
m
p
l
e
 

w
e
i
g
h
t
,
 
i
n
 
g
r
a
m
s
,
 
t
h
e
n
 
g
a
v
e
 
t
h
e
 
p
p
m
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
.
 
T
h
e
 

C
u
 
a
n
d
 
N
a
 
v
a
l
u
e
s
 
w
e
r
e
 
c
a
l
c
u
l
a
t
e
d
 
f
r
o
m
 
t
a
b
u
l
a
t
e
d
 
s
t
a
n
d
a
r
d
 

v
a
l
u
e
s
.
 
T
h
e
s
e
 
a
r
e
 
t
a
b
u
l
a
t
e
d
 
i
n
 
T
a
b
l
e
 
I
I
-
A
.
 

L
a
t
e
r
,
 
a
f
t
e
r
 
t
h
e
 
p
r
e
v
i
o
u
s
l
y
-
i
n
d
u
c
e
d
 
a
c
t
i
v
i
t
i
e
s
 
h
a
d
 

d
e
c
a
y
e
d
 
d
o
w
n
 
t
o
 
n
e
g
l
i
g
i
b
l
e
 
l
e
v
e
l
s
,
 
t
h
e
 
1
4
 
s
a
m
p
l
e
s
 
w
e
r
e
 

a
c
t
i
v
a
t
e
d
 
a
n
d
 
c
o
u
n
t
e
d
 
a
g
a
i
n
,
 
u
n
d
e
r
 
d
i
f
f
e
r
e
n
t
 
c
o
n
d
i
t
i
o
n
s
.
 

T
h
i
s
 
t
i
m
e
,
 
t
h
e
 
s
a
m
p
l
e
s
 
w
e
r
e
 
a
c
t
i
v
a
t
e
d
 
a
n
d
 
c
o
u
n
t
e
d
 
i
n
 
s
e
q
u
e
n
c
e
,
 

o
n
e
 
a
t
 
a
 
t
i
m
e
.
 
E
a
c
h
 
s
a
m
p
l
e
 
w
a
s
 
a
c
t
i
v
a
t
e
d
 
f
o
r
 
4
0
 
s
e
c
o
n
d
s
 

i
n
 
t
h
e
 
p
n
e
u
m
a
t
i
c
-
t
u
b
e
 
p
o
s
i
t
i
o
n
 
o
f
 
t
h
e
 
r
e
a
c
t
o
r
,
 
a
t
 
a
 

t
h
e
r
m
a
l
-
n
e
u
t
r
o
n
 
f
l
u
x
 
o
f
 
2
.
5
 
x
 
1
0
1
2
  n
/
c
m
2 -
s
e
c
.
 
A
f
t
e
r
 
a
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T
h
e
 
n
e
w
 
a
n
t
i
m
o
n
y
 
r
e
s
u
l
t
s
 
(
f
r
o
m
 
1
2
4
m
l
s
b
)
  a
n
d
 
t
h
e
 
n
e
w
 

c
o
p
p
e
r
 
r
e
s
u
l
t
s
 
(
f
r
o
m
 
"
C
u
)
 
i
n
 
a
l
l
 
c
a
s
e
s
 
c
o
m
p
a
r
e
d
 
w
e
l
l
 

w
i
t
h
 
t
h
e
 
r
e
s
u
l
t
s
 
f
o
r
 
t
h
e
s
e
 
t
w
o
 
e
l
e
m
e
n
t
s
 
o
b
t
a
i
n
e
d
 
i
n
 
t
h
e
 

p
r
e
v
i
o
u
s
 
l
o
n
g
e
r
 
i
r
r
a
d
i
a
t
i
o
n
 
(
w
i
t
h
 
m
e
a
s
u
r
e
m
e
n
t
,
 
i
n
s
t
e
a
d
,
 

o
f
 
1
2
25
b
 
a
n
d
 
"

C
u
)
.
 
H
o
w
e
v
e
r
,
 
t
h
e
 
c
o
u
n
t
i
n
g
 
s
t
a
t
i
s
t
i
c
s
 

(
p
r
e
c
i
s
i
o
n
s
)
 
o
f
 
t
h
e
 
1
2
25
b
 
a
n
d
 
"

C
u
 
r
e
s
u
l
t
s
 
f
r
o
m
 
t
h
e
 

l
o
n
g
e
r
 
i
r
r
a
d
i
a
t
i
o
n
 
w
e
r
e
 
m
u
c
h
 
b
e
t
t
e
r
 
t
h
a
n
 
t
h
o
s
e
 
o
f
 
t
h
e
 

1
2
4
2'
1
5
b
 
a
n
d
 
"
C
u
 
r
e
s
u
l
t
s
 
f
r
o
m
 
t
h
e
 
4
0
-
s
e
c
o
n
d
 
i
r
r
a
d
i
a
t
i
o
n
s
,
 

s
o
 
o
n
l
y
 
t
h
e
 
1
2
2
5
b
  
a
n
d
 
"

C
u
 
r
e
s
u
l
t
s
 
a
r
e
 
g
i
v
e
n
 
i
n
 
T
a
b
l
e
 
I
I
-
A
.
 

T
h
e
 
a
n
t
i
m
o
n
y
 
r
e
s
u
l
t
s
 
o
b
t
a
i
n
e
d
,
 
s
h
o
w
n
 
i
n
 
T
a
b
l
e
 
I
1
.
7
1
1
,
 

w
e
r
e
 
s
u
r
p
r
i
s
i
n
g
.
 
I
n
 
a
l
l
 
e
a
r
l
i
e
r
 
s
t
u
d
i
e
s
 
o
f
 
c
o
m
m
e
r
c
i
a
l
 
b
u
l
l
e
t
 

l
e
a
d
s
,
 
i
n
d
i
v
i
d
u
a
l
 
b
u
l
l
e
t
s
 
w
e
r
e
 
f
o
u
n
d
 
t
o
 
b
e
 
q
u
i
t
e
 
h
o
m
o
g
e
n
e
o
u
s
 

i
n
 
t
h
e
i
r
 
a
n
t
i
m
o
n
y
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
,
 
a
n
d
 
b
u
l
l
e
t
s
 
f
r
o
m
 
t
h
e
 
s
a
m
e
 

b
o
x
 
o
f
 
c
a
r
t
r
i
d
g
e
s
 
w
e
r
e
 
f
o
u
n
d
 
t
o
 
b
e
 
c
l
o
s
e
l
y
 
s
i
m
i
l
a
r
 
t
o
 
o
n
e
 

a
 
t
h
e
r
m
a
l
-
n
e
u
t
r
o
n
 
f
l
u
x
 
o
n
l
y
 
1
/
1
1
0
 
a
s
 
l
a
r
g
e
.
 	
M
i
c
r
o
g
r
a
m
 

a
n
d
 
p
p
m
 
v
a
l
u
e
s
 
f
o
r
 
A
s
,
 
S
b
,
 
a
n
d
 
C
u
 
w
e
t
s
 
t
h
e
n
 
c
a
l
c
u
l
a
t
e
d
 

f
o
r
 
e
a
c
h
 
s
a
m
p
l
e
 	
(
a
l
o
n
g
 
w
i
t
h
 
i
t
s
 
s
t
a
n
d
a
r
d
 
d
e
v
i
a
t
i
o
n
,
 
b
a
s
e
d
 

u
p
o
n
 
t
h
e
 
c
o
u
n
t
i
n
g
 
s
t
a
t
i
s
t
i
c
s
)
 	
f
r
o
m
 
t
h
e
 
s
i
z
e
s
 
o
f
 
t
h
e
 
6
5
3
 

a
n
o
t
h
e
r
 
i
n
 
t
h
e
i
r
 
a
n
t
i
m
o
n
y
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
.
 	
I
n
 
s
h
a
r
p
 
c
o
n
-
 

t
r
a
s
t
,
 
t
h
e
 
b
u
l
l
e
t
-
t
o
-
b
u
l
l
e
t
 
v
a
r
i
a
t
i
o
n
 
i
n
 
a
n
t
i
m
o
n
y
 
c
o
n
t
e
n
t
 

a
m
o
n
g
s
t
 
b
u
l
l
e
t
s
 
f
r
o
m
 
t
h
e
 
s
a
m
e
 
b
o
x
 
o
f
 
M
a
n
n
l
i
c
h
e
r
-
C
a
r
c
a
n
o
 

c
a
r
t
r
i
d
g
e
s
 
i
s
 
s
e
e
n
 
t
o
 
b
e
 
t
r
e
m
e
n
d
o
u
s
:
 	

t
h
e
 
f
o
u
r
 
s
a
m
p
l
e
s
 

k
e
V
 
p
e
a
k
 
o
f
 
2
4
.
4
-
s
e
c
o
n
d
 
1
1
0
A
s
,
 	
t
h
e
 
4
9
8
 
k
e
y
 
p
e
a
k
 
o
f
 
9
3
-
 

o
f
 
l
o
t
 
6
0
0
1
 
b
u
l
l
e
t
 
l
e
a
d
 
r
a
n
g
e
d
 
a
l
l
 
t
h
e
 
w
a
y
 
f
r
o
m
 
1
5
8
 
p
p
m
 

s
e
c
o
n
d
 
124711

5
b
,
 	
a
n
d
 
t
h
e
 
1
0
3
9
 keV

 peak 
o
f
 
5
.
1
0
-
m
i
n
u
t
e
 

t
o
 
1
2
1
8
 
p
p
m
 
S
b
;
 
t
h
o
s
e
 
o
f
 
l
o
t
 
6
0
0
2
 
b
u
l
l
e
t
 
l
e
a
d
 
a
l
l
 
t
h
e
 

w
a
y
 
f
r
o
m
 
2
4
 
t
o
 
9
4
9
 
p
p
m
 
S
b
;
 	
a
n
d
 
t
h
o
s
e
 
o
f
 
l
o
t
 
6
0
0
3
 
a
l
l
 
t
h
e
 

6
6
C
u
.
 	
T
h
e
 
s
i
l
v
e
r
 
r
e
s
u
l
t
s
 
a
r
e
 
a
l
s
o
 
i
n
c
l
u
d
e
d
 
i
n
 
T
a
b
l
e
 
I
I
=
A
 

w
a
y
 
f
r
o
m
 
8
0
 
t
o
 
7
3
0
 
p
p
m
 
S
b
.
 	

I
n
 
g
e
n
e
r
a
l
,
 s
u
c
h
 
a
n
t
i
m
o
n
y
 

v
a
l
u
e
s
 
i
n
d
i
c
a
t
e
 
t
h
a
t
 
(
1
)
 
t
h
e
 
b
u
l
l
e
t
s
 
w
e
r
e
 
i
n
d
e
e
d
 
a
 
s
o
f
t
 

d
e
c
a
y
 
p
e
r
i
o
d
 
o
f
 
4
0
 
s
e
c
o
n
d
s
 
(
d
u
r
i
n
g
 
w
h
i
c
h
 
t
h
e
 a

c
tiv

a
te

d
 

s
a
m
p
l
e
 
w
a
s
 
t
r
a
n
s
f
e
r
r
e
d
 

to
 
a
 
f
r
e
s
h
 
v

ia
l), 

e
a
c
h
 

sam
ple 

w
a
s
 
c
o
u
n
t
e
d.  

f
o
r
 
4
0
 
s
e
c
o
n
d
s
 
c
l
o
c
k
t
i
m
e
 
u
n
d
e
r
 
t
h
e
 
s
a
m
e
 

c
o
u
n
t
i
n
g
 
c
o
n
d
i
t
i
o
n
s
 
u
s
e
d
 
i
n
 
t
h
e
 
p
r
e
v
i
o
u
s
 
m
e
a
s
u
r
e
m
e
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M
r. W

O
L

F
. M

r. C
h

airm
an

, I h
av

e n
o

 fu
rth

er q
u

estio
n

s o
f D

r. 
G

uinn. 
C

hairm
an ST

O
K

E
S. T

he C
hair now

 recognizes the gentlem
an from

 
Indiana, M

r. F
ithian, for such tim

e as he m
ay consum

e. 
M

r. F
rrm

A
N

. T
hank you, M

r. C
hairm

an. 
D

r. G
u

in
n

, w
e are h

ap
p

y
 to

 h
av

e y
o

u
r ex

p
ertise assistin

g
 th

e 
p

an
el. I am

 h
o

ld
in

g
 in

 m
y

 h
an

d
 a lead

 p
en

cil, an
d

 I h
av

e n
o

w
 

b
ro

k
en

 th
e p

o
in

t fro
m

 th
is lead

 p
en

cil. W
o
u
ld

 y
o
u
 tell m

e is th
is 

enough for you to analyze by your process? 
D

r. G
U

IN
N

. W
ell, that is a different kind of m

aterial. 
M

r. F
IT

H
IA

N
. I know

. 
D

r. G
uiN

N
. It is called pencil lead; but it is actually graphite—

not lead. 
M

r. F
IT

H
IA

N
. Sizew

ise? 
D

r. G
urN

N
. S

izew
ise, that is plenty. F

or m
aterials such a bullet 

lead
, to

 b
e sp

ecific, an
y
 sam

p
le th

at w
eig

h
s an

y
w

h
ere b

etw
een

 1
 

an
d

 5
0

 m
illig

ram
s is su

fficien
t o

r p
len

ty
. S

u
ch

 an
 am

o
u

n
t rep

re-
sents a rather tiny sam

ple of lead, but it is all w
e need. 

