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1. TRIANGULAR ARRAY PRIME LINES

A prime number is a whole number greater than 1 which
is not a product of any whole numbers greater than 1. What
patterns, if any, are recognizable when prime numbers are
singled out in an array where the whole numbers are listed
in a triangular way such as the following?

etc.

Figure 1.

This was a question I asked myself after being inspired
by the cover of the March, 1964 issue of Scientific American
to try my hand at finding interesting prime number patterns
via new ways of listing the whole numbers. There were in-
deed patterns generated, and though I turned 14 that March,
it was not until my sophomore year at the University of
Southern California five years later that I recognized them.

Before I discuss the patterns I eventually saw, I wish

to briefly explain why there was a five year delay before I
did see them.

As 1 was preparing my original triangular array of
numbers, I made the near-disastrous mistake of imposing pat-
terns on the primes already singled out, in the following
manner: I connected any two primes either vertically or
horizontally one space apart:

: 1
2 (3
6 (5 4
8 9 10
15 1714 Q3 _ 12 QD
16 18 79 20 21
28 27 26 25 24

2) 22

etc.

Figure 2.

I presumptuously called the random structures thus
formed a "prime-stellar"™ relationship. What I meant was
simply that each group of connected primes could be likened
to star systems. (Most star systems have more than one sun,
our solar system being an exception, having only one.} Ac-
tually, looking back, I guess I can't be blamed too severely
for that approach (connecting neighboring primes) since the
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scheme detailed in the "Mathematical Games" section of that
March, 1964 issue of Scientific American 4id the same type
of thing with the primes when the whole numbers were listed
in a spiral thus:

25 etc.

Figure 3.

At any rate, by the time I had placed the primes up to
about the number 2,000 in my triangular array, the array was
so cluttered with these extraneous "patterns"™ that I could

no longer hope to see any real patterns there. (See figure
4.)

Indeed, it was not until I returned to the triangular
array approach some five years later that I finally suc-
ceeded in merely completing the array before attempting pat-
tern recognition.

This time my approach was richly rewarded. When the
array of dots representing primes is turned at the proper
angle and viewed on edge, 1lo and behold a series of paral-
lel, straight, unbroken lines of primes leaps out at you!
(See figures5 and 6).

When the array 1is looked at similarly from the other
side of the triangle, more lines appear. (See figure 7.)

When both sets of lines are taken together, all five
such straight lines are evident. (See figure 8.)

I soon discovered a way to enhance this effect while at
the same time consolidating the sets of patterns 1into a
single set of parallel lines. This was accomplished by re-
arraying the prime dots according to a slightly different
counting scheme:

etc.
Figure 9.
(See figure 10.)
This form of the array eventually evolved into the cur-
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rent "left-justified” form:

1

2 3

4 5 6

7 8 9 10
etc.

Figure 11.

(See figure 12.)
2. THE FORMULAS FOR THE FIVE LINES

Now, what about these straight lines? What algebraic
expressions generate them? 1Indeed, were they actual or had
I somehow erred in placing my dots?

After verifying that each dot forming a link in those
chains (so to speak) truly represents a prime number, I
determined the expression generating each such chain. (See
figure 13.)

As an aside, I might point out that the distances
between <the straight 1lines form a nice progression:
1, 3, 5, 7. (See figure 14.)

Do the expressions still vyield primes for greater
values of x? What about for smaller values of x?

While above the wupper 1limits of x given in figure 13
the formulas only haphazardly produce primes, each expres-
sion yields a prime for every whole value of x down to zero
from the earlier lower limits of x.
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Thus, the updated ranges for x are:

2 .
for 2x + 5 -1 ¢ x <5
2
for 2x + 2x + 7 -1 < x < 6
2
for 2x + 11 -1 ¢ x < 11
2
for 2x + 2x + 19 -1 ¢ x <18
2
for 2x + 29 -1 < x < 29
x whole.
Figure 15.

Since all of the prime sequences produced by these five
formulas begin with nice small numbers, it was only natural
to inspect the sequence of primes in general for any other
simple sequences. And, sure enough, there are more simple
sequences.

First 1 found one starting with
17: 17, 19, 23, 29, 37, 47, etc. up to 257. Then I found
another, starting with 41: 41, 43, 47, 53, 61, 71, wetc. up
to 1501. This was by far the most remarkable sequence,
holding true for forty consecutive values! The formula for
this sequence is

2
X + x + 41

while that for the sequence starting with 17 is

2
X + x + 17.

Their wvalid ranges of x ars: -1 < x < 40 and -1 < x < 1%
respectively.

These two formulas bear a striking resemblance to cer-
tain of the original five formulas found from the triangular
array, those of form 2x° + 2x + c where ¢ is a constant like
7 or 19, Perhaps the two new formulas, along with the ini-

tial five, formed part of some larger, all-embracing set of
formulas? '

I couldn't £ind any more x° + X + ¢ type sequences for
values of ¢ higher than 41, but there are two more such se-
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quences for values of ¢ smaller than 17:

2

X + x + 5

2

and X + x + 11

3. THE FAMILY OF FORMULAS

Figure 16.

I now had nine formulas.

2%

2X

+ x +
+

+ 2x  +

+ x +

+

+ x +

+ 2x  +

+

+ x +
Figure 17.
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Listing them in order
their constant, I settled on the following arrangement:

-1 < x < 4

-1 < x € 10.

11

11

17

19

29

41.

by



There is a fascinating aspect to this list -- the for-
mats of the formulas themselves form a pattern:

2

X + x + ¢
2

2% + cC
2

2% + 2x + ¢
2

X + x + c
2

2X + cC
2

X + X + c
2

2% + 2% + c
. 2

2X + c
2

X + X + C.

Figure 18.

There is perfect symmetry of form stemming in both
directions from the middle formula towards the first and
last formulas, respectively. There is a formula of form x°
+ X + c at both ends of the list. The other two x° + x + ¢C
formulas are the fourth formula 1in from their respective
ends of the list. Besides the 2x° + c type of formula at
the center of the list, the other two of that type are each
the second from their respective ends of the list., Finally,
the two 2x° + 2x + ¢ type formulas are respectively the
third formula in from their ends of the list. Thus the list
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can be represented in form by the following symmetrical
list:

PO PO

Figure 19.

It 1is this symmetry, this inherent self-containment,
that leads me to conjecture that my nine formula family may
contain all such formulas in existence. I might add that
there are no signs of any more unbroken lines of primes when
the triangular array 1is extended down to 133 rows (down to
about the number 9,000). (See figure 20.)

It was at this point in time, 1969, that I contacted a
professor gspecializing in number theory, a Dr. Whiteman at
U. S. C., and reported my findings over the phone. He was
delighted, but he somewhat tarnished my pride of discovery
by revealing that x* + x + 41 was well-known and that the
mathematician Euler had extensively studied "prime-rich"
formulas 200 vyears earlier. (While writing this paper I
decided to try to look up just what Euler had known. I
visited the Fine Mathematics Library at Princeton University
and looked up everything I could find on Eulesr. There was
very little written 1in English, and nothing even remotely
resembled "my" nine formulas. I then resorted to the pain-
ful task of scanning Euler's collected works -- running over
twenty thick wvolumes ~- for any sign of the formulas. The
reason that that scanning was painful was that none of the
writings are 1in English -- most are in Latin, some are in
French, and some bits are in Euler's native German. I could
find nothing relevant though there were chapters dealing
with prime number theory. I suppose I just didn't hit the
right spots.) )

Subsequent to my conversation with Dr. Whiteman I
sheepishly discovered that not only is x* + x + 41 mentioned
in many written discussions of primes, but in addition both
it and x* + x + 17 are cited even in the very article in
that March, 1964 1issue of Scientific American that had
launched me on this involved quest.
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2
4. X + X + 41 ON THE TRIANGULAR ARRAY

Undaunted, I <continued my studies of primes and pat-
tarns. I asked myself what x* + x + 4l would 1look like
plotted on the triangular array. Since it wasn't a straight
line, what would it be? (See figure 21.) As you can see,
the dots of x? + x + 41 do tend to form fragments of curves.

5. EXTENSION OUT OF THE TRIANGLE

I decided to extend those curve fragments outside the
boundary of the "hypotenuse" of the triangular array (See
figure 22.% -- wow!

Each dot now seemed to be a member of several different
curves, each curve going 1in a different direction. 2and,
there seemed to be some kind of convergence point at the top
center of the graph, where all the curves come together. It
was this convergence effect that was to shortly lzad me to
explore this snail-shell shaped set of curves beyond even
these confines. But before checking, I first wanted to know
what x? + x + 17 would do on the triangular array.

1t turned out that %x? + x + 17 produces the exact same
curves, only displaced to the right from the left edge of
the graph by 17 positions 1instead of 4l. It was an easy
step from there to realizing that I could shift the conver-
gence point all the way to the left edge of the graph by
eliminating the constant altogether from x* + x + ¢C (since c
dictates the amount of displacement to the right from the
left edge of the graphi. So, just plain x* + x would
produce the dazzling dot curves.

5. "THE DESIGN"

The next step was to extend the curves above the top of
the graph and see Jjust what the convergence point looked
like from all sides. (See figure 23.) PHEW!

7. THE CURVE FAMILIES AROUND THE AXIS OF SYMMETRY

Looking at "the design" with the void at the Dbottom
there is an obvious left and right symmetry. Further, there
appear to be distinct families of curves composed of the
dots of "the design". For example, extending from the ver-
tex of the void straight upward is one family of narrow,
nested, downward curving curves. (See figqure 24.1

Then ona can see both immediately to the left and right

of that central family two slightly wider downward curving
curve families. (See figure 25.)

Then, at the far 1left and right edges of "the design"
are two broad downward curving curve families. (See figure
25.)
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This trend toward wider families no doubt continues on
both sides indefinitely.

Now, one may also note upward curving narrow curve
families immediately adjacent to the void, on both its left
and right. (Se= figure 27.)

And again, there are broader upward curving curve

families to the 1left and right of the two void-adjacent
families. (See figure 28.)

Here, too, the trend will continue outward on both
sides.

In case anyone is interested, the formulas for the five
above mentioned curve families' (left and right being con-
sidered equivalent) individual member curves when viewed as
opening upward (for simplicity's sake) are:

curve family individual member
2
central 1/2x - 1/8
' : 2
left and right center 1/4x
2
far left and right 1/18x - 1/8
2
void adjacent 1/2x - 1/8
' 2
outer void adjacent 1/16x =~ 1/4

Figure 29.

_ Another note on the curve families: "the design" seems
to be divided inte two halves not only down the middle when
the void is at the bottom, but left to right at the vertex
of the void, as well. (See figure 30.)

. No downward curving curves have their vertex below the
horizontal dividing line at the vertex of the void, while no

upward curving curves have their vertex above that dividing
line.

When "the design" is turned so that the void is esither
at the 1left or right, and viewed on edge, another surprise
awalts us. There are completely empty swaths across the
whole graph, sometimes more than one column wide.  (See

figure 31.)
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8. "THE DESIGN" ON EDGE

Look at "the design" from the void's open end, on edge.

The left and right void adjacent families now extend
all the way to the other end of the paper and all the way to
each side of the paper.

The far 1left and right void adjacent families have
disappeared -- so have the 1left and right center downward
curving families and the far left and right downward curving
families.

The only families remaining are the left and right void

adjacent families and the central downward curving family.
(3e=2 figure 32.1

When "the design" is viewed in the same manner with the
void at the top, one realizes that the entire "design" is
one family! (See figure 33.V

9. GENERATING THE WHOLE "DESIGN" FROM ITS PARTS

Thus, one of the most remarkable features of ‘"the
design" is that the entire "design" can be generated from
one or another of its parts alone.

The central downward curving curve family can in-
dividually produce "the design", while each left and right
pair of families, whether upward or downward curving, can do
the same. Words don't suffice to tell you -- let me show
you:

Take the central downward curving curve family. Start
first with a single member of the family -- say the one with
its vertex at the vertex of the void. (See figure 34.)

Now extend the family by adding members above the first
member. Each succeeding member is directly above and the
exact same shape as zach of its predecessors. If the first
curve, the one with its vertex at the vertex of the void,
has 1its vertex at y=0, then the next curve above it has its
vertex at y=2, the curve above that has its vertex at y=§,
and so on. 1In general, the central downward curving curve z
has 1its vertex at y = 2® + z, where z=0 for the curve whose
vertex coincides with that of the void. (See figure 35.1%

This adding on of curves has an intriguing effect as it
procedes: the more curves that are added on, the more

"design" that is finished. The "completing" moves out in
every direction from the center of "the design", the vertex
of the wvoid. (This is the o0ld "convergence point™ whose

lure drew me out past the confines of the graph containing
the triangular array.) As the number of curves grows in-
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definitely great, the area of "design" also grows, almost as
greatly. For example, only about 32 curves of the central
downward curving curve family are needed in order to
denerate the entire "design" as presented here. (See fiqure
36.) In "the design" presented here, the edge of the paper
at the wider end of the void is an arbitrary truncation of
all the central downward curving curves that intersect it.
In fact, all central downward curving curves intersect it.
Of course the same is true of all four sides of any rec-
tangular representation of a central portion of "THE
DESIGN": they all truncate the "true" "DESIGN" - that is,
the true "DESIGN" goes on endlessly 1in every direction.
Thus any of our attempts to render it produce necessarily
limited pictures of it.

Taken together, the left central downward curving curve
family and the right central will produce the entire
"design" in much the same way, and so on for any left and
right downward or upward curving curve family pair. (See
figures 37-40.)

One thing this generation of the whole from any of its
parts process reminds me of is the biological regeneration

of an organism from one limb, as in the starfish, or even
from a single cell, as in cloning.

"The design" has elements of multiplicity in its many
curve families. It has elements of duality in its bilateral
symmetry and the pairs of curve families. It also has ele-
ments of unity 1in that a single curve family can generate
the whole "design" and that each dot 1is a member of all
curve families. The multiplicity of its parts 1is com-
plemented by the unity of the whole. 1In other words, al-
though from one point of view (looking at it from abovel
there appear to be many subsections to the "design" (the
curve families), from another perspective (looking at it on
edgel there 1is only one curve family. Which viewpoint is
correct? Both are!

Thus, ohilosophically speaking, the one and many each
is illusory from the perspective of the other, but the truth
is that both are valid.

10. DOTTED LINES TO THE NORTYEAST
Some of my more recent findings include the following.

The values of the 2x* formulas, as you will recall, ap-
pear as stralght lines of primes on the triangular array.
Early on I had asked myself what happened with the values
when x 1is between zero and the number 3jenerating the first
value in a given straight line. At that time I had simply
plotted those 1lower wvalues on the triangular array. They
formed curves as seen in figura2s 41-45.
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More recently, though, I wondered what would appear if
the unused area "northeast"™ of the triangular array could
somehow be extended into. What meaning, if any, could be
attached to the points projected to by continuin the
straight 1lines into that unused portion of the graph! For
example

21 /

27 28 2

34 3535

42 44 45
51,752 63 54 55

Figure 45.

Well, a natural approach to getting a handle on the
spots designated by question marks would be to count over
from the last spot on the same line of the triangular array.
This would yield the following:-

9 190
t
42 43 44 45
51/52 63 54 55 55
etc.
Figure 47.
Voila! The question-marked spots are the lower values
of each given 2x°? formula - all the lower values! (See

figure 43.% What a satisfying result.

When the wunused portion of the graph of the triangular
array is fully -extended into by counting across from the
"hypo tenuse” and all occurrences of primes are singled out
as in figure 49, new patterns of primes, encompassing the
whole graph, appear (See figures 50-54.\.

Not only are there unbroken straight lines of "primes"
but unbroken curves, too (Ses figures 55-58.1).

Are any of these new patterns really new? No. Each

-48-



5
7, T

)
11
.
v [
[ ] *
.
.
.
.
]
Y Y
¢
* [
L]
i
[
t
[ L}
¢ .
.
3
»
. .
*
.
.
.
L 4
L]
[} .
L 4
.

11
13
*19
v 20
.
.
1} [
[ §
.
[3
1 [ 4
]
3 I3
L
¢
.
.
[ *
€
3
3
3
* .
.
t
.
.

