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were used. The program was formulated under the direction of Mr. Ray Thomp-

son 
b
y
 
M
r
.
 
Jim Pawlowski of the Digital Techniques Section and is included

in the Appendix.

t 	
A tabulation of the total transmission loss is shown in Table II and

a plot is given in Figure 1 depicting 
t
h
e
 
changes in transmission loss as

M

a function of frequency and range. It is noted that as the frequency de-

creases the transmission loss becomes smaller. Also it is noted that the

dielectric parameters of the moon are more significant at the lower fre-

quencies; whereas, at VHF and above the transmission loss is practically

independent of the moon's dielectric parameters. In general, it is found

that higher conductivity contributes to 
a
 longer communication range and

this is especially true at lower frequencies.

The next factor to be considered is that of the ground proximity loss

or that loss which affects the radiation resistance of an antenna because

of its close proximity to the ground. These losses have been taken from

graphs given by (Vogler, 
1
9
6
4
)
 
and are tabulated in Table III. As may be

seen in Table III, this loss becomes important only at low frequencies

when the antenna is electrically close to the lunar surface. Also 
s
h
o
w
n

i
n
 
T
a
b
l
e
 III are typical antenna gains for the frequencies involved. On

the right side of Table III is listed the combined effects of antenna gains
w

and the ground proximity loss.

Q 	
The final freq,,lency variable factor to be considered is receiver sen-

sitivity which is shown in Table IV. An RF bandwidth of 40 KHz is assLuiled

with a received signal-to-noia
p  ratio of 18 db. Also, -shown.in Table IV

is the allowed antenna port-to
-
antenna port loss which includes +30 dBm

(1 watt) for the transmitter and the assumed receiver sensitivities at

,,..+_	
._"`_	
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•
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A
P
P
E
N
D
I
X

b
y
 
J
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P
a
w
l
o
w
s
k
i

C
o
m
p
u
t
e
r
 
P
r
o
g
r
a
m
s

f
o
r

E
q

aatio
n
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) an

d
 (2
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A
-
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A
n
a
l
y
s
i
s
 
o
f
 
F
r
e
e
 
S
p
a
c
e
 
L
o
s
s

T
he general form

ula to calculate F
ree S

pace L
oss expressed in decibels is

2	
^

L
 (d

b
) =

 1
0
 lo

g
 
	

10 Lo	
2

0	
10 	

gl 0'Tr
ĉ jz

AE0  
=
 
r
e
c
e
i
v
e
d
 
s
i
g
n
a
l

^
^
 
=
 
t
r
a
n
s
m
i
t
t
e
d
 
s
i
g
n
a
l

w
ave le ngth

d
 
=
 
d
i
s
t
a
n
c
e
 
b
e
t
w
e
e
n
 
a
n
t
e
n
n
a
s

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

s
p
e
e
d
 
o
f
 
l
i
g
h
t

frequency

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

the speed of light. H
ence

., it is th
e sam

e to
 say

 th
at th

e sp
eed

 o
f lig

h
t

a
n
d
 
d
 
m
u
s
t
 
b
e
 
e
x
p
r
e
s
s
e
d
 
i
n
 
t
h
e
 
s
a
m
e
 
d
i
s
t
a
n
c
e
 
u
n
i
t
s
.

N
m

eters

	

(^) =
	

300 X
 10

6	-
 
s
e
e

frequency cps

M
e
l m

e
te

rs

	

A
(W

 =
	

300	
sec

fre
q

u
e
n

c
y

 (M
H

Z
)

Likewise.,

•

	

A
M

 =
	

9
8

4
 N

eg, feet/sec
frequency (M

H
Z)

}

	

	
W
h
e
n
 
d
 
i
s
 
e
x
p
r
e
s
s
e
d
 
i
n
 
m
e
t
e
r
s
,
 
u
s
e
	

(
m
)
,
 
a
n
d
 
w
h
e
n
 
d
 
i
s
 
e
x
p
r
e
s
s
e
d
 
i
n
 
f
e
e
t

u
s
e
 
A
(
f
)
 
.
 