M
r. F

IT
H

IA
N

. N
ow

, if this w
ere not graphite, and if it w

ere bullet 
lead

, an
d
 it co

n
tain

ed
 a v

ariety
 o

f th
ese elem

en
ts th

at y
o
u
 h

av
e 

d
escrib

ed
 h

ere to
d

ay
, an

tim
o

n
y

, silv
er, an

d
 so

 fo
rth

, w
o

u
ld

 y
o

u
r 

neutron activation analysis sort out the count sufficiently accurate-
ly to tell us w

hich elem
ents are in that particle? 

D
r. G

u
rN

N
. It w

o
n
't tell y

o
u
 all th

e elem
en

ts th
at m

ay
 b

e in
 

th
em

, b
u

t it w
ill u

su
ally

 g
iv

e y
o

u
 n

u
m

erical resu
lts fo

r a n
u

m
b

er 
o
f elem

en
ts th

at w
ill b

eco
m

e d
etectab

ly
 rad

io
activ

e an
d
 read

ily
 

identified; yes. 
M

r. F
rrH

u
ll. A

s I u
n
d
erstan

d
 it, th

is is fro
m

 o
n
e p

ass th
ro

u
g
h
 

th
e eq

u
ip

m
en

t, sim
u
ltan

eo
u
sly

 y
o
u
 read

 o
u
t sev

eral d
ifferen

t ele-
m

ents? 
D

r. G
um

 - N
. T

hat is true. U
sually w

hen you activate a sam
ple for 

a certain
 len

g
th

 o
f tim

e in
 th

e reacto
r, w

ait a w
h
ile, an

d
 th

en
 

co
u

n
t th

e sam
p

le, y
o

u
 see p

eak
s fro

m
 a n

u
m

b
er o

f rad
io

activ
e 

elem
ents. T

hen if you take the sam
e sam

ple, if you w
ish, and do it 

over again, but this tim
e irradiate longer and w

ait longer, then all 
of the isotopes you saw

 before you w
on't see this tim

e because you 
have w

aited long enough that they are all gone, and now
 you w

ill 
see som

e longerlived isotopes that w
ere not there detectably before 

but now
 they are. 

S
o you don't usually just do an activation and a count once, but 

you usually do it tw
o or three tim

es, if you are trying to look for a 
large num

ber of elem
ents. 

M
r. F

IT
H

IA
N

. Y
ou used the term

 counting equipm
ent. C

ould you 
explain that for those of us w

ho are laym
en in this? 

D
r. G

u
iN

N
. T

h
ere are m

an
y
 k

in
d
s o

f rad
io

activ
e d

etectio
n
 d

e-
vices w

hich are usually loosely called counters. T
he m

ost com
m

on 
o

n
e m

o
st p

eo
p

le k
n

o
w

 ab
o

u
t is a G

eig
er co

u
n

ter. If th
ese sam

e 
sam

p
les, after activ

atin
g

 th
em

, h
ad

 b
een

 h
eld

 n
ear a G

eig
er 

counter, you w
ould hear the G

eiger counter ticking aw
ay. U

nfortu-
nately, the G

eiger counter is, N
o. 1, not very sensitive for gam

m
a 

rad
iatio

n
, an

d
. N

o
. 2

, it can
't tell o

n
e g

am
m

a ray
 fro

m
 an

o
th

er. 
Y

ou have to go to a m
ore elaborate detector. T

he kind, for exam
-

ple, that w
as used by the F

B
I in 1964, w

hich w
as the only useful 

kind that w
as available then, w

as a scintillation detector. T
hat is a 
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u
rc

e
ll, 

"
D
e
t
a
i
l
e
d
 
M
e
a
s
u
r
e
m
e
n
t
s
 
o
f
 
H
o
m
o
g
e
n
e
i
t
y
 
o
f
 

M
an

n
lich

er-C
arm

so
c au

llets," 
t
o
 
b
e
 
s
u
b
m
i
t
t
e
d
 

fo
r p

u
b
lic

a
tio

n
. 
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so
lid

 d
etecto

r. it ab
so

rb
s g

am
m

a ray
s b

etter, so
 it is m

o
re efficien

t, 
an

d
 also

 th
e size o

f th
e o

u
tp

u
t p

u
lse fro

m
 th

e d
etecto

r is p
ro

p
o
r-

tio
n
al to

 th
e g

am
m

a ray
 en

erg
y
 it h

as ab
so

rb
ed

. 
S

o
 w

ith
 su

ch
 a d

etecto
r o

n
e h

as th
e p

o
ssib

ility
 o

f u
sin

g
 w

h
at w

e 
c
a
ll a

 m
u
ltic

h
a
n
n
e
l a

n
a
ly

z
e
r to

 lo
o
k
 a

t th
e
 o

u
tp

u
t p

u
lse

s, so
rt 

th
em

 in
to

 th
eir sizes, an

d
 g

et a sp
ectru

m
 w

ith
 p

eak
s. 

M
r. 

F
IT

H
IA

N
. 

T
h
e cu

rren
t eq

u
ip

m
en

t is g
en

eratio
n
s rem

o
v
ed

 
fro

m
 th

e 1
9

6
4

 eq
u

ip
m

en
t? 

D
r. G

U
IN

N
. Y

es, sir. T
he old scintillation detectors are still useful 

fo
r so

m
e p

u
rp

o
ses, b

u
t th

e d
ifficu

lty
 is th

at in
 a sp

ectru
m

 o
b
tain

ed
 

fro
m

 it, each
 o

f th
e p

eak
s is ty

p
ically

 ab
o

u
t 2

0
 tim

es w
id

er th
an

 
th

e p
eak

s fro
m

 a m
o
d
ern

 g
erm

an
iu

m
 d

etecto
r. W

e say
 th

at m
ean

s 
th

at th
e o

ld
er scin

tillatio
n

 d
etecto

r h
as v

ery
 p

o
o

r en
erg

y
 reso

lu
-

tio
n
. 

In
 th

e
 c

h
a
rt e

x
a
m

p
le

 th
a
t sh

o
w

s th
e
 silv

e
r-1

1
0

 p
e
a
k

, w
ith

 a
 

little an
tim

o
n
y
-1

2
4
m

, p
eak

 n
ex

t to
 it, fo

r ex
am

p
le, w

ith
 a scin

til-
latio

n
 d

etecto
r all y

o
u
 w

o
u
ld

 see w
o
u
ld

 b
e o

n
e b

ro
ad

 p
eak

 th
at 

in
clu

d
ed

 b
o
th

 o
f th

em
, an

d
 y

o
u
 w

o
u
ld

n
't k

n
o
w

 th
at y

o
u
 really

 w
ere 

lo
o
k
in

g
 at tw

o
 g

am
m

a ray
s, o

f tw
o
 d

ifferen
t en

erg
ies. 

T
h
e g

erm
an

iu
m

 d
etecto

r, th
e m

o
re m

o
d
ern

 ty
p
e, w

h
ich

 w
asn

't 
av

ailab
le g

en
erally

 in
 1

9
6

4
, is a h

ig
h

-reso
lu

tio
n

 d
etecto

r. it is o
f a 

n
ew

 g
en

eratio
n
 o

f d
etecto

rs, an
d
 th

at w
as really

 o
n
e o

f th
e p

rim
ary

 
reaso

n
s fo

r w
an

tin
g

 to
 rean

aly
ze th

ese sam
p

les, b
u

t n
o

w
 w

ith
 

m
u
ch

 m
o
re m

o
d
ern

 eq
u
ip

m
en

t. 
M

r. 
F

IT
H

IA
N

. 
Ju

st fo
r th

e
 re

c
o

rd
, b

e
fo

re
 I a

sk
 th

e
 a

d
d

itio
n

a
l 

q
u

estio
n

s, in
 y

o
u

r an
sw

er to
 co

u
n

sel W
o

lfs q
u

estio
n

 y
o

u
 u

sed
 th

e 
p

h
rase th

at th
e W

C
C

 M
an

n
lich

er-C
arcan

o
 b

u
llets w

ere m
ad

e o
f 

u
n

h
ard

en
ed

 lead
. Y

o
u

 w
ere referrin

g
 o

n
ly

 to
 th

e lead
 co

re an
d

 n
o

t 
to

 th
e h

ard
en

ed
 co

p
p
er jack

et? 
D

r. G
u
latN

. T
h
at is co

rrect. T
h
e sp

ecificatio
n
s fo

r th
o
se b

u
llets 

w
ere th

at th
ey

 w
ere to

 b
e m

ad
e o

f N
o
. 0

 so
ft lead

, u
n
h
ard

en
ed

, 
th

at w
as at least 9

9
.8

5
 p

ercen
t lead

. 
M

r. F
IT

H
IA

N
. O

n
e o

f th
e m

o
st serio

u
s q

u
estio

n
s facin

g
 th

e p
an

el 
is th

e
 id

e
n

tific
a
tio

n
 o

f th
e
 "p

ristin
e
" b

u
lle

t w
ith

 th
e
 fra

g
m

e
n

t 
tak

en
 fro

m
 G

o
v

ern
o

r C
o

n
n

ally
, in

 th
e w

rist w
o

u
n

d
 area. I realize 

th
e im

p
o

rtan
ce o

f y
o

u
r co

n
clu

sio
n

 th
at th

e frag
m

en
ts rem

o
v

ed
 

d
u

rin
g

 th
e su

rg
ery

 fro
m

 G
o

v
ern

o
r C

o
n

n
ally

's w
rist w

ere fro
m

 th
e 

"p
ristin

e
" b

u
lle

t, a
n
d
 I re

a
liz

e
 th

e
 d

iffic
u
lty

 o
f sa

y
in

g
 y

o
u
 a

re
 

ab
so

lu
tely

 certain
 to

 th
e ex

clu
sio

n
 o

f all o
th

er p
o
ssib

ilities, b
u
t I 

am
 w

o
n
d
erin

g
 if y

o
u
 co

u
ld

 g
o
 an

y
 fu

rth
er th

an
 y

o
u
 h

av
e, in

 term
s 

o
f certain

ty
 o

f th
e co

m
p
ariso

n
 o

f th
o
se tw

o
 sp

ecim
en

s? 
D

r. 
G

U
IN

N
. I d

o
n
't th

in
k
 th

a
t I c

a
n
 in

 th
e
 se

n
se

 o
f p

u
ttin

g
 a

 
p

ercen
t p

ro
b

ab
ility

 o
r so

m
eth

in
g

 lik
e th

at. A
ll I can

 say
 is th

at 
th

o
se tw

o
 sp

ecim
en

s. C
E

-3
9
9
 an

d
 8

4
2
, ag

ree so
 clo

sely
 in

 th
eir 

an
tim

o
n
y
 co

n
cen

tratio
n
 an

d
 th

eir silv
er co

n
cen

tratio
n
s th

at I co
u
ld

 
n

o
t d

istin
g

u
ish

 o
n

e fro
m

. th
e o

th
er. H

o
w

ev
er. I can

 clearly
 d

istin
-

g
u
ish

 th
o
se tw

o
 fro

m
 th

e eth
er th

ree sp
ecim

en
s. T

h
ey

 are d
ifferen

t. 
T

h
ey

 are still W
C

C
 M

an
n
lich

er-C
arcan

o
s; b

u
t th

ey
 rep

resen
t a 

d
ifferen

t W
C

C
 M

an
n
lich

er-C
arcan

o
 b

u
llet. 

M
r. F

IT
H

IA
N

. A
n

d
 so

 it is y
o

u
r testim

o
n

y
 th

at it is v
ery

 u
n

lik
ely

 
:h

at th
ese w

ere frag
m

en
ts fro

m
 tw

o
 d

ifferen
t b

u
llets? 