» 19
»23
: 31
9)43
«59
» 19
L »
[ 3 L ] »
"]
. ’
.
‘.
L} L]
L4
?
4 L ]
..
L]
[
'.
*
8
[ ]
.
« .
.
L ]
. .

» 20
o3]_
. 37
e 7
. 61
. "(9
« 101
. 127
. 157
. 201
]
.
. ‘0'3
' . ) .
.
3 . .
) . . ’ ' [y
[ [
(4 ) 4
¢ L] ] ’
¢ ¢ *
. . ¢
! [} .

Figure 438.

-49-



S - f ‘; ¢
g =] R U O N O . ;
S B - 4 - - o
.
S S U S O o B T S VR B Sy M
3
IR U S R RN N N SO G - 3
B (VR DU O p
e B e - b e P T
S RO SO M AR TR W RS S Aottt 4 4-
JENS TORON SN0 IS VRN SION U B SN S S

AQ
3

(

B

1

1

I

1

i

;

!

R

i
§
17

T'”“‘Ei:g 12 o

oo b b G
SN S SN S Y S [0 S PO O SO N S N N
B T o L S i e
S - N U O S Y O O
—f- - - B DR T IO S T A e
N W S i;ﬁ. U N S Ik S S
IR S WS T T S SO T Y G U I
e N L == 1 BN N S R o - v
- - b4 - - ;.
\

- N . o . ‘
B -
4 e fend b N N S s o
s o ~—4 - W S -
U SIS SO I - o
- PR S g - [ S .
T UPRTN N QO - PR T




T l__aJ_:t.i:... ., e ,
i i
i ; ;
" B -
! m b
i Yo
: P ;
M } t
- . - S
. A b |
" i
1 * i
RS T O R O
l ; bt - . i
S B ! IS SO S O VA .f.;
H i i
[T OIS I S I
Rt RO Sl e Sl st AN i e M Ak B S S
P L ) ,
[
i ,ﬂ 0
SRR :‘._ g “+-
L ~t
el n
¥ m <
ERRE: Y
* o s R A R S
! FW; w : e
+ b T it
- [ I J
! ¢ A
; _ ERus S
: [N : R O
HRE R
!,‘*:0: M M. PR .h
o b [ - ‘ e
b et o ; wfd
+% St I T O .
| R e
1 Pt w '
e { : ,. | i mr‘
= f
|

v
i




e g

R i

e s s e 1 e gy

g e e
.

I

: - Fi.’gm;E“’S Y




S -




'

i
e

i Ml.-i,.‘:(ﬁ.‘v.__v__.,_«l

g

e e e et e e e e L




B i M A R

L

y

S Ut S S,

re 54.

I -

; ;
N et

[PPSR TS U —




——

B J S 1

A b e e
i

. - P 5

H |
(.Ail#, o




PR

Toimams AR e

e

,;>

e o

R TP

1
4

!

¢
—t
]

56
T

ilgure

F

-57~




-t

o

PR TR

e M e e M

SR g JOREPN

—

R ——

S S

A R

o e

P b




Tt

i

£ detmint

SRR

L

[ppp -

w..\.,.:\.. PR

[ S —

e ey o

1
i
i
1

]

T i‘d




new straight line is the same series as an original straight
line, while each curve family belongs to its respective
"design" (each x* + x sequence generates "the design"V. The
difference between the four x®> + X "designs" is their dis-
placement from the y-axis of the triangular array.

11. UNBROKEN PRIME RIBS

I was recently perusing a graph of the triangular array
that I had made ten years ago, the one which had originally
led me to extend x* + x + 41 outside the triangular array.
This graph contains each x* + x + c sequence easily iden-
tified by its own color ink, each represented as far as it
gives primes for consecutive values of x.

Looking at the "ribs" of x* + x + 17, I decided to see
if any ©primes would be hit 1if the "ribs" were extended

beyond their existing limits, down the triangular array (See
figure 59.0.

Extending the rightmost rib down, the next spot it
would hit 1is spot 323 (coordinates line 25, spot 23). 323
is not prime (323 = 17 x 19). Extending the rib any further
takes it outside the triangular array.

Extending the center rib down, we first stop at 289,
not a prime (289 = 17 x 17), then at a prime, 397. From
there the rib hits another prime, 523. After that the rib
leaves the triangular array.

Extending the 1left rib of x* + x + 17 vyields a sur-
prise--all the spots extended to are primes: 359, 479, 517,
and 773 (See figure 50.1., .

Wondering whether any other such prime ribs might lie
waiting to be uncovered, I began testing some x* + x + 41
downward ribs. I tested the five ribs indicated in figure
61 from left to right.

The first, third, and fifth ribs hit a non-prime right
away. The second rib was a real tease, though. For the
first eight spots extended to, a prime 1is the resident:
1847, 2297, 2797, 3347, 3947, 4597, 5297, and A047. The
next spot iIs not a prime, however: 6847 = 41 x 167.

The fourth rib hits only primes:
1933, 2393, 2903, 3463, 4073, 4733, 5443, 5203, 7013, and
7373.

Counting the four spots prior to 1933 in the fourth
rib, 593, 853, 1153, and 1523 (not tested since we already
know they're prime, being in x* + x + 41 where -1 < x < 40),
the rib has fourteen spots, all of which are prime. (See
figure 52.)
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Perhaps there are more all-prime ribs further down the
array - who knows?

12. THE OTHER ARRAY AND THE OTHER FOUR LINES

Another more reacent tack taken has been experimentation
with variations on the triangular array. For example, what
happens to the configuration of primes when we count

1 2
3 4 5 6
7 8 9 10 11 12
etc.
Figure 53.

Are there new patterns, like straight lines, to be
found? Are there perhaps new seguences and thus formulas
lying hidden there, waiting for us to find the right key to
unlock these secrets? The answers are, respectively, yes
and no.

There are new patterns - 1in fact, four parallel
straight lines of primes - to be seen. The sequences and
their associated formulas are not new, however. Indeed,

they are our old friends, the four x* sequences (See figure
54.) .

Trying yet another counting variation,

1

2 3 4

5 6 7 8 9
etc.

Figure 65.

the same lines appear, but slanted. This time they look
just 1like the 1lines of the original triangular array (See
figure 55.).

When these four lines are extended into the unused
"northeast" area of the 4graph, the spots projected to also

correspond to all the 1lower values in each given sequence
(See figure 57.).

2
13, 2X + 2X ON THE OTHER ARRAY

T decided to see what design would appear, if any, like
the curving one made by x* + x on the original triangular
array, when I plotted 2x® + 2x on the new triangular array

and then extended the curves beyond the new array. The new

=65~
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"Jesign" turned out to be very similar to the original one,
the only difference being the format and spacing of curve
family members (See figure 68.).

14. “DESIGN" - MULTABLE PARALLELS

There 1is an interesting resemblance between two un-
related curve families: the right wvoid adjacent curve
family of the new'design'’(when viewed with the void at the
bottom) and a nested family of curves in a multiplication
table that I have devised. The multiplication table 1is
shown in figure 59. / ~.. = Joc e aa s . .

In this table the x-values are products. The factors
are al the y-value and bV the number of dots over from the
y—-axis. For example, moving horizontally to the right from
the y-axis at height = 11, we first encounter a dot at 1l on
the x-axis, the second dot across is at 22 on the x-axis,
and so on.

By arranging the multiplication table in this manner,
prime numbers appear as empty vertical columns between the
X—-axis and the top diagonal on the graph. (See figure 70.)

When this graph 1is viewed from the right edge, looking
toward the apex at the origin, there appear nested curves of
dots as in figure 71.

One 1is first struck by the fact that all the dots in
the table belong to one curve or another in the family (See
figure 72.4. So all composite (non-primel numbers fall in
these curves. It turns out that every other curve in the
family, each curve with two dots at its vertex rather than
only one, consists solely of even numbers (remembering that
each dot represents a product). That being the case, only
the one-dot-vertex curves (again, every other curvel
genuinely eliminate odd candidates for primality, the can-
didates more difficult toc crack at a glance.

These odd-depositing curves are of the format depicted
in figure 73. The vertex is at a perfect square. The next
two dots are over one and up one, the next two dots are over
one and up three, the next two are over one and up five, and
Sc on.

The spacing between family members is the distance
between successive curve vertexes: 1, 3, 5, 7, ... (S=2e
figure 74.V.

The new void adjacent families have members with a
single dot vertex as well. 1In fact, these curves are of the
same exact form as those of the multiplication table: ver-
tex, two dots one over and one up, two dots one more over
and three up, two dots one more over and five up, and so on.

-6 Q-
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The spacing of the new void adjacent curves varies
somewhat from that of the odd-depositing multiplication
table curves. The void curve vertexes are spaced 2, 6, 10,
14, etc., twice the spacing of the table curves (See figure
75.) .

As the multiplication curve vertexes are displaced to
the right one for each member (the y-value of the vertex
gets one higher for each curvel, the new right void adjacent
curve vertexes are displaced two to the right with each
curve (See figure 76.1%.

It turns out that this right displacement has no
bearing on which wvertical columns of either graph are empty
when they are viewed as explained earlier for the mul-
tiplication table and with the void at the right for the new
"design". These curves are of the form x* - y* where x* is
the vertex and y 1is the dot occurrence left of the vertex
(y* 1is the distance left of the vertex of the yth dot) for
the multiplication table family. For the new void adjacent
families the form is simply x - y* where x is the vertex and
y? is the distance of a dot to the left of the vertex.

15. FORMAT AND SPACING --> PRIME KIN?

Perhaps by varying the two parameters governing empty
vertical column location (family member form and spacing
between successive curve vertexesl, various sequences of
empty columns, numbered by sequences akin to that of the
primes, will be generated.

Perhaps there are more patterns to be found. Who knows
what we may find out there in the unexplored approaches to
such knowledge? Please be my guest.
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APPENDIX A
TELLING WHAT NUMBER A DOT IS

How to determine what number is represented by a dot on
the triangular array:

Given the triangular array with n spots on line n like
the following:

1 line 1
2 3 line 2
4 5 6 line 3
atc.
Figure 77.

the coordinates of a spot may be specified as:
Line-number, Spot on the line
or
Dot(x) = Line(yV, Spot(zi
When a dot's 1line-number 1is determined and its spot
number on the line has been counted:

DOL(X) = =—cmmee e + S (1)

where L = line-number and S = spot number on the line.

For example, the dot in spot one of line 5 is:

-80~-




APPENDIX B
TELLING WHAT SPOT A NUMBER IS

How to tell what line and which spot on it a number is
represented act:

S = X -

meaans "rounded

where [. means "rounded up" and

down' . {
| |

For example, to tell which 1line and spot 11 is located
at:

it
o 1w
I +
]
.[)’
t
1}
wn
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APPENDIX C

THE DERIVATION OF THE FORMULAS FOR
PREDICTINSG THE CONSTANT HORIZONTAL DISTANCE
BETWEEN SUCCESSIVE MEMBER DOTS OF A CURVE
IN EACH CURVE FAMILY IN "THE DESIGN"

By inspection of a single page graph of "the design"
which has a grid of appropriate lines horizontally and ver-
tically, the first few curve family horizontal constants may
be ascertained. By appropriate lines I mean the same with
respect to the dots of "the design" as were the grid lines
of the graph on which the dots were originally plotted.

The central downward curving curve family contains
identical member curves whose constant horizontal change 1n
distance between successive member dots is one unit.

The left and right downward curving curve families both
have members whosaz constant horizontal distance change is
two units.

The far 1left and right downward curving curve families
have a horizontal constant of three units. A seemingly
simple progression, eh? (See figure 78.})

What about the upward curving families? The left and
right void adjacent families have a horizontal constant of
one unit, while the far left and right void adjacent curve
families have a horizontal constant of four units. 3y
properly sighting along the dots, the third set of left and
right void adjacent families may be perceived. This third
upward curving family pair has a horizontal <constant of
seven. (See figure 79.% 1, 4, 7 -- another seemingly
simple progression, right?

Well, the fourth set of downward curving curve families
has a horizontal constant of 19.

3y taking a remote section of "the design", a section
to the right of the right edge of the paper when the void is
at the bottom (See figure 80.}), graphing it onto a wvery
finely lined piece of graph papsr (See figure 81.), and ex-
tending the patterns in a continuation of "the design", I
was able to determine that the fourth set of upward curving
families has a horizontal constant of 24. (Ses figure 82.)
(To see how figure 30's points relate to "the design", the
upper left corner of figure 80 appears as the rectangle on
the lower right in figure 83. The top of figure 83 appears
as the larger rectangle in figure 34, That's the very topd

of figure 80 appearing as the smaller rectangle in figure
84.14

By similar means, I verified that the fifth memb2rs of

-3 3
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the two lists are 17 and 41, for downward and upward curving
curve families, respectively. (See figures 35 and 86 res-
pectively.) ) .

The list of constants was taking the following shape:

Downward curving Upward curving

Figure 87.

With this much data it became possible to begin to see
the pattern in these constants:

D U
1 1

1 3
2 4

1 3
3 7

7 17
10 24

7 17
17 41

Figure 88.

The differences come in pairs - two ones, two threes,
two sevens, and two 17's. If that progression of dif-
ferences (1, 3, 7, 17) could be "cracked", then perhaps the
cnce simple seeming constant 1lists could still be

deciphered.

By rewriting the pair of lists offset by one, a neat
effect occurs:

D 8] D+U
1 0 1
2 1 3
3 4 7
10 7 17
17 24 41
41
Figure 39.
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our difference progression 1, 3, 7, 17 is_ the sum
across the pair of lists for the first four entries of the

pair:
D(nd + U(n-1) = Diff(n) (3)

The five sums on the right all appear as individual members
of the list pair in this way:

D U

L— — - _ _ 0

2 e ——=1

===z 4

1o<‘>—7
17 == 24
— 41

Figure 90.

Should the two 1's connected by the dotted line be
connnected? For the first 1 in the D list to be admitted to
the sequence 1, 3, 7, 17 it should be a difference pair in
the U list in the following way:

17
24

17
41

Figure 91.

By the game token, 41 should be the next difference

-94-~-




pair in the D list thus:

190

17

41
58

41
99

Figure 92.

Is there any way to check the truth of these extrapola-
tions? Yes. There should be detectable 1left and right
downward curving curve families with a constant horizontal
change in distance between successive dots in a member curve
equal to these extrapolated values. There are. First, in
the U list, curves with a 0 constant are "in" the void, and
curves with a constant of -1 correspond to the left void ad-
jacent curves, 1if we started on the right of the void.
Downward curving curves with a horizontal constant of 58 can
be seen in figure 93.

Now, to get a feel for what type of formula the U and D
lists might have, I recognized the resemblance between the
difference progression ., 1, 3, 7, 17, 41, -... and the
Fibonacci numbers 1, 1, 2, 3, 5, 8, 13, and so on. While
each Fibonacci number is the sum of the two preceding
Fibonacci numbers, the difference numbers are the sum of the
immediately preceding number doubled and the number
preceding that:

Fibo(n}y = Fibo{(n-1) + Fibo(n-2) (4)
Diff(n) 2 x Diff(n-1) + Diff(n-2) (5)

Perhaps the formula for the difference numbers would
resemble the formula for the Fibonacci numbers:

R N R

The key to such a formula is the term being raised to
the nth power.
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For example (1 +

tions from power to power.

0
1+ {5

1

(1L + {5 =
2

(1 + y5) =
3

(L + y5) =
4

(L + ¢5 =
5

(1L + VY5 =

and so

The multiples

Q> 0N

2
8
Figure

When these numbersbare
2

4

16

48

160

Figure

When

VE_)n goes through interesting gyra-

The resulting coefficients con-
tain the seeds of the Fibonacci numbers: .

16 + 8 {5

56 + 24 5

176 + 80 {5

on.

94.

doubled,

95.

(7)

(3)

(9)

(10)

(11)

(12)

of Vg in each result form a pattern:

we get:

these numbers are divided by successive powers of

two we get the Fibonacci numbers:

2/

4/
16 /
48 / 1
160 / 3

N YW N

Figure

U L | B I T}
VT W N~

(NS
N
.

|
(e
~

1




The rest of the ' items in the formula for the Fibonacci
numbers besides (1 + VE}“ are merely what is needed to
isolate those key multiples mentioned above and scale them
down properly (double them and divide the result by the ap-
propriate power of twol.

It was with this in mind that I set out to conguer the
difference progression of numbers.