I
f
 
i
t
 
i
s
 
n
e
c
e
s
s
a
r
y
 
t
o
 
e
x
p
r
e
s
s
 
d
 
i
n
 
o
t
h
e
r
 
u
n
i
t
s
 
a
d
j
u
s
t
 A 

b
y

expressing the speed of _light in the sam
e units.

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

w
e
 
m
u
s
t
 
c
o
m
p
u
t
e
 
t
h
e
 
G
e
o
-
O
p
t
i
c
s
 
o
r
 
t
h
e
 
B
r
e
m
m
e
r
 
S
e
r
i
e
s
 
m
e
t
h
o
d
s
 
a
n
d
 
a
d
d

th
ese resu

lts to
 the F

ree S
pace L

oss. T
he choice of w

hat m
ethod to use

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



F

A
-
2

I
f
 
t
h
e
 
d
i
s
t
a
n
c
e
 
b
e
t
w
e
e
n
 
t
h
e
 
a
n
t
e
n
n
a
s
 
i
s
 
g
r
e
a
t
e
r
 
t
h
a
n
 
^
5
%
 
o
f
 
t
h
e
 
l
i
n
e
 
o
f

sight then the B
rem

m
er S

eries is used. If it is less than or equal to
t
h
i
s
 
v
a
l
u
e
 
t
h
e
 
G
e
o
-
O
p
t
i
c
 
m
e
t
h
o
d
 
i
s
 
u
s
e
d
.

L
ine of S

ight	
F

a,  +

a
 
=
 
r
a
d
i
u
s
 
o
f
 
t
h
e
 
b
o
d
y

k _ index of refraction

h
l  =

 height of one antenna

h
2 =

 height of the other antenna

C
A
U
T
I
O
N
!
 
a
,
 
h
l. , 

a
n
d
 
h
2
 
m
u
s
t
 
b
e
 
e
x
p
r
e
s
s
e
d
 
i
n
 
t
h
e
 
s
a
m
e
 
u
n
i
t
s
 
o
f
 
d
i
s
^
a
n
c
e
.
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1

A
-
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FREE; SPACE LOSS

O
P
E
R
A
T
I
O
N
 
O
F
 
P
R
O
G
R
A
M

I
.
 
L
o
a
d
 
t
h
e
 
F
o
r
t
r
a
n
 
o
p
e
r
a
t
i
n
g
 
s
y
s
t
e
m
 
u
s
i
n
g
 
t
h
e
 
n
i
g
h
 
s
p
e
e
d
 
r
e
a
d
e
r
.

2
.

P
u
t
 
t
h
e
 
F
r
e
e
 S

pace L
o
s
s
 
P
r
o
g
r
a
m
 
o
b
j
e
c
t
 
t
a
p
e
 
i
n
 
t
h
e
 

lo
w

 s
p
e
e
d
 
r
e
a
d
e
r

and turn on the reader .

3
.

L
o
a
d
 
a
d
d
r
e
s
s
 
2
0
0
 
a
n
d
 
d
e
p
r
e
s
s
 
s
t
a
r
t
 
t
h
e
 
t
a
p
e
 
w

ill load.

4
.

W
h
e
n
 
t
h
e
 
t
a
p
e
 
s
t
o
p
s
,
 
d
e
p
r
e
s
s
 
to

e
 c
o
n
t
i
n
u
e
 
s
w
i
t
c
h
.
 
T
h
e
 
m
e
s
s
a
g
e
 
"
T
y
p
e

F
r
e
q
u
e
n
c
y
"
 
w
i
l
l
 
b
e
 
t
y
p
e
d
 
o
u
t
 
o
n
 
t
h
e
 
t
e
l
e
t
y
p
e
.
 
E
n
t
e
r
 
t
h
e
:
 
f
r
e
q
u
e
n
c
y

e
x
p
r
e
s
s
e
d
 
i
n
 
M
H
Z
 
o
n
 
t
h
e
 
k
e
y
b
o
a
r
d
.
 
