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ABSTRACT 

The polished gem diamond is valued for its colourful optical 

display. This scattering effect is usually considered to be a combination 

of three properties; brilliance (the percentage of light that incident 

on the stone is then scattered out of the crown facets)t sparkliness (a 

measure of the intensity fluctuations in this scattered light) and fire 

(a measure of the colour difference between the sparkles). 

The fifty. -eight facet Round Brilliant Cut Diamond is considered as 

a random scatter of incident light. The diamond as a rotationally symmetric 

style., is considered to be spinning and surrounded by a hypothetical sphere* 

and the brilliance, sparkliness and fire are identified with statistical 

properties of the intensity distribution produced on the sphere. Using 

a computer model with finite ray tracing methods, the effects on these 

statistical measures of changing the pavilion half length, the table spread 

and the crown height are investigated. The results confirm the traditional 

round brilliant proportions as satisfactory and also-go some way to reconciling 

the many 'ideal' cuts by emphasing the trade-off between maximising brilliances 

sparkliness-Or fire. A new set of proportions is proposed and is shown to 

be superior to the traditional styles using these statistical measures. 

The simplifications and modifications of the Round Brilliant Cut 

Diamond are also discussed and shown to fall into two families of styles 

based on 4 fold and 3 fold rotational symmetry and. four main derivative 

classes. Simple trends in the measure of optical goodness are found, 

the principal conclusion being that stones with eight or more crown and 

pavilion facets are acceptable but inferior substitutes for the 58 facet 
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Round Brilliant Cut Diamond, especially for stones-of less than 20 points. 

The optical goodness of several diamond simulants are also 

discussed with emphasis on the modern crystals; Strontium titanate, 

Zirconium Oxide with Cubic structure, Gadolinium Galium Garnet and 

Yttrium Aluminium Garnet. Strontium titanate is shown to be more 

attractive than diamond using the statistical measures and in addition 

the optical goodness is demonstrateý to be roughly proportional to the 

refractive index of the material. - 

Finally a diamond grading engine is described. The results obtained 

from the device are compared with those of the computer simulation. 
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Brutting: the process of making a stone round by turning it on a lathe 

against another diamond. 

Carat: I carat - 200 m. a. 

Crown, the region formed by the table, kite. star and top half facets, 

Fig. 4.3, p. 77. 

Culet, Collee: the point formed by the eight pavilion main facets. 

Fig. 2.3, p. 40. 

Cut: a particular shape for polishing a diamond, e. g. round brilliant, 

pear shape. 

Dop: *a mechanical device for holding a diamond while the facets are 

ground onto the stone. 

GIA: The Gemmological Institute of America. 

Girdle: the region between the crown and pavilion, Fig. 2.3, p. 40. 

Kits Facet: a crown facet, Fig. 2.3, p. 40. 

Maccel: a twin octahedral crystal. 

Model; a piece of rough diamond before it is polished. 

Paste: a glass diamond simulant. 

Pavilion: the regio .n formed by the pavilion main and half facets, 

Fig. 4.3, p. 77. 

Pavilion half facet: see Fig. 2.3. p. 40. 

Pavilion half factor: the fraction by which the pavilion half facets 

extend to the culet from the girdle. 

Pavilion main facet; see Fig. 2.3. p. 40. 

Point; 1 point =2 mg = . 01 carats. 

Scan. D. N.: the Scandinavian Diamond nomenclature, a system for grading 

polished gem diamond. 

Simulant Cfor diamond): a material used to imitate diamond. 

Star facet: a minor crown facet, Fig. 2.3. p. 40. 

Style: see cut. 

Table facet: the major crown facet, Fig. 2.3, p. 40. 

Top half facet: a crown facet, Fig. 2.3. p. 40. 
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Chapter I 

Historical Survey 

Early history 

Diamond has been treasured in Europe since the time 

9 

of Alexander the Great and a regular trade between the Orient 

and Levant --entred on Alexandria was in existence by 300 B. C. 

By 900 A. D. Venice was a major centre and the European 

polishing centres based in Ghent and Bruges were established 

from this centre by the 12th - 13th century. These 

migrated towards Antwerpen and with the Spanish Fury in 

1585 many of the polishers fled to Amsterdam. The 14th 

century also saw the growth of a centre in Nuremburg. 

Paris flourished as a centre from the 12th century as the 

Dukes of Burgundy were traditionally the Lords of Flanders 

and hence encompassed Bruges, Paris and Ghent. 

Let us now trace the development of the round brilliant 

out-following closely the findings of H. Tillander (1965). 

A glossary of essential jargon is contained in the 

Gemmological Institute of America (G. I. A. ) Gem Diction- 

ary and the G. I. A. Diamond Dictionary. 

1.2 Development of the round brilliant cut up to 20th century 

The original gem diamonds were simply perfect octa- 

hedra (Fig. 1.1). As many octahedra are found with 

damaged points it is thought that this stimulated the 

early diamond workers to 'repair' stones by polishing the 

broken point into a facet, resulting in the 4-cut stone 

(Fig. 1.2). 

The next major development was an 8-. cut stone (Fig. 1-3) 

thought by Tillander to have become common practice in 

the-16th century. This was quickly developed into the 
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AB 

Fic;. 8. Idedfull-bodied octagonal table-culs (8j'8). 

A. Thefirststep towards the proper single-cut with a square culet and the table size 
measured between opposite sides. Length of outer edge of main facets ij 80% 
of 0. 

13 A shape, which persisted in mile'* sizes, with an octagonal culet and the table size 
measured between opposite sides. Length of outer edge of mainfacels it 600/la 
of 0. 

(The proportions are equal to those listed under Fig. 7) 

Fig. 1.3 The early eight-cuts, after 
Tillander (1965) 

A 

Fic. 9. Ideal octagonal and roundedfull-bodied sin. 
Both h4v# octagonal culets and proportions equal to those listed wtder Fig. 

* "7"' is measured between opposite sides 
* "T" is measured between opposite comers 

Fig. 1.4 The rounder eight-cuts, after 
Tillander (1965). 
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AB 

kIG. 10 

A. 77Le idealfull-bodied English itar-cut (1618) 
- The culti it square and the proportions equal to those listed under Fig. 7. 

B. 77midtalfull-bodiedEngiiihiquare-cut(16112) 
The culet is square and the proportions equal to those listed under Fig. 7.77ke girdle facets in the crown and in the patilion have the same htight, but a diferent shape. 774 distance between the "corners" is 900,1 q 

.0 )f 0. 

Fig. 1.5 The sixteen cut, after 
Tillander (1965). 

Aa 
Full-bodied I Vith 45* angles 

Fir.. 11. Tht ideal . 1fazarin-cuts (16/16) 
77as distance between the "outer corners" is 941,1,0 and between the "inner corners" 
64% of 0. The culet is square and the girdlijacets above and below the girdle are 
identical in size and shape. 

A. The proportions are equal to those 11f trd under Fig. 7 
B. The lowtrAfazarin-cut has thefollowing proportions: 

T 56,0% 
0 1010% 
hC 22,4% CI 45" 

1,0% 
hb 44,81, ". B" 45* 
H 68,2% 

12 

Fig. 1.6 The Mazarin sixteen-cut derivative 
after Tillander (1965) 



rounder forms (Fig. 1.4). The 16-cut (Fig. 1-5) was dev-1 3 

eloped almost simultaneously; it was not the 1? th-century in- 

vention of Cardinal Mazarin as popularly thought. Tillander 

reasonably maintains that this idea propagated from the 

known preference of Mazarin (Marquis de Racan, 1644) for 

a 16-cut aand his insistence on its superiority to all 

other styles (Fig. 1.6). 

- The 17th century was certainly the take-off point for 

our modern round brilliant cut. In 1644 a stone appeared 

now called the Wittelsbach (Fig. 1-7) with 40 facets on 

both the crown and pavilion sides and a distinctly rounded 

appearance. The most interesting development is the break- 

away from an octahedral or 45 0 pavilion angle -which were the 

norm at this time. In the Dresden collection a stone 

dating from this period also has the modern proportions. 

The reason for this departure from tradition is not known. 

The major treatise of David Jefferies published in 

1750 demonstrated a modern brilliant (Fig. 1.8) and this 

author also describes the Regent diamond (Fig. 1.9) which 
has the modern perfect proportions. The model for this 

stone, which was polished from 1707 - 1717, was a hand 

sawn piece, an operation taking approximately one year. 

Although Jefferies was impressed by the optical goodness 

of the Regent he advocated a pavilion angle of 450 as 

the ideal. 

The 450 pavilion developed into the old mine cut,, of 

which there are two derivatives# the square and round 

styles (Fig. 1.10). Hence the modern (sic) round brilliant 

has been known for about 280 years. 
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FiG. 12. The Wittelsbach diamond (40/40) 
(77ke patilion is reproduced as if seen through 
the crown. The dimensions of the actual sione 

are 24,5 x21,5 mi 
* 
11imeters. ) 

T' 66,0"/"? 
-0.31,00,,, hC 12,5% B" 36* 

0,5",,, 
hb 30,00, C' 42* 
H 43,00, o 

Fig. 1.7 The Wittelsbach diamond 

exhibiting a pavilion angle of 420 

after Tillander (1965). 

NI 

Fig. 1.8 An early example of 
a round brilliant cut diamond, 

after Jeffries (1? 53). 
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Fir.. 14 

Fio. 13 

Fir- 13. ne Regent diamond (40132) 
(The pavilion is reproduced as if seen through the crown. The dimensions of 

the actual stone are 30 x 29 min) 
T 46,55% (16-sided) 
0 10,35% (8-sided) 
hc 25,900/1() CI 45* 

0,00% 
b 39,60% B' 

. 
41j* 

H 65,500/, o 
FiG. 14. The corrected "Rcgent-cut" with 32124jacefing. 

This may have been the ideal shape of the earliest brilliant-cut diamonds withfour-fold 
symmeirv in the table and 150* and 120* angles. TheJour larger main facets are 
Vmmet; ical lozenges, but the girdlefacets are of a dijerent size andshape in the crown 
and the pavilion; the proportion in height is around 12: 10. 

T 53,0% 
0 6,00% 
hc 23,3% C' 45* 
... 1,0% 
hb 42,0% B' 41 J* 
H 66,50% 

77te distance between the "corners" is 82 011. of 0. 

Fig. 1.9 The Regent diamond exhibiting 
the ideal proportions, after Tillander 
(1965). 
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Fic. 15 Fir- 16A 

Fic;. 15. The almost round early brilliant-cut (32/24). 

This shape is mid-way between Fig. 15 and the completetLy round brilliant-cut, with 
)M 7 of the table is still a distance between the "corners" of 760,1 of 0. The s metr 

four-fold with angles of 127,5' and 142,5'. The mainfacets in the crown are all 
kilo shaped and proportioned to please the er only. The girdlefacels in crown and 
pavilion hav* all a height of 15 0,. ' , but a jYi,,. htl; di iferent shape. 
The proportion figures are different from the "Regnnt-cut" since the lower pavilion 
angle of around 41 J` was apparently never generally accepted. 

T 53,01,1 " 
0 6,0% 
hc 23,5% CI 45" 

'*1,0% iib 47,0% B4 45* 
H 71,5% 

Fir- 16. The ideal perfectly round early 6rilliant. <ut (32124) 

A. The table has eight-fold symmetry with 135* angles. 77ze meeting points of the 
mainfacets in the crown arefiund b-i drawing a circle mid-way between the corners of 
the table and the girdle. The girdiefacets in crown and pavilion have all a height of 
141% and are identical also in their shape. 
The proportion fg ures are the same as listed under Fig. 15. 

Fig. 1.10 The two derivatives of the early 
brilliant which are the old mine style, after 
Tillander (1965). 

1 f 



1.3 Tillander's comment on Vincenzio Peruzzi 

Vincenzio Peruzzi, the 17th century diamond worker 

is credited in much of the literature with the invention 

/of the round brilliant cut. The major work of Jefferies 

(1750) contains no reference to Peruzzi. Tillander points 

out that if this Venetian existed then a family Peruzzi 

was extant at the correct time (1640) but in Florence. 

His first appearance is in a book by A. Caire (Paris, 1833) 

and Tillander surmises that he may have been a 17th century 

Parisian diamond worker or even an expatriate working 

from India. Even after the publication of Caire's book 

Professor Max Bauer has no entry for Peruzzi in his 

classic text of 1896 'Edelsteinkundel. The history of 

this gentleman once perpetrated has been perpetuated to 

the present times Thetsquare cut attributed to Peruzzi 

(Fig. 1.11) has been investigated by Tillander who observed 

that no contemporary examples of this revolutionary style 

are extant. The style was relatively easy to produce 

using the then current technology; this makes their absence 

from the great collections all the more surprising. 

1.4 The 20th century 

At the beginning of the 20th century bruttingg 

sawing and the brilliant cut were 200 years old. The 

revolutionary circular saw was well developed and. the 

perfect proportions long known (Harris, 1710), if not 

generally used. 