D
r. G

U
IN

N
. It w

o
u

ld
 b

e ex
trem

ely
 u

n
lik

ely
. Y

o
u

 can
 im

ag
in

e th
at 

certain
ly

 th
ere are so

m
e W

C
C

 M
an

n
iich

er-C
arcan

o
 b

u
llets th

at are 
o

f essen
tially

 th
e sam

e co
m

p
o

sitio
n

. an
d

 h
en

ce th
at th

e p
ristin

e  
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b
u
llet m

ig
h
t b

e o
n
e b

u
llet th

at ju
st h

ap
p
en

ed
 to

 h
av

e th
e sam

e 
co

m
p

o
sitio

n
 as a d

ifferen
t b

u
llet th

at fractu
red

 th
e w

rist, fo
r ex

am
-

p
le, b

u
t it is v

ery
, v

ery
 u

n
lik

ely
. 

M
r. F

IT
H

IA
N

. B
ut the scientific term

 that you used, is it extrem
e-

ly
 u

n
lik

ely
? 

D
r. G

uiana. E
xtrem

ely unlikely, or very im
probable, how

ever you 
p

refer. 
M

r. F
iT

H
IA

N
. T

o
 y

o
u
r k

n
o
w

led
g
e, h

as an
y
 o

th
er scien

tist to
 d

ate 
lin

k
ed

 th
e so

-called
 p

ristin
e b

u
llet to

 th
e in

ju
ries? 

D
r. G

U
IN

N
. N

ot that I am
 aw

are of; no. 
M

r. F
rrin

A
N

. E
q

u
ally

 im
p

o
rtan

t, as y
o

u
r co

n
clu

sio
n

s co
n

cern
in

g
 

G
o

v
ern

o
r C

o
n

n
ally

's w
rist in

ju
ries an

d
 th

e "p
ristin

e" b
u

llet, is th
e 

seco
n
d
 co

n
clu

sio
n
 y

o
u
 m

ak
e, an

d
 th

at is th
at th

ere is n
o
 ev

id
en

ce 
o
f a th

ird
, fo

u
rth

, o
r fifth

 b
u
llet rep

resen
ted

 in
 an

y
 o

f th
e frag

-
m

en
ts th

at y
o
u
 tested

? 
D

r. G
uIN

N
. T

hat is correct. 
M

r. F
rrin

ata. A
n
d
 th

erefo
re, it is h

ig
h
ly

 lik
ely

—
is th

at th
e term

 
y

o
u

 u
sed

 to
 M

r. W
o

lf—
th

at all frag
m

en
ts tested

 m
atch

 u
p

 w
ith

 tw
o

 
b

u
llets an

d
 tw

o
 b

u
llets o

n
ly

? 
D

r. G
U

IN
N

. Y
es, sir. T

h
e o

th
er th

ree sam
p

les th
at w

e h
av

e b
een

 
referrin

g
 to

—
o

n
e b

ein
g

 th
e frag

m
en

ts reco
v

ered
 fro

m
 P

resid
en

t 
K

en
n
ed

y
's b

rain
, an

d
 th

en
 tw

o
 d

ifferen
t g

ro
u
p
s o

f p
articles fo

u
n
d
 

o
n
 th

e flo
o
r o

f th
e lim

o
u
sin

e—
th

o
se th

ree sp
ecim

en
s are in

d
istin

-
g
u
ish

ab
le fro

m
 o

n
e an

o
th

er, b
u
t m

ark
ed

ly
 d

ifferen
t fro

m
 C

E
-3

9
9
 

an
d

 8
4

2
. S

o
 th

ere is o
n

ly
 ev

id
en

ce fo
r th

e p
resen

ce o
f tw

o
 d

ifferen
t 

b
u

llets. 
M

r. F
rrzn

A
N

. I u
n
d
erstan

d
 th

at th
e W

arren
 C

o
m

m
issio

n
 d

id
 

em
issio

n
 sp

ectro
g
rap

h
y
 tests o

n
 m

an
y
 o

f th
e sam

e item
s y

o
u
 h

av
e 

tested
 w

ith
 n

eu
tro

n
 activ

atio
n
 an

aly
sis. H

o
w

 d
o
es th

e n
eu

tro
n
 

activ
atio

n
 an

aly
sis p

ro
cess, ju

st in
 b

rief lay
m

an
's term

s, d
iffer, an

d
 

w
h

at are th
e ad

v
an

tag
es o

r d
isad

v
an

tag
es o

f th
e tw

o
 m

eth
o

d
s o

f 
testin

g
? 

D
r. G

U
IN

N
. W

ell, th
ey

 h
av

e so
m

e sim
ilarities an

d
 th

ey
 h

av
e 

so
m

e d
ifferen

ces. T
h

ey
 are b

o
th

 m
eth

o
d

s o
f elem

en
tal an

aly
sis. 

T
h

ey
 w

ill b
o

th
 d

etect d
o

w
n

 in
to

 w
h

at w
e call th

e trace elem
en

t 
ran

g
e, ap

p
ro

ach
in

g
 p

arts p
er m

illio
n
, let's say

, an
d
 th

ey
 w

ill b
o
th

 
d
etect a n

u
m

b
er o

f elem
en

ts m
o
re o

r less sim
u
ltan

eo
u
sly

 in
 th

e 
specim

ens. 
N

o
w

, w
h

ere th
ey

 d
iffer is th

at fo
r m

o
st elem

en
ts, at least, w

e can
 

d
etect m

u
ch

 lo
w

er co
n

cen
tratio

n
s b

y
 activ

atio
n

 an
aly

sis. In
 o

th
er 

w
o
rd

s, activ
atio

n
 an

aly
sis is m

o
re sen

sitiv
e fo

r m
o
st elem

en
ts. 

W
h

at is p
erh

ap
s ev

en
 m

o
re im

p
o

rtan
t, th

o
u

g
h

, is th
at activ

atio
n

 
an

aly
sis, w

h
en

 it m
easu

res so
m

eth
in

g
, m

easu
res it v

ery
 q

u
an

tita-
tively. E

m
ission spectrography does not. 

I h
av

e a co
p

y
 o

f all o
f th

e F
B

I raw
 d

ata fro
m

 th
o

se m
easu

re-
m

en
ts, an

d
 th

ey
 list th

in
g
s lik

e m
ag

n
esiu

m
, a trace; ch

ro
m

iu
m

, a 
v
ery

 slig
h
t trace; an

d
 th

in
g
s lik

e th
at. N

o
 n

u
m

b
ers. S

o
 y

o
u
 can

't 
m

ak
e an

y
 k

in
d
 o

f q
u
an

titativ
e co

m
p
ariso

n
s b

y
 lo

o
k
in

g
 at in

fo
rm

a-
tio

n
 o

f th
at so

rt. A
n
d
 th

e rem
ain

in
g
 d

ifferen
ce is th

at th
e em

issio
n
 

sp
ectro

g
rap

h
ic m

eth
o

d
 is d

estru
ctiv

e. Y
o

u
 n

o
rm

ally
 w

o
u

ld
 lik

e to
 

h
av

e ab
o

u
t 1

0
 m

illig
ram

s o
f sam

p
ies, w

h
ich

 isn
't a g

reat d
eal. b

u
t 

th
at 1

0
 m

illig
ram

s is to
tally

 co
n
su

m
ed

, it is v
ap

o
rized

 an
d
 it is 

gone. w
h

erea
s th

e w
ay

 w
e an

aly
ze b

u
llet-lead

 sam
p

les. at least, an
d

 



• 
v
. a
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m
an

y
 o

th
er k

in
d
s. b

y
 activ

atio
n
 an

aly
sis, th

e m
eth

o
d
 is n

o
n
d
e-

structive. 
T

h
ese sam

e sam
p
les I an

aly
zed

, if so
m

eb
o
d
y
 d

id
n
't ag

ree w
ith

 
the num

bers, they could com
e back and do them

 all over again on 
the sam

e specim
ens. 

M
r. F

IT
H

IA
N

. Y
our results then could be verified by others? 

D
r. G

u
tx

x
. Y

es, sir, all th
e sam

p
les I activ

ated
 an

d
 an

aly
zed

 
w

ere tu
rn

ed
 rig

h
t b

ack
 o

v
er to

 th
e A

rch
iv

es, an
d

 th
ey

 are rig
h

t 
back there, and they could be reanalyzed. 

M
r. F

IT
H

IA
N

. D
r. G

u
in

n
. th

is is n
o
t m

ean
t to

 b
e an

 em
b
arrassin

g
 

q
u
estio

n
, b

u
t I th

in
k
 I m

u
st ask

 it. M
r. C

h
airm

an
, a recen

t article 
in

 th
e N

ew
 T

im
es m

ag
azin

e stated
 th

at y
o

u
 h

ad
 w

o
rk

ed
 fo

r th
e 

W
arren C

om
m

ission and, therefore, your conclusions for this com
-

m
ittee w

ould be im
plicitly biased. 

D
id

 y
o
u
 ev

en
 w

o
rk

 fo
r th

e W
arren

 C
o
m

m
issio

n
 o

r w
o
rk

 fo
r th

e 
F

B
I in

 co
n
n
ectio

n
 w

ith
 th

e an
aly

sis o
f th

ese ev
id

en
ce sam

p
les? 

D
r. G

U
IN

N
. N

either one. I think M
r. W

olf called m
y attention to 

the existence of this article, w
hich I haven't seen, and I don't know

 
w

h
ere th

ey
 g

o
t th

eir m
isin

fo
rm

atio
n
, b

u
t I n

ev
er d

id
 an

y
th

in
g
 fo

r 
the W

arren C
om

m
ission, and although I know

 people in the F
B

I, I 
have never done any w

ork for them
. 

M
r. F

IT
H

IA
N

. B
u

t it is co
rrect, isn

't it, th
at th

e W
arren

 C
o

m
m

is-
sio

n
 h

ad
 th

e F
B

I p
erfo

rm
 n

eu
tro

n
 activ

atio
n
 an

aly
sis m

easu
re-

m
ents on the bullet-lead specim

ens in 1964? 
D

r. G
U

IN
N

. Y
es, sir. 

M
r. F

rraux. H
ow

 did you find this out? 
D

r. G
U

IN
N

. W
ell, it w

as rather interesting because both D
r. John 

N
ich

o
ls an

d
 I felt th

at activ
atio

n
 an

aly
sis o

f th
e b

u
llet-lead

 sp
eci-

m
en

s in
 th

e P
resid

en
t K

en
n
ed

y
 case sh

o
u
ld

 b
e d

o
n
e, an

d
 h

e in
 

p
articu

lar w
as try

in
g
 to

 p
ersu

ad
e J. E

d
g
ar H

o
o
v
er, first, an

d
 later 

C
laren

ce K
elley

, th
at th

ese th
in

g
s sh

o
u

ld
 b

e d
o

n
e. H

e m
ad

e n
o

 
progress w

ith them
, an

d
 th

en
 q

u
ite accid

en
tally

 th
ere tu

rn
ed

 u
p
 in

 
th

e A
rch

iv
es a letter fro

m
 J. E

d
g

ar H
o

o
v

er to
 J. L

ee R
an

k
in

, in
 

Ju
ly

 1
9

6
4

, statin
g

 th
at in

d
eed

 th
e F

B
I h

ad
 m

ad
e activ

atio
n

 an
aly

-
sis m

easurem
ents on these sam

ples. U
ntil then, this fact w

as total-
ly unknow

n to us, so, therefore, after that w
e requested the results, 

b
ecau

se, th
e letter d

id
n

't g
iv

e an
y

 n
u

m
erical resu

lts; it ju
st said

 
th

at th
e an

aly
ses h

ad
 b

een
 d

o
n
e an

d
 th

e resu
lts w

ere g
en

erally
 

in
co

n
clu

siv
e. T

h
is ag

ain
 to

o
k

 q
u

ite so
m

e tim
e, an

d
 it w

as o
n

ly
 

fin
ally

, u
n
d
er th

e am
en

d
ed

 F
reed

o
m

 o
f In

fo
rm

atio
n
 A

ct, th
at D

r. 
N

ich
o
ls w

as ab
le to

 o
b
tain

 th
e so

m
e 7

0
 p

ag
es o

f raw
 d

ata co
p
ied

 
o
u
t o

f th
e F

B
I reco

rd
s, fro

m
 th

e F
B

I. I th
en

 to
o
k
 all o

f th
o
se d

ata 
and recalculated them

 from
 scratch. 

