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WARNING

This 2 cycle thesis has no experimental character, onlpikdiographic
character. It aims to state the data known to dayparticular type of problem.
This way, it seems difficult in a bibliography ties$o refer to only fifty books
considering how huge the field is concerning thpression and the making of a
prosthesis.

The most important bibliographical part concerns itmpression and the laser
biological action as numerous studies can be faumdhis subject. The other
parts concern general books which aim to oriergatential researches.

The variety of the study (laser then TV and aftext the computer and machine
tool) results in the theoretical research ideaveerifrom examining the zonar
principle.

We have studied the intervention possibilities aodditions of specialists in
each subject, we have looked for links for thesgoua techniques and ensure
their coordination to apply them to our activity.

It was relevant before all, to allow the surveittarof making “pieces” requiring
“micron” precision by the application of mathematiand physical sciences.

On the other hand, the laser allows to cancel tfsional use of the micro-
sensor.




With the risk to derive from the subject, we madeoat to deal with the atom
and the laser.

In fact, this presentation and the related caltaiataim to notice that one spot
of the hologram represents, by its intensity, tistadice that separates it from
the source.

Also, reflection has rules and it is mathematicallgved that the energy reflects
the distance run by the electromagnetic ray.

Then it is important to consider that the electrgnetic wave carries this energy
maker and to look for the reasons why this wavedscenergy proportionally to
the distance and where the various energies came fr

One should not mix several various energies to tgxdanslate a distance
which explain the remarks about the energy sowvbat it is (atom) and what it
represents in laser.

Lastly, we finally have drawn the possibilities wiflization and limits of laser
use, in our study’s “concrete” case and the reasoaking this utilization

possible based on known facts and so allowing thectsted use achievable
practically.

Lyon, France
October 1% 1973

80 copies of this thesis have been edited.
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- INTRODUCTION -

This work aims to complete a set of tools allowinga few hours to make an
impression, a simple or complex fiprosthesis, any skeletal removable
prosthesis and an anatomical related type impnessithout having to cut the
skin.

The impression is made with a laser (He NEON faneple) and its recording
in nano-second is made on a holographic board.

This hologram is studied directly then on an araiytmbe (TV camera type for
example) to produce the intensity function intastahce function.

The successive numbers of the analysis are semtctomputer which allows a
numerical command machine to sculpt an impressiothé mass by various
processes (Araldite, steel...), then to sculpt a arawany other metallic part
(gold, steel).

The working time would be a few hours even for anplkete bridge, cutting
would be a few microns precise and the productiorin’ copies would be
possible without any modification in time.

The first chapter is a critique of the traditiote¢hniques. Chapter two concerns
the study of what the laser is to allow us to cleo@hapter three deals with the
effect of the ray on the organism. Chapter fourl@rg the hologram, in the
fifth chapter the analysis by camera is explained¢chapter sixth, what the
computer allows us to do is described by reminauhgt it is. Chapter seventh
deals with the numerical command and chapter eigilibut the various
machining available to us. Finally chapter nintlplains what this idea can
enable us within general practice and most ofadiur field.

Chapter tenth is a bibliography classified by ckeptind later by authors names
classified alphabetically.
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[—1-HISTORY

[1-2-3-4]

Our study extends from the impression to the irdag includes the electric lancet. But our
investigation centers on precision which leadsaushe problem of the impression and its
quality. A little history seems relevant.

The first impression was done in wax by PURMAN ifl1 [1]. In 1728, FAUCHARD laid
the basis for our profession and for impressiois [2

“Before inserting the pivot, the dental cavity mhustfilled with powdered mastic” p. 227 .
“Two ounces of flat gum lacquer

One ounce of therabentine of Venice

Two ounces of white coral powder”

(Dental Surgery of the Treatment of Tee#olume II, Servieres, Paris, 1786).

A doctor in BRESLAN (1648-1721) speaks of an impies in virgin wax with a casting in
ivory from a horse, a hippopotamus or from the tiea hoof of an ox. [2].

Wax was improved by PFAFF in 1756 but it was natiluk845 that plaster appeared with
WESCOTT and DIWINELLE. In 1848, gutta-percha’s matteappearance (de la BARRE
1852 at Masson’s) and in 1856 STENS created teethiermoplastic composition.