I first tried variations on (1 + J5)" like (2 + /33“
and (1 + 2 VS)n but the sequences of coefficients grew too
rapidly.

Next I tried (1 + y3)" . This was better but still
not right.

With my next try, I struck it rich:

0
(L + y2) =1 (13)

1
(L+ y2) =1+ V2 (14)

) 2
(1 + y2) =3+ 2 2 (15)

3

(L+ ¢V2) =7 +5 V2 (16)

(L + ¢2) =17 + 12 2 (17)
5
(L + y2) =41 + 29 /2 (18)

and so on.

This time we wish to isolate the coefficients of the
non-square-root part of the result when the key term |is
raised to the nth power. This is done easily enough:

1+ V2) + 1 - V2)

R . i (19)
2
(3 +2¢2) + (3 -2}2)
PRt AN S St (20)
2
etc.

It so happens that (1 - y2)" 1looks exactly like
-98-




(1L + VE}” when multiplied out, except for the sign between
the non- /2 part and the |2 part of the result.

For example,

17 + 12 V2

4
(1 + ¥

while

4
(L - V2)

and so on.

17 - 12 {2

So, difference number n equals

----------------------- . (21)

Now, how can the D and U lists be expressed based on
the preceding find? We start with the following table:

n D U Diff

1 1 1 1

2 2 4 3

3 3 7 7

4 10 24 17

5 17 41 41
Figure 97.

It would seem that the odd D's and U's correspond to
the difference numbers:

D(1) = Diff(0) U(l) = Diff(1)
D(3) = Diff(2) U(3) = DIiff(3)
D(5) = Diff(4) U(5) = Diff(5)
Figure 98.
So D(n¥ = Diff(n-1) when n is odd, and U(nt = Diff(n)

when n is odd.

What about when n 1is even? We'll need our earlier
finding that D(nV + U(n-1) = Diff(n).

By rearranging terms we get:
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(22)

D(n) = Diff(n) - U(n-1).

Now if n is even, an even D, D(n), equals Diff(n) minus
We know U{(n) = Diff(n) for odd n's, so

= Diff(n-1).
- Diff(n-1) when n is even.

in terms of the difference

an odd U.
(23)

U(n-1),
U(n-1)

We now have D(n) = Diff(n)

All that's left to express
progression is U(n) when n is even.
We again call on equation 3:

D(n) + U(n-1) = Diff(n)

This time we rearrange the terms this way:
= Diff(n) - D(n). (24)

U(n-1) =
We want an even U, so n-1 1is even. That means that n
is odd.
D(n) = Diff(n-1) for odd n, so, for even n:
‘ U(n-1) = Diff(n) - Diff(n-1) (25)
(26)

or
U(n) = Diff(n+l) - Diff(n).

For example:
U(4) = Diff(5) - DIiff(4)
or
24 = 41 - 17,
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To summarize:

D(n) U (n)
| I |
oDD | Diff(n-1) | Dif£(n) l
! | l
EVEN | Diff(n) - Diff{(n-1) | Diff(n+l) - Diff(n) |
| | !
Figure 99.
or
D(n) U(n)
| | |
I n-1 n-1 P n |
I (1 + y2) + (1- y2) | (L + y2) + (1 - |2 |
ODD | ===—— e~ I T T |
: 2 : 2 :
:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIllllllllll!llllllllll!IIII?I!IIIII}
| " n n l n+1 n+l l
:(1+V7)+(1—ﬁ> }<1+|/2’> + (L - y2) ;
I 2 I 2 l
EVEN | | l
[ n-1 n-1 | n n |
I (1 + /2) + (1 - Y2 | 1L+ y2) + (1 - y2) |
e i | - e e l
| 2 | 2 |
Figure 100.
The complicated expressions for D(n) and U(n) for even
n's may be simplified in the following way:
n n- n-1
(L +y2Z) + (1 -2 (L+y2)  + Q1 -y2)
D(N) = s (27)
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S 2
n-1 n n-1
[(L+y2) - 1 +y2) 1+ [Q-y2) -@a-Y2) )
) 2
. n-1 n-1 n- n-1
[+ /2) (1 +yv2) - (L2 1+ -y a - YD -1 -y2) ]
___________________________ .
n-1 - h-1
(L +y2) [ +y2) =11 + (1L -y2) [(1-y2) - 1]
) 2
n-1 - n-1
[(1 + /2) (L +y2 - 1)1 + [(1 - y2) (1 - /2 - 1)]
) 2
n-1 n-1
[(L+y2)  (2)] -1 -2 (D]
) 2
__n-1 n-1
Y20(1 + /2) - -y2) ]

So, D{(n) for even n =
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By the same procedure for U(n) for even n's, where

_ n+l n+1 n ~n
(1 + y2) + (1 - /2) (1 +/2) + (1L - 2)
U(n) = ——--mmmmmmmm e - e (29)
2 2
we arrive at
) /z
(1 + y2) - (1 - }/2)
U(n) = ----- I[—— -------------- (30)

for even n.

Here is the revised summary:

D(n) U(n)
I __n-1 n-1 I . n n I
| (1 + }2) + (1 - 2) | (1 +2) + (1 -,2) |
ODD | ——--mmmmmmm e | e |
I 2 I 2 |
| | I
| === e |
I I
I . n-1 n-1 | n n
(1 + y2) - (1 -y2) |
EVEN | ~—=--cmmmmmmmmmmmm e | e
I
I

Figure 101.
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APPENDIX D

PRIMES GENERATED BY THE NINE

-104-

FORMULAS
I 7 | 8
19 29
23 31
31 37
43 47
59 61
79 79
103 101
131 127
163 157
199 191
239 229
283 271
331 317
383 367
439 421
499 479
563 541
631 607
- 677
- 751
- 829
- 911
- 997
- 1087
- 1181
- 1279
- 1381
- 1487
- 1597

313
347
383
421
461
503
547
593
641
691
743
797
853
911
971
1033
1097
1163
1231
1301
1373
1447
1523
1601

x! 1 | 2 1 3 | 4 1 5 | 6
0 5 5 7 11 11 17
1 7 7 11 13 13 19
2 11 13 19 17 19 23
3 17 23 31 23 29 29
4 - 37 47 31 43 37
5 - - 67 41 61 47
6 - - - 53 83 59
7 - - - 67 109 73
8 - - - 83 139 89
9 - - - 1ol 173 107
10 - - - - 211 127
11 - - - - - 149
12 - - - - - 173
13 - - - - - 199
14 - - - - - 227
15 - - - - - 257
16 - - - - - -
17 - - - - - -
18 - - - - - -
19 - - - - - -
20 - - - - - -
21 - - - - - -
22 - - - - - -
23 - - - - - -
24 - - - - - -
25 - - - - - -
26 - - - - - -
27 - - - - - -
28 - - - - - -
29 - - - - - -
30 - - - - - -
31 - - - - - -
32 - - - - - -
33 - - - - - -
34 - - - - - -
35 - - - - - -
36 - - - - - -
37 - - - - - _
38 - - - - - -
39 - - - - - -
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.Legend for Appendix D
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2 + 2x + 7

x + x + 11

X + x + 17

2 + 2x + 19

2x  + 29

X + x + 41
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APPENDIX E
TABLE OF PRIMES TO 8911

2 197 461 751 1051 1381 1697 2039 2381 2719
3 199 463 757 1061 1399 1699 2053 2383 2729
S 211 467 761 1063 1409 1709 2063 2389 2731
7 223 479 769 1069 1423 1721 2069 2393 2741
11 227 487 773 1087 1427 1723 2081 2399 2749
13 229 491 787 1091 1429 1733 2083 2411 2753
17 233 499 797 1093 1433 1741 2087 2417 2767
19 239 503 809 1097 1439 1747 2089 2423 2777
23 241 509 811 1103 1447 1753 2099 2437 2789
29 251 521 821 1109 1451 1759 2111 2441 2791
31 257 523 823 1117 1453 1777 2113 2447 2797
37 263 541 827 1123 1459 1783 2129 2459 2801
41 269 547 829 1129 1471 1787 2131 2467 2803
43 271 557 839 1151 1481 1789 2137 2473 2819
47 277 563 853 1153 1483 1801 2141 2477 2833
53 281 569 857 1163 1487 1811 2143 2503 2837
59 283 571 859 1171 1489 1823 2153 2521 2843
61 293 577 863 1181 1493 1831 2151 2531 2851
67 307 587 877 1187 1499 1847 2179 2539 2857
- 71 311 593 881 1193 1511 1861 2203 2543 2861
73 313 599 883 1201 1523 1867 2207 2549 2879
79 317 601 887 1213 1531 1871 2213 2551 2887
83 331 607 907 1217 1543 1873 2221 2557 2897
89 337 613 911 1223 1549 1877 2237 2579 2903
97 347 617 919 1229 1553 1879 2239 2591 2909
101 349 619 929 1231 1559 1889 2243 2593 2917
103 353 631 937 1237 1567 1901 2251 2609 2927
107 359 641 941 1249 1571 1907 2267 2617 2939
109 367 643 947 1259 1579 1913 2269 2621 2953
113 373 647 953 1277 1583 1931 2273 2633 2957
127 379 653 967 1279 1597 1933 2281 2647 2963
131 383 659- 971 1283 1601 1949 2287 2657 2969
137 389 661 977 1289 1607 1951 2293 2659 2971
139 397 673 983 1291 1609 1973 2297 2663 2999
149 401 677 991 1297 1613 1979 2309 2671 3001
151 409 683 997 1301 1619 1987 2311 2677 3011
157 419 691 1009 1303 1621 1993 2333 2683 3019
163 421 701 1013 1307 1627 1997 2339 2687 3023
167 431 709 1019 1319 1637 1999 2341 2689 3037
173 433 719 1021 1321 1657 2003 2347 2693 3041
179 439 727 1031 1327 1663 2011 2351 2699 3049
181 443 733 1033 1361 1667 2017 2357 2707 3061
191 449 739 1039 1367 1669 2027 2371 2711 3067
193 457 743 1049 1373 1693 2029 2377 2713 3079
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3083
3089
3109
3119
3121
3137
3163
3167
3169
3181
3187
3191
3203
3209
3217
3221
3229
3251
3253
3257
3259
3271
3299
3301
3307
3313
3319
3323
3329
3331
3343
3347
3359
3361
3371
3373
3389
3391
3407
3413
3433
3449
3457
3461

3463
3467
3469
3491
3499
3511
3517
3527
3529
3533
3539
3541
3547
3557
3559
3571
3581
3583
3593
3607
3613
3617
3623
3631
3637
3643
3659
3671
3673
3677
3691
3697
3701
3709
3719
3727
3733
3739
3761
3767
3769
3779
3793
3797

3803
3821
3823
3833
3847
3851
3853
3863
3877
3881
3889
3907
3911
3917
3919
3923
3929
3931
3943
3947
3967
3989
4001
4003
4007
4013
4019
4021
4027
4049
4051
4057
4073
4079
4091

4093

4099
4111
4127
4129
4133
4139
4153
4157

4159 .
4177
4201
4211
4217
4219
4229
4231
4241
4243
4253
4259
4261
4271
4273
4283
4289
4297
4327
4337
4339
4349
4357
4363
4373
4391
4397
4409
4421
4423
4441
4447
4451
4457
4463
4481
4483
4493
4507
4513
4517
4519
4523
4547

4549
4561
4567
4583
4591
4597
4603
4621
4637
4539
4643
4649
4651
4657
4663
4673
4679
4691
4703
4721
4723
4729
4733
4751
4759
4783
4787
4789
4793
4799
4801
4813
4817
4831
4861
4871
4877
4889
43503
4909
4919
4931
4933
4937

4943 5323
4951 5333
4957 5347
4967 5351
4969 5381
4973 5387
4987 5393
4993 5399
4999 5407
5003 5413
5009 5417
5011 5419
5021 5431
5023 5437
5039 5441
S051 5443
5059 5449
5077 5471
5081 5477
5087 5479
5099 5483
5101 5501
5107 5503
5113 5507
5119 5519
5147 5521
5153 5527
5167 5531
5171 5557
5179 5563
5189 5569
5197 5573
5209 5581
5227 5591
5231 5623
5233 5639
5237 5641
5261 5647
5273 5651
5279 5653
5281 5657
5297 5659
5303 5669
5309 5683
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5689
5693
5701
5711
5717
5737
5741
5743
5749
5779
5783
5791
5801
5807
5813
5821
5827
5839
5843
5849
5851
5857
5861
5867
5869
5879
5881
5897
5903
5923
5927
5939
5953
5981
5987
6007
6011
6029
6037
6043
6047
6053
6067
6073

6079
6089
6091
6101
6113
6121
6131
6133
6143
6151
6163
6173
6197
6199
6203
6211
6217
6221
6229
6247
6257
6263
6269
5271
6277
6287
6299
6301
6311
6317
6323
6329
6337
6343
6353
6359
5361
6367
6373
6379
6389
6397
6421
6427

6449
6451
6469
6473
6481
6491
6521
6529
6547
6551
6553
6563
6569
6571
6577
6581
6599
6607
6619
6637
6653
6659
6661
6673
6679
6689
6691
6701
6703
6709
6719
5733
6737
6761
6763
6779
6781
6791
6793
6803
6823
6827
6829
6833




6841
6857
6863
6869
6871
6883
6899
6907
6911
6917
6947
6949
6959
6961
6967
6971
6977
6983
6991
6997
7001
7013
7019

o el tEe e cka s e el e

7027
7039
7043
7057
7069
7079
7103
7109
7121
7127
7129
7151
7159
7177
7187
7193
7207
7211
7213
7219
7229
7237
7243

7247
7253
7283
7297
7307
7309
7321
7331
7333
7349
7351
7369
7393
7411
7417
7433
7451
7457
7459
7477
7481
7487
7489

7499
7507
7517
7523
7529
7537
7541
7547
7549
7559
7561
7573
7577
7583
7589
7591
7603
7607
7621
7639
7643
7649
7669

7673
7681
7687
7691
7699
7703
7717
7723
7727
7741
7753
7757
7759
7789
7793
7817
7823
7829
7841
7853
7867
7873
7877

7879
7883
7901
7907
7919
7927
7933
7937
7949
7951
7963
7993
8009
8011
8017
8039
8053
8059
8069
8081
8087
8089
8093

8101
8111
8117
8123
8147
8161
8167
8171
8179
8191
8209
8219
8221
8231
8233
8237
8243
8263
8269
8273
8287
8291
8293
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8297
8311
8317
8329
8353
8363
8369
8377
8387
8389
8419
8423
8429
8431
8443
8447
8461
8467
8501
8513
8521
8527
8537

8539
8543
8563
8573
8581
8597
8599
8609
8623
8627
8629
8641
8647
8663
8669
8677
8681
8689
8693
8699
8707
8713
8719

8731
8737
8741
8747
8753
8761
8779
8783
8803
8807
8819
8821
8831
8837
8839
8849
8861
8863
8867
8887
8893



APPENDIX F
COORDINATES OF DOTS ON THE TRIANGULAR ARRAY FOR 133 LINES

LINE SPOTS ON THE LINE

1
2 1,2

32

4 1

5 1,3

6 2,4

7 2

8 1,3

9 1,5,7

10 2,8

11 4,6

12 1,5,7

13 1,5,11

14  6,10,12

15 2,4,8

16 7,11

17 1,3,13,15

18 4,10,14

19 2,8,10

20 1,3,7,9

21 1,13,17,19

22 2,8,10,20

23 4,10,16,18

24 1,5,7,17

25  7,11,13,17

26  6,12,22,24

27  2,8,16,22

28 1,5,11,19,23
29 3,13,15,25,27
30 4,8,14,22,26,28
31 2,14,22,26

32 3,7,13,25,27
33 13,19,29

34 2,8,10,16,26,32

-

35 4,6,12,18,22,24

36 1,11,13,17,23,29,31
37 7,11,17,25,35

38 6,16,24,30,36

39 2,10,16,20,28,32

40 7,17,29,31

41 1,3,7,9,19,33,37,39
42 2,16,20,22,26

43 4,8,16,26,34,38

44 1,7,21,25,31,37

45 1,7,19,23,29,31,41,43
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APPENDIX F
COORDINATES OF DOTS ON THE TRIANGULAR ARRAY FOR 133 LINES

