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DESCRIPTORS- *ATOMIC THEORY, *CURRICULUM DEVELOPMENT,
*CHEMISTRY' *CURRICULUM GUIDES, *LABORATORY SAFETY, *NUCLEAR
PHYSICS, *PHYSICAL SCIENCES, *PHYSICS, *TEACHING GUIDES,
AUDIOVISUAL AIDS, BIBLIOGRAPHIES, BIOLOGY, CURRICULUM, FILMS,
SCIENCE EQUIPMENT, SCIENCE MATERIALS, SCIENCE ACTIVITIES,
SCIENCE FACILITIES, WILKES...BARRE CITY SCHOOLS,

THIS CURRICULUM GUIDE DESCRIBES A TWELFTH -GRADE
INTERDISCIPLINARY' INTRODUCTORY NUCLEAR SCIENCE COURSE. IT IS
BELIEVED TO FILL THE NEED FOR AN ADVANCED COURSE THAT IS
TIMELY, CHALLENGING, AND APPROPRIATE AS A SEQUENTIAL ADDITION
TO THE BIOLOGYCHEMISTRY.PHYSICS SEQUENCE. PRELIMINARY
INFORMATION COVERS SUCH MATTERS AS (I) RADIOISOTOPE WORK
AREAS, (2) NUCLEAR SCIENCE LABORATORY, (3) PURCHASING
EQUIPMENT, (4) CONSTRUCTION AND MODIFICATION OF EQUIPMENT,
(5) LICENSING AND LEGAL REQUIREMENTS, (B) STANDARDS FOR
PROTECTION AGAINST RADIATION, AND (7) THE SAFE USE OF
RADIOISOTOPES. THE SECOND PART OF THE DOCUMENT PRESENTS A
SUGGESTED SYLLABUS FOR A ONE- SEMESTER COURSE IN NUCLEAR
SCIENCE, AND INCLUDES (1.) CONTENT OUTLINE, (2) LEARNING
EXPERIENCES AND LABORATORY EXPERIMENTS, (3) TEXT PTFERENCES,
AND (4) AUDIOVISUAL AIDS (ANNOTATED FILM LISTS).
SUPPLEMENTARY SECTIONS INCLUDE (I) NUCLEAR SCIENCE REFERENCE
MATERIALS, (I) ATOMIC ENERGY COMMISSION (AEC) PUBLICATIONS,
(3) FILMSTRIPS PREPARED BY THE RADIATION SCIENCE SEMINAR
STAFF, (4) AEC FILM SERIES, (5) SIMPLE EXPERIMENTS FOR HIGH
SCHOOL STUDENTS USING THE CIVIL DEFENSE V -TOO GEIGER COUNTER,
(B) AUTORADIOGRAPHY PROCESSING FORMULAS, (7) NUCLEAR
EDUCATION EQUIPMENT, AND (S) NUCLEAR EQUIPMENT SUPPLIES. (OH)
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a
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o
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c
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l
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t
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n
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t
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c
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c
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c
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e
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h
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d
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s
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t
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.

T
h
i
s
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e
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u
e
n
c
e
 
l
e
a
v
e
s
 
a
 
s
c
i
e
n
c
e
 
e
l
e
c
t
i
v
e
 
o
p
e
n
 
i
n
 
t
h
e

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

T
h
i
s
 
g
a
p

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

a
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B
i
o
l
o
g
y
 
I
I
,
 
C
h
e
m
i
s
t
r
y
 
I
I
,
 
P
h
y
s
i
c
s
 
I
I
,

O
r
g
a
n
i
c

C
h
e
m
i
s
t
r
y
,
 
A
d
v
a
n
c
e
d
 
C
h
e
m
i
s
t
r
y
,
 
S
c
i
e
n
c
e
 
S
e
m
i
n
a
r
,

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

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

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

A
 
c
l
o
s
e
r
 
l
o
o
k
 
a
t
 
t
h
e
 
t
y
p
i
c
a
l
 
s
c
i
e
n
c
e
 
t
r
a
c
k

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

q
u
e
n
c
e
:
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t
h
 
g
r
a
d
e
 
-
 
I
n
t
r
o
d
u
c
t
i
o
n
 
t
o
 
S
c
i
e
n
c
e

(
G
e
n
e
r
a
l
 
S
c
i
e
n
c
e
)

8
t
h
 
g
r
a
d
e
 
-
 
E
a
r
t
h
 
S
c
i
e
n
c
e

9
t
h
 
g
r
a
d
e
 
-
 
B
i
o
l
o
g
y

1
0
t
h
 
g
r
a
d
e
 
-
 
C
h
e
m
i
s
t
r
y

1
1
t
h
 
g
r
a
d
e
 
-
 
P
h
y
s
i
c
s

1
2
t
h
 
g
r
a
d
e
 
-
 
E
l
e
c
t
i
v
e
 
(
B
i
o
l
o
g
y
 
I
I
,
 
C
h
e
m
-

i
s
t
r
y
 
I
I
,
 
P
h
y
s
i
c
s
 
I
I
)

N
o
t
e
 
t
h
a
t
 
o
f
 
t
h
e
 
s
i
x
 
s
t
e
p
s
 
i
n
 
t
h
e
 
s
e
q
u
e
n
c
e
,

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

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

a
n
d
 
t
h
e
 
l
a
s
t
 
i
s

a
 
s
p
e
c
i
a
l
i
z
e
d
 
o
f
f
e
r
i
n
g
.

T
h
e
 
c
o
u
r
s
e
 
s
e
q
u
e
n
c
e
 
i
s

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

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

W
e
 
h
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l
d

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

o
f
 
s
u
r
v
e
y

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

S
c
i
e
n
c
e
 
c
o
u
r
s
e
s
 
o
n
 
t
h
e
 
h
i
g
h
 
s
c
h
o
o
l
 
l
e
v
e
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a
p
p
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n
t
l
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t
h
r
e
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b
a
s
i
c
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a
s
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T
e
a
c
h
 
b
a
s
i
c
 
c
o
n
c
e
p
t
s

(
b
)

T
e
a
c
h
 
b
a
s
i
c
 
s
k
i
l
l
s

(
c
)

M
o
t
i
v
a
t
e

E
d
u
c
a
t
i
o
n
a
l
 
p
s
y
c
h
o
l
o
g
y
 
s
t
u
d
i
e
s
 
q
u
o
t
e
d
 
i
n

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

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

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

A
 
r
e
c
e
n
t

s
t
u
d
y
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u
o
t
e
d
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n
 
t
h
e
 
"
J
o
u
r
n
a
l
 
o
f
 
C
h
e
m
i
c
a
l
 
E
d
u
c
a
t
i
o
n
"

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

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

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

t
h
e
 
e
x
t
r
e
m
e
 
i
m
p
o
r
t
a
n
c
e
 
o
f
 
t
h
e
 
m
o
t
i
v
a
t
i
o
n
 
f
a
c
t
o
r
 
i
n

h
i
g
h
 
s
c
h
o
o
l
 
s
c
i
e
n
c
e
 
c
o
u
r
s
e
s
.

I
f
 
a
 
c
o
u
r
s
e
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n
 
n
u
c
l
e
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r
 
s
c
i
e
n
c
e
 
w
e
r
e
 
o
f
f
e
r
e
d
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n
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e
 
1
2
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r
a
d
e
 
a
s
 
a
n
 
e
l
e
c
t
i
v
e
,
 
i
t
 
w
o
u
l
d
 
f
u
l
f
i
l
l
 
a
l
l

t
h
r
e
e
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a
c
t
o
r
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i
t
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o
u
t
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e
p
e
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t
i
n
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r
t
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t
h
e

s
e
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e
n
c
e
.

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

T
h
e
r
e
 
i
s
 
n
o
 
m
o
r
e
 
s
t
u
d
y

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

T
h
i
s
 
e
x
t
r
e
m
e

c
o
n
c
e
r
n
 
p
r
o
b
a
b
l
y
 
h
a
s
 
i
t
s
 
b
a
s
i
s
 
i
n
 
t
h
e
b
a
c
k
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o
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t
h
e

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

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

I
f
 
s
h
o
y
t
 
h
a
l
f
-
l
i
f
e
 
r
a
d
i
o
a
c
t
i
v
e
 
m
a
t
e
r
i
a
l
s
 
(
s
u
c
h

a
s

1
1
3
1
,
 
G
a
a
,
 
P
3
2
)
 
a
r
e
 
u
s
e
d
 
i
n
t
e
r
m
i
t
t
e
n
t
l
y
 
t
h
r
o
u
g
h
-

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

t
h
e
n

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

(
s
u
c
h
 
a
s
 
H
2
S
O
4
,
 
K
N
O
3
,
 
e
t
c
.
)
 
w
i
l
l
 
b
e
 
s
u
f
f
i
c
i
e
n
t
.

N
o

s
p
e
c
i
a
l
 
w
o
r
k
 
a
r
e
a
 
o
r
 
c
a
u
t
i
o
n
 
s
i
g
n
s
 
w
i
l
l
 
b
e
 
n
e
c
e
s
s
a
r
y

w
i
t
h
 
m
i
c
r
o
c
u
r
i
e
 
q
u
a
n
t
i
t
i
e
s

o
f
 
t
h
e
 
a
b
o
v
e
 
r
a
d
i
o
i
s
o
t
o
p
e
s
.

W
h
e
n
 
s
h
o
r
t
 
h
a
l
f
-
l
i
f
e
 
a
n
d
 
l
o
n
g
 
h
a
l
f
-
l
i
f
e
 
r
a
d
i
o
-

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

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

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

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

m
e
n
t
a
t
i
o
n
 
r
a
t
h
e
r
 
t
h
a
n
 
a
n
y
 
r
a
d
i
a
t
i
o
n
 
h
a
z
a
r
d
.

J
u
s
t
 
a
s
 
a
n

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

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

l
o
c
a
l
i
z
e
 
a
n
d
 
m
i
n
i
m
i
z
e
 
c
o
n
t
a
m
i
n
a
t
i
o
n
.

I
f
 
t
h
e
 
c
o
u
n
t
 
r
a
t
e

i
n
 
a
n
 
e
x
p
e
r
i
m
e
n
t
 
i
s
 
o
n
l
y
 
3
0
0
 
c
p
m
 
a
n
d
 
t
h
e
 
b
a
c
k
g
r
o
u
n
d
 
c
o
u
n
t

i
s
 
2
0
0
 
c
p
m
,
 
g
o
o
d
 
d
a
t
a
 
s
h
o
u
l
d
 
n
o
t
 
b
e
 
e
x
p
e
c
t
e
d
.

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

p
r
e
p
a
r
a
t
i
o
n

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

d
i
f
f
e
r
e
n
t
 
r
o
o
m
s
 
t
o
 
m
i
n
i
m
i
z
e
 
p
o
s
s
i
b
l
e

c
o
n
t
a
m
i
n
a
t
i
o
n
.

I
n
 
t
h
e
 
s
i
t
u
a
t
i
o
n
 
w
h
e
r
e
 
o
n
l
y
 
a

f
e
w
 
i
n
s
t
r
u
-

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

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

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

H
o
w
e
v
e
r
,
 
i
t
 
i
s

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

o
n
 
a
n
 
o
p
p
o
s
i
t
e
 
s
i
d
e

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

W
h
e
n
 
s
p
a
c
e
 
i
s
 
s
o
 
s
c
a
r
c
e
 
t
h
a
t
 
t
h
i
s

d
i
v
o
r
c
e
m
e
n
t
 
i
s

n
o
t
 
p
o
s
s
i
b
l
e
,
 
t
h
e
 
s
a
m
e

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

a
r
e
a
s
 
a
r
e
 
d
e
l
i
n
e
a
t
e
d

b
y
 
s
o
m
e
 
t
y
p
e
 
o
f
 
d
i
v
i
d
e
r
.
 
A
 
w
o
o
d
e
n

b
o
o
t
h
-
t
y
p
e

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

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

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

t
w
o
 
a
r
e
a
s
.

6

T
h
i
s
 
s
t
u
d
e
n
t
 
i
s
 
p
r
e
p
a
r
i
n
g
 
a

s
a
m
p
l
e

w
i
t
h
 
u
r
a
n
y
l
 
n
i
t
r
a
t
e
.

T
H
E
 
I
D
E
A
L
 
N
U
C
L
E
A
R
 
S
C
I
E
N
C
E
 
L
A
B
O
R
A
T
O
R
Y

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

s
h
o
u
l
d
 
c
o
n
s
i
s
t
 
o
f
 
t
w
o
 
r
o
o
m
s
:

t
h
e
 
s
a
m
p
l
e
 
p
r
e
p
a
r
a
-

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

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

o
f

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

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

w
a
t
e
r
,
 
a
n
d
 
e
l
e
c
t
r
i
c
i
t
y
.

B
o
t
h
 
r
o
o
m
s
 
s
h
o
u
l
d
 
h
a
v
e
 
a

l
a
r
g
e
 
a
m
o
u
n
t
 
o
f
 
1
1
0
-
V
 
A
C
 
r
e
c
e
p
t
a
c
l
e
s
 
f
o
r
 
t
h
e

l
a
r
g
e

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

u
s
e
d
.

A
s
 
i
n
 
a
l
l
 
l
a
b
o
r
a
t
o
r
i
e
s
,
 
t
h
e
r
e
 
s
h
o
u
l
d
 
b
e
 
a

m
i
n
i
m
u
m

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

l
a
b
 
t
a
b
l
e
s
,
 
a
n
d
 
f
i
v
e
 
t
o
 
s
i
x
 
l
i
n
e
a
l
 
f
e
e
t
 
o
f

w
o
r
k
 
s
p
a
c
e

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

t
h
e
 
e
x
t
r
e
m
e
l
y
 
s
m
a
l
l

f
o
r
 
m
i
c
r
o
 
p
i
p
e
t
t
e
s
,

e
t
c
.

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

m
i
s
c
e
l
l
a
n
e
o
u
s
 
i
t
e
m
s
,
 
a
n
d
 
a
l
s
o

p
i
p
e
t
t
e
 
c
o
n
t
r
o
l
s
,
 
s
y
r
i
n
g
e
s
,

A
 
l
a
r
g
e
 
h
o
o
d
 
f
o
r
 
w
o
r
k
 
w
i
t
h
 
r
a
d
i
o
a
c
t
i
v
e
 
g
a
s
e
s

i
s
 
a
 
n
e
c
e
s
s
i
t
y
.

T
h
i
s
 
h
o
o
d
 
s
h
o
u
l
d
 
b
e
 
f
u
l
l
y
 
e
q
u
i
p
p
e
d
.

A
 
s
m
a
l
l
 
g
l
o
v
e
 
b
o
x
 
i
s
 
a
l
s
o
 
a
 
u
s
e
f
u
l

i
t
e
m
.
 
M
a
n
y
 
l
a
b
-

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

s
t
o
r
a
g
e
 
b
y

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

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

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

d
o
w
n
 
r
a
d
i
a
t
i
o
n
 
e
m
a
n
a
t
i
n
g
 
f
r
o
m
 
t
h
e
 
s
t
o
r
a
g
e
 
a
r
e
a
;

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

b
r
i
c
k
s
 
a
r
e
 
a
b
o
u
t
 
2
0
C
 
a
p
i
e
c
e
 
c
o
m
p
a
r
e
d
 
t
o

t
h
e
 
$
8
.
0
0

f
 
r
 
e
a
c
h
 
l
e
a
d
 
b
r
i
c
k
.

F
o
r
 
m
a
x
i
m
u
m
 
d
e
c
o
n
t
a
m
i
n
a
t
i
o
n
 
e
a
s
e

i
n
 
t
h
e
 
e
v
e
n
t

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

c
o
v
e
r
i
n
g

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

b
e

u
t
i
l
i
z
e
d
.

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

u
s
e
d

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

r
a
d
i
o
a
c
t
i
v
e
 
m
a
t
e
r
i
a
l

m
a
y
 
b
e
 
r
e
t
a
i
n
e
d

i
n
 
t
h
e
 
c
r
a
c
k
s
 
o
r
 
s
e
a
m
s
.

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

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

o
t
h
e
r
s
 
h
a
v
e

p
l
a
c
e
d
 
s
c
a
l
e
r
s
 
i
n
 
b
a
l
a
n
c
e
 
r
o
o
m
s
;

o
t
h
e
r
s
 
h
a
v
e

a
p
p
r
o
p
r
i
a
t
e
d
 
j
a
n
i
t
o
r
s
'
 
c
l
o
s
e
t
s
 
a
n
d

c
o
n
v
e
r
t
e
d
 
t
h
e
m

i
n
t
o
 
p
e
r
f
e
c
t
l
y
 
a
c
c
e
p
t
a
b
l
e

c
o
u
n
t
i
n
g
 
a
r
e
a
s
.

I
f

l
i
c
e
n
s
e
-
e
x
e
m
p
t
 
q
u
a
n
t
i
t
i
e
s
 
o
f

r
a
d
i
o
a
c
t
i
v
e
 
m
a
t
e
r
i
a
l
s

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

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

w
i
t
h
 
l
i
t
t
l
e
 
i
f
 
a
n
y
 
c
o
n
v
e
r
s
i
o
n
.

I
n
 
t
h
e
 
c
a
s
e
s
 
a
b
o
v
e
,

s
m
a
l
l
 
q
u
a
n
t
i
t
i
e
s
 
o
f
 
r
a
d
i
o
-

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

c
l
e
a
n
 
l
a
r
g
e
 
-
 
m
o
u
t
h

5
-
l
b
.
 
c
h
e
m
i
c
a
l
 
b
o
t
t
l
e
s
.

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

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

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

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

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

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

d
a
n
g
e
r

e
x
i
s
t
s
 
i
n
 
h
a
n
d
l
i
n
g
 
t
h
i
s
 
w
a
s
t
e
.
 
S
u
r
p
r
i
s
i
n
g

t
h
e
m
 
w
i
t
h

a
 
l
a
r
g
e
 
b
o
t
t
l
e
w
i
t
h
 
a
n
 
e
y
e
-
c
a
t
c
h
i
n
g
 
c
a
u
t
i
o
n
 
l
a
b
e
l

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

o
n
 
t
h
e
i
r
 
p
a
r
t
.

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

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

i
f
 
r
a
d
i
o
i
s
o
t
o
p
e
s

a
r
e
 
a
p
p
r
o
p
r
i
a
t
e
d

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

s
t
u
d
e
n
t
,

i
t
 
i
s
 
g
o
o
d
 
p
r
a
c
t
i
c
e
 
t
o
 
k
e
e
p

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

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

i
s
 
n
o
t
 
u
n
u
s
u
a
l
,
 
a
s
 
m
a
n
y

s
c
h
o
o
l
s
 
k
e
e
p
 
c
h
e
m
i
c
a
l
s
 
l
i
k
e

e
x
p
e
n
s
i
v
e
 
s
i
l
v
e
r
 
n
i
t
r
a
t
e
,

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

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

u
n
d
e
r
 
l
o
c
k
 
a
n
d
 
k
e
y

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

E
v
e
n
 
t
h
e
 
s
i
m
p
l
e
s
t
 
t
y
p
e

o
f
 
l
o
c
k
 
i
s
 
a
 
g
r
e
a
t
 
d
e
t
e
r
r
e
n
t

t
o
 
t
h
e
 
c
u
r
i
o
u
s
.

1

11
.1

11
1.

A
 
t
y
p
i
c
a
l
 
n
u
c
l
e
a
r
 
s
c
i
e
n
c
e
 
c
o
u
n
t
i
n
g
 
r
o
o
m
.

7

a
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P
u
r
c
h
a
s
i
n
g
 
E
q
u
i
p
m
e
n
t

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

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

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

t
h
e
 
G
e
i
g
e
r
 
t
u
b
e
.

T
r
a
n
s
i
s
t
o
r
i
z
e
d
,
 
q
u
a
l
i
t
y
 
n
u
c
l
e
a
r

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

e
v
e
r
y
 
h
i
g
h
 
s
c
h
o
o
l
 
b
u
d
g
e
t
.

A
 
h
i
g
h
 
s
c
h
o
o
l
 
t
h
a
t
 
c
a
n

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

a
 
s
c
a
l
e
r
;
 
a
 
h
i
g
h
 
s
c
h
o
o
l
 
t
h
a
t
 
c
a
n

a
f
f
o
r
d
 
a
 
M
e
t
t
l
e
r

b
a
l
a
n
c
e
 
c
a
n
 
a
f
f
o
r
d
 
t
w
o
 
s
c
a
l
e
r
s
.

W
i
t
h
 
N
D
E
A
 
f
u
n
d
s
,

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

e
x
t
e
n
d
e
d
.

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

o
u
s
 
s
a
v
i
n
g
s
 
i
n
 
n
u
c
l
e
a
r
 
a
c
c
e
s
s
o
r
i
e
s
.

I
n
 
a
 
l
a
t
e
r
 
s
e
c
t
i
o
n
 
a
 
s
u
g
g
e
s
t
e
d
 
l
i
s
t
 
o
f

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

b
e
 
f
o
u
n
d
.

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

u
t
i
l
i
z
a
t
i
o
n
 
a
t
 
l
o
w
e
s
t
 
c
o
s
t
.

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

i
n
g
 
t
h
o
u
g
h
t
s
 
s
h
o
u
l
d
 
b
e
 
k
e
p
t
 
i
n
 
m
i
n
d
:

1
.

I
s
 
t
h
e
 
s
u
p
p
l
i
e
r
 
r
e
l
i
a
b
l
e
?

S
o
m
e
 
s
u
p
p
l
i
e
r
s
 
o
f
 
e
q
u
i
p
m
e
n
t
 
o
f
f
e
r

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

o
f
 
p
o
o
r
e
r
 
q
u
a
l
i
t
y
.

S
e
r
v
i
c
e
 
m
a
y
 
a
l
s
o

b
e
 
p
o
o
r
.

W
o
r
s
e
 
y
e
t
,
 
m
a
n
y
 
c
o
m
p
a
n
i
e
s

e
x
i
s
t
 
o
n
l
y
 
a
 
y
e
a
r
 
o
r
 
t
w
o
 
b
e
f
o
r
e
 
b
a
n
k
-

r
u
p
t
c
y
.

2
.

I
s
 
t
h
e
 
e
q
u
i
p
m
e
n
t
 
v
e
r
s
a
t
i
l
e
?

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

t
h
e
 
G
-
M
 
t
u
b
e
 
o
f
 
m
a
k
e
r
 
B
?

S
u
c
h
 
i
n
t
e
r
-

c
h
a
n
g
e
a
b
i
l
i
t
y
 
i
s
 
h
i
g
h
l
y
 
d
e
s
i
r
a
b
l
e
.

8

3
.

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

h
i
g
h
 
s
c
h
o
o
l
 
s
t
u
d
e
n
t
s
?

A
 
f
i
v
e
-
d
e
c
a
d
e
 
s
c
a
l
e
r
 
w
i
t
h
 
7
 
u
 
s
e
c
 
r
e
-

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

f
e
a
t
u
r
e
s
 
w
i
l
l
 
n
o
t
 
c
o
u
n
t
 
l
i
c
e
n
s
e
-
f
r
e
e

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

b
e
t
t
e
r
 
t
h
a
n
 
a
 
t
w
o
-
d
e
c
a
d
e
-
m
e
c
h
a
n
i
c
a
l

r
e
g
i
s
t
e
r
 
s
c
a
l
e
r
 
w
i
t
h
 
2
0
0
 
u
s
e
c
 
r
e
s
o
l
v
-

i
n
g
 
t
i
m
e
 
a
n
d
 
h
"
 
G
-
M
 
t
u
b
e
.

T
h
e
 
l
a
t
t
e
r

w
i
l
l
 
s
u
f
f
i
c
e
 
a
t
 
1
.
1
 
t
o
 
1
/
3
 
t
h
e
 
c
o
s
t
o
f

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

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

F
o
r
 
t
h
o
s
e
 
s
c
h
o
o
l
s
 
w
i
t
h
 
m
o
d
e
s
t
b
u
d
g
e
t
s
 
o
r
 
w
i
t
h

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

e
d
u
c
a
t
i
o
n
a
l

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

C
i
v
i
l
 
D
e
f
e
n
s
e
 
V
-
7
0
0
 
r
a
t
e
m
e
t
e
r
s
 
b
o
r
r
o
w
e
d

f
r
o
m
 
t
h
e

l
o
c
a
l
 
c
o
u
n
t
y
 
C
i
v
i
l
 
D
e
f
e
n
s
e
 
o
r
g
a
n
i
z
a
t
i
o
n
.

C
i
v
i
l

D
e
f
e
n
s
e
 
o
r
g
a
n
i
z
a
t
i
o
n
s
 
a
r
e
 
q
u
i
t
e
 
h
a
p
p
y
 
t
o

l
e
n
d

V
-
7
0
0
 
u
n
i
t
s
 
t
o
 
q
u
a
l
i
f
i
e
d
 
t
e
a
c
h
e
r
s
 
w
h
o

w
i
l
l
 
p
u
t

t
h
e
m
 
t
o
 
u
s
e
.

T
h
e
 
C
D
 
V
-
7
0
0
 
u
n
i
t
 
m
a
y
 
b
e
 
a
d
a
p
t
e
d

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

c
o
n
s
t
r
u
c
t
i
n
g

a
 
t
u
b
e
 
s
t
a
n
d
 
f
o
r

i
m
p
r
o
v
e
d
 
g
e
o
m
e
t
r
y
.

C
O
N
S
T
R
U
C
T
I
O
N
 
A
N
D
 
M
O
D
I
F
I
C
A
T
I
O
N
 
O
F
 
E
Q
U
I
P
M
E
N
T

T
h
e
 
t
e
a
c
h
e
r
 
i
n
t
e
r
e
s
t
e
d
 
i
n
 
u
t
i
l
i
z
i
n
g

n
u
c
l
e
a
r

e
x
p
e
r
i
m
e
n
t
s
 
i
s
 
s
e
t
 
b
a
c
k
 
a
t
 
f
i
r
s
t
 
g
l
a
n
c
e

b
y
 
t
h
e

s
e
e
m
i
n
g
l
y
 
h
i
g
h
 
c
o
s
t
 
o
f
 
t
h
e
 
e
q
u
i
p
m
e
n
t

n
e
e
d
e
d
 
f
o
r

s
u
c
h
 
w
o
r
k
.

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

a
n
 
a
n
a
l
y
t
i
c
a
l
 
b
a
l
a
n
c
e
 
c
a
n

a
f
f
o
r
d
 
a
 
G
 
-
M
 
c
o
u
n
t
i
n
g

s
y
s
t
e
m
.

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

b
a
l
a
n
c
e
 
c
a
n
 
a
f
f
o
r
d
 
t
w
o
 
o
r
 
t
h
r
e
e
 
G
-
M
 
c
o
u
n
t
i
n
g

s
y
s
t
e
m
s
.

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

a
c
c
e
s
s
o
r
i
e
s
 
a
r
e
 
c
a
p
i
t
a
l

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

l
i
f
e
.

I
D
E
A

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

o
f
 
n
u
c
l
e
a
r

s
c
i
e
n
c
e
 
e
q
u
i
p
m
e
n
t
.

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

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

c
o
n
s
t
r
u
c
t
i
n
g
 
m
a
n
y

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

s
h
o
p
s
.

L
a
r
g
e
r

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

f
a
c
i
l
i
t
i
e
s

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

r
i
v
a
l

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

a
n
d
 
e
a
s
e
 
o
f
 
u
s
a
g
e
.

A
c
c
e
s
s
o
r
y
 
i
t
e
m
s
 
e
a
s
i
l
y
 
d
u
p
l
i
c
a
t
e
d
 
m
a
y

i
n
c
l
u
d
e

t
h
e
 
f
o
l
l
o
w
i
n
g
:

1
.

E
n
d
-
w
i
n
d
o
w
 
G
-
M
 
t
u
b
e
 
s
t
a
n
d
s

2
.

S
i
d
e
-
w
i
n
d
o
w
 
G
-
M
 
t
u
b
e
 
s
t
a
n
d
s

3
.

R
e
s
o
l
v
i
n
g
 
t
i
m
e
 
s
o
u
r
c
e
s

4
.

C
a
l
i
b
r
a
t
e
d
 
a
b
s
o
r
b
e
r
 
s
e
t
s

5
.

C
a
l
i
b
r
a
t
e
d
 
e
x
p
e
r
i
m
e
n
t
 
b
o
a
r
d
s

6
.

C
o
l
l
i
m
a
t
e
d
 
s
o
u
r
c
e
s

7
.

S
t
o
r
a
g
e
 
c
a
b
i
n
e
t
s

8
.

S
a
m
p
l
e
 
t
r
a
y
s

9
.

