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Unit 1  Introduction of Gemology 1

Unit 1 Introduction of Gemology

Part | Text

1. The evolution of the science of gemology

The science of gemology is concerned with the study of the technical aspects of gemstones and gem materials. For well over 2000
years, philosophers and scientists have been captivated by the beauty and the enigma of gems, and down the years have left records of
their observations on these ornamental products of nature. (Fig.1)

Although one of the first gemstone books in English was written by Thomas Nichols as long ago as 1652, it was only in the last
half of the nineteenth century that the science of gemology began to emerge as a specialize offshoot of an already established-branch of

. . 1
science, mlneralogy.[ !

2. Highlights of the last 160 years

In view of the important part that gemology plays today in the identification of modern synthetic gems, it is perhaps appropriate that
we go back just over 170 years in time and begin this summary of the highpoints in gemological history with the first attempt at gemstone

1 In 1837, the French chemist Mare Gaudin managed to grow some small crystal of ruby by melting together potassium alumi-

synthesis
num sulphate and potassium chromate. This was in the period when there was much interest in reproducing the growth of crystalline sub-

stances, and when the first experiments were being made to dissolve the constituents in a solvent “flux” of lower melting point.

Fig.2 The Timur gets its name wrong;

Fig.1 Necklace of nature sapphire it is not aruby but a red spinel
In view of the importance of spectroscopy in present-day gemology, it is also appropriate to mention the letter written by Sir Arthur

Church in 1866 to the learned English periodical, The Intellectual Observer. In this he describes his experiments with an early spectro-
scope and his discovery of absorption bands in the spectrum of Ceylon zircons and almandine garnets. However, it was not until 1932
that a comprehensive study of gemstone spectra for identification purposes was to be undertaken by Basil Anderson.

Some 5 years after Church’s letter appeared in print, the South African diamond rush was in full spate, and 5000 diggers were re-
ported to be working along the banks of the Vaal. Modder and Orange Rivers. In 1873, the primitive mining town that had sprung up
around the site of De Beers farm was formally named Kimberley after the British Secretary for the Colonies the Earl of Kimberley.

Early in 1935, news appeared in the London’s press of a synthetic gemstone having “all the qualities of diamond” and capable of
“deceiving 99 percent of the experts” . Today the story has an all-too-familiar ring, but back in the 1930s this new product caused quite
a stir. The stimulant behind the scare story was colorless synthetic spinel, which was though to have been manufactured in Germany.

The same news caused similar consternation when it appeared in the North American press. There was further dismay in the trade



on the announcement of successful synthesis of diamond in gem qualities and sizes by a Mr. Jourado, a self-styled gem expert. The
Jourado stone was identified as a spinel by Anderson and reports by him of the stone’s characteristics appeared in several of the leading
gemological journals and jewellery magazines. (Fig.2)

Another significant event that occurred in 1935 was the pilot-scale synthesis of emerald by the German firm L. G. Farbenindustrie

Bl Although many samples were produced, the advent of World War Il interrupted the

which had developed a new flux-melt process
company’s work. The “Igmarald” synthetic emerald was never launched commercially, and production was finally discontinued
in 1942.

Because of its high value, the synthesis of emerald became the aim of several laboratories, and in 1940 the American chemist
Carroll Chatham also succeeded in growing gem-quality crystal. Although the method of manufacture was kept secret, the Chatham
emeralds were close enough in character to German Igmarald to indicate that they were grown by a flux process. (In a move to avoid
the use of the word “synthetic” , in 1963 Chatham finally obtained permission from the US Federal Trade Commission to market his
product as “Chatham created emerald” ).

After World War I, Anderson and Payne were joined in the Hatton Garden laboratory by Robert Webster and Alec Farm, and the work
of gemstone identification continued. During the following years, Robert Webster was to carry out pioneering work on the sue of ultraviolet
light in the identification gem minerals, and Alec Farn was to become, among other things, the UK’s leading expert on pearl testing.

Soon the Hatton Garden laboratory was working at full capacity again as parcels of rubies
and sapphires containing up to 10% synthetic stones started to arrive in London*'. In1946,
more than 100000 stones were tested in the laboratory and a year later its problems were fur-
ther increased by the successful production of star rubies an sapphires by the Linde Division of
the Union Carbide Corporation of America.

Synthetic rutile, the first of a series of man-made diamond simulants appeared in 1948
and was marketed under the trade names “Rainbow Gem” and ‘Titania’. In 1951, a new
rare gem species was confirmed and named taafeite after its discoverer Count Taafe. X-ray

and chemical analysis were used to verify its principal constituents as beryllium, magnesium

and aluminum (except for double refraction, taafeite closely resembles spinel ). Although Fig.3 Rutile hair like in rock crystal
still a rare species, a few taafeites have since been found in Sri Lanka. (Fig.3) (Xinjiang China)

In the 1950s, strontium titanate was introduced as yet another diamond simulant under the trade names “Fabuliter” and ‘“Diagem”.
Unlike the earlier simulant, synthetic rutile, there appeared to be no counterpart for this material in nature. During this period, progress
was also being made in the field of diamond synthesis. Although failing to have their work verified at the time by an independent investigator,
the ASEA group of Sweden claimed to have developed a repeatable process in 1951. As they were unaware of any other company working on
diamond synthesis, ASEA kept their process secret while they worked on improving the size and quality of their product. They were also un-
aware of the great importance of grit-size synthetic diamonds industrially. ASEA only revealed their earlier breakthrough after the General
Electric group in the USA announced its own successful synthesis of diamond grit in 1955. Four years later, the De Beers Diamond Research
Laboratories in Johannesburg also succeeded in synthesizing industrial diamonds. Since then many countries have developed this capability
including Russia, Japan and the People’s Republic China.

