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Abstract. Thenew procedurefor creation of virtual polyhedraby meansof computer aided
drawingsare presented. The essential s of procedure are based on the mixing of threebasic
forms such as hexahedron (cube), octahedron, and dodecahedron. The three basic forms
for combinationsare chosen from seven basic formswith cubi c symmetry. Thecombinations
as compounds of three forms are classified by 35-sets of “p-q diagram” on which various
polyhedral forms are characterized by relative mixing rates, p and g. The 35-sets of p-q
diagrams are shown in Appendix with the polyhedron and its expanded figure drawn at a
set of specific values (p,q).

1. Introduction

“Polyhedra’ as crystal habits are one of the important and interesting subject in the
study field of crystallography and mineralogy, in addition to mathematics (HITOTUMATU,
1983). Ontheother hand, independent from physical subjects, “polyhedra” havefascinated
artists and designers, in addition to physical scientists. In the present day, interesting sites
concerning to “polyhedra’ are found on “Internet” (http://georgehart.com/; http://
www.geocities.com/SoHo/Exhibit/5901/index.html; http://members.nbci.com/_XMCM/
steffenweber/POLYHEDRA/p_00.html).

Thecreation of virtual polyhedrashowninthe present study has an origin on the study
of morphology for mineral crystals such as quartz and pyrite. The variety of crystal forms
observed in natural quartz crystal swas studied by the computer simulationinthe procedure
based on the p-g diagram in which the variety of quartz crystal forms are completely
classified by twofactors, p=gr(r)/gr(R) and g =gr(m)/gr(R). Threeterms, gr(r), gr(m) and
gr(R), mean the growth rates perpendicular to principal crystal faces, r, mand R, in quartz
(IwAsAKl, H. and IwASAKI, F., 1993, 1995). The pyrite crystals show more variety intheir
crystal formsrather than those of quartz (SUNAGAWA, 1957). The various crystal forms of
natural pyrite were realized by the computer procedure to make the compound of three
basic crystal forms, hexahedron (cube), octahedron and dihexahedron (pyrohedron)
(IwAasAkl, H. and IWASAKI, F., 1999).
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In the present study, the virtual polyhedra as compounds consisting of three forms
chosen from seven basic forms with cubic symmetry are presented on the procedure of
computer aided drawings. The essentials of procedure are based on the mixing of three
formswith cubic symmetry. The procedure of computer drawings createsvirtual polyhedra
up to 72 faces with much variety in their forms. Totally 35-sets of “p-q diagram” have
obtained as the results of combinations of three forms chosen from seven basic forms.

2. The Computer Program for Drawings of “Virtual Polyhedra”

Theoriginal programfor drawingsisbased onthe“ Sakurai program” (Sakurai, 1988).
At first, the Sakurai program was applied to study the morphology of natural and synthetic
quartz crystals (IWASAKI, H. and IwASAKI, F., 1993, 1995; IWASAKI, H. et al., 1998) and
pyrite crystals (IWASAKI, H. and IwASAKI, F., 1999). After that, the original program was
improved to be operated on Windows-98/95 (Japanese edition) (NORO et al., 1999). The
present study of virtual polyhedra was made on the improved program. The improved
drawing program for virtual polyhedrahasthe function to display both the p-q diagram and
the form of polyhedron at the coordinates, p and g, on the computer screen. The variety of
polyhedral formsisdisplayed automatically and successively onthe screen by the scanning
of (p,q) on p-q diagram. The additional function can offer the printed papers of drawn
polyhedron and its expanded two-dimensional figure fromwhich the polyhedral model can
be made of the paper by the hand manipulation. The computer program for drawings of
virtual polyhedraisopened onthelnternet (http://www.fsinet.or.jp/~noro/polyhedra.htm).