C
a
r
d
 
m
o
u
n
t
s

1
0
.
 
B
a
c
k
s
c
a
t
t
e
r
 
k
i
t
s

1
1
.
 
E
l
e
c
t
r
o
p
h
o
r
e
s
i
s
 
a
p
p
a
r
a
t
u
s

1
2
.
 
C
h
r
o
m
a
t
o
g
r
a
p
h
y
 
a
p
p
a
r
a
t
u
s

S
h
o
p
 
t
e
a
c
h
e
r
s
 
a
n
d
 
t
a
l
e
n
t
e
d

s
t
u
d
e
n
t
s
 
c
a
n

c
o
n
s
t
r
u
c
t
 
t
h
e
s
e
 
i
t
e
m
s
 
q
u
i
t
e

e
a
s
i
l
y
 
i
f
 
t
h
e
y
 
a
r
e

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

w
o
r
k
.

L
u
c
i
t
e
 
a
n
d
 
P
l
e
x
i
g
l
a
s
s
 
p
l
a
s
t
i
c

i
n
 
3
/
4
"
,

3
/
4
"
,
 
1
/
1
6
"

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

m
a
k
e
 
t
h
e
 
i
t
e
m
s

m
e
n
t
i
o
n
e
d
 
a
b
o
v
e
.

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

b
e
 
s
e
c
u
r
e
d
 
f
r
o
m
 
t
h
e
 
R
S
S

f
i
l
m
s
t
r
i
p
,
"
S
e
c
u
r
i
n
g
 
I
n
-

e
x
p
e
n
s
i
v
e
 
N
u
c
l
e
a
r
 
A
c
c
e
s
s
o
r
i
e
s
.
"

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

e
n
o
u
g
h
 
m
o
n
e
y
 
s
a
v
e
d
 
b
y
 
h
o
m
e
-

c
o
n
s
t
r
u
c
t
i
o
n
 
o
f
 
t
h
e
 
m
o
s
t
 
e
x
p
e
n
s
i
v
e

i
t
e
m
s
,
 
s
u
c
h
 
a
s

t
u
b
e
 
s
t
a
n
d
s
 
a
n
d
 
c
a
l
i
b
r
a
t
e
d

a
b
s
o
r
b
e
r
 
s
e
t
s
,
 
m
a
y

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

p
U
r
c
h
a
s
e
 
a
n
o
t
h
e
r
 
s
c
a
l
e
r
.

I
t
e
m
s
 
l
i
k
e
 
t
i
m
e
r
s
 
m
a
y

a
c
t
u
a
l
l
y
 
b
e
 
d
e
l
e
t
e
d
 
f
r
o
m

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

w
i
t
h
 
s
w
e
e
p
-
s
e
c
o
n
d
 
h
a
n
d
s
.

A
r
o
u
n
d
 
1
9
5
8
,
 
e
v
e
r
y
 
p
u
b
l
i
c
 
s
c
h
o
o
l
 
i
n
 
t
h
e
 
c
o
u
n
t
r
y

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

i
n
s
t
r
u
m
e
n
t
s

b
y
 
t
h
e
 
O
f
f
i
c
e
 
o
f
 
C
i
v
i
l
 
D
e
f
e
n
s
e
 
M
o
b
i
l
i
z
a
t
i
o
n
,
 
i
n
c
l
u
d
i
n
g

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

m
e
t
e
r
s
.

T
h
e
 
m
o
s
t
 
u
s
e
f
u
l
 
i
t
e
m
s
 
a
r
e
 
t
h
e
 
t
w
o
 
C
D
 
V
-
7
0
0

G
e
i
g
e
r
 
c
o
u
n
t
e
r
s
.

I
n
 
m
o
s
t
 
s
c
h
o
o
l
s
 
i
n
 
t
h
e
 
U
.
S
.

t
h
e
s
e

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

m
a
n
y
 
c
a
s
e
s
 
t
h
e
i
r
 
p
r
e
s
e
n
c
e
 
u
n
k
n
o
w
n
 
t
o
 
i
n
s
t
r
u
c
t
o
r
s

w
h
o

h
a
v
e
 
e
n
t
e
r
e
d
 
s
c
i
e
n
c
e
 
t
e
a
c
h
i
n
g
 
a
f
t
e
r
 
1
9
5
8
.

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

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

G
e
i
g
e
r
 
T
u
b
e
s
,
 
i
t
 
w
i
l
l
 
e
f
f
e
c
t
i
v
e
l
y
 
c
o
n
v
e
r
t
 
t
h
t
,
C
D
 
V
-
7
0
0

G
4
1
 
c
o
u
n
t
e
r
 
i
n
t
o
 
a
n
 
i
n
s
t
r
u
m
e
n
t
 
c
a
p
a
b
l
e
 
o
f
 
m
a
n
y
 
e
x
c
i
t
i
n
g

e
x
p
e
r
i
m
e
n
t
s
.

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

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

a
s
:

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

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

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

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

t
u
b
e
s
 
m
a
d
e
 
f
r
o
m

1
/
4
"
 
p
l
a
s
t
i
c
 
a
n
d
 
b
r
o
o
m
 
c
l
a
m
p
s
.

9
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A
u
t
o
r
a
d
i
o
g
r
a
p
h
y
,
 
p
r
o
b
a
b
l
y
 
t
h
e
 
m
o
s
t
 
u
s
e
f
u
l

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

m
a
y
 
b
e
 
p
e
r
f
o
r
m
e
d
 
w
i
t
h

o
p
t
i
c
a
l
 
s
h
e
e
t
 
f
i
l
m
s

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

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

o
r
d
i
n
a
r
y
 
c
h
e
m
 
l
a
b
.

O
n
e
 
c
o
m
p
a
n
y
 
(
A
t
o
m
i
c
 
C
o
r
p
-

o
r
a
t
i
o
n
 
o
f
 
A
m
e
r
i
c
a
)
 
h
a
s
 
d
e
v
e
l
o
p
e
d
 
a
n
 
i
n
e
x
p
e
n
-

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

n
e
e
d
s
 
n
o
 
d
a
r
k

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

f
i
l
m
s
.

T
h
i
s
 
p
r
o
c
e
s
s

i
s
 
a
l
s
o
 
t
r
e
a
t
e
d
 
i
n
 
a
n
 
R
S
S
 
f
i
l
m
s
t
r
i
p
,

"
A
u
t
o
r
a
d
i
o
g
r
a
p
h
y
.
"

1
0

S
h
o
w
n
 
a
b
o
v
e

.1
11

A A

m
os

al
ai

s
IM

O
N

.1
1.

11
.

a
r
t
e
m
a
d
t
 
a
s
s
 
O
r

i
s
 
t
h
e
 
i
n
e
x
p
e
n
s
i
v
e
 
a
u
t
o
r
a
d
i
o
g
r
a
p
h
y

k
i
t

m
a
r
k
e
t
e
d
 
b
y
 
A
t
o
m
i
c
 
C
o
r
p
o
r
a
t
i
o
n
 
o
f
 
A
m
e
r
i
c
a
.

W
i
t
h

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

a
u
t
o
r
a
d
i
o
g
r
a
p
h
y

e
x
p
e
r
i
m
e
n
t
s
.

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

o
f
 
P
-
3
2
.
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L
I
C
E
N
S
I
N
G
 
A
N
D
 
L
E
G
A
L
 
R
E
Q
U
I
R
E
M
E
N
T
S

C
o
n
t
r
a
r
y
 
t
o
 
m
u
c
h
 
p
o
p
u
l
a
r

b
e
l
i
e
f
 
a
m
o
n
g
 
l
a
y

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

i
t
 
i
s
 
n
o
t
 
n
e
c
e
s
s
a
r
y
 
t
o
 
p
o
s
s
e
s
s

a
n
y
 
s
p
e
c
i
a
l

l
i
c
e
n
s
e
 
o
r
 
t
o
 
t
a
k
e
 
a
n
y
 
q
u
a
l
i
f
y
i
n
g

t
e
a
t
 
i
n
 
o
r
d
e
r
 
t
o
 
h
a
n
d
l
e

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

a
c
t
i
v
e
 
m
a
t
e
r
i
a
l
s
.

R
a
d
i
o
a
c
t
i
v
e
 
b
y
p
r
o
d
u
c
t
 
m
a
t
e
r
i
a
l
s

f
a
l
l
 
i
n
t
o
 
t
w
o
 
b
r
o
a
d
 
l
i
c
e
n
s
i
n
g
 
c
a
t
e
g
o
r
i
e
s
:

s
p
e
c
i
f
i
c

l
i
c
e
n
s
e
 
m
a
t
e
r
i
a
l
s
 
a
n
d
 
g
e
n
e
r
a
l

l
i
c
e
n
s
e
 
m
a
t
e
r
i
a
l
s
.

R
a
d
i
o
a
c
t
i
v
e
 
m
a
t
e
r
i
a
l
s
 
i
n
 
q
u
a
n
t
i
t
i
e
s
 
g
r
e
a
t
e
r

t
h
a
n
 
t
h
o
s
e
 
l
i
s
t
e
d
 
c
a
n
n
o
t

b
e
 
h
a
n
d
l
e
d
 
u
n
l
e
s
s
 
t
h
e

p
e
r
s
o
n
 
o
r
o
r
g
a
n
i
z
a
t
i
o
n
 
p
o
s
s
e
s
s
e
s
 
a
 
s
p
e
c
i
f
i
c

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

F
o
r
 
e
x
a
m
p
l
e
,
 
i
f

a
 
s
c
h
o
o
l
w
i
s
h
e
s
 
t
o
 
p
o
s
s
e
s
s
 
5
 
m
i
l
l
i
c
u
r
i
e
s

(
5
m
c
)

o
f
 
P
-
3
2
 
i
t
 
w
i
l
l
 
n
e
e
d
 
a
 
s
p
e
c
i
f
i
c

l
i
c
e
n
s
e
 
t
o
 
d
o
 
s
o
.

A
p
p
l
i
c
a
t
i
o
n
s
 
t
o

t
h
e
 
A
E
C
 
(
o
r
 
t
o
 
t
h
e
 
h
a
l
f
-
d
o
z
e
n
 
o
r

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

m
e
n
t
 
w
i
t
h

t
h
e
 
A
E
C
)
 
f
o
r
 
a
 
s
p
e
c
i
f
i
c

l
i
c
e
n
s
e
 
w
i
l
l

b
e
 
b
a
s
e
d
 
u
p
o
n
 
m
a
n
y

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

i
n
g
 
o
f
 
t
h
e
 
a
p
p
l
i
c
a
n
t
.

H
o
w
e
v
e
r
,
 
9
9
%
 
o
f

a
l
l
 
e
d
u
c
a
t
i
o
n
a
l
 
n
u
c
l
e
a
r

s
c
i
e
n
c
e
 
e
x
p
e
r
i
m
e
n
t
s
 
m
a
y

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

w
i
t
h
 
g
e
n
e
r
a
l
l
y
-
l
i
c
e
n
s
e
d
 
q
u
a
n
t
i
t
i
e
s

o
f
 
r
a
d
i
o
a
c
t
i
v
e

m
a
t
e
r
i
a
l
s
 
(
c
o
m
m
o
n
l
y

c
a
l
l
e
d
 
l
i
c
e
n
s
e
-
f
r
e
e
 
o
r

l
i
c
e
n
s
e
-
e
x
e
m
p
t
 
i
n

t
h
e
 
t
r
a
d
e
)
.

E
v
e
r
y
 
p
e
r
s
o
n
 
i
n

t
h
e
 
U
.
S
.
 
i
s
 
g
e
n
e
r
a
l
l
y
-
l
i
c
e
n
s
e
d
,

a
n
d
 
m
a
y
 
p
o
s
s
e
s
s

u
p
 
t
o

1
0
 
o
f
 
t
h
e
 
s
c
h
e
d
u
l
e
d
 
q
u
a
n
t
i
t
i
e
s
 
a
s

s
h
o
w
n

i
n
 
t
h
e
 
t
a
b
l
e
.

F
o
r
 
e
x
a
m
p
l
e
,
 
a
 
s
c
h
o
o
l
 
m
a
y

h
a
v
e

i
n
 
i
t
s
 
p
o
s
s
e
s
s
i
o
n
 
a
t
 
o
n
e

t
i
m
e
 
1
0
 
b
o
t
t
l
e
s
 
o
f
 
1
0
 
u
c

P
.
A
3
2
,
 
o
r
 
5
b
o
t
t
l
e
s
 
o
f
 
1
0
 
u
c
 
P
-
3
2
 
a
n
d
 
5

b
o
t
t
l
e
s

o
f
 
1
0
 
u
c
 
1
-
1
3
1
,
 
o
r
 
1

b
o
t
t
l
e
 
o
f
 
5
0
 
u
c
 
C
-
1
4
,

1
 
b
o
t
t
l
e
 
o
f
 
5
0
 
u
c
 
T
1
-
2
0
4
,

2
 
b
o
t
t
l
e
s
 
o
f
 
5
0
 
u
c

C
r
-
5
1
,
 
a
n
d
 
6

b
o
t
t
l
e
s
 
o
f
 
1
0
 
u
c
 
P
-
3
2
,
 
a
s
 
e
a
c
h

o
f

t
h
e
 
c
o
m
b
i
n
a
t
i
o
n
s
 
e
q
u
a
l
s

t
h
e
 
1
0
 
s
c
h
e
d
u
l
e
d
 
q
u
a
n
t
i
-

t
i
e
s
 
f
o
r
 
l
i
q
u
i
d
 
r
a
d
i
o
i
s
o
t
o
p
e
s
.

(
T
h
e
y
 
m
a
y
 
n
o
t
 
b
e

m
i
x
e
d
 
t
o
g
e
t
h
e
r
 
t
o
 
a
c
h
i
e
v
e
 
a
 
g
r
e
a
t

a
c
t
i
v
i
t
y
.
)

N
o
t
e

t
h
a
t
 
t
h
i
s
 
i
s
 
a
 
p
o
s
s
e
s
s
i
o
n

l
i
m
i
t
.

T
h
e
 
A
E
C
 
r
e
c
o
m
m
e
n
d
s

s
u
p
e
r
v
i
s
i
o
n
 
o
f

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

p
e
r
s
o
n
n
e
l
.

A
 
y
e
a
r
'
s
 
w
o
r
k
 
w
i
t
h
 
P
-
3
2
 
o
r
 
1
-
1
3
1
,

u
s
i
n
g
 
t
e
c
h
n
i
q
u
e
s

o
u
t
l
i
n
e
d
 
i
n
 
t
h
e
 
R
S
S
 
f
i
l
m
s
t
r
i
p
s
,

s
h
o
u
l
d
 
e
n
a
b
l
e
 
m
o
s
t

t
e
a
c
h
e
r
s
 
t
o
 
g
a
i
n
 
t
h
e
 
n
e
c
e
s
s
-

a
r
y
 
e
x
p
e
r
i
e
n
c
e

f
o
r
 
s
a
f
e
 
h
a
n
d
l
i
n
g
 
o
f

t
h
e
s
e
 
m
a
t
e
r
-

i
a
l
s
.

M
a
n
y
 
i
n
d
i
v
i
d
u
a
l
s

a
l
s
o
 
h
a
v
e
 
t
h
e
 
m
i
s
t
a
k
e
n

n
o
t
i
o
n

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

r
a
d
i
o
a
c
t
i
v
e
 
m
a
t
e
r
i
a
l

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

r
a
d
i
a
t
i
o
n
 
h
a
z
a
r
d
,
 
o
r

t
h
a
t
 
m
i
n
o
r
s
 
m
u
s
t
 
f
o
l
l
o
w
t
h
e
 
5
 
(
N
-
1
8
)
 
a
g
e
 
r
u
l
e
 
s
e
t

f
o
r
 
o
c
c
u
p
a
t
i
o
n
a
l
 
w
o
r
k
e
r
s
.

A
c
t
u
a
l
l
y
,
 
a
c
c
o
r
d
i
n
g
 
t
o

2
5
 
F
R
 
1
0
9
1
4
,
 
S
e
c
.
 
2
0
.
1
0
1

o
f
 
A
E
C
 
R
u
l
e
s
,
 
m
i
n
o
r
s

m
a
y
 
n
o
t

r
e
c
e
i
v
e
 
m
o
r
e
 
t
h
a
n
 
1
0
%

o
f
 
t
h
e
 
a
d
u
l
t
 
d
o
s
e

o
f
 
1
.
2
5
 
r
e
m
 
o
r
 
1
2
5
0
 
m
r
e
m
,
w
h
i
c
h
 
i
s
 
1
2
5
 
m
r
e
m
 
p
e
r

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

T
h
e
 
s
t
a
f
f
 
m
e
m
b
e
r
s

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

i
n
 
a
l
l
 
t
h
e

y
e
a
r
s
'
 
e
x
p
e
r
i
m
e
n
t
a
t
i
o
n
w
i
t
h
 
l
i
c
e
n
s
e
-
e
x
e
m
p
t
 
(
g
e
n
-

e
r
a
l
 
l
i
c
e
n
s
e
)
 
q
u
a
n
t
i
t
i
e
s
,

h
a
v
e
 
n
e
v
e
r
 
r
e
c
e
i
v
e
d

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

f
i
l
m
 
b
a
d
g
e

o
r
 
d
o
s
i
m
e
t
e
r
.

T
h
u
s
 
n
o
 
s
i
g
n
i
f
i
c
a
n
t

r
a
d
i
a
t
i
o
n

h
a
z
a
r
d
 
e
x
i
s
t
s
 
w
i
t
h
 
l
i
c
e
n
s
e
-
e
x
e
m
p
t

r
a
d
i
o
i
s
o
t
o
p
e
s
.

I
f
 
r
a
d
i
o
i
s
o
t
o
p
e
s
 
a
r
e

t
r
e
a
t
e
d
 
w
i
t
h
 
t
h
e
 
c
a
r
e

a
n
d

r
e
s
p
e
c
t

a
c
c
o
r
d
e
d
 
t
o
 
c
h
e
m
i
c
a
l
s
 
s
u
c
h
 
a
s
 
H
2
S
O
4

a
n
d
 
K
C
L
3
,
 
a
n
y
 
r
a
d
i
a
t
i
o
n
h
a
z
a
r
d
 
w
i
l
l
 
b
e
 
m
i
n
i
m
a
l
.

C
e
r
t
a
i
n
 
p
e
r
t
i
n
e
n
t
 
p
a
r
t
s

o
f
 
t
h
e
 
A
E
C
 
R
u
l
e
s
 
h
a
v
e

b
e
e
n
 
r
e
p
r
o
d
u
c
e
d
 
h
e
r
e
 
f
o
r

t
h
o
s
e
 
d
e
s
i
r
i
n
g
 
t
h
e
 
e
x
a
c
t

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

3
b
.

3
.

S
h
o
w
 
A
u
f
b
a
u
 
p
r
i
n
c
i
p
l
e
w
i
t
h
 
o
v
e
r
h
e
a
d
 
p
r
o
j
e
c
t
o
r

a
n
d
 
t
r
a
n
s
p
a
r
e
n
c
i
e
s
.

4
.

H
a
v
e
 
s
t
u
d
e
n
t
s
 
p
r
a
c
t
i
c
e

e
l
e
c
t
r
o
n
 
c
o
n
f
i
g
u
r
a
t
i
o
n

u
s
i
n
g
 
F
i
s
h
e
r
-
C
o
o
k
A
t
o
m
i
c
 
O
r
b
i
t
a
l
 
B
o
a
r
d
.

5
.

L
A
B
O
R
A
T
O
R
Y
 
E
X
P
E
R
I
M
E
N
T
S

S
a
m
p
l
e
 
P
r
e
p
a
r
a
t
i
o
n

(
u
s
i
n
g
 
m
i
c
r
o
 
a
n
d
 
m
a
c
r
o

p
i
p
e
t
t
e
 
c
o
n
t
r
o
l
s
,

l
i
q
u
i
d
s
 
a
n
d
 
s
o
l
i
d
s
)

C
h
a
s
e
 
e
t
 
a
l

p
p
.
 
6
-
8

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.
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T
E
X
T
 
R
E
F
E
R
E
N
C
E
S

A
U
D
I
O
-
V
I
S
U
A
L
 
A
I
D
S

O
v
e
r
m
a
n

p
p
.
 
1
-
8

H
a
r
v
e
y

p
p
.
 
4
-
6

C
h
o
p
p
i
n
 
p
p
.

D
a
n
c
e

p
p
.

A
 
-
 
A
T
O
M
I
C
 
P
H
Y
S
I
C
S

(
1
9
4
8
)

9
0
 
m
i
n
u
t
e
s
,
 
b
l
a
c
k
 
a
n
d
 
w
h
i
t
e

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

a
n
d
 
d
e
v
e
l
o
p
m
e
n
t

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

D
a
l
t
o
n
'
s
 
b
a
s
i
c
 
a
t
o
m
i
c
 
t
h
e
o
r
y
,
 
F
a
r
a
d
a
y

e
a
r
l
y
 
e
x
-

p
e
r
i
m
e
n
t
s
 
i
n
 
e
l
e
c
t
r
o
l
y
s
i
s
,

M
e
n
d
e
l
e
e
v
'
s
 
p
e
r
i
o
d
i
c

t
a
b
l
e
,
 
a
n
d
 
e
a
r
l
y
 
c
o
n
c
e
p
t
s
 
a
n
d

s
i
z
e
 
o
f
 
a
t
o
m
s
 
a
n
d

m
o
l
e
c
u
l
e
s
 
a
r
e
 
d
i
s
c
u
s
s
e
d
 
a
l
s
o
.

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

h
o
w
 
c
a
t
h
o
d
e
 
r
a
y
s
 
w
e
r
e

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

e
l
e
c
t
r
o
n
 
w
a
s
 
d
i
s
c
o
v
e
r
e
d
;
 
h
o
w
 
t
h
e
 
n
a
t
u
r
e

o
f
 
p
o
s
i
t
i
v
e

r
a
y
s
 
w
a
s
 
e
s
t
a
b
l
i
s
h
e
d
;

a
n
d
 
h
o
w
 
X
-
r
a
y
s
 
w
e
r
e
 
f
o
u
n
d

a
n
d

p
u
t
 
t
o
 
u
s
e
.

T
h
e
 
f
i
l
m
 
a
l
s
o
 
p
r
e
s
e
n
t
s

r
e
s
e
a
r
c
h
 
t
o
o
l
s

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

w
o
r
k
 
o
f
 
J
o
l
i
o
t
-
C
u
r
i
e

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

o
f
 
l
i
t
h
i
u
m
 
a
t
o
m
 
b
y
 
C
o
c
k
c
r
o
f
t

a
n
d
 
W
a
l
t
o
n
.

E
i
n
s
t
e
i
n

t
e
l
l
s
 
h
o
w
 
t
h
e
i
r
 
w
o
r
k

i
l
l
u
s
t
r
a
t
e
s
 
h
i
s
 
t
h
e
o
r
y
 
o
f

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

U
r
a
n
i
u
m
 
f
i
s
s
i
o
n

i
s
 
e
x
p
l
a
i
n
e
d
,
 
a
s
 
w
e
l
l
 
a
s

w
h
y
 
i
t
 
i
s
 
p
o
s
s
i
b
l
e
 
t
o
m
a
k
e

a
n
 
a
t
o
m
i
c
 
b
o
m
b
.

F
O
M
 
-
 
6
1
6

F
i
l
m
s
t
r
i
p

A
t
o
m
i
c
 
S
t
r
u
c
t
u
r
e
 
a
n
d

C
h
e
m
i
s
t
r
y

A
A
 
I
S
 
F
O
R
 
T
H
E
 
A
T
O
M
 
(
1
9
6
4
)

1
4
 
m
i
n
u
t
e
s
,
 
c
o
l
o
r

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

t
h
r
o
u
g
h
 
h
i
g
h
 
s
c
h
o
o
l
 
l
e
v
e
l

a
u
d
i
e
n
c
e
s
,
 
e
x
p
l
a
i
n
s
 
t
h
e

s
t
r
u
c
t
u
r
e
 
o
f
 
t
h
e
 
a
t
o
m

u
s
i
n
g
 
a
n
 
a
n
a
l
o
g
y
 
t
o
 
t
h
e
s
o
l
a
r

s
y
s
t
e
m
,
 
d
i
s
c
u
s
s
e
s

n
a
t
u
r
a
l
 
e
l
e
m
e
n
t
s
 
a
n
d

a
r
t
i
f
i
c
a
l
l
y

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

b
y
 
n
u
m
b
e
r
,
 
d
e
s
c
r
i
b
e
s

s
t
a
b
l
e
 
a
n
d
 
u
n
s
t
a
b
l
e
 
a
t
o
m
s
,

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

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

W
e
l
l

d
o
n
e
.

R
S
S
 
#
1

F
i
l
m
s
t
r
i
p

"
S
a
m
p
l
e
 
P
r
e
p
a
r
a
t
i
o
n
"

2
5
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C
O
N
T
E
N
T

L
E
A
R
N
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S

2
.

N
A
T
U
R
E
 
O
F
 
T
H
E
 
A
T
O
M
I
C

N
U
C
L
E
U
S

A
.

N
U
C
L
E
A
R
 
S
T
R
U
C
T
U
R
E

1
.

E
a
r
l
y
 
T
h
e
o
r
i
e
s

2
.

N
u
c
l
e
a
r
 
F
o
r
c
e
s

3
.

L
i
q
u
i
d
 
D
r
o
p
 
M
o
d
e
l

4
.

S
h
e
l
l
 
M
o
d
e
l

a
.

n
-
p

r
a
t
i
o
s

b
.

M
a
g
i
c
 
n
u
m
b
e
r

r
u
l
e
s

c
.

N
u
c
l
e
o
n
 
p
a
i
r
i
n
g

5
.

C
o
m
p
a
r
i
s
o
n
 
o
f
B
o
t
h
 
M
o
d
e
l
s
 
-

C
o
l
l
e
c
t
i
v
e
 
M
o
d
e
l

2
6

1
.
 
L
A
B
O
R
A
T
O
R
Y
 
E
X
P
E
R
I
M
E
N
T

a
.

P
l
o
t
t
i
n
g
 
a
 
G
e
i
g
e
r
P
l
a
t
e
a
u

C
h
a
s
e
 
e
t
 
a
l

p
p
.

9

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.

4
7

b
.

B
a
c
k
g
r
o
u
n
d

C
h
a
s
e
 
e
t
 
a
l

p
p
.

1
3

H
e
r
n
i
a
s
 
&
 
J
o
e
c
i
l
e
 
p
p
.

J
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T
E
X
T
 
R
E
F
E
R
E
N
C
E
S

A
U
D
I
O
-
V
I
S
U
A
L
 
A
I
D
S

O
v
e
r
m
a
n

p
p
.
 
8
-
1
8

H
a
r
v
e
y

p
p
.
 
3
3
-
4
2
;

1
9
-
3
2

C
h
o
p
p
i
n

p
p
.
 
4
-
1
6
;

9
5
-
9
6
;
 
6
2
-
8
9

D
a
n
c
e

p
p
.

P
R
I
N
C
I
P
L
E
S
 
O
F
 
N
U
C
L
E
A
R
 
F
I
S
S
I
O
N

1
0
 
m
i
n
.

C
o
l
o
r
,
 
M
c
G
r
a
w
-
H
i
l
l

6
0
3
5
1
1

A
f
t
e
r
 
c
o
n
s
i
d
e
r
i
n
g
 
t
h
e
 
h
i
s
t
o
r
i
c

a
n
d
 
t
h
e
 
m
o
d
e
r
n

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

t
h
e

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

r
e
l
a
t
i
o
n
 
o
f
 
i
t
s

b
a
s
i
c
 
p
a
r
t
i
c
l
e
s
,
 
e
l
e
c
t
r
o
n
s
,
 
p
r
o
t
o
n
s
,

a
n
d
 
n
e
u
t
r
o
n
s
.

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

c
a
u
s
e
 
f
i
s
s
i
o
n
 
i
n
U
r
a
n
i
u
m
-
2
3
5
 
a
t
o
m
s
 
a
n
d
 
t
h
e

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

T
h
e
 
f
i
l
m
 
t
h
e
n

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

s
h
o
w
i
n
g

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

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

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

e
l
e
c
t
r
i
c
i
t
y
.

I
S
O
T
O
P
E
S

1
5
 
m
i
n
.

C
o
l
o
r
,
 
M
c
G
r
a
w
-
H
i
l
l

6
0
3
5
1
7

T
h
e
 
f
i
l
m
 
s
h
o
w
s
 
u
r
a
n
i
u
m
 
b
e
i
n
g

s
e
p
a
r
a
t
e
d
 
i
n
t
o
 
t
w
o

i
s
o
t
o
p
e
s
 
-
-
 
U
-
2
3
8
 
a
n
d
 
U
-
2
3
5
.