This was improved by GREEN in 1907. Hydrocolloidsrer used beginning in 1925. We
have come a long way from our ancestors’use ofvieed3] and the work of Nicolas
DUBOIS de CLEMENT in 1791 [4].

In 1928, the ADA became the basis for all currewidpcts. In 1939, amalgams appeared and
from 1945 on, synthetic elastomers, zinc oxidegsmand Eugenol dominated the market...

Today we can say that there are as many produatseisods. We are going to succinctly
recall them and especially define their precision.

| — 2 — DIMENSIONAL VARIATION

| —2 -1 — See drawing n°1

This is a general diagram of the procedures useany kind of filling (total, partial).

We note the following concerning these operations:

- For an indirect imprint, we reach about eight iegsions which means more exactly that out
of eight times the precision is only function oketimaterials and sometimes of the used
techniques.

- For a direct impression the problem occurs foues.

- For a direct filling, it occurs once.

Amongst the functions inherent to precision assgmine techniques used are perfect,
dimensional stability remains an obstacle for us.
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In fact, if we use the materials under strict c@inds (P, pH) their variations remain a
constant problem and only “some kind of home madéeption”, by using a few tricks of the
trade we can mitigate the difficulty.

First, we will review all the dimensional variat®nthen all the independent factors
(influenced by us or by our techniques) of the pitdtself. Thus we will arrive at our own
notion of precision compared to that which is cotigeaccepted.

| — 2 — 2 — Products for making hard impressidrs3—5—9-10-12—
Linear dimensional variatide—31-35-41-42]

|—2—-2—-1—Plastef{17-18-19-20-21-22-23-24-26-27]

It is a calcium semi-hydrate, formula sca% H20

Two points will be covered: - expansion of thression
- granulometry
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a) Granulometry

Plaster possesses various crystallizations (langesmaller according to how
they are obtained) which in dentistry are:

- Hemihydratea (obtained at 110° under steam pressure)
- Hemihydrate (obtained from 150° to 170° under atmospheric pregs
(drawings 2a and 2c) [16-19-20-23-24]

b) The fastethe impression, the greater the stability and azyur
(drawing 26)

c) Expansion of the impressiofi24-31-1-5-18-26-27]

SKINNER notes that, depending on the product,etheran expansion [31]
during the transformation of the hemi-hydrate ir@obi-hydrate comprised
between 0.06% and 0.5% with a volume inferior t@%.of the two used

water (E
volumes sowder ( F,)

This contradiction is due to the phenomenum linteedrystallization (drawings
3a-b).

For [1] we have two phenomena : - Dehydration angje in the crystalline
network in addition to the reaction (drawing 2djefe is an expansion of 0.1%.

The expression [5] for WALLES is an expansion ¢f% to 0.5% increased
by immersion (applied to the hydroscopic coatireguced to 0.06% (SOy) or
even 0.04 % (DUROC 7 days, drawing 3).

For DURVILLE [18] variations are integral parts thie plaster. They can be
divided in two:
- chemical origin: increase of 43% concealed by« (Bydration) and according

to the%relation (fixes the porosity).

- physical origin: the dehydrated crystals {drg 3a) push each other
provoking a true dilation which is increased by amgnoeuvres that shorten the
induction time (drawing 2d). The contraction shagk is only 1/10°.
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For [26] opinions are mixed. The accelerators)(dd@not affect the expansion
of the impression, but it does later...

For PEYTON, it is 0.05% to 0.09% which resultsaim expansion of 4 to 5
for 1 cm or 30 to 40 for each small impression.
“Everyone says plaster expands, but no-one says vaine by how much”
(COCAGNE 1946)
“Even so, many people using it in the building istty says it contracts”.
(PIERCE 1965)
So despite SCHILLER'’s equation, which seems to megomplex to describe
a crystallographic phenomenyds] we can say considering drawing 3b :
-there is a completely unverifiable variation irasg;
-there is undeniably a variation in time.
We count on a precision of approximately 0.4% or g@7-16]. This is a wild
variation.

| — 2 — 2 — 2 — Thermoplastic pas{&ERR) [25-28].
See A.D.A.

a) 37% resin

18% stearic acid

45% M, SO,

Plasticity between 50 and 57°

One problem: the impression expands

b) [16] uses a high precision method and allows fretressions.
Considering the galvanoplasty, the precision eqdéls . There is no time
factor.