3. The Number of Combinations as the Compound of Two Forms and of Three Forms
Chosen from Seven Basic Forms

The seven basic forms used for the making of compounds are shown in Table 1. The
35-sets of combinations of three forms chosen from seven basic formsare classified by the
nominal number of total faces on polyhedra;

26-faces; [o+ate,][o+a+d] 2-sets
30-faces; [d+ate,] 1-set
32-faces; [d+o+e,] 1-set
38-faces; [o+atj][o+ate][o+atn] 3-sets

42-faces; [d+ate][etate,][n+ate,][d+atj][d+atn][j+ate,]  6-sets
44-faces; [d+o+j][d+o+n][o+n+e,][o+e,+|][o+ete,][e+d+0] 6-sets

48-faces; [d+n+e,][d+et+e,][d+e,+] 3-sets
54-faces; [n+ate][j+at+n][j+ate€] 3-sets
56-faces; [eto+j][o+n+j][e+0+n] 3-sets
60-faces; [d+j+€][e+n+e,][d+n+e][d+n+j][e,+e+|][e,+n+]]  6-sets
72-faces; [e+n+]] 1-sets.

The polyhedral formsin these combinationsare governed by mixing rates characterized by
aset (p,q), as explained in Section 5. These 35-sets of combinations shown above contain
the 21-sets of basic combinations of two forms;
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Table 1. Basic forms with cubic symmetry.

Name of forms |Symbol{ "“Faces" |“Baces Form
Hexahedron(Cube)| a 6 {100} i
Octahedron o) 8 {111} <A
Dodecahedron d 12 {110} ‘oé
Dihexahedron e. 12 {210} e"
(Pyrohedron) \/

/v
Tetrahexahedron | e 24 {102} Wﬁ
a2
IS
Trapezohedron n 24 {112} @ﬂ%
WL
Trisoctahedron | 7 24 | oy «é{}&

<
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14-faces; [o+4] 1-set

18-faces; [d+a][e,+a] 2-sets
20-faces; [d+o][e,+0] 2-sets
24-faces; [d+e,] 1-set

30-faces; [n+a][j+a][e+a] 3-sets
32-faces; [n+o][j+0][e+0] 3-sets
36-faces; [d+n][d+j][d+€][j+e,][n+e,][ete,] 6-sets
48-faces; [j+n][j+€][e+n] 3-sets.

Therefore, 35-sets of p-q diagrams contain these 21 sets of basic combinations as three
branchesin each p-q diagram. The basic combinations of two forms make also polyhedra
and their forms are governed by mixing rates of two basic forms.

4. The Specific Character of the Combination: [e+e,]

The forms,[e] and [e,], are under the mutuality as the holohedral form [€] with 24-
faces and the hemihedral form [e,] with 12-faces. Therefore, in the mixing of these two
forms, 12-faces of the holohedral form are held in common with the faces of hemihedral
form. Consequently, the number of total facesin the mixing of two formsdecreasesinto 24
from 36. Therefore, the total number of facesin six types of combinationswith [€] and [e,]
is modified as follows;

[e+e,]; 36-faces to 24-faces,

[atete,]; 42-faces to 30-faces,

[o+e+e,]; 44-faces to 32-faces,

[d+ete,]; 48-faces to 36-faces,

[n+ete,]; 60-faces to 48-faces,

[j+e+e,]; 60-faces to 48-faces.

However, p-q diagrams shown in Appendix are classified by the nominal number of total
faces.

From the crystall ographic view point, the mixing [e+e,] isnot realistic. However, in
the present work, the mixing [e+e,] with various mixing ratesis positively adopted as the
variety of forms.

5. The DataNeeded for Computer Drawings of Virtual Polyhedra and Structures of p-q
Diagram

Asthe basic input data for drawings, “lattice constants” and angles between “crystal
axes’ are respectively chosen as“5” (to be given arbitralily) and “90°”, in common with
three forms as the compositions of mixing (IWASAKI, H. and IwASAKI, F., 1999).

Thefollowing relation is needed to construct the p-q diagram for the mixing of three
forms,

d(hkl) = do(hkl) + gr(hki)t. (1)

Inthe aboverelation, d(hkl) means the distance measured from the center of basic form to
each face (hkl). do(hkl) means the initial size which is measured from the center of form
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to each face (hkl) and is usually given as the fixed value such as 1 or smaller values. The
term gr(hkl) means “growth rate” with the direction perpendicular to face (hkl). t means
“growth time” in the case of crystal growth (IwAasakl, H. and IWASAKI, F., 1993, 1995,
1999). In the drawings of polyhedra, as the first step, the condition “do(hkl) << gr(hki)t”
must be kept inthe execution of simulation. Therefore, “t” isusually chosen as100 or larger
values. For the form with cubic symmetry such as the cube [a], d(hkl), do(hkl) and gr(hkl)
can be presented by d(a), do(a) and gr(a) because the face (hkl) isregarded as equivalent.
Others are presented on the same way such as d(o), do(o) ---.