I
t
 
e
x
p
l
a
i
n
s
 
h
o
w

J
.
 
J
.
 
T
h
o
m
p
s
o
n
 
f
i
r
s
t

d
e
m
o
n
s
t
r
a
t
e
d
 
t
h
e
 
e
x
i
s
t
e
n
c
e

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

m
a
s
s
 
s
p
e
c
t
r
o
m
e
t
e
r
.

I
t
 
t
h
e
n
 
s
h
o
w
s
 
t
w
o
 
m
e
t
h
o
d
s

o
f

s
e
p
a
r
a
t
i
n
g
 
i
s
o
t
o
p
e
s
 
a
n
d

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

t
h
e
 
u
s
e
s
 
o
f
 
r
a
d
i
o
i
s
o
t
o
p
e
s
.

2
7
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C
O
N
T
E
N
T

L
E
A
R
N
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S

B
.

N
U
C
L
E
A
R
 
S
T
A
B
I
L
I
T
Y

1
.

S
t
a
b
i
l
i
t
y
 
D
i
a
g
o
n
a
l

2
.

N
e
u
t
r
o
n
/
P
r
o
t
o
n
 
R
a
t
i
o
s

a
.

L
o
w

b
.

H
i
g
h

3
.

M
a
g
i
c
 
N
u
m
b
e
r

R
u
l
e
s

a
.

E
v
e
n
 
Z
,
 
m
o
r
e
 
s
t
a
b
l
e

b
.

E
v
e
n
 
N
,
 
m
o
r
e
 
s
t
a
b
l
e

c
.

E
v
e
n
 
A
,
 
m
o
r
e
 
s
t
a
b
l
e

d
.

E
v
e
n
 
A
 
a
n
d
 
e
v
e
n
 
Z
,
 
m
o
r
e

s
t
a
b
l
e

4
.

B
i
n
d
i
n
g
 
E
n
e
r
g
y

2
8

1
.

H
a
v
e
 
s
t
u
d
e
n
t
s
 
p
r
e
d
i
c
t

s
t
a
b
i
l
i
t
y
 
o
f
n
u
c
l
i
d
e
s

u
s
i
n
g
 
c
r
i
t
e
r
i
a
 
a
t

l
e
f
t
.

2
.

L
A
B
O
R
A
T
O
R
Y
 
E
X
P
E
R
I
M
E
N
T
:

R
e
s
o
l
v
i
n
g
 
T
i
m
e

C
h
a
s
e
 
e
t
 
a
l

p
p
.

1
5

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e
 
p
p
.

C
h
a
n
g
e
s
 
i
n

I
n
s
t
r
u
m
e
n
t
 
E
f
f
i
c
i
e
n
c
y

C
h
a
s
e
 
e
t
 
a
l

p
p
.

1
9

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.

5
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N
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A
U
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-
V
I
S
U
A
L
 
A
I
D
S

O
v
e
r
m
a
n

p
p
.

H
a
r
v
e
y

p
p
.
 
6
2
;

3
0
;
 
3
1
-
1
6

C
h
o
p
p
i
n

p
p
.
 
9
5
;

8
-
1
0
;
 
9
3
;
 
1
4
4
;

1
7
-
2
0

D
a
n
c
e

p
p
.
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C
O
N
T
E
N
T

L
E
A
R
N
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S

C
.

N
U
C
L
E
A
R
 
E
Q
U
A
T
I
O
N
S

1
.

H
a
v
e
 
s
t
u
d
e
n
t
s
 
b
a
l
a
n
c
e
 
n
u
c
l
e
a
r
 
e
q
u
a
t
i
o
n
s
.

1
.

C
o
n
s
e
r
v
a
t
i
o
n
 
o
f
 
m
a
s
s
 
p
r
i
n
c
i
p
l
e

2
.

B
a
l
a
n
c
i
n
g
 
N
u
c
l
e
a
r
 
E
q
u
a
t
i
o
n
s

a
.

R
e
v
i
e
w
 
o
f
 
p
a
r
t
i
c
l
e
 
s
y
m
b
o
l
s

b
.

B
a
l
a
n
c
i
n
g
 
t
e
c
h
n
i
q
u
e

"
D
i
c
t
i
o
n
a
r
y
 
o
f
 
C
h
e
m
i
c
a
l
 
E
q
u
a
t
i
o
n
s
"
,

(
E
c
l
e
c
t
i
c
 
P
u
b
l
.
 
C
o
.
)
 
h
a
s
 
m
a
n
y
 
e
x
a
m
p
l
e
s
 
f
r
o
m

w
h
i
c
h
 
t
o
 
c
h
o
o
s
e
.

2
.

L
A
B
O
R
A
T
O
R
Y
 
E
X
P
E
R
I
M
E
N
T
S
:

3
.

S
h
o
r
t
h
a
n
d
 
n
o
t
a
t
i
o
n

a
.

D
i
f
f
e
r
e
n
c
e
s
 
i
n
 
s
y
m
b
o
l
s

b
.

T
e
c
h
n
i
q
u
e

S
h
e
l
f
 
R
a
t
i
o
s

C
h
a
s
e
 
e
t
 
a
l

p
p
.
 
2
1

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.
 
7
0

A
b
s
o
r
p
t
i
o
n
 
o
f
 
R
a
d
i
a
t
i
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b
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m
p
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e
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h
a
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e
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.
 
3
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4
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e
r
m
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&
 
J
o
e
c
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l
e
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.
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O
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U
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D
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O
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.
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r
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C
h
o
p
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i
n
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p
.
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1
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D
a
n
c
e

p
p
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F
U
N
D
A
M
E
N
T
A
L
S
 
O
F
 
R
A
D
I
O
A
C
T
I
V
I
T
Y

(
P
M
F
-
5
1
4
5
 
-
A
)
.
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m
i
n
u
t
e
s

T
h
i
s
 
f
i
l
m
 
t
r
a
c
e
s
 
u
r
a
n
i
u
m

f
r
o
m
 
p
r
o
s
p
e
c
t
o
r
 
t
o

t
h
e
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S
A
E
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.
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t
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o
w
s
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w
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a
n
i
u
m
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n
g
e
s
 
i
n
t
o
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t
h
e
r

e
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e
m
e
n
t
s

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

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

i
l
l
u
s
t
r
a
t
e
 
d
e
c
a
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.

V
a
r
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o
u
s
 
r
a
d
i
a
t
i
o
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s
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e
s
u
l
t
i
n
g
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r
o
m

n
u
c
l
e
a
r
 
c
h
a
n
g
e
s
 
a
r
e

d
e
s
c
r
i
b
e
d
 
i
n
 
d
e
t
a
i
l
.

T
h
e
 
n
u
c
l
e
a
r

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

i
n
 
t
e
r
m
s
 
o
f
 
f
i
s
s
i
o
n

a
n
d
 
m
o
d
e
r
a
-

t
i
o
n
.

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

i
n
t
o
 
a
 
t
y
p
i
c
a
l

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

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

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

d
e
f
i
n
e
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a
n
d
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x
p
l
a
i
n
e
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H
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F
I
E
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I
V
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m
i
n
u
t
e
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C
o
l
o
r

T
h
i
s
 
n
o
n
t
e
c
h
n
i
c
a
l
 
f
i
l
m

f
o
r
 
a
l
l
 
a
u
d
i
e
n
c
e

l
e
v
e
l
s

d
e
s
c
r
i
b
e
s
 
h
o
w
 
u
r
a
n
i
u
m
 
w
a
s

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

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

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

r
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c
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b
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p
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c
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c
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i
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i
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r
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n
u
c
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e
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r
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e
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t
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i
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n
e
r
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R
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I
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N
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E
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4
 
m
i
n
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C
o
l
o
r

T
h
e
 
1
9
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5
 
N
e
v
a
d
a

A
t
o
m
i
c
 
T
e
s
t
 
i
s
 
t
o
l
d
b
y
 
a
 
n
e
w
s
p
a
p
e
r
-

w
o
m
a
n
 
i
n
v
i
t
e
d

t
o
 
o
b
s
e
r
v
e
 
t
h
e

t
e
s
t
,
 
t
h
i
s
 
s
t
o
r
y

f
o
l
l
o
w
s
 
f
r
o
m
 
p
r
e
p
a
r
a
t
o
r
y

s
t
a
g
e
s
 
t
h
r
o
u
g
h

t
h
e
 
d
a
y

f
o
l
l
o
w
i
n
g
 
t
h
e
 
s
h
o
t
.

T
h
i
s
 
f
i
l
m
 
u
n
d
e
r
s
c
o
r
e
s

t
h
e
 
f
a
c
t

t
h
a
t
 
s
u
c
h
 
n
u
c
l
e
a
r

t
e
s
t
s
,
 
a
r
r
a
n
g
e
d

b
y
 
t
h
e
 
A
t
o
m
i
c

E
n
e
r
g
y
 
C
o
m
m
i
s
s
i
o
n

i
n
 
c
o
o
p
e
r
a
t
i
o
n
w
i
t
h
 
t
h
e
 
F
C
D
A
.

a
r
e
 
e
s
s
e
n
t
i
a
l

i
n
 
p
r
o
v
i
d
i
n
g

i
n
f
o
r
m
a
t
i
o
n
 
a
s
 
t
o
 
w
e
a
p
o
n
s

e
f
f
e
c
t
s
,
 
t
h
u
s

c
o
n
t
r
i
b
u
t
i
n
g
 
t
o
 
n
a
t
i
o
n
a
l

s
u
r
v
i
v
a
l
 
u
n
d
e
r

n
u
c
l
e
a
r
 
a
t
t
a
c
k
.

I
t
 
a
l
s
o
 
s
h
o
w
s

t
h
e
 
h
u
g
e
 
e
n
e
r
g
y
 
r
e
-

l
e
a
s
e
 
o
f
 
a
t
o
m
i
c
 
w
e
a
p
o
n
s
.

N
U
C
L
E
A
R
 
R
E
A
C
T
O
R

9
 
m
i
n
.
 
B
 
&
 
W
,

M
c
G
r
a
w
-
H
i
l
l

6
3
8
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0
2

S
t
a
r
t
i
n
g
 
w
i
t
h
 
a

d
i
s
c
u
s
s
i
o
n
 
o
f
 
n
u
c
l
e
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r

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

f
i
s
s
i
o
n
,
 
t
h
e
 
f
i
l
m
d
e
v
e
l
o
p
s

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

e
m
i
s
s
i
o
n
,
 
t
h
e

s
e
l
f
-
s
u
s
t
a
i
n
i
n
g

c
h
a
i
n
 
r
e
a
c
t
i
o
n
,

a
n
d
 
t
h
e
 
r
o
l
e
 
o
f

t
h
e
 
m
o
d
e
r
a
t
o
r
.

I
t
 
t
h
e
n
 
i
l
l
u
s
t
r
a
t
e
s

t
h
e
 
a
p
p
l
i
c
a
t
i
o
n

o
f
 
t
h
e
s
e

i
d
e
a
s
 
t
o
 
t
h
e
 
p
i
l
e
.

T
h
e
 
p
r
o
d
u
c
t
i
o
n

o
f
 
p
l
u
t
o
n
i
u
m

a
n
d
 
o
f
 
t
r
a
c
e
r

e
l
e
m
e
n
t
s
 
i
s
 
d
i
s
c
u
s
s
e
d
.
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U
C
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E
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R
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T
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O
N
S
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e
n
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r
a
l
 
C
l
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s
s
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c
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n
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N
a
t
u
r
a
l
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e
a
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s
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I
n
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c
e
d
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c
t
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s
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F
i
s
s
i
o
n

3
.

F
u
s
i
o
n

4
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R
a
d
i
o
a
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t
i
v
e
 
D
e
c
a
y

5
.

T
r
a
n
s
m
u
t
a
t
i
o
n

6
.

A
c
t
i
v
a
t
i
o
n

3
4

L
A
B
O
R
A
T
O
R
Y
 
E
X
P
E
R
I
M
E
N
T
 
O
R
 
D
E
M
O
N
S
T
R
A
T
I
O
N
:

1
.
 
R
a
n
d
o
m
n
e
s
s
 
o
f
 
D
i
s
i
n
t
e
g
r
a
t
i
o
n
:

C
h
a
s
e
 
e
t
 
a
l

p
p
.
 
4
3

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.

2
.
 
C
l
o
u
d
 
C
h
a
m
b
e
r
s

C
h
a
s
e
 
e
t
 
a
l

p
p
.

6
4

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.

3
5

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

f
r
o
m

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

s
h
o
w
 
h
o
w

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

A
t

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

m
a
y
 
b
e
 
s
e
e
n
,
 
w
i
t
h

d
i
f
f
e
r
e
n
t
 
i
m
p
i
n
g
i
n
g
 
a
n
d

r
e
s
u
l
t
a
n
t
 
r
a
y
s
.
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.
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R
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V
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 d
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ra
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f
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el
er

at
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te
ns

e,
 s

ta
bl
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ro

lle
d 

be
am

s 
of

al
l b

as
ic

 r
ad

ia
tio

n 
fo

r 
ba

si
c

an
d 

ap
pl

ie
d 

re
se

ar
ch

,
in
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st

ri
al

 p
ro

ce
ss

-
in

g,
 c

he
m

is
tr

y,
 m

et
al

lu
rg

y,
an

d 
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ol
og

y 
an

d 
m

ed
ic

in
e.
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t

sh
ow

s 
st

ag
es

of
 a

ss
em

bl
y,

 te
st

in
g 

an
d 

us
e

of
 v

er
tic

al
 a

nd
 h

or
iz

on
ta

l
m

ac
hi

ne
s 

ra
ng

-

in
g 

fr
om

 1
 to
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 m

ill
io

n
el

ec
tr

on
 v

ol
ts

; t
he

 M
ic

ro
w

av
e

L
in

ea
r 

A
cc

el
er

a-
to

r;
 a

nd
 th

e 
10

-M
ev

 T
an

de
m

V
an

 d
e 

G
ra

af
f 

fo
r 

ex
pl

or
in

g
th

e 
bi

nd
in

g

en
er

gy
 o

f 
he

av
ie

r
el

em
en

ts
. E

xa
m

pl
es

 in
cl

ud
e 

us
e

fo
r 

ba
si

c 
re

se
ar

ch
,

nu
cl

ea
r 

en
gi

ne
er

in
g,

 p
et

ro
ch

em
is

tr
y,

dr
ug

 s
te

ri
liz

at
io

n,
 f

oo
d 

pr
es

er
-

va
tio

n,
 r

ad
io

gr
ap

hy
, a

nd
 c

an
ce

r
tr

ea
tm

en
t.

F
O
W
.
6
3
1

F
i
l
m
s
t
r
i
p

P
a
r
t
i
c
l
e
 
A
c
c
e
l
e
r
a
t
o
r
s

A
 
-
 
H
I
G
H
 
E
N
E
R
G
Y
 
P
H
Y
S
I
C
S

R
E
S
E
A
R
C
H

2
3
 
m
i
n
.
 
C
o
l
o
r

S
o
m
e
 
2
0
 
v
e
r
y
 
h
i
g
h
 
e
n
e
r
g
y

a
c
c
e
l
e
r
a
t
o
r
s
,
 
s
c
a
t
t
e
r
e
d

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

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

p
a
r
t
i
c
l
e
s
.

T
h
e
 
n
e
w

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

h
a
v
e
 
b
r
o
u
g
h
t
 
a
b
o
u
t

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

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

T
h
i
s
 
t
e
c
h
n
i
c
a
l
 
f
i
l
m
 
i
n
d
i
-

c
a
t
e
s
 
o
u
r
 
c
u
r
r
e
n
t

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

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

a
n
d
 
s
u
r
v
e
y
s
 
t
h
e
 
s
t
a
t
u
s

o
f
 
h
i
g
h
 
e
n
e
r
g
y
 
p
h
y
s
i
c
s

r
e
s
e
a
r
c
h
 
i
n
 
t
h
e
 
U
n
i
t
e
d

S
t
a
t
e
s
.

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

o
f
 
a
c
c
e
l
-

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

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

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

o
r
g
a
n
i
z
e
 
t
h
e
 
d
a
t
a

i
n
t
o
 
a
 
u
n
i
f
i
e
d
 
g
e
n
e
r
a
l

t
h
e
o
r
y
,
 
t
h
e
 
d
i
f
f
i
c
u
l
t
y
o
f

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

r
e
m
a
i
n
i
n
g
 
q
u
e
s
t
i
o
n
s
.

T
H
E
 
L
I
N
E
A
R
 
A
C
C
E
L
E
R
A
T
O
R

1
2
 
m
i
n
.
 
B
 
&
 
W
,
 
M
c
G
r
a
w
 
-
H
i
l
l

6
0
3
5
0
5

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

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

a
c
c
e
l
e
r
a
t
e
d
 
p
a
r
t
i
c
l
e
s
.

I
t
 
s
h
o
w
s
 
t
h
e
 
d
e
v
e
l
o
p
m
e
n
t
 
o
f

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

a
n
d
 
W
a
l
t
o
n
 
e
x
p
e
r
i
m
e
n
t
s
 
u
p
 
t
o

t
h
e
 
m
o
s
t
 
r
e
c
e
n
t
 
t
r
a
v
e
l
l
-

i
n
g
 
w
a
v
e
 
l
i
n
e
a
r
 
a
c
c
e
l
e
r
a
t
o
r
,

t
h
e
 
d
e
s
i
g
n
 
a
n
d
 
u
n
d
e
r
l
y
i
n
g

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

d
e
t
a
i
l
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.
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o
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d
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e
c
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y
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.
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h
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D
e
c
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D
e
r
i
v
a
t
i
o
n
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.

D
e
c
a
y
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o
n
s
t
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n
t

3
.

H
a
l
f
-
L
i
f
e

a
.

A
r
b
i
t
r
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r
y
 
d
e
c
a
y

u
n
i
t
s
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.
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h
e
 
c
u
r
i
e

2
.
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s
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n
i
t
s

3
.

D
o
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e
 
u
n
i
t
s

4
.

D
e
c
a
y
 
r
a
t
e
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n
d
 
d
e
c
a
y
 
s
c
h
e
m
e

b
.

U
s
i
n
g
 
t
h
e
 
D
e
c
a
y

E
q
u
a
t
i
o
n

c
.

G
r
a
p
h
i
c
 
M
e
t
h
o
d
s
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1
.

I
f
 
s
t
u
d
e
n
t
s
 
h
a
v
e
 
g
o
o
d

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

d
e
c
a
y
 
e
q
u
a
t
i
o
n
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2
.

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

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

3
.

A
s
s
i
g
n
 
h
a
l
f
-
l
i
f
e
p
r
o
b
l
e
m
s
.

4
.

L
a
b
 
E
x
p
e
r
i
m
e
n
t
:

D
e
t
e
r
m
i
n
a
t
i
o
n
 
o
f
 
H
a
l
f
-
L
i
f
e
.

C
h
a
s
e
 
e
t
 
a
l

p
p
.
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e
r
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i
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&
 
J
o
e
c
i
l
e

p
p
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p
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-
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p
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.
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.
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n
c
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p
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C
.

D
e
c
a
y
 
E
q
u
i
l
i
b
r
i
a

1
.

M
i
x
t
u
r
e
s
 
o
f

I
n
d
e
p
e
n
d
e
n
t
l
y
-
d
e
c
a
y
i
n
g
 
n
u
c
l
i
d
e
s

2
.

S
e
c
u
l
a
r
 
E
q
u
i
l
i
b
r
i
u
m

3
.

T
r
a
n
s
i
e
n
t
 
E
q
u
i
l
i
b
r
i
u
m

4
.

E
q
u
i
l
i
b
r
i
u
m
 
A
p
p
l
i
c
a
t
i
o
n
s

a
.

S
o
u
r
c
e
s
 
o
f
 
s
h
o
r
t

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

b
.

R
a
d
i
o
i
s
o
t
o
p
e
 
m
i
l
k
e
r
s

L
E
A
R
M
N
G

E
X
P
E
R
I
E
N
C
E
S

1
.

D
e
m
o
n
s
t
r
a
t
e
 
s
e
c
u
l
a
r

e
q
u
i
l
i
b
r
i
u
m
 
w
i
t
h
1
3
7
c
9
/
1
3
7
B
a

r
a
d
i
o
i
s
o
t
o
p
e
 
m
i
l
k
e
r
.

2
.

L
a
b
o
r
a
t
o
r
y
 
E
x
p
e
r
i
m
e
n
t
:

S
e
p
a
r
a
t
i
o
n
 
o
f
 
E
q
u
i
l
i
b
r
i
u
m
M
i
x
t
u
r
e
s

R
a
D
E
F

2
3
8
u
/
2
3
4
T
h

C
h
a
s
e
 
e
t
 
a
l

p
p
.
 
1
1
5
,

1
1
7
,
 
1
1
9

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
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1
2
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,

1
3
0
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O
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I
S
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A
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O
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r
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n

p
p
.

8
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-
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8

H
a
r
v
e
y

p
p
.

C
h
o
p
p
i
n

p
p
.

3
1
-
3
7

D
a
n
c
e

p
p
.

R
S
S
-
5

F
i
l
m
s
t
r
i
p

P
a
p
e
r
 
R
a
d
i
o
 
c
h
r
o
m
a
t
o
g
r
a
p
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N
T
E
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L
E
A
R
N
I
N
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E
X
P
E
R
I
E
N
C
E
S

D
.

M
o
d
e
s
 
o
f
 
D
e
c
a
y

1
.

H
e
a
v
y
 
N
u
c
l
i
d
e
s

a
.

A
l
p
h
a
 
e
m
i
s
s
i
o
n

2
.

N
u
c
l
i
d
e
s
 
o
f
 
H
i
g
h
 
N
/
P
 
R
a
t
i
o

a
.

B
e
t
a
 
E
m
i
s
s
i
o
n

b
.

G
a
m
m
a
 
E
m
i
s
s
i
o
n

3
.

N
u
c
l
i
d
e
s
 
o
f
 
L
o
w
 
N
/
P
 
R
a
t
i
o

a
.

P
o
s
i
t
r
o
n
 
E
m
i
s
s
i
o
n

b
.

E
l
e
c
t
r
o
n
 
C
a
p
t
u
r
e

4
.

E
x
c
i
t
e
d
 
N
u
c
l
i
d
e
s

a
.

I
s
o
m
e
r
i
c
 
T
r
a
n
s
i
t
i
o
n
s

b
.

I
n
t
e
r
n
a
l
 
C
o
n
v
e
r
s
i
o
n

E
.

D
e
c
a
y
 
S
c
h
e
m
e
s

1
.

S
i
m
p
l
e

2
.

C
o
m
p
l
e
x

4
0

L
A
B
O
R
A
T
O
R
Y
 
E
X
P
E
R
I
M
E
N
T
:

M
i
x
t
u
r
e
 
o
f
 
I
n
d
e
p
e
n
d
e
n
t
l
y
 
D
e
c
a
y
i
n
g

A
c
t
i
v
i
t
i
e
s

C
h
a
s
e
 
e
t
 
a
l
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p
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E
N
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E
S

A
U
D
I
O
-
V
I
S
U
A
L
 
A
I
D
S

O
v
e
r
m
a
n

p
p
.

1
9
-
3
6

H
a
r
v
e
y

p
p
.

4
3
-
5
6

C
h
o
p
p
i
n

p
p
.
 
3
7

D
a
n
c
e

p
p
.

4
-
7

O
v
e
r
m
a
n
 
p
p
.
 
1
9
-
2
2

H
a
r
v
e
y

p
p
.

C
h
o
p
p
i
n

p
p
.

D
a
n
c
e
 
p
p
.

U
-
2
3
8

R
A
D
I
O
A
C
T
I
V
E
 
S
E
R
I
E
S

9
 
m
i
n
.

B
 
&
 
W
,
 
M
c
G
r
a
w
-
H
i
l
l

6
2
6
6
0
4

T
h
e
 
f
i
l
m
 
t
r
a
c
e
s
 
t
h
e
 
v
a
r
i
o
u
s

s
t
a
g
e
s
 
i
n
 
t
h
e
 
d
e
c
a
y

o
f
 
U
-
2
3
8
 
t
o
 
s
t
a
b
l
e
 
l
e
a
d
.

A
l
p
h
a
 
e
m
i
s
s
i
o
n
,
 
b
e
t
a

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

a
r
e
 
e
m
p
h
a
s
i
z
e
d
.

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

r
a
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o
a
c
t
i
v
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s
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r
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e
s
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C
O
N
T
E
N
T

L
E
A
R
N
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S

4
.

P
R
O
P
E
R
T
I
E
S
 
A
N
D
 
B
E
H
A
V
I
O
R
 
O
F
 
N
U
C
L
E
A
R
 
R
A
D
I
A
T
I
O
N
S

A
.

T
y
p
e
s
 
o
f
 
I
n
t
e
r
a
c
t
i
o
n
s

o
f
 
R
a
d
i
a
t
i
o
n

W
i
t
h
 
M
a
t
t
e
r

B
.

A
l
p
h
a
 
P
a
r
t
i
c
l
e
s

1
.

S
t
r
u
c
t
u
r
e

2
.

S
o
u
r
c
e

3
.

E
n
e
r
g
y

4
.

V
e
l
o
c
i
t
y

5
.

R
a
n
g
e

6
.

T
y
p
e
s
 
o
f
 
i
n
t
e
r
a
c
t
i
o
n
s

a
.

I
o
n
i
z
a
t
i
o
n

b
.

S
c
a
t
t
e
r
i
n
g

4
2

1
.

A
s
s
i
g
n
 
p
r
o
p
e
r
t
i
e
s
 
o
f
 
r
a
d
i
a
t
i
o
n
 
t
o
b
e

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

2
.

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

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

C
h
a
s
e
 
e
t
 
a
l

p
p
.

6
4

H
e
r
n
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.
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3
.

L
A
B
O
R
A
T
O
R
Y
 
E
X
P
E
R
I
M
E
N
T
:

R
a
n
g
e
 
o
f
 
A
l
p
h
a
 
P
a
r
t
i
c
l
e
s

C
h
a
s
e
 
e
t
 
a
l

p
p
.
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H
e
r
m
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s
 
&
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o
e
c
i
l
e
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p
.

7
4

3



www.manaraa.com

T
E
X
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R
E
F
E
R
E
N
C
E
S

A
U
D
I
O
-
V
I
S
U
A
L
 
A
I
D
S

O
v
e
r
m
a
n

p
p
.
 
3
8
-
4
5

H
a
r
v
e
y

p
p
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t
r
u
c
t
u
r
e

2
.

S
o
u
r
c
e
s

C
O
N
T
E
N
T

a
.

N
a
t
u
r
a
l
 
s
o
u
r
c
e
s
-
r
a
d
i
o
i
s
o
t
o
p
e
s

b
.

G
e
n
e
r
a
t
o
r
s

c
.

F
i
s
s
i
o
n

3
.

E
n
e
r
g
y
 
c
l
a
s
s
i
f
i
c
a
t
i
o
n
s

4
.

T
y
p
e
s
 
o
f
 
i
n
t
e
r
a
c
t
i
o
n
s

a
.

E
l
a
s
t
i
c
 
s
c
a
t
t
e
r
i
n
g

b
.

R
e
s
o
n
a
n
c
e
 
s
c
a
t
t
e
r
i
n
g

c
.

C
a
p
t
u
r
e
 
r
e
a
c
t
i
o
n
s

1
.

A
c
t
i
v
a
t
i
o
n

2
.

T
r
a
n
s
m
u
t
a
t
i
o
n

3
.

S
p
a
l
l
a
t
i
o
n

5
.

C
r
o
s
s
-
s
e
c
t
i
o
n
 
r
e
l
a
t
i
o
n
s

L
E
A
R
N
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S

1
.

I
f
 
c
o
l
l
e
g
e
 
o
r
 
i
n
d
u
s
t
r
i
a
l

l
a
b
o
r
a
t
o
r
y
 
i
s
 
i
n
 
t
h
e

g
e
n
e
r
a
l
 
a
r
e
a
,
 
a
 
F
i
e
l
d

T
r
i
p
 
t
o
 
v
i
e
w
 
a
 
n
e
u
t
r
o
n

h
o
w
i
t
z
e
r
 
c
o
u
l
d
 
b
e
 
m
a
d
e
.

I
f
 
a
 
n
e
u
t
r
o
n
 
h
o
w
i
t
z
e
r

i
s
 
a
v
a
i
l
a
b
l
e
,
 
m
a
n
y
 
e
x
p
e
r
i
m
e
n
t
s

c
o
u
l
d
 
b
e
 
p
e
r
f
o
r
m
e
d
.
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T
E
X
T
 
R
E
F
E
R
E
N
C
E
S

O
v
e
r
m
a
n

p
p
.