E
x
p
r
e
s
s
 
a
l
l
 
e
n
t
r
i
e
s
 
i
n
 
F
l
o
a
t
i
n
g

P
o
i
n
t
 
e
x
c
e
p
t
 
t
h
e
 
n
u
m
b
e
r
 
o
f
 
i
n
c
r
e
m
e
n
t
s
 
(
S
t
e
p
 

9) .

.
 
"
T
y
p
e
 
S
p
e
e
d
 
o
f
 
L
i
g
h
t
"
 
i
s
 
t
h
e
n
 
t
y
p
e
d
.
 
E
n
t
e
r
 
t
h
e
 
s
p
e
e
d
 
o
f
 
l
i
g
h
t

e
x
p
r
e
s
s
e
d
 
i
n
 
m
e
g
a
-
u
n
i
t
s
.

6
.

"
T
y
p
e
 
i
n
d
e
x
 o

f r
e
f
r
a
c
t
i
o
n
"
 
i
s
 
t
h
e
 
n
e
x
t
 
m
e
s
s
a
g
e
.
 
E
n
t
e
r
 
t
h
i
s
 
q
u
a
n
t
i
t
y
.

7
.

"
T
y
p
e
 
r
a
d
i
u
s
 
o
f
 
B
o
d
y
"
 
a
n
d
 
"
T
y
p
e
 
h
e
i
g
h
t
s
 
o
f
 
a
n
t
e
n
n
a
s
"
 
a
r
e
 
t
h
e
 
n
e
x
t
 
t
w
o

m
e
s
s
a
g
e
s
 
t
y
p
e
 
o
u
t
.
 
R
e
m
e
m
b
e
r
 
t
h
a
t
 
t
h
e
s
e
 
q
u
a
n
t
i
t
i
e
s
 
m
u
s
t
 
b
e
 
e
n
t
e
r
e
d

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

8
.

T
h
e
 
v
a
l
u
e
 
f
o
r
 
A

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

9
.

T
h
e
 
m
e
s
s
a
g
e
,
 
"
T
y
p
e
 
t
h
e
 
n
u
m
b
e
r
 
o
f
 
i
n
c
r
e
m
e
n
t
s
"
,
 
is

 t
y
p
e
d
.
 
E
n
t
e
r
 
i
n

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

investigate .

1
0
.

T
h
e
 
n
u
m
b
e
r
 
+
1
 
w
h
i
c
h
 
l
a
b
e
l
s
 
t
h
e
 
f
i
r
s
t
 
d
i
s
t
a
n
c
e
 
w
i
l
l
 
t
h
e
n
 
b
e
 
t
y
p
e
d
.

1
1
.

T
h
e
 
m
e
s
s
a
g
e
 
"
T
y
p
e
 
t
h
e
 
d
i
s
t
a
n
c
e
 
b
e
t
w
e
e
n
 
a
n
t
e
n
n
a
s
"
 
i
s
 
t
y
p
e
d
.
 
R
e
m
e
m
b
e
r

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

h
t.

1
2
.

T
h
e
 
"
F
r
e
e
 
S
p
a
c
e
 
L
o
s
s
"
 
f
o
l
l
o
w
e
d
 
b
y
 
t
h
e
 
"
F
r
e
e
 
S
p
a
c
e
 
L
o
s
s
"
 
e
x
p
r
e
s
s
e
d
 
i
n

d
b
 
a
r
e
 
t
y
p
e
d
 
o
u
t
.

1
3
.

T
h
e
 
m
e
s
s
a
g
e
 
w
h
e
t
h
e
r
 
t
o
 
u
s
e
 
G
e
o
 
O
p
t
i
c
 
o
r
 
u
s
e
 
B
r
e
m
m
e
r
 
s
e
r
i
e
s
 
f
o
r
 
t
h
e

n
e
x
t
 
c
a
l
c
u
l
a
t
i
o
n
s
 
i
s
 
t
y
p
e
d
.

1
4
.

T
h
e
 
n
u
m
b
e
r
 
+
2
 
is t

y
p
e
d
 
a
n
d
 
t
h
e
 
s
t
e
p
s
 
1
1
 
t
h
r
o
u
g
h
 
1
3
 
a
r
e
 
r
e
p
e
a
t
e
d
.