A brown gemstone from Sri Lanka formerly classified as a peridot was identified in 1954 as a new mineral species and named sinhalite af-
ter its country of origin. In 1957, yet another new gem species was identified and named Painite after its discoverer A. C. D. Pain.

The first issue of the Australian Gemologist, the official journal of the Gemological Association of Australia, appeared in 1958. It car-
ried a report that the British Atomic Energy Research Establishment at Harwell was undertaking the commercial irradiation of diamonds (as a
means of enhancing their color). It also contained news of Australia’s first pearl-culturing venture using the molluse Pinctada maxima.

The first experimental reflectance instrument for the identification of gemstones was developed in 1959 by L. C. Trumper, who was awar-
ded a Research Diploma by the Gemological Association of Great Britain for his thesis on the measurement of refractive index by reflection.
His instrument took the form of an optical comparator in which the intensity of reflection from a gem’s surface was visually matched against a

) In the same year, Caroll Chatham in the USA began marketing synthetic rubies

calibrated and manually adjustable source of illumination
produced by a type of flux-melt process.

A new type of synthetic emerald, first called “Emerita” and then “symerald” was produced by the Austrian chemist J. Lechleitner in
1960. He used the hydrothermal method to deposit a thin coat of synthetic emerald on to a faceted beryl gem of poor color. The Lechleitner
emerald process was later acquired by the Linde Company of America, who subsequently marketed the product as the “Linde” synthetic em-
erald.

In 1963, Pierre Gilson in France marketed his Gilson synthetic emerald which he manufactured using an improved version of flux-melt
process originally developed by I. G. Farbenindustrie. A year later, Lechleitner produced hydro-thermally grown emeralds from seed crys-
tals and this was followed in 1965 by a similar product from Linde. (Fig.4)

During this period of intensive work on emerald synthesis, a new thorium-rich radioactive gem mineral was found in the alluvial gravels

of Sri Lanka. The metamict gem was named ekanite after its discoverer F. D. Ekanayake.
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In 1967, deposits of gem-quality transparent blue zoisite were discovered Tanzania and given the
name tanzanite. Two years later, another two diamond simulants having no counterpart in nature were
introduced. The first of these was yttrium aluminum garnet (YAG), which was lithium niobate, marke-
ted as “Linobate” .

In 1970, synthetic gem-quality carat-size diamonds were grown under laboratory conditions by Gen-
eral Electric of America, but the resulting tabular crystals were not economically viable as a commercial

®) In1971, Russian research workers announced that they too had synthesized gem-quality dia-

product
mond crystals, but they also decided that their product was too costly to market.

In 1974 the publication of Dr Eduard Gubelin’s book Internal World of Gemstones set new standards

in the microphotography of gem inclusions (a worth successor, Photoatlas of Inclusions in Gemstones was
published in 1986 as the result of a collaboration between Dr Gubelin and J. Koivula of the GIA ).
In 1975 the rare alexandrite variety of chrysoberyl was successfully synthesized by means of both the

v
Fig.4 Emerald hexag on a
crystal-pulling and flux-melt processes. This was followed by the introduction of Gilson synthetic opals, Prismatic (Xinjiang China )
which produced yet another identification problem for the jeweler and gemologist.

The 1970s and 1980s saw the marketing of an increasing number of sophisticated new synthetics (including the Kashan, Knischka, Ra-
maura and Seiko rubies, the Cresent Vert, Regency, Biron/Pool and Lennix emeralds, and flux-melt Chatham sapphires ). Identification
challenges also appeared in the form of new diamond simulants. Gadolinium gallium garnet (GGG ) was marketed in 1973, and cubic zirco-
nium oxide (CZ), which virtually superseded all previous diamond simulants, appeared in 1976

During this period, the need for help with the identification and appraisal of gems at the jeweler level resulted in a proliferation of new
gem test equipment. Perhaps the most frequently used of these is the reflectance meter and the thermal conductance tester, which have been

8] The first commercial reflectance meters were marketed in 1975,

developed mainly for the detection of diamond and its many simulants
and the first commercial thermal tester appeared in 1978. Because of the useful complementary features of these two types of test instrument,
dual versions were introduced in 1984.

In 1986, Sumitomo Electric Industries of Japan announced that it was able to produce economically viable gem-quality synthetic dia-
monds in sizes up to 2 carats. Although these stones were deep yellow in color and were marketed for industrial application only, at least one
faceted Sumitomo synthetic diamond was identified in Hatton Garden 2 years later! In 1987, the De Beers Diamond Research Laboratory in
Johannesburg, South Africa, revealed that it had also developed a method of growing commercial quantities of gem-quality synthetic dia-
monds . Using a high-pressure flux-vessel, crystals had been grown up to 11 carats in size for specialized industrial applications. In the
same year a report by the Soviet news agency Tass claimed that Soviet scientists had manufactured synthetic diamonds weighing 3 kilograms.
However, it was subsequently revealed that these crystals were cubic zirconium oxide-the misquote had occurred because the Russian word
for simulant and synthetic is the same '

In March 1987, timed to coincide with their centenary celebrations, De Beers announced the recovery (in 1986) of a 599 carat diamond
from the Premier mine. The same year saw the introduction of the first commercial computer program for gemstone identification (developed
by the author ).