H
a
r
v
e
y

p
p
.

6
1

C
h
o
p
p
i
n
 
p
p
.

D
a
n
c
e

p
p
.

1
5

-
-
-
-
A
U
D
I
O
-
 
V
I
S
U
A
L
 
M

.
.
.
.
1
.
1
"
1
"
l
u
i
.
I
.
.
"
1
"
w
'
'
.
1
.
1
.
1
.
1
1
.
1
.
1
1
.
2
0

4
9
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11
11

10
0.

_

C
O
N
T
E
N
T

L
E
A
R
N
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S

5
05
.

N
U
C
L
E
A
R
 
R
A
D
I
A
T
I
O
N

D
E
T
E
C
T
I
O
N

A
.

I
o
n
i
z
a
t
i
o
r
,
 
:
J
e
v
i
e
w

B
.

D
e
t
e
c
t
o
r
s
 
D
e
p
e
n
d
e
n
t
 
U
p
o
n

I
o
n
 
C
o
l
l
e
c
t
i
o
n

1
.

I
o
n
i
z
a
t
i
o
n
 
C
h
a
m
b
e
r
s

a
.

E
l
e
c
t
r
o
s
c
o
p
e
s

b
.

E
l
e
c
t
r
o
m
e
t
e
r
s

c
.

D
o
s
i
m
e
t
e
r
s

2
.

G
e
i
g
e
r
 
C
o
u
n
t
e
r
s

3
.

P
r
o
p
o
r
t
i
o
n
a
l
 
C
o
u
n
t
e
r
s

4
.

M
o
d
i
f
i
e
d
 
C
o
u
n
t
e
r
s

a
.

W
i
n
d
o
w
l
e
s
s
 
f
l
o
w
 
c
o
u
n
t
e
r
s

b
.

N
e
u
t
r
o
n
 
d
e
t
e
c
t
o
r
s

C
.

D
e
t
e
c
t
o
r
s
 
N
o
t
 
D
e
p
e
n
d
e
n
t
 
U
p
o
n

I
o
n
 
C
o
l
l
e
c
t
i
o
n

1
.

S
c
i
n
t
i
l
l
a
t
i
o
n
 
C
o
u
n
t
e
r
s

a
.

B
a
s
i
c
 
t
y
p
e
s

b
.

S
p
e
c
t
r
o
m
e
t
r
y

c
.

L
i
q
u
i
d
 
s
c
i
n
t
i
l
l
a
t
i
o
n
 
c
o
u
n
t
e
r
s

2
.

P
h
o
t
o
g
r
a
p
h
i
c
 
E
m
u
l
s
i
o
n
s

a
.

N
u
c
l
e
a
r
 
e
m
u
l
s
i
o
n
s

b
.

A
u
t
o
r
a
d
i
o
g
r
a
p
h
y

c
.

F
i
l
m
 
b
a
d
g
e
s

3
.

C
l
o
u
d
 
C
h
a
m
b
e
r
s

D
.

N
e
w
e
r
 
C
o
u
n
t
e
r
 
T
y
p
e
s

1
.

S
o
l
i
d
-
s
t
a
t
e
 
d
e
t
e
c
t
o
r
s

2
.

B
u
b
b
l
e
 
c
h
a
m
b
e
r
s

3
,

S
p
a
r
k
 
C
h
a
m
b
e
r
s

1
.

D
e
m
o
n
s
t
r
a
t
e
 
s
i
m
p
l
e

f
l
a
s
k
 
-
t
y
p
e
 
e
l
e
c
t
r
o
s
c
o
p
e

2
.

P
a
s
s
 
a
r
o
u
n
d
 
c
l
a
s
s

o
l
d
,
 
b
r
o
k
e
n
 
e
n
d
-
w
i
n
d
o
w

G
e
i
g
e
r
 
t
u
b
e
.

3
.

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

D
i
s
c
u
s
s

h
o
w
 
g
r
e
a
t
 
s
t
r
i
d
e
s
 
w
e
r
e

m
a
d
e
 
w
i
t
h
 
e
x
t
r
e
m
e
l
y

c
r
u
d
e
 
e
q
u
i
p
m
e
n
t
.

4
.

L
A
B
O
R
A
T
O
R
Y
 
E
X
P
E
R
I
M
E
N
T
S
:

I
o
n
i
z
a
t
i
o
n
 
C
h
a
m
b
e
r
s

C
h
a
s
e
 
e
t
 
a
l

p
p
.
 
5
7

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.

S
c
i
n
t
i
l
l
a
t
i
o
n
 
C
o
u
n
t
e
r
s

C
h
a
s
e
 
e
t
 
a
l

p
p
.
 
6
0

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.
 
5
8

P
r
o
p
o
r
t
i
o
n
a
l
 
C
o
u
n
t
e
r
s

C
h
a
s
e
 
e
t
 
a
l

p
p
.

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.
 
5
6

A
u
t
o
r
a
d
i
o
g
r
a
p
h
y

C
h
a
s
e
 
e
t
 
a
l

p
p
.
 
6
2

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.
 
6
4

3 3 3 3 3 3 3
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O
v
e
r
m
a
n

p
p
.

5
8
-
7
9

H
a
r
v
e
y

p
p
.

7
7
-
8
4

C
h
o
p
p
i
n

p
p
.

5
0
-
6
1

D
a
n
c
e

p
p
.

1
7
-
2
6

A
 
-
 
P
R
I
M
E
R
 
O
N
 
M
O
N
I
T
O
R
I
N
G

(
1
9
4
9
)

2
7
 
m
i
n
.

C
o
l
o
r

I

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

.
.
y
p
e
s
o
f
 
r
a
d
i
o
a
c
t
i
v
i
t
y
.

P
r
i
n
c
i
p
l
e
s
 
o
f

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

i
o
n

a
n
d
 
m
e
a
s
u
r
i
n
g
 
i
n
s
t
r
u
m
e
n
t
s
 
a
r
e

d
i
s
p
l
a
y
e
d
,
 
i
n
c
l
u
d
i
n
g

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

m
e
t
e
r
s
.

T
h
e
 
f
i
l
m

a
l
s
o
 
i
l
l
u
s
t
r
a
t
e
s
 
t
h
e
 
p
e
n
e
t
r
a
t
i
v
e

a
b
i
l
i
t
y
 
o
f
 
t
h
e

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

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

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

(
S
o
m
e
 
o
f
 
t
h
e
 
i
n
s
t
r
u
-

m
e
n
t
s
 
u
s
e
d
 
i
n
 
t
h
i
s

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

s
t
a
n
d
a
r
d
s
,
 
a
l
t
h
o
u
g
h

t
h
e
 
p
r
i
n
c
i
p
l
e
s
 
i
n
v
o
l
v
e
d

a
n
d
 
d
i
s
-

c
u
s
s
e
d
 
a
r
e
 
s
t
i
l
l
 
v
a
l
i
d
.
)

A
 
-
 
R
A
D
I
A
T
I
O
N
 
D
E
T
E
C
T
I
O
N

B
Y
 
I
O
N
I
Z
A
T
I
O
N

(
1
9
6
2
)

3
0
 
m
i
n
.

B
 
&
 
W

(
O
v
e
r
m
a
n
 
S
e
r
i
e
s
)

T
h
e
 
b
a
s
i
c
 
p
r
i
n
c
i
p
l
e
s
 
o
f

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

d
e
-

s
c
r
i
b
e
d
,
 
p
a
r
t
i
c
u
l
a
r
l
y

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

a
s
 
a
 
f
u
n
c
t
i
o
n

o
f
 
v
o
l
t
a
g
e
 
c
u
r
v
e
s
.

B
r
i
e
f
 
d
e
s
c
r
i
p
t
i
o
n
s

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

c
o
u
n
t
e
r
s
,
 
a
n
d

G
e
i
g
e
r
 
c
o
u
n
t
e
r
s
 
a
r
e

i
n
c
l
u
d
e
d
,
 
a
n
d
 
e
x
a
m
p
l
e
s

o
f
 
i
n
-

s
t
r
u
m
e
n
t
s
 
o
p
e
r
a
t
i
n
g
 
i
n

t
h
e
s
e
 
r
e
g
i
o
n
s
 
a
r
e
 
s
h
o
w
n
.

S
p
e
c
i
a
l
 
c
o
n
s
i
d
e
r
a
t
i
o
n

i
s
 
g
i
v
e
n
 
t
o
 
G
e
i
g
e
r
 
c
o
u
n
t
e
r
s
,

i
n
c
l
u
d
i
n
g
 
t
h
e

m
e
c
h
a
n
i
s
m
 
o
f
 
g
a
s
 
q
u
e
n
c
h
i
n
g

a
n
d
 
t
h
e

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

p
l
a
t
e
a
u
.

T
h
e
 
r
e
-

s
o
l
v
i
n
g
 
t
i
m
e
 
o
f
 
a

c
o
u
n
t
e
r
 
i
s
 
d
i
s
c
u
s
s
e
d
,
 
a
s
w
e
l
l
 
a
s

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

i
n
s
t
r
u
m
e
n
t
,
 
i
n
c
l
u
d
-

i
n
g
 
a
m
p
l
i
f
i
e
r
s

a
n
d
 
s
c
a
l
e
r
s
.

A
 
-
 
R
A
D
I
A
T
I
O
N
 
D
E
T
E
C
T
I
O
N

B
Y
 
S
C
I
N
T
I
L
L
A
T
I
O
N

(
1
9
6
2
)

3
0
 
m
i
n
.

B
 
&
 
W

(
O
v
e
r
m
a
n
 
S
e
r
i
e
s
)

A
 
s
h
o
r
t
 
r
e
v
i
e
w
 
o
f
 
g
a
m
m
a

i
n
t
e
r
a
c
t
i
o
n
s
 
w
i
t
h
 
m
a
t
t
e
r

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

s
c
i
n
t
i
l
l
-

a
t
i
o
n
 
c
r
y
s
t
a
l
s
.

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

i
s
 
d
e
s
c
r
i
b
e
d
,

a
n
d
 
t
h
e
 
e
f
f
i
c
i
e
n
c
y

o
f
 
t
h
e
 
c
o
n
v
e
r
s
i
o
n

o
f
 
g
a
m
m
a
 
r
a
d
i
a
t
i
o
n

t
o
 
v
i
s
i
b
l
e
 
l
i
g
h
t

i
n
 
t
h
e
 
s
c
i
n
t
i
l
l
a
t
o
r

i
s
 
d
i
s
c
u
s
s
e
d
.

S
o
l
i
d
 
a
n
d
 
l
i
q
u
i
d

s
c
i
n
t
i
l
l
a
t
o
r
s
 
a
r
e
 
s
h
o
w
n
 
a
l
o
n
g
w
i
t
h

s
p
e
c
i
a
l
 
d
e
t
e
c
t
i
o
n
 
d
e
v
i
c
e
s
 
u
s
i
n
g

t
h
i
s
 
p
r
i
n
c
i
p
l
e
.

A
 
d
e
s
c
r
i
p
t
i
o
n
 
o
f
 
t
h
e
 
o
p
e
r
a
t
i
o
n

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

t
u
b
e
 
i
s
 
g
i
v
e
n
,
 
a
n
d
 
t
h
e
 
c
o
n
c
e
p
t

o
f
 
p
u
l
s
e
 
h
e
i
g
h
t
 
i
s

d
e
v
e
l
o
p
e
d
.

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

h
e
i
g
h
t
 
a
n
a
l
y
z
e
r
 
i
s
 
s
h
o
w
n
,

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

w
i
t
h
 
s
u
c
h
 
a
n
 
i
n
s
t
r
u
m
e
n
t
 
i
s

s
h
o
w
n
 
a
n
d
 
d
i
s
c
u
s
s
e
d
.

B
r
i
e
f
 
m
e
n
t
i
o
n
 
i
s
 
m
a
d
e
 
o
f

s
o
l
i
d
-
s
t
a
t
e
 
r
a
d
i
a
t
i
o
n

d
e
t
e
c
t
o
r
s
.

A
 
-
 
L
I
Q
U
I
D
 
S
C
I
N
T
I
L
L
A
T
I
O
N
W
U
N
T
I
N
G

(
1
9
5
8
)

1
4
 
m
i
n
.

C
o
l
o
r

T
h
i
s
 
f
i
l
m
 
d
e
s
c
r
i
b
e
s
 
t
h
e
 
u
s
e

o
f
 
a
 
l
i
q
u
i
d
 
s
c
i
n
t
i
l
l
a
t
o
r

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

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

e
x
p
e
r
i
m
e
n
t
s
.

I
t

a
l
s
o
 
e
v
o
l
a
i
n
s
 
t
h
e
 
a
d
v
a
n
t
a
g
e
s

o
f
 
t
h
e
 
s
i
n
g
l
e
-
 
a
n
d

d
o
u
b
l
e
4
h
o
t
a
m
u
l
t
i
p
l
i
e
r
 
t
u
b
e
 
l
i
q
u
i
d

s
c
i
n
t
i
l
l
a
t
i
o
n

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

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

e
.
g
.
,
 
e
a
s
e

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

a
n
d
 
e
x
c
e
l
l
e
n
t
 
s
e
n
s
i
t
i
v
i
t
y
.

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

i
n
g
 
t
e
c
h
n
i
q
u
e
s
,

h
o
w
 
t
h
e
 
c
o
u
n
t
e
r
s
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o
r
k
,

a
n
d
 
h
o
w
 
a

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

w
e
a
k
 
b
e
t
a
 
e
m
i
t
t
e
r
s
,
 
s
u
c
h
 
a
s

1
4
C
 
a
n
d
 
t
r
i
t
i
u
m
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w
h
e
r
e

t
h
e
 
n
u
m
b
e
r
 
o
f
 
s
a
m
p
l
e
s
 
t
o
b
e
 
c
o
u
n
t
e
d
 
p
l
a
c
e
s
 
a
 
p
r
e
m
i
u
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t
h
e
 
e
a
s
e
 
o
f
 
s
a
m
p
l
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p
r
e
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r
a
t
i
o
n
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t
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t
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E
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E
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R
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.
 
R
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.
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f
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a
d
i
o
a
c
t
i
v
i
t
y
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.
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e
c
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a
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e
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.
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o
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e
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a
t
e
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.
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h
e
 
D
e
t
e
c
t
o
r
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s
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n
v
i
r
o
n
m
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.
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a
c
k
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n
d
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.

R
e
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o
l
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i
n
g
 
T
i
m
e

3
.

I
n
s
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r
u
m
e
n
t
 
E
f
f
i
c
i
e
n
c
y
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.

P
h
y
s
i
c
a
l
 
R
e
l
a
t
i
o
n
s
h
i
p
 
B
e
t
w
e
e
n

S
a
m
p
l
e

a
n
d
 
D
e
t
e
c
t
o
r

1
.

P
h
y
s
i
c
a
l
 
G
e
o
m
e
t
r
y
 
-
 
I
n
v
e
r
s
e
S
q
u
a
r
e
 
L
a
w
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.

S
c
a
t
t
e
r
i
n
g

a
.

B
a
c
k
s
c
a
t
t
e
r
i
n
g

b
.

S
i
d
e
s
c
a
t
t
e
r
i
n
g

3
.

A
b
s
o
r
p
t
i
o
n
 
o
f
 
R
a
d
i
a
t
i
o
n

B
e
f
o
r
e
 
D
e
t
e
c
t
i
o
n

a
.

A
i
r
 
a
b
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r
p
t
i
o
n
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.

W
i
n
d
o
w
 
a
b
s
o
r
p
t
i
o
n

5
2

L
E
A
R
N
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S
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.

L
A
B
O
R
A
T
O
R
Y
 
E
X
P
E
R
I
M
E
N
T
:

G
e
i
g
e
r
 
C
o
u
n
t
e
r
 
E
f
f
i
c
i
e
n
c
y

(
"
l
a
s
e
 
e
t
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l

p
p
.
 
1
7
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e
r
m
i
a
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&
 
J
o
e
c
i
l
e
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p
.
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1
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.

L
A
B
 
E
X
P
E
R
I
M
E
N
T
 
O
R
D
E
M
O
N
S
T
R
A
T
I
O
N
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I
n
v
e
r
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e
 
S
q
u
a
r
e
 
L
a
w
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.

S
i
d
e
s
c
a
t
t
e
r
i
n
g

C
h
a
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e
 
e
t
 
a
l
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H
e
r
m
i
a
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J
o
e
c
i
l
e
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p
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p
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.
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.
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v
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p
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o
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p
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c
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E
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T
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R
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N
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E
X
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R
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E
N
C
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n
f
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u
e
n
c
e
 
o
f
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h
e
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a
d
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o
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t
i
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e

S
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m
p
l
e
 
I
t
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e
l
f
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.

S
e
l
f
-
a
b
s
o
r
p
t
i
o
n

2
.

S
a
m
p
l
e
 
s
h
a
p
e

3
.

R
a
n
d
o
m
 
D
e
c
a
y
 
&
 
C
o
u
n
t
i
n
g
 
S
t
a
t
i
s
t
i
c
s

E
.

I
n
f
l
u
e
n
c
e
 
o
f
 
M
e
t
h
o
d
 
o
f
 
S
a
m
p
l
e

P
r
e
p
a
r
a
t
i
o
n

1
.

D
u
p
l
i
c
a
t
e
 
s
a
m
p
l
e
s

2
.

C
a
r
r
i
e
r
-
f
r
e
e
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o
l
u
t
i
o
n
s

3
.

U
s
e
 
o
f
 
c
a
r
r
i
e
r
s

7
.

I
D
E
N
T
I
F
I
C
A
T
I
O
N
 
O
F
 
N
U
C
L
I
D
E
S

A
.

C
r
i
t
e
r
i
a
 
f
o
r
 
I
d
e
n
t
i
f
i
c
a
t
i
o
n

1
.

C
h
e
m
i
c
a
l
 
P
r
o
p
e
r
t
i
e
s

2
.

H
a
l
f
-
L
i
f
e

3
.

T
y
p
e
s
 
o
f
 
E
m
i
t
t
e
d
 
R
a
d
i
a
t
i
o
n
s

4
.

E
n
e
r
g
i
e
s
 
o
f
 
E
m
i
t
t
e
d
 
R
a
d
i
a
t
i
o
n
s

5
.

O
t
h
e
r
 
M
e
t
h
o
d
s

5
4

L
A
B
O
R
A
T
O
R
Y
 
E
X
P
E
R
I
M
E
N
T
:

S
t
a
t
i
s
t
i
c
s
 
o
f
 
C
o
u
n
t
i
n
g

C
h
a
s
e
 
e
t
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l

p
p
.
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e
r
m
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&
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o
e
c
i
l
e

p
p
.
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2
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A
B
O
R
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O
R
Y
 
E
X
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E
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I
M
E
N
T
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C
a
r
r
i
e
r
-
f
r
e
e
 
S
o
l
u
t
i
o
n
s

C
h
a
s
e
 
e
t
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l

p
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.
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L
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B
O
R
A
T
O
R
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M
E
N
T
:

B
e
t
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e
c
a
y
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n
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r
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h
a
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A
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p
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.
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.
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p
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.
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E
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A
R
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N
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E
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I
E
N
C
E
S
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6
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H
E
A
L
T
H
 
P
H
Y
S
I
C
S
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.

S
o
u
r
c
e
s
 
o
f
 
R
a
d
i
a
t
i
o
n

1
.

N
a
t
u
r
a
l

2
.

A
r
t
i
f
i
c
i
a
l

B
.

U
n
i
t
s
 
o
f
 
D
o
s
e

1
.

M
e
t
h
o
d
 
o
f
 
D
e
f
i
n
i
t
i
o
n

a
.

N
u
m
b
a
r
 
o
f
 
d
i
s
i
n
t
e
g
r
a
t
i
n
g
 
a
t
o
m
s

b
.

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

2
.

D
o
s
e
 
U
n
i
t
s

a
.

T
h
e
 
R
o
e
n
t
g
e
n

b
.

T
h
e
 
R
a
d

c
.

T
h
e
 
R
e
m

d
.

T
h
e
 
R
e
p

C
.

T
y
p
e
 
o
f
 
R
a
d
i
a
t
i
o
n
 
a
n
d
 
I
r
r
a
d
i
a
t
i
o
n

1
.

A
l
p
h
a

2
.

B
e
t
a

3
.

G
a
m
m
a

4
.

N
e
u
t
r
o
n

1
.

D
e
m
o
n
s
t
r
a
t
e
 
C
D
 
m
o
n
i
t
o
r
i
n
g
 
e
q
u
i
p
m
e
n
t
:

d
o
s
i
m
e
t
e
r
s
,
 
V
-
7
0
0
 
s
u
r
v
e
y
 
m
e
t
e
r
s
,
 
g
a
m
m
a
 
s
u
r
v
e
y

m
e
t
e
r
s
.

2
.

M
a
k
e
 
l
i
s
t
 
o
f
 
n
a
t
u
r
a
l
 
a
n
d
 
a
r
t
i
f
i
c
i
a
l
 
s
o
u
r
c
e
s

o
f
 
r
a
d
i
a
t
i
o
n
.

3
.

S
h
o
w
 
r
a
d
i
o
a
c
t
i
v
e
 
w
a
t
c
h
 
d
i
a
l
s
,
 
r
a
d
i
o
a
c
t
i
v
e

F
i
e
s
t
a
w
a
r
e
 
d
i
s
h
e
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T
E
X
T
 
R
E
F
E
R
E
N
C
E
S

O
v
e
r
m
a
n

p
p
.

5
3
-
5
7

H
a
r
v
e
y

p
p
.

C
h
o
p
p
i
n

p
p
.

D
a
n
c
e

p
p
.

5
5
-
5
8
;
 
6
4
-
6
9

O
v
e
r
m
a
n

p
p
.
 
5
3
-
5
7

H
a
r
v
e
y

p
p
.

C
h
o
p
p
i
n

p
p
.

D
a
n
c
e

p
p
.

5
9
-
6
4

P
H
Y
S
I
C
A
L
 
P
R
I
N
C
I
P
L
E
S
 
O
F
R
A
D
I
O
L
O
G
I
C
A
L
 
S
A
F
E
T
Y

(
P
M
F
-
5
1
4
5
-
E
)
.

(
1
9
5
0
)

5
1
 
m
i
n
.

S
a
l
e
 
p
r
i
c
e
:

$
6
6
.
3
6
.

F
o
r
 
l
o
a
n
 
s
o
u
r
c
e
 
s
e
e

A
r
m
y
 
F
i
e
l
d
 
L
i
b
r
a
r
y

L
i
s
t
i
n
g
,
 
p
a
g
e
 
7
4
.

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

o
f
 
i
n
t
e
r
n
a
l
 
a
n
d
 
e
x
t
e
r
n
a
l

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

r
a
d
i
a
t
i
o
n
 
e
x
p
o
s
u
r
e
 
b
y
 
m
e
a
n
s

o
f

a
 
h
i
s
t
o
r
i
c
a
l
 
s
e
q
u
e
n
c
e

o
n
 
h
a
z
a
r
d
s

a
s
s
o
c
i
a
t
e
d
 
w
i
t
h
 
X
-
r
a
y

a
n
d
 
r
a
d
i
u
m
 
t
h
e
r
a
p
y
 
a
n
d

r
a
d
i
u
m
-
d
i
a
l
 
p
a
i
n
t
i
n
g
.

A
 
d
i
s
-

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

o
f
 
a
l
p
h
a
,
 
b
e
t
a
,
 
a
n
d
 
g
a
m
m
a

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

e
x
p
l
a
n
a
t
i
o
n
s
 
o
f
 
r
o
e
n
t
g
e
n

a
n
d
 
"
e
q
u
i
v
a
l
e
n
t
"
 
o
r

"
e
n
e
r
g
y
"

r
o
e
n
t
g
e
n
,
 
i
s
 
p
r
e
s
e
n
t
e
d
.

M
a
x
i
m
u
m
 
p
e
r
m
i
s
s
i
b
l
e
 
e
x
p
o
s
u
r
e

a
n
d
 
t
h
e
 
t
h
e
o
r
y
 
o
f

r
a
d
i
a
t
i
o
n
-
m
e
a
s
u
r
i
n
g
 
i
n
s
t
r
u
m
e
n
t
s
 
a
r
e

a
l
s
o
 
d
i
s
c
u
s
s
e
d
.

F
o
r
m
u
l
a
s
 
a
r
e
 
d
e
v
e
l
o
p
e
d

f
o
r
 
c
o
m
p
u
t
i
n
g

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

C
o
n
c
e
p
t
s
 
o
f
 
s
i
n
g
l
e

a
n
d
 
c
o
n
t
i
n
u
e
d
 
u
p
t
a
k
e
,

p
h
y
s
i
c
a
l
 
d
e
c
a
y
,
 
a
n
d

b
i
o
l
o
g
i
c
a
l

e
l
i
m
i
n
a
t
i
o
n
 
o
f
 
a
c
t
i
v
i
t
y
,

b
i
o
l
o
g
i
c
a
l
 
h
a
l
f
 
l
i
f
e
,
 
a
n
d

e
f
f
e
c
t
i
v
e
 
h
a
l
f
 
l
i
f
e
 
a
r
e

c
o
n
s
i
d
e
r
e
d
.

T
h
e
 
r
e
s
p
o
n
s
i
b
i
l
i
t
y

o
f
 
t
h
e
 
r
a
d
i
o
i
s
o
t
o
p
e
 
u
s
e
r
 
t
o

o
t
h
e
r
 
m
e
m
b
e
r
s
 
o
f
 
t
h
e

l
a
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o
r
a
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a
n
d
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o
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e
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u
b
l
i
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i
s
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I
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I
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I
C
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L
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m
i
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h
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i
l
m
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a
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i
e
l
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c
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p
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i
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p
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c
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c
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c
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c
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c
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c
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b
e
e
n
 
e
x
-

t
a
b
l
i
s
h
e
d
 
b
y
 
v
a
r
i
o
u
s

r
a
d
i
o
l
o
g
i
c
a
l
 
p
r
o
t
e
c
t
i
o
n

c
o
m
m
i
t
t
e
e
s

a
n
d
 
t
h
e
 
F
e
d
e
r
a
l

R
a
d
i
a
t
i
o
n
 
C
o
u
n
c
i
l
.

V
a
r
i
o
u
s
 
u
n
i
t
s
 
a
r
e

d
e
s
c
r
i
b
e
d
,
 
w
i
t
h
 
t
h
e
s
e

i
n
c
l
u
d
i
n
g
 
t
h
e
 
r
o
e
n
t
g
e
n
,

t
h
e
 
r
a
d
,

a
n
d
 
t
h
e
 
r
e
m
.

T
h
e
 
l
a
t
t
e
r
 
u
n
i
t
 
i
s
 
a
 
m
e
a
s
u
r
e

o
f
 
t
h
e
 
b
i
o
-

l
o
g
i
c
a
l
 
d
o
s
e
 
e
q
u
i
v
a
l
e
n
t

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

r
e
l
a
t
i
v
e

b
i
o
l
o
g
i
c
a
l
 
e
f
f
e
c
t
i
v
e
n
e
s
s

(
R
B
E
)
 
o
f
 
t
h
e
 
r
a
d
i
a
t
i
o
n
.

C
o
n
-

s
i
d
e
r
a
t
i
o
n
 
i
s
 
a
l
s
o
 
g
i
v
e
n
 
t
o

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

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

i
n
 
w
a
t
e
r
 
o
r
 
a
i
r
,

a
n
d

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

l
o
c
a
l
i
z
a
t
i
o
n
 
o
f
 
r
a
d
i
o
-

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

V
a
r
i
o
u
s
 
f
a
c
t
o
r
s
 
t
h
a
t

m
u
s
t
 
b
e
 
c
o
n
t
r
o
l
l
e
d
 
i
n

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

i
n
c
l
u
d
e
 
t
h
e
 
q
u
a
n
t
i
t
y
 
o
f

r
a
d
i
o
a
c
t
i
v
e
 
m
a
t
e
r
i
a
l
,
 
t
h
e

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

a
n
d
 
s
h
i
e
l
d
i
n
g
.

I
n
-

t
e
r
n
a
l
 
e
x
p
o
s
u
r
e
 
m
u
s
t
 
b
e
 
m
i
n
i
m
i
z
e
d

b
y
 
t
h
e
 
u
s
e
 
o
f

s
p
e
c
i
a
l
 
l
a
b
o
r
a
t
o
r
y
 
f
a
c
i
l
i
t
i
e
s

a
n
d
 
t
e
c
h
n
i
q
u
e
s
 
w
h
i
c
h

a
r
e

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

a
c
t
i
v
e
 
i
s
o
t
o
p
e
s
 
i
n
t
o
 
t
h
e
 
b
o
d
y
.