LINE SPOTS ON THE LINE

46 4,14,16,26,28,34

47 6,10,12,16,22,28,36,42

48 1,23,25,35,43

49 5,11,17,25,37,41,47

50 4,6,12,24,34

51 2,4,8,14,16,22,26,28,32,44,46
52 1,35,41,47

53 3,21,31,45,49,51

54 2,8,16,20,22,28,40,50,52

55 2,4,8,14,26,38,46

56 3,9,13,19,27,31,39,43

57 1,5,11,13,17,23,25,31,41

58 4,10,14,16,40,44,46,56

59 10,12,22,30,36,42,48

60 7,13,17,19,31,41,53

61 1,17,31,37,41,43,47,49,59

62 10,16,22,40,42,58,60

63 20,26,34,40,44,46,50,58

64 1,11,13,23,37,47,53

65 1,3,7,9,19,31,33,49,51,57,61,63
66 8,16,34,58,62

67 2,10,26,28,32,40,56,58,62

68 3,9,15,19,31,33,55,61,63

69 1,5,11,25,31,35,37,43,47,53,65
70 2,8,22,26,32,44,52,58,62

71 18,36,46,54,58,64,66

72 1,23,35,37,53,61,65

73 5,19,29,31,35,43,49,55,59,61,65,71
74 6,10,12,18,28,30,40,48,52,66

75 2,14,16,22,26,28,44,58,62,68

76 1,7,11,29,37,47,53,59,67

77 1,13,27,31,37,43,45,73,75

78 8,16,20,34,38,46,58,64,76

.79 2,8,28,38,40,56

80 3,7,9,21,27,31,43,49,57,61,69
81l 11,13,17,19,31,59,61,67,73,79
82 2,8,10,22,26,38,40,50,52,68,70
83 4,10,30,46,54,58,60,64,66

84 5,13,25,31,41,43,47,53,55,61,71,73
85 1,11,13,23,37,43,47,53,61,67,73
86 4,16,18,22,36,42,46,54,64,72,78,84
87 20,26,28,38,52,56,62,80,82

88 5,19,23,25,35,49,53,61,79,83

89 1,3,7,13,15,27,31,51,73,85,87
90 2,8,14,16,22,44,45,52,68,74,86,88
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APPENDIX F

COORDINATES OF DOTS ON THE TRIANGULAR ARRAY FOR 133 LINES

LINE

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133

SPOTS ON THE LINE

4,16,32,34,38,44,58,62,64,82
15,25,31,33,43,45,55,57,67,73,75,85,87
5,11,19,49,59,61,71,79,85
2,20,26,38,50,52,70,76,80,86,92
16,18,28,42,48,52,54,58,82,84
1,7,23,31,37,43,61,77,79,83,89,91
1,7,17,23,35,47,65,67,73,77,95
6,30,34,36,40,46,48,60,64,78
10,20,26,38,52,58,68,80,82,86,92
1,7,17,19,23,37,43,49,53,59,61,71,73,89
1,9,27,31,37,49,51,57,63,69,97
2,16,20,28,38,46,58,76,80,82,86
8,20,26,28,44,50,56,70,80,94,98
25,31,37,43,51,57,61,63,75,81,85,87,93
11,17,19,23,41,43,47,59,61,67,71,97,103
4,8,16,26,58,74,76,82,86,88,92,94,104
12,18,22,30,40,456,66,70,72,78
1,5,13,23,29,35,43,49,61,65,71,73,79,83,89,91,101,103
11,17,37,41,53,67,95,101
12,16,34,42,48,52,58,72,78,84,94,96,106
8,16,26,28,38,46,58,68,92,94,98,106
1,5,13,31,41,47,53,55,61,71,83,85,95,101,107
1,9,15,25,31,33,39,45,51,61,69,93,99
8,10,28,32,40,50,80,88,106,110,112
8,14,16,22,26,44,52,64,82,98,104,105
3,9,19,21,31,33,39,49,63,67,91,93,109,111
5,7,17,37,41,43,47,55,71,77,83,85,97,113
4,8,14,44,46,56,58,64,68,74,80,88,94,98,110,115
6,18,22,36,48,58,82,88,100,106,108
11,19,37,47,53,67,71,73,79,89,97,103,107,113
23,37,47,49,61,71,73,89,91,109
12,30,36,52,70,76,78,96,100,106,108,118
4,14,20,26,34,38,44,46,56,58,70,74,80,86,88,100,104,118
13,17,23,43,47,55,61,65,73,77,91,97,101,115
3,7,9,39,43,67,73,79,91,103,117,123
2,4,8,26,32,44,52,58,62,74,76,88,118
8,10,16,38,52,58,68,80,86,88,92,100,110,116,122
19,33,39,43,51,63,81,91,93,103,105,109,115
7,13,17,31,35,37,41,55,51,73,97,107,113,121
2,4,34,38,44,46,58,62,76,82,116,128
6,12,22,24,28,48,58,66,82,84,94,108,112,114,126
1,17,23,31,35,43,47,53,61,67,73,85,91,95,101,107,115
1,5,25,29,41,43,53,59,61,71,83,85,89,109,115

-111-







le.

17.

18.

"LINES OF PRIMES!" SUPPLEMENT

TABLE OF CONTENTS

PATTERNS WITH LINE CONTINUATION
LINES GALORE!

JUTS OF 6 AND HIGHER

WELL I'LL BE! (OLD FRIENDS IN DISGUISES)

!

STILL LARGER JUTS

ALL DONE WITH NUMBERS

LINE SPECIES

=112~

113

114

121

121

125

128

132



.7NOD 3HL SI J 3¥3HM 92 = X ATHONOY 0L 3SVI HIOVI NI ONILXI SHyILLlvd

3GIHL ATTYNIA  “3UI¥d-HON 3NO SI ‘NN31LVd 3HL 40 HOIivang Ml

404 ‘SINIMNOHD INIHd N3IIMLIG LVHL ¥3LdV ONIIVAS 3IHL IVIHM “S3IHTdd

-NON OML HLIM 03717VNOIS SI 3SV3 HOV3 NI Mv3dd TVILINI FHL ¢35¥n0D

40 QMY CudVENT. TVILINI 3HL 3314V SONIANOHS IHINd GIHIQWNN-HIAT
FHL HIIM S3NO ML 34V SAHIT JdAL 3 + X + wx HL LVHL 353110H

20T 3IN9I4

PSSR ERE R RN ¢ X o+ %
STSITLTETZTIIZES 62 + 2 X2
YTegt1z1128l 6T + X2 + X2
3ry1zza LU+ X 4 X
f£12t1211 o+ - X2

Yy 1¢ 20t I+ X+ ,X
21129 Lo+ X2+ X2

Izs = § + Xz

2e 8§ +X + X

:30IS A9 30IS ‘S3INIT IHIN TV 804 SHEILLYD IHL I3V FA3H

o . , . ¢8dNTT
LHOIZ ¥3HIO 3HL 40 ISOHL HIIM J¥YANOD NH3LLvd SIHL §300 MOH

X 0t §/ - 6§
N 1_ §9
A g 59 - t§
N T 9 |
i ) B - T
N T_ 6y
A b 8b - §b |
N S
X 2 £ % 25 )
N : _ v 3 0%
A 0% 68 - 0
LANTHd Hod v NI &:¥ X !

tSTIHL 3NIT SMO0T (3WH0d SNHL NA3livd 3HL

| _. | UBL T &L - 99 04 St it

b9 - L5 ¥0d "SI II 85 - 09 ¥0d4 °SI LI €% - S§H ¥04 "SI LI €5 ONV 2%

404 “3WIdd LON SI 1I TH OGNV 0% ¥04 “IUI¥d ST Tv + X + ,X (6% HONOHHL
0) X 40 S3NIVA 0% 1SdId 3FHL ¥04 T + X + ;X DIVL “37dNVX3 ¥0d

"SINIT 3NIN 3HL 40 HOVI 404 MNvIdd LVHL (NOAIE AWM
FTLLTIT vV ¥04 SSIHIUIYY-NON QHY SSINIUIYd 40 SNYILLVd v JYIHL

‘38¥3 Wl I1ON €I HdAs  “iNiod
LvHL QHOA39 SSINITHICEO 3d0W ON SI I¥IHL LyHL Q3WNSSY 34 ATISYI 0IN0D

AT ‘NIOUT ATIVHIA 34V A3HL IYIHM INIOd FHL HOV3Y SVINWA04 40 ATIMVA
dHL 40 sYINKAO04 ININ 3HL A9 Q3LVH3NT9 SIWIAd 40 SINIT IHL NIHM

NOILVANMILINOD 3NIT HLIIM SN¥3llvd “91

I

-113-




. . :3HY SYINWY04 MIN ININ 3kl
*S3INIT 3HIN 40 AVIUV TVNIOINO IHL OL dVIIMIS A¥IA ATIMVA V WE04 AIHL
ONY ‘90T 3NN9T4 40 AvHav FHL NI SINIT ININ 3av 3Jy3IHL @10L 1V

“90T Junafd 338 T139449 QI¥I6Ed AL 135 dM

“S01 3¥N9I1d
. ‘243
ST T €T 2T 1TT 0T 6 @
L 9 69 % ¢
e I

0L ATLHIINS ATNO 3W3HIS SNILNNOD IHL 9NIOHVHD A4Q

o . o _CHVTINIS SNIHLIWOS ONIA¥L 100V
LHONOHL I ‘69 WN9I4 NI 8Y ATLHOING GIMILTY S¥M SNILNNOD FHL NIHM ,A7A3
-d0dd., Q3AVHIS AIHL 31IHM ‘€9 JUNOI4 NI SY SYM ONILNNOD 3IHL NIHM “1sva
~HINOS SHIGHILX3 3NIT ANVYNIOVHI NV HO O3IN9ITY SINIOMGNI HLIM A1IVOILN3A
G3LNIINO F¥3M S3NIT ¥NO4 ¥IHIO IHL. ATIVNIOIHO MOH ONINIGHIMIY

‘S3AA
¢IUNLINYLS HIIHL ONIASNLISIA LNOHLIM 1SIMHLNOS 3HL OL S3INIT FHL L4IHS
ATIN39 0L AWM ANV ENOILVNLIS SIHML A4ILJ33d OL AVM ANV 343HL SI

: ‘00 ¥3AIN 11IH
SIHL 1NG ‘3Ndl ST 1T “A3N9ITY 34V SINIOMANI 3JHL  *3¥IHMON 40 370
-0IN 3HL NI d01S GNV 1SV3IHLNOS GNILXI S3INIT 3IS3IHL 3903 1331 3HL 01
L63MHLNOS 3SNHILOdAH, FHL WO¥4 AVHMY FHL SNINNVAS 40 dvalsnI - W3t
-90¥d 3NO ATHO SI 3¥3HL  “H0T 3¥N9I4 335 "SuvIddV S3HIdd 40 S3INIT
HINOYENN TY¥IAIS 40 FDNIAIAT “S0T 3ANOTI4 NI SV SNILINNOD A8

*1s81d £ ONILINF vy €13
*AVM SIHL NI ONNO4 39 OL S3INIT J¥OW ANVK ¥V J43HL 113M

“ANVLSNOD wlfif., 3HL SHIdIIM INIT AvHEY HOVE HIIM LHSTH aHL 61 ¢lods
OML NVHL J¥OM ONILINC. NO 03SvE SAVHAY ANV 1V H311VW LVHL 404 ¥0
. ©"S0T 3¥N9I4
213

2T TT 0T 6 9@ £
v e

9
] 2
T

tUINNYH SIHL NI SNILINNOD NO @3svd
AV¥dY 3HL 1V Q3MOOT ¥3A3N GvH I "QGNNO4 38 Q1N0D S3NIT JYOW ANV 4I
435 01 SNOILVINVA AVdHY M3IN A¥L OL 3N 01 @3¥3N230 ATLHIDIY LI

i3401v9 S3INIT LT

*YINWHO4 ILVIHdOdddY 3FHL 40 ONI IHL 1V 1INVIS

-114-

[*




LA

o)\

Y

i

‘a

e

AW
A\

A
Y

A\

AW

N

T\el

le

I e

[

o! !

e

1®

Y

ALY

o1

—

Figure 104.

-115-

CITADEL®G NO. 642 - CROSS SECTION - 10 SQUARES TO INCH




[ ] L ) _
T LT R s L s of |
_ INER - - 1 b S . . i
- e 8 -1 L .
THE T AREERBCEREECNERS RGN AENC L
T 1T ‘ L 4 - °. _
T ERNEEEEEEEERERRUDRRL] NEENUND .
.
I T [ 1T T o | " Tels of o [T
T EEEEEN o - 1Tie ] T 11T !le o | [
L] * . L]
T DEE T 1ol TTTI T T LT T Lol 1100 ]
- - A4 : R N AT -
0 ° ) . B
B TIT1TTULU e Tl 11T T Telal T e
1 S TITT o . . . T
- r T e [y el
T o . ° ]
T T . L) R
1° [ B ) DRERD T B
- | e — o o —Te
| [ B . B 1 3
u TT e T e ] [ Ta|s [} Je| 11 |e . o
_ 1 jENDEE o
T - o | . . . (o) | [ [ Je ol | &
B . . - . N 11 [) [
. . . e
N ) Ld e
- . .
ST T Te -
0 ® ole|” L)
L3 [ °
B B ) 11T
ARRECS
] LI L | |e . ) |
- [ [ O .
L] | [ ] L J
—  E— s . LJ ——
. . . L I VO o N 4=
1 T Te BON o . 'y -
171 [ e ) T TTel T el 1T .
. 11 R o 1T 1 HEEEEEEN)
BERENCERRD el THT T L e 11 ]e [
. . .
I - s 7 T e~ . BEREEEEN o |
. . HEEANEOND T T
g [ INREEN v D) -
E e » [ o] 0 [y
NN e EREL 1T EEARRENL N
T BLD - o I |e . e T
- ol P - o e 1 4 T el T T nd S S
. o . °
A -1 - - -1 t g - ~t~tt.r"1-1z 1
TIe CulnCuRt sl T RRCAROE pERCNRE
. L DU .. O T O N O L LI IR HER S LI .
T Te[e D B - . . . ] . [ I
T . | e o T Iel 1T Te| F- 1
. I~ Tl e 1T TT el T 1
— Py . - - |
r 3 B ] "t RO
- )!‘,ﬂ . 1T TTel | BREER. T Te [T BN
e Rind e Lo el e TR el Lt
e Fel Fal sy
- J:.Jh‘.» r) . t——t — N ./7' B I el - » — i
—Pg T - T NEn B e % N
o BLNRERL S0 S s of L LI 00 I L N O
B NRDRERY N e . LT °
o N 17 To] [ T M) [ ° BEED D
e o g -1 - 4 — bt
YRGB SR Mol ™ HEpEN ol
M..I.J,I‘ ha J.‘.I [ey — ul 1® L bl ..
e My Py e e . Al
B g I By [y [ e [ 3
By M ad (3 e . .l® ore

CITADELG NO. 642 - CROSS SECTION - 10 SQUARES TO INCH

Figure 106.