In 1990 the Gemological Association of Great Britain ended its long association with the National Association merged with the London
Gem Testing Laboratory to become the Gemological Association and Gem Testing Laboratory of Great Britain (GATGL).

By 1993, yellow gem-quality synthetic diamonds were being commercially grown in Russia for use in the jewellery trade. In 1996, De
Beers DTC Research Centre in the UK announced that they had developed two instruments “Diamond Sure” and “Diamond View” specifical-
ly for the identification of synthetic and natural diamonds. In the same year, a new diamond simulant contender, synthetic moissanite (sili-
con carbide ), was introduced by C3 Incorporated of the USA.

During recent years, the identification problems associated with the growing range of sophisticated synthetic gems have been partly
solved by increased reliance on the detection of diagnostic inclusions and growth characteristics using the hand lens and microscope.
Where this fails, use must be made of a range of hi-tech instruments including ultraviolet-visible-infrared spectrophotometers, electron
microprobes, electron microscopes and cathodoluminescence equipment.

As we have seen in this brief review of selected highlights from the last 160 years of the science of gemology, there is an urgent
and continuing need for the professional gemologist to discover ways and means to identify new synthetics as they are introduced. This
has become what is perhaps the most exciting and challenging aspect of gemology, and one that has resulted in the development of a

wide range of gem test equipment.

3. The essential qualities of a gem material

So far in this chapter we have attempted to convey some idea of the historical background to the science of gemology. Now it be-
comes relevant to consider the qualities that make gem materials suitable for use in jewellery. The first and most obvious of these quali-
ties is beauty. (Fig.5)

Unlike a gem’s more tangible properties, its beauty cannot easily be quantified as it depends in the main on subjective factors to
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do with its appearance. If the stoneis a transparent colored gem, the depth of color and degree of transparency will be the prime fac-

tors. However, in the case of a gem such as a diamond, beauty will be determined by its brilliancy, fire, optical purity and, in

general, the absence of any body color. With precious opal, the quality of its iridescent play of color will be the deciding factor.

Fig. 5
by a slave in India. It originally

The Regent was stolen

Rarity is another quality which must be present in some degree in all gemstones worthy
of the name (colored glass, while it may be quite beautiful in terms of hue and transparen-
cy, is by no means rear). Unlike beauty, however, the rarity of a gem can be affected by
factors such as supply and demand, and by both fashion and the scarcity of the source ma-
terial. Amber and pearls have become popular again and therefore more expensive, while
amethyst was once a rare and expensive gemstone until the discovery of the extensive Brazil-
ian sources in the eighteenth century.

Unusual optical properties add to a gem’s rarity factor as with alexandrite and cat’s-eye
chrysoberyl. Diamonds are expensive, but as the total world production of all types of
tough diamonds for 1987 ~ 1988 was in excess of 80 million carats, the cost of the finished
product is hardly attributal to its rarity. In this case, De Beers’ virtual control of the supply

side of the supply/demand equation and the economics of the mining, polishing and mar-

weighted 400cts, but after cut-

ting, only 140. 50cts The

quality which must be present in a gem before it can be considered

third essential

suitable for use in jewelers is its durability. This is a more practical
quality than either beauty or rarity, but without it a gemstone would
not be able to survive either the day-to-day wear and tear experienced
by a piece of jewellery, or the chemical attack from pollutants in the
atmosphere, and would soon lose its surface polish.

Durability, which includes the property of hardness and tough-
ness, is therefore most important quality in a gemstone from the
wearer’s point of view. Equally important is the influence of a gem’s
hardness on the work of the lapidary and the diamond polisher, and
this aspect will be discussed fully later.

4. Organic and inorganic gems

Jewellery has from the earliest times included gem materials

which have and organic as well as a mineral content and because of

keting of the gem play a dominant part. (Fig.6)

Fig.6 The phenomenon of the apparently unreal cat’s-

eye effect is a special curiosity, seen here at its most
attractive as a chrysoberyl cat’s-eye

this the science of gemology toady covers not only mineralogy, geology, optics and chemistry, but also overlaps into the fields of zool-

ogy, biology and botanym !

Among the gem materials used in jewellery, the largest groups are those of the mineral kingdom. The

first part of this book therefore deals principally with the characteristics of gemstones having a mineral origin. Gems having an organic

origin, such as ivory, bone, pearl, coral, tortoiseshell, jet and amber are covered separately later, which also describes the meth-

ods of distinguishing them from their simulants.