T
h
e
 
i
m
p
o
r
t
a
n
c
e
 
o
f

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

a
v
a
i
l
a
b
l
e
 
i
s
 
s
t
r
e
s
s
e
d

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

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



www.manaraa.com

C
O
N
T
E
N
T

L
E
A
R
N
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S

D
.

R
a
d
i
a
t
i
o
n
 
S
i
c
k
n
e
s
s

1
.

M
e
c
h
a
n
i
s
m
 
I
n
 
M
a
m
m
a
l
s

2
.

A
c
u
t
e
 
R
a
d
i
a
t
i
o
n
 
S
y
n
d
r
o
m
e

D
o
s
e
 
a
n
d
 
s
y
m
p
t
o
m
s

L
D
-
5
0

I
n
d
i
v
i
d
u
a
l
i
t
y

L
o
n
g
-
r
a
n
g
e
 
e
f
f
e
c
t
s

3
.

T
h
e
 
C
h
r
o
n
i
c
,
 
L
o
w
-
l
e
v
e
l
 
D
o
s
e

a
.

D
o
s
e
 
a
n
d
 
s
y
m
p
t
o
m
s

b
.

L
o
n
g
-
r
a
n
g
e
 
e
f
f
e
c
t
s

4
.

T
r
e
a
t
m
e
n
t
 
o
f
 
R
a
d
i
a
t
i
o
n
 
S
i
c
k
n
e
s
s

5
.

P
r
e
v
e
n
t
i
o
n
 
o
f
 
R
a
d
i
a
t
i
o
n
 
S
i
c
k
n
e
s
s

a
.

D
i
s
t
a
n
c
e

b
.

T
i
m
e

c
.

S
h
i
e
l
d
i
n
g

E
.

G
e
n
e
t
i
c
 
E
f
f
e
c
t
s

1
.

S
e
c
u
r
e
 
i
r
r
a
d
i
a
t
e
d
 
t
o
m
a
t
o
 
s
e
e
d
s
 
(
O
a
k
 
R
i
d
g
e

A
t
o
m
 
I
n
d
u
s
t
r
i
e
s
)
 
a
n
d
 
p
l
a
n
t
.

C
o
m
p
a
r
e
 
d
i
f
f
e
r
e
n
t

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

T
h
i
s
 
c
o
m
p
a
n
y

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

t
i
o
n
a
l
 
m
a
t
e
r
i
a
l
s
.

2
.

S
h
o
w
 
s
a
m
p
l
e
 
o
f
 
p
r
e
-
w
a
r
 
o
r
a
n
g
e
 
F
i
e
s
t
a
w
a
r
e

d
i
s
h
e
s

w
h
i
c
h
 
w
e
r
e
 
m
a
d
e
 
w
i
t
h
 
a
 
u
r
a
n
i
u
m
 
g
l
a
z
e
.

C
a
l
c
u
l
a
t
e

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

3
.

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

d
i
a
l
s
 
f
o
r

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

p
o
s
s
i
b
l
e
.

V
ia
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T
E
X
T
 
R
E
F
E
R
E
N
C
E
S

A
U
D
I
O
-
V
I
S
U
A
L
 
A
I
D
S

O
v
e
r
m
a
n

p
p
.

5
3
-
5
7

H
a
r
v
e
y

p
p
.

C
h
o
p
p
i
n

p
p
.

D
a
n
c
e

p
p
.

R
S
S
 
-
7

F
i
l
m
s
t
r
i
p

R
a
d
i
o
l
o
g
i
c
a
l
 
M
o
n
i
t
o
r
i
n
g

R
S
S
-
4

F
i
l
m
s
t
r
i
p

R
a
d
i
a
t
i
o
n
 
S
a
f
e
t
y
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C
O
N
T
E
N
T

L
E
A
R
N
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S

9
.

A
P
P
L
I
C
A
T
I
O
N
S
 
O
F
 
R
A
D
I
O
N
U
C
L
I
D
E
S

I
N
 
C
H
E
M
I
S
T
R
Y

A
.

T
r
a
c
e
r
 
A
p
p
l
i
c
a
t
i
o
n
s

1
.

I
s
o
t
o
p
e
 
d
i
l
u
t
i
o
n

2
.

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

3
.

A
c
t
i
v
a
t
i
o
n
 
a
n
a
l
y
s
i
s

B
.

R
a
d
i
a
t
i
o
n
 
C
h
e
m
i
s
t
r
y

C
.

S
e
p
a
r
a
t
i
o
n
 
T
e
c
h
n
i
q
u
e
s

1
.

C
h
r
o
m
a
t
o
g
r
a
p
h
y

2
.

E
l
e
c
t
r
o
p
h
o
r
e
s
i
s

3
.

P
r
e
c
i
p
i
t
a
t
i
o
n

4
.

S
o
l
v
e
n
t
 
E
x
t
r
a
c
t
i
o
n

5
.

I
o
n
-
e
x
c
h
a
n
g
e

6
.

O
t
h
e
r
 
m
e
t
h
o
d
s

6
0

L
A
B
O
R
A
T
O
R
Y
 
E
X
P
E
R
I
M
E
N
T
S
:

S
e
p
a
r
a
t
i
o
n
 
b
y
 
S
o
l
v
e
n
t
 
E
x
t
r
a
c
t
i
o
n

C
h
a
s
e
 
e
t
 
a
l
 
p
p
.
 
1
1
9

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.
 
1
2
5

S
e
p
a
r
a
t
i
o
n
 
b
y
 
P
a
p
e
r
 
C
h
r
o
m
a
t
o
g
r
a
p
h
y

C
h
a
s
e
 
e
t
 
a
l

p
p
.
 
1
2
0

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.
 
1
2
7

S
e
p
a
r
a
t
i
o
n
 
b
y
 
P
r
e
c
i
p
i
t
a
t
i
o
n

C
h
a
s
e
 
e
t
 
a
l

p
p
.
 
1
1
7

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.

I
s
o
t
o
p
e
 
D
i
l
u
t
i
o
n
 
A
n
a
l
y
s
i
s

C
h
a
s
e
 
e
t
 
a
l

p
p
.
 
1
2
3

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
,
 
1
3
6

S
y
n
t
h
e
s
i
s
 
o
f
 
a
 
L
a
b
e
l
e
d
 
C
o
m
p
o
u
n
d

C
h
a
s
e
 
e
t
 
a
l

p
p
.
 
1
2
6

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.

D
e
t
e
r
m
i
n
a
t
i
o
n
 
o
f
 
S
o
l
u
b
i
l
i
t
y

C
h
a
s
e
 
e
t
 
a
l

p
p
.
 
1
2
8

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.
 
1
2
2
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T
E
X
T
 
R
E
F
E
R
E
N
C
E
S

A
U
D
I
O
-
V
I
S
U
A
L
 
A
I
D
S

O
v
e
r
m
a
n

p
p
.

9
9
-
1
1
0

H
a
r
v
e
y

p
p
.

1
0
3
-
1
1
4

C
h
o
p
p
i
n

p
p
.

1
1
3
-
1
3
5

D
a
n
c
e

p
p
.

T
H
E
 
A
R
T
 
O
F
 
S
E
P
A
R
A
T
I
O
N

(
1
9
6
2
)

2
9
 
m
i
n
.

B
 
&
 
W

T
h
i
s
 
f
i
l
m
 
d
e
a
l
s
 
w
i
t
h

t
h
e
 
s
e
p
a
r
a
t
i
o
n
 
o
f

c
h
e
m
i
c
a
l
 
c
o
m
-

p
o
u
n
d
s
 
i
n
t
o
 
b
a
s
i
c

s
u
b
s
t
a
n
c
e
s
 
i
n
 
t
h
e
 
p
u
r
e
s
t

f
o
r
m
 
p
o
s
s
i
-

b
l
e
 
b
y
 
t
h
e
 
p
r
o
c
e
s
s

k
n
o
w
n
 
a
s
 
c
h
r
o
m
a
t
o
g
r
a
p
h
y

a
n
d
 
w
i
t
h

t
h
e
 
i
m
p
o
r
t
a
n
c
e
 
o
f

t
h
a
t
 
p
r
o
c
e
s
s
 
i
n

c
h
e
m
i
s
t
r
y
 
w
o
r
k
.

U
s
i
n
g
 
r
a
d
i
a
t
i
o
n
,
 
t
h
e

c
h
e
m
i
s
t
 
i
s
 
a
b
l
e
 
t
o
 
w
o
r
k
w
i
t
h
 
m
u
c
h

g
r
e
a
t
e
r
 
s
p
e
e
d
 
a
n
d
 
e
a
s
e

i
n
 
t
h
e
 
f
i
e
l
d
 
o
f

c
h
r
o
m
a
t
o
g
r
a
p
h
y
.

T
h
e
 
b
a
s
i
c
 
p
r
i
n
c
i
p
l
e
s

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

o
f
 
m
o
d
e
r
n

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

a
n
d
 
d
e
m
o
n
s
t
r
a
t
e
d
.

A
c
t
u
a
l

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

c
o
m
p
o
u
n
d
 
i
s
 
s
h
o
w
n
.

R
A
D
I
A
T
I
O
N
 
E
F
F
E
C
T
S
 
I
N

C
H
E
M
I
S
T
R
Y

(
A
 
G
e
n
e
v
a
 
-
 
1
9
6
4

f
i
l
m
)
.

1
3
 
m
i
n
.

C
o
l
o
r

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

i
n
i
t
i
a
t
e
s

a
 
w
i
d
e
v
a
r
i
e
t
y
 
o
f
 
c
h
e
m
i
c
a
l

r
e
a
c
t
i
o
n
s
.

B
u
t
 
t
h
e
 
f
u
n
d
a
-

m
e
n
t
a
l
 
m
e
c
h
a
n
i
s
m
s
 
w
h
i
c
h

p
r
o
d
u
c
e
 
t
h
e
s
e
 
e
f
f
e
c
t
s
 
a
r
e

s
t
i
l
l

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

W
i
t
h
i
n
 
a
 
f
e
w
 
n
a
n
o
s
e
c
o
n
d
s

a
f
t
e
r

i
r
r
a
d
i
a
t
i
o
n
,
 
a
 
v
a
r
i
e
t
y

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

p
r
o
-

d
u
c
e
d
 
w
h
i
c
h
 
a
r
e
 
t
h
e
n

a
v
a
i
l
a
b
l
e
 
t
o
 
p
a
r
t
i
c
i
p
a
t
e

i
n
 
s
u
b
-

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

T
h
e
 
e
x
p
e
r
i
m
e
n
t
a
l
 
s
t
u
d
y

o
f
 
t
h
i
s

p
r
o
c
e
s
s
 
r
e
q
u
i
r
e
s

e
x
t
r
e
m
e
l
y
 
s
e
n
s
i
t
i
v
e
 
a
n
d

h
i
g
h
-
s
p
e
e
d

t
e
c
h
n
i
q
u
e
s
 
-
 
s
p
e
c
t
r
o
m
e
t
r
y
,

e
l
e
c
t
r
o
n
 
s
p
i
n
 
r
e
s
o
n
a
n
c
e

t
e
c
h
n
i
q
u
e
s
,
 
e
t
c
.

T
H
E
 
A
T
O
M
I
C
 
F
I
N
G
E
R
P
R
I
N
T

(
1
9
6
4
)

T
h
i
s
 
f
i
l
m
 
e
x
p
l
a
i
n
s
 
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
,
 
a
h
i
g
h
l
y

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

a
n
a
l
y
t
i
c
a
l
 
t
e
c
h
n
i
q
u
e

w
i
t
h
 
w
i
d
e

a
p
p
l
i
c
a
t
i
o
n
s
 
i
n
 
t
h
e
 
b
a
s
i
c

a
n
d
 
a
p
p
l
i
e
d
 
s
c
i
e
n
c
e
s
,

w
h
i
c
h

i
n
v
o
l
v
e
s
 
t
h
e
 
u
s
e
 
o
f
 
n
e
u
t
r
o
n
s

t
o
 
m
a
k
e
 
s
u
b
s
t
a
n
c
e
s

r
a
d
i
o
-

a
c
t
i
v
e
,
 
f
o
l
l
o
w
e
d
 
b
y

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

e
m
i
t
t
e
d
,

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

a
n
d
 
t
h
e
i
r

a
m
o
u
n
t
s
.

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

o
f
 
t
h
e
 
m
a
n
y
 
a
p
p
l
i
c
a
-

t
i
o
n
s
 
o
f
 
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
 
c
r
i
m
e

d
e
t
e
c
t
i
o
n
,

g
e
o
l
o
g
y
 
a
n
d
 
s
o
i
l
 
s
c
i
e
n
c
e
,

a
n
a
l
y
s
i
s
 
o
f
 
a
r
t
 
a
n
d

a
r
c
h
e
o
-

l
o
g
i
c
a
l
 
o
b
j
e
c
t
s
,
 
o
i
l

r
e
f
i
n
i
n
g
,
 
a
g
r
i
c
u
l
t
u
r
e
,

e
l
e
c
t
r
o
n
i
c
s
,

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

a
n
d
 
s
p
a
c
e
 
s
c
i
e
n
c
e
s
.

R
S
S
-
5

F
I
L
M
S
T
R
I
P

P
a
p
e
r
 
R
a
d
i
o
c
h
r
o
m
a
t
o
g
r
a
p
h
y

T
R
A
N
S
U
R
A
N
I
U
M
 
E
L
E
M
E
N
T
S

2
3
 
M
i
n
.

C
o
l
o
r
,
 
C
h
e
m
.
 
S
t
u
d
y

#
4
1
7
8

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

L
a
w
r
e
n
c
e
 
R
a
d
i
a
t
i
o
n
 
L
a
b
o
r
a
-

t
o
r
y
 
o
f
 
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
,
 
B
e
r
k
e
l
e
y
,

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

p
r
i
n
c
i
p
a
l
s
 
i
n
 
t
h
e

d
i
s
c
o
v
e
r
y
 
a
n
d
 
i
d
e
n
t
i
f
i
c
a
t
i
o
n

o
f
 
s
e
v
e
r
a
l
 
o
f
 
t
h
e
 
t
r
a
n
s
-

u
r
a
n
i
u
m
 
e
l
e
m
e
n
t
s
.

G
l
e
n
n
 
S
e
a
b
o
r
g
 
r
e
v
i
e
w
s
 
t
h
e
h
i
s
t
o
r
i
c
a
l

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

t
h
e
 
t
r
a
n
s
u
r
a
n
i
u
m
 
e
l
e
m
e
n
t
s

i
n
 
t
h
e
 
p
e
r
i
o
d
i
c
 
t
a
b
l
e
.

B
u
r
r
i
s
 
C
u
n
n
i
n
g
h
a
m
 
p
e
r
f
o
r
m
s

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

a
m
e
r
i
c
i
u
m
 
h
a
v
e
 
c
h
e
m
i
c
a
l

p
r
o
p
e
r
t
i
e
s
 
s
i
m
i
l
a
r
 
t
o
 
t
h
o
-
l
e

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

t
h
e
 
s
a
m
e
 
e
x
p
e
r
i
m
e
n
t
a
l

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

i
t
s
 
r
a
r
e
-
e
a
r
t
h
 
h
o
m
o
l
o
g
,

g
a
d
o
l
i
n
i
u
m
.

S
t
a
n
l
e
y
 
T
h
o
m
p
s
o
n
 
d
e
m
o
n
s
t
r
a
t
e
s

h
o
w
 
t
h
e

i
o
n
-
e
x
c
h
a
n
g
e
 
s
e
p
a
r
a
t
i
o
n
 
t
e
c
h
n
i
q
u
e

i
s
 
u
s
e
d
 
i
n
 
i
d
e
n
t
i
f
i
-

c
a
t
i
o
n
,
 
u
s
i
n
g
 
a
c
t
u
a
l
 
s
o
l
u
t
i
o
n
s

o
f
 
c
u
r
i
u
m
,
 
b
e
r
k
e
l
i
u
m
,

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

A
l
b
e
r
t
 
G
h
i
o
r
s
o
 
d
i
s
c
u
s
s
e
s

t
h
e
 
m
e
t
h
o
d
s
 
u
s
e
d
 
i
n
 
t
h
e

s
y
n
t
h
e
s
i
s
 
o
f
 
e
l
e
m
e
n
t
s
 
1
0
2
 
a
n
d

1
0
3
,
 
a
n
d
 
p
r
o
p
o
s
e
s
 
a
 
s
i
m
i
l
a
r
 
t
y
p
e

o
f
 
r
e
a
c
t
i
o
n
 
w
h
i
c
h

m
a
y
 
l
e
a
d
 
t
o
 
t
h
e

d
i
s
c
o
v
e
r
y
 
o
f
 
e
l
e
m
e
n
t
 
1
0
4
.

6
1
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C
O
N
T
E
N
T

L
E
A
R
N
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S

1
0
.

A
P
P
L
I
C
A
T
I
O
N
S
 
O
F
 
R
A
D
I
O
N
U
C
L
I
D
E
S

I
N
 
T
H
E
 
B
I
O
L
O
G
I
C
A
L

S
C
I
E
N
C
E
S

A
.

T
r
a
c
e
r
 
A
p
p
l
i
c
a
t
i
o
n
s

1
.

T
r
a
c
i
n
g
 
p
a
t
h
w
a
y
s
 
o
f

e
l
e
m
e
n
t
s
 
i
n

p
l
a
n
t
s
 
a
n
d
 
a
n
i
m
a
l
s

2
.

F
i
n
d
i
n
g
 
t
u
m
o
r
s

3
.

I
n
v
e
s
t
i
g
a
t
i
n
g
 
o
r
g
a
n
s
 
a
n
d

m
e
t
a
b
o
l
i
c
 
r
a
t
e
s

4
.

E
f
f
e
c
t
 
o
f
 
r
a
d
i
a
t
i
o
n
 
o
n
o
r
g
a
n
i
s
m
s

B
.

R
a
d
i
a
t
i
o
n
 
B
i
o
l
o
g
y

1
.

S
o
m
a
t
i
c
 
B
i
o
l
o
g
y

2
.

G
e
n
e
t
i
c
 
E
f
f
e
c
t
s

6
2

L
A
B
O
R
A
T
O
R
Y
 
E
X
P
E
R
I
M
E
N
T
S
:

A
L
s
o
r
p
t
i
o
n
 
o
f
 
P
h
o
s
p
h
a
t
e
 
b
y
 
a

P
l
a
n
t

C
h
a
s
e
 
e
t
 
a
l

p
p
.
 
7
1

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.
 
1
4
0

D
i
s
t
r
i
b
u
t
i
o
n
 
o
f
 
P
h
o
s
p
h
a
t
e
 
i
n
 
a
P
l
a
n
t

C
h
a
s
e
 
e
t
 
a
l

p
p
.
 
7
4

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.
 
1
4
0

A
b
s
o
r
p
t
i
o
n
 
o
f
 
P
h
o
s
p
h
a
t
e
 
b
y

F
r
o
g
s

C
h
a
s
e
 
e
t
 
a
l

p
p
.
 
7
9

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.
 
1
5
8

B
l
o
o
d
 
V
o
l
u
m
e

C
h
a
s
e
 
e
t
 
a
l

p
p
.
 
8
3

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.
 
1
7
0

E
f
f
e
c
t
s
 
o
f
 
R
a
d
i
a
t
i
o
n
 
o
n

G
e
r
m
i
n
a
t
i
o
n
 
o
f
 
S
e
e
d
s

C
h
a
s
e
 
e
t
 
a
l

p
p
.

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.

U
p
t
a
k
e
 
o
f
 
I
o
d
i
n
e
-
1
3
1
 
b
y
 
t
h
e
T
h
y
r
o
i
d
 
G
l
a
n
d

C
h
a
s
e
 
e
t
 
a
l

p
p
.

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.
 
1
6
6

A
b
s
o
r
p
t
i
o
n
 
o
f
 
C
a
r
b
o
n
 
D
i
o
x
i
d
e
b
y
 
P
l
a
n
t
s

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.

1
7
3

to
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O
v
e
r
m
a
n

p
p
.

H
a
r
v
e
y

p
p
.

1
0
5
,
 
1
0
6
,
 
1
1
3

C
h
o
p
p
i
n

p
p
.

D
a
n
c
e

p
p
.

R
S
S
 
-
2

F
I
L
M
S
T
R
I
P

A
u
t
o
r
a
d
i
o
g
r
a
p
h
y

R
S
S
 
-
3

F
I
L
M
S
T
R
I
P

R
a
d
i
a
t
i
o
n
 
B
i
o
l
o
g
y
:

W
e
t
 
A
s
h
i
n
g
 
T
e
c
h
n
i
q
u
e
s

6
3
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C
O
N
T
E
N
T

L
E
A
R
N
I
N
G
 
E
X
P
E
R
I
E
N
C
E
S

1
1
.

A
P
P
L
I
C
A
T
I
O
N
S
 
O
F
 
R
A
D
I
O
N
U
C
L
I
D
E
S

I
N
 
I
N
D
U
S
T
R
Y

A
.

P
o
w
e
r
 
A
p
p
l
i
c
a
t
i
o
n
s

1
.

E
n
e
r
g
y
 
f
r
o
m
 
f
i
s
s
i
o
n

2
.

E
n
e
r
g
y
 
f
r
o
m
 
f
u
s
i
o
n

3
.

E
n
e
r
g
y
 
f
r
o
m
 
r
a
d
i
o
a
c
t
i
v
e
 
d
e
c
a
y

B
.

T
r
a
c
e
r
 
A
p
p
l
i
c
a
t
i
o
n
s

C
.

R
a
d
i
a
t
i
o
n
 
A
p
p
l
i
c
a
t
i
o
n
s

1
.

U
t
i
l
i
z
i
n
g
 
e
f
f
e
c
t
 
o
f
 
m
a
t
t
e
r
 
o
n

r
a
d
i
a
t
i
o
n

1
.

S
h
o
w
 
m
o
d
e
l
 
o
f
 
n
u
c
l
e
a
r
 
r
e
a
c
t
o
r
;

d
e
m
o
n
s
t
r
a
t
e

i
t
s
 
m
e
c
h
a
n
i
c
s
.

2
.

S
h
o
w
 
A
E
C
 
t
r
a
n
s
p
a
r
e
n
c
i
e
s

3
.

L
A
B
O
R
A
T
O
R
Y
 
E
X
P
E
R
I
M
E
N
T
S
:

a
.

D
e
p
t
h
 
G
a
u
g
i
n
g

C
h
a
s
e
 
e
t
 
a
l
,
 
p
p
.
 
1
3
9

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.
 
1
0
5

b
.

D
e
t
e
r
g
e
n
t
 
E
f
f
i
c
i
e
n
c
y

.
U
t
i
l
i
z
i
n
g
 
e
f
f
e
c
t
 
o
f
 
r
a
d
i
a
t
i
o
n
 
o
n
 
m
a
t
t
e
r

a
.

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

b
.

I
r
r
a
d
i
a
t
i
o
n
 
s
t
e
r
i
l
i
z
a
t
i
o
n

c
.

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

C
h
a
s
e
 
e
t
 
a
l

p
p
.
 
1
4
6

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.
 
1
2
0

c
.

W
e
a
r
 
T
e
s
t
i
n
g

C
h
a
s
e
 
e
t
 
a
l

p
p
.
 
1
4
4

H
e
r
m
i
a
s
 
&
 
J
o
e
c
i
l
e

p
p
.
 
1
1
1

d
.

S
t
r
a
i
n
 
G
a
u
g
i
n
g

C
h
a
s
e
 
e
t
 
a
l

p
p
.
 
1
3
6
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T
E
X
T

R
E
F
E
R
E
N
C
E
S

A
U
D
I
O
-
V
I
S
U
A
L
 
A
I
D
S

O
v
e
r
m
a
n

p
p
.
 
9
5
-
1
1
0

H
a
r
v
e
y

p
p
.

1
1
2
-
1
1
4

C
h
o
p
p
i
n

p
p
.

1
1
3
-
1
3
5

D
a
n
c
e

p
p
.

A
 
-
 
F
U
S
I
O
N
 
R
E
S
E
A
R
C
H

(
1
9
6
4
)

2
2
 
m
i
n
.

C
o
l
o
r

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

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

i
l
l
u
s
t
r
a
t
e
d
 
b
y
 
m
a
n
y

o
f
 
t
h
e
 
c
u
r
r
e
n
t

i
n
v
e
s
t
i
g
a
t
i
o
n
s
 
o
f
 
p
l
a
s
m
a
 
p
r
o
-

d
u
c
t
i
o
n
 
a
n
d
 
c
o
n
f
i
n
e
m
e
n
t
.

T
h
e
 
m
a
j
o
r
 
o
b
s
t
a
c
l
e
s

t
o
 
s
u
c
c
e
s
s
 
a
r
e

p
l
a
s
m
a
 
o
s
c
i
l
l
a
t
i
o
n
s
 
a
n
d

i
n
s
t
a
b
i
l
i
-

t
i
e
s
 
w
h
i
c
h
 
r
e
s
u
l
t
 
i
n

p
l
a
s
m
a
 
l
o
s
s
 
f
r
o
m
 
t
h
e
 
m
a
g
-

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

T
h
e
 
f
i
l
m
 
g
i
v
e
s
 
a

q
u
a
l
i
t
a
t
i
v
e

d
e
s
c
r
i
p
t
i
o
n
 
o
f
 
s
o
m
e
 
o
f

t
h
e
 
i
n
s
t
a
b
i
l
i
t
i
e
s
,

o
f

e
n
e
r
g
y
 
l
o
s
s

t
h
r
o
u
g
h
 
c
h
a
r
g
e
 
e
x
c
h
a
n
g
e

a
n
d
 
r
a
d
i
a
t
i
o
n

d
u
e
 
t
o
 
c
o
n
t
a
m
i
n
a
n
t
s
;

a
n
d
 
a
l
s
o
 
d
e
s
c
r
i
b
e
s
 
p
l
a
s
m
a

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

v
e
r
y
 
s
o
p
h
i
s
t
i
c
a
t
e
d
.

S
e
v
e
r
a
l
 
r
e
s
e
a
r
c
h
 
d
e
v
i
c
e
s

i
n
 
t
h
e
 
U
n
i
t
e
d
 
S
t
a
t
e
s

o
n
 
w
h
i
c
h
 
p
r
o
g
r
e
s
s

h
a
s
 
b
e
e
n
 
e
n
c
o
u
r
a
g
i
n
g
 
a
r
e

d
e
-

s
c
r
i
b
e
d
 
i
n
 
t
h
e
 
f
i
l
m
.

A
T
O
M
I
C
 
F
U
R
N
A
C
E
S

(
1
9
6
2
)

2
9
 
m
i
n
.

B
 
&
 
W

T
h
e
 
o
p
e
r
a
t
i
o
n
,
 
p
r
i
n
c
i
p
l
e
s
,

a
n
d
 
s
c
i
e
n
t
i
f
i
c

a
p
p
l
i
c
a
t
i
o
n
s

o
f
 
n
u
c
l
e
a
r
 
r
e
a
c
t
o
r
s
,

u
s
e
d
 
a
s
 
r
e
s
e
a
r
-
h
 
t
o
o
l
s

i
n
 
v
a
r
i
o
u
s

p
r
o
j
e
c
t
s
,
 
a
r
e
 
b
r
i
e
f
l
y

d
e
s
c
r
i
b
e
d
.

T
y
l
,
e
s
 
o
f
 
r
e
s
e
a
r
c
h

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

a
s
s
o
c
i
a
t
e
d
 
e
q
u
i
p
m
e
n
t
 
m
a
k
e

p
o
s
s
i
b
l
e

a
r
e
 
s
h
o
w
n
 
a
t

l
e
n
g
t
h
.

T
h
e
 
G
a
m
m
a
 
R
a
y
 
S
p
e
c
t
r
o
m
e
t
e
r
,

t
h
e

N
e
u
t
r
o
n
 
C
h
o
p
p
e
r
,
 
a
n
d
 
a
 
n
e
w

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

s
p
e
c
i
f
i
-

c
a
l
l
y
 
f
o
r
 
h
i
g
h
-
 
a
n
d

l
o
w
-
r
a
d
i
a
t
i
o
n
 
e
x
p
e
r
i
m
e
n
t
s

i
n

b
i
o
l
o
g
y
 
a
r
e
 
a
l
s
o
 
d
e
s
c
r
i
b
e
d
.

A
 
-
 
T
H
E
 
N
E
W
 
P
O
W
E
R

(
1
9
6
5
)

4
5
 
m
i
n
.