The Mediaeval method which evolved the round brilliant 

from the point cut using trial a--id error methods was 

eventually eclipsed by the Renaissance attitude* and scient- 
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A 

Fir- 22. The Ptruzzi daigns (241 

A. T 53,00j', B. T 
0 7,0% 0 
hc 

. 
33,00, ' p C' 54*44' 8,3' hc 

hb 66,0% BA 54*44'8,3' hb 
H 10010% H 

32) 
53,0% 
6,0% 

23,5% C4 45* 
1,0% 

47,0% BA 45* 
71,5% 

Fig. 1.11 The design attributed to Peruzzi, 

after Tillander (1965). 

FiG. 2 1. Diagrams of 
the Peruzzi design with 
the heavier lines drawn 
to accenluate Lhe ele- 
ments of symmetry in. 

the crown. 

0 
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tific-method. By the early 20th century the scientific 

method had evolved into the mathematical determinism which 

approximates real systems by a set of mathematical oper- 

ations in an attempt to predict the result by theoret- 

ical analysis rather than trial and error aided by 

serendipity. 

1.5 The style of Tolkowsk 

Tolkowsky, a diamond workert published a book, 

'Diamond Design' in 1919, which was a 'study of the re- 

flection and refraction of light in a diamond'. This was 

the first attempt to demonstrate the well established 

result of the 'ideal' proportions by mathematical formalism. 

As his starting point he took a simple two dimension- 

al triangular cross section and used simple geometrical 

and physical arguments to confirm the round brilliant 

cut with its rotationally symmetrical arrangement of 

facets as the ideal style for polishing diamond. 

Tolkowsky also proposed a set of ideal proportions (Fig. 

1.12) which were deduced from a merit function for optic- 

al goodness. This stated that the optical goodness is 

the maximum value of the product of the tiansmitted 

intensity of a green ray passing from diamond to air 

and the dispersion of a red and blue ray at the same 

angle of incidence. During the derivation of this merit 

function Tolkowsky makes two approximations: The trans- 

mitted intensity is approximated by a cosine function. 

He states that "the a: mount of light passing through a 

surface as at AB is proportional to the cosine of the 

angle of refraction", (page 72 Abid) which gives the 



P, 0 

r" 
. 

/o;: 

F 

Fig. 1.12 The proportions for the round brilliant 
cut diamond as calculated by Tolkowsky. 



21' 

9A 
43 

. -3 

%... f 
-/ 

Fig. 1.13 The graph of the merit function used 
by Tolkowsky. 
Dash line (Tolkowsky's approximation) 
Solid line (The more exact analysis). 
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impression that he has donfused Lambert's law with 

Fresnel's equations (1817,1818). He then approximates 

the dispersion angle between the red and blue rays by 

stating (page 72 ibid) "angle of dispersion is proport- 

ional to the sine of the angle of refraction. " However 

the angle of dispersion (P ) is given bys- 

P=Sin-1 ( "blue Sin i) - Sin-1(n 
red 

Sin i) 

From this it can be argued that the assumption for 

the dependence of dispersion and transmitted intensity 

lead to a fortuitous result which is in agreement with the 

known cutting practice of the time. 

If the more exact formulae are used and the analysis 

of Tolkowsky is otherwise followed (Fig. 1.13) the maxi- 

mum product is shown to correspond to an angle 391.0 

(page 74-75, Equ. 14 ibid) in contrast to his pavilion 

angle of 4QIq-0 

1.6 Work from 1919 - 1960 
Tolkowsky's work spurred interest- into a more exact 

mathematical description of the round brilliant cut, 

which resulted in two important papers (Johnsen, 1926; 

Krumbhaar and Rosch, 1926).. Johnsen used a geometrical 

approach which was not disimilar to that of Tolkowsky to 

obtain a pavilion angle of 380 40, (Fig. 1.14). Krumbhaar 

et al. used a ray tracing technique to produce a set of 

proportions (Fig. 1.14) with a pavilion angle of 380 30't 

essentially the same as Johnsen. 

An argument against the wholesale acceptance of the 

ideal proportions was that they were uneconomic, as a 
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STYLE TABLE CROWN PAVILION CROWN PAVILION 

SPREAD HEIGHT DEPTH ANGLE ANGLE 

Regent(1707) 46.6 25-9 39.6 45 41-75 
Wittelsbach 66. o 12.5 30.0 36 42 
Jeffries(1753) 58.0 - - 45 45 
Peruzzi (a) 53.0 33.0 66. o 54.7 54-7 

(b) 53.0 23-5 47-0 45 45 
Wade (1916) 4o. o 21-7 43.4 35 41 
Tolkowsky 53-0 16.2 43-1 34.5 40-75 
Johnsen, 
Krumbhaar & Rosch 56. o 19.0 4o. o 41.1 38.7 
Eppler(1939) 

ideal 56.1 l9d #4o. o 41.1 33-7 
small stones 55.3 16. o 39.9 35.6 38.6 
large stones 57-1 14. o 42.1 33.1 4o. 1 
lowest loss 69. o 10.0 44.6 32.8 41.7 

Parker(1951) 55.9 10.5 43.3 25.5 4o. 9 
Smith (1962) 44.4 22.2 44.4 46 39 
Scan. D. N. 57.5 14.6 43.1 34.5 40-75 
GIA. as Tolk owsky- 
Shigemasa Suzki 58.0 23.0 4o. o 48.6 38.9 
Eulitz(1972) 56.5 14.5 43.1 33.6 4o. 8 
Elbe (1972) 50.0 14.6 53.7 47.5 

Fig. 1.14 A table of the many ideal proportions 
and some historical proportions. All percentages 
are with respect to the total spread. The angles 
are in degrees. 
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diamond is valued on its four Cs, not only cut but also 

colour, clarity (freedom from internal imperfections and 

external blemishes, both natural and artifactual) and 

carat weight (200mg =1 carat). These new styles re- 

quired accuracy of workmanship and the additional weight 

loss and increased time of manufacture militated against 

their prompt adoption. W. F. Eppler (1934) and co-workers 

appraised many stones and as a result published a set of 

practical cuts which went some way to combating the resist- 

ance t6 the 'ideal' styles (Fig. 1.14). 

External factors then disrupted the studies of the 

'ideal' cuts and it is not until the late 1940's and 

early '50's that interest was rekindled by Eppler, ýKath 

R. L. Parker (1951) proposing a stone (Fig. 1.14) with a 

low crown height, 10-. 5% of the total diameter. 

1.7 The work from 1960 to the present time 

Eulitz (1968,1975) published papers which used 
essentially the geometrical approach of Tolkowsky and 
Johnsen to obtain the wellkno-m results. Tillander 

(1970) introduced a new practical cut (Fig. 1.19) as 

part of the Scandinavian Diamond Nomenclature. This 

grading system for polished gem diamond contains a scheme 

for grading cut, which is a long process when put into 

practice. However apart from its small table spread this 

style is thought-by many to reflect the current fashion 

for proportions in the European market. 

M. G. Elbe (1971,1972,1ý73) has produced two import- 

ant papers. The first deals with the physiological 

aspects whicý affect the appreciation. of a stone. He 

also discusses the improvements to the round brilliant 

a 



Cl 

Scand. D. H. 
Y- 34, s* 
Ya 40,7S 
to - 57,5 % 
ro - loo % 
h" - 43, f % 
h. -f46 -/. 

, 
Re I-8r Liltan i 

10"; 150 
1.800 

49"; 476 
50 % 

ro - foo % 
53,7 % 
14,6 % 

Fig. 1.15 The style of Elbe superimposed on the 
Scan. D. N. style to show the increased yield, after 
Elbe (1971). 

DIAMOND RI-2.42 
MAXý 90 

I., zs., 

10 0 so so so so 90 73 f 
319 34 7 376 406 43,1 47 0 50 5 !ý2 

3c 

2C 

IC 

34 35 36 37 -"a 39 40 41 42 43 44 
PAVIL! 0N SLOPE 

Fig. 1.16 The faceting limits proposed by 
Harding (1975). The three preferred areas, 
labelled A, B and C permit a stone to be 
'repaired' sequentially starting from A. 
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cut, proposing three new styles of polishing. Finally 

a diamond grading engine is described which is based on 

a method due to Rosch. Both of these aspects will be 

discussed in detail in later chapters. 

The second paper which is published in two parts 

(Elbe, 1972,1973) discusses the actual measurement of 

optical goodness and contains a study of the measurement 

of the surface finish using an autocollimating refle'cto- 

meter, Using a geometrical argLrnent the ideal proport- 
ions of a new round cut stone (Fig. 1.15) are developed, 

based on the concept of transparency, a measure of the 

percentage of light which is transmitted by certain facets. 

The two dimensional nature of the models used from 

Tolkowsky to the present time lead to approximations 

and implicit assumptions which seem to have been un- 

noticed by many of the authors. 
Harding (1975) published another ge. ometrical argument 

in which the three main assumptions are clearly stated: - 
1. The crown and pavilion bezels are the principal 

facets. 

2. These facets have a reflection symmetry. 
3. Only coplanar rays are considered, i. e. there is 

no mechaniSm for dealing with skew rays. 

In this paper there is also a discussion of the effect 

of the shadow of the head of the observer and the way in 

which it will form a central obstruction in the illumin- 

ation. He requires that the incident light makes an 

ang-le. of 100 with respect to the stone-head line. ' 

The results are presented as a set of graphs show- 

ing the preferred faceting angles for. various gem 
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materials. The diamond result is reproduced as Fig. 1.16. 

Note that he proposes three distinct styles of cutting 

given areas A, B, and C and if a stone is damaged it is 

possible to repair a stone from region A into B and sub- 

sequently zone C. As a lapidary he sees this as the im - 

portant finding and not the promulgation of a new ideal 

cut. 

With the. increasing realization of the limitations 

of these studies it became inevitable that a three dimens- 

ional model would be constructed using a large electronic 

computer. N. Stern (1975) has developed a computer 

program which is a 3D model. Using finite ray trac- 

ing methods he traced monochromatic light (636nm) through 

the diamond. The model was based on the'Gem Print' of 

C. Bar-Issac (1973). 
Stern proposes a criterion for optical quality which 

confirms the traditional cuts as satisfactory.. This 

loose proposition is a restatement of a well known prefer- 

ence which will be discussed in Chapter II. 

1.8 Aims of thee research 

As has been seen the ideal proportions are well 

known, in particular the ideal pavilion angle of 410. 

The gross simplifications made by the authors to accomo- 

date the desire for a deterministic model are almost 

certainly the cause of the discrepancy between the known 

ideall and the findings of the various mathematical models. 

The aim of the present research is to construct a 

model of the round brilliant cu la-mond and the other 

rotationally symmetric styles using the minimum of geo- CD 

metrical approximations. The principal aims are as out- 
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lined below: - 

1. To find a non-subjective measure for optical goodness 

of a polished gem diamond. Diamonds have been and are 

at present graded by reference to experienced judge- 

ment, there being no diamond grading engines for all 

aspects of optical goodness. 

2. To establish a scale of optical goodness. 

To investigate the optical attractiveness of styles 

simpler-than the 58 facet round brilliant cut diamond. 

To assess the optical goodness of the diamond simulants, 

as some of the new crystals have optical properties 

similar to diamond. 

To construct a diamond grading engine for optical 

goodness, based on the measurement of the non-subiPet- 
i've measures of part 1. 
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Chapter II 

The Model 

2.1 Introduction #k 

It has been shown that dian, 6nd has for several 

centuries been prized for its pleasing opitcal effect. 

This optical effect is usually considered to be a combin- 

ation of three effects: brilliance ( the percentage of 

light entering the stone which is scattered out of the 

crown facets), sparkliness-1 (a meassure of the variation 

in intensity of the scattered light fi. *eld) and fire (a 

measure of the difference in the colour of the sparkles). 

2.2 Faotors affecting optical goodness 

The non-expert usually observes a diamond set into 

jewelry with the-pavilion obscured by the setting, in 

diffuse illumination (room lighting) and at a distance of 

about 50cm (a relaxed arm's length). The observer then 

moves both the head and stone and the overall brightnessp 

d6gree of sparkle and chromatic variation in the sparkles 

are translated into degrees of optical attractiveness. 

It would appear that when discusssing optical good- CDý 
ness the observer has in mind several general consider- 

ations and some specific likes-ind dislikes. Me 

-1 Sparkliness is usually called scintillation by the 
Gemmological Institute of America (1975). However scint- 
illation already has a usage in the fields of astronomy 
and nuclear physics (Chambers Scientific Dictionary). 
Sparkliness was also preferred to sparkle as Goodman 
(1963) used sparkle as a description of coherent noise 
(now called speckle). 
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scattered light distribution from the stone should be 

reasonably uniform. There are two sets Of proportions 

which offend this rule for the round brilliant style. 

The first is a stone with a pavilion angle of 450 which 

gives the impression of having a dark table, as the table 

and pavilion facets are similar to a corner cube retro- 

reflector with the observer's head forming a dark 

central obstruction. The other style is a stone with a 

shallow pavilion angle of 370 or less, where the girdle, 

which is usually brutted, i. e. it has a frosted appear- 

ance)is visible through the table as a white ring. In 

general terms tle greater the number of and the smaller 

the average size of sparkles the more attractive the stone 

appears. 