Part |l

Gemology: [dze'moladsr | n. S

Enigma: [inigmo ] n. ik, RrlEIAIA VY

Offshoot: ['o (1) ffuit Jn. 42332, X

Identification : [aLdentifi‘keijan] n. ¥EN, EALE

Crystal: [ 'kristl ] adj. 45fREY, no K&, KSRGS,
HTINTIEN

Crystalline: [ 'kristolain | adj. 7K fh¥)

Sulphate: ['salfeit ] n. [ ] #ifgh

Potassium: [po'tesjom Jn. [fb] # (19 B0, 45 K)

Chromate: ['kroumeit ] n. 4%AREL

Spectroscopy: [ spek'traskapi | n.

ot

Zi

(9] tig,

g e

Words and Expressions

LB
Spectroscope: [ 'spektraskoup ] n. [4#) ] /34
EPRELAR — &, O HE AN

RV

Ceylon: [si'lon ] n. =
Hr Bt 22 Srilanka

Mining: ['mainin ] n. R#, #

Kimberley: ['kimbolt | n. &fAF [FEE (BTHLJEW) th
ot ]

Jewellery: ['dzuolrt | n. ( =jewelry) [JEFK | Bk,
A FAZMiY)

Emerald: ['emorald ] n.

adj. FREREEY

(o7 ] fBkE, @gsf, R
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Chatham: ['tja:tsm] n. B (ZEK); ~emerald: #i%
GEREEE

Ruby: ['ruibi | n. 2057

Sapphire: ['s@faio | n. W54

Rutile: ['rustar'-tizl 1 n. [H" ] &2064

Taafeite: ['tafei | n. [# ] #3EH

Beryllium: [ba'riljom ] n. [fk ] 8 (GCEFS Be)

Peridot: ['peridot ] n. [#" ] WA

Sinhalite: ['smholart | n. [7 ] W4REEA

Enhance: [in'hains ] w. 3255, #8; o B, gemstone
~, EANE

Refractive index: JZ %%

Reflection: [ri'flekfon ] n. J&F

Symerald: ['sim morold | n. & {fHEES:

Deposit: [di'pozit | n. HERW), VIVEY), 7 AOGHE

Faceted: ['feesitid | adj. A /NE )

Beryl: ['beril ] n. kG

Thorium: ['@omriom ] n. %f

Gravel ['greval ] n. WHE, WHERE

Metamict: ['metoymikt | adj. ZFA= (), W48 FRAY, A543k
RRBRH s n WA

Zoisite: ['zoisait | n. [#" ] Bi55 4

Tanzanite: ['tenzonatt ] n. [H" ] HEHH 4 (FFTH
FRTA)

Simulant: ['simjulent ] adj. K ; n P55

YAG: = Yttrium Aluminum garnet 5258 G864 (=414
JEHR SRR B A AT

Yitrium: ['itriom | n. [fb ] %2, i & @LE, 5 Y

Part |l

Niobate: ['naiobeit | n. 4BlRLh

Carat: ['keerot ] n. ( =karat) 5f; (FAWERA)

Tabular: ['tebjulo ] adj. Ji 0y, HRRE

Inclusion: [in'kluizon ] n. 5, W&

Chrysoberyl : [ 'krisaberil ] n. &4t E A

Opal: ['oupal ] n. [¥"] EHA, AEOI

GGG = Gadolinium Gallium garnet: £ 4

Gadolinium: [ gaedo'liniom | n. L. — 7 A 5 &5 A 95 Bk
B ARG AR L R AN A R M 1 B R 42 R T
2, TGRS B8R A E MRS T kb .

Gallium: ['geliom | n. %. —MIEZE FREBRAENTHEA £
JRICER, B KR E AR A 58 A A
AR TCR MAATE, F T2 R E AR 45 bR A& 4 1
B

CZ = Cubic Zirconium: 37 J5 %8 b5 A7

Appraisal: [o'preizal | n. TEMy, fhify (Fisfhimir=, zk
FEM), KE

Cathodophosphorescence :
CREE Sl

Iridescent: [ iri'desnt ] adj. EAT Y, FNGH

Amber: ['@mbo | n. 3EHI; adj. BEHUEIR, BEHIE (B
@) 1

Alexandrite: [ &lig'zaindrait ] n. [# ] WHILKA

Hardness: ['ha:dnis | n. fifi, BERF, SEME, MEREE

Toughness : ['tafnis ] n. $71PE, "4, W4

Lapidary: ['lepidori ] n. FAR

Tortoiseshell : [‘to:tej’el] n. B, HIE

Jet: [dzet In. BE, BE; ad. BEMAM, BERY

[ ke0odofosfo'resons | n. BIHL

Text Comprehension

1. Although one of the first gemstone books in English was written by Thomas Nichols as long ago as 1652, it was only in the last half

of the nineteenth century that the science of gemology began to emerge as a specialize offshoot of an already established-branch of

science, mineralogy.

RIRILAE 1652 AR5 — AT G412 A9t i Thomas Nichols Hikit, HJEEF] 19 28, M4 E RN 2 AR Y

WA BIRIR Y 3, EAT AR EA B WA

2. In view of the important part that gemology plays today in the identification of modern synthetic gems, it is perhaps appropriate that

we go back just over 170 years in time and begin this summary of the highpoints in gemological history with the first attempt at gem-

stone synthesis.

BT EAAECE EAEE P EZAEN, RATIBWE] 170 ZAERTT A1 L RS — KGR T A 120 B 45

HE GG,

in view of..., #JE#|, @F. UN: in view of the importance of spectroscopy in present-day gemology..., # &Gk~ 7E

B 472 P B

3. Another significant event that occurred in 1935 was the pilot-scale synthesis of emerald by the German firm L. G. Farbenindustrie

which had developed a new flux-melt process.

1935 AE R AR 73— D EEFAFHUE R L. G, Farbenindustrie 28 7] SCBLAY ML AE % T MU & M, XA RN T

—TH R A R A T

4. Soon the Hatton Garden laboratory was working at full capacity again as parcels of rubies and sapphires containing up to 10% syn-

thetic stones started to arrive in London.