To explain the procedure for the construction of p-g diagram, the combination
[o+at+e,] which isthe case of pyrite, isadopted as an example (IWASAKI, H. and IWASAKI,
F., 1999). In the combination [o+at+e,], p and q are defined as growth rate ratios;

p=gr(e)/ar(d@, q=gr(o)/gr(a), (2

where gr(e,), gr(o) and gr(a) have the meanings of the growth rates with direction
perpendicular to the faces in each basic form [a], [o] and [e,]. The forms of virtual
polyhedra are determined by the relative values of growth rate ratios of faces. Therefore,
the condition gr(a) = 1 isusually adopted. The datastructure for compound or combination
[o+at+e,] can be made asshownin Table2wherethecase, p=1.1and q=1.2, is presented.
In the other sets of combinations, the same way is applicable to define the growth rate
ratios, p and q.

Table 2. Anexample of data structure for compound [o+ate,]; p=gr(e,)/gr(a) = 1.1 and g = gr(o)/gr(a) = 1.2.

No. |face (hkl) do gr(hk 1)
1 1 0 0 1 17

2 0 1 0 1 1

3 0 0 1 1 1

4| -1 0 o0 1 1 —gr(a)
5 0 -1 0 1 1

6 0 0 -1 1 1 -

7 11 1 1 1.2 -

8 1 -1 1 1 1.2

9 [ -1 1 1 1 1.2

10 [ -1 -1 1 1 1.2

11 11 -1 1 1.2 —gr(o)
12 1 -1 -1 1 1.2

13 | -1 1 -1 1 1.2

14 | -1 -1 -1 1 1.2 -

15 2 1 0 1 1.1 7

16 2 -1 0 1 1.1

17 | -2 1 0 1 1.1

18 | -2 -1 0 1 1.1

19 1 0 2 1 1.1

20 1 0 -2 1 1.1 —gr(e+)
21 | -1 0 2 1 1.1

22 | -1 0 -2 1 1.1

23 0 2 1 1 1.1

24 0 2 -1 1 1.1

25 0 -2 1 1 1.1

26 0 -2 -1 1 1.1
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6. “p-q Diagram” for 35-Sets of Compounds

The structures and patterns of 35-setsof “p-q diagram” are shown aspg-1to pg-35in
Appendix. In addition, the polyhedral form drawn at a set of specific values (p,q) and its
expanded figure are shown. The p-q diagrams are always composed of 7-areas. In the case
[o+ate,] shown as pg-1, the 7-areas are distinguishable as [0], [4], [e,], [o+a], [o+e,],
[a+e,] and [o+ate,]. Intheareas, [0], [4], [e,], the polyhedron in each area showsthe basic
form. Polyhedraintheareas, [o+a], [o+e,], [at+e,], are composed of the mixing of two basic
forms and they have faces, 14, 20, and 18, respectively. The polyhedrain the areas, [at+e,]
and[o+a], aregoverned respectively by only pand only g. Inthearea[o+e,], the polyhedral
forms apparently depend both on p and g but show sameformsat p = . Inthe central area
[o+ate,], the polyhedra with 26 faces show the variety of forms governed by both p and
g.

The following sets of p-q diagrams have same patterns;

pg-1: [o+ate,] = pg-6: [o+ate], pg-10: [n+ate,] = pg-23: [n+ate]
pg-11: [j+a+e,] = pg-25: [j+ate], pg-34: [e,+n+j] = pg-35: [e+n+].

However, the patterns, pg-3: [d+at+e,] and pg-8: [d+at€], are not same but show small
different values of the coordinates, B. Furthermore, in thefollowing 5-sets of p-q diagrams
with [e+e,] branch,

pg-9: [e+ate,], pg-18: [o+ete,], pg-21: [d+ete,],
pg-33: [e,+e+]], pg-30: [e+n+e,],

thedrawn polyhedraat p = q = | show an anomaly on their shapes. These facts suggest that
thephenomenaarerelating to the charactersof basicforms, eand e, and partly the character
of form, d, in connection with e and e,. The anomaly of shapesat p = q = may be dueto
the confusion on cal cul ating process rel ating to mixing with sameweight of holohedral and
hemihedral forms.