2.3 The requirements of a model 

If we accept that the model should faithfully 

descri. be the diamond this could most easily be achieved 

using a finite ray tracing programme on a computer. A 

short calculation will show the effort required in 

such an approach. The eye has a resolution of about 

. O. lmm a the near point of vision (25cm). A typical 

diamond is 5mm in diameter and therefore produces a 

scen e of approximately 62511 picture elements (pixels). 

Assuming that only one ray comes from half the pixels 

each eye field will require approximately 310"n rays. 

If each primary ray produces 10 secondary rays by partial 

transmission and total internal reflection at the many 

facets of the stone., that is, 31M (100) primary rays 

per eye field, ' 
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The number of eye fields at the near point of 

vision can be estimated by the area of a sphere of 25cm 

radius divided by the area of the pupil. E. G. for a 

pupil of 4mm the number of eye fields is approximately 
62,500. The total number of rays is then the product 

of the number of eye fields and the number of primary 

rays per eye field. This means that at least 6,250,0000 

primary rays require tracing to model in some detail an 

eye's view of a diamond. This corresponds in a typical 

computer programme to several hours of ray tracing before 

any analysis of the data is possible (Kidger, 1971). 

The purpose of modelling would hence be nullified, 

since the ful*alculation would be more expensive than 

buying the rough diamond crystals and Polishing them to' 

predetermined shapes. The complete description is 

therefore an impossible requirement; what then is the 

principal requrement for an approximation to the eye's 

view of diamond? As there are no detectors as versatile 
in both resolution and colour discrimination as the eye 
it has been chosen that the principal requirement of 
the model is: - 
That it is realizable as a diamond grading engine for 

optical goodness of polished gem diamond. 

2.4 The reflection spot-pattern technique 

Rosch (1927) developed a reflection technique where 

a polished gem diamond was illuminated by a normal beam 

of light thruugh the table and the spot pattern produced 

by the stone's scattered light field was photographed. 

The purpose was to form a fingerprint of the stone. The 
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argument is that although diamonds are polished to a pre- 

determined set of proporti. ons the individual differences 

in facet alignment lead to perturbations in the 

mattered light field, leading to a unique reflection 

spot pattern of each stone. Two authors have given the 

analysis of this type of spot pattern some consideration 

(Elbe, 1972; Stern, 1977). 

Stern has modelled the 'Gem Print' of Bar-Isaacs 

4 

which uses a refinement of a technique due to Rosch to obtain 

reflection spot pictures. The only difference between 

Rosch's reflectogram and the Gem Print is that the Gem 

Print uses a laser light source and in addition a lens 

to bring the far field diffraction pattern to a conven- 

ient image plane. Stern's criterion was that the far 

field diffraction pattern should contain an even 

distribution of spots, in fact a special case of the well 

established preference for an even distribution of 

sparkles. No chromatic criteria are suggested because 

of the laser illumination. 

Elbe constructed a diamond grading engine based on 

the technique of Rosch to assess optical goodness. He 

used a photometer to measure the intensity distribution 

of a diamond, the stone being rotated while a radial 

scan in intensity was recorded. A sparkle was defined 

using physiological optics arguments and all the light 

falling on a pupil sized aperture at the near point 

of vision for each azimuthal angle was integrated to 

form the signal for that angle. This means in terms 

of the earlier calculation (section 2.2) that each 

eye field was taken to contain one pixel and not 1,900. 
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In the resultant distribution, the total number of sparkles 

was taken as a measure of optical goodness. 

This measurerbased on a number count of sparkles, 

only in part fulfills the requirements of a visual 

grading measure for diamond and as Elbe points out no 

account was taken of fire (the chromatic variation in 

the sparkles). 

How much information has been lost due to the accept- 

ance of this simplification of the intensity distribution? 

By using a non-imaging system Elbe has lost one piece of 

information, that of the position on the stone from which 

the light came. By the use of this approximation it is 

not possible to take direct account of the stone's 

exhibiting a visible girdle or dark table. However 

there is a sauin! 5by a factor of a thousand in the number 

of rays to be traced. By rotating the stone another 

assumption is made, that the eightfold symmetry for the 

round brilliant cut gives little information on the optical 

attractiveness of the diamond, this being totally provided 

by the radial scan. However Elbe's simplification of 

the complex two dimensional intensity distribution to a 

one dimensional-intensity scan, coupled-with a technology 

which makes it possible to obtain intensity scans at 

several wavelength ranges, yields a technique and data 

base which are suitable for further analysis. As the 

principal requirement is now for a realizable. diamond 

grading engine a model based on the method due to Rosch 

was adopted. 
I 
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2.5 The diamond grading model for optical goodness 

The model was based on the round brilliant cut of 

58 facets. A round brilliant cut diamond is surrounded 

by a hypothetical sphere centred on the table. Rays in 

several azimuthal and meridional orientations, a form 

of pseudo-diffuse illumination, are then traced through 

the diamond using finite vector ray tracing equations. 

At the same time a note is kept of their fresnel compon- 

ents at each partial transmission or total internal 

reflection as it is necessary to know both the direction 

and intensity of the rays. For the rays scattered out 

of the stone their final position on the sphere is cal- 

culated and as the intensity at that spot is known, a 

map of intensity can be constructed for a given radius 

of sphere and a particular wavelength of light. By 

tracing at different refractive indices, the various 

colours can be modelled. For a good stone the resultant 

spot pattern is a random scatter of points in the forward 

hemisphere. When the sphere is rotated the spot pattern 

merges into a set of concentric rings and it is some 

property of this radial fluctuation which is required 

for the measure of optical goodness. 

The overall brightness is simple to define: 

Brilliance = Intensity scattered into forward direction 

Total illumination 

but how to measure sparkliness and the chromatic variation 

or fire? 

The assumption is made that the radial intensity 
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scan produced by a gem diamond can be considered and 

analysed as in some sense a random signal, the justificat- 

ion being that the reflection spot patterns of thousands 

of essentially similar diamonds are unique to the indiv- 

idual diamond. 
_ 

Thus it is a statistical property of this 

random distribution which the eye-brain system measures 

as the degree of optical attractiveness. What types of 

statistical properties is the eye-brain system capable 

of discriminating9 

To the eye-brain system the round brilliant cut 

diamond presents a 2D scene formed from two elements: 

a pattern with an eight fold rotationally symmetric design 

formed from an elementary random pattern. 

Bela Julesz (1975) has shown that it is sometimes 

possible to discriminate between two scenes which are 

formed from either a symmetrical array of random elements 

or from wholly random elements. 

Discrimination is possible for scenes with similar 

first order statistics and different second order 

statistics but not possible for scenes with similar 

second order but different third order statistics (Fig. 

2.1). This leads to the supposition that the attract- 

iveness of a diamond could be expressed by the first 

order and second order statistics of its intensity 

distribution. 

The analysis of random signals has led to ideas of 

coherence length and correlation analysis. In particular, 

the two questions, how sparkly and how fiery is a 

diamond? are asked in terms of probability theory in 

the following ways: How different in intensity is each 
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point in the distribution of light from each other point, 

and how different is the distribution in red light from 

those in green and blue? These are answered by the 

autocorrelation of the intensity and the cross correl- 

ation of say, the red and blue intensity scans. In the 

case of diamond, we require an even distribution of 

f their average size. The sparkles and a measure o., 

average size is given by the half width of the auto- 

correlation. 
In one dimension, the autocorrelation of a constant 

is another constant; on the other hand, that of a far 

field speckle pattern from many diffusing elements 

has the well known gaussian form. Thus in the context 

of a diamond, these would correspond respectively to no 

sparkliness, the worst case, and to an even distribution 

of sparkles. 

A suitable measure for sparkliness would therefore 

be how far the autocorrelation deviates from a constanto 

the higher the deviation the better, in a sparkling 

sense, the diamond. Such a possible measure is the 

variance of a distribution 

<x2>_ 3ý)2 

From this it becomes possible to define a sparkliness 

criterion as the variance of the autocorrelation of the 

total radial intensity scan, where, as done by Elbe, the 

diamond is rotated and for a particular azimuth with 

respect to the table normal all the intensity spots are 

sampled whatever meridional angle they subtend. Concern- 

ing the fire, the intensity distribution is measured for 
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wavelengths in the red, green and blue regions of the 

spectrum. A similar argument is proposed to that used 

for sparkliness, the variance of the cross-correlation 

of the red and blue fields being taken as a measure of 

fire. However, if the red and blue fields are equal and 

qqual to the green field, this cross-correlation would yield 

the same result as the autocorrelation. That is, if 

R +G +B (=D) =R=G=B 
3 

then, 

SD(U) x D(u+4 ) du =. SR(U) x B(u+ ä) du 

This implies white sparkles. Hence the proppsal for a 

measure of fire is, fire is the quotient of the variance 

of the cross-correlation for the red and blue intensity 

scans and the variance of the autocorrelation of the 

total intensity distribution. 

Thus we have a measure for brilliance, sparkliness 

and fire. Some might prefer a simple single figure for 

the optical goodness of a gem diamond, instead of a 

triplet. One such method of assigning a single figure to 

each point in the intensity distribution is to give the 

elemental areas colour-coordinates, i. e. 

RtB 
7+-G+B R+G+B 

and then form a colour difference coordinate for each 

point 
IPI-131 

The variance of this factor, which P-+4; -013 
we can call the differential chroma, could then be used 
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as simple measure of fire. Similarly for sparkliness, 

we could take the variance of the intensity distribution. 

However, with the forward brilliance three factors 

are again required to obtain a full description of the 

round brilliant cut diamond and so it would seem naive 

to expect a single quantiýy to describe the optical 

goodness of such a complex effect. 

2.6 The computer Programme 

A computer program was written to incorporate the 

details of the model and calculate the statistical 

measures outlined above. The programme can be split 

into three major units, the calculation of the shape 

of the prism, the raytracing of the light through the 

prism and the statistical analysis of the resultant 

spot pattern: a schematic diagram of these main 

elements is given in Fig. 2.2 and flow diagrams of the 

major blocks are found in Appendix I. 

The calculation involved in finding the direction 

cosines of the normals for the planes that define the 

prism can be greatly reduced by exploitation of the 

8-fold rotational symmetry and mirror symmetry of the 

round brilliant out (Fig. 2.3), this resulting solid 

(Fig. 2.4) having only eight bounding planes. Then by 

requiring that the table when viewed perpendicularly 

should form with the stars two interlocking squares it 

is possible to describe the prism in terms of six factors 

These are the total spreadp the table spread., the crown 

height, the pavilion depth, the total depth and the 

pavilion half factor (PHF), the fraction by which the 
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) 

Fig. 2.4 The elemental solid from which it is 

possible to generate the round brilliant by a 
reflection and eight-fold rotation. The planes 
'. a' are the false planes'of symmetry. 
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pavilion halves extend towards the collet from the 

girdle*(Fig. 2-5). 
The ray tracing section has three subdivisions. 

The first traces'the input rays to the surface of the 

prism, the second traces the rays using vector ray 

tracing equations through the prism and finally rays 

scattered out of the prism are traced onto the hypo- 

thetical sphere. Welford (1974) has shown that the rules 

of refraction and reflection can be expressed by 

nlvl=nv+(nl(y. l. u)-n(y. E)) u 

when for an interface n and n' are the refractive indices 

of the present and next 8pace, v and vl are the unit 

direction vectors of the incident ray and refracted or 

reflected ray and u is the normal vector to the interface 

(Fig. 2.6). It can be shown that if vl. u which is the 

cosine of the angle of reflection or refraction is 

expressed in the iorm: 

lv. ul 1-(n/nl ýx (v. 
V. 

then the equations of refraction contain only terms in 

even powerS,, of u( the normal to the plane) and hence 

are independent of the direction of u. It is also 

possible to express the Fresnel's equations in vector 

form. The polarisation perpendicular to the angle of 

incidence after refraction can be written as: 
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T (ai. t) = 2n(y. 11) A (ai. t) 
n(y. M) + (nl(vl, u) 

where for the subscript ai.. t ýIj' is the unit vector in. 

the direction of polarisation and t is a vector perp- 

endicular to the direction of propagation of.. the ray in 

the plane of incidence hence A(ai. ±) and T(. a... I) are the pol- 

arisati'ons perpendicular to the plane of incidenc6 before and 

after refraction'. The ray tracing equations and 

Fresnells equations are given in Appendix Il and III. 

It follows from this that it is a simple matter 

to trace rays in a non-reentrant prism once the forward 

direction of the ray has been defined. 

The only difficulty with such equations is how to 

start the ray trace. Consider Fig. 2.7 as the raytracing 

equations can yield all the points of intersection with 

the planes in a ray's forward direction and the planes 

extend over all space the start ray would intersect 

planes 1,2,3,4, and 5. How is it to distinguish 

plane 4 as the surface of the diamond? As the co-ojý-dinates 

of the facets are already known from the calcul@Ltion of 

the shape of the prism it is possible to calculate- 

- whether the ray hits a facet or not as follows. 

Consider plane 1 a bezel (Fig. 2-7a). The area of 

the facet is: 

Area of triangle 123 + 134 = A, say, 

Similarly for the intersection point P an area 

P12 + P23 + P41 =B can be calculated. 