R Hatton Garden 524538 X A3 TAF, KRR ET S L, AEO5EFAARIE 10% 15 -

5. His instrument took the form of an optical comparator in which the intensity of reflection from a gem’s surface was visually matched
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Wz,

K WREWRE

10.

11.

against a calibrated and manually adjustable source of illumination.
MBS R T — ol U AN IE S, IXAMAR SRAT B R B 5 A0 2R 18T A S5 o 2 RE A8 0 52 b 55 K5 1 114 T 9 i
WARAT AL AR R S
In 1970, synthetic gem-quality carat-size diamonds were grown under laboratory conditions by General Electric of America, but the
resulting tabular crystals were not economically viable as a commercial product.
1970 4F, LA Bl 9250 3 I HA 7 Ik AT G sehn gl (B TR SR R S A, TR R 2 AN
AR AHET M E
Gadolinium gallium garnet (GGG ) was marketed in 1973, and cubic zirconium oxide (CZ), which virtually superseded all previ-
ous diamond simulants, appeared in 1976.
LBt (GGG) T 1973 ARqa i/ A P AU BUEAR AL i (CZ) LT 1976 4R,
During this period, the need for help with the identification and appraisal of gems at the jeweler level resulted in a proliferation of
new gem test equipment. Perhaps the most frequently used of these is the reflectance meter and the thermal conductance tester,
which have been developed mainly for the detection of diamond and its many simulants.
TESEIAE], X5 U G AT A S ST O B BT — RPUHT A T AR ACES 8 Hh B L VR ik SE AN b 0 H A
DI S S AT SRR ASCRS T2 IR S Bl A B A
result in: $3, LTEM- ZEHL
In 1987, the De Beers Diamond Research Laboratory in Johannesburg, South Africa, revealed that it had also developed a method
of growing commercial quantities of gem-quality synthetic diamonds.
1987 45, 5T B AF 247 DA 397 6 ) B LU 2RS0T A8l 40 O 5 S 0 2 A A AT T T A 17— A5 AT R it B8 2 A
BT
However, it was subsequently revealed that these crystals were cubic zirconium oxide-the misquote had occurred because the Rus-
sian word for simulant and synthetic is the same!
IRTIT, JEOR AR I : IR R AR IR 5 o 7 S A i A1, B R 5 TR LR 2 RO s Th i il 5
BT AR AR
Jewellery has from the earliest times included gem materials which have an organic as well as a mineral content and because of this
the science of gemology toady covers not only mineralogy, geology, optics and chemistry, but also overlaps into the fields of zool-
ogy, biology and botany.
WE B MR FEO Y, X FERERAFEA YL 0 5L YRy, Wik, 4 H B FE A AR
& O U e A SR RN LRSS T Eh e AR A SR 2 A

Part IV Grammar and Training

Grammar

AR FE % H A (Tense)

— B

TERTA RIS A, —BeBAE R U o (s, 7ERHEE R O iz
Ao A2 T B 4 7 0L S S A7 T A LB
The hardest gemstone is diamond.
B. RIXFIBEMEES . HAE . FRIESE
Identificators should be impersonality
C. Bk sE SRR S
Systhetic methods often interfere with gem’s propertities.
ERER . EH. SO RN
The De Beers reports that the coming years is a booming period of diamonds sales.
e GRS LR, HA RS HES VISR, IR, i) say, tell, write, learn, hear, see3 .
E. FERfRPRIE C SRRIEN T, FmRoR s
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If we compress a capstone, it will generate electric current.

Y if 5 when WATAFERIEMIVELE T N AJES, A FRAE RIS, 4

We do not know how to enhance sapphire’s color.

F. FORGHE s ke ok i s e

HHBIBhIAA : go, come, leave, start, begin, sail, arrive, be, J{H7A BIHHFE KA HIRIE

We start for Tucson next Monday.

G. AR A AR IR TN (SO T B TI SERCE ), TR RO T2 —fRIAERT . X FhRSS e shialf -

a) A IO HLREFLC BEE B

agree, believe, differ, disagree, disbelieve, distrust, doubt, find, foresee, forget, guess, imagines, know, mean, no-
tice, recall, recognize, recollect, regard, remember, see, suppose.

b) A IR

abhor, adore, astonish, desire, detest, dislike, displease, feel (that), forgive, hate, hope, like, love, mind ( = object
to please ), prefer, want, wish.

c) HE

appear ( = seem ), belong, consist (of ), contain, depend, deserve, equal, have, matter, possess, resemble, result
(from), seem, suffice.

U ARG AT, BOE TR NS e

The indetificator is hearing the case. (HiZEF)

2. BfseRnt

TERH SR IZ RSB T E 3B M 2, B SClkE F 0 IUFE 78 LA A LUF D

Ao —RERAE LA R A A B U e )

Synthetic rutile, the first of a series of man-made diamond simulants has appeared in 1940’s.

B. —ffdia—RIN Mg sk A H B AR

Engineers have encountered many problems with synthetic gem materials.

C. Y already, (not) yet, for, since Z¢i% FIm}

Although still a rare species, a few taafeites have since been found in Sri Lanka.