-l1l6-




Ang ‘S3ANId¥d 40 3MIT V 40 NOILINIJ3IA FHL OL SAVH OML NI SH¥04NQD LI
T3H0S3T8N0YL 119 ¥ ST 09V INIHOW V QINOIINAW INIT 31LLIT 3ML

“1Q3sSN3SIA SI 9 = INF JILNN) 034343430 39 O0STIV 1TIM NOISSNISIA AIIHL
‘9 8I 10f 3IHL N3HM SINIT 1HIIVHLS 3H0339 S3IANND 3ISIHL " INICAIAT v
£100 40 svi0Qvdvd MI4 Vv ‘NOILIAGY NI “LN3HOH v NI d3§SNOSIa 39 ol

‘S¥VIddY 3NIT LYOHS 3NO ATNO ‘10d4S T 40 dOL ¥V QNY § 40 1INr v ¥04

S (60T FUNIT4 NI 4 3INIT)
6¢ + XN 40 HOLINLS ¥IHIONV ATNO 38 01 1IN0 SH¥NL HOTIHM 183NHLAOS
ONIQV3H mhoo 9 40 3NIT TIVHS V SI S3NIT 3 + X2 + ;X2 3IHL NVHL 3401S
INTU3ISAIA ¥ LY “0STIV  "(3 QNY ‘a ‘D S3ANIT 60T 3I¥NIIL) 62 + 7 X2
GNY ‘TT *+ X2 ‘6 + . X2 SON3I¥J 010 3¥V OGNV ‘3XI FHL HILYD 0SIV dn
NI GINTOJONI NYIHINOS F50HM 1SvIHINGS ONIAYIH SONINLE 131ivavd
J3YHL ITIHM ‘(8 QHV ¥ S3NIT ‘601 JUNOIL 33S) 6T + X2 + X2 QHV £ +
X2 + X2 SON3THd 010 ¥N0 3V A3HL LNG “SUYIddY S3INIT 40 yIvd Vv

‘g0t 3unoid

*213
ST T €1 21 1T 01

IT 0T 6 9 /L
9 & b ¢ 2
T

:SNHL 10dS 3NO 40 401 Vv HIIM ONIL¥VLIS QMY b ONILING A8

T3¥3IHL Yy SININ
YoM ‘SIA € NVHL ¥3ILVIYD 40 SINT HLIM SAVHNY L1N0GY LvHM

. . , (*£06H H3GUNN 3HL iNFs3dd3Y aInoM
100 1sv1 L¥HL) 82 = X 40 IVHL ‘T€ + X9 + _X9 AQ (3LVH3INIY SHIALS
N2MOY¥BNN IHL MI 3NI¥d LSV1 IHL 0L GHOJSINH0D 0INOM LI NI 100 1S¥1
3HL 1NG S100 62 NYHL ¥3M34 3AVH QINOHM TE + X9 + ,X9 SNIIN3SINd3Y
NI FHL 'H3NOL Fuvs FHi A9 (Fgby HIQUNN SHL 1N3IS3d¥d3d ancd loa
1SYT IVHL) "8 = X ¥04 IT + X9 + ,X9 40 3NIVA 3HL Ol ONOGSINHO2
T7IM 3NIT 3HL NMOOQ ONIOY 100 LSY1 3HL 109 ‘LT NI S100 3NIN NVHL
¥3M34 LVHIINOS JAVH T1IM 90T 3dn9T4 NI AVH¥MV IHL HO NI SLI ‘@
zu:om:» 0 HO¥d X 40 SAMIVA 3ATLNDISNOT dNIN HO4 Tdd 61 1F + X9
+ ;X9 41 ‘SO¥0M ¥IHLO NI "HI¥0ud SI S3WIdd 40 9NINLS IHL 304
-38 SHOILOHNA 3HL 40 S3NIVA LSY1 IHL FEY SINIT M3IN 3SIHL 40 SINHIOd
~0HI 1S3IMHINOS 3FHL ‘SININ IHIN TVHISI¥O IHL HLIM SV ‘OS1V "0 = X
© N3HM SNOILONNA AHL 40 sianiva 0L 1ok 34V 6aNXT 3s3Hi do siWidddia
L1SVAHLAON IHL ‘SINIT 3ININ JVNI9INO IHL HLIM 3ISVD 3HL SVYM SV

*L0T 33N914
62 > X > T~ 1€ + X9 ¢+ uxo
LT > X > 1- ) LT + 2 X9
ST > X > 1~ LT + X9 + «xo
¢T > X > 1~ £ 4 2 X9
6 > X > 1I- . IT + X9 + _X9
L > X > 1~ AR .wxo
§ >X > 1I- L+ X9+ X9
g > X > 1= g + s X9
£ > X > 1- S + X9 + _X9

~117-

I




o[ B
—4 T .T
111771 . T el |®
ﬁ 1 o )
B Dan o
11 .
1 ol
T - o |
= ~ 9
i HERLE auy
T 1 LI L o e
- Py 1 .
= I
L o
) o |o
pe °
1
o C 0
BED
o
o o
D [
o |® ®
o
19 .
» ®
. [ )
4 B L
T o
® ®
171 119 . ¢
D
B
. R
L.
Y [ [ |1
[y -
o ) e
A 3 o | B
D L L
| L
yr.s .
[ L]
\_m DECIEO of 1o o
\ || RO NN
-1 - e .
» )
°
¥ [ D 0
\ e
® [ 1
r @
° . [
@ L)
[y D
o
Y ® |1 e
° Y »

~

CITADEL® NO. 642 - CROSS SECTION - 10 SQUARES TO INCH

Figure 109.

-118-




FAILINIISHNOD 40 SUOLVHINIO 1639919 FHL *3IAISV SIHL dN dviM OL

"ANIdd LOH SI J 69T - X + X NI LVHL 310N

22 > X > I~ ) £IT - Xe 2 %8
§23>X>0 691 - X 4x
g2 > X > 1- 60T - X + 4X
b2 > X > 1~ gL - X + X

N
:6SNINLS
03L¥738 3¥0M M3I4 ¥ ONNOJ I ONINO0] 3TLLIT V ¥3L4Y  “SHIHLS 3IDIN
< SI S3IUIY¥d LHOIVALS 8T /LT HONOUHML 0 I9HVYH IHL SVH X QHY € - X
+ 72X VINWYO04 FHL SVH 3HO LSV1 SIHL °OTI 3¥N9I4 33S “1431 IHL OL
om2uno HOIHM 3MO OGNV ‘62 + ,X2 ONV ‘6T + X2 + ,X2 ‘1T + X2 ‘4 + X2
+ ,X2 39 01 1NO Q3MaNL HIIHM *1HOYY 3H1 OL 9NIHIJO ¥NO4 3¥3M J¥IHL
*¥3H1I90L SNILLI4 SV108vaEvd 40 13S V 1NQ SINIT LHOIVAELS 3JHL 40 SONIN
_-NI93d 3HL LON SVM 3A3 AN LHONYD LVHL SNIHL 1SHI4 IHL “(1IvD3d 1IM
NOA YS3NIT IHOIVHLS MIN 3NIN OL ATIVALNIAZ 34 G371 HOIHM) T = doOL

£ = INF Q31107d 1S¥T4 I MIHM LVHL ¥3EHINIY MON I MIvE SHIMN0O01

» o o “IVIATYL {ON 3¥v X 40
SANTYA IATLVOIN HOIHM ¥04 *L8IVHOOYIA SMINNVAS., ONILYNIMIS vinwuod
40 3dAL M3N 3HL 40 SIDNVASNI d3HIO 3dv JHIHL ‘335 17IM NOA S¥ SV
~NNE04 TYNIOI¥O 3HL ¥04 1SV3T LY ‘S.X JATILYOIN IHL AG QILvI3INI9 3V
S3INI¥d M3IN ON 3SUN0D 40 °X 40 SINTVA LHIIVALS 09 ¥04 d0 ‘65 HINOUHL
0= HOM4 X 40 3NTVA FT10HM AYIAI HO4 FUINd V SATITX Ty + X + ,X
€37dHYX3 ¥04  "QILVLS SVYM LVHM 3IDIML SI 3HI¥4 V Q13IA SHOILOHNA 3HL
HOTHM 04 SYINMEOJ TYNIOTAH0 3HL NI X 40 39HYM TVALIY 3HL 0S  °ND
0S GNYV ‘LT 0S1V SI €~ = X ¥04 LVHL 31IHM LT SI 2 = X ¥04 3NIVA 3HL
‘€1 081V SI 2~ = X 04 3NIVA 3HL €T ST T = X 804 NOISSIadxd SIHL
40 INTVA FHL  CTT + X + X VL ‘31duyx3d ¥04 °0¥3Z 3A0EY $300
1T SV 0d3Z MO39 ¥v4 SV ISNC SOHILXI SYINHH04 TYNIOINO IHL 40 ANY
404 X 40 3SHVY IHL LVHL 1IN0 SNENL 1I "% OL b- WO¥4 31dHYXI ¥04
YYIHLO ANY OL ¥39ILHI ANV MHON4 OHZIXT MON NvD LI “¥38HAN 3ATLISOd
2M0S OL 0¥3IZ WON4 SYM X 40 39MVY IHL ‘IHOMMIHLENG  *OTOH LOM 033N
SNOILDIYLSIY 3SOHL 'IAILVOIN-NON 34IM 3 GHY ‘G ‘V GNY ‘ON3IZ SvM
m 40 ¥V 0L TvNb3 SYM @ ¥IHLII ‘SVINNE04 TYHIOINO IHL ¥04 *D + Xa
+ S XV HN0d 40 dfivdavab v 39 ATNO GIIN YINWE04 ¥ ‘USHTd  ‘HONDHL
‘4379084 1v3¥ ON SI 3NIT IUTAd 40 SIdAL OML IHL ITIJNODIY OL

'

HONOYHL b~ HOYA SIONVE X GHY & + Xb - #X0T 8I VINUHO4 SLI  “VIYILIHD

d3H10 3JHL 01 WHO4HNOD “Y¥3IA3IMOH “LON S30G LI 3903 HNY¥31S3M 3IHL OL

1S3HMHIN0S 3SNHIL10dAH FHL LOYd AVHAV 3HL SNVAS QHY ONIYLS NINOAENN
NY §1 § = 1nr gV T = d01 HLIM AVydV 3JHL NI 3NHIT 371117 3HL

“J dV3IN N339 SVH L1SV1 3IHL ONV 0332 N339

SAVMIV SVYH mszm vV 073IA SHOILONNA 3HL HOIHM ¥04 X 40 3NTIVA 1sd1d
JHL 08V WItd ST J 3d3HM 3 + XV ¥0 I + X8 + XV H¥04 3HL 40
M33d 3AVH SIHIT IHL SNILYHANIO SIIMINDIS IUIEd IHL HO4 SYWIANNOI 3Hi
‘HOILIQAVY NI °SHdVY9 IHL 40 3903 HY3ILS3IM, IHL QIHIVIY AZHL TILHN
1S3MHINGS AVM JHL TV SAVHHY #VINONVYIY¥L 3HL d0 »3ISONILOdAH. IHL HO¥4
SHAVH9 3JHL G3HNYdS JAVH SONIHIS 3SIHL ANV (S¥3ITUNN 3HIUd ONILN3IS
-34438) 6100 030vdS ATNIAZ 40 SOHINLS LHOIVHLS NINO¥EHM NIIE JAVH
S3ANIT 3IWIyd dv4 0S “LIDITdX3 38 0L °ION S300 LI SAVM ¥3IHLO OML NI

-119-

v




JL U e O 41
| _j—}-t—4— -
—}- — —4- 11
PN N QU B S N DUy O B
4 A1
A 4 -

N S N D GO U W S B S ol S

I N U A B B S
1D T 1S T S S
S0 Y O G W0 N B S R S
D S IO N G B S P
J TN I O T B B S o B

14— -

| @)

T
I

i

T el | |

o

IR

| |e (@

|

10 SQUARES TO INCH

. 7PASS STCTION -

=47

~ N

~re




NI ‘SINTIVA G 3ISOHL S3IHVHS ‘(0 3IHIT) SL100 § 40 “3INIT 1639919 3IHL LVHL
©. QAIILON I ¢IN3ISINAFH S100 3ISIHL LVHL SHIENNN IHL NMOQ SNILLOr

*3903 183M 3HL 0L 3ISNHILOHAH 3HL HOd4 STVNOSVIA

ONINNVAS 40 ATINVS Vv Hy0d4 Q1000 S3INIT 3S3IHL Avddy 3IHL GNIH3IG 9NILNNOD

AHL 40 INIHISNravY ¥340dd 3HL HAIM 1VHE NOILYDTONI NV fSSariio0NvY

HVHL 3d40W 40 NOIS Vv ‘dn 3INIT 00 SINIOMGHI AIIHL LVHL Q3NINHIL30 I

d35070 OHIN00T “(0 GNV ‘D ‘9 S3NIT ‘HTT 3dN9I4) NOILIINIQ LSYIHINOS

V NI d3H10 HOV3 0L 1371vdvd ONIGNILX3 6100 40 S3INIT M3I4 v (QIDILON

I 4v NI ‘HTT 3dn51d4 336) Nvds NI €100 HN04 ATHO ‘G 4+ Xb + 2 XY

“IYIHL T¥NOOSVIO SNINNVHS AdLTvd INO IHL ONIIIS §30IS3d ‘MOM LSNP
‘1X3IN LVHL SSNJSIA 01 T=dOL 8=I1Nr ¥04 AVHNY IHL 1V QIN00T I MIHM

{6381N9SI0 NI SaMATH4A @10) {36 11.1 113M ‘6t

. . e 1338 11IM NOA SV ‘03¥01dX3 39 1SN NIvall
~30IS ¥IHLIONY ‘SLNF ¥3I94v7 40 NOISSNISIA IHL INNS3Y I 380434

*SuYIddY ‘@ > X > 6~ H04 SININ4 LHOIVHLIS 9T SATITA HIIHM

‘LT + X2 + ,Xb ‘V108v¥Vd I1IL¥34 ¥IHLYH 3NO ‘NOILIGAY NI "9 > X > L-
Y+ X8+, Xbl :SUVIddY INIT LHOIVHIS 3NO ‘t=dOL OGNV Z=1Ar 804
*G=INC 40 SV109vyYd 3IHL J¥3IM 3ISIHL

N ‘¢Tt Fdnoid 336
‘211 34N9I4

£2 2 XE + oXE
11+ X & xe
§ +XE + XE

O 0d

o
vV ViV
X XX
vV vV
-—o--—;rv.—‘

:SANIT M3IN SIVIAIY

“TITT 3dN9I4

R = o B
12 02 61 o1 21 91 41 1 €f 21 11 o1 6
8 L 9 § &% ¢ 2
1

SHILINNOJ NO Gasvd Aveuy FHi
YIHOIN OGNV § 40 sinr ‘g1
*SAIY FUINd 40 AGNLS FHL HONOYHL GHNO4 0SIV S¥M ANODIS 3IHL
29 IdN9I4 NI Q3¥Nlv3d 9IY 3NIYd 918 IHL SILVYINIG VINWHO4 LSHI4 3HL

‘12 > X > 11- £S5 4 K82 4 X9 ONY
§2 > X > 8- €5 + XST ~ ,X§2

$34V 1S394VT OML 3HL  °S3HO 3IATILISOd 01 SIANTVA
ATLVOIN HOY4 ONIONVY X HLIM ONV ‘0 ¥O ¥V = 10N @ HITM ‘3dAL .HMaN.
3H1 40 SJOIlvdavnb 3V Ty + X + X 30IS3d dvd 0S ONNO4 3FAVH I S3HIdd

I

-121-




aniN - O - = - -- --:T;
HEENS N ]
e L ] | || -
10N A U O S . O Ot | -
- \ : Jllwv 1 ‘ e e g - N -
T T Nl LIRD - -+ +
I I O LR
4 ]
1 1T LAu xl‘ﬂiﬂ 1 ]
s NS
T T s s] ) ] 1
T1le e
BRERO 9
T T 111 D
- - 8§ |e e
n o s -
EEER BRECE D O
[
N ) 1T
O o e
4% hd 9§ _ -
B D 9 s e
HEEEEN @
=1 e []
ENE O
[ BORO e
” HEEREN o [ o |s
3 - .
I O ++17s s
7 8] [® 0 *
— \‘P. ."
1 OROE O .
T
=TT B ﬂ.r L Y [ L]
TT T T T8 1w -
ERSERBOREEECEL ®) L]
s _ LRI -]
et —— — =
~ | CHEC .
T1 17 REC . [y
HROED CHERD
_ I . 5 . §
HOBRCRERE o |o
TT171 19 4
I A - I T
BEERECEERCEERES C DR
HEL. o _ 1 T
AN i s | 1
TN DECEE s RS I
AN L

[ i
[ ]

el

f;( !
]

-122-

CITADEL@G NO. 642 - CROSS SECTION - 10 SQUARES TO INCH




BNt}

1l
T
-

J U W B T B | -+
P - . . - ¥
SN (O O DSOS T S - |1 WU B S .

e
EEN NN
AERELE
NENEEE . =
pzAnNENENE RN -

o

T Tel

u z f
NECN

NuNBEE| [
- 1 e

T g 5 -t -
HENECORE T - -
SEREENORES
HEEE
EEREER  ANR N
nEREECELENE 1 -
B RAC AR L
APHHHTH 4 - N T
BRENCEINO BN - - .