C
o
l
o
r

T
h
i
s
 
n
o
n
t
e
c
h
n
i
c
a
l
 
f
i
l
m
,

f
o
r
 
a
l
l
 
a
u
d
i
e
n
c
e
 
l
e
v
e
l
s
,

t
e
l
l
s
 
h
o
w
 
t
h
e
 
N
a
t
i
o
n
a
l

R
e
a
c
t
o
r
 
T
e
s
t
i
n
g
 
S
t
a
t
i
o
n

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

t
h
e
 
U
S
A
E
C
'
s
 
q
u
e
s
t

f
o
r

e
c
o
n
o
m
i
c
 
n
u
c
l
e
a
r
 
p
o
w
e
r
.

M
o
s
t
 
o
f
 
t
h
e
 
m
o
r
e
 
t
h
a
n

4
0
 
e
x
p
e
r
i
m
e
n
t
a
l

n
u
c
l
e
a
r
 
r
e
a
c
t
o
r
s
 
b
u
i
l
t
,

b
e
i
n
g

b
u
i
l
t
,
 
o
r
 
p
l
a
n
n
e
d
 
t
h
e
r
e
 
a
r
e

d
e
s
c
r
i
b
e
d
 
e
i
t
h
e
r

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

i
n
c
l
u
d
i
n
g
 
t
h
e
 
N
a
v
y
'
s

p
r
o
t
o
t
y
p
e
s
 
f
o
r
 
t
h
e

s
u
b
m
a
r
i
n
e
 
N
a
u
t
i
l
u
s
 
a
n
d

a
i
r
c
r
a
f
t

c
a
r
r
i
e
r
 
E
n
t
e
r
p
r
i
s
e
;

t
h
e
 
i
n
t
e
r
n
a
t
i
o
n
a
l
l
y

k
n
o
w
n

t
e
s
t
i
n
g
 
r
e
a
c
t
o
r
 
c
o
m
p
l
e
x

(
M
T
R
,
 
E
T
R
,
 
A
T
R
)
;
 
t
h
e

I
d
a
h
o
 
C
H
e
m
i
c
a
l
 
P
r
o
c
e
s
s
i
n
g

P
l
a
n
t
,
 
t
h
e
 
A
r
m
y
'
s

m
o
b
i
l
e
 
l
o
w
 
p
o
w
e
r
 
n
u
c
l
e
a
r
p
l
a
n
t
 
(
M
L
-
1
)
;
 
a
n
d
 
t
h
e

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

b
y
 
t
h
e
 
t
w
o
 
E
x
p
e
r
i
m
e
n
t
a
l

B
r
e
e
d
e
r
 
R
e
a
c
t
o
r
 
c
o
m
p
l
e
x
e
s
,

E
B
R
-
1
 
a
n
d
 
E
B
R
-
I
I
.
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A
U
D
I
O
-
V
I
S
U
A
L
 
A
I
D
S

C
E
N
C
O

C
o
l
o
r
 
o
r
 
B
 
&
 
W

A
 
-
 
A
T
O
M
I
C
 
A
P
O
T
H
E
C
A
R
Y

N
U
C
L
E
A
R
 
R
A
D
I
A
T
I
O
N
 
S
E
R
I
E
S
 
(
H
I
G
H
 
S
C
H
O
O
L
S
)

(
1
9
5
4
)

3
8
 
m
i
n
.
 
B
 
&
 
W

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

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

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

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

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

T
i
t
l
e

C
o
l
o
r

B
/
W

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

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

D
e
t
e
c
t
o
r
s
*

5
8
5
1
3

5
8
5
1
2

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

U
s
e
s
 
i
n
 
M
e
d
i
c
i
n
e

5
8
5
1
5

5
8
5
1
4

A
 
-
 
R
O
U
N
D
U
P

U
s
e
s
 
i
n
 
E
a
r
t
h
 
S
t
u
d
i
e
s

5
8
5
1
7

5
8
5
1
6

(
1
9
6
0
)

1
8
 
m
i
n
.

C
o
l
o
r

U
s
e
s
 
i
n
 
O
u
t
e
r
 
S
p
a
c
e
*

5
8
5
1
9

5
8
5
1
8

U
s
e
s
 
i
n
 
I
n
d
u
s
t
r
y

5
8
5
2
1

5
8
5
2
0

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

F
a
l
l
o
u
t
*

5
8
5
2
3

5
8
5
2
2

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

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

A
 
-
 
R
A
D
I
O
I
S
O
T
O
P
E
 
A
P
P
L
I
C
A
T
I
O
N
S
 
I
N
 
I
N
D
U
S
T
R
Y

s
t
o
c
k
 
o
w
n
e
r
s
.

(
1
9
6
4
)

2
6
 
m
i
n
.

B
 
&
 
W

A
 
-
 
M
A
N
 
A
N
D
 
R
A
D
I
A
T
I
O
N

(
1
9
6
3
)

2
8
 
m
i
n
.

C
o
l
o
r

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

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

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

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

t
o
p
e
s
 
t
o
 
w
o
r
k
 
i
n
 
i
n
d
u
s
t
r
y
.

T
h
e
 
p
r
o
g
r
a
m
 
f
e
a
t
u
r
e
s

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

D
r
.
 
P
a
u
l
 
C
.
 
A
e
b
e
r
s
o
l
d
,
 
D
i
r
e
c
t
o
r
,
 
D
i
v
i
s
i
o
n
 
o
f

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

I
s
o
t
o
p
e
 
D
e
v
e
l
o
p
m
e
n
t
,
 
U
S
A
E
C
,
 
w
h
o
 
i
s
 
i
n
t
r
o
d
u
c
e
d
 
b
y

D
r
.
 
R
a
l
p
h
 
T
.
 
O
v
e
r
m
a
n
,
 
C
h
a
i
r
m
a
n
,
 
S
p
e
c
i
a
l
 
T
r
a
i
n
i
n
g

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

A
 
h
i
s
t
o
r
i
c
a
l

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

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

D
i
v
i
s
i
o
n
 
o
f
 
t
h
e
 
U
S
A
E
C
'
s
 
O
a
k
 
R
i
d
g
e
 
I
n
s
t
i
t
u
t
e
 
o
f

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

A
i
e
f

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

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

U
s
i
n
g
 
a
c
t
u
a
l
 
'
r
a
d
i
o
i
s
o
t
o
p
e
 
s
o
u
r
c
e
s
,
 
D
r
.
 
A
e
b
e
r
s
o
l
d

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

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

o
f
 
t
h
e
i
r
 
u
s
e
s
,
 
i
n
c
l
u
d
i
n
g
 
t
h
e
 
u
s
e
 
o
f
 
C
a
l
c
i
u
m
-
4
7
 
t
o

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

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

d
i
a
g
n
o
s
e
 
b
o
n
e
 
c
a
n
c
e
r
.

T
h
e
 
d
e
t
e
c
t
i
o
n
 
a
n
d
 
s
t
u
d
y
 
o
f

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

t
i
v
e
 
m
e
t
h
o
d
s
 
o
f
 
d
e
t
e
c
t
i
n
g
 
t
h
e
m
.

T
H
E
 
R
A
D
I
O
I
S
O
T
O
P
E
.

M
E
T
H
O
L
O
L
O
G
Y
 
(
P
M
F
-
5
1
4
5
-
D
)
.

3
3
 
m
i
n
.

A
 
-
 
R
A
D
I
O
I
S
O
T
O
P
E
S
:
 
S
A
F
E
 
S
E
R
V
A
N
T
S
 
O
F
 
I
N
D
U
S
T
R
Y

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

(
1
9
6
3
)

2
8
 
m
i
n
.

C
o
l
o
r

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

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

e
x
p
l
a
i
n
s
 
s
e
v
e
n
 
c
r
i
t
e
r
i
a
 
f
o
r
 
s
e
t
t
i
n
g
 
u
p
 
a
 
t
r
a
c
e
r
 
e
x
-

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

p
e
r
i
m
e
n
t
:

(
1
)
 
r
a
d
i
o
c
h
e
m
i
c
a
l
 
p
u
r
i
t
y
,
 
(
2
)
 
s
i
n
g
l
e
 
c
h
e
m
i
-

w
i
d
e
s
p
r
e
a
d
 
u
s
e
s
 
o
f
 
r
a
d
i
o
i
s
o
t
o
p
e
s
 
i
n
 
i
n
d
u
s
t
r
y
.

c
a
l
 
s
t
a
t
e
,
 
(
3
)
 
e
l
i
m
i
n
a
t
i
o
n
 
o
f
 
e
x
c
h
a
n
g
e
 
e
r
r
o
r
,
 
(
4
)
 
k
n
o
w
-

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

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

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

a
n
d
 
r
a
d
i
o
g
r
a
p
h
y
 
a
r
e
 
g
i
v
e
n
.

A
p
p
l
i
c
a
t
i
o
n
s
 
o
f
 
t
h
e
s
e

r
e
m
a
i
n
 
i
n
t
a
c
t
,
 
(
5
)
 
a
v
o
i
d
a
n
c
e
 
o
f
 
i
s
o
t
o
p
e
 
e
f
f
e
c
t
,

(
6
)
 
a
v
o
i
d
a
n
c
e
 
o
f
 
c
h
e
m
i
c
a
l
 
e
f
f
e
c
t
s
,
 
a
n
d
 
(
7
)
 
a
v
o
i
d
a
n
c
e

o
f
 
r
a
d
i
a
t
i
o
n

e
f
f
e
c
t
s
.

T
h
e
 
f
i
l
m
 
a
l
s
o
 
i
l
l
u
s
t
r
a
t
e
s

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

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

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

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

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

e
x
p
e
r
i
m
e
n
t
 
f
r
o
m
 
t
h
e
 
f
o
r
m
a
t
i
o
n
 
o
f
 
a
n
 
i
d
e
a
 
t
o
 
t
h
e
 
f
i
n
a
l

s
y
s
t
e
m
 
t
r
o
u
b
l
e
-
s
h
o
o
t
i
n
g
.

r
e
s
u
l
t
s
.

6
6
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A
s
i
m
o
v
,
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N
G

N
U

C
L

E
A

R
 P

O
W

E
R

 P
L

A
N

T
S

N
U

C
L

E
A

R
 P

R
O

PU
L

SI
O

N
 F

O
R

 S
PA

C
E

N
U

C
L

E
A

R
 R

E
A

C
T

O
R

S
N

U
C

L
E

A
R

 T
E

R
M

S,
 A

 B
R

IE
F 

G
L

O
SS

A
R

Y
O

U
R

 A
T

O
M

IC
 W

O
R

L
D

PL
O

W
SH

A
R

E
PL

U
T

O
N

IU
M

PO
W

E
R

 F
R

O
M

 R
A

D
IO

IS
O

T
O

PE
S

PO
W

E
R

 R
E

A
C

T
O

R
S 

IN
 S

M
A

L
L

 P
A

C
K

A
G

E
S

R
A

D
IO

A
C

T
IV

E
 W

A
ST

E
S

R
A

D
IO

IS
O

T
O

PE
S 

A
N

D
 L

IF
E

 P
R

O
C

E
SS

E
S

R
A

D
IO

IS
O

T
O

PE
S 

IN
 I

N
D

U
ST

R
Y

R
A

D
IO

IS
O

T
O

PE
S 

IN
 M

E
D

IC
IN

E
R

A
R

E
 E

A
R

T
H

S,
 T

H
E

 F
R

A
T

E
R

N
A

L
 F

IF
T

E
E

N
R

E
A

D
IN

G
 R

E
SO

U
R

C
E

S 
IN

 A
T

O
M

IC
 E

N
E

R
G

Y
R

E
SE

A
R

C
H

 R
E

A
C

T
O

R
S

SN
A

P:
 N

U
C

L
E

A
R

 S
PA

C
E

 R
E

A
C

T
O

R
S

SY
N

T
H

E
T

IC
 T

R
A

N
SU

R
A

N
IU

M
 E

L
E

M
E

N
T

S
T

H
E

 A
T

O
M

 A
N

D
 T

H
E

 O
C

E
A

N
W

H
O

L
E

 B
O

D
Y

 C
O

U
N

T
E

R
S

Y
O

U
R

 B
O

D
Y

 A
N

D
 R

A
D

IA
T

IO
N

A
C

C
A

A
R

A
T

F
A

PS
A

SF
A

IA
A

N
M

C
A

E
C

O
M

C
N

F
D

C
E

FN
T

FP
I

G
E

R
M

SM
N

A
A

N
D

T
N

C
L

N
E

D
N

PS
N

PP
N

PR
N

R
C

N
T

G
O

A
W

PS
H

PL
U

PF
R

PR
P

R
A

W
R

L
P

R
IZ R
IM

R
E

A
R

A
E

R
E

R
SN

P
ST

E
A

A
O

W
B

C
Y

B
R
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F
I
L
M
S
T
R
I
P
S
 
P
R
E
P
A
R
E
D
 
B
Y
 
T
H
E

R
A
D
I
A
T
I
O
N
 
S
C
I
E
N
C
E
 
S
E
M
I
N
A
R
 
S
T
A
F
F

R
S
S
 
#
1

S
A
M
P
L
E
 
P
R
E
P
A
R
A
T
I
O
N

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

o
f

l
i
q
u
i
d
 
a
n
d
 
s
o
l
i
d
 
s
a
m
p
l
e
s
,
 
i
n
c
l
u
d
i
n
g
 
u
s
e

o
f

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

e
q
u
i
p
-

m
e
n
t
.

R
S
S
 
#
2
 
A
U
T
O
R
A
D
I
O
G
R
A
P
H
Y

U
s
i
n
g
 
l
i
c
e
n
s
e
-
e
x
e
m
p
t
 
r
a
d
i
o
p
h
o
s
p
h
a
t
e
,

t
h
i
s

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

t
h
e

p
a
t
h
 
o
f
 
p
h
o
s
p
h
o
r
u
s
 
i
n
 
a
 
t
o
m
a
t
o
 
p
l
a
n
t
.

S
i
m
p
l
e

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

a
l
t
e
r
-

n
a
t
e
 
e
q
u
i
p
m
e
n
t
 
i
s
 
s
h
o
w
n
.

E
x
p
o
s
u
r
e
 
c
a
l
c
u
l
a
t
i
o
n
s

a
r
e
 
s
h
o
w
n
 
f
o
r
 
N
o
-
S
c
r
e
e
n

X
 
-
R
a
y
 
f
i
l
m
.

S
u
i
t
a
b
l
e

f
o
r
 
a
l
l
 
l
e
v
e
l
s
 
o
f
 
b
i
o
l
o
g
y
 
c
l
a
s
s
e
s
 
a
n
d
p
r
o
j
e
c
t

w
o
r
k
.

R
S
S
 
#
3
 
R
A
D
I
A
T
I
O
N
 
B
I
O
L
O
G
Y
:

W
E
T
 
A
S
H
I
N
G
 
T
E
C
H
N
I
Q
U
E
S

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

i
s

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

i
n
 
a
 
f
r
o
g
,
 
u
t
i
l
i
z
i
n
g
 
w
e
t
 
a
s
h
i
n
g

t
e
c
h
n
i
q
u
e
s

w
i
t
h
 
n
i
t
r
i
c
 
a
c
i
d
 
a
n
d
 
l
a
t
e
r
 
d
e
t
e
r
m
i
n
a
t
i
o
n
b
y

G
e
i
g
e
r
 
c
o
u
n
t
i
n
g
.

D
a
t
a
 
i
s
 
n
o
t
 
s
h
o
w
n
 
s
o
 
t
h
e

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

R
S
S
 
#
4

R
A
D
I
A
T
I
O
N
 
S
A
F
E
T
Y
 
I
N
 
T
H
E
 
L
A
B
O
R
A
T
O
R
Y

T
h
i
s
 
f
i
l
m
s
t
r
i
p
 
d
e
t
a
i
l
s
 
d
o
'
s
 
a
n
d
 
d
o
n
'
t
s

o
f

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

e
d
u
c
a
t
i
o
n
a
l

l
a
b
o
r
a
t
o
r
y
 
u
s
i
n
g
 
C
i
v
i
l
 
D
e
f
e
n
s
e
 
m
o
n
i
t
o
r
i
n
g

e
q
u
i
p
m
e
n
t
.

R
S
S
 
#
 
5

P
A
P
E
R
 
R
A
D
I
O
 
C
H
R
O
M
A
T
O
G
R
A
P
H
Y

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

t
h
e
 
s
e
c
u
l
a
r
 
e
q
u
i
l
i
b
r
i
u
m
 
m
i
x
t
u
r
e
 
o
f

U
-
2
3
8

a
n
d
 
T
h
-
2
3
4
 
i
s
 
s
e
p
a
r
a
t
e
d
.

T
h
e
 
s
e
p
a
r
a
t
e
d

c
o
m
p
o
n
e
n
t
s
 
a
r
e
 
d
e
t
e
c
t
e
d
 
b
y
 
b
o
t
h

s
p
r
a
y
i
n
g
 
a
n
d

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

R
f
 
v
a
l
u
e
 
c
a
l
c
u
-

l
a
t
i
o
n
s
 
a
r
e
 
s
h
o
w
n
.

R
S
S
 
#
6
 
S
E
C
U
R
I
N
G
 
I
N
E
X
P
E
N
S
I
V
E
 
N
U
C
L
E
A
R
A
C
C
E
S
S
O
R
I
E
S

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

b
y
 
t
h
e
 
R
S
S
 
s
t
a
f
f
 
u
t
i
l
i
z
i
n
g
 
a
n
 
i
n
e
x
p
e
n
s
i
v
e

p
h
o
t
o
g
r
a
p
h
i
c
 
p
r
o
c
e
s
s
.

A
i
m
e
d
 
p
r
i
m
a
r
i
l
y
 
f
o
r

t
e
a
c
h
e
r
s
,
 
i
t
 
s
h
o
w
s
 
h
o
w
 
i
n
e
x
p
e
n
s
i
v
e
a
c
c
e
s
s
o
r
i
e
s

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

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

l
u
c
i
t
e
 
p
l
a
s
t
i
c
.

R
S
S
 
#
7

R
A
D
I
O
L
O
G
I
C
A
L
 
M
O
N
I
T
O
R
I
N
G
 
I
N
 
T
H
E
 
L
A
B
O
R
A
T
O
R
Y

W
i
t
h
 
C
i
v
i
l
 
D
e
f
e
n
s
e
 
e
q
u
i
p
m
e
n
t
,
 
b
a
s
i
c

m
o
n
i
t
o
r
i
n
g

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

t
i
o
n
a
l
 
l
a
b
o
r
a
t
o
r
y
.

S
h
o
u
l
d
 
b
e
 
s
h
o
w
n
 
a
l
o
n
g

w
i
t
h
 
R
S
S
 
#
4
,
 
R
A
D
I
A
T
I
O
N
 
S
A
F
E
T
Y
.

U
n
t
i
l
 
c
o
m
m
e
r
c
i
a
l
 
d
i
s
t
r
i
b
u
t
i
o
n
 
i
s

a
r
r
a
n
g
e
d
,
 
w
i
i
t
e

t
o
 
t
h
e
 
a
d
d
r
e
s
s
 
b
e
l
o
w
 
t
o
 
s
e
c
u
r
e

c
o
p
i
e
s
 
o
f
 
t
h
e

f
i
l
m
-

s
t
r
i
p
s
:

J
o
h
n
 
W
.
 
S
u
l
c
o
s
k
i
,
 
D
i
r
e
c
t
o
r

R
a
d
i
a
t
i
o
n
 
S
c
i
e
n
c
e
 
S
e
m
i
n
a
r

8
0
 
N
.
 
W
a
s
h
i
n
g
t
o
n
 
S
t
.

W
i
l
k
e
s
-
B
a
r
r
e
,
 
P
a
.
,
 
1
8
7
0
1

6
9
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*
 
I
n
s
e
r
t

S
e
e
B
o
t
t
o
m

o
f
 
n
e
x
t

c
o
l
u
m
n

A
T
O
M
I
C
 
E
N
E
R
G
Y
 
C
O
M
M
I
S
S
I
O
N
 
M
O
V
I
E
S

S
E
R
I
E
S
:

T
h
e
 
"
C
h
a
l
l
e
n
g
e
"

1
3
 
i
n
-
d
e
p
t
h
 
d
e
s
c
r
i
p
t
i
o
n
 
o
f
 
b
a
s
i
c
 
r
e
s
e
a
r
c
h

f
i
l
m
s
,

a
l
l
 
2
9
 
m
i
n
.

R
e
q
u
e
s
t
 
t
i
t
l
e
s
 
a
t
 
l
e
a
s
t
 
t
h
r
e
e
 
w
e
e
k
s
 
i
n

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

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

b
o
r
n
e
 
b
y
 
t
h
e

g
e
n
e
r
a
l
l
y
 
b
y
 
p
a
r
c
e
l
 
p
o
s
t
 
a
n
d
 
e
a
c
h
 
r
e
e
l

$
1
0
0
.

a
d
v
a
n
c
e
 
-

e
x
p
e
n
s
e
 
-

b
o
r
r
o
w
e
r
,

i
n
s
u
r
e
d
 
f
o
r

A
 
I
S
 
F
O
R
 
A
T
O
M
 
(
A
t
o
m
i
c
 
e
n
e
r
g
y

p
r
i
n
c
i
p
l
e
s
)

1
5
 
m
i
n
.
 
c
o
l
o
r
 
(
1
9
5
3
)

A
T
O
M
I
C
 
P
O
W
E
R
 
A
T
 
S
H
I
P
P
I
N
G
 
P
O
R
T
 
(
p
o
w
e
r
 
r
e
a
c
t
o
r
)

3
0
 
m
.
n
.
 
c
o
l
o
r
 
(
1
9
5
8
)

A
T
O
M
I
C
 
W
E
A
T
H
E
R
M
A
N
 
(
a
p
p
l
i
c
a
t
i
o
n
)
 
1
8
 
m
i
n
.
 
c
o
l
o
r

(
1
9
6
3
)

B
E
T
A
 
R
A
Y
 
S
P
E
C
T
R
O
M
E
T
E
R
 
(
p
h
y
s
i
c
s
)
 
7
 
m
i
n
.
 
c
o
l
o
r

(
1
9
6
3
)

C
O
N
T
R
O
L
L
I
N
G
 
A
T
O
M
I
C
 
E
N
E
R
G
Y
 
(
f
u
n
d
a
m
e
n
t
a
l
s
)

1
3
 
m
i
n
.
 
c
o
l
o
r
 
(
1
9
6
1
)

P
O
W
E
R
 
R
E
A
C
T
O
R
S
 
(
p
o
w
e
r
 
r
e
a
c
t
o
r
)
 
5
5
 
m
i
n
.
 
c
o
l
o
r

(
1
9
5
8
)

I
N
T
R
O
D
U
C
I
N
G
 
A
T
O
M
S
 
A
N
D
 
N
U
C
L
E
A
R
 
E
N
E
R
G
Y
 
1
1
 
m
i
n
.

(
1
9
6
3
)

U
N
L
O
C
K
I
N
G
 
T
H
E
 
A
T
O
M
 
(
f
u
n
d
a
m
e
n
t
a
l
s
)
 
2
0
 
m
i
n
.

(
1
9
5
0
)

N
A
V
A
L
 
R
E
S
E
A
R
C
H
 
L
A
B
O
R
A
T
O
R
Y
 
R
E
A
C
T
O
R

(
r
e
s
e
a
r
c
h
)

2
1
 
m
i
n
.
 
c
o
l
o
r
 
(
1
9
5
8
)

P
R
O
D
U
C
T
I
O
N
 
O
F
 
U
R
A
N
I
U
M
 
F
E
E
D
 
M
A
T
E
R
I
A
L
 
(
h
a
n
d
l
i
n
g
)

2
8
 
m
i
n
.
 
c
o
l
o
r
 
(
1
9
5
9
)

T
H
E
 
P
E
T
R
I
F
I
E
D
 
R
I
V
E
R
 
(
p
r
o
s
p
e
c
t
i
n
g
)
 
2
8
 
m
i
n
.
 
c
o
l
o
r

(
1
9
5
6
)

T
H
E
 
N
E
W
 
P
O
W
E
R
 
(
p
o
w
e
r
 
r
e
a
c
t
o
r
)
 
3
9
 
m
i
n
.
 
c
o
l
o
r

(
1
9
6
3
)

U
N
D
E
R
W
A
Y
 
(
n
u
c
l
e
a
r
 
p
r
o
p
u
l
s
i
o
n
)
 
2
0
 
m
i
n
.

c
o
l
o
r
(
1
9
6
0
)

A
T
O
M
S
 
F
O
R
 
S
P
A
C
E
 
(
s
p
a
c
e
)
 
2
8
 
m
i
n
.
 
c
o
l
o
r

(
1
9
6
2
)

T
H
E
 
H
I
G
H
 
E
N
E
R
G
Y
 
P
E
O
P
L
E
 
(
r
e
s
e
a
r
c
h
)
5
 
m
i
n
.
c
o
l
o
r
(
1
9
6
3
)

I
S
O
T
O
P
E
S
 
(
P
r
o
d
u
c
t
i
o
n
 
&
 
h
a
n
d
l
i
n
g
)
 
2
0
 
m
i
n
.
 
c
o
l
o
r

(
1
9
6
5
)

R
A
D
I
O
I
S
O
T
O
P
E
S
:
 
S
A
F
E
 
S
E
R
V
A
N
T
S
 
O
F
 
I
N
D
U
S
T
R
Y
 
(
i
n
d
u
s
t
r
i
a
l
)

2
8
 
m
i
n
.
 
c
o
l
o
r
 
(
1
9
6
3
)

R
A
D
I
A
T
I
O
N
 
I
N
 
B
I
O
L
O
G
Y
:

A
N
 
I
N
T
R
O
D
U
C
T
I
O
N
 
(
b
i
o
l
o
g
y
)

1
3
 
m
i
n
.
 
c
o
l
o
r
 
(
1
9
6
2

H
A
R
V
E
S
T
 
O
F
 
A
N
 
A
T
O
M
I
C
 
A
G
E
 
(
a
g
r
i
c
u
l
t
u
r
e
)

2
0
 
m
i
n
.
 
c
o
l
o
r
 
(
1
9
6
3
)
.

M
E
D
I
C
I
N
E
 
(
m
e
d
i
c
i
n
e
)
 
2
0
 
m
i
n
.
 
c
o
l
o
r
)
 
1
9
5
7

R
A
D
I
A
T
I
O
N
 
I
N
 
P
E
R
S
P
E
C
T
I
V
E
 
(
r
a
d
i
a
t
i
o
n
 
h
a
z
a
r
d
)

4
3
 
m
i
n
.
 
c
o
l
o
r
 
(
1
9
6
3
)

M
A
N
 
A
N
D
 
R
A
D
I
A
T
I
O
N
 
(
a
p
p
l
i
c
a
t
i
o
n
)
 
4
1
 
m
i
n
.
 
c
o
l
o
r

(
1
9
6
3
)

A
T
O
M
I
C
 
E
N
E
R
G
Y
 
-
 
A
 
F
O
R
C
E
 
F
O
R
 
G
O
O
D
 
(
p
e
a
c
e
f
u
l
 
u
s
e
s
)

2
5
 
m
i
n
.

b
 
&
 
w
 
(
1
9
5
5
)

7
0

T
H
E
 
I
N
T
E
R
N
A
T
I
O
N
A
L
 
A
T
O
M
 
(
p
e
a
c
e
f
u
l
 
u
s
e
s
)

2
7
 
m
i
n
.
 
c
o
l
o
r
 
(
1
9
6
1
)

P
R
O
J
E
C
T
 
G
N
O
M
E
 
(
n
u
c
l
e
a
r
 
e
x
p
l
o
s
i
v
e
s
)
 
2
9
 
m
i
n
.

c
o
l
o
r
(
1
9
6
3
)

I
N
D
U
S
T
R
I
A
L
 
A
P
P
L
I
C
A
T
I
O
N
S
 
O
F
 
N
U
C
L
E
A
R
 
E
X
P
L
O
S
I
V
E
S

(
i
n
d
u
s
t
r
y
)
 
1
1
 
m
i
n
.
 
c
o
'
 
i
t
 
(
1
9
5
8
)

G
R
O
U
P
 
S
H
E
L
T
E
R
 
(
n
u
c
l
e
a
r
 
w
e
a
p
o
n
s
)
 
1
0
 
m
i
n
.
 
c
o
l
o
r

(
1
9
6
0
)

O
P
E
R
A
T
I
O
N
 
C
R
O
S
S
R
O
A
D
S
 
(
n
u
c
l
e
a
r
 
w
e
a
p
o
n
s
)

2
7
 
m
i
n
.
 
c
o
l
o
r
 
(
1
9
4
8
)

A
u
d
i
o
-
V
i
s
u
a
l
 
B
r
a
n
c
h

D
i
v
i
s
i
o
n
 
o
f
 
P
u
b
l
i
c
 
I
n
f
o
r
m
a
t
i
o
n

U
.
 