M
r. F

ri-au
x

. I w
an

t to
 co

m
e b

ack
 to

 th
at d

ata in
 ju

st a m
o

m
en

t; 
b
ecau

se I th
in

k
 it is v

ery
, v

ery
, im

p
o

rtan
t fo

r u
s to

 ex
p
lo

re th
at 

w
ith you, but let m

e ask, i prior to doing that, do you know
 w

hy the 
existence of these tests w

as never divulged until recently? 
D

r. G
U

IN
N

. N
o; I certainly don't know

 w
hy. I can just speculate. 

T
h
e letter states th

at—
if I m

ay
 ju

st read
 th

is o
n
e last little sh

o
rt 

sentence  in it—
th

is is fro
m

 J. E
d
g
ar H

o
o
v
er to

 th
e W

arren
 C

o
m

-
m

ission. It states: 
W

h
ile

 m
in

o
r va

ria
tio

n
%

 in
 co

m
p
o
sitio

n
 w

e
n
. fo

u
n

d
 b

y th
is m

e
th

o
d
. th

e
se

 w
e
re

 n
o
t 

, a
n
su

rvp
iv d

iffe
re

n
tia

tin
g
 in

vin
e
,th

e
 ia

n
te

r o
u

tle
t 
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fra
g
m

e
n
ts a

n
d
 th

u
s p

o
sitive

ly d
e
te

rm
in

in
g
 fro

m
 w

h
ich

 o
f th

e
 la

rg
e
r b

u
lle

t fra
g
-

m
e
n
ts a

n
y g

ive
n
 sm

a
ll le

a
d
 fra

g
m

e
n
t m

a
y h

a
ve

 co
m

e
. 

I believe probably that the F
B

I and the W
arren C

om
m

ission both 
felt th

at th
is d

id
n
't p

ro
v
e an

y
th

in
g
, in

 th
eir o

p
in

io
n
, an

d
, th

ere-
fore, didn't need to be noted. 

S
in

ce w
e h

ad
 b

een
 ask

in
g
 th

em
 fo

r q
u
ite so

m
etim

e to
 p

erfo
rm

 
su

ch
 an

aly
ses, w

e rath
er th

o
u

g
h

t it w
o

u
ld

 h
av

e b
een

 n
ice if th

ey
 

h
ad

 to
ld

 u
s, in

stead
 o

f o
u
r ev

en
tu

ally
 fin

d
in

g
 o

u
t accid

en
tally

. 
M

r. F
rraux. M

r. C
hairm

an, I w
ould like the record to show

 that 
th

e w
itn

ess, D
r. G

u
in

n
, w

as read
in

g
 th

e last p
arag

rap
h
 o

f a letter 
from

 J. E
dgar H

oover to J. L
ee R

ankin, the G
eneral C

ounsel to the 
P

resident's C
om

m
ission, the so-called W

arren C
om

m
ission, dated 

July 8, 1964, and delivered by courier service. I w
ould ask that the 

en
tire letter b

e m
ad

e a p
art o

f th
is ex

h
ib

it as JF
K

 ex
h
ib

it N
o
. 

F
-332. 
C

hairm
an S

T
O

K
E

S
. W

ithout objection, it m
ay be entered into the 

record. 
[T

he above referred to JF
K

 exhibit N
o. F

-332 follow
s:] 
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U
N

IT
E

:0 S
T

A
T

E
S

 D
E

P
A

R
T

M
E

N
T

 O
F

 JU
S

T
IC

E
 , 

r co
E

rst su
u

m
A

u
 o

r tsrE
sT

icA
T

[es • s
 

W
•1

1
1

.1
C

T
O

M
 

w
e 

m
 

B
y
 C

o
u

r
ie

r
 S

e
r
v
ic

e
 E

. 
2

 W 
•
 

a 
=

 

J
u

ly
 8

, 1
9

6
4

 

R
o

n
o

ra
b

la
 J

. L
ee R

a
n

k
in

 
G

en
era

l C
o

u
n

sel 
T

h
e
 P

r
e
sid

e
a

t's C
o

m
m

issio
n

 
2

0
0

 lia
ry

la
n

d
 A

v
en

u
e, N

o
rth

ea
st' 

Y
ar."

4ial.co=
, 

D
. C

. 

D
o
er ;Ir. R

a
n

k
in

: 

A
s p

r
e
v
io

u
sly

 r
e
p

o
r
te

d
 to

 th
e
 C

o
m

m
issio

n
, c

e
r
ta

in
 

sm
a
ll le

a
d

 m
e
ta

l fr
a
g
m

e
n

ts u
n

c
o
v
e
r
e
d

 in
 c

o
n

n
e
c
tio

n
 w

ith
 th

is 
m

a
tte

r
 T

e
r
se

 a
n

a
ly

z
e
d

 sp
e
c
tr

o
g

r
a

p
h

ic
a

lly
 to

 d
e
te

r
m

in
e
 w

h
e
th

e
r
 

th
e
y
 c

o
u

ld
 b

e
 a

sso
c
ia

te
d

 w
ith

 o
n

e
 o

r
 m

o
r
e
 o

f th
e
 le

a
d

 b
u

lle
t 

fr
a
g
m

e
n

ts a
n

d
 n

o
 sig

n
ific

a
n

t d
iffe

r
e
n

c
e
s w

e
r
e
 fo

u
n

d
 w

ith
in

 
th

e
 se

n
sitiv

ity
 o

f th
e
 sp

e
c
tr

o
g
r
a
p

h
ic

 n
e
th

o
d

. 

B
e
c
a

u
se

 o
f th

e
 h

ig
h

e
r
 se

n
sitiv

ity
 o

f 
th

e
 n

e
u

tr
o
n

 
a
c
tiv

a
tio

n
 
tn

e
lY

sls,  c
e
r
ta

in
 o

f th
e
 sm

a
ll le

a
d

 fr
a
g
m

e
n

ts w
e
r
e
 

T
h

e
e
 su

b
je

c
te

d
 to

 n
e
u

tr
o
n

 a
c
tiv

a
tio

n
 a

n
a
ly

se
s a

n
d

 c
o
m

p
a
r
iso

n
s 

v
ita

 th
e
 la

r
g
e
r
 b

u
lle

t fr
a
g
m

e
n

ts. T
h

e
 ite

m
s a

n
a
ly

z
e
d

 in
c
lu

d
e
d

 
th

e
 fo

llo
w

in
g

: C
l - b

u
lle

t Ir
o

n
 str

e
tc

h
e
r
; C

2
 - fr

a
g

m
e
n

t fr
o

m
 

fr
o

st se
a

t c
u

sh
io

n
; C

4
 an

d
 C

S
 - m

e
ta

l fr
a

g
m

e
n

ts fr
o

m
 P

r
e
sid

e
n

t 
K

e
n

n
e
d

y
's h

e
a
d

; C
9
 - n

a
ta

l fr
a
g
m

e
n

t fr
o
m

 th
e
 a

r
m

 o
f G

o
v
e
r
n

o
r
 

C
o

n
n

e
lly

; C
1

6
 - n

a
ta

l fragm
en

ts fr
o
m

 r
e
a
r
 flo

o
r
 b

o
a
r
d

 c
a
r
p

e
t 

o
f th

e
 c

a
r
. 

,a1 	
-a6 C

a'ra-a. 
W

h
ile

 m
in

o
r
 v

a
r
ia

tio
n

s in
 c

o
c
g

o
sitio

n
 w

e
r
e
 fo

u
n

d
 b

y
 

:h
is m

e
th

o
d

, th
e
se

 w
e
r
e
 n

o
t c

o
n

sid
e
r
e
d

 su
ffic

ie
n

t to
 p

e
r
m

it 
1
,a

sittr
a
y
 d

iffe
r
e
n

tia
tin

g
 a

m
o
n

g
 th

e
 la

r
g
e
r
 b

u
lle

t fr
a
g
z
e
n

ts 
A

n
d

 T
h

u
s p

o
sitiv

e
ly

 d
e
te

r
m

in
in

g
 Ir

o
n

 T
h

ig
h

 o
f th

e
 la

r
g
e
r
 b

u
lle

t 
fra

g
m

en
ts a

n
y
 g

iv
en

 sm
a
ll'Id

a
d

 fra
g
m

en
t m

a
y
 h

a
v

e C
o
m

e. 

.S
in

c
e
r
e
ly

 n
w

s, 

JF
K

 E
X

H
IB

IT
 F

-332 

559 

D
r. G

u
rm

i. M
ay

 I co
m

m
en

t—
I w

ill g
iv

e y
o

u
 th

is co
p

y
 o

f th
e 

letter—
but it does have stam

ped on it, w
hich of course w

asn
't th

ere 
originally, John N

ichols stam
p w

hen he received it, in N
ovem

ber 
1

9
7

3
, an

d
 h

e also
 w

ro
te in

 h
im

self o
n

e little h
an

d
w

ritten
 lin

e. 
T

hose w
ere not in original, but otherw

ise it is a copy of the original 
letter. 

M
r. F

rrin
at4

. S
o
, fo

r th
e reco

rd
, th

en
, th

e h
an

d
w

ritten
 n

o
tatio

n
 

betw
een paragraphs tw

o and three, w
hich read "H

e did not exam
-

ine the copper, zinc jackets and fragm
ents, "

  w
as w

ritten
 b

y
 P

ro
f. 

Jo
h
n
 N

ich
o
ls an

d
 w

ere n
o
t a p

art o
f th

e o
rig

in
al letter w

h
en

 w
e 

received it? 
D

r. G
U

IN
N

. I guess that w
as John N

ichols little note from
 him

 to 
m

e th
at h

e p
u
t in

 th
ere. 

M
r. F

IT
H

IA
N

. W
ith regard to that im

portant paragraph that says. 
"T

hese are inconclusive,"
  I w

ould like now
 to ask you, D

r. G
uinn, if 

you could tell us w
hat your findings w

ere w
hen you looked at the 

sam
e 7

0
 p

ag
es o

f raw
 d

ata, an
d

 p
rio

r to
 th

at, are y
o

u
 aw

are o
r d

o
 

you know
 w

ho and how
 this neutron activation analysis w

ork w
as 

d
o
n
e an

d
 w

h
eth

er th
is w

as a co
m

m
o
n
 p

ractice o
f th

e F
B

I o
r ju

st 
how

 this cam
e about? 

D
r. G

in
ral. Y

es, I h
av

e su
b

seq
u

en
tly

 fo
u

n
d

 o
u

t m
o

st o
f th

e 
details of it. T

he F
B

I w
ork w

as done in M
ay 1964, at w

hich tim
e 

th
e F

B
I lab

o
rato

ry
 h

ad
 n

o
t d

o
n
e an

y
 p

rio
r activ

atio
n
 an

aly
sis 

w
o
rk

, so
 far as I am

 aw
are. B

u
t in

 th
e sam

e elem
en

tal an
aly

sis 
group, w

here such w
ork w

ould norm
ally fall, they asked M

r Jack 
G

allagher (John F
. G

allagher) of their staff, w
hom

 I know
, to take 

these bullet lead specim
ens dow

n to the O
ak R

idge N
ational L

abo-
ratory. 

M
r. F

IT
H

IA
N

. T
o w

here? 
D

r. G
U

IN
N

. T
o the O

ak R
idge N

ational L
aboratory, in O

ak R
idge, 

T
en

n
., w

h
ere th

ey
 h

av
e all th

e n
u
clear facilities, an

d
 so

 o
n
, th

ey
 

are q
u

ite g
o

o
d

, an
d

 th
ey

 d
o

 a lo
t o

f activ
atio

n
 an

aly
sis w

o
rk

, 
alth

o
u
g
h
 n

o
t u

su
ally

 co
n
n
ected

 w
ith

 crim
e in

v
estig

atio
n
, b

u
t fo

r 
other purposes. H

e took the sam
ples dow

n there. 
T

w
o
 o

f th
e p

eo
p
le d

o
w

n
 th

ere, w
h
o
 w

ere h
ig

h
ly

 co
n
v
ersan

t in
 

activ
atio

n
 an

aly
sis, b

u
t n

o
t in

 fo
ren

sic w
o

rk
, an

d
 M

r. G
allag

h
er, 

w
ho w

as highly conversant in forensic w
ork but not in activation 

analysis w
ork, w

orked together. H
e actually did all of the m

easure-
m

ents, but w
ith the tw

o O
ak R

idge people show
ing him

 how
 to do 

it an
d

 h
o

w
 to

 calcu
late th

e resu
lts, et cetera, sin

ce th
is really

 w
as 

his first experience in this field. 
M

r. F
IT

H
IA

N
. A

re you saying this w
as the first neutron activation 

analysis w
ork done by the F

B
I? 