Te|

L1 lel

]

—

)

bl

=177

CITADELG® NO. 642 - CROSS SECTION - 10 SQUARES TO INCH




SYINHY0d ¥3IHIO LIVHL INO NiNL 17IM 1I “@3300d8d 3M SY ‘SdVHy3d
*(AT3ATLI3dS3d O OMY € SINIT ‘HIT 3dN9TA)

IT + X2 - _Xb
§ X2 - ﬂxq

:SINJOAVHY IT + X + ﬂx QHY § + X + ,X 3V
LT + X2 - 7Xb 0L 1377vdvd S3INIT ¥371TVYNS OML IHL ‘3SUN0D 40 ‘OHY

LT + X + X S,1I ‘HOoNON3 3¥NS  ${3SIN9SIA NI CHII¥4 010 HIHLONY A1Tv3y
LT + X2 =~ zXb ST (LT + X2 + ,Xb ¥YINH¥0d HLIIM vioavivd Vv (Q3Wd0d
3I0H3INBIS FNYS 3FHL [=INr 40 IX3LHOJ 3FHL NI SVIYIHM LT + X2 - X% SI
§=10rF 40 IX¥IINOJ FHL NI 3NIT SIHL ‘AHIvALIY)  “(d 3NIT ‘otT a8nord)s
€100 G HLIIM 3INIT FHL LV M001 d3IHIONY HOOL I ONIW NI STIHL HIIM

CSINIHd 40 135 FWVS IJHL SHILVHIN3D VINMHAEO4 INO NVHL Fd0W 39 HYD JU3HL
AVHL W33S dINOM LT <173M  (STHL 11V 40 1I0s3d L3N IHL &, LvHH

"IAILYI3IN OL 3JATLISOd

HOYd H1¥O04 QHY NIVE SNILYNAILIY ‘HO 0S ONV “2- = X A9 19 ‘2 = X A9 ¢4

.ﬂn X A8 b ‘T = x Ad €Y ‘9 = X A€ HIAIS SI 1v .H¢ ¥ X - 2 X 404

‘MO 05 GHY ‘S = X A9 €6 ‘2 = X AG Zb ‘T = X AG €% ‘0 = X »m N3AI9

SI TH Ty + X + ;X HIIM ‘AVH 43HIONY 1T MOHS OL "S3WId¥d 40 135 3HL

40 47VH d3IHI0 IHL 3AI9 S,X FATLVOIN ITIHM ‘3ANIdd ¥3IHIO AY¥IAT OHIAIY

O 05 ONv 12 oL €6 OL € WOdd seHIId H¢ X2 = 3 XY {0d3Z NYHL ¥3iv3ss

X 40 SINIVA ¥0d4 "S3IDHNINDIS OML NI HWIHL S3IAIO Tv + X2 - Xb ‘6% OL

dn HO 0y¥3Z HO|d SBHITI X SV €213 ‘€9 ‘TL ‘19 ‘€9 /b ‘€% ‘TH HLIM
ONILY¥VLS 3DHINDIS 3FNO NI S3WIdd O IHL SIAIO Th + X + X ITIHM

*S3TdvA NOILVINASI¥d 3IHL ATHO
*Tv + X + X A9 N3IAI9 3SOHL SV SAIGUNN 12¥X3I 3UVYS 3IHL 3uV AIHL -- 30HO
AV 17V 3N LIH 11 T4 + X2 - ,Xb NI Sy3QWNN 3FHL LV MON d3S07J SHIN001
‘T + X + 54X ‘diVHD 9HINDIZY 3HL AG 03lvEanzg INIHd LSIHOIH HHL
081V ‘1091t SI oukdmuZmo INIAd LSIHIIH 3FHL -- AHSI4 9NIHL3INOS Q3IILONH
AT3LVIQIKHI LSONTY NIHL 1Ng ¥0iV¥3INI9D 914 YV HONS QNI4 OL 031I0X3

SYM LSHI4 I ‘HONOHL ‘vINWY¥04 3IHL JAINIO 0L 109 NIAZ I 340439

‘Iv + X2 - ,Xp SI VINWYNO4 JHL ONY 02 HONOHHL
6T~ WO¥d ‘SLINS3Y IUIUd IAVI X 40 SINIVA LHIIVILS OH ‘G10L 1TV

“3INIT

731IvEvd AVIIMIS ¥ 40 Llavd 3¥3M AFHL 4 SNHL ONY ‘0L Gv31 GINOM A3HL
SANIANd ANV MOH 335 OL (S100 G HIIM 3NO IHL SHIGMIONI “S3NIT 1371vavd
TIVHS 1SMI4 FHL NI HIMO¥9 40 31vd 3HL NO 038vA) QAvMMNIVE GHY QuvM
<N0d WIHL SNILVIOAVHLIXE ailuvls T ‘NM0d S3NTVA Tv3THaNAH mmeH ONIL
~10f (3 3NIT ‘HTT 3¥N9I4) 1SVIHINOS SNIOY 3HIT ¥ 40 LavlS 3IHL 39
QTN0D LVHL LHOTIY 3HL HO Av¥M S10Q 40 ¥IvVd V LSAC ‘HLIM NdOM OL 1HOIY
3HL 0L 1IN0 HONW L.NSYM JH3IHL ‘IJATISHILXI Ad3IA L, HSYM HAVYI AN 3IDHIS
*3INIY 100-§ FHL 0L 131Ivivd SINIT ¥394V1 ANY H04 001 0L 030IJ3d 1
CAVHNV ©=INf 3FHL HO ZT + X2 + ,Xb% 40 NOILVIY¥VA LHOIVMIS V SI S.100 §
40 3NIT AW SHILYIIGNI SV 440 SIHL 9NIOONHHS “JATLVIIN ST X IFd3IHM

LT + XZ + ,X% 40 S3INTVA 3AILNIISHOD 3AT4 01 (3ANOLSIHN0D ‘¥IAIMOH
*3d3H 6100 IATA 3HL  “Z=1nr 40 NOISSNISIO IHL NI QAINGOHINI isnr

QVH I v108vavd 3HL ‘AT + X2 + _Xb d04 S3NIVA 40 1SIT 3HL HLIM- ‘d3quo

-l24_




(D 3INIT ‘81T Fun
-014) 3d01S ¥3d3348 V LY 1NG TVYNOOVIA SNINNVAS NIHLONY SI F¥aHL

"6TT UNITA

YT > X > 1- 18 + Xg + X8
§ >X > I- £1 + X9 + X8

(9 OGNV Vv SIANIT

“@1t 2uN914) §IVHOOVIAO SNINHVAS T311vdvd OML 3HL $301838

*SH¥IGHNN NIAT LNISTU4IN S10dS 2-NHNT0D FTIHM  A3GHNN-MOU-AVHdY
ST N 3¥3HHM ‘(9 - NY)(E - N2) M¥04 J0 S10N00dd LH3S3d¥dId S10dS
T<HUMI09 ‘€ NKHN10D ST 3503 163M IAILO3J4F AHL OS 6100 40 dI0Add

J¥Y 2 GHY T SHHAT0D TVITL¥IA LVHL SI 2-d0Ll 91-INr OL 3NbINN

. -(BTI 3¥N9I4 335) SSOUIV AVM 3HL 40
1634 aHL GIHILANES F8V EINTI-41VH JHL 61048 OML OL Avyyy 3Hl
40 MOY dOL 3HL OMIONVHD AQ “(ZTT 3¥n9I4 335) 3903 LS3M 3HL 0L
AVMATVH HOVIY ATNO 1VHL STYNOOVIQ-41VH. SVH T-dOL 9T-1Nr

‘o1t dHnot4

9T > X > T~ LT + X2 + Nxm
b > X > I- § + XL+ NXN

:S3NTT M3N 3d0M OML S$39INAIA T-d0i HT-1Ar

*§100 9HILLOTd F1IHM SINT N3IAJ NO Q3LVAHINIONOD ATHO I NO
thom STHL WOM4 ‘IN0 ONINNvd 38 oL Wad§ 1.HAIC s10r 400 F3NIS

TAVHYY T-d04 2T-1nr

IHL ONINHVAS SINIT LHOIVHLS T1371vdVd 3JATd ILVIINI9 SYINLACL INVS

463K8L YQIIANT CeVIMLE0d I + X9 4 «xo NMONY AQv3dIv 39 OL 1N0 Nl
A3HL ING ‘SYT109vdvd M3d ¥ SAVIHSIA AVHHY T-dOL TT~-ANC 3HL

‘SIT 3dN91d

2T > X > 1- €T + Xg + 2 X8
9 > X > 1~ L + X§ ¢+ me

{GANTT MAN OML €013I% Avddvy 1-dol 0T-inf 3HL

€T > X > 9- d0d4 ‘SIUIYD IAIL

-ND3SHOD T S3L1VAINGY LI Y¥IHLIOOLTY OGNV 6T + X9 - _X81 SI VINKy0od

611 - Avddy FHL NHO 9NOT Sloa N3A$1d 61 363HL dO muzqhmZH AHLHOH

-3L0M 3HO *VASN HYHL G3J¥dS A130IM J¥OW $100 40 S3INIT AT¥3isva

~HLNOS OY¥VYMOL ADMIOMIL Vv SI 3I¥IHL “ONILLONd ANYNININZHd Y 9NIdNd
16¥37 LV ‘ONIHLANY 40 HONW G13IA 1,NS300 Avydv 1=d0l é6=INf V

sinr ¥3syvi 1IILS 02

‘8\%X 3ATIVOIN INOHLIM Ing $3HIdd AWYS IHL IIvHINIO HIIHM s¥In
-W¥0d NOINVAWOD 653550d 081V S,.X 3ATLVOIN HLIM S3IWNIdd ILVAINIAO HOIHM

, [ 5

-125-




S . \,1 Hm ]‘}\l N I ne S ol ot Bl ol o B T i —— — - -
T s o i - T G O S WY O S N Y O
11 s . B N N e N QO U SO S O O
. —— -1 B s o ot S = [ . - N
[ 2l o . bty - i1 ] bl B
of | [ [o] i [ [. ERREN L B IBEREER ) } 17T
T ll. 4 - * hd L) - - 1T o [~ .
HEEEN _loisl | - EEEEEEEEEEN pEEN ~

[ NEOED T|alle] | 1 - lll .
e . . B 10 - B - BER

[~ o o T \

IS I - -t —t - g W I qQ

T ® 3 1T mi T N

J Y I X bd st R B S o3

{1,

le

*
°
D
L
N
®
»
o

L
!
[
-12Aa-

o]
.
|
-
]
|
T
I

o
*
[

D

!
1 e
|
+
.
[ ]
!

11— s

11

{
1
i
|
H
{
1
il
|
it
{
CITADEL® NO. 642 - CROSS SECTION - 10 SQUARES TO INCH




T Ia] |e DEREONEERCE
e .l RUB B
RECESCECERONUECS
DURENEERRRENEC N
B of [T 11T ]«
a[s[sfa[o|e] T Te[ [u]9]e]
RREROEE . »
1T e e
“lejw .
T ° . .
. of J [el®
L) . .00 e ] [
. . . .
T 1T o Te
RERLDDC . o
1 - RO °
1 e
N o | | [ .D
olal | 1. ]e .
bt I c L
T Y O -
L) L R LI L} LY
HENEEOERREN .
_ 8 1 O
o [olele o [of 9 CEL
of o] BONECROUEC
N
- I:lhl b -
AN )
[ Y l' & e o ° [
- N\ _
° Y D .

CITADELG NO. 642 - CROSS SECTION - 10 SQUARES TO INCH




§ + Xb + 7 XY
£+ X¢

SATINYA-ININ ¥V 1304 3S3HL
‘G + Xb + NX¢ ‘YINHYE0S 3dAL D + Xb + sx¢ NHMONXM 3HL HLIM d3HL3I90L

X

XY
XY

7
:dN NENL ATINV 2 + X4 JHL NI SYINWNOd4 OML

L > X > 1I- L+
£ > X > 1- £+

T62 + X2 ONY ‘1T

2%X2 ‘g + NXN ONIAMIONT SYINA04 I + X3 40 ATIWVd 3HL ZH SLI4 vIN

:mem STHL " '€-d0L b-UNr AVYdY SNYdS SSITIHLEIAIN € + uXN Ad g3ivaa
-H39 $100 3I¥HL ATHO 40 ONILSISHOD INIT TVIAIAL ATIAVNIQHO NV

o o . _ _ "3 + XV ¥04 6 NVHL
¥I1IVHS 6.7 0L A13ATLIIJSOYLIY 0IT1ddV NIHM SISATYHY TVIINIHNN SIHL
A9 dN G3NENL S3NIT ¥IHLO LVHM NIVIdX3 A743189 11IM I LT 9NISSNISIQ
340439 NG ‘6 SYM 3 + XV + , XY ¥04 GILSIL ¥ 40 INIVA IX3N IHL

T BH3EMNH HIIM 3NOa 19V “t2

) o ( "37dIsv3ad 3IN0I34
aINOH HOYVIS 40 SI9NVYH JIAVOYG HIMM QILVHOLNY JUIM HSVYL FHL 41)
‘6,0 379ISS0d 40 ALIYOCYW LSYA IHL LNO SNILINHS SYM I ‘L% OL dN ATHO
ATIVASN ‘S3IHIVD TIVHS 0L I 40 SINIVA IHL SNILINIT A9 ‘0SIV “SAVHYY
1N -000 HIONS SHIYONOI Nv939 I ‘717vI3Y T1IM NOA SV IINIS ‘HIAII
NYHL HIHOIH AAF 0G0 40 SAvady HI SNI#VAddy S3MIT ANY SSIN Q170M I
‘GN0J3S GHY ¢S100 ¥ITHL 9NIL10Td LON AG VZ = INF W04 40 SAVHIV NI
S3INIT SSIW LHOIW I *1S¥I4  “SAVM OML NI S3INIT M3IN ONIOGNI4 Q3ddV)
~I0NVH NI NO 3Jd3H HOdd 0IQ I SV S3ON3INLIS y3gHNH HLIM ATLDIYiS
ONTHEOM LVHL AVS GIN0OHS I H3IHI¥NA ANY SHIO3III0Hd 3IN043Q

"NO 0S8 OGNV ‘uSIVHOOVIQ-41VH, 04 2 + V = dOL

£STYNOOVYIA 4,3 T0HM, 804 ‘T + ¥V = dOL V2 = 1Nf :1I 40 9NVH JHL 109

I ATIVOLNZAT LNG AWDIML 38 OL INO G3NANL SIHIT I + XV HO4 Avayy

JHL SHILJIA3Y¥d (°SHOLVH3IN39 3INIT INIYd ¥0d4 SILVAIGNYD SV LN0 33V

0S5 GHV “MIvA GHY N3A3 01 (400 HOdd ONIGHNS S3IMINDIS H3aHNN GI3IA

v 40 S3INTVA QQ0) °N3A3 ST V Jd3IHM I + XV Hd04 3HL 40 SVINHHOL
HO §35vE $33N3AND3IS ¥04 2MVS IHL 00 AIN0I I ¥ILLVW LVHL 804

“SIVHOOVIA TVNOIL
-J¥dd ¥04 HO OS GV ‘(T + 3) 2/1 S1vNb3l SIHIY¥d 40 YIGWNNN FHL 4T
2 = dOL {3 S1vynb3 ONIHLS UL NI S3WI¥d 40 HIQINH FHL 4T T = doi
‘Y2 = INF -- NO STVYNOOVIQ 9HINHVAS 39 GINOM AIHL AvV¥dY LVHM LJIQ
-3¥d QN0J I ‘dn G3HANL S3HIHd 40 SIJHINDLAS HIUOHENN JI  "ALITVH
-Idd d04 SH3IAHIW HIFHL MIIHI OGNV T + XV + XV Wy04 40 S3ION3INb3s
Y3IGUNN NHOQ LOr ANdHIS GHY NI NO 343H WO¥d SAvddy 3HL 40 siod
IHL ONILL0Td 3AVS GIN0D I 0S ‘V2 = INC 40 SAVHYY NI dv3ddVv QINOH
3+ XY + XY VINHU04 40 S3NIT 1VHL Q3ZITV3Y¥ I INIOd SIHL LV