S
.
 
A
t
o
m
i
c
 
E
n
e
r
g
y
 
C
o
m
m
i
s
s
i
o
n

W
a
s
h
i
n
g
t
o
n
,
 
D
.
 
C
.
 
2
0
5
4
5

S
E
R
I
E
S
:

"
T
h
e
 
R
a
d
i
o
i
s
o
t
o
p
e
"

6
8
 
m
i
n
.
 
t
o
 
3
3
 
m
i
n
.
)
:

(
b
l
a
c
k
 
&
 
w
h
i
t
e

F
u
n
d
a
m
e
n
t
a
l
s
 
o
f
 
R
a
d
i
o
a
c
t
i
v
i
t
y

P
r
a
c
t
i
c
a
l
 
P
r
o
c
e
d
u
r
e
s
 
o
f
 
M
e
a
s
u
r
e
m
e
n
t

T
h
e
 
R
a
d
i
o
i
s
o
t
o
p
e
 
i
n
 
G
e
n
e
r
a
l
 
S
c
i
e
n
c
e

R
a
d
i
o
i
s
o
t
o
p
e
s
 
i
n
 
A
g
r
i
c
u
l
t
u
r
e

T
h
e
 
R
a
d
i
o
i
s
o
t
o
p
e
 
M
e
t
h
o
d
o
l
o
g
y

P
r
o
p
e
r
t
i
e
s
 
o
f
 
R
a
d
i
a
t
i
o
n

P
r
a
c
t
i
c
e
 
o
f
 
R
a
d
i
o
l
o
g
i
c
a
l
 
S
a
f
e
t
y

P
r
i
n
c
i
p
l
e
 
o
f
 
R
a
d
i
o
l
o
g
i
c
a
l
 
S
a
f
e
t
y

f
r
o
m

S
E
R
I
E
S
:

"
U
n
d
e
r
s
t
a
n
d
i
n
g
 
t
h
e
 
A
t
o
m
"
 
(
a
l
l
 
a
b
o
u
t
 
3
0
 
m
i
n
.
)
:

A
l
p
h
a
,
 
B
e
t
a
 
&
 
G
a
m
m
a

R
a
d
i
a
t
i
o
n
 
&
 
M
a
t
t
e
r

P
r
o
p
e
r
t
i
e
s
 
o
f
 
R
a
d
i
a
t
i
o
n

D
e
t
e
c
t
i
o
n
 
b
y
 
I
o
n
i
z
a
t
i
o
n

D
e
t
e
c
t
i
o
n
 
b
y
 
S
c
i
n
t
i
l
l
a
t
i
o
n

N
u
c
l
e
a
r
 
R
e
a
c
t
i
o
n
s

F
.
 
T
.
 
R
i
c
h
a
r
d
s
o
n
,

D
i
r
e
c
t
o
r
 
P
u
l
-
l
i
c
 
I
n
f
o
r
m
a
t
i
o
n

S
e
r
v
i
c
e

U
.
 
S
.
 
A
t
o
m
i
c
 
E
n
e
r
g
y

C
o
m
m
i
s
s
i
o
n
,
 
N
e
w
 
Y
o
r
k

O
p
e
r
a
t
i
o
n
s

o
f
f
i
c
e
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U
S
I
N
G
 
T
H
E
 
C
I
V
I
L

D
E
F
E
N
S
E
 
V
-
7
0
0
 
G
E
I
G
E
R

T
H
E
 
G
E
I
G
E
R
 
C
O
U
N
T
E
R

T
h
e
 
G
e
i
g
e
r
 
c
o
u
n
t
e
r

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

u
n
i
t
 
u
s
e
d

t
o
 
d
e
t
e
c
t

r
a
d
i
a
t
i
o
n
.

I
t
 
a
c
t
u
a
l
l
y

c
o
n
s
i
s
t
s
 
o
f
 
t
w
o
 
s
e
p
a
r
a
t
e

p
a
r
t
s
:

t
h
e
 
G
e
i
g
e
r
 
t
u
b
e

a
n
d
 
a
 
r
a
t
e
m
e
t
e
r
.

T
h
e
 
G
e
i
g
e
r
 
t
u
b
e

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

t
h
i
n
 
w
i
r
e
 
i
n
 
t
h
e

c
e
n
t
e
r
 
w
h
i
c
h
 
s
e
r
v
e
s
 
a
s

a
 
p
o
s
i
t
i
v
e

t
e
r
m
i
n
a
l
,
 
a
n
d
 
a
 
t
h
i
n

l
a
y
e
r
 
o
f
 
a
 
m
e
t
a
l

d
e
p
o
s
i
t
e
d
 
o
n
 
t
h
e

i
n
s
i
d
e
 
o
f
 
t
h
e
 
g
l
a
s
s

t
u
b
e
.

W
h
e
n
 
a
 
r
a
y
 
g
i
v
e
n

o
f
f
 
b
y
 
a
 
r
a
d
i
o
a
c
t
i
v
e

s
o
u
r
c
e
 
e
n
t
e
r
s

t
h
e

t
u
b
e
,
 
i
t
 
c
a
u
s
e
s

i
o
n
i
z
a
t
i
o
n
 
o
f
 
t
h
e
 
g
a
s

i
n
s
i
d
e
.

T
h
e
 
i
o
n
s

f
o
r
m
e
d
 
d
r
i
f
t
 
t
o
 
e
a
c
h

e
l
e
c
t
r
o
d
e
 
c
o
m
p
l
e
t
i
n
g
 
a
n
e
l
e
c
t
r
i
c
 
c
i
r
-

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

b
e
i
n
g
 
s
e
n
t
 
t
o
 
t
h
e

r
a
t
e
m
e
t
e
r
.

T
h
e
 
r
a
t
e
m
e
t
e
r
 
a
c
c
e
p
t
s

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

t
h
e
m
 
t
o
 
a

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

t
h
e

t
u
b
e
 
i
n
 
a
 
p
e
r
i
o
d

o
f
 
t
i
m
e
,

T
h
e
 
C
o
n
v
e
r
s
i
o
n

k
i
t
 
h
a
s
 
b
e
e
n
 
d
e
s
i
g
n
e
d

e
s
p
e
c
i
a
l
l
y
 
f
o
r
 
u
s
e

w
i
t
h
 
r
a
t
e
m
e
t
e
r
s

s
i
m
i
l
a
r
 
t
o
 
t
h
e
 
m
o
d
e
l

C
D
 
V
-
7
0
0
 
w
i
t
h
 
a

s
i
d
e
-

w
i
n
d
o
w
 
G
e
i
g
e
r
 
t
u
b
e
.

T
h
e
 
e
x
p
e
r
i
m
e
n
t
s
 
m
a
y

b
e
 
p
e
r
f
o
r
m
e
d
 
w
i
t
h

a
n
y
 
o
t
h
e
r

r
a
t
e
m
e
t
e
r
,
 
s
u
c
h
 
a
s

t
h
e
 
C
l
a
s
s
m
a
s
t
e
r
,
 
w
h
i
c
h
h
a
s

s
i
d
e
-
w
i
n
d
o
w
 
G
e
i
g
e
r

t
u
b
e
.

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

i
n
s
t
r
u
c
t
i
o
n
s
 
m
a
y

b
e
 
s
l
i
g
h
t
l
y

d
i
f
f
e
r
e
n
t
.

T
h
e
 
G
e
i
g
e
r
 
t
u
b
e

s
u
p
p
l
i
e
d
 
w
i
t
h
 
t
h
e
s
e

i
n
s
t
r
u
m
e
n
t
s
 
h
a
s
 
a

w
i
n
d
o
w
 
t
h
i
c
k
n
e
s
s

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

w
e
a
k
 
b
e
t
a
 
p
a
r
t
i
c
l
e
s

f
r
o
m
 
e
n
t
e
r
i
n
g
 
t
h
e

i
n
s
i
d
e
 
o
f
 
t
h
e
 
t
u
b
e

t
o
 
b
e
 
c
o
u
n
t
e
d
.

B
e
t
a
 
a
n
d
 
g
a
m
m
a
 
s
o
u
r
c
e
s
 
a
r
e

d
e
t
e
c
t
e
d
 
e
a
s
i
l
y
.

T
h
e
 
s
o
u
r
c
e
s

r
e
c
o
m
m
e
n
d
e
d
 
f
o
r
 
t
h
e
s
e

e
x
p
e
r
i
m
e
n
t
s
 
a
r
e
 
T
h
a
l
l
i
u
m
-

2
0
4
,
 
R
a
d
i
u
m
-
2
2
6
,
 
o
r

S
t
r
o
n
t
i
u
m
-
9
0
 
(
p
u
r
e
b
e
t
a
-
e
m
i
t
t
e
r
s
)
,
 
a
n
d

C
o
b
a
l
t
-
6
0
 
o
r
B
a
r
i
u
m
-
1
3
3
,
a

g
a
m
m
a
-
e
m
i
t
t
e
r
.

C
O
U
N
T
I
N
G
 
G
E
O
M
E
T
R
Y

F
o
r
 
a
n
y
 
r
a
d
i
o
a
c
t
i
v
e
m
e
a
s
u
r
e
m
e
n
t
 
t
o
 
b
e

r
e
p
r
o
d
u
c
e
d
 
a
t
 
a

l
a
t
e
r
 
t
i
m
e
,
 
t
h
e

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

i
n
 
r
e
l
a
t
i
o
n
 
t
o

t
h
e
 
G
e
i
g
e
r
 
t
u
b
e
 
m
u
s
t

r
e
m
a
i
n
 
c
o
n
s
t
a
n
t
,
 
o
r

e
r
r
a
t
i
c
 
r
e
s
u
l
t
s

w
i
l
l
 
b
e
 
s
e
c
u
r
e
d
.

T
h
i
s
 
i
s
 
t
h
e
 
p
u
r
p
o
s
e

o
f
 
t
h
e
 
t
u
b
e
 
s
t
a
n
d
,

t
h
e
 
h
e
a
r
t
 
o
f
 
t
h
e

c
o
n
v
e
r
s
i
o
n
 
k
i
t
.

I
t
 
e
n
a
b
l
e
s
 
t
h
e
 
e
x
p
e
r
i
-

m
e
n
t
e
r
 
t
o
 
r
e
p
r
o
d
u
c
e

t
h
e
 
o
r
i
g
i
n
a
l
 
c
o
u
n
t
i
n
g

c
o
n
d
i
t
i
o
n
s

a
t
 
a
n
y
 
f
u
t
u
r
e

t
i
m
e
.

O
p
e
r
a
t
i
n
g
 
t
h
e
 
G
e
i
g
e
r
 
c
o
u
n
t
e
r
w
i
t
h
 
t
h
e
 
k
i
t
 
i
s
 
s
i
m
p
l
e
.

C
l
a
m
p
 
t
h
e
 
t
u
b
e
 
t
o
 
t
u
b
e

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

f
a
c
e
s
 
t
o
w
a
r
d

t
h
e
 
h
o
l
e
 
i
n
 
t
h
e
 
t
u
b
e

s
t
a
n
d
.

T
u
r
n
 
t
h
e
 
o
p
e
r
a
t
i
n
g

s
w
i
t
c
h

t
o
 
x
 
1
0
0
 
a
n
d
 
w
a
i
t
 
a

f
e
w
 
m
i
n
u
t
e
s
 
f
o
r
 
w
a
r
m
-
u
p
.

T
h
e

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

f
o
r
 
m
a
k
i
n
g
 
r
a
d
i
o
a
c
t
i
v
e

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

S
U
P
P
L
I
E
R
S
 
O
F
 
R
A
D
I
O
A
C
T
I
V
E

S
O
U
R
C
E
S
 
F
O
R
 
T
H
E
S
E

E
X
P
E
R
I
M
E
N
T
S

R
e
c
o
m
m
e
n
d
e
d
 
s
e
a
l
e
d
 
s
o
u
r
c
e
s

#
1
6
1

#
1
6
9

#
1
2
5

#
1
2
9

S
r
-
9
0

u
c

T
1
-
2
0
4

u
c

C
s
-
1
3
7

u
c

C
o
-
6
0

1
/
2
 
u
c

B
e
t
a

B
e
t
a

B
e
t
a
-
g
a
m
m
a

B
e
t
a
-
g
a
m
m
a

R
e
c
o
m
m
e
n
d
e
d
 
l
i
q
u
i
d
 
s
o
u
r
c
e
s

#
2
2
3

1
-
1
3
1

1
0
 
u
c

#
2
2
7

?
-
3
2

1
0
 
u
c

G
e
n
e
r
a
l
 
R
a
d
i
o
i
s
o
t
o
p
e

P
r
o
c
e
s
s
i
n
g
 
C
o
r
p
.

3
0
0
0
 
S
a
n
 
R
a
m
o
n
 
V
a
l
l
e
y

B
l
v
d
.

S
a
n
 
R
a
m
o
n
,
 
C
a
l
i
f
.

9
4
5
8
3

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

f
a
c
t

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

r
a
d
i
o
-

a
c
t
i
v
e
 
s
o
u
r
c
e
s
.
)
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E
X
P
E
R
I
M
E
N
T
 
1

B
A
C
K
G
R
O
U
N
D

T
H
E
 
P
R
O
B
L
E
M

E
v
e
n
 
t
h
o
u
g
h
 
n
o
 
s
o
u
r
c
e
s
 
m
a
y
b
e
 
p
r
e
s
e
n
t
 
n
e
a
r
 
t
h
e

G
e
i
g
e
r
 
c
o
u
n
t
e
r
,
n
a
t
u
r
a
l

r
a
d
i
o
a
c
t
i
v
e
 
s
u
b
s
t
a
n
c
e
s
 
i
n

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

b
e
 
d
e
t
e
c
t
e
d
 
b
y
 
t
h
e
 
i
n
s
t
r
u
m
e
n
t
.

A
P
P
A
R
A
T
U
S

T
u
b
e
 
s
t
a
n
d
,
 
G
e
i
g
e
r
 
c
o
u
n
t
e
r
;

e
a
r
-
p
h
o
n
e
,
 
t
i
m
e
r
.

P
R
O
C
E
D
U
R
E

N
o
 
s
o
u
r
c
e
s
 
s
h
o
u
l
d
 
b
e
 
n
e
a
r
 
t
h
e

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

e
x
p
e
r
i
m
e
n
t
.

1
.

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

f
o
r
 
w
a
r
m
-
u
p
.

2
.

P
l
u
g
 
t
h
e
 
e
a
r
p
h
o
n
e
,
 
i
n
t
o
 
t
h
e
 
j
a
c
k
w
h
i
c
h
 
i
s

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

o
f
 
t
h
e

G
e
i
g
e
r
 
c
o
u
n
t
e
r
 
c
a
s
e
.

3
.

W
i
t
h
 
t
h
e
 
a
i
d
 
o
f
 
a
 
w
a
t
c
h
,
 
c
l
o
c
k
,
 
o
r

t
i
m
e
r
,

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

t
h
e

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

t
i
m
e

i
n
t
e
r
v
a
l
.

L
i
s
t
 
c
a
r
e
f
u
l
l
y
 
t
o
 
t
h
e
 
c
l
i
c
k
s
.

D
o
 
t
h
e
y
 
o
c
c
u
r

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

r
a
n
d
o
m
 
f
a
s
h
i
o
n
?

C
O
N
C
L
U
S
I
O
N

T
h
e
 
b
a
c
k
g
r
o
u
n
d
 
c
o
u
n
t
 
m
u
s
t
 
b
e
 
s
u
b
t
r
a
c
t
e
d

f
r
o
m
 
a
n
y

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

t
h
e

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

7
2

E
X
P
E
R
I
M
E
N
T
 
2

D
I
S
T
A
N
C
E
 
A
N
D
 
R
A
D
I
A
T
I
O
N

T
H
E
 
P
R
O
B
L
E
M

R
a
d
i
a
t
i
o
n
 
i
s
 
s
i
m
i
l
a
r
 
t
o
 
l
i
g
h
t
 
r
a
y
s

i
n
 
m
a
n
y
 
r
e
s
p
e
c
t
s
,

a
s
 
a
 
l
i
g
h
t
 
s
o
u
r
c
e
 
i
s

m
o
v
e
d
 
a
w
a
y
 
f
r
o
m
 
a
n
 
o
b
j
e
c
t
,
 
t
h
e

l
i
g
h
t
 
s
h
i
n
i
n
g
 
o
n
 
t
h
e
 
o
b
j
e
c
t
 
d
e
c
r
e
a
s
e
s

i
n
 
i
n
t
e
n
s
i
t
y
.

B
y
 
p
l
a
c
i
n
g
 
a
 
s
a
m
p
l
e
 
o
n
 
t
h
e

d
i
f
f
e
r
e
n
t
 
s
h
e
l
v
e
s
 
o
f
 
t
h
e

t
u
b
e
 
s
t
a
n
d
 
a
n
d
 
d
e
t
e
r
m
i
n
i
n
g
 
t
h
e

a
c
t
i
v
i
t
y
,
 
y
o
u
 
w
i
l
l

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

d
i
s
t
a
n
c
e
 
u
p
o
n

r
a
y
s
 
g
i
v
e
n
 
o
f
f
 
b
y

r
a
d
i
o
a
c
t
i
v
e
 
s
u
b
s
t
a
n
c
e
s
.

A
P
P
A
R
A
T
U
S

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

b
e
t
a
 
a
n
d

g
a
m
m
a
 
s
o
u
r
c
e
s
.

P
R
O
C
E
D
U
R
E

1
.

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

a
n
d

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

f
i
r
s
t
 
s
h
e
l
f

o
f
 
t
h
e
 
t
u
b
e
 
s
t
a
n
d
.

R
e
c
o
r
d
 
t
h
e
 
a
c
t
i
v
i
t
y
 
o
f

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

s
h
e
l
f
.

2
.

P
l
a
c
e
 
t
h
e
 
s
a
m
p
l
e
 
t
r
a
y
 
o
n
 
t
h
e

s
e
c
o
n
d
 
s
h
e
l
f
 
o
f

t
h
e
 
t
u
b
e
 
s
t
a
n
d
 
a
n
d
 
r
e
c
o
r
d
 
t
h
e

a
c
t
i
v
i
t
y
.

3
.

R
e
p
e
a
t
 
s
t
e
p
 
N
o
.
 
2
 
w
i
t
h
 
t
h
e
 
o
t
h
e
r

s
h
e
l
v
e
s
.

R
e
c
o
r
d
 
a
l
l
 
a
c
t
i
v
i
t
i
e
s
 
w
i
t
h
 
t
h
e

c
o
r
r
e
s
p
o
n
d
i
n
g

s
h
e
l
f
 
n
u
m
b
e
r
s
.

C
O
N
C
L
U
S
I
O
N
S

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

b
a
c
k
g
r
o
u
n
d
.

P
l
o
t
 
a

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

t
h
e
 
a
b
s
c
i
s
s
a

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

t
h
e
 
o
r
d
i
n
a
t
e
.

W
h
a
t
 
r
e
l
a
t
i
o
n
 
e
x
i
s
t
s
 
b
e
t
w
e
e
n
 
d
i
s
t
a
n
c
e

a
n
d
 
t
h
e

i
n
t
e
n
s
i
t
y
 
o
f
 
r
a
d
i
a
t
i
o
n
?

W
h
y
 
a
r
e
 
t
u
b
e
 
s
t
a
n
d
s
 
m
a
d
e
 
w
i
t
h
 
a
 
n
u
m
b
e
r

o
f
 
s
h
e
l
v
e
s
?
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E
X
P
E
R
I
M
E
N
T
 
3

A
B
S
O
R
P
T
I
O
N
 
O
F
 
B
E
T
A
 
R
A
D
I
A
T
I
O
N

T
H
E
 
P
R
O
B
L
E
M

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

i
s
 
a

v
e
r
y
 
i
m
p
o
r
t
a
n
t

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

A
 
r
a
d
i
o
i
s
o
t
o
p
e
 
f
r
o
m
 
i
t
s
 
p
e
n
e
t
r
a
t
i
o
n
i
n
 
d
i
f
f
e
r
e
n
t

k
i
n
d
s
 
o
f
 
m
a
t
t
e
r
 
m
a
y
 
b
e
 
i
d
e
n
t
i
f
i
e
d
.

K
n
o
w
l
e
d
g
e
 
o
f

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

i
n

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

r
a
d
i
a
-

t
i
o
n
.

A
s
 
r
a
d
i
a
t
i
o
n
 
p
a
s
s
e
s
 
t
h
r
o
u
g
h
 
m
a
t
t
e
r
,

i
t
 
i
s
 
a
b
s
o
r
b
e
d
.

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

i
n
g
 
a
 
n
u
m
b
e
r
 
o
f

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

t
h
e
 
G
e
i
g
e
r
 
t
u
b
e
.

A
P
P
A
R
A
T
U
S

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

b
e
t
a
 
s
o
u
r
c
e
.

P
R
O
C
E
D
U
R
E

1
.

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

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

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

R
e
c
o
r
d
 
t
h
e
 
a
c
t
i
v
i
t
y

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

2
.

P
l
a
c
e
 
a
n
 
a
b
s
o
r
b
e
r
 
s
l
i
d
e
 
i
n
 
t
h
e
 
s
h
e
l
f
 
d
i
r
e
c
t
l
y

a
b
o
v
e
 
t
h
e
 
r
a
d
i
o
a
c
t
i
v
e
 
s
o
u
r
c
e
,

R
e
c
o
r
d
 
t
h
e

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

a
b
s
o
r
b
e
r
.

3
.

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

a
b
s
o
r
b
e
r
s
 
a
n
d
 
r
e
c
o
r
d
.

R
e
p
e
a
t
 
b
y
 
i
n
c
r
e
a
s
i
n
g

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

C
O
N
C
L
U
S
I
O
N
S

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

P
l
o
t
 
a

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

a
b
s
c
i
s
s
a
 
a
g
a
i
n
s
t
 
t
h
e
 
c
o
r
r
e
c
t
e
d
 
a
c
t
i
v
i
t
y
 
o
n

t
h
e
 
o
r
d
i
n
-

a
t
e
.

F
r
o
m
 
t
h
e
 
g
r
a
p
h
,
 
w
h
a
t
 
r
e
l
a
t
i
o
n
 
e
x
i
s
t
s

b
e
t
w
e
e
n

a
b
s
o
r
b
e
r
 
t
h
i
c
k
n
e
s
s
 
a
n
d
 
i
n
t
e
n
s
i
t
y
 
o
f

r
a
d
i
a
t
i
o
n
?

E
X
P
E
R
I
M
E
N
T
 
4

T
H
E
 
P
R
O
B
L
E
M

A
B
S
O
R
P
T
I
O
N
 
O
F
 
G
A
M
M
A
 
R
A
D
I
A
T
I
O
N

I
n
 
e
x
p
e
r
i
m
e
n
t
 
N
o
.
 
3
,
 
y
o
u
 
i
n
v
e
s
t
i
g
a
t
e
d

t
h
e
 
a
b
s
o
r
p
t
i
o
n

o
f
 
b
e
t
a
 
p
a
r
t
i
c
l
e
s
 
b
y
 
m
a
t
t
e
r
.

Y
o
u
 
w
i
l
l
 
p
e
r
f
o
r
m
 
a

s
i
m
i
l
a
r
 
e
x
p
e
r
i
m
e
n
t
 
t
o
 
d
e
t
e
r
m
i
n
e
 
i
f
 
g
a
m
m
a
 
r
a
y
s
 
a
r
e

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

A
P
P
A
R
A
T
U
S

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

a
b
s
o
r
b
e
r
s
,

g
a
m
m
a
 
s
o
u
r
c
e
,

P
R
O
C
E
D
U
R
E

1
.

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

a
n
d

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

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

R
e
c
o
r
d
 
t
h
e
 
a
c
t
i
v
i
t
y

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

d
a
t
a
 
c
h
a
r
t
.

2
.

P
l
a
c
e
 
a
n
 
a
b
s
o
r
b
e
r
 
s
l
i
d
e
 
i
n
 
t
h
e
 
s
h
e
l
f
 
d
i
r
e
c
t
l
y

a
b
o
v
e
 
t
h
e
 
r
a
d
i
o
a
c
t
i
v
e
 
s
o
u
r
c
e
.

R
e
c
o
r
d
 
t
h
e

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

3
.

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

a
b
s
o
r
b
e
r
s
 
i
n
 
p
l
a
c
e
 
a
n
d
 
r
e
c
o
r
d
.

R
e
p
e
a
t
 
b
y
 
i
n
-

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

s
h
e
l
f
.

C
O
N
C
L
U
S
I
O
N
S

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

P
l
o
t
 
a
 
g
r
a
p
h

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

t
h
e
 
a
b
s
c
i
s
s
a

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

t
h
e
 
o
r
d
i
n
a
t
e
.

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

a
b
s
o
r
b
e
r

t
h
i
c
k
n
e
s
s
 
a
n
d
 
t
h
e
 
i
n
t
e
n
s
i
t
y
 
o
f
 
g
a
m
m
a
 
r
a
d
i
a
t
i
o
n
?

7
3
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E
X
P
E
R
I
M
E
N
T
 
5

S
C
A
T
T
E
R
I
N
G
 
O
F
 
R
A
D
I
A
T
I
O
N

T
H
E
 
P
R
O
B
L
E
M

S
i
n
c
e
 
b
e
t
a
 
r
a
d
i
a
t
i
o
n

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

p
a
r
t
i
c
l
e
s
,
 
t
h
e
 
b
e
t
a

p
a
r
t
i
c
l
e
 
s
h
o
u
l
d
 
b
e
 
e
x
p
e
c
t
e
d

t
o
 
b
o
u
n
c
e
 
o
f
f
 
m
a
t
t
e
r

i
n
 
t
h
e
 
s
a
m
e
 
w
a
y
 
a
 
b
a
l
l

i
s

b
o
u
n
c
e
d
 
o
f
f
 
a
 
w
a
l
l
.

T
h
i
s
 
b
o
u
n
c
i
n
g
 
e
f
f
e
c
t
 
i
s

c
a
l
l
e
d
 
s
c
a
t
t
e
r
i
n
g
 
w
h
e
n

a
p
p
l
i
e
d
 
t
o
 
r
a
d
i
a
t
i
o
n
.

A
P
P
A
R
A
T
U
S

G
e
i
g
e
r
 
c
o
u
n
t
e
r
,
 
t
u
b
e

s
t
a
n
d
,
 
a
b
s
o
r
b
e
r
s
,
 
c
a
r
d

m
o
u
n
t
,
 
m
e
d
i
c
i
n
e

d
r
o
p
p
e
r
,
 
0
.
1
 
u
c
 
o
f
 
1
-
1
3
1
 
o
r

P
-
3
2
,
 
c
a
r
d
 
m
o
u
n
t
,
 
s
a
r
a
n
 
w
r
a
p
,

t
a
p
e
.

C
A

R
D

 M
O

U
N

T

M
E

T
A

L
S

Q
U

A
R

E

P
R
O
C
E
D
U
R
E

M
A

S
K

IN
G

 T
A

 P
E

1
.

T
a
p
e
 
a
 
p
i
e
c
e
 
o
f
 
s
a
r
a
n
 
w
r
a
p
 
t
i
g
h
t
l
y
 
o
v
e
r

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

T
u
r
n
 
t
h
e
 
p
r
e
-

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

f
a
c
e
s
 
t
h
e
 
w
o
r
k
b
e
n
c
h
.

2
.

A
d
d
 
0
.
1
 
u
c
 
o
f
 
1
-
1
3
1
 
o
r
 
P
-
3
2
 
t
o
 
t
h
e
 
c
e
n
t
e
r

o
f
 
t
h
e
 
s
a
r
a
n
 
w
r
a
p
.

T
h
e
 
l
i
q
u
i
d
 
s
h
o
u
l
d

r
e
m
a
i
n
 
i
n
 
t
h
e
 
c
e
n
t
e
r
.

D
o
 
n
o
t
 
u
s
e
 
t
o
o

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

t
h
e
 
f
i
l
m
.

3
.

L
e
t
 
t
h
e
 
l
i
q
u
i
d
 
d
r
y
 
n
a
t
u
r
a
l
l
y
.

4
.

W
h
e
n
 
t
h
e
 
l
i
q
u
i
d
 
h
a
s
 
d
r
i
e
d
,
 
s
l
i
d
e
 
t
h
e
 
c
a
r
d

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

o
f

t
h
e
 
t
u
b
e
 
s
t
a
n
d
.