7. Specific Values Characterizing the Mixing of Two Basic Forms

The essentialsin the creation of polyhedraare to mix the three basic formswith cubic
symmetry. However, as shown in Section 3, the mixings or combinations such as [o+3],
[d+d] ... exist in p-q diagrams. The boundary at which the mixing of [0] and [a] begins, is
characterized by the specific values of “growth rate ratio; gr(o)/gr(a) The specific values
at boundaries for 21-sets of basic combinations were evaluated under the simulation
process on 35-sets of p-q diagrams. The evaluated results are shown in Table 3.

On the one hand, historically, Wells analyzed the mixing of forms, [0] and [a], from
the view point of thermodynamics for the morphology in crystal growth. Wells evaluated
thevalues of surface free energy ratiosof mixed cubic crystal at theboundaries, [0] —[0+3]
and [o+a] —[a], respectively, as0.58 and 1.73 (WELLS, 1946). These values agree with the
values shown in Table 3. This fact means that the surface free energy ratios and surface



Table 3. Mixing of forms A and B characterized by “growth rate ratio”, gr(A)/gr(B).
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Value of gr(A)/gr(B)
I I I ! |

o Form |o 1 2 Form

A |k r—kKudt—3—| B

Z(Mixed)&

1 o 0.58 1.73 a
2 Aa 0.72 1.42 a
3 n 0.82 1.63 a
4 a 0.82 1.23 [}
5 3 0.96 1.16 o
6 3 0.65 1.67 a
7 3 0.81 1.09 n
8 a 0.86 1.15 n
9 Aa 0.85 1.07 3
10 n 0.94 1.41 o
11 a 0.79 1.07 L=
12 Aa 0.79 1.19 e
13 3 0.75 1.24 e
14 5 0.75 1.24 e,
15 e, 0.83 1.1 n
16 e 0.83 1.1 n
17 e, 0.77 1.55 (=}
18 e 0.77 1.55 o
19 e, 0.89 1.35 a
20 e 0.89 1.35 a
21 e, 0.8 1.0 e

growth rate ratios are equivalent.
Theforms, [€] and[e,], show normal charactersonthemixingwith[j], [n],[o] and[a],
as shown in Table 3. However, in the mixing with [d+€] and [d+e,], specific values at the
boundaries, [d+€] — [e] and [d+e,] — [e,], show different characters. This fact may be
relating to the small difference between patterns, pg-3 and pg-8, as pointed out in Section

6.
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Table 4. Polyhedra and their expanded figuresin pg-1: [o+ate,].

r=0.-.96, g=0.38

Y

] % 5et) 15 fack
ﬁ:{‘nﬁ:&‘g %

2

E— i =1!9”

g=1 .40

GRAPHIO ML
P11 (a-o-eh) 26 faces
%~ = 26

e

o
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Table 5. Polyhedra and their expanded figures in pg-25: [j+ate].

p=0.96,

g=0 .84

GRAFHIS
a¥ (o oe) 34 Fices
[

B

g=1.06

GRAPHIG

GRAPHIC

=3 (4 1-8) 34 faces
%ﬁ& 't

Bi=1E3

GRAPHIG

| ERR L SRR 17 7R
P=m§?’m(a = 172800
= GROj)/GRGa) = 1.2800
3]

: l

| 0.8

Ll R e i e i
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Table 6. Polyhedra and their expanded figures in pg-35: [e+n+j].
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Table 7. Variations of polyhedral forms as a function of “time” in the case, pg-32: [d+n+j].

do(d)=1.2, do(n)=0.5, do(j)=1;

gr(d)=gr(n)=gr(j)=1

Time t=4 [n]

Time t=6 [n+Aal

A
LEAN)
€

Time t=8 [n+Ad+ 31

Time t=10 [Nn+Ad+3j]

Time =12 [n+A+3j1]

Time t=14 [Nn+AdA+3j]1
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Table 8. Variations of polyhedral forms as a function of “time” in the case, pg-1: [o+ate,].

do{(o0)=1.0, do(a)=1.0, do(e+)=0.5; gr(o)=0.5, gr(a)=1.2, gr(e+)=l.5

Time t=0.25 [ e 1

Time t©=0.35 [ o+e+]