A<B 
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For Plane 4 Fig. 2.7b a similar operation is 

carried out: 

P12 + P23 + P34 + P41 =B 

in this case area A= area B. 

Hence the nearest. plane with B=A is the surface 

of the stone. Once inside the stone the nearest plane 

along the direction of the ray is the next plane on 

which the ray is incident. Another point to note is that 

the false planes of symmetry (Fig. 2.4) have special 

optical properties; The Fresnel's equations are not 

applied, the false planes are only a mathematical device: 

all rays are simply reflected whatever their angle of 

incidence. 

Finally, the statistical package calculates the 

measures for brilliance, sparkliness and fire, both the 

autocorrelation and cross-correlation being approximated 

by a serial product. By adopting the photon bucket 

rather than the more exact imaging system 

approach the data are divided into pupil width segments 

along the radial scan. This binning is. modelled in terms 

of a serial form; for a function Q(x) the serial form 

T(i) is, 

Q (u) du x+ (e 

where e is the bin width. 
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For two functios T(i) and S(i) the serial product is 

defined by: 

P(i) = Ei T(i) x S(i+j) 

For the autocorrelation T(i) = 

and the cross-correlation is given by T(i) / S(i). 

I- 
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Chapter III 

The Symmetrical Round Brilliant Cut Dianond 

3.1 Introduction 

Of the many approximate calculations of brilliance 

and fire, only one has used a three-dimensional model and 

of the two dimensional models many have only considered 

the classic diwaond cross section (Fig. 3-1). These 

methods have argued that the table, kites and pavilion 

mains are the principal facets, the stars and halves 

having a secondary role in optical effectiveness. Histor- 

ically, the fashion was to polish the table to about 50% 

of the diameter of the stone and to have short pavilion 

halves. In this case the argument about principal and 

secondary facets was probably valid. However, recently, 

especially in Europe, the fashion has been to polish the 

table up to 65% of the total spread and to polish the 

pavilion halves up to 80% of the distance from girdle to 

collet. In this case, the pavilion halves have an area 

greater than the pavilion mains, and the 2-d argument 

breaks down. Some authors have tried to get over this by 

considering gL particular 2-d cross section as in Fig. 3-i- 

This can be at best considered only a first approximat- 

ion since the normals to the facets for these cross-sections 

do no t lie in the same plane. Hence the 3-d character of 

the prism must be considered. The crown heights are also 

a feature which has changed over the past twenty years. 

The traditional 15% is still considered ideal with the 

range dovin to 10% as an acceptable alternative. 

Let us investigate the effect on optical goodness of 
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varying the crown height, table spread and pavilion 

half factor, for the round brilliant cut style of 58 

facets. 

3.2 The effect of varying the pavilion half factor 

In the first instance the program was used to in- 

vestigate the effect of changing the pavilion half factor 

(PHF) for a round brilliant cut diamond with a crown height 

of 15% and a table spread of 50%, a style not dissimilar 

to that of Tolkowsky (1919). Jn addition the pavilion 

angle is restricted to a range of 370 - 450, the range 

into which all so-called 'good' brilliants fall. The 

results are presented in Figs. 3.2 3.7 

The brilliance is fairly constant over the range. of 

pavilion angles and PHFIs used, confirming that brilliance 

alone is no guide to optical attractiveness. 

Consider first the simpler measure of optical goodness, 

the variance of intensity and differential chroma. It is 

generally accepted that the ideal pavilion angle for 

cutting a brilliant to give maximum sparkliness is 410; 

the variance of intensity has its maximum value centred 

on 40 0 and 43 0 pavilion angles, with the maximum values - 

of PHF 0.5 and 0.2 virtually equal. This is also in 

conflict with the accepted finding that larger pavilion 

halves increase the sparkliness markedly. A further con- 

flict is the result of peak sparkliness for a L`30 pavilion' 

with PHF of 0.8. 

The peaks in the differential chroma are all narrow, 

falling to about half their peak value at ±. L"either-side 

of their peak pavilion angle. Here again there is disagree- 
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ment with the accepted view that the maximum fire occurs 

at about a 410 pavilion angle, falling slowly (ý 30) 

either side of this value. In addition the old mine 

cuts which had small pavilion halves were very fiery and 

this also conflicts with the predictions of the different- 

ial chroma. These contradictions with accepted findings 

and practice lead to the conclusion that the simpler 

measures, variance of intensity and differential chroma, 

are not an accurate enough mirror of the psychophysical 

appreciation of a diamond. 

Now consider the two correlation factors, sparkliness 

and fire (Fig. 3.5 and 3-7). The cross-correlation 

results (Fig. 3.6) are included for completeness on this 

occasion. The factor sparkliness exhibits the accepted 

form for sparkliness, the PHF 0.8 and 0.5 being higher 

than PHF 0.2 with the major peaks centred on the pavilion 
0 angl e 41 The PHF 0.8 again shows a peak'at both 

00 pavilion angles of 40 and 43 With regard to the 

measure for fire the peak values correspond to accepted 

findings, i. e. with the peaks centred on a pavilion 

of 41 0 and the short pavilion half 0.2 having more fire 

than the modern brilliants. As these two factors provide 

such a close agreement. With the accepted generalizations 

they were adopted with brilliance as the triplet of 

measures for optical goodness. The only disagreement 

with the usual findings and popular belief is that the 

pavilion factor 0.8 (the current fashion) does not have 

its peak at 41 0 in sparkliness, appearing to have more 

fire and less sparkliness than for a FHF 0.5. 

As the normal practice is to keep the pavilion angle 
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in the range 390 - 420 and as it is often possible to 

gain a higher yield from a piece of thin rough diamond 

by using a lower pavilion angle, the shallow pavilion 

style is often encountered. 
0 For a pavilion angle of 39 the statistical 

sparkliness of PHF 0.5 is still greater than PHF 0.8. 

However, the fire factor for PHP 0.8 is in the order of 

45% higher than the corresponding value for PHF 0.9. 

Thus the effect of economics of production may have 

resulted in a stone with lower sparkliness and higher 

fire, which is acceptable to the current fashion. 

3.3 The effect of changing the table spread and crown 
ýeight 

Consider now the other current fashion for polish- 

ing stones with larger table spreads and shallow crowns. 

Recall also the historical preference for polishing 

brilliants with a pavilion angle up to 540 (the octa- 

hedral angle). We choose the pavilion angles to range 

from 370 - ý40, select a range-of crown heights of 10%, 

15% and 20% of total diameter and take the table spreads 

to be 4o%, 50%, 60% and 70% of maximum spread, recalling 

the design of Parker with a 10% crown height and Johnson's 

with a 20% crown. The pavilion half factor was kept 

fixed at 0.5 for all the designs. The results are present- 

ed in Figs. 3.8 3.16. 

The brilliance (Figs. 3.8p 3.11 and 3.14)exhibits 

two trends, that of increasing brilliance with decreasing 

crown height and for a given crown height increasing 

brilliance with decreasing table spread. The 60% and 

70% table spreads for the 10% crown height have comparable 
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brilliance to those designs with 40% and 50% tables and 

a 15% cro%-n height. 

The measure of sparkliness shows one major trend, 

that of two sets of peaks. A set of maxima centred on 

pavilion angles of 410 - 430 and a second, generally 

higher peaks, centred on 510 - 530 pavilion angles. 

For the preferred pavilion angles the sparkliness 

of the 20% crown height is lower than that of the 10% 

and 15% crowns. This perhaps explains why Johnson's 

and Rosch's designs were not universally adopted in the 

late 1920's and '30's in contrast to Eppler's designs. 

These, which had a 15% crovm height were quickly adopted 

in the late 1930's and as demonstrated in Fig. 3.12, they 

exhibit the greater sparkliness. An interesting 

advantage in going from a 15% to a 10% crown height is 

the increase in performance of those designs with 60% 

and 70% table spreads. At the ideal pavilion angle 

(410), the 50% and 60% table spreads have virtually 

equal sparkliness. 

For fire the'stones all appear to perform equallyr 

the only discernable feature being the maximum in fire 

0 
for a 60% table spread at a pavilion angle of 43 

By polishing flatter crowns and tables with greater 

spreads it is again sometimes possible to obtain a stone 

with a higher yield from the rough, as was the case with 

the shallower pavilion angle. The 5% reduction in crown 

height can be translated into an extra three degrees of 

pavilion angle. Hence it is sometimes possible to get 

an ideally proportioned pavilion on an otherwise shallow 

stone. For example a 360 pavilion showing the girdle 
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ring effect can be changed into a 39 0 marginal but 

acceptable pavilion angle, or the marginal 39 0 into an 

ideal stone 410. The pavilion angle is generally 

accepted as the most important parameter by the polisher. 

The effect of dropping the crown height to 10% for 

a 60% table (this-can be shortened to 60110) was to 

increase the brilliance to that of a ý0% table, 15% crown 

design (50115). Couple this to the previous argument, 

that an increase in chromatic effect for the 60110 stone 

will compensate for its lower sparkliness when compared 

with the 50115, and it is possible to account for the 

current fashion in terms of economic expediency. 

3.4 Summary 

The modern practice of polishing shallower crowns, 

large tables and longer pavilion halves can be accounted 

for in some measure by the economics of polishing from 

the rough influencing a caprice of fashion (more fire, 

less sparkliness). The statistical measures for sparkli- 

ness and fire confirm the traditional proportions as correct 

and go some way to reconciling the differences between 

the many ideal sets of proportions. This is achieved by 

emphasis of the trade-off between maximizing brillianceg 

sparkliness or fire. Without a survey of human prefer- 

ence it is not possible to draw definite conclusions 

as to how much sparkliness is valued above fire or vice 

versa or what mix of brilliance, sparkliness and fire- 

is psychologically ideal. Tentatively it would appear 

that brilliance and sparkliness are the two more import- 

ant factors. 
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3.5 Another satisfactory set of proportions for the 

round brilliant cut 

The multiple peaks in the sparkliness and fire 

factors lead to the conclusions that the traditional 

cbsigns for the round brilliant cut are not the only sol- 

ution. It is proposed that a design with a table spread 

of 50%, a crown height of 10 15% of the total spread 

and a pavilion angle of 530 plus a pavilion half factor 

of 0.5 would look as attractive if not more so than a 

similar diameter stone in the traditional preferred 

proportions. 

Why has this design been overlooked? It is known 

from historic stones that brilliants were originally 

polished with the pavilion facets on virtually the octa- 

hedral angle of 54-70 but by the 17th century they were 
0 polished on 45 . The transition from the 4 point cut to 

the more complex cuts was also thought to stem from a 

desire to remove broken corners and other imperfections 

in the rough crystals. As the ancient and mediaeval 

diamonds were from India and hence alluvial they were 

invariably damaged. After removing the major external U 
blemishes the pavilion angle was probably already below 

500 and with a high crown (^, 20%). It can be appreciated 

from Fig. 3 15 that a 450 pavilion would have given the 

best optical effect and highest yield from the remaining 

rough. Hence historically there was little opportunity 

to polish stones to these now proposed proportions. In 

addition, the advent of the 410 pavilion and its vast 

increase in optical goodness meant that when mined perfect 

octahedral rough became available in the late 19th century 
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there was no reason to experiment further with the ideal 

proportions, as these were known and could be mathemat- 

ically justified. 
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Chapter IV 

The Rotationally Symmetrical 

Styles of Polishing 

4.1 The requirement for a simpler style than the round 
brilliant cut 

Diamonds as we have seen are often polished in the 

round brilliant cut style of 58 facets. A two carat 

stone is 7mm in diameter and can be adequately held and 

worked using a mechanical dop. A half carat stone 

(diameter approx. 5mm) is still fashioned with a full 
& %Z 

set of facets as is the 20 point stone (100 points = 

1 carat) of which the physical size leads to difficulties 

in handling. With these small goods there comes a point 

I at which it would be easier to manufacture a style simpler 

than the round brilliant cut which reduces the number of 

facets and thereby the degree of optical attractiveness. 41 

However two questions must be answered: how optically 

attractive are the simpler styles and where can the line 

be drawn between a too simple and a sufficiently complex 

style? 

4.2 The stages of manufacture of a round brilliant cut 

A consideration of the stages in manufacture of the 

round brilliant out style will give an indication of the 
. 

possible simplifications and relative importance of some 

of the facets. 

Diamond often occurs as a natural stone with octa- 

hedral habit, (Fig. 4.1a). It is then possible to -saw 

through the crystal producing a cap and the four-point 

4 

sawn model (Fig. 4.1b). The stone is then worked into 
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Fig. 4.1 Showing a) an octahedral rough 
b) a four point sawn model showing 

the ribs onto which the four 
hoeks are polished. 
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a round cross-section. The diamond polisher uses a 6x 

magnifying lens and a simple angle gUUge coupled with the 

visual cues of the rough to orientate the facets on the 

stone. The order of polishing is as follows. The first 

four facets are polished onto the crown and the pavilion 

(Fig, 4.2) across the ribs labelled AB - CD in Fig. 4.1b. 

This results in the four-c, ut arrangement of facets (c. f. 

Fig. 1.2 and the dash dot line in Fig. 4-3). The second 

stage is to polish the remaining crown and pavilion facets, 

the dashed line facets in Fig. 4.3 & (; L25b))Fig. 4.2. 