D
r. G

unill. S
o far as I am

 aw
are, it w

as; yes. 
M

r. F
IT

H
IA

N
. T

his is the first that they had ever done? 
D

r. 
G

U
IN

N
. 

T
w

o
 y

ears later, in
 1

9
6
6
, th

ey
 set u

p
 a reg

u
lar 

activation analysis group in the F
B

I laboratory, w
hich it still oper-

ates. B
u

t at th
at tim

e, it w
as th

eir first, d
irect co

n
tact w

ith
 th

e 
m

ethod, I believe. 
A

t any rate, Jack G
allagher. in a period of som

e days there. did 
g

o
 ah

ead
 an

d
 an

aly
ze th

e sam
p

les. an
d

 h
e calcu

lated
 th

e resu
lts. 

and he obtained a lot of num
erical results. 
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W
h
en

 I o
b
tain

ed
 all o

f th
ese d

ata an
d
 w

en
t th

ro
u
g
h
 th

e calcu
la-

tio
n
s, m

y
 in

itial reactio
n
 w

as p
retty

 m
u
ch

 th
e sam

e as th
eirs, o

r 
his. M

r. F
IT

H
IA

N
. T

hat is, it w
as inconclusive? 

D
r. G

U
IN

N
. T

he num
bers appeared to bounce everyw

here. A
ny 

o
n

e sam
p

le ju
st d

id
n

't seem
 to

 b
e co

n
sisten

t. T
o

 ju
st p

ick
 an

 
ex

am
p

le h
ere, fo

r o
n
e p

articu
lar sp

ecim
en

, o
n
e tim

e h
e m

easu
red

 
it, and found it to be 977 parts per m

illion antim
ony. A

nother tim
e 

h
e m

easu
red

 it, b
u
t th

e resu
lt w

as o
n
ly

 6
7
6
. T

h
e n

u
m

b
ers ju

st 
bounced around. 

H
e m

easu
red

 each
 sam

p
le a n

u
m

b
er o

f tim
es u

n
d
er so

m
ew

h
at 

d
ifferen

t co
n

d
itio

n
s, b

u
t th

is sh
o

u
ld

n
't m

ak
e an

y
 d

ifferen
ce, y

o
u

 
sh

o
u
ld

 g
et essen

tially
 th

e sam
e n

u
m

b
er ev

ery
 tim

e, m
erely

 so
m

e-
w

h
at d

ifferen
t w

ith
 u

n
certain

ties. M
y
 in

itial reactio
n
 w

as th
u
s, 

ex
actly

 th
e sam

e as h
is. A

t th
at tim

e I ju
st w

en
t th

ro
u
g
h
 all o

f th
e 

data quickly and initially could not m
ake any sense of it. I conclud-

ed
 th

ey
 h

ad
 d

o
n
e carefu

l w
o
rk

, in
 g

en
eral, b

u
t it so

m
eh

o
w

 d
id

n
't 

m
ake sense. 
T

h
en

 I d
id

 m
y
 o

w
n
 an

aly
ses h

ere an
d
 fo

u
n
d
 v

ery
 d

efin
itely

 th
at 

th
e sam

p
les fell in

to
 th

e tw
o
 g

ro
u
p
s, tw

o
 b

u
llets, so

 th
en

 I ask
ed

 
m

y
 self, as far as I k

n
o
w

, ev
en

 th
o
u
g
h
 th

ey
 h

ad
 m

o
re an

tiq
u
ated

 
eq

u
ip

m
en

t at th
at tim

e, th
ese an

aly
ses w

ere d
o
n
e w

ell, w
h
y
 can

't 
you get the sam

e results out of their data, and I w
ent back through 

a seco
n
d
 tim

e, an
d
 in

 a v
ery

 d
etailed

 w
ay

, an
d
 I tried

 a little b
it 

d
ifferen

t ap
p
ro

ach
, an

d
 I th

in
k
 I fig

u
red

 o
u
t fin

ally
 w

h
at w

as 
w

rong w
ith their original w

ork, w
hich they w

ere not aw
are of and 

I w
asn

't in
itially

 eith
er. 

If y
o
u
 tak

e th
e n

u
m

b
ers th

at th
ey

 o
b
tain

ed
 o

n
 th

e w
h
o
le g

ro
u
p
 

o
f sam

p
les an

d
 y

o
u
 o

n
ly

 lo
o
k
 at th

em
 u

n
d
er o

n
e set o

f m
easu

re-
m

ent conditions, that is, you don't look at all the conditions for the 
m

o
m

en
t, b

u
t ju

st lo
o

k
 at o

n
e set o

f co
n

d
itio

n
s, to

 an
d

 b
eh

o
ld

, it is 
ex

actly
 th

e sam
e resu

lt. ' 
M

r. F
IT

H
IA

N
. T

he sam
e result as w

hat? 
D

r. G
U

IN
N

. A
s w

hat I found in m
y ow

n m
easurem

ents. 
M

r. F
rrH

IA
N

. H
ow

 do you m
ean? 

D
r. G

U
IN

N
. C

E
-3

9
9
 m

atch
es C

E
-8

4
2
 in

 each
 o

f th
e fo

u
r sets o

f 
co

n
d
itio

n
s th

at h
e u

sed
, an

d
 th

e o
th

er th
ree sp

ecim
en

s m
atch

 o
n
e 

another and are different from
 the other tw

o every tim
e. B

ut if you 
lo

o
k
 at all th

e n
u
m

b
ers at o

n
ce, ev

ery
th

in
g
 is v

ary
in

ek
 m

u
ch

 y
o
u
 

d
o
n
't g

et th
e p

ictu
re at all. B

u
t o

n
ce y

o
u
 so

rt th
em

 o
u
t th

is w
ay

 
then the sam

e result com
es out as w

hat I obtained—
a little fuzzier 

picture of course, because his detector didn't have the sharp resolu-
tion of the m

odern germ
anium

 detector. B
ut, of course, hindsight is 

m
u
ch

 b
etter th

an
 fo

resig
h
t. I d

id
n
't g

et th
is o

u
t o

f h
is d

ata eith
er 

until after I had m
y ow

n data. In a sense it is confirm
ing. 

M
r. F

IT
H

IA
N

. A
re you testifying then, D

r. G
uinn, that a m

ore in-
d
ep

th
 read

in
g
 o

f th
e 1

9
6
4
 n

eu
tro

n
 activ

atio
n
 an

aly
sis d

ata w
o
u
ld

 
h
av

e led
 eq

u
ally

 train
ed

; scien
tists to

 th
e co

n
clu

sio
n
 th

at th
ere 

w
ere in

 fact frag
m

en
ts fro

m
 o

n
ly

 tw
o

 b
u

llets th
at w

ere tested
? 

D
r. G

U
IN

N
. Y

es; the data w
ere there but they w

ere not interpret-
ed as far as they could have been taken. 

M
r. F

irsnA
N

. U
sing the charts that you provided the com

m
ittee. 

and they have been previously adm
itted into evidence, w

ould you  
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just briefly sum
m

arize for m
e how

 the readings of your equipm
ent 

m
ig

h
t b

e m
o
re accu

rate, m
o
re sp

ecific, th
an

 th
o
se o

f th
e F

B
I? 

L
et m

e see if I can understand this as a laym
an. A

s I understand 
th

e p
ro

cess, w
h
at y

o
u
 d

o
 is y

o
u
 tak

e a p
article o

f so
m

eth
in

g
 an

d
 

y
o
u
 p

u
t it in

 so
m

e k
in

d
 o

f little—
 

D
r. G

U
IN

N
. C

ontainer. 
M

r. F
IT

H
IA

N
 [continuing]. C

ontainer. A
nd you put that inside the 

n
u
clear reacto

r an
d
 y

o
u
 b

o
m

b
ard

 it w
ith

 trillio
n
s o

f n
eu

tro
n
s p

er 
second? 

D
r. G

U
IN

N
. Y

es, sir. 
M

r. F
rrH

IA
N

. A
n
d
 th

en
 y

o
u
 rem

o
v
e it fro

m
 th

e reacto
r, an

d
 in

 
so

m
e tim

e fram
e th

ereafter, th
e u

n
stab

le ato
m

ic n
u
clei th

at h
av

e 
b
een

 created
, each

 b
y
 th

e ab
so

rp
tio

n
 o

f a n
eu

tro
n
, fro

m
 th

e ex
tra 

neutrons that you have bom
barded the sam

ple w
ith, undergo radio-

active decay, w
ith the em

ission of gam
m

a rays of characteristic, or 
identifying energies. A

m
 I roughly correct? 

D
r. G

uiN
N

. Y
es, each radioactive nucleus that undergoes disinte-

g
ratio

n
, w

h
ich

 it d
ecid

es o
n
 its o

w
n
 to

 d
o
, sp

o
n
tan

eo
u
sly

, in
 th

e 
typical case em

its a beta particle of som
e energy (w

hich turns out 
n
o
t to

 b
e v

ery
 u

sefu
l to

 m
easu

re, fo
r d

etailed
 reaso

n
s), b

u
t it also

 
usually em

its one or som
etim

es tw
o or three different gam

m
a rays, 

g
am

m
a ray

s o
f d

ifferen
t en

erg
ies. T

h
o
se w

e can
 m

easu
re m

u
ch

 
m

o
re easily

 an
d
 ex

actly
, an

d
 so

 th
o
se are th

e o
n
es w

e lo
o
k
 fo

r. 
T

he decay of one nucleus m
ay just give one gam

m
a-ray photon. 

A
t b

est it w
o
u
ld

 g
iv

e o
n
e co

u
n
t o

n
 th

at co
u
n
ter. S

o
 w

h
at w

e are 
looking at, of course, are thousands or m

illions of these disintegrat-
ing nuclei, and w

e accum
ulate the results. T

he detector is capable 
o
f d

istin
g
u
ish

in
g
 b

etw
een

 g
am

m
a ray

s o
f d

ifferen
t en

erg
ies, an

d
 

they show
 up in our spectra as peaks. 

W
hether you are looking for it or not, for exam

ple, if som
ebody 

gave m
e a sam

ple and I didn't know
 it had any antim

ony in it, if I 
activ

ated
 it an

d
 lo

o
k
ed

 at it u
n
d
er eith

er o
f th

o
se co

n
d
itio

n
s an

d
 

saw
 that peak, at 564 keV

, I w
ould know

 that the sam
ple contained 

antim
ony. 

M
r. F

rrH
IA

N
. T

he antim
ony peak w

ill alw
ays com

e at the sam
e 

part of the spectrum
? 

D
r. G

ursrsr. T
hat is right, that is the characteristic; yes. 

M
r. F

IT
H

IA
N

. A
nd, therefore, w

ithout any know
ledge of w

hat is 
in

 it, if y
o
u
 see a p

eak
 in

 th
at fram

e o
f n

u
m

b
ers, it h

as to
 b

e 
antim

ony? 
D

r. G
u
m

s .. T
hat is right. 

M
r. 

F
rrH

IA
N

. 
A

n
d
 th

en
 th

e h
eig

h
t o

f th
e p

eak
 in

d
icates th

e 
quantity? 

D
r. G

U
IN

N
. It is proportional to it. W

e usually m
easure the area 

o
f th

e p
eak

 in
stead

 o
f its height, because the p

eak
s aren

't q
u
ite 

sym
m

etrical, but otherw
ise you are right. 

M
r. F

IT
H

IA
N

. Y
o
u
 h

av
e said

 th
is w

h
o
le p

ro
cess th

at y
o
u
 g

o
 

through does not destroy the m
aterial, is that correct? 

D
r. G

U
IN

N
. T

hat is correct. 
M

r. F
IT

H
IA

N
. N

ow
, then; did you test exactly the sam

e particles 
that the F

B
I tested in 1964? 

D
r. G

U
IN

N
. W

ell, it turns out I did not, for reasons I don't know
. 

because as they did the analysis, they did not destroy the sam
ples 

either. 
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M
r. F

IT
H

IA
N

. So? 
D

r. 
G

U
IN

N
. 