For [1] there are imprecision factors in crystadtion at 44° of certain crystals
(drawing 4a).

With NALLY, one can speak of a linear retractid&j pf approximately 0.3%
to 0.4% (between 37° to 25°). Therefore, the impmsis cast immediately.
There is no storage.

In addition, for a single impression, KERR’s pastn undergo a residual
formation of 0.04 [28]. It can become deformedhié tshrinkage is not in the
axis.

There is a certain instability of around —0.4% ancevident risk of deformation
(drawing 5a).
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| -2 — 2 — 3 — Zinc oxide pastes [29-30]

Composition base: a) zinc oxide [5]
b) “liquid” essence of cloves 56% and oil 28%

For NALLY [5] the contraction of 0.1% is negligdalIt can be cast slowly but
it is too sticky.

ROUCOULE [16] speaks of a modification which atgathe form of 40 to 160
(drawing 5b).

For LEJOYEUX [1] the dimensional stability is motkan sufficient in a
complete prosthesis (with a contraction of less 4 %).
The thinner the material, the more the stabilitgd@ already) is important in
time[1].

SKINNER [31] remains in the same values of 0.1%eror if the impression
holder has a total dimensional stability.

| -2 —-2—4—Conclusion

-A dilation of plaster of (0.5 to 0.05)
-Two contractions: thermoplastics (0.3 to 0.4)
zinc oxide (0.1)

| — 2 — 3 — Elastic impression pastes
[same as [-2-2]

| -2 —3—1— Hydrocolloidg8-32]

Composition : soil —> gel : reversible

~
soil —* gel : irreversible

a) Reversible hydrocolloids

For ROUCOULE [16] there is contraction then ddati(see drawing 5c) or a
variation of+ 10 .
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NALLY [5] believes this elastic material is verygeise and it allows fine
details to be recorded without compression. It Etoyou take the overhangs.
But [5] it is not an impression that can be doneairhurry. It cannot be
metallized and it must be cast immediately.

According to PHILLIPS and SKINNER [9] and [31],elstorage factors are
very precise. Six other factors affect the imprecid9 p. 116] but we will not
spend time on them. The reasons for the variationgimension are the
syneresis and absorption. The syneresis is prodasesbon as retraction from
the mouth occurs. Even an immersion does not eesterproper dimensions.
We get a general over-expansion of 0.1% perhaps ewa@e. There are also
constraint zones [32] (drawing 3c).

[31] Whatever the storage conditions (potassiutfa®®), it is impossible to
mitigate this failure except in a manner even maexact (a variation in the
compression mass is therefore irreversible [31dWaing 6a).

b) Irreversible hydrocolloids (alginate) [33]

The basic element usually consists of a sodiumliakalginate or a water-
soluble potassium [1]. Any alginate presents adaxy smaller contraction or
dilation in time (drawing 7c), according to BACHMAN[63].

The waiting time in the open air or in a basin ohtev always provokes
deformations in the materials, especially in theximal thickness zones (it is
better to have a humid atmosphere than water).

For ROUCOULE [16] the degree of precision is tkeast good of all the
materials. The dimensional stability is weak, tlege of precision mediocre:
(625 t01750 ) as opposed to 10 for the reversibles, and 35for the silicons
(see [293 p.40]). One can speak of a precisiora@gprding to the alginate of
0.1 to 0.3. Meyer reaches 0.7% [33].

PHILLIPS and SKINNER speak in the good case oftabikty of 0.1%
(drawing 6b) according to the conditions.
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NALLY uses as a base the results of BACHMANN.
Variations other than linear ones will have to bastdered.

| — 2 — 3 —2— Elastomers (elastic polymgsd)]

Synthetic rubber considered as colloidal hydropbolgels [28]. The
polycondensation of the base rubber is made byemdal reaction with a
liquid (it is not a catalyst).

a) Thicol or polysulfuric rubber (Permlastic [34])

The dimensional stability can be linked to sevéaakors. We note primarily
[28] :

- Time : the longer the impression remains in tloeith, the more precise it is.

- Stability of the mouth

- Temperature

- The imprint accompanied by a mild stability (15otes) then retractibility.

- Conservation : cast immediately, there can be oatimuation of the
polymerization (within one hour). The impressiorides can be water-sensitive
and the air bubbles can produce bumps in the die.