8> X > L= 1€ + X9b ~ ,X2¢

-128-




1 2 01 TT + XET + _XET
1 92 b § + XET + ,Xe1
91 b2 st 65 + SX2T
91 42 g 1€ + SX21
91 2 S 61 + L oXel
1 22 9 L+ XIT + OXIT
d0l inr MO¥ ¥V NI S3WI¥d VINHEO04
AvHaY

1001 = V OL dN GHNO4 3JAVH I LVHL S3NIT 3HL 40 1S3d IHL 34V 3¥IH

(°TeT AN9Td NI Q3IAVALY0d JdV Avddvy 3IHL 4O SHOY 6T d0L 3HL ATHO
‘0S1v  ‘3¥3IH LI4 oL 201M OOL SI AvHuy AHL 40 LSON ‘H0$s3I33adud

S1I NVHL ¥39NO0T S10dS 02 SI AVddV 3HL 40 HOY HOVA 3IONIS -- Avydv
3HL 40 SNHNT0J €6 1SOHL4371 3HL SAVIHSIA ATNO 12T IHNOT4 :3L0N)
"(YeT 3¥NSI4 338) TT-d0L 02-1Nr SI HO dN MOHS 3S3HL LVHL AVH¥V 3JHL

6T > X > T- 61 + ,X01
£T > X > 1~ €T + X01
L > X > I~ Lo oX0T
£ > X3 I £+, Xot

$SINIT IVNOOVIG 9NINNVAS
~AVHYY NINOHGNN LHIOIVHIS 1377vavd ¥N04 S30NA0Ad 3 + NXOH

. “OMI4 HOId ATIV3aY

A1SV1 3HL 3 + ,XOT LV X001 $,137 ‘GHIM NI LVHL HLIIM "ONOT S¥38UAN

TT NVHL d31V3d9 d3A3 ATQdVH 9NIIG ‘HIONIT TVHINIW 40 39 0L I9¥IN

-3 00 LvHi 83Nf1 2s0HL dod »uZuQth JHL 61 8HTiNIOddvS1d 8V 1snr

*SISYIUONI ¥ SY 3TN 3HL S3H0D3IS ATONISYININI ATILVNNLAOLANN ,.dOddw
JAILYO3N SIHL “dN KOHS S3HIT ON Q2 + X6 + ,X6 OL SNIN¥NL3N

Toet dunotd

st 62 + X8
bt 1€ + X8 + ;X9
9 1+ X8
9 €T + X9 + wa

£ § + /X8

Mod v NI S3HIdd T VINNYG4

:1SI7 9NIMOTIO4 3IHL HH04 AJHL ‘S3IUIHd

JLIVHINI9 AFHL HOIHM ¥0d X 40 S3NTVA 3JATILNIISHOD 40 d3IGHNN IHL
A9 CNIHL ‘Y3040 NI SVinWa0d AI4 35HHL oNIsHvHEY OHv ¥31idvi
03SSNISIA SYINWY04 2 + X8 + wxo OM1 3HL LINNOJJV OLINI SNIMVL

62 + X8
Tt + ,x8
S + X8

:dN N3NL »SIVHOOVIA-4TVH, 3FYHL D ¢+ zX8 OLNI SNIN0OT

Sl
9
<

vV VYV
XK XX
VoMY
-t
[

Lot NX¢




nift

e!

—
-

4




h o/ (1 + Q) S1VNbI VINWYO4 HIvI ¥04 MOY Vv NI S3lIdd 40

YIAGHUNN ZHL IYIHL  "SYINHHO4 I + »X2T IJuHL 3IHL 37dHVXI ¥od4 336
“30N00¥d HOVI A3HL HOY V NI S3HIdd 40 ¥3IGHNN 3HL SNSI3IA I 40
ANTIVA S, HOLVHINIDG HOVI A9 Q3HH04 ST Ha3llvd v 41 Q3lviad 3yv
AN3IDI44300 N3AIO V HLIM SHOLVHINID °V INIIJI44300 3IHL HLIIM
SHOLYHANIY d31ViId 40 138 vV 40 Livd WHO0d AZHL 41 ATNO Q3LHNOI
JYY SINIHd LHOIVHIS ¥3IMIJ 40 § ATNO ONILVHINGD SYINUA04 310N

"

N . S10ds ¢ A9 3903 1S3M 1SVd 100 LSV sxx
IN3S38d (3903 4S3M IATLII443) NWNI0D YIATHAVE =%
1N3ISIdd NUNTO0D ONILdNAUILNI 2

. 221 3dn91d

g6 881 Lol Lo+ 5 Xb6

L9 28T L Lo+ 2 X99

L9 251 S § + 7 %99

£ L] 1t 1t + 7 Xab

£ »8 S S + 2 X2b

26 08 11 6T + 7 X0

2 08 *x6 62 + X0h + X0b

12 08 ] et + 7 X0%

2 0% *%9 g2 + X0b +uxO¢

2b 08 S Lo+ T oX0h

2 09 *%E LT + XOY + _ X0b

b 0@ € €+ 1 IXO0b S
1 2L 9 L+ X9 + X9 ™
1 0L %91 6T + XSE + , XS¢€ —
1€ 09 11 1L+ ZXog 1
1€ 09 L VAN S {1}

1 09 *xT1 61 + XOE + . X0€

1 09 %%§ €T + XO0E + _X0¢

1 09 *RE T + X0E + o X0¢

13 04 #%%91 Lh + XG2 + ;X462

92 b 6 LT+ 0 oXH2

2 ob xx8 £2 + Xb2 +  Xb2 |
92 1) L £T ¢+ oXb2

2 ab *%9 BT + XH2 + X2

92 eh b Lo+ 2 Xb2

2 8% *%E £T + XHZ + %62

92 ah 3 § + X2

1 bh %91 LT+ X232 + 422

b 0 *%6 £b + X02 + ,X02

b 0b *%9 IE€ + X02 + ,X02

b oy *xg 61 + X02 + _X02

12 98 0t 62 + 5 X681

12 9¢ b 1T+ 2 Xet

12 9% 2 5 + L X81

1 0¢ *91 LT + XST + X4l

1 133 %21 £1 + XG1 + _X§1

1 0% . %01 TT + XSG + _X§1

1 113 %9 L+ XST + _XST

1 82 %21 £T + XbT + Xb1

st 82 S § + 2 %51

ST 82 g g + 2Xo1




) . :SHOISSIAUIXI ¥N04 FHL AQ (31vy3INIO FUy SINIT
< AHI¥d ¥NOd4 ASTHL "€ NHNTOD A9 OILANYHILNI ‘E21 3¥NSI4 NI SIVHO
~9¥IQ 031dNAYIINT dN04 FHL 335 “¥3IAIOSLVHM SIHIYd OH SNIVIHOD LI

€39 Ol SNH3ddVH 1VHL HUNT03 ¥3AILVHM  "HHNT02 3UVS 3HL NI g3Lldnd
-¥IINT 38 T7IM S3NIT 3HL 40 11V ‘LVHL ATHO LON 1ng 38 T71IM 1V
‘3LdNUYIINT ST AvadY 3HL MO SINIT AHL 40 AHY 41 - Avady HY NO 3NIT
IWIY4 SHO NYHL FUOH ST JYIHL NIHM S¥NIJ0 SINIT 3IHIdd OG3LdNudIINI
ONIATOANI NONINONIHD ONILSIYIINI NV "S100Q 40 ONIULS HIN0JEHNN
ISIMHIHIO SLI NI 10d4S IHIHd-NHON INO SVH TTYNOOVIAQ Vv H3INS  "3NIT
IWI¥d 03LdNUNALNT JHL ST IHIT INIYd 40 $3I33dS aNOJIS 3HL

‘T-d0Ll 2-1Nr AVYAY NO TH + x + X NOISS3ddX3 3IHL A4
031Vy3HI9 ST 3NIT 3JHI¥d 1V3IAI NV 40 IVdNVXI NV "3NIT JHL ONILY
<¥3N39 63UTNd 40 NOTSSIu00dd NINOWEHN FHL NI 3uidd Lsv1 IHL SIN3S
-3¥d3Y 0STV 100 LVHL 3INIT 3NIdd 1v3AI NV ¥0d4 “Avddy 3HL 40 HHUNT0D
1S0HL43T FHL ‘T NWNNT0D NI ST 3INIT 3WUIdd TvIAI NV 40 TVHOOVIQ 3HL NI
100 1Sv1 3HL ‘HOILIQAY NI “SOI1SIAILIVEVHI 3A08Y 3IHL 40 11V SVH

LT 3NIT 3MINd 1v3AT 3HL §I 3NIT INIdd 40 83103dS LSHIA FHL

‘HOISSIYO0Ud NINOAGHN IHL NI 3IUIAd LSVT IHL HIIM 9NIGIINIOI IVHO
-9¥IQ 3IHL HO LOQ 1SV] 3HL ‘HW3IHL 40 1833 3JHL SNIVINOJ TvNOOVIQ 3HL
31IHM YNOSYIO FHL NI LON 3av onmmmmwoma NINOHENN 3HL NI $3MIHd

188I4 IHL HIL40  “IVHOIVIA SHINNVAS Vv NI S10d4S 0311040 40 9NIYLS

JHL NI Q31N3S3dd3Y 39V S3IUIAd GIINA0Ud ATIAILNIASHOD 3IHL 40 11V
JON 1Ng 1SON A11VNSN  "S¥3gHNN FNI¥d 3S3HL S30NA0Hd NOISSIudX3I IHL
HOTSEIUAXT NY 0IHT d399Md X 40 S3ATVA 210HN JATINDISHOD HOJ LvHi
ASHIS JHL NI NIDONENN J¥V S3ION3NDIS 3IHL  “SYIAHNH FHIYd 40 SITHNIND

~35 NINOHENN LIN3SIU4IY AIHL LVHL SI SINIT INIYd NI LNIHIKNI

eNoovid FAL oNOY aadvds AINIAT 39 ATHL dvui 81 3NIA
JNINd Vv 40 S100 3IHL NO NOILOI¥LISIY yaHidnd 3HO 3903 1S3 3IHL Ot

‘W3SNNILOdAH, ¥O ¢3903 LHOIY ¥3ddN 3HL WO¥d AVHAY IHL SSOUIV SHINNVLS

QNV L1S3IMHLNOS 01 1SVIHLYON WOd4 ONILINVIS AvddY IHL NO S100 40 3INIT
TYNOOVIA ¥V SI INIT JWIYd v ‘Avdady HYINSHIVEL ¥V HONS NHAIS

“INVIVA 1437 3¥Y S10dS ¥3HLO
1Y 37IHM ‘100 V HIIM O3INAVH SI ¥3IGHNN 3HIY¥d ¥V ONILIN3SIddIY 10dS
¥ 1HOTH OL 1437 258003 40 §I 9HIINNOI ‘1431 IHL HO SNILINF ON

SI JYUIHL ‘SOYOM HIHLO NI =~ (G3NOITV ATIVIILYIA JY¥V SMOA 11V 40
SN 14371 3HL  "SL0dS 40 ALIINVND INYLISNOD 3N0S A8 LHOIY 3HL OL
1N0 SiNr MOY IN3INDISENS HIVI OGNV S10dS 40 ¥3IEHNN 3H0S 40 MOY¥ dOL

V SYH AVHEY NV HONS  “iXILNOZ WL 6V AvHHY OMILNNOI ¥YIN9NVIHL
Y S3WNSSY S3INIT 3IUIdd 40 LSIT IHL NI NOISATONI ‘IVH3INI9 NI

TONINVYIN NHO 3NVL OL ZHOmm 1MIX 1SN

3HL 0L 6310N1004 3HL NI 0dsn SuWadl m<H4Hz<m23 ML AvH JHL BHOAY

15817 3IHL NI SN¥3IEWIH 38 0L 3HOD 1SI1 IAISHILXI ONIQ3DINd IHL NI

SINIT IHL 40 101 ¥ MOH NIVIAX3 17IM NOISSNISIQ SIHL “dvd 0§ dn
g3NdNL 3AVH LVHL S3NIT AWIdd 40 S3IJ3dS TVH3IAIS 3V Jd3HL

§3173dS 3INIT ‘22

_ ‘3 HIFHL OL dIHSNOILY12¥ SAOIALO ON uvad
AIHL NIHM 03L1IHO H3IQ 3AVH § NVHL ¥39N0T S3IONIND3S IHINd OSTV

—13 2=

[+




] - [ B O — JRY N WU (O Y O S N U DN R DS S 4 - L - N - N T _
[ s . i - . . | 1 e e 1012 ~ 11 2 ~ )
. . o 1l 1 R ERE e B HEEE 1. 1L 1 ) ]
s - - - [ B S —y b - - [N . - A - . - - - - — - -
[y L A e . B b 10 EEE BEREREREES | ; B NN . )
A |e ‘ NN INENEE NN EREEEEE
° . . ) ) e ol . . 1 . N .
. Al
. NN 1 . . BEEEEENEN BER ]
. . e nRs RN ) . e e i 1T n 1 1 i ) -~ -
N - ) i IRER i R . i B ) ™
o 1o o fe| | i L i 11 L1 i - 11 ] RE 1 ) ‘ L ¥

]

ry
X

. -l ﬂ

. . B _ N B o o vl A 1L _ N R 1l R 1. b _ S [
. " — —f - - - — - S - R e = B - | - - - — . - S S N P R — b §- P S . -+ . ,
. * 4 | oL I N N . I S B 0 U I O O S il 3 s .
L] - - - - - - -
. . oL b . IS I T A O O . e I I I . b
) . . I T U NS D P SN 4 B SN S B JNY SO U N QU S YO R - - - . _|.

X

LY o |« e e AR EREEEEEEEEN R 1L IR e EEEN |
» . . RN 1] . bt ~ _ byt e _ _ B B B ot B
. - - - - . RGN NS . [ -~ - - - - . - b — 44— - b - e - - - S _
- - . ~ N B ‘\ [N U U N U S O A O I DO A O D O b 1 o o . s _ 1 i 5 4 ~ _

ry L3 - . B 1 . _ _ 1 . S I I i 1. 1o _ _ _ xI

‘ ) U

. . ‘ - - -t+-+ -+ - - = - - R b -+ —y g Jm - —p - -1 — -} - = - —1- - z

- . B i _ EREENE REEEN BN EEN s ~ . . . . 1 ) B z

-
.
|
T

T

T
i

i

|
T

TO

[
*
*
i
t
L
T
f
L
i
i
10 SQUARES

CROSS SECTION

542

pZa
e
A
|
|
i
NO

’
=
e
7

i

I

|

T
|
CITADEL




. SI AVHYY NV NO SINIT 3WI¥d TVHOILIVH4 1311V¥Vd 40 L3S ¥V HIHM
SHHNTOD §3IddvE v LSNIVSY dn 2HO0D SYH ONY 1I .1Svd. 9NIOD INOHLIHM
109 3903 1S3M IHL O¥¥MOL 3719ISSOd SV dvd SV 0IHILIALS N3IIF SYH ININ
¥ HONS  "3NIT 3INI¥d GIHDLIYLSHIGHN H0 QIHILIULS Q3LVINNYL 3HL SI
QIY¥ILNNOJHT dvd 0S 3INIT 3IWIdd 40 $3IIDAMS HIXIS IHL “ATTVNII

“(Z21 3¥N9T4 33S) €-d0L 0G-1INT AVYY
NO b + XG2 + ,X52 A8 031Vy3NI9 SI INIT 3HIYd GIHOLIULSHIAD Ny 20
A1dHYX3 NY  “TYHOOYIQ SHINHVHS 3IHL NO 104 1SV 3HL A9 031NIS3¥43Y
ONTIE oN SONT SIWIAd 40 IDNINDIS NIMOUENN FHL NI ¥ISHON 18v1-0L
=IX3N 3HL *“3INIT 3IUIYd QIHILIYLSYIAO Nv ¥04 "Q3L1IHY3Id 3y3IM NOISNIL
~X3 HONS 4I 3903 1S3M 3IHL LSvd 100 3NO CHILXI 0IN0M 1NY 3903 1S3M
3HL OL N¥dS ATNO LON HOIHM S3NIT 3JWIUd GIHOLIYLS 3dV ISIHL  "3ININ
IWIdd 03IHILIULSHIAO 3IHL SI 3NIT 3FUI¥d 40 5310348 HL4Td 3HL