T
h
e p

articu
lar little p

ieces th
at th

ey
 an

aly
zed

, I 
co

u
ld

 ju
st as w

ell h
av

e an
aly

zed
 o

v
er ag

ain
, b

u
t th

e p
ieces th

at 
w

ere brought out from
 the A

rchives—
w

hich reportedly, according 
to

 M
r. G

ear, w
ere th

e o
n

ly
 b

u
llet-lead

 frag
m

en
ts fro

m
 th

is case 
still p

resen
t in

 th
e A

rch
iv

es—
d

id
 n

o
t in

clu
d

e an
y

 o
f th

e sp
ecific 

little pieces that the F
B

I had analyzed. 
P

resum
ably those are in existence som

ew
here, I am

 sure nobody 
threw

 them
 out, but w

here they are, I have no idea. 
M

r. F
IT

H
IA

N
. A

nd the 1964 equipm
ent w

ouldn't have consum
ed 

them
 either? 

D
r. G

uam
. N

o. 
M

r. F
IT

H
IA

N
. W

h
at w

as th
e state o

f th
e k

n
o
w

led
g
e at th

at tim
e 

in
 term

s o
f sto

rin
g

 rad
io

activ
e m

aterials? W
o

u
ld

 th
ere h

av
e b

een
 

an
y
 p

ro
sp

ect th
at so

m
eo

n
e n

o
t ad

eq
u
ately

 in
fo

rm
ed

, su
ch

 as p
er-

h
ap

s th
e F

B
I at th

at tim
e o

r law
 in

fo
rcem

en
t p

eo
p
le, w

o
u
ld

 h
av

e 
b
een

 a little leery
 ab

o
u
t k

eep
in

g
 rad

io
activ

e m
aterials in

 th
eir 

files? 
D

r. G
U

IN
N

. I w
o

u
ld

n
't th

in
k

 so
. I am

 su
re b

y
 th

at tim
e th

ey
 

k
n
ew

 en
o
u
g
h
 ab

o
u
t th

e safety
 asp

ects th
at, co

n
sid

erin
g
 th

e v
ery

 
sm

all size of sam
ples w

e are dealing w
ith here, and the very sm

all 
am

o
u
n

t o
f rad

io
activ

ity
 in

 th
em

, th
ey

 w
o

u
ld

 h
av

e rig
h

tly
 co

n
sid

-
ered them

 to be perfectly harm
less. A

lso, the little activity in them
 

soon decayed out. 
M

r. F
rrx

isst. S
o

, fin
ally

, it is y
o

u
r co

n
clu

sio
n

 th
at d

esp
ite w

h
at 

M
r. H

oover said to M
r. R

ankin, the F
B

I data are not really incon-
clusive, though it appeared to be so to you initially? 

D
r. G

U
IN

N
. T

h
at is rig

h
t, th

e d
ata really

 w
ere fu

n
d

am
en

tally
 

b
etter th

an
 th

ey
 th

o
u
g
h
t, o

r th
an

 I in
itially

 th
o
u
g
h
t. 

M
r. F

IT
H

IA
N

. T
he reason I raise that issue, D

r. G
uinn, is this. A

s 
I understand the critical literature, it falls into tw

o categories w
ith 

regard to this question. E
arlier on, the critics said that the W

arren 
C

om
m

ission w
as afraid to do the neutron activation analysis m

ea-
su

rem
en

ts b
ecau

se if th
ey

 d
id

 it, it w
o
u
ld

 sh
o
w

 so
m

etin
g
 o

th
er 

th
an

 th
e sin

g
le b

u
llet th

eo
ry

 an
d
 th

ereb
y
 w

o
u
ld

 u
n
d
erm

in
e th

e 
entire W

arren C
om

m
ission findings. T

his charge w
as m

ade in sev-
eral p

laces in
 th

e literatu
re, an

d
 I h

av
e sev

eral ex
am

p
les h

ere to
 

that effect, nam
ely, that the reason for their not doing the neutron 

activ
atio

n
 an

aly
sis w

o
rk

 at th
at tim

e w
as th

e fear sg
i th

e p
art o

f 
the B

ureau that it w
ould show

 som
eting other than a single bullet 

th
eo

ry
, th

at is, th
e frag

m
en

ts fro
m

 C
o

n
n

ally
's w

rist an
d

 th
e "p

ris-
tin

e" b
u

llet sam
p
le w

o
u
ld

 tu
rn

 o
u

t to
 b

e tw
o

 d
ifferen

t b
u
llets. 

D
r. G

U
IN

N
. Y

es. 
M

r. F
IT

H
IA

N
. In post-1973 literature, after the F

reedom
 of Infor-

m
ation A

ct episode to w
hich you refer, the critics have said that it 

w
as done, but w

ith inconclusive results, and since the results w
ere 

inconclusive, it did not pi-ove that they w
ere from

 the sam
e bullet, 

and, therefore, the publication or the publishing of the results w
ere 

su
p
p
ressed

 b
ecau

sed
 it aid 

n
o
t su

p
p
o
rt th

e sin
g
le b

u
llet th

eo
ry

. 
T

h
at is th

e reaso
n

 I raised
 th

e q
u
estio

n
 sp

ecifically
 ab

o
u
t th

e 
F

B
I d

ata an
d

 ab
o

u
t y

o
u

r an
aly

sis o
r in

terp
retatio

n
 o

f th
eir d

ata. 
D

r. 
G

u
iss. 

I 
d

o
n

 t k
n

o
w

 an
y

th
in

g
 ab

o
u

t an
y

 o
f th

e p
eo

p
les 

involved m
otives but w

hat I do know
 is that indeed in 1964 the F

B
I 

d
id

 d
o

 th
e an

aly
ses an

d
 acco

rd
in

g
 to

 th
is letter th

at w
e ju

st in
tro

- 
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d
u
ced

 in
to

 ev
id

en
ce, th

ey
 d

id
 n

o
t ap

p
ear -to

 b
e ab

le to
 d

raw
 an

y
 

conclusions from
 the num

bers. 
L

ooking at them
 m

any years later, I can see w
hy that w

ould be 
p
o

ssib
ly

 th
e case, b

u
t as I say

, w
ith

 th
e ad

v
an

tag
e o

f th
ese n

ew
 

resu
lts to

 g
u
id

e m
e in

 th
e rig

h
t d

irectio
n
 o

f h
o
w

 to
 statistically

 
treat th

e d
ata th

ey
 h

ad
 g

o
tten

 earlier, lo
 an

d
 b

eh
o

ld
, th

ey
 v

ery
 

d
efin

itely
 d

id
 ag

ree, w
ith

 m
y
 m

o
re recen

t fin
d
in

g
s fro

m
 m

y
 o

w
n
 

m
easurem

ents, using m
ore pow

erful equipm
ent. 

M
r. F

rraisis. N
o

w
, is th

ere an
y

 ev
id

en
ce, in

 eith
er th

e F
B

I 
interpretation of the test results of 1964 or in your ow

n interpreta-
tion of the tests for this com

m
ittee, that w

ould support the specula-
tion that the "pristine" bullet and the one that hit C

onnally's w
rist 

are tw
o
 sep

arate b
u
llets? Is th

ere an
y
 ev

id
en

ce in
 eith

er rep
o
rt? 

D
r. G

U
IN

N
. N

o
, th

ere is n
o
 ev

id
en

ce eith
er in

 m
y
 w

o
rk

 o
r th

e 
previous F

B
I w

ork of that. Y
ou cannot distinguish one specim

en 
fro

m
 th

e o
th

er, fro
m

 th
e an

aly
tical resu

lts. B
o

th
 m

y
 fin

d
in

g
s an

d
 

the earlier F
B

I findings give this sam
e result. 

M
r. 

FT
T

IT
IA

N
. G

o
in

g
 fro

m
 th

is co
n
clu

sio
n
, co

u
ld

 th
e F

B
I h

av
e 

been able to draw
 the conclusion of only tw

o bullets being present 
if so

m
eo

n
e, an

y
o
n
e th

ere, d
id

 n
o
t h

av
e th

e k
in

d
 o

f ex
p
ertise in

 
W

C
C

 M
annlicher-C

arcano am
m

unition that you have testified or 
that w

e understand you possess? W
ould som

eone not fam
iliar w

ith 
that kind of am

m
unition—

could they have draw
n the right conclu-

sion? 
D

r. 
G

U
IN

N
. It w

o
u

ld
 h

av
e b

een
 certain

ly
 m

u
ch

 m
o

re d
ifficu

lt 
b
ecau

se, as I say
, m

o
st k

in
d
s o

f am
m

u
n
itio

n
, o

th
er k

in
d
s th

at w
e 

h
av

e lo
o

k
ed

 at o
v

er y
ears, h

av
e b

een
 so

 u
n

ifo
rm

 th
at y

o
u

 can
't 

tell—
y

o
u

 literally
 can

n
o

t tell o
n

e b
u

llet fro
m

 an
o

th
er o

u
t o

f th
e 

sam
e box. 

W
C

C
 M

annlicher-C
arcano bullet lead, how

ever, is different. T
he 

concentration range from
 bullet-to-bullet is trem

endous. F
or exam

-
p
le, o

u
t o

f th
e sam

e b
o
x
, o

n
e b

u
llet m

ay
 o

n
ly

 h
av

e 2
0
 p

arts p
er 

m
illio

n
 an

tim
o

n
y

, th
e n

ex
t o

n
e y

o
u

 tak
e o

u
t o

f th
e b

o
x

 m
ig

h
t b

e 
1,200 parts per m

illion antim
ony, and each of these values can be 

m
easured quite precisely. 
A

ctually, w
hen Jack G

allagher did these m
easurem

ents, he also 
analyzed a couple of know

n W
C

C
 M

annlicher-C
arcano bullets, just 

as background sam
ples: O

ne from
 lot 6,000, one from

 lot 6,003, but 
th

at is all. T
h

at is n
o

t m
u

ch
 o

f a b
ack

g
ro

u
n

d
 to

 lo
o

k
 at; b

u
t su

re 
en

o
u

g
h

, th
o

se tw
o

, ju
st th

e tw
o

 th
at h

e lo
o

k
ed

 at w
ere q

u
ite 

different from
 one another—

one w
as about 90—

I have the num
bers 

som
ew

here here but not handy—
one w

as like 90 parts per m
illion 

an
tim

o
n
y
 an

d
 th

e o
th

er o
n
e w

as so
m

eth
in

g
 lik

e 7
0
0
 p

arts p
er 

m
illion. 
S

o
 ev

en
 th

e tw
o

 sam
p

les h
e h

ap
p

en
d

ed
 to

 p
ick

 as b
ack

g
ro

u
n

d
 

sam
ples im

m
ediately show

ed the sam
e thing regarding w

hich w
e 

have m
uch m

ore data. 
M

r. F
IT

H
IA

N
. S

o is it your testim
ony, then, or is it your estim

ate 
that the F

B
I's failure to correctly interpret the 1964 data, w

hich is 
so

 d
istu

rb
in

g
 to

 so
 m

an
y

 p
eo

p
le—

w
o

u
ld

 th
e F

B
I h

av
e h

ad
 th

e 
k

n
o

w
led

g
e an

d
 ex

p
erien

ce in
 1

9
6

4
 to

 co
rrectly

 in
terp

ret th
e re-

sults? 
D

r. G
u

in
n

. W
ell, it is a little h

ard
 to

 say
. I th

in
k

 th
ey

 m
ig

h
t 

have been able to, but I think it m
ight have been m

ore difficult for 
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th
em

 to
 at th

at tim
e sin

ce th
ey

 d
id

n
't h

av
e an

 ex
ten

siv
e b

ack
-

ground in activation analysis or interpretation of such results, and 
th

ey
 d

id
n

't h
av

e an
y

 ex
p

erien
ce w

ith
 W

C
C

 M
an

n
lich

er-C
arcan

o
 

am
m

u
n
itio

n
, eith

er. F
o
r th

at m
atter, in

 1
9
6
4
 

I d
id

n
't h

av
e an

y
 

experience w
ith this kind of bullet lead either. 

M
r. F

rrm
ata. W

e m
ust, I think, M

r. C
hairm

an, clarify one thing 
for the record. 