R
e
c
o
r
d
 
t
h
e
 
a
c
t
i
v
i
t
y
.

7
4

5
.

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

d
i
r
e
c
t
l
y

b
e
l
o
w
 
t
h
e
 
c
a
r
d
 
m
o
u
n
t
.

R
e
c
o
r
d
 
t
h
e
 
a
c
t
i
v
i
t
y

o
f
 
t
h
e
 
s
a
m
p
l
e
 
w
i
t
h
 
o
n
e
 
a
b
s
o
r
b
e
r
.

6
.

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

a
b
s
o
r
b
e
r
s
 
a
n
d
 
r
e
c
o
r
d
.

R
e
p
e
a
t
 
b
y
 
i
n
c
r
e
a
s
i
n
g

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

7
.

D
e
t
e
r
m
i
n
e
 
t
h
e
 
b
a
c
k
g
r
o
u
n
d
 
c
o
u
n
t
 
a
s
 
i
n
 
E
x
p
e
r
i
m
e
n
t
 
1
.

C
O
N
C
L
U
S
I
O
N
S

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

P
l
o
t

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

a
b
s
o
r
b
e
r
s
 
o
n
 
t
h
e
 
a
b
s
c
i
s
s
a
 
a
g
a
i
n
s
t
 
t
h
e

c
o
r
r
e
c
t
e
d

a
c
t
i
v
i
t
y
 
o
n
 
t
h
e
 
o
r
d
i
n
a
t
e
.

D
o
e
s
 
t
h
e
 
s
c
a
t
t
e
r
i
n
g

i
n
c
r
e
a
s
e
 
a
s
 
t
h
e
 
b
a
c
k
i
n
g
 
t
h
i
c
k
n
e
s
s

i
n
c
r
e
a
s
e
s
?

T
r
y
'
t
h
e
 
e
x
p
e
r
i
m
e
n
t
 
w
i
t
h
 
a
b
s
o
r
b
e
r
s
 
o
f

d
i
f
f
e
r
e
n
t

m
a
t
e
r
i
a
l
 
(
b
u
t
 
c
l
o
s
e
 
t
o
 
t
h
e
 
s
a
m
e

t
h
i
c
k
n
e
s
s
)
,
 
s
u
c
h

a
s
 
p
l
a
s
t
i
c
,
 
c
o
p
p
e
r

a
n
d
 
l
e
a
d
.
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E
X
P
E
R
I
M
E
N
T
 
5

H
A
L
F
-
L
I
F
E

T
H
E
 
P
R
O
B
L
E
M

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

i
t
 
t
a
k
e
s
 
f
o
r
 
t
h
e

a
c
t
i
v
i
t
y
 
t
o
 
r
e
a
c
h

o
n
e
-
h
a
l
f
 
i
t
s

o
r
i
g
i
n
a
l
 
v
a
l
u
e
.

T
h
e
 
s
i
m
p
l
e
s
t
 
w
a
y
 
t
o

f
i
n
d
 
t
h
e
 
h
a
l
f
-

l
i
f
e
 
i
s
 
t
o
 
d
e
t
e
r
m
i
n
e

t
h
e
 
a
c
t
i
v
i
t
y
 
a
t

d
i
f
f
e
r
e
n
t

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

d
e
c
a
y
i
n
g
.

T
h
e

h
a
l
f
-
l
i
f
e
 
m
a
y
 
t
h
e
n
 
b
e

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

o
f

a
c
t
i
v
i
t
y
 
p
l
o
t
t
e
d

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

A
P
P
A
R
A
T
U
S

G
e
i
g
e
r
 
c
o
u
n
t
e
r
,

t
u
b
e
 
s
t
a
n
d
,
 
s
a
m
p
l
e
 
t
r
a
y
,

s
a
m
p
l
e

p
a
n
s
,
 
m
e
d
i
c
i
n
e
d
r
o
p
p
e
r
,
 
0
.
1

u
c
 
o
f

1
-
1
3
1
 
o
r
 
P
-
3
2
.

P
R
O
C
E
D
U
R
E

1
.

W
i
t
h
 
a
 
m
e
d
i
c
i
n
e

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

1
-
1
3
1
 
o
r

P
-
3
2
 
t
o
 
a
 
s
a
m
p
l
e
 
p
a
n
.

A
l
l
o
w
 
t
h
e
 
l
i
q
u
i
d
 
t
o

d
r
y
 
n
a
t
u
r
a
l
l
y
 
i
n

t
h
e
 
a
i
r
 
o
r
 
h
e
a
t
 
i
t
 
g
e
n
t
l
y

w
i
t
h
 
a
 
s
t
r
o
n
g
 
l
i
g
h
t
b
u
l
b
 
s
u
c
h
 
a
s
 
a
 
s
p
o
t

l
a
m
p

0
.
1
 
u
c
 
o
f
 
e
i
t
h
e
r

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

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

E
i
t
h
e
r
 
r
a
d
i
o
i
s
o
t
o
p
e
 
m
a
y
b
e

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

s
u
p
p
l
i
e
r
s
 
o
r
 
f
r
o
m
 
a

h
o
s
p
i
t
a
l
 
w
h
i
c
h
 
u
s
e
s

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

m
e
n
t
 
o
f
 
p
a
t
i
e
n
t
s
.

N
o
 
A
E
C
 
l
i
c
e
n
s
e
 
i
s
n
e
e
d
e
d

t
o
 
u
s
e
 
t
h
e
s
e

s
m
a
l
l
 
q
u
a
n
t
i
t
i
e
s
.

U
p
 
t
o
 
t
e
n
 
u
c

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

2
.

W
h
e
n
 
t
h
e
 
l
i
q
u
i
d
 
h
a
s

d
r
i
e
d
,
 
p
l
a
c
e
 
t
h
e
 
s
a
m
p
l
e

p
a
n
 
o
n
 
t
h
e

s
a
m
p
l
e
 
t
r
a
y
.

S
l
i
d
e
 
t
h
e
 
s
a
m
p
l
e

t
r
a
y
 
i
n
t
o
 
o
n
e

o
f
 
t
h
e
 
s
h
e
l
v
e
s
 
o
f

t
h
e
 
t
u
b
e

s
t
a
n
d
 
s
o
 
t
h
e
 
m
e
t
e
r

r
e
a
d
i
n
g
 
d
o
e
s
 
n
o
t
 
g
o
 
o
f
f

t
h
e
 
l
a
r
g
e
s
t
 
s
c
a
l
e
 
o
n

t
h
e
 
c
o
u
n
t
e
r
.

D
e
t
e
r
m
i
n
e

t
h
e
 
a
c
t
i
v
i
t
y
.

R
e
c
o
r
d
 
t
h
e
 
a
c
t
i
v
i
t
y

a
n
d
 
t
h
e

e
x
a
c
t
 
t
i
m
e
 
a
n
d

d
a
t
e
.

3
.

R
e
p
e
a
t
 
s
t
e
p
 
#
2
 
e
v
e
r
y

t
w
o
 
o
r
 
t
h
r
e
e
 
d
a
y
s

f
o
r

t
w
o
 
w
e
e
k
s
.

R
e
c
o
r
d
 
t
h
e
 
e
x
a
c
t
 
t
i
m
e

a
n
d
 
d
a
t
e

a
c
c
u
r
a
t
e
l
y
.

1
0
0
0

2
5
0

1
2
5

4
.

W
h
e
n
 
t
h
e
 
e
x
p
e
r
i
m
e
n
t

i
s
 
c
o
m
p
l
e
t
e
d
,

t
h
e
 
s
a
m
p
l
e

m
a
y
 
b
e

d
i
s
p
o
s
e
d
 
o
f
 
b
y

w
a
s
h
i
n
g
 
i
t
 
o
f
f
 
t
h
e

s
a
m
p
l
e
 
p
a
n
 
i
n
 
a
 
s
t
r
e
a
m
o
f
 
w
a
t
e
r
.

U
s
e
 
a

l
a
r
g
e
 
v
o
l
u
m
e
 
o
f
 
w
a
t
e
r

t
o
 
w
a
s
h
 
i
t

d
o
w
n
 
t
h
e

d
r
a
i
n
.

W
a
s
h
 
t
h
e
 
h
a
n
d
s

c
a
r
e
f
u
l
l
y
 
a
f
t
e
r

h
a
n
d
l
i
n
g
 
t
h
e
 
s
u
b
s
t
a
n
c
e
.

0
I

2
3

E
L
A
P
S
E
D
 
T
I
M
E

C
O
N
C
L
U
S
I
O
N

F
i
g
u
r
e
 
8
.

H
a
l
f
-
l
i
f
e
 
C
u
r
v
e
s

0
I

2
3

4

E
L
A
P
S
E
D
 
T
I
M
E

(
S
e
m
i
-
L
o
g
 
P
a
p
e
r
)

C
o
r
r
e
c
t
 
a
l
l
 
a
c
t
i
v
i
t
i
e
s

f
o
r
 
b
a
c
k
g
r
o
u
n
d
.

O
n
 
s
e
m
i
-
l
o
g

g
r
a
p
h
 
p
a
p
e
r
 
p
l
o
t
 
a
 
g
r
a
p
h

o
f
 
t
h
e
 
d
a
t
a
 
w
i
t
h
 
t
h
e

e
l
a
p
s
e
d
 
t
i
m
e
 
i
n
 
d
a
y
s
 
o
n

t
h
e
 
a
b
s
c
i
s
s
a
 
a
g
a
i
n
s
t

t
h
e

c
o
r
r
e
c
t
e
d
 
a
c
t
i
v
i
t
y
 
o
n
 
t
h
e

o
r
d
i
n
a
t
e
.

O
n
 
t
h
e
 
o
r
d
i
n
-

a
t
e
,
 
f
i
n
d
 
t
h
e

a
c
t
i
v
i
t
y
 
w
h
i
c
h
 
i
s
 
h
a
l
f

t
h
e
 
o
r
i
g
i
n
a
l

a
c
t
i
v
i
t
y
.

F
i
n
d
 
t
h
e
 
s
p
o
t
 
o
n
 
t
h
e

a
b
s
c
i
s
s
a
 
w
h
i
c
h
 
m
e
e
t
s

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

a
c
t
i
v
i
t
y
.

T
h
i
s
 
v
a
l
u
e
 
i
s
 
t
h
e

h
a
l
f
-
l
i
f
e
.

C
o
m
p
a
r
e
 
y
o
u
r
 
r
e
s
u
l
t
 
w
i
t
h

t
h
e
 
v
a
l
u
e
 
g
i
v
e
n
 
i
n
 
t
h
e

h
a
n
d
b
o
o
k
.

H
o
w
 
a
c
c
u
r
a
t
e
 
i
s
 
y
o
u
r

r
e
s
u
l
t
?

7
5
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A
U
T
O
R
A
D
I
O
G
R
A
P
H
Y
 
P
R
O
C
E
S
S
I
N
G
 
F
O
R
M
U
L
A
S

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

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

o
f
 
t
h
e
 
o
r
d
i
n
a
r
y

p
h
o
t
o
g
r
a
p
h
i
c
 
p
r
o
c
e
s
s
.

T
h
e
 
d
e
v
e
l
o
p
a
b
l
e
 
i
m
a
g
e
 
i
s
 
p
r
o
-

d
u
c
e
d
 
b
y
 
i
o
n
i
z
i
n
g
 
r
a
d
i
a
t
i
o
n
 
i
n

a
u
t
o
r
a
d
i
o
g
r
a
p
h
y
,
 
w
h
i
l
e

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

d
e
v
e
l
o
p
a
b
l
e
 
i
m
a
g
e
 
i
s

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

t
o
 
t
h
e
 
i
n
f
r
a
r
e
d
 
r
a
n
g
e
.

H
o
w
e
v
e
r
,
 
o
n
c
e
 
t
h
e
 
d
e
v
e
l
o
p
a
b
l
e

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

i
s
 
t
h
e
 
s
a
m
e
.

T
h
e
 
i
m
a
g
e
 
m
u
s
t
 
b
e
 
d
e
v
e
l
o
p
e
d
,
 
f
i
x
e
d
 
a
n
d

w
a
s
h
e
d
.

I
n

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

u
s
e
d

t
o
 
g
e
t
 
a
 
b
l
a
c
k
 
a
n
d
 
w
h
i
t
e
 
i
m
a
g
e
,

w
h
e
r
e
 
t
h
e
 
o
r
d
i
n
a
r
y

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

g
r
a
y
 
t
o
 
b
l
a
c
k
.

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

m
o
r
e
 
a
l
k
a
l
i
n
e
,
 
a
n
d
 
a
r
e

e
s
s
e
n
t
i
a
l
l
y
 
t
h
e
 
s
a
m
e
 
t
y
p
e
 
u
s
e
d

i
n
 
t
h
e
 
g
r
a
p
h
i
c
 
a
r
t
s
.

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

n
e
e
d
 
n
o
t
 
b
e

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

l
a
b
o
r
a
t
o
r
i
e
s

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

w
h
i
c
h

m
a
y
 
b
e
 
p
u
r
c
h
a
s
e
d
 
a
t

t
h
e
 
l
o
c
a
l
 
p
h
o
t
o
 
s
h
o
p
.

T
h
e
 
t
e
a
c
h
-

e
r
 
m
a
y
 
t
h
e
n
 
r
e
a
l
i
z
e
 
a

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

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

c
h
o
o
s
e

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

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

g
i
v
e
n
.

T
a
p
 
w
a
t
e
r
 
m
a
y
 
b
e
 
u
s
e
d
.

T
h
e
y
 
m
a
y
 
b
e
 
s
t
o
r
e
d
 
i
n
 
a

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

l
e
s
s
 
t
h
e
y
 
w
i
l
l
 
b
e
 
u
s
e
d
 
i
m
m
e
d
i
a
t
e
l
y
.

T
h
e
 
h
i
g
h
-

c
o
n
t
r
a
s
t
 
d
e
v
e
l
o
p
e
r
s
 
h
a
v
e
 
a
 
s
h
o
r
t
 
t
r
a
y

l
i
f
e
;
 
t
h
e
y
 
c
a
n

o
n
l
y
 
b
e
 
u
s
e
d
 
o
n
c
e
.

D
-
8
2
 
h
a
s
 
a
 
t
r
a
y
 
l
i
f
e
 
o
f
 
o
n
l
y

2
 
h
o
u
r
s
.

P
e
r
s
o
n
s
 
s
u
s
c
e
p
t
i
b
l
e
 
t
o
 
s
k
i
n
 
a
i
l
m
e
n
t
s

s
h
o
u
l
d
 
w
e
a
r
 
r
u
b
b
e
r
 
g
l
o
v
e
s
.

W
a
s
h
 
h
a
n
d
s
 
a
f
t
e
r
 
u
s
i
n
g

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

"
P
O
I
S
O
N
"
 
l
a
b
e
l
.

K
o
d
a
k
 
E
l
o
n
 
a
n
d
 
p
o
s
s
i
b
l
e
 
h
y
d
r
o
q
u
i
n
o
n
e
 
m
a
y
 
n
o
t
 
b
e

f
o
u
n
d

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

i
t
y
 
p
h
o
t
o
 
s
h
o
p
.

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

c
a
l
s
 
l
a
s
t
s
 
a
 
l
o
n
g
 
t
i
m
e
.

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

b
e
 
U
S
P
,
 
N
F
,
 
o
r
 
p
u
r
i
f
i
e
d
 
g
r
a
d
e
;
 
r
e
a
g
e
n
t
 
g
r
a
d
e

c
h
e
m
i
-

c
a
l
s
 
a
r
e
 
n
o
t
 
n
e
e
d
e
d
.

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

i
c
a
l
s
,
 
h
o
w
e
v
e
r
.

D
i
s
t
i
l
l
e
d
 
w
a
t
e
r
 
i
s
 
n
o
t
 
n
e
e
d
e
d
,
 
a
s

7
6
 
l
o
n
g
 
a
s
 
t
h
e
 
w
a
t
e
r
 
u
s
e
d
 
i
n
 
p
r
e
p
a
r
i
n
g
 
t
h
e

s
o
l
u
t
i
o
n
s
 
i
s

R
e
l
a
t
i
v
e
l
y
 
s
o
f
t
.

H
i
g
h
 
C
o
n
t
r
a
s
t
 
D
e
v
e
l
o
p
e
r
s
 
f
o
r
 
A
u
t
o
r
a
d
i
o
g
r
a
p
h
y

K
o
d
a
k
 
D
e
v
e
l
o
p
e
r
 
D
-
1
1

A
n
 
e
x
c
e
l
l
e
n
t
 
a
l
l
-
r
o
u
n
d
 
h
i
g
h
 
c
o
n
t
r
a
s
t
 
d
e
v
e
l
o
p
e
r
.

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

o
f
 
N
a
O
H
 
a
s
 
t
h
e
 
a
c
c
e
l
e
r
a
t
o
r
.

W
a
t
e
r
,
 
a
b
o
u
t
 
1
2
5
 
F
 
(
5
0
C
)
 
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-

K
o
d
a
k
 
E
l
o
n
 
D
e
v
e
l
o
p
i
n
g
 
A
g
e
n
t
 
-
-
-
-
-
 
-

-
 
-

K
o
d
a
k
 
S
o
d
i
u
m
 
S
u
l
f
i
t
e
,
 
d
e
s
i
c
c
a
t
e
d
 
-
 
-

-
 
-

-

K
o
d
a
k
 
H
y
d
r
o
q
u
i
n
o
n
e

K
o
d
a
k
 
S
o
d
i
u
m
 
c
a
r
b
o
n
a
t
e
,
 
m
o
n
o
h
y
d
r
a
t
e
d
 
-
-
-
 
-
-

K
o
d
a
k
 
P
o
t
a
s
s
i
u
m
 
B
r
o
m
i
d
e

C
o
l
d
 
w
a
t
e
r
 
t
o
 
m
a
k
e
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

5
0
0
 
c
c

1
.
0
 
g
r
a
m
s

7
5
.
0
 
g
r
a
m
s

9
.
0
 
g
r
a
m
s

3
0
.
0
 
g
r
a
m
s

5
.
0
 
g
r
a
m
s

-
1
.
0
 
l
i
t
e
r

D
e
v
e
l
o
p
 
a
b
o
u
t
 
4
 
m
i
n
u
t
e
s
 
i
n
 
a
 
t
r
a
y
 
a
t
 
2
0
 
C
.

K
o
d
a
k
 
D
e
v
e
l
o
p
e
r
 
D
-
1
9

H
i
g
h
 
c
o
n
t
r
a
s
t
,
 
b
u
t
 
n
o
t
 
a
s
 
g
r
e
a
t
 
a
s
 
D
-
1
1
.

L
o
n
g
e
r

d
e
v
e
l
o
p
m
e
n
t
 
t
i
m
e
.

P
o
s
s
i
b
l
e
 
b
e
s
t
 
c
h
o
i
c
e
 
f
o
r
 
a
u
t
o
-

r
a
d
i
o
g
r
a
p
h
y
.

W
a
t
e
r
,
 
a
b
o
u
t
 
1
2
5
 
F
 
(
5
0
C
)

K
o
d
a
k
 
E
l
o
n
 
D
e
v
e
l
o
p
i
n
g
 
A
g
e
n
t

K
o
d
a
k
 
S
o
d
i
u
m
 
S
u
l
f
i
t
e
,
 
d
e
s
i
c
c
a
t
e
d

K
o
d
a
k
 
H
y
d
r
o
q
u
i
n
o
n
e

K
o
d
a
k
 
S
o
d
i
u
m
 
C
a
r
b
o
n
a
t
e
,
 
m
o
n
o
h
y
d
r
a
t
e
d

K
o
d
a
k
 
P
o
t
a
s
s
i
u
m
 
B
r
o
m
i
d
e

C
o
l
d
 
w
a
t
e
r
 
t
o
 
m
a
k
e
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
 
-
 
-
-
-
 
-
-

D
e
v
e
l
o
p
 
5
 
m
i
n
u
t
e
s
 
i
n
 
a
 
t
r
a
y
 
a
t
 
2
0
C
.

5
0
0
 
c
c

2
.
0
 
g
r
a
m
s

9
0
.
0
 
g
r
a
m
s

8
.
0
 
g
r
a
m
s

5
2
.
5
 
g
r
a
m
s

5
.
0
 
g
r
a
m
s

1
.
0
 
l
i
t
e
r
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K
o
d
a
k
 
D
e
v
e
l
o
p
e
r
 
D
-
8
2

W
a
t
e
r
,
 
a
b
o
u
t
 
4
0
C
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

7
0
0
 
m
l

M
e
t
h
a
n
o
l

1
0
0
 
m
l

K
o
d
a
k
 
E
l
o
n
 
D
e
v
e
l
o
p
i
n
g
 
A
g
e
n
t
 
-
-
-
-
-
-
-
-
-
-
-
-
-

1
4
 
g
m

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

5
2
.
6
 
g
m

H
y
d
r
o
q
u
i
n
o
n
e
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-

1
4

g
m

S
o
d
i
u
m
 
h
y
d
r
o
x
i
d
e
 
-
-
-

9
g
m

P
o
t
a
s
s
i
u
m
 
B
r
o
m
i
d
e

9
g
m

C
o
l
d
 
w
a
t
e
r
 
t
o
 
m
a
k
e

1
 
l
i
t
e
r

D
e
v
e
l
o
p
 
a
b
o
u
t
 
5
 
m
i
n
.
 
i
n
 
a
 
t
r
a
y
 
a
t
 
2
0
C
.

D
o
 
n
o
t
 
u
s
e

a
t
 
t
e
m
p
e
r
a
t
u
r
e
s
 
a
b
o
v
e
 
2
5
 
C
;
 
m
a
k
e

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

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

D
o
 
n
o
t
 
g
e
t

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

i
m
m
e
d
i
a
t
e
l
y

a
f
t
e
r
 
u
s
e
.

T
h
i
s
 
d
e
v
e
l
o
p
e
r
 
i
s
 
u
s
e
f
u
l
 
w
h
e
n
 
t
h
e

a
u
t
o
r
a
d
i
o
g
r
a
m
 
i
s

g
r
e
a
t
l
y
 
u
n
d
e
r
e
x
p
o
s
e
d
;
 
i
t
 
h
a
s
 
t
h
e
 
m
o
s
t

p
o
w
e
r
f
u
l
 
d
e
v
e
l
o
p
-

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

t
h
e

p
u
b
l
i
c
.

S
a
f
e
l
i
g
h
t
s
 
m
u
s
t
 
b
e
 
k
e
p
t
 
a
w
a
y
 
f
r
o
m
 
t
h
e
 
t
r
a
y
s

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

i
s
 
u
s
e
d
,

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

D
-
8
2
 
i
s

a
 
l
a
s
t
-
r
e
s
o
r
t
 
d
e
v
e
l
o
p
e
r
.

S
t
o
p
 
B
a
t
h
s

K
o
d
a
k
 
S
t
o
p
 
B
a
t
h
 
S
B
-
l
a

W
a
t
e
r

1
.
0
 
l
i
t
e
r

*
K
o
d
a
k
 
A
c
e
t
i
c
 
A
c
i
d
,
 
2
8
%
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

1
2
5

c
c

*
 
T
o
 
m
a
k
e
 
2
8
Z
 
A
c
e
t
i
c
 
A
c
i
d
,
 
d
i
l
u
t
e
 
3

v
o
l
u
m
e
s
 
o
f

g
l
a
c
i
a
l
 
a
c
e
t
i
c
 
a
c
i
d
 
(
9
9
%
)
 
w
i
t
h
 
8

v
o
l
u
m
e
s
 
o
f

w
a
t
e
r
.

F
i
x
i
n
g
 
B
a
t
h
s

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

p
e
r
m
a
n
e
n
t
.

T
h
e
 
f
o
l
l
o
w
i
n
g
 
f
i
x
e
r
 
h
a
s
 
a
 
h
i
g
h
 
c
a
p
a
c
i
t
y

a
n
d
 
i
s
 
v
e
r
y
 
r
a
p
i
d
 
i
n
 
i
t
s
 
f
i
x
i
n
g
 
a
c
t
i
o
n
.

F
i
l
m
s
 
s
h
o
u
l
d

b
e
 
f
i
x
e
d
 
f
o
r
 
t
w
i
c
e
 
t
h
e
 
t
i
m
e
 
i
t
 
t
a
k
e
s
 
t
h
e

f
i
l
m
 
t
o

c
l
e
a
r
;
 
p
r
o
l
o
n
g
e
d
 
f
i
x
i
n
g
 
s
h
o
u
l
d
 
b
e
 
a
v
o
i
d
e
d
,
 
o
r

b
l
e
a
c
h
-

i
n
g
 
a
c
t
i
o
n
 
w
i
l
l
 
c
o
m
m
e
n
c
e
.

K
o
d
a
k
 
R
a
p
i
d
 
F
i
x
i
n
g
 
B
a
t
h

F
-
7

W
a
t
e
r
,
 
a
b
o
u
t
 
5
0
 
C

6
0
0
 
m
l

S
o
d
i
u
m
 
T
h
i
o
s
u
l
f
a
t
e

3
6
0
.
0
 
v
a
n
s

A
m
m
o
n
i
u
m
 
c
h
l
o
r
i
d
e

5
0
.
0
 
g
r
a
m
s

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

1
5
.
0
 
g
r
a
m
s

A
c
e
t
i
c
 
A
c
i
d
,
 
2
8
%

4
8

m
l

B
o
r
i
c
 
A
c
i
d
,
 
c
r
y
s
t
a
l
s
 
o
n
l
y

7
.
5
 
g
r
a
m
s

A
l
u
m
i
n
u
m
 
p
o
t
a
s
s
i
u
m
 
s
u
l
f
a
t
e
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-

1
5
.
0
 
g
r
a
m
s

(
p
o
t
a
s
s
i
u
m
 
a
l
u
m
)

C
o
l
d
 
W
a
t
e
r
 
t
o
 
m
a
k
e

1
.
0
 
l
i
t
e
r

W
a
s
h
i
n
g
s
 
a
n
d
 
D
r
y
i
n
g

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

n
e
g
a
t
i
v
e
s
 
m
a
y
 
b
e

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

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

i
m
m
e
d
i
a
t
e
l
y
 
a
f
t
e
r
 
f
i
x
i
n
g

t
o
 
n
e
u
t
r
a
l
i
z
e
 
t
h
e
 
f
i
x
e
r
.

T
h
i
s
 
t
r
e
a
t
m
e
n
t
 
w
i
l
l
 
r
e
d
u
c
e

w
a
s
h
i
n
g
 
t
i
m
e
 
d
o
w
n
 
t
o
 
5
 
m
i
n
u
t
e
s
.

F
o
r
 
e
x
t
r
e
m
e
 
p
e
r
m
-

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

2
0
 
m
i
n
u
t
e
s
.

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

i
n
 
a
 
s
o
l
u
t
i
o
n

o
f
 
K
o
d
a
k
 
P
h
o
t
o
-
f
l
o
 
s
o
l
u
t
i
o
n
 
t
o
 
s
u
p
p
r
e
s
s
w
a
t
e
r
 
m
a
r
k
s

a
n
d
 
f
o
r
 
m
o
r
e
 
e
v
e
n
 
a
n
d
 
r
a
p
i
d
 
d
r
y
i
n
g
.

A
 
s
a
t
i
s
f
a
c
t
o
r
y

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

o
f
 
a
n
y

m
i
l
d
 
l
i
q
u
i
d
 
d
e
t
e
r
g
e
n
t
 
p
e
r
 
l
i
t
e
r
 
o
f
 
w
a
t
e
r
.

D
o
 
n
o
t
 
u
s
e

a
n
y
 
d
e
t
e
r
g
e
n
t
 
w
h
i
c
h
 
m
a
y

c
o
n
t
a
i
n
 
p
i
n
e
 
o
i
l
,
 
b
a
s
e
s
,
 
o
r

o
t
h
e
r
 
a
d
d
i
t
i
o
n
s
.

7
7
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N
U
C
L
E
A
R
 
E
D
U
C
A
T
I
O
N
A
L
 
E
Q
U
I
P
M
E
N
T

T
h
e
 
n
u
c
l
e
a
r
 
s
u
p
p
l
i
e
r
s
 
g
i
v
e
n
 
o
n

t
h
e
 
n
e
x
t
 
f
e
w

p
a
g
e
s
 
a
r
e
 
j
u
s
t
 
a

f
e
w
 
o
f
 
t
h
e
 
m
a
n
y
 
i
n
 
t
h
e
 
f
i
e
l
d
,

b
u
t
 
t
h
e
s
e
 
s
u
p
p
l
i
e
r
s
 
d
e
a
l
 
w
i
t
h

e
d
u
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c
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c
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c
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c
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c
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