‘(92T ONV G621 S3¥N9I4 33S) 9NOT S10dS ST HOY dO1L
C3HL ONIMVH AS 3903 153M 3HL O1 AVM 3H1 40 1S3d 3HL (3HO13d1S 34V

6§ + X2l NV
1 ¢ NXNﬂ
6T + &XNA

A9 031VY3N39 £1-dOL H2-1INC AVHIY
NO STYNOOVIO-¥ILYVYAL, FIYHL IHL “IdHYXI 804 “AVM 3HVS IFHL NI
IYHOSYIA HONS HOV3I 613344V ONHIHILIYLS ‘IYHOIVIQ TVHOILIVYY 13
~178vd 3NO NYHL 3¥0W HLIM AVEHY MY ¥04  “HO 08 ONV ‘A13AILD34S3
S10dS % + V ¥0 S10dS » dOL 3IHL INVH IM STVHOIVIA-¥ILdv¥ND. d0d
“ATIAILI3I4S3Y SL0dS € + ¥V H0 S10dS € dOL 3IHL VM 3IH .STIVHOIVIG
-Q¥IHL., ¥04 ‘A73AILI3MS3IY SLOdS 2 + V HO S1045 2 MOY 401 3HL
ANVYH 3H ,8TVNOOVIG-41VH, HOLIYLS OL ‘S10d4S 1 + V SVH dOL 3HL
SINIT 3IdAL 2 + XV d0d4 GNV 10dS 3NO SVH d0L 3HL S3INIT 3dAl
3 4 XV 4 XY ¥04 ATTIVIAT LVHL N3AI9  "AVENY 3HL 40 MOH dOL 3HL
40 HI9M3T 3HL SNILSNray A9 G3HSITHWOIIV SI ONIHJL3¥ls 3HL  *3903
1$3M4 JHL OL AvydvY 3HL SSOHIV AVM IHL 40 153¥ 3HL H3IHL ONIHOL3LS
A9 STVNO9VIQ TVYHOILOVYL HOY¥4 G3NH04 F¥V S3NIT IWNIdd QIHOLIYLS
*INIT 3WI¥d G3HILIYLS IHL SI 3INIT IUI¥d 40 S3133dS HI¥NO4 3JHL

("%21T 3uNsid 338)
*Z NHNT0D ST NWANT0D ¥3Iddvd 3HL  “T-dOL GNV 09-LNF HLIM AVH¥Y 3HL HO

6T + X0f + .X0& ONY
£T + X0% + uXom
TT + X0g + NXom

¥V SITANVX3  "NHMNI0D LVHL A9 QGILVONNHL 3oV

§IVHOOYIA 11V ‘HHNTOD HITHHYE ¥ HONS SL33W TVNOOYIA ANV 41 FAVHHY RY

NI IN3S3dd SI 3INIT 3WIdd INO NVHL JH0H HIHM ‘NIVOY “7113M SV LI A9

0317vH 3V LNG NMNT0D ¥V A9 (03LdN¥YILNT ATNO LON 3dV STVNOOVIQ 3S3HL
*INIT AWI¥d G3ILVONNYL 3HL SI 3INIT FUIY¥d 40 $3123dS OUTHL EITTY

LT + XST + Nxmﬁ
¢T + X491 + Nme
IT + XST + NXmﬁ
L+ X81 ¢ Nxmﬁ

ll

-134-




el
& ! !

el '

[
T 1T 7

|
I
7

]
i

@)

i@
"ol
il

|
T 1 1el

ol |

o ol

|
+
|
i

18|

o

Il

HEEN

HEERC

!

Y

1@}

T 11 Tel |®
ol || '@ 1 |

!

L]
o

[ 2]

BOENREECEE
1 1 1)L
O I . J O O
1.7 0 L T

! | sH
[~ CEEREN
L

IS

o]

o |

T

e

Y]

mmwew

!

Iy

!

e
)

o | |

Brw

|8

18
N

L
T

I

®
2

o

[

T

|
!
7

ole]

Ficure 124.

-135-

CITADELG NO. 642 - CROSS SECTION - 10 SQUARES TO INCH




&
Rd

L2l

L]
(1]

H-H

NENEELA 1 1 ]
HHA S 1 |
T e s 1 RN 4] -{-

o!

Iy 3

[ ]
i®

8

)

1984

ielel

L @

e &
T
[ 1}
Tol !
1 i@l

I @i

19!
]

Ly
(93]

Q
S

s

]
cr!

Ir.

-1 -

CITADEL® NO. 642 - CROSS SECTION - 10 SQUARES TO INCH




'

]

i
|||y|

T

{

]

ERERENCRERERANONE -
4 o B e 431 ﬁ| -
oj8 | |® Ie® (e 1| N
CHEUE o [lel INEN - —4— —
al @ \J ole e
CEDEEUEN olal -
CEEEECCRCEED -
T 1 1 5 i u -
EEERUEREEL NRL!
T 1e|e] |elo] [¢] o |e
|| [S[%]_|e1e] 16 ¢

.

p
!
!

e

(@

!
|

7y

[ JEt )

»!

I
7
|
1
]
1
|

Y
8

!

TR

|

o]
[IRCYIE

o | |

HHs s o3 - N
H R H . -
RUCERLEUL N LN N L
s s s Hns -
-;llx‘u»y/‘rl-lz -+ -H
e\ a1 L - -
u/mw R I FIr -
Sk ; -+ .
] ] i . - A
L,

NENEEENEE

‘@i

N T T

0o |0 @ i |
: e

T e el 1

o

P!
o e
1

=

o]

CITADELG NO. 642 - CROSS SECTION - 10 SQUARES TO INCH




e

kl

BEEEDEN

T S T
O

| @ '@

R
I

-
I

I N O e
1S Y 1 ) S
N .
e
o]
BECEENE N
A
RS
. LSRN i ]

%
T

-1

o

T 1T T el [o] |e (® 5
00 O O e .4 O L

e b
T le| 1 °

TTe[ |- - o (& [&

BCNCEE o
SEgRElNEENEac -
e T T el
1T le o 9 T Te
ot .

hd | 1 (& 1& |® 1
1 Tel 0
T el [ 1| iel D
o |
el o
| | 1o 1 L
L. .‘.
u a1
T .
N0 N V0 . sy
o [o
e le BED .
L} /Tl‘l. - e
Yo 1D
— .V‘l

I8 T 1 e °

BORCAS o T .
o NI T 1T 1T

(] o | ] ] )
BINIEAEEL LS .
S A e Tet

L |. @ |9
CHERENCREER
. s Ii;)illl

Tel 11 . o

| _|® { o |
BECRENEN CHE o

I . -

o | 14 N

® ® S ' “ll <Y.\ \.l 111 - —4—
|” ’ 4!\. v‘.}; -t — R S q—

1] RNDBER . ne i
R . T
ECENEENL | ® -
ENCHERNNDE SN 1T -

of [of | L °
LI o .0
1 L 1% . T

s

!

10
Py

|

|

[ ]
o]

o!

o

o 0
¢ o [
o _ie]

1

CITADELG NO. 642 - CROSS SECTION - 10 SQUARES TO INCH

Figure 127.

-138-




(SRR

‘(821 FMNoTd 336) 9 NMUAIGD
SI NWNT0D ¥3ITHdva JHL  "2-dOL @5-ANF AVHEY A9 QIHDILINLS NIHM

£2 + Xb2 + 2%H2 any

6T + X2 + Nx¢m
£T + Xb2 + Xh2

- ‘ - . A9 Q3Lvy3
-H39 ,STYNOIVIO-21VH. 3HL 40 HOTAVHIA 3HL SI SIHL 40 I1dW¥X3 Hv
LT LIH T1IM 11V ‘¥3TH3VE V HONS SLIM WIHL 40 ANV ONV Q3HDL13dLS

=139~




g

® A Pl ! ! rr L] L1 L
s o (v Ta Lel ° 1 T 1! ‘el 1a I o o [o ! ! —
. of o7 | | T & | a7 e | ‘e o L] o _|eo o e & L
. el T C. 1] e o |o ! o lo |
- - gl ° o I3 of ol o L hJ
° ol . o e e I ®
. . . o o L

T o ) YR e e ] el
o 7 e ‘f o . ! ‘@l o o
[ [ d ] ] L (] ! ' [
i 1
i i
1
|
T
T T :
T
|
l :
]
; T i
{
¢
i
T
|
1
4
i
|
[ |
T
|
CITADEL® NO. 642 - CROSS SECTION - 10 SQUARES T
© INcH -14n~ Pieura 123,




MoRE  PHrreBus wi7d LiNe Lo TIN UATIoN

bxEt +ux + 5 3 3

ix* 4 5 5 31

fxt +ex 4+ 7 531

sx* ¢ 7 12111
bxE Hx + 9 32111
ixt # /3 /2 321114
ixt tix o+ a7 £ 321114012
£x* + /7 7 311114112
iXE+ix + 3y 20 3 211141¢L

AR N

—

\ e

—



159
33
432
540
660
79Z
734
10 9L
1269
/440
432
/834
2057
1180
2520
2172
H3b
351
3400
2100
A2
453

437
JH
645
e
7/
2097
1
ZZ2d
37
1t/
2057
2285
82
777
304/
137
3605
3908
4217
144/

ZUu *+i7
/A 17
2 #
17 52
13 pal
B 37
L 197
243 21
M7 i3
443 14f
s37 557
7/ 477
503 foF
w1 153
uos ot
1270 217
sl 1457
1643 144
15 VAR ES
Joos pobd
iy a2
p3r W37
s 174
047 303
3323 %31
360 3417
Ay 317
4123 412
47 453

+/4

+3/ |

RRN

4547

+3( ¢c7'D

o F572 M

37

31

54
i

31 My

3§ f59r
39 J360

v rtr

4 10332
4o 053
43 /352
4 i
45 /2420

4 2972

47 /2534
o A2

41 4 7s0
s0 /5300
ST /52
Sz 4534
S3 1772
s¢ 7820

ST 15400
5B 1§15

2 5220
s5¢0
3 595z
6336
31 4732
7/40
7550 154
% 7992 K013

525 |
5611
1$7%
L5
2
77

7

§9%2%
E/L
77!
E
10841
134
el
/2451
/5003

/5331
15143
4547
11203

7245]
1851/
1313




RSN

75 77
i 7
/| 3
g 3
59 ol
(ot 12
11 ($7
2w
119 %0/
i
HE 4
60§ 607
751 733
i1 571
o ey
it 4} JI§3
1355 1357
15F] £13
1739 174/
My 0
HTI 7173
Uos~ 7407
208 7653
Mot 2%/
Sy gy
4y I
Jis BT
4060 4043
4379 43¢

an

4377

/0% |
3
1347
573
/1757
1% 1
2183
24/7
%63
2421
317/
3473
3767

(74658
Zil



CX*H 64X HIT er'd

1549

ﬂz
5597
i /44
6353
67417
757
/577
Fo08
73

24§

360

371
354
394

40§

420

432

444

_gxz+/7 )

772/ 440
5063 54

117 e

S7f3

20T 374

¢/ 39,
éfﬁZL.4oz
éﬁig 414
7547 4r6
__Zzzj——‘fsé’
S23/

X bX*eXt 3l er>

57 /$8¢7
5T 29543
57 11/27/710
60 I 75
¢! 20723 44,

62 L3947 44
63 Z{LL177[K

64 2489/ <s,
i 17,

bb 2{5¢3




14 36/
20 4ov
2l 44
1. W4
23y U1
24 576
15 (W

33,
£
540
b60
11
136
(0L
1260
1440
(631
(§306
1084
1150
1510
1111
B03¢(
32510
Jbo0
4900

2b
27
28
2
J0
3l
32
33
34
14
b
37
3¢
3f
40
41

43
4
45
44

674
119
1t4
14
100
11
1014
184
/156
1218
1296
1369
1444
571
1600
18]
(704
4
1936
L3
211b

47 109
4v 1304

A9 140
AL

/§FE0

/52 7%
(9§35 “4f
2053 ¢7¢

Livfo 708

fx
2 +

bX’ R &x

4956 ST 4111

1376 1L 453

404 1t 4472

546 174 5120

Soo  (fy  SSE2

b {5952

Gid% 191 4336

oS3k (0 4732

693 Lok T4

7360 Mo Ispo

177 up 7191

§Li4 v 7436

(f 28 L

M 13 9340

Yoo~ Uo 4549

Woshk M 331

1055¢ 1S 1013

net4 25T J1382

/1616 LA Uiy

Mo L0 141

% 27 2

133% 212 53"

3524 287 g4 "

o 294 14100 e

iS00 I (5300
IS 1/
/65346 ¢4
J707 b3k
(7820 b 48

L ydie ¢*°



o

N\ L

10

/0

,///Z//rnk

— =
— /4

374@!\,



XY+ X + 41

e ———

I¢#sY

34723
3597
35573
3518
36331
36713

—

37097
ontr
37443

e ————r

37871

/—

38241

a———

36653

31047
39443

—

38543
o

40643

71047

40453
4154/
fr27/
£2483
FF0f 7
#3573
#5713/
1435/
1734
#4773
(\__/
A7

270

372

376
D5
380
B35
254
38¢
387
370
J1Z
314
394
35
400
Fo2
S
A
4op

4L
4 £
/4
F1§
#2o
422

#249

45633
76/5]
4671/
#6 73
#7347
#7763

o2z
#hv3
1547
71175
2441
(2
573743
S7797
J2253
Sz7¢/
S3r7/

53433
S0 97
SE6EL3
SSe3/
SIS0/
3773

SC¢447
JE723

s7¥0/
Sy 244

2
24
#30
732
434
3¢
43§
4 4o
442
¢4
444
145
400
¥z
#5#
15T
ST
440
Fé2
Fé4
467
468
#7c
#72
+7¢
47¢
47,
Ffo

ST 343
SET47
59333

52724

603/
bofo3
6217
61773
6229/
627191
632)3
637197

64303
7782

st/
6532/
£5T33

4377

écde3
§734/

i782/
7700

685723

pezsa

(1473

1773
7200/
7053/
J/0¢3

7477
72/33

42

4rf
184
218
49e
ars
494
794
498
Seo
sez.
504
$oL
Sof&
J7o
ST
StHF
Sk
J7 &
S2zo
SZ2Z
S2f
s24
Sz¥

53

53f

72
,__é_Z/L

7321/
7375
74237
74813
7531/
7Y
AR
77047
77603
7876/
£72/
70293
7FT
s04/3
refy/
/37
£2/23
2697
F3273
F385/
F1£3/
F5013

fSSP7
54783
gE/r3

r677/

F 734/

f773i7¢w1p€

538§
540
Sy A%
574
544
14
550
S5z

554
£$T
Ingd
$Eo
S8
SEF
564
Sé§
§70
571
S7#
s
S7E
SEo
S&2
o4
.74
STF

SFe
72



rZATf
wl ~
N

/,
f/
f/

/

//

f, A
7’/ ,

4

~|
b ~
[~ i~
/f//

= (=

|~ s~

N

NN

| ~

//Jl ~ 3

ﬁ/£ )



s
wo i

/62
164

14
V14
/7
72
174
176
174
/fo
2
184
1§
¢4
/o
fa
194
A TA
198
Zop

2o

w343

10547

208
2io
ziz
(AR
2ib
2f
220
Ty~
224
22i
22¥
230
232
234
136
23§
140
242
244
24,
148
5o
282
GR
K2 YA
1§Y

170 7/
/7333
17597
17743

1813/
18401
/(473

/E747
/9223
/P52

/8787
2oot3

20347
20633

Zof2t
2/2//
21513
2/7¢7
220} 3
2239/
224 3/
72773
/ﬂf 7
23403
237/
2422/
24533

by

224
Lbb
274
77¢
7L
174
27}
ale
27

244
%
18
299

2f
256

204
S0
367
304
306
Ered
3s0

3z

24747
287463
2545/
28570/
2623
244177
25773
27/0/
2743/
27745
20217
2133
28771
2911/
24ie4
28797
Fer¥#3
Fof4/

3/?’7‘/»

F//793
3/5¢7
3/§23
J22¢4/
3202/
32873
33547
337/3
3f08/

44
3.6
38
%20
%27
224
2zt
3.y
3%e
337
334
33
334
340
341
244
34
124
EX
362
37
cigA
38T
340
3¢z
%61
3¢c
&