These two operations are referred to as blocking out the 

stone or the cross work. The second major stage is known 

collectively as brilliantering. This involves working 

the star facets, so that they form with the table two 

interlocking squares (an eight pointed star). Finally 

the halves are worked onto the crown and pavilion. The 

final form of the brilliant is shown in Fig. 4.2 and 4.3. 

The obvious simplifications are then the four out and 

eight cut. If the pavilion halves are extended to the 

collet (eqivalent to a pavilion. half factor of 1.0) a 

sixteen facet pavilion results. Similarly it is possible 

to produce a ring of 16 facets on the crown; the resulting 

style can be termed a sixteen cut. The results thus give 

a hierarchy for the brilliant cut family based on 4-fold 

rotation 
cut 

4 cut 8 cut - 16 cut 

with the full 58 facet style a ýerivative of the eight cut 

rather than an elaboration of the sixteen cut. 
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4.3 Methods of improving the optical goodness in diamond 

While considering the simplification of the round 

brilliant cut diamond, it is reasonable to consider the 

other facet arrangements which may produce increased, 

brilliance, sparkliness and fire. The round brilliant 

cut family all have an axis of symmetry with corresponding 

sets of pavilion and crown facets mirrored in the girdle 

plane. 

Over the past thirty years there have been many 

patented styles. consideration of these will demonstrate 

the usual complications which are attempted. 

More recently Elbe proposed a cut based on an eleven 

fold rotational symmetry (fig. 4.4b). An odd rotational 

symmetry in itself will not result in the girdle reflect- 

ion symmetry being broken. However the pavilion to pavil- 

ion symmetry of reflection will be perturbed to some degree 

and this will produce an increase in the complexity of the 

paths followed by rays. The odd rotational styles will 

mainly result in a great complication in manufacture. 
The magna cut (Fig. 4.4a - M. Fine and Son Inc) is 

based in a 10 fold i. e. 2x5 fold symmetry; again there 

was no attempt to break the girdle symmetry. The main 

, ttempt was to increase the number of facets (102) as the 

popular impression is that this will increase the brilliance 

sparkliness and fire. 

There are no simple methods for producing a stone with 

5,7t 9t 11 and 13-fold rotations using the current hand 

and eye techniques. Hence a special dop is required to 

manufacture these types of styles. The only odd-rotation 

symmetry possible using the standard stone holder is 3-fold. 

0 
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A rough crystal maccel is triangular in cross-section. 

Thus using the visual cues of the rough it is possible 

to produce a three cut and hence a six cut and a twelve 

cut. The twelve. cut was modified by King diamond Cutters, 

New York, in a similar fashion to the eight cut to 

produce the King out (Fig. 4.4c). Superficially, then 

it would appear that these three styles are equally 

difficult to produce. However the King cut is easily 

produced by the traditional cutters and polishers using 

maccle rough. The simpler styles (lower rotation) of 

Messers Fine and Elbe require specialist equipment. 

Thus there is another family of brilliants based on three 

fold rotation with a hierarchy: 

The 3 fold equivalent to the 
58 cut 

3 cut 6 Cut 12 cut 
'NkKing 

cut 

This family has been fully utilized by Vainer (1978) 

in London. He has produced a set of triangular styles, 

the most unusual of which is a star shape after the style 

of the Mercedes Benz trade mark. 

These two families can then be identified as the 

principal members of the class of rotationally symmetric 

styles of diamond polishing. The other familial groups 

requiring specialist equipment for their manufacture 

are: 

5 cut- 10 cut 
7 cut- 14 cut 

9 cut, 11 cut, 13 

It would appear that it 

to go above 16 fold rotationý, 

What modifications to a 

- magna cut 

cut and 15 cut 
has been thought unnecassary 

al symmetry, 

particular style will result 
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in no girdle mirror symmetry or an increase in brilliance, 

sparkliness and fire? We have seen that adoption of an 

odd rotation symmetry does not in itself result in the 

required broken symmetry. 

The popular idea that an increase in the number of 

facets will result in higher optical goodness, is the 

simplest modification; this can be, called an a-type 

modification. 

The two other methods adopted by the diamond designers 

have a rotation of the crown facets with respect to the 

pavilion facets and a rotational symmetry with unequal 

numbers of facets on the crown and pavilion. 

Rotation of the crown with respect to the pavilion 

leads to the notion of 'screw'. The four cut with screw 

is a four-cut crown with the pavilion rotated by 450 with 

respect to the crown. Similarly the eight cut with screw 

has the usual crown arrangement with crown on pavilion 

rotated by 22: L2O. The screw method of modification 

will be classed as a b-type modification. 

The final method that of obtaining different numbers 

of facets on pavilion and crown, can be achieved by two 

distinct methods. The first can be classed a c-type 

modification and is accomplished by combiriing the crown 

of one familial element with the pavilion of a member of 

the same family; e. g. an eight-cut crown and sixteen cut 

pavilion giving two pavilion facets below each of the 

eight crown facets. 

The second modification is-to combine the crown of 

one family with the pavilion of another family. For 

simplicity we could take a crown from the 4-fold family 

with the pavilion from the 3-fold family or vice versa, 
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thus breaking the girdle symmetry. This will be referred CD 
to as a d-type modification. 

Thus there are two basic families of styles based 

on the four and three fold symmetry and four types of 

modification to the class of rotationally symmetric styles 

which require no increase in the. diaAnond polisher's 

basic skills and more important, mechanisation. 

4.4 A system of notation for style description 

Tillander adopted a method where the number of 

crown and pavilion facets were displayed by a slash; 

e. g. the 58 facet round brilliant cut diamond would be 

33/24. In this method there is no way of distinguishing 

between those stones exhibiting a particular form of 

modification. The notation therefore adopted is as 

below. The comm. on styles have special symbols so that 

the 58 facet round brilliant cut Is denoted by 58, and 

the sixteen cut and twelve cut by 16 and 12 respectively. 
If the crown and pavilion differ such as in type c 

modifications the style is denoted by crown type/ pavilion 
type; for example 8/16 denotes an 8 crown with 16 

pavilion. For a d-type 8/6 denotes an 8 crown and 

6 pavilion (6-cut pavilion). Fancy cuts such as the King 

cut and Magna can be described using the method of 

Tillander with superscripts indicating the rotation 

symmetry used. Thus the King cut is 49 12 136 12 ) and the 

Magna (6110/4010). 

Screw is denoted by the suffix plus sign after the 

style for the two examples given 4 cut and 8 cut with 

screw 4+ and 8+ respectively. 
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4.5 The brilliance, sparkliness and fire of some of the 

modifications to the round brilliant cut diamond 

The different types of modifications were investig- 

ated by amending the computer program used to investigate 

the optical goodness of the round brilliant out diamond. 

The a-type modification was investigated by taking the 

four fold family and considering the 4.8 and 16 cut. 

The effect of screw in the b-type modification was calcul- 

ated for the 4+ and 8+ styles. A single example of c-type 

was investigated at this time. 

The pavilion angle was limited to the range 370 - 450 

and the crown heights and table spreads were chosen to 

correspond with those used in the study of the 58 (see 

Chapter III). For the 16/58 style a PHF of 0.5 was 

chosen. The results are summarized as Fig. 4.5 - 4.13 

and the complete results are presented in Appendix IV. 

First consider the trends within the individual styles. 

All the cuts exhibit similar trends to the full 58 style. 

As before brilliance decreases with increasing crown 

height, this being clearly demonstrated for the 8 by 

Figs 4.5 - 4.7. The decreasing brilliance with increas- 

ing table spread for the 10 and 15% crown heights persists. 

The 16 cut has been chosen to exhibit the sparkli- 

ness trend (Figs. 4.8 - 4.10), with peaks centred on 410 

and 43 0 pavilion angles. The increase in performance 

with larger table and shallower crown is again apparent. 

The unsuitability of a 20% crown height is again demon- 

strated by the lower sparkliness for the 16 cut in 

agreement with the findings for the 58 cut. As to fire, C> 
all the t'able spread and crown heights perform equally 

well as demonstrated by the 16/58 (Fig. 4.11 - 4.13). 
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Thus we see the advantage of Eppler's practical cuts 

and Parker's design with the lower crown heights 10 - 15% 

against Johnsen's and Rosch's ideal cuts with a 20% 

crown., 
As the trends are co=on to all styles the discuss- 

ion of the various modifications was further confined to 

the set of typical results from 15% crown heights and 

50% table spreads. 

4.6 Discussion of a-type modification, the effect of an 

increase in the number of facets on optical 

attractiveness 
For the a-type of modification brilliance increases 

with the number offacets (Figs 4.14 and 4.17) in agree- 

ment with popular belief. However the effect is not as 

marked for the 8 16 58 transition as the 48 

transition. For this example the 4 is some 40% less than 

the 8, with the 8 and 16, which are comparable, being 

only some 5% less brilliant than the 58 style. 
This lack of performance (for the 4 cut) is further 

emphasised by the measure of sparkliness. The 4 cut 

is a factor lower than the 8,16 and 58 styles (Figs. 4.15 

and 4.18). However, the 4 still exhibits a strong peak 
0 

at the ideal 410 pavilion angle. 

Although the 58 is strictly a derivative of the 8 cut 
it can be considered an admixture of the 8 cut 
(forming kites and pavilion mains) and the 16 out- 

(forming the crown and pavilion half facets). This notion 

is demonstrated by the sparkliness results. The peaks for 

the 8 and 16 styles occur at 390 and 430 pavilion anglest 
the 58 having the well known peak at 410. The form of 
the sparkliness results also exhibit this 8,16 mix 
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the 58 style having a shape which is the scaled sum of 

the 8 cut'and 16 cut curves. When fire is considered 

there are agian no simple discernable trends. 

The advantage in polishing an 8 rather than a4 cut 

are therefore apparent (increased brilliance and sparkli- 

ness). However this advantage is not carried forward 

to the 16 style, which can even show a slight decrease 

in attractiveness with respect to the 8 cut. However, 

the 58 facet round b rilliant cut again exhibits a 

consdierable gain in optical goodness over the 8 and 

16 styles. 

The question arises, why therefo-re the 16 cut does 

not exhibit a substantial increase in optical effect over 

the 8 cut? As mentioned when discussing styles with odd- 

rotational symmetry, increasing the degree of rotation 

say from 8 to 16, will not in itself break the girdle 

mirror Aymmetry of pairs of crown and pavilion facets. 

However placing the halves on a 58 style adds fa3ets 

which are skew to each other (for PHF's less than 1.0), 

and so increase the chance of rays talcing a non-simple 

path through the stone. Thus the important distinction 

can be drawn between style modifications which increase 

the number of facets by 1. addition'of skew facets, the 

preferred scheme and 2. those which gain an increase of 

facet numbers by symmetry multiplication, which is to be 

avoided. 

4.7 Discussion of b-type modificat-ions, screw 

The brilliance (Fig. 4.17) for both the eight cut 

and eight cut with screw (8+) are reasonably equal over 
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10 ?1 
the pavilion range used for all crowm heights and the 

table spreads. This equality is again demonstrated by 

the 4 and 4+, thus confirming that brilliance is a. 

function of the number of facets, and not their orientat- 

ion. 

The statistical sparkliness (Fig. 4.18) of the 4+ 

is altered very little except that the peak value is 

00 
shifted from pavilion 41 for the 4 cut to 43 , The peak 

value for the 8+ also exhibits this shifting effect. 

However, the 8+ peak is significantly higher at 41 0 than 

0 the 8 peak value at 39 , In addition the peak value of 

the 8+ is greater than that of the 58 style. This confirms 

that a break in the girdle symmetry can result in an 

increase in optical goodness. The colour variation 

(Fig. 4.19) of the 8+ is much lower than that exhibited 

by both the 8 and 58 styles. However, the higher sparkli- 

liness probably results in an overall increase in attract- 

iveness for the 8+ against the 8 style. 

4.8 A discusion of c-type modification 

The brilliance (Fig. 4.14) of the 16/58 lies between 

the 16 and 58 styles in accordance with previous findings 

except at pavilion 390 where it dips below the 16 cut 

result. 
The commonly held opinion that the pavilion is more 

important than the crownin determining optical goodness 
A 

is de4trated by the sparkliness factor. Here (Fig. 4.15) 

the peak value for the 16/58 lies between the peak for 

both the 16 and 58 results, with its form following the 

results of the 58 cut more closely than the 16 cut; a 
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peak is centred on a pavilion angle of 410 with a steady 

00 fall off towards pavilion angles 39 and 45 

The fire factor (Fig. 4.15) in the pavilion range 

390- 430 shows the 16/58 to be appreciably better than 

either the 16 or 58. Using the argument invoked in 

sections 3.2 and 3.3 (that a higher fire can compensate 

for lower sparkliness) it is possible that the 16/58 is 

as attractive as the full 58 style. 

4.9 Summary and conclusion 

Thus there are two main families of rotationally 

symmetric styles based. on 4-fold and 3-fold symmetry 

and four types of modification. 

a) an increase in the number of facets. 

b) the rotation of the crown with respect to the pavilion. 

c) the mixture of a crown and pavilion from two members 

of the same family. 

d) the mixture of a crown from one family with the 

pavilion of another style from a family of different 

degree of rotational symmetry. 