D. 5 just, recently, lately #HICEERT (] FHHHEREE)

3. Rikghinl

EESIAR iR + EIET (40 look, over, throw out %), 7EMEEMMSMRE . AREIENINEGHNTE, AL
HAEMRPNER, ARBEAEAG™ESENAAMESE, mREEA W HNEN, ¥HEREEDR. mRESES, 54
ERAVEARE M — N E G shinl, fESCREE AR . "0 . AL ER N SRAEE IR e S TR NS, B
ab-, ap-, circ-, com-, cor-, de-, ex-, ob-, per-, pro-, re-, sus-, trans-, ...

EL 7 B HE 3 T S B IRARRSE AT, Y IE R B AT il

In this chapter we shall deal with different kinds of gemstones.

“gyinl + BIA" BRI LA B B R A

Please take out your book. (4G iEir)ZH BEA HZ)

The reaction can be speed up by taking some of the rods of cadmium out. (#]%4)

“FhiAl + AT ESTESSE A RO A EHEASHA R B AR P — D R R, TR P A
4. ENRBGhIER

BHEEEPESER T3 2. USRS EUIBESNRMENEEN R Z RN R, ST Rk E B EEA LBV L
FMELIBEIIET, AR ENES . MEE AT AR AR NS, IRFEFIRITAR A NE, WA by 51

This is shown in Fig.2. (JfTHE&HE)

EGEAT, by MIBARNFRR TR TESFE, MARTARHE. HAEFR:

Electricity is produced by various methods.

5. AAWAT AR IBE TR

ZIRE S A HE L, ARV AGEH THAEAS WG, WRhEMNEAEEE. &A RV 258 aE
DWW B SEE AR R A REH i, B i+ ZYshin + Bl £+ KWshin +
BB EE + HEREE; R+ XY + Bif + SRS, HESWEHTFX =AM, HEsSne
K2 %A (L) +be+ it kK418 + by (41d) .

RANEIERN R R o WA R AR s g nt, VB EEAE AR e A0 o, Un:
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(F3h) Last Sunday, T saw him visit the exhibition of jewellery.
(#3h) Last Sunday, he was seen to visit the exhibition of jewellery.

REZB W lia) L) K—LEAH S T KWy shia A KWy sl il 2ol T sl . X 2EIa4147 : action, look at, meet with,
carry out, give off, speed up, make use of, pay attention to %5,

B XY ahinl T FEES, AHTHSER M Everybody is acted upon by force.

FUFIRRE . MESZEMMDNIA, BIQ0: change, rotate, turn, transform BE R FfE R shinl, ool FAVEAN KYshia.
X B4 5 sl i) S AR ]

Writing SKills: Information A

R EEDEHE x xiZENER

A. there is some (enough, sufficient, a great deal, a lot of, ample, precise, detailed, reliable, valuable) information

B. in literature, at present, nowadays

C. about the use of ..., on the application of ..., concerning the observation of..., regarding the fine structure of ..., bearing
on the action of ...

i B LA i

A. at present we have, we now have, we now possess, we are now in possession of

B. some (enough, sufficient, a great deal of, a lot of, ample, complete, precise, detailed, reliable, valuable) information

C. about the nature of ..., on the influence of ..., concerning effects of ..., regarding the consequences of ..., bearing on

the interaction of ...

gl ARSERZER

A. there’s little detailed information in words concerning the changes in ...
B. there hasn’t been any information at presentr egarding the changes in ...

C. we still have no information about the phenomenon of ...

A. we still have little information about (on) the evolution of ...
B. until now we have scanty information concerning the evolution of ...

C. we don’t possess enough information

g4 EEDBRZ x x LHHNER

no adequate (detailed, exact, precise, reliable, valuable) information

on this subject, about these changes, concerning such effects, regarding this course of ...

o = >

is available, is (so far) available

D. at present, in literature, in current literature

A. the information we have (possess) is (very) incomplete
B. the information they have presented seems (obviously) insufficient

C. the information available at present seems (extremely) unreliable

gile SUEASBENERENETSH

A. until recently the information we had (we possessed, about it)

B. was very incomplete (scarce, etc), was quite insufficient (inadequate, etc)
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Unit 2 Virtual Facet Designing

Part | Text

If your experience with gemstones is limited to admiring and wearing them, setting them, grinding cabochons, or only thinking about

trying to facet, you might expect that only a very accomplished facetor would ever try to design a new cut i

. It’s a funny situation, though.

It’s true that most beginning facetors do not design their own cuts right at the start - at least not on purpose. But beginning face-
tors, like beginners of all kinds, tend to make mistakes. Maybe they set their faceting machine index wrong for the design they were
trying to cut, essentially reorienting the design, and Wow! - a new design with their very first stone (Fig.1).

By accident or on purpose, once you get started on designing cuts, you’ll
want to continue with some basics in mind. Simple designs, such as a round,
are usually easy to compose directly on the faceting machine. It’s a matter of
deciding how many facets will constitute the outline shape, or the girdle. De-
pending upon which index gear you installed on your machine, you’ll need to
divide the gear by the number of facets desired, and use the appropriate resul-
ting indexing - very basic stuff, and nothing too mathematical >’. But there are
other considerations, too, especially those that pertain to your choice of mate-
rial.  For instance:

- Refractive index (R. 1., a measure of the degree to which light is bent

when it passes between media of different densities, such as going from air to a

transparent gem material *’) . The R. I. determines the critical angle needed for
pavilion facets to reflect light back out to the viewer. It's the job of the crown Fig. 1  In Step-by-Step of Lapidary
facets first to gather light into the stone, and then to chop the light up into  Journal January2001, page 52, Jerry
pieces before it exits again, helping to give the stone “life.” '*' In designing a [, Capps explains how he used GemCad
gem, you need to pay special attention to the critical angle of your material and  to improve one of his own designs, and
not exceed it on the pavilion. then gives complete cutting instructions

+ Cleavage: how readily does this material cleave, in how many directions, for his improved “Markova Inter-
and which ones? lochen.”