D
r. G

u
in

n
, is y

o
u

r in
terp

retatio
n

 o
f th

e F
B

I d
ata b

ased
 o

n
 th

e 
inform

ation you obtained through the F
B

I, as opposed to any secret 
or otherw

ise restricted data you obtained through this com
m

ittee? 
D

r. G
U

IN
N

. N
o. Y

ou are only referring to the F
B

I data? 
M

r. F
IT

H
IA

N
. Y

es. 
D

r. G
U

IN
N

. N
o
; th

e F
B

I d
ata th

at I h
av

e, co
p
ies o

f all th
e raw

 
d

ata th
at Jack

 G
allag

h
er g

o
t, w

ere o
b

tain
ed

 actu
ally

 n
o

t ev
en

 b
y

 
m

e; th
ey

 w
ere o

b
tain

ed
 b

y
 D

r. Jo
h
n
 N

ich
o
ls fro

m
 th

e F
B

I u
n
d
er 

the F
reedom

 of Inform
ation A

ct, and then turned over to m
e; since 

D
r. N

ichols is not an activation analyst. H
e didn't know

 w
hat to do 

w
ith

 su
ch

 secialized
 d

ata—
h
is ex

p
ertise is in

 th
e field

 o
f fo

ren
sic 

pathology. 
M

r. F
IT

H
IA

N
. T

herefore any inform
ation that has been published 

either by him
 or by you no w

ay falls under any restrictions, is that 
correct? 

D
r. G

U
IN

N
. N

o, none of this is restricted inform
ation. 

M
r. F

IT
H

IA
N

. O
ne final line of questioning, D

r. G
uinn, and I w

ill 
su

b
sid

e. H
av

e w
e d

o
n
e, h

av
e y

o
u
 d

o
n
e—

as far as y
o
u
r ex

p
ert 

know
ledge is concerned, have w

e done all the tests that are possi-
b
le to

 ascertain
 th

e n
u
m

er o
f b

u
llets th

at th
e frag

m
en

ts cam
e 

from
? Is there anything else that w

e should do? 
D

r. G
U

IN
N

. O
ne can alw

ays think of other analytical m
ethods, et 

cetera, that m
ight show

 up som
e elem

ents that w
ere not detectable 

by activation analysis, or you can even—
using activation analysis 

go to the destructive forin of the m
ethod, but then you destroy the 

sam
ples. I am

 sure that is not desirable. 
I w

o
u
ld

 n
o
t reco

m
m

en
d
 an

y
 fu

rth
er an

aly
tical stu

d
ies at th

e 
p
resen

t tim
e. I th

in
k
 th

at th
e fin

d
in

g
s th

at w
e h

av
e are p

retty
 

d
efin

itiv
e an

d
 m

o
st o

th
er th

in
g

s th
at o

n
e can

 th
in

k
 o

f th
at y

o
u

 
co

u
ld

 try
 o

n
 th

e sam
p
les m

ig
h
t o

r m
ig

h
t n

o
t ad

d
 so

m
e ad

d
itio

n
al 

inform
ation. It is questionable. A

nd m
ost of those m

ethods that are 
really

 sen
sitiv

e w
o
u

ld
 d

estro
y

 o
r eith

er th
e sam

p
ler o

r alter th
eir 

com
positions. 

M
r. 

F
IT

H
IA

N
. A

n
d
 I clo

se w
ith

 th
is q

u
estio

n
, th

en
: S

in
ce th

ere 
are n

o
 frag

m
en

ts fro
m

 P
resid

en
t K

en
n
ed

y
 o

th
er th

an
 th

e sk
u
ll 

shot, in actual fact, using your scientific m
ethods, you cannot shed 

an
y
 lig

h
t o

n
 w

h
eth

er o
r n

o
t th

e b
u
llet th

at p
assed

 th
ro

u
g
h
 G

o
v
er-

n
o

r C
o

n
n

ally
 also

 p
assed

 th
ro

u
g

h
 th

e P
resid

en
t; is th

at a co
rrect 

statem
ent? 

D
r. G

uirsat. T
hat is correct. T

hese results only show
 that the C

E
 

3
9
9
 "p

ristin
e" b

u
llet, o

r so
-called

 stretch
er b

u
llet, m

atch
es th

e 
frag

m
en

ts in
 h

is w
rist. T

h
ey

 g
iv

e y
o

u
 n

o
 in

fo
rm

atio
n

 w
h

atso
ev

er 
ab

o
u
t w

h
eth

er th
at b

u
llet first w

en
t th

ro
u
g
h
 P

resid
en

t K
en

n
ed

y
's 

b
o

d
y

, sin
ce it left n

o
 track

 o
f frag

m
en

t's an
d

, fo
r th

at m
atter, it 

doesn't even say that it w
ent through G

overnor C
onnally—

through 
h
is b

ack
, th

at is—
b
ecau

se it left n
o
 track

 o
f frag

m
en

ts th
ere. A

t  
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least I h
av

e n
ev

er see o
r h

eard
 o

f an
y
 reco

v
ered

 lead
 frag

m
en

ts 
from

 either of those w
ounds. 

T
h
e resu

lts, m
erely

 say
 th

at th
e stretch

er b
u
llet m

atch
es th

e 
fragm

ents in the w
rist, and that indicates indeed that that particu-

lar b
u
llet d

id
 fractu

re th
e w

rist. It u
n
fo

rtu
n
ately

 can
't tell y

o
u
 

anything else because there w
ere no other bits and pieces along the 

other w
ounds. 

M
r. F

rrm
ars. T

hen your conclusions are w
hat you just stated as 

far as th
e b

ack
 en

tran
ce an

d
 th

ro
at ex

it w
o
u
n
d
 o

f P
resid

en
t K

en
-

nedy, and as far as the close m
atch of the fragm

ents from
 C

onnal-
ly

's w
rist w

ith
 th

e "p
ristin

e" b
u

llet, an
d

 th
e o

th
er co

n
clu

sio
n

 y
o

u
 

referred to today is that the particles taken from
 P

resident K
enne-

dy's skull m
atches other fragm

ents that w
ere in the car? 

D
r. G

u
rraN

. T
h
at is rig

h
t, th

ey
 m

atch
 o

n
e an

o
th

er, b
u
t th

ey
 d

o
 

not m
atch the C

onnally sam
ples. 

M
r. F

IT
H

IA
N

. A
nd that m

eans there w
ere tw

o bullets? 
D

r. 
G

U
IN

N
. T

h
ere w

ere d
efin

itely
 tw

o
 b

u
llets. T

h
ere is n

o
 ev

i-
dence for the presence of three, or m

ore. 
M

r. 
F

IT
H

IA
N

. 
R

ep
eatin

g
 th

en
, th

ere is n
o
 ev

id
en

ce fo
r th

ree 
bullets. T

hank you, D
r. G

uinn. 
I have no further questions, M

r. C
hairm

an. 
C

hairm
an ST

O
K

E
S. T

he tim
e of the gentlem

an has expired. 
D

r. G
u
in

n
, I th

in
k
 I ju

st h
av

e p
erh

ap
s m

ay
b
e o

n
e, m

ay
b
e tw

o
 

questions. O
bviously from

 your testim
ony here it is evident, as an 

ex
p

ert in
 n

eu
tro

n
 activ

atio
n

 an
aly

sis, th
at w

e are talk
in

g
 ab

o
u

t a 
field in w

hich there are relatively few
 experts; aren't w

e? 
D

r. G
uitars. I w

ouldn't say so any m
ore. It m

ight have been true 
m

any years back, but every tim
e w

e have an international confer-
ence w

e have som
ething like 500 people there, all supposedly and 

m
ost of them

 really experts in som
e phase or another of activation 

an
aly

sis. It h
as g

ro
w

n
 to

 b
e a field

 w
h
ere th

ere are p
ro

b
ab

ly
 

alto
g
eth

er a few
 th

o
u
san

d
 p

eo
p
le w

h
o
 are k

n
o
w

led
g
eab

le in
 th

e 
field. 

C
hairm

an ST
O

K
E

S. A
nd if w

e go back to the period of tim
e w

e are 
talk

in
g
 ab

o
u
t, 1

9
6
3
-6

4
, th

at p
erio

d
 o

f tim
e, w

h
at ty

p
e o

f field
 

w
ould there have been then of experts? 
D

r. 
G

U
IN

N
. S

m
aller n

u
m

b
ers, alth

o
u
g
h
 ev

en
 in

 1
9
6
4
 w

e h
ad

 
alread

y
 h

ad
 o

n
e in

tern
atio

n
al co

n
feren

ce in
 th

e field
. W

e h
ad

 
another one the year after that. S

o it w
as obviously already getting 

to
 b

e o
f so

m
e size, b

u
t o

b
v
io

u
sly

 n
o
t as m

an
y
 p

eo
p
le as th

ere are 
now

. It w
as still considered to be a relatively new

 m
ethod by som

e 
people, at least in 1964, although the m

ethod itself w
as first origi-

nated in 1937; w
ay back then. 

B
u

t it co
u

ld
n

't b
eco

m
e a really

 v
ery

 u
sefu

l m
eth

o
d

 u
n

til th
e 

n
u

clear reacto
r cam

e alo
n

g
, an

d
 th

at w
as d

u
rin

g
 W

o
rld

 W
ar II, 

an
d
 th

en
 it w

as so
m

e y
ears b

efo
re reacto

rs b
ecam

e v
ery

 w
id

ely
 

available to people; and so it w
as not until about 1950, you m

ight 
say, that at least a few

 places had nuclear reactors and the scintil-
latio

n
 d

etecto
r k

in
d

 o
f co

u
n

tin
g

 eq
u

ip
m

en
t, an

d
 th

en
 th

e field
 

began to grow
 at a pretty good clip. 

C
hairm

an 
ST

O
K

E
S. I h

av
e n

o
 fu

rth
er q

u
estio

n
s. A

t th
is tim

e. 
under the rules of our com

m
ittee, any w

itness appearing oefore the 
co

m
m

ittee, at th
e co

n
clu

sio
n
 o

f h
is testim

o
n
y
, is en

titled
 to

 :; 
m

inutes. D
uring that 5-m

inute period he m
ay explain, am

plify. or 
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in
 an

y
 w

ay
 ex

p
an

d
 u

p
o
n
 th

e testim
o
n
y
 h

e h
as g

iv
en

 to
 o

u
r co

m
m

it-
tee. I w

o
u

ld
 lik

e to
 ex

ten
d

 to
 y

o
u

 su
ch

 tim
e at th

is tim
e if y

o
u

 so
 

desire. 
D

r. 
G

U
IN

N
. 

T
h

a
n

k
 y

o
u

, M
r. C

h
a
irm

a
n

. I w
ill ju

st m
a
k

e
 o

n
e
 

co
m

m
en

t th
at I th

o
u
g
h
t w

e m
ig

h
t h

av
e b

ro
u
g
h
t o

u
t b

efo
re, b

u
t w

e 
d
id

n
't q

u
ite g

et aro
u
n
d
 to

 it. If an
y
 o

f y
o
u
 start lo

o
k
in

g
 at th

ese 
d
etailed

 n
u
m

b
ers, th

ere n
eed

s to
 b

e a little fu
rth

er in
terp

retatio
n
. 

F
irst o

f a
ll, so

m
e
 o

f th
e
 e

le
m

e
n
ts liste

d
 in

 m
y
 re

p
o
rt, in

 o
u
r 

ex
p

erien
ce w

ith
 all k

in
d

s o
f b

u
llet lead

s o
ften

 sh
o

w
 u

p
 an

d
 o

ften
 

d
o

n
't sh

o
w

 u
p

, an
d

 th
ey

 d
o

n
't seem

 to
 b

e ch
aracteristic o

f an
y

-
th

in
g
. S

o
m

e o
f th

em
 are p

ro
b
ab

ly
 th

e resu
lt o

f ex
tern

al co
n
tam

in
a-

tio
n

. F
o

r th
e
 sa

k
e
 o

f c
o

m
p

le
te

n
e
ss, I h

a
v

e
 in

c
lu

d
e
d

 a
ll o

f th
e
 

elem
en

ts d
etected

, b
u
t I d

o
n
't th

in
k
 th

at so
m

e o
f th

em
 co

n
trib

u
te 

o
n

e
 w

a
y

 o
r th

e
 o

th
e
r to

 th
e
 c

h
a
ra

c
te

riz
a
tio

n
 o

f so
u

rc
e
 o

f th
e
 

specim
ens. 

A
lso

, w
h
en

 y
o
u
 lo

o
k
 at th

e an
tim

o
n
y
 an

d
 th

e silv
er v

alu
es to

 see 
if th

ese sam
p
les m

atch
 th

ese an
d
 th

ese m
atch

 th
ese, it sh

o
u
ld

 b
e 

n
o

te
d

 th
a
t th

e
 p

lu
s o

r m
in

u
s th

a
t is sh

o
w

n
 a

fte
r e

a
c
h

 o
f th

o
se

 
n
u
m

b
ers is m

erely
 th

e u
n
certain

ty
 o

f each
 v

alu
e calcu

lated
 fro

m
 

w
h
at w

e call th
e co

u
n
tin

g
 statistics. W

e can
 calcu

late th
at. 