Time t=0.8 [o+e ]

Time t-=1.05 [ o+tate ]

Time t=1.25 [o+al

Time t.=2.5 [o]
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8. Examples of Virtual Polyhedra and Their Expanded Figures

Three sets of p-q diagrams, pg-1: [o+ate,], pg-25: [j+at€], and pg-35: [e+n+j], are
chosen as examples to show virtual polyhedra and their expanded figures at the selected
values (p,q) in the central areain each p-q diagram. Those are shown in Tables 4, 5, and
6. Numbers of their faces are, respectively, 26, 54, and 72. It should be noticed that the
shapes of polyhedra and corresponding expanded figures vary remarkably with the small
changes of values (p,q).

9. The Variations of Forms and Sizes as a Function of “Time"

In the data used for drawings at the first step, do(hkl)s in compositional forms are
chosen as samevalue, 1, asshown in Table 2. If the values do(hkl)s are chosen as different
values in each compositional form, the forms of created polyhedravary dramatically with
the“time” during the selected timeinterval. Asan example, thevariations of form and size
in the compound pg-32: [d+n+j] are drawn under the values do(n) = 0.5, do(j) = 1.0, and
do(d) = 1.2 within the time interval fromt =4 tot = 14 and are shown in Table 7. The
conditions, gr(n) =gr(j) =gr(d) = 1, arekept. The polyhedral formsarevaryingintheorder,
[n] att=4,[n+d] att =6, and[n+d+j] at ~7 <t, withtheincrease of size. Asanother example,
thecasepg-1; [ato+e,] isshownin Table 8. Theformsare changing asafunction of “time”
in the following order; [e,] — [ote,] - [ato+e,] — [at0] - [O].

10. Conclusive Summary

1. The present study offersthe new procedure for the creation of virtual polyhedra
by means of computer aided drawings. The essentials of procedure are based on the mixing
of three basic polyhedral forms. The creation of virtual polyhedrawith many varietieswas
realized on the combinations of three forms chosen from seven basic forms with cubic
symmetry.

2. The 35-sets of combinations were obtained as the compounds of three forms. In
each set, theformsof virtual polyhedraare determined by therelative mixing rates of three
basicforms. Thecharacteristic formsof created virtual polyhedrain each set of combination
are specified quantitively at the point (p,q) on the p-q diagram. This fact suggests the
possibility that “a sense of beauty” on polyhedrain the people’s heart will be evaluated
guantitatively, by looking for the various forms of virtual polyhedra drawn under the
numerically controlled data.

3. The present procedure for the computer drawings of virtual polyhedra will be
applied as the creative technique in the fields of the pattern-makings in modeling, the
formative arts, and the “calculative or computable fine arts”.

4. The characteristics of specific patterns drawn by linear lines on p-g diagrams
should be derived from mathematical analysis on the view point of mixing by three basic
forms with cubic symmetry.
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APPENDIX
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Apprendix
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pg-13 [d-a-n diagram] c; race pg-14 {d-o-j diagraml u e

P rortnrsaetan D taetsyzgeran

1o}
0.5
: ; : b e e
0.5 1 1.5 H 1.5 ¢ 0.5 1 1.5 1 1.5
g rar@r/sgeian 9 tgriarsgztan
Codrdinates of polars, A, B, € and 0. Coordlasres of polnts, A, 3, C aad O.
A B = k=] A = < o
I3 ¢.a2 0.82 1.25 1.61 L3 0-9¢ a.98 il 1-1¢
a | 072 | 094 | 1.4z | 1.4z ajo.e2 |02 il 12
pq-11 | Mized Porn Expanded figqure pg-14 | Mixed Forn Expanded figure
Faces l‘b Faces
a2 Vo a 4
/’%Qa P =1
=2 | K
ey a1
aga=1
pg-15 ld-o-ndiagram] i races pg-16 [o-n-e.diagraml (. taces
P (gcinrsgeterl P orgzie trgetann
IR
1.5
14
0.5
¢ e T i ' =
0 0.8 L 1.5 2 1.3 } 1.5 ! 1.3 1 1.5
q (getarsgriod) q rgstersgrtalt
Coaratnaces of pointi. A, B, € and 0. Coscdlmatas of poiavs, A. 8. € and b
~ | = = | o =~ [ = = [ =
o | o0s [ o | 1.0 [ 100 e [ 1o o8y [aars] 1
q 0.682 1.075) 1.23 1.2 q 0.70 1.06 0.35 L.0&
pg-15 Wixed Form | Expanded figure pg-16 Mixed Form Expanded figure
Faces Faces ”h
4 a 4 4
= ED)
Lol oo
a1 a=1 ‘g
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Apprenddi:x -—-