+ Heat sensitivity: do you need to dop with wax, epoxy, or super glue?

* Singly or doubly refractive: If doubly, this increases the chances of better dispersion with a higher crown, as opposed to the
best brightness of a lower crown.

+ Proportion of crown height to pavilion depth: should you use the proportions set up many years ago for diamond? Ideal diamond
proportions were determined for the dispersion capability of diamond and not necessarily maximum brightness, as well as for the looks
of the stone when set protruding above the mount'*’.

However, these proportions do not always apply to colored stones.

- C-axis (the “long” direction of a crystal ) : a dark c-axis dictates a rectangular design to maximize passage of light from limited
directions.

* Hardness: do you have the appropriate polishing lap? Choices include ceramic, zinc, copper, tin, corian, Plexiglas ...and
on and on.

* How light or dark the material is: do you cut it deep or shallow to maximize brightness or color?

All of these factors and more are important, and fortunately, a lot of the information you need is easy to find. Many facetors rely
on Faceting for Amateurs, a hardcover book written and published by Glenn and Martha Vargas [ the Vargases were recently inducted
into the National Lapidary and Rockhound Hall of Fame for their contributions; see “2001 Hall of Fame” , November 2001 ]. For
many years, Glenn and Martha were teachers of a faceting course at the University of Texas. Besides the all-important refractive in-
dex, other properties of various gem materials are given, alphabetized, in their book, including heat sensitivity, suggested laps for
polishing, hardness, color variety in each material, main locations where these materials are apt to be found, and so on. This book

is considered the bible for beginning facetors and a valuable resource for advanced cutters.

1. Virtual Virtues

If you are designing as you cut an actual stone, keeping track of your trials and errors with pencil and paper can be tedious at
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best. Instead of drawing a diagram by hand, perhaps with the aid of a calculator, you might tty [\wWHERE TO GET GEMCAD?
using GemCad, a computer program developed by Robert W. Strickland specifically for designing GemCad homepage
gem cuts, along with GemCad’s support programs GemPrint, GemRay, and GemFlick for analy- |http: //www. gemcad. com/

zing, printing, and viewing GemCad designs'®’. GemCad computes all the mathematics automati- Larry Davis
cally, and you don’t have to write down or remember a thing: GemCad keeps track of it all for you. ldavis3@ kscable. com
If you've tried designing while faceting, you’ll recall the difficulty you had remembering the in- John and Barbara Franke

dex you chose, the angle, and precisely how deep you finally decided to cut. jfranke@ gemcutter. com

By the time you finished, the stone was probably much smaller than you expected or than it need have been. Using GemCad al-
lows you to come up with the same initial design without the necessity of your memory or using up any materials. It further allows mis-
takes to be “undone,” which saves a lot of material from going down the drain.

Besides making designing so much easier, Gem Cad can also “tangent ratio” a series of facets to maintain the same look at a
higher or lower set of angles. For example, upon completing the pavilion, have you ever run out of enough material to cut the crown?
Unfortunately, you can’t just reduce all the angles by two or three degrees. It would destroy the look or configuration and proportion of
the crown design. GemCad’s tangent-ratio function can revise the entire crown - all angles, lower or higher - and by doing so will
maintain the look and proportions of the design. You could also do this with a calculator, but it requires more math than I choose to
undertake. GemCad works it all out perfectly with a single keystroke and in just a few seconds.

Another feature of GemCad is its ability to change the indices from vertical to horizontal - by 90 degrees. If an oval is designed
and drawn vertically, and your V-dopstick transfers in the opposite direction, you have a really big problem. Assuming you’re using a
96 gear, with GemCad, you simply assign the 96 to the right or left side instead of the top or bottom. This alters all indices so that
while the drawing may be vertical, the indexing is horizontal. An alternative method is to use the “r" command and rotate the draw-
ing, which leaves the index gear as originally specified, but turns the drawing by whatever amount you wish. Neat stuff, huh?

GemCad’s advantages should start being obvious by now, but there’s more. Besides automatically keeping track, calculating com-
plex mathematics, and allowing you to correct mistakes without having to waste possibly valuable material, GemCad also saves you
time, letting you figure out a version of a cut in a matter of minutes instead of what could be days'”’.

How long does it take to facet a real stone? An experienced facetor using wax for dopping and transferring could finish a Standard
Round Brilliant (SRB) in two hours. At the other end of the faceting spectrum are the Australian International competition facetors,
who may require three months to finish one out of three competition stones.  ( Fortunately, competition facetors are not professional
facetors - they’d starve, even if they did have a perfectly cut stone. ) With GemCad, a facetor can cut a virtual gemstone in two mi-
nutes.

If I’'ve managed to convince you that GemCad is the way to go for facet designing and you want to try it, read on. What follows are
directions for obtaining the program, installing it on your PC, and very fundamental instructions for using the program to complete a

simple diagram with your first GemCad design.