Then the number +3, etc .
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ATION OF PROGRAM

T
h
e
 
p
r
o
g
r
a
m
 
i
s
 
b
r
o
k
e
n
 
i
n
t
o
 
t
h
r
e
e
 
s
e
c
t
i
o
n
s

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

accep
t d

ata. T
h
is sectio

n
 ex

ten
d

s fro
m

 th
e lin

e ^-.A
b

eled
 1

; th
ro

u
g

h
 tw

o
l
i
n
e
s
 
a
f
t
e
r
 
t
h
e
 
l
i
n
e
 
l
a
b
e
l
e
d
 
1
2
;
.
 
H
o
w
e
v
e
r
,
 
t
h
e
 
e
q
u
a
t
i
o
n
 
f
o
r
 
w
a
v
e
 
l
e
n
g
t
h

i
s
 
s
o
l
v
e
d
 
i
n
 
t
h
i
s
 
s
e
c
t
i
o
n
 
o
n
.
 
t
h
e
 
l
l
t
h
 
l
i
n
e
 
a
f
t
e
r
 
9
;
.

A
M
B
A
 
=
 
C
O
N
S
T
/
F

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

A
=

 
sp

e
e
d

 o
f L

ig
h

t

frequency

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

a
n
d
 
e
x
t
e
n
d
s
 
f
r
o
m
 
t
h
e
 
e
n
d
 
o
f
 
S
e
c
t
i
o
n
 
I
 
t
o
 
t
h
e
 
s
e
c
o
n
d
 
l
i
n
e
 
a
f
t
e
r
 
1
4
;

FSL
 = (A

M
B

A
,(4.*3.1+16*D

) )**2

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

Lo  =
 (

 A
)
 2

4
1
 d

D
B

 =
 4

.3
4
2
9
4

n
o

u
 (F

S
L

)

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

Lo
 (
D
B
)
 
=
 
1
0
 
X
 
L
O
G
 
1
0
(
L
o
)

T
h

e
 fa

c
to

r o
f .434294 i s u

sed
 to

 eq
u
ate th

e L
O

G
F

, w
h

ich
 is lo

g
e , to

 log10'

S
e
c
t
i
o
n
 
I
I
I
 
c
o
n
t
a
i
n
s
 
t
h
e
 
t
e
s
t
 
t
o
 
s
e
e
 
i
f
 
t
h
e
 
B
r
e
m
m
e
r
 
S
e
r
i
e
s
 
o
r
 
G
e
Q
-
O
p
t
i
c

m
e
t
h
o
d
 
s
h
o
u
l
d
 
n
e
x
t
 
b
e
 
u
s
e
d
.

D
I
S
T
 
=
 
S
Q
T
F
 
(
2
.
*
P
M
R
*
A
*
H
l
)

corresponds
 --
	 t o

r
/
2
'k

'a
h
l

D
IST = D

IST + SQ
TF (2 . *R

EE'R
*A

*H
2 )

t	
p
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corresponds to

L
ine of S

ight 	
2
k
a
h
1
2
k
a
h
2

DIST = 0.25*DIST

is 25% of the Line o
f s

ig
h
t.
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P
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P
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=
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=
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.
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.
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E
t
a
 
A
N
A
T
I
O
N
 
O
F
 
P
R
O
G
R
A
M

T
h
e
 
B
r
e
m
m
e
r
 
S
e
r
i
e
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P
r
o
g
r
a
m
 
b
e
g
i
n
s
 
b
y
 
a
c
c
e
p
t
i
n
g

A
M
B
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=
 
X
 
,
 
w
a
v
e
 
l
e
n
g
t
h

R
E

F
R

 =
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, in
d

e
x
 o

f re
fra

c
tio

n

A
 
=
 
a
,
 
r
a
d
i
u
s
 
o
f
 
b
o
d
y

H
l
,
 
H
2
 
_
 
h
l
, h

2
,
 
h
e
i
g
h
t
s
 
o
f
 
a
n
t
e
n
n
a
s

E
 =

 E
 , d

ie
le

c
tric

 c
o

e
ffic

ie
n

t

S
 =
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o-, , c

o
n
d
u

c
tiv

ity
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r
o
m
 
t
h
e
 
b
e
g
i
n
n
i
n
g
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o
 
l
a
b
e
l
 
3
3
 
t
h
e
 
p
r
o
g
r
a
m
 
c
o
m
p
u
t
e
s
 
v
a
l
u
e
s
 
t
h
a
t
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r
e

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

in
g
 o

rd
e
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7
2
 77 k 2
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A
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2 7r h,
A
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2
0

h
e

A
 ^

,

A
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F
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 --- fa
h
	