Modifications a, b and c were investigated using the 

4-fold symmetry family. 

Increase in the number of facets was shown to result 

in an increase in optical goodness. Further, a superior 

result is obtained by the addition of skew facets in 

comparison with that resulting from an increase only in 

rotational symmetry. Screw will either improve a given 

design or at worst leave the maximum value unaltered. 

The mixing of crown and pavilion facets resulted in 

a stone with brilliance and sparkliness between the two 

component styles but much improved fire. 
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This brief survey of the modifications of the 58 

facet round brilliant out diamond, which can be achieved 

with no increase in the diamond polisher's skills and 

mechanization has shown that the eight out with screw 

has greater sparkliness than the 58. However the lower 

brilliance and slightly reduced fire of the 8+ lead to 

a less attractive stone, nevertheless it may be a simple 

and suitable substitute for the 58, particularly so in 

the smaller si7. es of less than 20 points. The principal 

general conclusion is that virtually any design with the 

standard proportions and a rotationally symmetric arrange- 

metn of facets with eight or more facets on the crown and 

pavilion will give a reasonable, if not an optically ideal 

stone, which is a suitable substitute for the round 

brilliant cut in the smaller sizes. 
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Chapter V 

The Brilliance, Sparkliness and Fire 

of some Diamond Simulants 

5.1 Introduction 

It is possible to classify gemstones into three 

distinct groups: i. those valued for their depth of colour 

such as the titanium-iron doped alumina, blue sapphire 

and the chromium doped alumina and beryl, the red and 

green gemstones known as ruby and emerald; ii. those 

exhibiting peculiar scattering effects including the 

chatoyant and star stones, whose appearance is the 

result of scattering from crystallographically orient- 

ated asicular inclusionsland the thin film interference 

of labradorite feldspar. Of this type the most well known 

is opal, a close packed array of quartz scatterers in 

a solidified gel giving rise to Bragg diffraction in 

the visible (the structure was correctly deduced by 

Brewster, 1840). iii. Those transparent materials 

polished as complex prisms to exhibit the three effects 

of brillianceg sparkliness and fire. 

Diamond is pre-eminent among this class. The suprem- 

acy i. s attributed to its high refractive index (2.41) 

and high dispersion (0.044) giving av value of about 

32. 

These optical properties coupled with its high 

resistance to abrasion, its rarity as large optical 

quality crystals and the difficulty of synthesis conspire 

to produce an article which can cost in excess of 010 M 

per kilogram. This has lead to many attempts at both 
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Fig. 5.1 Two sets of faceting limits for polishing 
the normal diamond simulants. 

a) After P. Grodinski (1952). The fig. 266, p403 is 

equivalent to fig. 2.5 

TABLz 44 

IDEAL BRILLIANT ropums OF TR. A. NSP. iRZ-: NT MINERALS 

ad, U. 4 Am. 

lwgbt Tw Roam 
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. (.. I 
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__ 
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.W 
Fý 

c . 
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O. W. pwýj pwý ? #f4w& pwý raft" #a. " Cog. 

""' I D, Diamond* Z'43 24: 5 19 40 19 6t 56 - 4t. t 33.1 
Zircon'.. * * 1 *91 509 21*0 40-7 6&-7 64*7 1910 - 47*0 Is's 
Corundum (sj;; hi=) ' : '77 341 24'0 40*9 64-9 66-9 60-0 - 30.2 51-9 
spinel, .... V75 jj'4 24-6 49-0 61-6 6-6 6cpS - Itv $9-0 
Topw.. 1-63 37-9 :6 4: 't 67-S 69-t 61.0 - 1310 3911 
Touxm2l. lact 1-63 3s. t ars 40-7 68-0 70-0 39 - 11.1 59-t 
P-Mitl 1119 3910 ZT19 40*7 68.6 7*-6 39-4 - 14-0 59-t (19-to) 
Emcrald t-31 19-3 25-t 41-t 69-1 7.1.2 16-6 47-8 12.3 39.4 (39-0) 
Aquamarinct : 17 39*6 13*1 414 69*7 71*7 13*t 41's 10', 39's (174) 
Aock crystal 1-14 40*7 arl 44*9 70*4 72*4' 44*1 : 1.6 44*1 40-6 (14.0 

* Values according to S. Rcesch. 
t Values according to W. F. EPPICf. 

Foe minerals with a smaller than t-19, to avoid losses in bc. 111ancT. 
%IoCT=ite (pink). 
ScIt Fig. 266. P- 403- 
Tbs vidth at the girdle being taken is too. 

b) After Harding (1975-Y. - Recall also fig. 1.16 (the 

recommended faceting limits for diamond), the 

zones A. B and C have the same meaAIPý5i The 
'common recommendations' are: - 1) GIA (1975b), 
2) Soukup, E. J. (1962)9-3) Sinkankas, J. (19ý2) 

and 4) Tolkowsky, M. 1919; +A is the crown angle 
and B the pavilion angle. 

COMMON - RECOMMENDED 
P/B RECOMMENDATIONS PER CHARTS 

I and 23 Zone A Zone B Zone C* 

quartz 43/42 43/40-50 43/37 BlAt 
* - 

beryl 43/42 43/40-50 43/3 5. 40/34 40/18 

topaz & 39/43 (40/40) 43/33 40134 40/17 
tourmaline 42/41 39/37 39/23 

perldot & (40142) - 39/43 (410/40) 43/32 40/32 39/22' 
spodumene 42/39 39/36 38/27 

spinet & i213 7 (40140, 43/31 40/31 39/21 
grossular 42/37 39/35 38/26 

corundum (40140) 42/37 43/30 
42/36 

40/30 
39/33 

39/20 - 38/25 & garnets 38/36 37/30 

low zircon 41/40 42137 (40/40) 43/28 
42/34 

40/28 
39/31 

39/20 
38/24 & YAG 38/34 37128 

diamond 40.8/34.5 (Tolkowsky)4 43/20 
42/26 

41/18 
40/21 

38/20 
37/20 

39/24 36/20 

*Zone C includes the Table as a bezel with zero sl ope. Experimental cuts in this 
zone are brilli ant buf look strange ano may riot be desirable. 
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synthesis of diamond and production of a transparent 

material having the optical properties of gem diamond. 

These non diamonds are called diamond simulants. Several 

new crystals have recently been produced by the electronics 
industry with properties similar to those of diamond. Two 

questions may be asked about these stones. 

1) What is the optical performance of a particular sim- 

ulant and how does it compare with diamond? 

2) Is it possible to place limits on the faceting prop- 

ortions, such as those given by Rosch, Eppler and 

Harding, (Fig. 5-1)? 

5,2 The diamond simulants 

Glass has been-the most Popular simulant for diamond. 

The highest refractive indices for glass are typically 

1.8 with IvI values not dissimilar to diamond in the 

high 20's and low 30's (Fig, 5PZ). The Rhinestone, 

Diamonte and French paste are all glass diamond simulants, 

paste being the generic for glass simulants. 

Naturdl crystals have also been used, zircon (n = 

sapphire (n = 1.76), spinel (n = 1.73) and even topaz 

(n = 1.63) which can be easily beaten for optical constants 
(higher n and lower ý values) by the SF batch of glasses 
(Fig. 5.2). 

Although these materials exhibit the effects of 

brilliance, sparkliness and fire to some degree and 

are passable in jewellery, the stones are easily disting- 
I uishable from diamond by direct comparison with diamond 

or by the applications of simple tests. The interested 

amateur with a lOx lens and a critical angle refracto- 
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meter can detect zircon with the lens by its high bire- 

fringence, and all these other simulants with a simple 

critical angle refractometer . which measures up'to 

n--1.85. 

The notion of a doublet in a gemstone sense can be 

introduced usefully at this point. As diamond is so 

expensive, stones are often manufactured as a composite 

of two gem varieties, usually a diamond crown and a 

pavilion of some other material (often sapphire). Occasion- 

ally diamond-diamond doublets are seen. The detection 

of a doublet in a set stone is achieved by using the lens 

to observe the plane of cement; even if it does not contain 

bubbles the refractive index boundary in the region of 

1.35 can be seen. 
With the growth of electronics and the semi-conductor 

industry, exotic crystal growing has become a standard 

laboratory procedure and it is easy to synthesise naturally 

occurring materials and novel and curious crystals. 

Several of these new crystals are, highly transparent in 

the visiblet have cubic symmetry, refractive indices 

higher than 1.8. and comparable colour dispersion to 

diamond. They are in. fact extremely good diamond sim- 

ulants, not easily detected by an expert with the tradit- 

ional testing equipment. The most successful of the 

cubic simulants has been strontium titanate (n = 2.42, 

v 9), which is in many ways'better than diamond. 

However the public have preferred materials with higher 

V values (less dispersion) such as yttrium aluminate 

with garnet structure (YAG), gad6linium gallium garnet 

(GGG), and even the birefringent crystal lithium niobate, 
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Material Ref. " 
Pa e No. 

Re-friCtive 
Tvidex - 

V-value 

Strontitun Titanate a 181 2.466 9 

ZOC 2.171 38 

GGG a 117 2.02 36 

Yttralox a 118 1.92 30 

YAG a 120 l. '84 61 

Spinel a 163 1.73 6o 

TiF6 b 1.616 31 

BK7 b 1.516 64 

Rutile a 155 2.61-. 2.90 

Lithium Nigbate a 136 '2.21.72-30 

Zircon a -. 214 1.92: nl. 98 

Sapphire a 44 1.76-1-77 

Topaz a 202 1.61,1.62 

Quartz a 147 1.54-1-55 

Diamond 1 2.417 32 

Fig 5.3 A table of the optical constants 
of the diamond simulants and-some 

of the birefringent crystals. 
a) 01 Donoghue (1976) 
b) Schott & Gen. (1977) 
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In the past eighteen months, to this list has been 

added a zirconium oxide of cubic symmetry, its close 

relation zircon being tetragonal and as mentioned 

birefringent. The material is sold under at least three 

names and as yet no official name; although, the acronym 

ZOC (zlýck) for Zirconium Oxide with Cubic symmetry has 

been suggested.. 

Synthetic rutile developed for the paint industry 

in 1949 (one of the p. olymorphs of Ti02, the others being 

anatase n=2.5 and Brookite n=2.6) is the highest 

refractive index material for normal gems, n 2.8. 

Unfortunately it is highly birefringent, ne nw = 0.287t 

but it is stillused as an effective simulant. 

To overcome the apparent excess of optical goodness 

in strontium*titan'OeA. Brooks, a lapidary*of London, 

has produced a stone with a cliear. - sapphire crown and 

strontium titanate ýavilion known as a 'Hardtops'. In 

this way the crown serves two ends i. ) in damping down 

the optical effect and ii. ) capping the relatively 

low abrasion resistance of strontium titanate (Mohs 6) 

by the hard material alumina (Mohs 9) 

5.3 The survey of simulants 

As the programme is only applicable to cubic symmetry 

and amorphous materials, it was not possible to 

investigate the birefringent crystals. The study was 

confined therefore to strontium titanate, ZOC, GGG, 

Yttralox (a General Electric sintered material made from 

yttrium oxide and thorium oxide), YAG, spinel and TiF6 

and BK?, two glasses manufactured by the Schott optical 



112 
1000 

10 

(I) 

. 

C 
0 
Cr, 

pavilion angle 

50 

Fig. 5.4 a guide to the graphs oF 
optical goodness, 
Zone A better than diamond 
Zone B equal to diamond 
Zone C worse than diamond 



I 

. 7- 

"5_C 

- 

___ 

C- 

0 

. 3- 

. 2-1 
3 41- 43- 

1 45 
pavilion angle 

stro no Yttr %-' BK7 ix 
Dic YAG The variation of brilliance 

with pavilion angle for 

ZOC 

GGG 
13 
A 

Spinelv/ 
TF6 + 

various materials. 
Crown height ZM 
Table S; read 4c, '@ 
PRF 0.5 
SVIle round brilliant out 

Fig. 5.5 



i1 

0 

0 

CD 

1ý t 

J: 2 

. 
9- 

. 8- 

X---X 

4-1 

. 3-11 
37 31 9' ý1' 

-41 3' 
pavition angte 

stron o IY-tLr --*IBI, <7 
Dic -----IYAG 0 
ZOC m Spine-tv 
GGG A TF6 + 

Fig. 5.6 
1 

The variation of brilliance 
with pavilion angle for 

various materials. 
Crown height iý", 
Table spread 40% 
PH? 0-5 
Style round brilliant cut 



14 1 

13 

cr 

OD 10 

-3-, 1 
317 319' 411' 413 41 5' 

pavilion angle 

stron o IYLLr or, % -X- -'IBK7 
Dýci YAG 0 
ZOC m Spinetr, 
GOG A TF6 + 

The variation of brilliance 

with pavilion angle for 

various materials. 
Crown height 3ý0% 

Table spread 4c% 

PFIF 0.5 

Style round brilliant out 

Fig. 5.7 



I I. 