For ROUCOULE [16] we have an initial contractian0o03 to 0.05% or 3to 5
for 1 minute. In three days it surpasses 0.1118% which represents only 11
to 13 .
Recommendation [29] for the juxtra and supra giagimpressions.
The wash technique (double impression) is intergsti
An average of 4% for a 24-hour time lengthening
An average of 19% for a 10 hour-tirf&]
The results have been well demonstrated (pages 33 of [4]).
Increasing the catalyst only makes the impressiickys [1] and therefore
imprecise. The impression is due to a secondarynpaization (0.05% in 36
hours and 0.13% in 3 days) (drawing 8a).
The wash technique (lightest coating) decreasedighertion (drawing 8b).
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SKINNER and PHILLIPPS speak of 0.03 to 0.05% anh8Autes and 0.11 to
0.13% at 3 days [32].
As with Bachmann, there are decreases in the leofgthe specimen (linear
function of time) [6].
It has a weaker value than the silicon and conservan open air is possible. It
Is cast immediately.

b) Silicons

Silicons offer less precision at the beginning amdr time than the polysulfurs
(drawing 8c).

ROUCOULE [16] places the values of the contraiah0.05% and 0.08% in
30 minutes, or 5 to 8 at the beginning and 0.33Gan 3 days, or 37 to 30
afterwards.

BACHMANN [6] records slight variations (0.086 afte70 hours).

SKINNER and PHILLIPPS arrive at 0.03 at 30 minugéesl 0.3 to 0.8 in 3
days [9, 31].
The distension values are very well translated Jrby A *° 14 (drawing 9a).
The drawing shows that the dimensional stability fanction of:
- the thickness
- the polymerization time
- the casting time
- the number of models taken from the impressisawithg 9 a-b-c and d).
We note that, like silicons [16], the polysulfuravie significant variations
between the time needed to prepare the modelshaneérngth of the pause after
the impression.

c) Mixed elastomers [1-16]

Commercial protection ineligible for medical protiic

Modified Lastic of O to 2.6%.

Xantopren 7.5% to 19%.

Optosil however from 7.5% to 6%.

There are marked differences in the behavior (drgwiOa) of synthetic
elastomers between the [14] and the left and right.
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| — 2 —4 — Gelatin

Gelatin allows the casting of several impressittisgrecision is from 20 to 60
approximately [16], according to the brand.

-Example[16]

CandJ - error goes from 0.2 to 0.5% for3dAenodel
Virilium  error goes from 0.4 to 0.6% for tB& model
Multigel  error goes from 0.3 to 0.4% for Bi&model
Vidur error goes from 0.2 to 0.4% foe t model
Croform error goes from 0.3 to 0.4% for &femodel

| — 2 —5— Direct impression paste

|-2-5-1

Direct impressions pastes were the only materisési iafter the 18th and 19th
centuries.

They had a resurgence in popularity since 1956 [1].

The basic composition consists of parafin, beeseapesin and spermaceti.
These compounds have negligible volume modificatidaring thermal
variations [1]. They also have great dimensiorabifity.

- Inlay wax can be mineral, vegetable, synthetic or natur8l.[2A thermal
expansion curve was established by PEYTON [35)warg 11d).

ROUCOULE found that [16] these pastes lose fratm @% during the cooling
period, or a difference of 30 to 40

According to PHILLIPPS and SKINNER [31], the limedilation is very
marked : 0,7% for 20°C or a contraction of 0.35%sag from 37 to 25° (see
KERR’s paste) (see drawing 11 c-d).

NALLY admits, with reservations, a conservatior4of[5].

According to DEMELON [28] wax has a contraction0ofi5% between 37 and
20°. This expansion depends on the consistendyeofvax.

50°C Soft 1%
50°C Medium 1%
50°C Hard 1.2%

Wax is highly subject to deformations.
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| -2 -5 -2 —Resins for impressions

Resins are part of plastic matter, composed oflgnpr and a monomer, which
results in polymerization.

To make an impression, it is not necessarily tleenttoplastic resin that interests
us but the autopolymerizing resin. The principlmaas the same but there is no
need for endothermic heat.

a) Autocatalytic resin with a slower grip time

These come in powder and liquid forms (capolymemethyl metacrylate and
ethyl acylate, alcoholic solution synthetic plagic for removable prosthesis).
The placement is done with a brush (drawings 1laaebl2c) [38].