T
h
e o

v
erall m

easu
rem

en
t u

n
certain

ty
 o

f th
at n

u
m

b
er o

n
 th

at 
sp

ecific sam
p
le is so

m
ew

h
at b

ig
g
er th

an
 th

at, m
ean

in
g
 th

at if w
e 

to
o
k
 th

at id
en

tical little p
iece an

d
 d

id
 th

e sam
e ex

p
erim

en
t o

v
er 

an
d
 o

v
er ag

ain
 w

e w
o
u
ld

 g
et ab

o
u
t th

e sam
e v

alu
e, b

u
t th

e v
ari-

a
tio

n
 w

o
u

ld
 b

e
 so

m
e
w

h
a
t m

o
re

 th
a
n

 th
a
t c

a
lc

u
la

te
d

 fro
m

 th
e
 

co
u
n
tin

g
 statistics—

p
erh

ap
s as m

u
ch

 as tw
ice larg

er. It d
ep

en
d
s o

n
 

th
e v

alu
e. 

A
n
d
 th

en
, if y

o
u
 are try

in
g
 to

 m
atch

 th
is p

iece an
d
 th

is p
iece—

w
h
ich

 really
 b

o
th

 cam
e fro

m
 th

e sam
e b

u
llet b

u
t y

o
u
 d

o
n
't k

n
o
w

 it 
a
n

d
 y

o
u

 a
re

 try
in

g
 to

 p
ro

v
e
 it—

y
o

u
 h

a
v

e
 to

 ta
k

e
 in

to
 a

c
c
o

u
n

t 
an

o
th

er facto
r—

h
o

w
 h

o
m

o
g

en
eo

u
s is th

at b
u

llet? Is ev
ery

 p
iece 

th
at y

o
u
 tak

e fro
m

 a b
u
llet th

e sam
e? A

n
d
 th

e an
sw

er is: N
o
; th

ey
 

are n
o

t. T
h

e in
d

iv
id

u
al b

u
llets are fairly

 h
o

m
o

g
en

eo
u

s, b
u

t th
ere 

are sig
n
ifican

t v
ariatio

n
s w

ith
in

 th
em

. 
W

e h
av

e a g
reat d

eal o
f b

ack
g
ro

u
n

d
 d

ata, sp
ecifically

 o
n

 W
C

C
 

M
an

n
lich

er-C
arcan

o
 b

u
llet lead

, th
at isn

't in
 th

e rep
o
rt, b

u
t w

e u
se 

th
at as th

e b
ack

u
p
 w

h
ich

 sh
o
w

s th
at th

e v
ariatio

n
 w

ith
in

 a b
u
llet 

is sig
n

ifican
t. 

S
o

 w
h

en
 y

o
u

 start to
 co

m
p

are n
u

m
b

ers, it tu
rn

s o
u

t, fo
r ex

am
p

le, 
o

n
 th

e an
tim

o
n

y
 n

u
m

b
ers, ro

u
g

h
ly

 sp
eak

in
g

, if y
o

u
 rak

e th
e p

lu
s 

o
r m

in
u

s th
at is sh

o
w

n
 an

d
 m

u
ltip

ly
 it b

y
 ab

o
u

t 6
, th

at w
ill tak

e 
care o

f all o
f th

o
se v

ariab
ilities w

ith
in

 th
e sam

p
le, as w

ell as th
e 

sm
all m

easu
rem

en
t u

n
certain

ties. 
T

h
e v

ariatio
n
 w

ith
in

 th
at in

d
iv

id
u
al b

u
llet is th

en
 tak

en
 in

to
 

acco
u
n
t, an

d
 th

en
 y

o
u
 fin

d
 o

u
t th

at tw
o
 sam

p
les in

d
eed

 m
atch

 o
n
e 

an
o
th

er as clo
sely

 as co
u
ld

 b
e ex

p
ected

. F
o
r ex

am
p
le, th

e C
E

-3
9
9
 

sam
p

le g
av

e a m
easu

red
 v

alu
e o

f 8
3

3
 p

arts p
er m

illio
n

 an
tim

o
n

y
, 

w
h
ereas th

e C
E

-8
4
2
 sam

p
le sh

o
w

ed
 7

9
7
. W

ell, an
y
 g

ram
m

ar sch
o
o
l 

b
o

y
 w

ill tell y
o

u
 7

9
7

 is n
o

t th
e sam

e as 8
3

3
. B

u
t w

h
en

 y
o

u
 co

n
sid

er 
th

at th
e 8

3
3

 is p
lu

s o
r m

in
u

s ab
o

u
t 5

0
 an

d
 th

e 7
9

7
 is p

lu
s o

r m
in

u
s 

ab
o

u
t 5

0
, th

en
 y

o
u

 see th
at y

o
u

 can
't d

istin
g

u
ish

 o
n

e fro
m

 th
e 

o
th

e
r. T

h
e
y
 a

re
 in

d
istin

g
u
ish

a
b
le

. b
u
t. b

y
 th

e
 sa

m
e
 to

k
e
n
, th

e
 

o
th

er sam
p

les w
h

ich
 are o

n
ly

 ab
o

u
t ro

u
g

h
ly

 6
2

0
 p

lu
s o

r m
in

u
s a 

sm
aller am

o
u
n
t. in

 th
at case ab

o
u
t 2

0
 o

r 3
0
—

th
ey

 v
ery

 clearly
 n

o
t  
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o
n

ly
 m

atch
 o

n
e an

o
th

er, b
u

t th
ey

 also
 w

id
ely

 d
iffer fro

m
 th

is 8
0

0
 

fig
u
re. 

B
u
t so

m
e o

f th
at is ex

p
lain

ed
 in

 th
e tex

t o
f th

e rep
o
rt. Y

o
u
 can

't 
ju

st tak
e th

e n
u

m
b

ers fro
m

 th
e tab

le an
d

 b
lin

d
ly

 g
o

 ah
ead

; y
o

u
 

h
av

e to
 read

 th
e fin

e p
rin

t as w
ell to

 see th
at ev

ery
th

in
g
 is p

ro
p
er-

ly
 tak

en
 in

to
 acco

u
n

t. 
In

 an
y

 ev
en

t, th
o

u
g

h
, I th

in
k

 th
e resu

lts h
av

e co
m

e o
u

t in
 a 

fairly
 clean

-cu
t fash

io
n
. W

e d
id

n
't p

red
ict an

y
 p

articu
lar w

ay
 th

ey
 

w
o

u
ld

 co
m

e o
u

t; th
ey

 ju
st fell o

u
t th

is w
ay

. A
n

d
, as I say

 it led
 m

e 
to

 reex
am

in
e th

e F
B

I d
ata m

o
re carefu

lly
 th

an
 I h

ad
 d

o
n

e earlier. 
I fran

k
ly

 w
as v

ery
 su

rp
rised

 to
 see th

at ev
en

 th
eir d

ata, so
m

ew
h
at 

fu
zzier, et cetera, still fell rig

h
t in

to
 th

e sam
e p

ictu
re. 

S
o

 I th
in

k
 th

e co
n

clu
sio

n
s are w

ell estab
lish

ed
. A

lso
, as I h

av
e 

stated
 earlier, fo

rtu
n
ately

 b
y
 u

sin
g
 th

is m
eth

o
d
 o

n
e d

o
es n

o
t d

e-
stro

y
 th

e sam
p
les. T

h
e id

en
tical sam

p
les are still th

ere. T
h
ey

 w
eig

h
 

th
e sam

e; th
ey

 can
 b

e an
aly

zed
 all o

v
er ag

ain
. A

ll o
f th

e rad
io

activ
-

ity
 th

at w
e in

d
u
ced

 in
 th

em
 a y

ear ag
o
 h

as lo
n
g
 d

ecay
ed

 o
u
t, so

 
th

ey
 co

u
ld

 read
ily

 b
e an

aly
zed

 o
v

er ag
ain

, if d
esired

. 
O

th
er th

an
 th

at, I ju
st w

an
t to

 say
 it h

as b
een

 a real p
leasu

re 
w

o
rk

in
g

 w
ith

 th
e co

m
m

ittee an
d

 w
ith

 th
e staff o

f th
e co

m
m

ittee, 
an

d
 I th

an
k

 y
o

u
 v

ery
 m

u
ch

 fo
r in

v
itin

g
 m

e h
ere. 

C
h
airm

an
 ST

O
K

E
S. I g

u
ess y

o
u

 raised
 o

n
e ad

d
itio

n
al q

u
estio

n
 in

 
m

y
 m

in
d
. A

ssu
m

in
g
 th

at y
o
u
r d

ata w
ere p

resen
ted

 to
 an

o
th

er 
ex

p
ert in

 y
o
u
r field

, can
 w

e assu
m

e w
ith

 a reaso
n
ab

le d
eg

ree o
f 

certain
ty

 th
at th

e ex
p

ert w
ill co

m
e to

 th
e sam

e co
n

clu
sio

n
s th

at 
y
o
u
 h

av
e? 

D
r. G

u
iro

r. I b
eliev

e so
; y

es. A
s I say

, if y
o
u
 ju

st h
an

d
ed

 h
im

 th
e 

tab
le o

f m
easu

red
 v

alu
es, h

e in
itially

 m
ig

h
t in

terp
ret th

e p
lu

s an
d
 

m
in

u
ses as m

ean
in

g
 th

e to
tal u

n
certain

ty
; an

d
, o

f co
u

rse, th
en

 h
e 

w
o
u
ld

 say
: W

ell, 7
9
, is n

o
t th

e sam
e as 8

3
3
. H

o
w

ev
er, in

 th
e tex

t o
f 

th
e rep

o
rt, it is p

o
in

ted
 o

u
t th

at th
e tab

le p
lu

s-m
in

u
s v

alu
es d

o
 n

o
t 

rep
resen

t th
e to

tal u
n
certain

ty
 o

f a sam
p
le; it is larg

er th
an

 th
at. 

If h
e to

o
k

 th
at in

to
 acco

u
n

t, h
e w

o
u

ld
 reach

 th
e sam

e co
n

clu
sio

n
s; 

yes. 
C

h
airm

an
 ST

O
K

E
S. T

he C
hair recognizes counsel Jim

 W
olf. 

M
r. 

W
O

L
F

. 
M

r. C
h
airm

an
, fo

r th
e reco

rd
, I w

o
u
ld

 lik
e to

 n
o
te 

th
at D

r. G
u

in
n

's rep
o

rt h
as b

een
 su

b
m

itted
 to

 an
 in

d
ep

en
d

en
t 

co
n

su
ltan

t fo
r rev

iew
 an

d
 ev

alu
atio

n
 an

d
 h

e co
m

p
letely

 ag
reed

 
w

ith
 th

e resu
lts ach

iev
ed

 an
d

 rep
o

rted
 b

y
 D

r. G
u

in
n

. 
C

h
airm

an
 

ST
O

K
E

S. 
D

r. G
u
in

n
, o

n
 b

eh
alf o

f o
u
r co

m
m

ittee, w
e 

th
an

k
 y

o
u

 v
ery

 m
u

ch
. Y

o
u

 h
av

e m
ad

e a v
ery

 v
alu

ab
le co

n
trib

u
tio

n
 

h
e
re

 to
d
a
y
 a

n
d
 w

e
 c

e
rta

in
ly

 a
p
p
re

c
ia

te
 a

ll th
e
 tim

e
 y

o
u
 h

a
v
e
 

ex
p

en
d

ed
 o

n
 o

u
r b

eh
alf. T

h
an

k
 y

o
u

. 
D

r. G
U

IN
N

. T
hank you. 

C
h

airm
an

 
ST

O
K

E
S. 

T
h

ere b
ein

g
 n

o
 fu

rth
er b

u
sin

ess to
 co

m
e 

b
efo

re th
e co

m
m

ittee to
d
ay

, th
is co

m
m

ittee m
eetin

g
 is ad

jo
u
rn

ed
 

u
n

til 9
 a.m

. M
o

n
d

ay
 m

o
rn

in
g

. 
[W

h
ereu

p
o
n
, at 5

:1
0
 p

.m
. th

e co
m

m
ittee,ad

jo
u
rn

ed
, to

 reco
n
v
en

e 
at 9 a.m

. M
onday, S

eptem
ber 11, 1978.] 