2. Dos Dilemma

Many facetors who also use computers have avoided getting involved with GemCad primarily GETTING STARTED
because they don’t want to have to bother with any DOS commands, which are executed by typ- Start with the GemCad manual at
ing on the keyboard. Since the introduction in the early 1990s of Windows, which relies on |y gemcad. com/gemcad. htm
icons, menus, and the use of a mouse, few new PC users have been familiar with DOS, and Read up on the GemCad Fre-

even those who remember the DOS days before Windows tend to think back on DOS with dread. quently Asked Questions at www.

This is unfortunate, since GemCad requires very few DOS commands: the program can be con- gemcutter.  com/download/gem-
trolled almost 99.5 percent with a mouse. cad. txt
Notice, though, that I said “controlled” - not installed. DOS commands may be required | - Faceting Patterns, from Rockhounds. com

- Search Orchid for Gemcad Discussions

to install, and initially to open the program, and sometimes to configure the program for com-

patibility with an assortment of printers. After this, everything can be controlled with the famil-
iar mouse and by simply answering the dialogue box.

The GemCad author has ingeniously given the user a choice of operating methods, via a mouse or letter commands; even better,
these can be used interchangeably. Although GemCad has an assortment of menus from which a mouse can control every operation, the
menu-driven system seems slow to anyone who has a fundamental knowledge of the keyboard and can memorize 10 to 15 letter com-
mands (of over 50 ), which speeds things up considerably. The letter commands were devised in a common-sense manner and are easy

for a facetor to remember because they relate to using a faceting machine.

3. Getting GemCad

There are numerous sources for obtaining the latest version 4. 51 of GemCad. These sources most often allow you to download a

Zip file, which will require unzipping before the program can be used.
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Larry Davis is one source. His e-mail address is ldavis3@ kscable. com. Another source is John and Barbara Franke, whose e-
mail address for downloading GemCad is jfranke @ gemcutter. com. Both John and Larry are very personable, and most willing to
help. Having met John recently at the Portland, Oregon, gem show, I must say he is the most gentlemanly person I've ever encoun-
tered, and that includes a lot of really great people.

There are other opinions on how to install the GemCad program, but this is my recommendation. It’s a really good idea to start by
creating a folder for the program. In DOS terms, this is a directory. Note: I include quotation marks around the commands you need
to type in, but you don’t type in the quotation marks themselves, only what’s inside them. The same is true for describing what ap-
pears on the screen: it’s in quotes here but not on the screen.

With the mouse, go to Programs and access the MS-DOS. You will see “c: windows” ; type “cd..” (thatis, cd followed by
two dots or periods, no spaces) to get to the root “c: \ 7 ; then give the DOS command “md gemcad” (make directory of GemCad ).
Now give the DOS command “cd gemcad” (change directory to GemCad ).

From this directory, you can also create a subdirectory for GemFrame by giving the DOS command “md gemframe” (make direc-
tory for GemFrame ). Again, give the DOS command “cd gemframe” to put your cursor into the subdirectory. You should see “c: \
gemcad \ gemframe” on your screen. These directories are required to keep your designs from getting mixed up with the designs for a-
nalysis, which you may want to delete after finishing the analysis. To go back one or more directories, simply give the command
“cd..” as many times as you want to go back directories.

When you download GemCad, or GemPrint, be sure to specify placing it in the ¢: \ gemcad directory (folder). If you have the
option of downloading some of the other support programs, be sure to put GemRay and GemFlick in the ¢c: \ gemcad \ gemframe di-
rectory. I believe there is a fee for GemFlick, but let me assure you, it is a bargain.

After downloading GemCad, you’ll want to start it up. From the “c: \ gemcad” prompt, you must give the DOS execute
command “gemcad” (type it in and hit Enter). Your monitor will show: “do you want to configure the program and if so type

‘c’” —al this moment, you don’t want to, since configuring the program is primarily for printing instructions or setting the
screen proportions. You can come back to this at the next session and play with it if you wish. Use the Enter key or Space bar
and the GemCad diagramming blue screen will be displayed.

Now, just as in setting up your faceting machine, you must set some parameters—Ilike which gear tooth to install, the number of
facets you want around the gemstone (symmetry), and which material you wish to design for (by setting the R. 1. ). All letter com-
mands are case sensitive, so when it calls for a capital letter, be sure to use a capital letter.

To set the parameters described above, start with the command “g” and answer “96” to the query at the top of the screen. The
second question will be what number you wish at the bottom. It’s advantageous to have the diagram correspond with most machines, so
place the 96 at the bottom. Now you must give the symmetry, so give the command “y” and specify “8” (you can specify what you
want; I'm just walking you through with an example ). Then specify mirrored or not; answer “y” and then give the command “I”
which stands for Refractive Index. Specify “1.54” for quartz. The upper left corner of your screen will confirm the R. 1. and display
the critical angle for material with this R. 1. Most of these parameters are set in the configuration file as defaults, and can be changed

when opening GemCad or at any time while designing. Ok, now all parameters are set and we can go forward with designing.

4. Basic Designing

There are three dimensions required of every facet or tier, except at the beginning when only two will suffice. The first two are:
‘0" for index (set this at “3” ), then “a” for angle (set this for your pavilion breaks at “44” ). You should now have 16 facets
drawn on your screen in the upper left quarter, where most drawing or changing will be required. You can do all this with the mouse
via menus also, but the letter commands are much quicker. You’ll notice the menus all have the command followed by the appropriate

letter command, so you can eventually learn the letter commands if you wish.

Figure A