(D 

" 

-o 

. 
9- 

x---x 

x5 

. 3- Ia11 

41 4 3" 45' 
pavition cingte 

I -- I 
LL stron oIY"rBK7 

Dic YAG Q 
ZOC o Spinetv 
GGG & TiF6 + 

The variation of brilliance 

with pavilion angle for 

various materials. 
Crown height 10% 
Table stread 5c, % 
P-HP 0.5 
Style round brilliant cut, 

0 

Fig. 

317 'o -3 
190 



"1 
ii. �I 

. 
9- 

97- ...... .. 

Cl) u 

. LD 

. 3-1 1 
II101 0' 1 37' . 39" 41 43 45 

pavilion angte 

stron o 
l'YtLr 

#, %IBK7 
Dic YAG 0 
ZOC o Spinetv 
GGG A TF6 

Fig. 5.9 

The variation of brilliance 

with pavilion angle for 

various materials. 
Crown height 10*4 
Table spread 6% 
PHIF 0-5 
Style round brilliant cut 

0 



110 

. 
9- 

. 8- 

. 7- 

'r: I 

. 3- 
: 3y- 41- 4: 3- 

stron o YtLr 
Dic YAG 
ZOC o Spinetr/ 
GGG Ti F5 

9K7 -x- 

I 

r-v 
Z 

The variation of brilliance 

with pavilion angle for 

various materials. 
Crown height 10% 
Table "read 7c% 
m I -iF 0. 
Style round brilliant cut 

Fig 5.10 

pcvition angte 



119 

glass company, which were included more for complet6ness 

than as useful simulants. The optical properties of these 

materials are shown in Fig. 4.3. 

The study was confined to the round brilliant out 

style of 58 facets. The pavilion and crown proportions 

were those used in the study of the round brilliant cut 

diamond (see Chapter III) with a pavilion half factor 

of 0.5. The complete results are contained in Appendix V. 

The graphs are presented as charts of a particular 

crown and pavilion combination of all the chosen materials; 

two boundary lines are given. The upper bound (the dash- 

dot line) is for sparkliness, the peak value occurs for 

the 15% crown 40% tab3: e style (Section 3.3. Fig. 3.12). 

The values for brilliance ýndl fire fo r the same style are 

plotted on the brilliance and fire results. The lower 

bound solid line (the old mine style) and again the equiv- 

alent values are those used for the brilliance and fire 

results. 
This implies that any material with parameters within 

J_ these bounds is an acceptable simulant for diamond. Mau- 

erials above the upper bound are better in some sense 

than diamond, while below the lower bound they are unsat- 

isfactory as diamond simulants. The three bands will be 

referred to as Band A> upper bound, Band B, upper bound 

>Band B lower bound 
) and 0 < lower bound, 

(see Fig. 5.4). 

5.4 Results and discussion - 
Yet again the brilliance exhibits clear trends. 

Decreasing brilliance with decreasing n for increasing 
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crown height (Figs 5.5p 5.69 5-7), and decreasing 

brilliance with decreasing n with increasing table spread 

(Figs. 5.7o 5.8o 5.9t 5.10). The individual materials 

behave exactly as the diamond results of section 3.3. 

The increased brilliance for a 10% crown'is clearly 

cbmonstrated by the 40% table results (Fig. 5-7). All 

the materials above spinel (n = 1.73) are in the 

acceptable region Band B, with GGG, ZOC and strontium 

in Band A, the higher perfotmance region. However this 

extra advantage has been lost by the 70% table (Fig. 5.10) 

with all the materials above spinel in band B except 

strontium titanate in band A, 

It was found in section 3.3 that the sparkliness 

results for diamond were nearly all contained in the 

region 100 - 400 sparkliness units. With BK7 (n = 1.51) 

having values as low as 4 units the spread of values for 

all materials is some two decades. General trends in 

sparkliness are discernable b ut are not as well defined 

as for brilliance. Considering the 15% crown height 

results (Figs. 5-11P ý. 12, -5-139 5.14) there is a general 

fall in performance with refractive index for increasing 

table spread. In contrast to brilliance none of the 

materials breaks into band A, but as before strontium 

titanate is slightly higher than diamond. Thus the 

superior performance of strontium titanate which should 

result in a more attractive stone is demonstrated. The 

apparent dislike of this gem material (its optical effect 

is considered vulgar by, many) must be another caprice of 

fashion. When the set of acceptable simulants is consid- 

ered (band B) the individual fall in performance of 

materials with increasing table spread has a noticeable 
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effect. For the 40% table yttralox and above are 

acceptable, for 50% the lower limit is GGG, 6o% zoc 

while for 70% tables only strontium and diamond are in 

zone B. 

A similar trend is just discernable for a variation 

in crown height; the results for the 50% table are typical 

(Fig. 5.12t 5.15 and 5.16). The fall in performance 

here is a function of increasing crown height. The 10% 

crown yttralox and YAG are at the lower bound. With the 
20% crown. Only strontium titanate and diamond are in 

band B. Over the range of acceptable diamond styles, as 

discussed'in section 3.3. the use of YAG, yttralox and 

GGG and more recently ZOC as diamond simulants is also 

justified, although these materials give lower perform- 

ance than a diamond of the same proportions. This is 

especially true for the moder:! i styles of polishing 

(lower crowns). 
As before (Phapter III and IV) the fire gives complex 

data from which few general conclusions can be drawn 

(Figs. 5.17,5.18,5.19 and 5.20 are typical). However 

it would appear that the lower V value materials do give 

higher fire with the ZOC having whiter sparkles, an 

edva, itage in the present styles. 

5.5 Summary 

The optical goodness of the 58 facet round brilliant 

cut was investigated when produced in a. selection of 

diamond simulants. Strontium titanate was shown to have 

optical goodness higher than diamond. YAG, yttralox, GGG 

and ZOC were shown to be acceptable simulants of diamond 

with the set of charts (Appendix V) showing the faceting C) 
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limits. These charts are based on the performance of 

the typical styles for diamond, discussed in Chapter III. 

The lower limit was chosen at 100 of the arbitrary 

sparkliness units, all materials with styles above this 

bound are considered satisfactory. Materials such as 

spinel were shown to be marginal. 

A correlation between general decrease in optical 

attractiveness and decrease in refractive index was 

found. This shows (in general terms) that stones with 

n above 1.8 are acceptable simulants, while stones in 

the range n=1.7 - 1.8 are marginal simulants. Below 

n=1-7 the materials are less useful as simulants, even for 

their particiilar ideal p. roperties. As optical goodness 

appears to be a function of refractive index these 

general conclusions are also valid for the birefringent 

crystals, to a first approximation. 

Finally, as strontium titanate is considered to 

exhibit a gross optical effect, ZOC with its whiter 

sparkliness is the most satisfactory simulant for 

diamond. 
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Chapt -er VI 

The Diamond Grading Engine 

6.1 Introduction 

It is to be remembered that the finall value of a 

diamond is a function of the four factors, 4colour, 

clarity, carat weight and cut. Of these, weight and 

colour can be measured using non-subjective methods and 

machines. With the recent consumer legislation the 

requirement for an independent assessment of all four 

factors has arisen. The Scandinavian Diamond Nomenclature 

(1969) contains methodologies for the assessment of 

clarity and cut, and Burr (1974) has also developed a 

systematic method for grading clarity. As yet there is 

no, direct way of measuring the optical goodness of a 
dia-mond such as the round brilliant cut. 

There are two approaches to grading the optical 

goodness of a diamond. The traditional 

measurement of the propo-rtions of the s 

proportions are well known and as these 

single solution, any stone having these 

will have the greatest optical effect. 

methods of measuring the optical effect 

those based on the method. of Rosch (see 

method invDlves 

tone. The ideal 

constitute the 

ideal proportions 

The only direct- 

of a stone are 

Chapter II). 

6.2 The indirect measurement of optical goodness 

When proportion is measured three schemes are usually 

f ollowed: 

i) The traditional shadows technique of the cutters, 
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ii) The use of Fau, ges and measuring devices coupled 

with simple merit bounds 

iii) The Scandinavian Diamond Nomenclature technique. 

i) The shadows technique is the method still used by 

polishers to estimate the goodness of a gem and is 

based on experienced judgement. The stone is viewed with 

a lens and a region of shadows through the table is 

observed (Fig. 6.1). Shadows halfway between the 

cullet and edge of table imply correct proportions, 

whereas shadows concentrated around the cullet imply a 

shilow pavilion or high crown and small table, the 

converse is true for shadows near the edge of the table. 

This method works well'as the tolerances for acceptability 

for diamond are small. How ever there is no sliding scale 

of goodness as the stones are only placed in vague 

groupings. 

ii) The proportions using simple gauges followed by com- 

parison o fthe stone with one of the ideal proportions 
(e. g. The GIA use Tolkowsky's style whereas The Diamond 

Grading Laboratory use the Scandinavian Diamond. Nomen- 

clature). Simple merit bounds are then chosen; for the 

stones within x% of the ideal proportions considered 

good ) outside that region mediiLm. This method breaks 

down in that while a stone with a major fault is assessed 

as medi=, it is difficult to assess the effect of many 

minor faULts other than reference to experienced judge- 

ment. 

iii) The' method of Tillander's committee is a comprehens- 

ive method for measuring proportions. The major 
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-components of make, table spread, crown height are 

measured as well as minor cutting faults such as off- 

roundness. Graphs of merit points against proportions 

and cutting faults are given. This method takes 

considerable time to put into practice but at least is 

foolproof. 

6.3 The diamond grading engine 

This optomechtronic device can be split into four 

main components: 

i) The illuminator comprises a 100 watt tungsten hal- CD 

o ; en bulb, with regulated current supply, a type Schott g 

KGI heat filter and coloured filter holder. The bulb is 

focused to produce an f160 bea., n at the stone. An 

alignment laser --an be substituted for the illuminator 

when required. Three gelatin colour filters are usedg 

red, green and blue. 

ii) The stone holder comprises a pair of modified five- 

claw corn-tongs which friction fit into an x-y'54_OL5e-_ (A&%d 

mirror mount which in turn is mounted onto the shaft of 

of, an 8K rev electric motor. The motor is mounted on 

ay-z stage with rotation and+11t 

iii) The detector is a reverse biased pindiode mounted 

on the swing arm of a stepping motor, the axis of the 

motor is perpendicular to the beam axis and the stone. 

The signal is measured on a Keithly ampmeter which has 

a resolution of 2x 10-11 amps over five decades. 

iv) The measure of optical goodness deduced from the data 

were calculated off-line on the computer facility at 

Imperial College. 
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The illuminator, stone holder and detector assembly 

were mounted on a stable aluminium optical table produced 

by the National Physical Laboratory. 

6.4 Setting up the device 

The alignment of the three main components falls 

into four stages: 

i) An He-Ne laser was used to define a centre line. The 

laser was mounted on a standard bench mount and rigidly 

attached to stops on the base plate. 

ii) This is followed by the alignment of the stone hblder 

The motor shaft is adjusted to be cD3inear with the optical 

axis, a once and for all adjustment. Light was reflected 

from the x-y mirror mount and by adjustment of the motors 

z-y rotation and tilt stage the light was caused to 

follow its reverse path until it re-entered the window 

of the laser. This apparently simple alignment device 

leads to the stone holder being orientated within 0.01 0 

of the optical axis, half the angle the laser window sub- 

tends at the stone. The motor and stage assembly was 

then clam-ped rigidly to the base plate. 

iii) The axis of the stepping motor was adjusted to be 

co-linear with the plane containing the table of a stone 

held in the stone holder and the optical axis of the 

engine. The pindiode was set up in the plane perpendic- 

ular to the stone table containing the optical axis. 

iv) Finally the tungsten illuminator was set up. This 

involved replacing the laser with the lamp and again 

arranging for the incident light to be reflected back to 

the bulb. In this instance the lamp was. adjusted and 
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not the stone holder. The orientation of individual 

stones uses the same reflection method. The stone is 

placed in the corn tongs and the axis on the motor stage 

is adjusted so that the table plane contains the axis 

of the stepping motor. The x-y mirror mount is then 

adjusted to return the reflection from the table along 

its original path even when the stone is rotated. The 

stone and central portion of the rotating mount are CD 
therefore often off-centre. When rotating at typically 

1000 revs per minute, this unbalanced situation produced 

considerable forces and it was found necessary to 

further construct a rigid cage to stiffen the already 

rigid stage on which the motor was attached. This 

damped down the otherwise considerable vibration which 

was sufficient to give unreliable result, 9 due to vibrat- 

ion of the pindiode-. 

6.5 Discussion of the results 
Twelve stones were provided by the Diamond Trading 

Company for testing and the individual stones will be 

referred to as 1-12. The intensity distributions in 

red, green and blue portions of the spectrum were meas- 

ured using the engine. It was possible to make a base 

line correction and to normalize the data by comparison 

of the stones intensity patterns with the reflection from 

a rotating ball bearing. 