P-g diagxram

[pgq-17 to pg-20]

pg-17 [o-e.-j diagram] (u caces

P 1scuisacie i

T 7 —
1 0.5 1 LS ? 1.5
g tastarsgeie n
Coordinates of points, A, B, C and 0.
N »~T=TscTo»
(e e7s [ 025 [ avas| raa |
[al e

(o] eosrs] voes |

pg-18 [o-e-e.diagraml (i faces

P tgrie isgrtan

n : . T T
o 05 1 15 2 2.5

9 textoisacle)s
Coordloates of poitata, A, B, C and D.

EN = < o

s |10 |oa [o.8 [1.0

q | o.6s [ 1.as [ o.73s] 1.a

P tactatsactart

] 0.5 i L3 1 1.5

pg-17 Mixed Form Expanded figure pq-18 Mixed Form Bxpanded figure
Faces Faces
P ,/Gﬁ 12(441 P
AN ‘hﬂii\
i wa . { <)
B \"l/ pe0.9a Ve
P Y g -0.88 \\"’
pg-19 {e-d-o diagraml s ricen pg-20 [d-n-e.diagram] (s recen

D tarce,1sgmim)

] 0.5 ! LS ? 1.5

d tactdl/gcinll

Caardinatas of paimis,

A 8, € and D.

4 tgctarrgctay
Caordinates Of goints, A, 3, C and 0.
EN B < o
p | 1.22 | o681 | a.81 | 1.22
q | 0.9s | 1.26 | o.34 | 1.28

» B < D
e | 1.10 [ 0,83 [0.23 | 110
q | 0,96 | 0.975] 0.4 | t.1s

pg-19 Hized Form

Expanded figure

pg-20 Nixed Foru

Expanded figure

Pacas
4 4

P =1

Q=1

Faces
a4 8

a=x

BN
LNT
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P-4a

diagram

[pg-21 to pqg-24]

pg-21

(48 faces)

[d-e-e.diagram]

pa-22

[d-e.-j diagram]

(18 frcuas)

P igece,iacien

T — T

0 0.5 1 1.3 K 1]
q tgcta)sgeiers

Coordinates of poimts, A, 8 € and D.

P tseinissie i

q 0.5 1 1.5 2 2.5
q taciarsgxia,)l

Goordlaates 6¢ psiats, X, 8. C and D.

= [ =< 1= N[~ T=sT<cT=1
o | t.oo | 0.80 | -- | i.00 o1 o7s [ 1.i2s] t.ze | 220 |
q | a9 [ 055 | - 1.07 e Jo.7s | 1oas | 1as | 119 |
pq-21 | Hixzed Form Expanded figure pg-21 | Hixed Form Expanded figure
Facas p Faces
36(18) é&" 4 8
=0.9 v =1
=Tl l‘ﬁﬁl’ =
a1 =} -1
pg-23 [n-a-e diagraml i fazan pg-24 f(j-a-ndiagram) s races

P tacterssciadn

P cactn)/actad)

V et
[ I | L5 1 2.5

b T i T
0 0.5 1 .3 1 2.5
q (setmrrgetan
Cosrdinates of points, A, 3, € and D.
» | = [ < [ o
o [ovs foss [1as [
4q 0.82 1.a7 1.22 1.63
pg-23 Mixed Form Expanded figure
Facas ‘.-*\
s a n
EEE
Lo s’
w7/
=21 =

Q tgcegisgeant
CoordinaLes of polats. A, H, C aed 0.