ROUCOULE]16€] arrives at a contraction of 5 to &2
SWECNEY comes up with 53.

According to SKINNER and PHILLIPPS there is theubl® problem of
dimensional stability and temperature [31] (drawli@g and b).

As for Nally [5], he brings up 3 problems of dinseamal variability :
-The thermal expansion coefficient: serious probtémrecision (81 16)
-Change in the volume due to the polymerizationo(%%, linear contraction
0.5%)
-Dilation during immersion (1% after 30 days).

| — 2 — 6 — Products for the positive

When the impression is taken, two routes are plassib
1 — cast it directly
2 — consolidate it with a galvanoplasty or a resin

The choice of either possibility depends on thedpots used and the precision
desired.
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| —2—-6—1—Plaster

The technical and crystallographic characteristtlaster are discussed in
section [I-2-2-1].

Crystallography shows us that the precision ofgtan is tied to a great deal of
many factors (water, addition of a catalyst, mixitegnperature, etc..) [5].

a) Plaster undergoes an expansion

(Velmix Gestone) sometimes, undergoes expansiahsadractions (PALVIT).
The time needed to take the impression [26] isliystram 6 to 8 minutes.
(acording to DEYROLLE, the accelerators influenoe €éxpansion).

The expansion of the impression (POGGIOLI and NALLUY and 34] is 0.04
for the duroc and the same for the velmise (seael

PEYRON [35] finds an expansion of from 0.05 to Q@+7esulting in an
expansion of 4 to mfor 1 cm.

The more water there is, the fewer crystallizanolei for each unit of volume
and less growth interference in the crystals [3&g(drawing 13a).

The high dimension space [26] is used for the ppssd the sealing cement
(0.04%).

b) The impression plasters] [&re usually hemihydrat€barder, less expansion).
The K, SO, diminishes the expansion and the Na Cl incredses i

According to ROUCOULE [16] the plaster stones hawglight expansion
- 0.15 in open air, 0.30% in a hygroscopic mili¢hi() and 0.8 to 1% (large
grains)

- the amount of water makes the expansion chantjeinpposite direction
0.45 0.41% exp.
0.80 0.24% exp.
- Mixing : 1 minute 0.24%
2 minutes 0.40%
8 minutes 3.4%
(drawing 13b)

SKINNER sets it at 0.06 to 0.05

They note the essential role of the age of theisgst(drawing 13c).
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c) Impression plasters offer little resistanceréxtfure [26].

d) They result in a hardness of 35 (Knoop) afterh®drs and a resistance to
abrasion of approximately 0.248 (Velmix)

e) To the eye, crystallography gives good resdissdnd 26] in the form of the
details.

f) The model reaction with the impression is nall the plaster.

| —2—-6—2— Copper amalgam

Used on the copper impression, this material [k6]ess precise than stone
plaster. Its use has been virtually abandonediskesv).

| — 2 — 6 — 3 — Galvanoplas}$6]

Silver or copper plating.

Silver galvanoplasty on thioplast is well known.

The galvanized impression is filled with plastealanoplasty on metal is also
possible [37].

Nickel galvanization is also possible. The big peobis the internal tension that
it provokes.

After a deposit of powdered silver (for examplég tnterior galvanic coating is
obtained.

We note a dimensional variation in the acid andilalke baths (not forgetting

the variations in weight) (drawing 14a).

What can we say ?

Galvanoplasty offers a MPO less over-dimensionanttplaster [26] but

produces internal tensions. It lacks adherencepaodokes the contraction of
the deposited resins.

- resistance is superior

- hardness 102 with copper (Knoop)

- resistance to abrasion 0.025 (10 times thataxtpl)

- very elaborate details

- needs constant surveillance
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| — 2 — 6 —4 — Self-polymerizable resins

They are more stable than those polymerized by (@dat4 of imprecision) [16]
(see drawing).

The self-polymerizable resins usually have a polyragion contraction limited
to their physical compressibility. In direct metlso{B6] the contraction is
limited through immersion (absorption of water).

If we return to drawing 4 [27] we clearly see apdision of the dilation and
contraction values.

|-2—-6—-5—Note

- For certain materials (PALVIT, DICODUR and KOLDYRe have a dilation
per impression followed by an unequal contractiaiues of 0.3 to 0.4%).