Four sets of results are presented as Fig. 6-3. 

i) The stones were assessed for optical attractiveness 

by several diamond experts. The expert observers were 

requested to divide the stones into groups of equal 
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optical effect. However, it is to be noted that their 

usual practice is to assess the optical effect by 

inference from optimal proportions. The stones were exam- 

ined with a loupe and not the relaxed arms length of the CO 
normal observer. 

ii) The Scandinavian Diamond Nomenclature assessment of 

make was calculated using their charts of demerit. The 

proportions were measured using a travelling microscope 

iii) The measured proportions of-part ii were used as the 

input for the computer model. 

iv) The data from the diamond engine were calculated 

offline using the I. C. C. C. system. 

The expart observers placed the stones into five 

groups with the stone referred to as number seven as 

markedly superior. As this was an atypical, grading 

methodology for these operatives it would seem reasonable 

to accept that the errors in assessment could be relat- 

ively high. dnd'at least t1 
group. The Scan. D. N. 

calculation again placed stone 7 as the best with 4 as the 

worst. For the other stones there is no obvious trends 

although all the stones except 4 are very acceptable makes 

in a commercial sense. The results of the computer 

programme and engine again placed stone 7 as the superior 

specimen with 2 and 4 as the worst in sparkliness. For 

the progr&-nme the stones 10 and 11 have higher brilliance 

and sparkliness than would be expected from their expert 

position. While for the engine results stone 11 still 

exhibits higher brilliance while sparkliness has fallen, 

the opposite is true for stone 10. However, the general 

trend of sparkliness is in aggreement with the expert 
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grading. As seen before the fire results fluctuate and 

appear to follow no clear trend. This sample is obviously 

too small to draw any conclusions as to the relative 

importance of brilliance, sparkliness and fire. Although 

it does appear that brilliance and sparkliness are the 

major influences as measures of optical goodness. 

6.6 Summary and conclusions 

It proved possible to construct a diamond grading 

engine for make based on the technique of Rosch utilizing, 

statistical measures proposed in Chapter II. The suite 

of twelve stones were examined for optical goodness. The 

results are in reasonable agreement with the computer 

predictions and the expert assessment of optical attract- 

iveness. The results are sufficiently encouraging to 

justify a large scale expariment. This would establish 
the relative importance of the three statistical measurest 

as brilliance and sparkliness appear to be the dominant 

effects with fire playing a profound but as yet obscure 

role in determining the degree of optical goodness. 
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Chapter VII 

General Summary of COnclusions 

7.1 Introduction 

It has been established that the ideal proportions 

for the round brilliant cut diamond have been known if 

not generally used from about 1700. The rise of math- 

ematics as the dominant tool in science and technology 

lead to the construction of models for the optical effect 

in diamond. The first of these in 1919 due to Tolkowsky 

was a simple geometrical argument based on a 2D cross 

section and has been shown to contain gross assumptions 

which led to a fortuitously correct result. Subsequent 

models based-on simple 2D arguments failed to give the 

correct result and it was not until Stern's work that a 

3D model was constructed. However his simplistic criter- 

ion for assessing goodness was- subjective and hence no 

quantitative results were obtained. 

The quantitative measurement of optical goodness 

was started by Rosch who devised a method of recording 

the scattered light intensity of a diamond illuminated by 

a collimated beam of light through the table and crown 

facets. This method was refined by Elbe to produce a 

diamond grading engine which measured optical goodness 

by a number count of sparkles. The present research 

proposed five goals in the assessment of brill-iance, 

sparkline, ss and'fire of polished gem diamond and these 

will now be summarised. 

4 

0 
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7.2 The five aims 

i) To find a nonsubjective measure for optical goodness. 

Work by Bela Julesz has shown that the human cognitat- 

ive system was less capable of detecting the difference 

between patterns with different 3rd order statistics but 

similar lst and 2nd order statistics. From this it was con- 

jectured that the optical goodness of a gem diamond could be 

expressed by the lst and and 2nd order statistical prop- 

erties of its scattered light distribution. In particular 

brilliance was associated with the percentage of light 

rescattered by the crown and table facets versus the 

incident illumination, sparkliness was defined as the 

variance of the autocorrelation of the total intensity 

distribution and fire the quotient of the cross correl- 

ation of the red and blue intensity distributions and 

sparkliness. 

A comPuter 3D model was constructed for the round 

brilliant cut diamond which incorporated the calculation 

of the properties of the light distribution. This distrib- 

ution was calculated using finite vector ray tracing 

equations. The first investigation-was of the effect of 

changing the length of the pavilion half factor, a 

procedure which had not been attempted by previous workers. 

The results correctly predicted the 41 0 pavilion 

as the optimum in sparkliness for a 50% table spread and 

15% crown height with a PHF of 0.5. The increase in 

fire with smaller PHF 0.2 was also correctly predicted. 

The modern practice of polishing stones with longer 

pavilion halves 0.8 was jus#fidd in terms of higher 

yield from thinner rough. This style led to a stone 
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exhibiting higher fire and lower sparkliness which 

was as acceptable as the high sparkliness style of 

stone. Further examinations of both the effects of 

variation in crown height and tbale spread confirmed this 

result. 

Two trends appeared in these other studies. These 

include the effect of increasing brilliance with decreas- 

ing table spread and increased brilliance with decreasing 

crown height. The traditional proportions were confirmed 

as being the optimum and some reconciliation between 

the many ideal cuts was possible by realization of the 

trade-off between high brilliance, or sparkliness or 

fire. A second set of high optical effect proportions 
0 was found based on a pavilion angle of 53 This was 

shown (Chapter I) to have been *used historically and 

then discarded when the 410 and 45 0 pavilions were 

accepted as ideal in the 1650's and onwards. 

ii) To establish a scale of optical goodness 

Althought the results quantified the degree of 
brilliance, sparkliness and fire, it was not possible to 

assess the mix of the optical measures which although 

acceptable were not the optimum. An experimental study 

of the opinion of a sample of the public-would be required 

before the phsychological preference could be established. 

It has not proven possible to conduct such an experiment. 

iii) The modifications of the round brilliant cut diamond 

It was found that there were two families of styles 

based on 4 fold and 3 fold rotatiýonal symmetry and four 

types of modification which did not increase the 

0 
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mechanization of the diamond polisher. 

The four fold family (4cut'- 58 RBCD) was investig- 

ated as representative of a-type modifications. The same 

general trends in optical performance-within particular 
styles were found as with the 58 facet RBCD. The addition 

of skew facets was shown to lead to a greater increase 
in optical effect than 'that achieved by addition of a 

similar number of facets by pure symmetry increase. 

The investigation of screw showed that this type of 

modification left brilliance unaffected. However 

sparkliness was improved or at worst optical performance 

was left unaffected. 

The admixture of one style with another was shown to 

give a style midway between the two constituents with 

the possibility of greatly increased fire. It was con- 

cluded that ary style with more than eight facets on 

crown and pavilion was an acceptable if not ideal. sub- 

stitute for the full round brilliant cut in sizes less 

than 20 points. 

iv) To assess the optical goodness of diamond simulants 

Again this study confirmed the trends of optical 

performance in respect of crown height and table spread 

variation which were apparent for the diamond. It was 

possible to establish a limit of optical goodness at 

100 sparkliness units and from this deduce the acceptable 

diamond simulants. Stones with n41.7 were found un- 

acceptable, 1.7> n)1.8 were marginal and 1.8> n were 

assessed suitable diamond simulants. The optical perf- 

ormance was also found to be an approximate function of 

refractive index. 

v) The construction of a diamond grading engine 

This proved possible, although the results while 
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confirming the trends were on a small sample. The study 

of the twelve stones also permitted the first cross-check 

between visual assessment and the statistical assessment 

of optical goodness which was encouraging. A larger scale 

study is now required to assess the performance and 

ultimate usefulness of the device. 

The construction of the prototype has given rise 

to much future work on both assessment of the technique 

and improvement of the device. 

7.3 ýurther research 

The programme of theoretical work is largely 

complete on the symmetrical round brilliant cut in dianond 

, ion- and its simulents. However the family of 3fold rotat 

al styles still require investigation as does the ad- 

mixture of style, the type-d modification. Styles with 

odd or unusual even degrees of rotation have still to be 

investigated. 

Possibly the most interesting theoretical study to be 
be completed is a study of the effect of simple cutting 

faults. A model has been constructed to assess the effect 

of offroundness, screw, offcentre cullet and of a non- 

square table-star configuration on the round brilliant put 

diamond. As with the 3-fold calculation these results 

are not completed at the present time. 

The requirement of a large scale experiment of 

public preference has been suggested earlier. If this 

follows the style of the pilot project described in 

Chapter VI it would prove possible to establish a scale 

of optical goodness, as well as clarifying the effect 

0 
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of f ire. 

The orientation of the stones on the device also 

proved difficult. The use of a goniometer head such 

as produced by Stoe and Cie would simplify this adju stment. 

The offline calculation of data is also tedious and it 

may prove possible to have the logic control of the 

stepping sequence and data calculation made by a nicro- 

processing system. If this pro*red unacceptably expensive 

J. G. Walker (1978) has constructed and described a 

correlator which used a hardwired programme to drive 

a simple calculator. 
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Appendix I The flow diagram for the computer 
prograrrme 
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Programme THESEUS. 

Four basic units that combine to trace rays 
through a prism of arbitrary shape and then 

analyse the resultant spot-pattern in a stat- 
istical manner. 

1) pi-ism defines the shape of the prism 
2) startray starts the ray trace off . 
3) trace performs the ray trace through the prism 
4) statpack performs the statistical analysis 
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PRISTIA 

ENTER 
READ IN PROPORTIONS 

I 

CALCMATE INTERSECTION 

POINTS ON THE PLANES 
I 

CALCULATE THE DC'S 

OF THE PLANES USING 

CRAMMER'S RULE 
I- 

SET UP MATRIX THAT 

THýM STORES THE DC'S 

I 

EXIT AND RETURIN 
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STARTP, kY 

ENTR 

READ NO. OF START RAYS 
N ORAYS 

CHOOSE THE START RAY 
FROM THE LOOK-UP TABLE 
SET IRAYNO p 

II 

TRACE RAY ONTO ALL 

OF THE PLANES 

CALýULATE AREAOF 
IF(NORAYS. 

I 
GT. IRAYNO) 

A FACET (A) NO 
I 

Jý EXIT AND RETURN CALCULATE AREA OF 
ENCLOSED FACET AND 

INTERCEPT M (B) 
I 

IF(A=B) YES 
I 

NO 
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TPMCE 

CHOOSE RAY 
I 

CALC Ddf'S OF RAYS 

CALCý XT PLANE INTERCEPT 

CALC. FRESITEL REFLECTED IF FIRST PASS -YES 
COMP. 

NO 

DOES TIR, TAKE PLACE 

fz YES 
CALC. INTERCEPT 

WITH IMAGE 
PLANE 

CALC. TRANS. COMPONENT 
I 

IF FIRST PASS YES I 

NO 
t 

CALC INTERCEPT WITH IMAGE 
PLANE 

'11-ý CHECK IF ENERTf 

YE S -e - IN REFLECTED COMPONENT 

IS ABOVE LIMIT 

NO 
I 

ARE THERE ANY MORE RAYS 

YES 0 

AND RETURN 
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STATPAC 

CONVERT IMkGE POINT ENERGY INTO 
MAP OF INTENSITY BY 

BINNING DATA 

.I 
W. MANCE AT 

EACH COLOUR 

CALC. SPARKLINESS 
AND FIRE 

I 

OUTPUT DATA 

EXIT AND RETMhN 
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Appendix II The vector ray tracing equations 

4y d. /: e. c 

CAV ot C& 
7194 

A jeýý d, p;. mý am *A rei. 

to k &. Ae jva4--AHes deuid4 Mýýa%. A ov 
fspedýqa-- 

rv- 
4)n 

A 
te? edý11014 (C1P3 Z1 

=- ý �ý 
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Appendix III The vector form of Fresnells 

equations 
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sr 

0 

r)z 
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Subscript 
i the incident direction 
t the transmitted dirBctibn- 

r the reflected direction 

Vector 
ax the unit vector in the direction 

of polorization for the x-- i, t and 

r rays. 
Rx the unit vector in the plane of 

incidence perpendicular to the i, t 

and r rays. 
t the unit vector perpendicular to 

the plane Of incidente in the 

plane of the interface. 

Sx the unit vector in the direction 

of the x= i, t, and r rays. 

nlqn2 the refractive indices of the 
two spaces. 

A the initial energy 
T the transmitted energy 
R thb reflected energy 
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Polarization parallel to the plane of incidence: 
for transmitted light, 

1 Ta-%. Rt 2. nl. (Li. Ll) A 
ai. Ri 

n 2*(U-*S-') + nl. (u. St) 

for reflected light, 

R 
ar. Rr n 2. A a4. Ri 

1) 2*(Ll'2ý +na. l. (L 

Polarization perpendicular to the plane of incidence: 
for transmitted light, 

Tat. t 2. nj. (jý. Si) 

nl. +n2 

for reflected light, 

ar. t= nl. (a. gl: ) -n20 (11 
0 at) 

. Aai. t 

ai. t 

n t) n 2* (L'OL 1. 
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Appendix IV The brilliance, sparkliness and 
fire of several modifications to 

the round brilliant cut 

q 

0 
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Appendix V The brilliance, sparkliness and 
fire of several diamond simulants 
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