» | = c [ o
o | wez [0z | - |ier
q o.§5 0.92 -- 1.67
pq-24 Kixed Forn Expanded fiqure
Esaces ’%
hl ET
- {
=1 B
- N Ay
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Appendix - P-d9

Aiagram {pg-25

to pg-281

pg-25 [j~a-e diagram)] (si tasem

P orgetersacian)

SECNEE

[ 6.5 1 1.% 1 2.5
q actzzsactont
Coordinaes of goints, A. 8, C and D.

pg-26

[e-0-3 diagram] (s tacess

P tactyisertar

q igztarsg
Esardinalas of polats,

rio}]

A, B, € and 0.

~ [ = = o ~ | = < )
¢ [ o.0s Loss | 198 | 138 > | 096 [ 0.98 | 100 | 118
q 0.65 1.12 1.4 1.87 k3 .77 L.275| 2.235] 4.55
pg-25 Hixed Porm Expanded figure pq-26 Hixed Porm Bxpanded figure
Faces TN Faces T
5 a {"’g‘ s 6 {ﬁg‘
Lol S3930) 2o QLS
a1 2 -1 \\Dav
pg-28 fe-o-n diagraml s sacen

pg-27 (o-n~j diagraml s eeces

P tarcnizextan

9 tactal/griall
Gaazdlaates of poimts, A, B, C aad B.

N B < o
B EED 1.0 | 1.09 | 1.00
a | 0.7 1.05) o.9s [ 108

pg-27 Mixed Fornm Expanded figure

Faces
5 6

B -1

i

Q=3

P 1actnrsgztan

d 19:ta1sgzioll

Coscdlnales of points,

A, B, Cand p.

pg-28

Faces
56

B =2

a=a
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pP-g diagram

[pg-29 to pg-321]

Pg-29 [d-j-e diagraml o facess

P tgeterzgrain

L] 0.5 1 L5 2 2.5
9 tastarzecis)
Coordinates of polats, A, B, C and D.

EN B < B

? [ o-mr | 1.05 f 1i02 | 132

q [ o.8s [ oas Faor fuiler

p9-30

P tsrte,1/ecta)y

el

[e-n-e.diagraml (s facenr

] 0.5 1

i .
L5 2 2.5

q tartersarin

Coordinates of points,

A, B, Camd D.

N~ T= ]

p §0.32 | 0,82
a1 0.83 [ 1.0a

pg-29 Mixed Form Expanded fiqure pg-30 Kired Fora

Faces Faces

6 O 48(60)

p=1 B=-0.9

=1 aq=0.92

pg-31 [d-n-e diagram} o secen pg=-32 [d-n-j diagram] s facen

P teziei/gring

0 0.5 1 1.5 1 2.5
d ryctdrsgrtall
Goocdlnatas of points, A. B, C and O.

~ | = = | =
O
q o.46 6.88 -- 1.18
pq-31 ¥ixed Form Expanded figqure
Faces
TR
£ e 70
B3 i) p
Q=21

P tscirr/scinny

1 0.5 1 1.5 1 2.5
q igetarsgctal)
Coordinses of posnte. A, B, C and 0.
E = < -
p | 0.8t | 1.0 B
g | e.86 | 0.a¢ - 1.18

pg-32

Mixed Form

Faces
& Q

P

=1

a
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Appendix - P-g

dAiagram

[pg-33 to pg-35]

pg-33 [e.~e-J diagraml (o faces

P isrinsgzcens

q 0.5 1 1.5 2 1.5
Q tactarisgelar)

CoordinaLea of peimss, A, B, C amd D.

N~ =TeT=]
o om0 [ oo | ize |
| T N T TR

Mixed Forn Expanded Eiqure

L S
- O | w

rg-34 le

P isxstsisaciali

«—~n-j diagram]

160 Cacas)

[ 0.5 !

Gooxdinates of poimts,

T i
1.5 1 L3

q tgcca dsgzindl

A, B, € apd D,

IS a

= [

[ 10 9,81

-- 109

g [ o83 | 11

-- [

pg-34 Hixed Form

Expanded figure

Faces
6 O

» =1

a1

pg-35 [e~-n-3 diagraml : reces
P tertsizarinry
2.0
1.5
1.0
0.5
0 e L o T s
] 1.5 1 1.5 1 2.5
q tgecat/sgriny?
Coordinatas of palnta, A, B, C and 0.
IS = [ o
P b.o 0.81 -- 1.09
e hom |1 | - |
pq-3% liixed Form Expanded figure
Faces
7 2
p-1
-1
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