1 -
2

+i
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 =
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A
t la

b
e
l, 3

3
 the operator, depending on his requirem

ents,, can select
h
o
r
i
z
o
n
t
a
l
 
o
r
 
v
e
r
t
i
c
a
l
 
p
o
l
a
r
i
z
a
t
i
o
n
.

F
or vertical polarization the program

 goes to label 34. H
ere the real

part and im
aginary part of C

f, C
E

M
 and C

A
W

 respectively, along w
ith X

and Y
, factors in the calculation of f(ht) . are com

puted. F
or horizon-

t
a
l
 
p
o
l
a
r
i
z
a
t
i
o
n
 
t
h
e
 
p
r
o
g
r
a
m
 
g
o
e
s
 
t
o
 
l
a
b
e
l
 
3
5
 
w
h
e
r
e
 
s
i
m
i
l
a
r
 
c
a
l
c
u
l
a
t
i
o
n
s

are m
ade.

T
h
e
 
p
r
o
g
r
a
m
 
t
h
e
n
 
p
r
o
c
e
e
d
s
 
t
o
 
l
a
b
e
l
.
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9
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h
e
r
e
 
t
h
e
 
p
r
e
v
i
o
u
s
 
c
a
l
c
u
l
a
t
i
o
n
s
 
a
r
e

used to com
pute the real part of f (hd , ^ the im

aginary part of S( h t)
the real part of t f ^h

2) , the im
aginary part of , f(h2)
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`f
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and	
Z
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O C
A

W
, 1I , L

f(hz
)l

' &
 M

 ta
 t	

an
d

 sto
p

s. T
h

is is th
e en

d
 o

f th
e first p

art o
f th

e p
ro

g
ram

,
C

 
	 K

P
art 2 begins by requesting the operator to type the num

bers typed at the
e
n
d
 
o
f
 
P
a
r
t
 
I
.
 
T
h
e
 
p
r
o
g
r
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m
 
t
h
e
n
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i
n
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"
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O
P
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i
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u
m
b
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n
c
e
s
 
t
h
a
t
 
a
r
e
 
r
e
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e
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t
e
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T
h
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p
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r
t
i
c
u
l
a
r
 
d
i
s
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a
n
c
e
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then entered and

1
k 2 a L 	

v	
is com
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p
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p
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r
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b
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A
G
 
r
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s
p
e
c
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h
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r
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w
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i
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a
g
i
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r
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p
a
r
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a
d
d
e
d
 
t
o

RUMI.

D
u
r
i
n
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n
d
 
a
n
d
 
t
h
i
r
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i
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t
h
r
o
u
g
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t
h
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L
O
O
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6
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2
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n
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9
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r
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s
p
e
c
t
i
v
e
l
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n
d
 
t
h
e
 
r
e
a
l
 
a
n
d
 
i
m
a
g
i
n
a
r
y
 
v
a
l
u
e
s
 
a
r
e
 
c
o
m
p
u
t
e
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a
n
d
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U

M
P
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U

M
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ever, for the 'fourth through the
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T
N
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F
(
 a

n +
 F

) ) 3	
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b
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r
e
.

JA



A
-21

A
fter seven passes through the nested "D
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O
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^
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C
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t
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r
e
s
u
l
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h
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n

e
x
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r
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s
e
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i
n
 
d
e
c
i
b
e
l
s
 
b
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t
h
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o
r
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u
l
a
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hich corresponds to 10 L
O

G
10  (B

R
EM

)

w
h
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r
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p
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n
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r
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e
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e
x
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r
e
s
s
e
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