- The EPOXY resins (ATC ETIMPRIDUR) are contractidfom 0.2 to 0.4%
(and even 0.6 to 0.8 in 7 days).

- ACRYSELF has a retraction function of 2% thicksiés

| —2 — 7 —The coating

The expansion of the coating usually varies [16joading to the heating and
casting methods (thermic or hygroscopic), the pesgge increasing from 0.4%
to 1.8% or 40 to 180 (drawing 14b).

The problem is to compensate for the expansiohefitetal [5].

We expect an average linear expansion of 1.65%esponding to a 0.4%
contraction of the wax and of the gold alloy, foxample (1.25%). This
expansion occurs in three parts (the thermal ingowas the hygroscopic
impression if desired which gives 4% to 5% withoegtraints while there is 2%
with the asbestos-lined cylinder).

Our drawing shows only the normal and hygroscamiaression [31 to 40].

All coating must be compatible with metal.

- normal precision curve less than 800°C

- high precision curve (for porcelain) higher tfe60°C
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- For [43] the impression expansion, the plastiatels to 95%.

- The hygroscopic expansion is 1.2 to 2.2% (acogytlh the silica used)

- The thermal expansion. The greater the silica,gteater the expansion. At a
temperature between 600° and 800° it can contna@% (drawing 14c). The
silica compensates for this contraction from whicB% is obtained with 75 M
of crystallibility and 25% of

- other influential factors :
- water quantity (drawing 14d)
- chemical factors (Nacl) (drawing 14e)

For ROUCOULE, the expansion factors are [41].

The relation% and the spatulation

MARMASSE [42] expresses these expansions in gcaphi

| — 2 — 8 — Dental alloys

During the cooling, a lot of shrinkage is produ¢&@] which is compensated for
by the normal expansion of the coating: the averagdee of the shrinkage is
200 (hygroscopic : expanse of 180. Without going any deeper, we see
therefore that there is a lot of shrinkage betwéerhot and cold states.

For the stellites, the contraction would be aro@rgl [5]. We compensate for
this by the thermal or hygroscopic expansion [31].

For certain alloys, the coatings have their se¢i@b) well guarded by the
manufacturers (drawing 15a). Drawing (15b) shovesvifrious expansions.

| — 2 —9 — Dental amalgams

There are two kinds : spheric or traditional [421§].
The ADA sets a dilation of 0 to 20per centimeter.

But this phenomenum is not so simple; an amalgamagpresents a state that
varies with the temperature, which makes it fragiith age. A study of rays
allows us to translate the classic expression (ithe expansion of an amalgam
impression.
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BLANC BENON offers us more details and differerémtthe phases (A.
Spheric) [44] (see drawings 15 c-d-e).

The remarks are identical for the copper amalgam.
The growths are linked to two phenomena [44]: @miton and expansion,
which theoretically must never be dissociated.

| — 2 —10 — Obturation cements

| —2—-10—-1 — Silicate

Obturation cements allow an esthetic restoratiorurrent practice, but they
present huge inconveniences: pH acidity : 2.3 ® [B1] and use in oral
humidity which provokes the percolation phenomerndd), (rubber dam almost
never used).

The dimensional variations are very large, usuallthe direction of a retraction
[31].

For NALLY, the slow polymerization after the impsasn is responsible for this
contraction. The absence of recurrence (optimistoenes perhaps [5] from the
fluoride and the oral environment, 1% contraction R Buccal — 0.2%
contraction in R Nasal. This is due to the irrelsescharacter of the silica gel.

| —-2—-10—-2—Resin

A great power of contraction (see impression resin)

| —2—-10 — 3 — Composites

These are resins with particular components [46]rngathe property to retract
less. The resulting contraction on dilation is st large, but for BLANC
BENON [45] the percolation is not avoided.
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| —2—-11 — Sealing cements

|—2—11 -1 — Zinc phosphate cemdBtg

Either for a film: linear stability of 0.08% i.e.B m(very weak) (drawing 16
b).

According to NALLY, one can observe a contractidteralaying it down from
0.3% in the open air and 0,5% in water, so thefeegaare negligible.

|—2—-11 -2 — Copper cement

See zinc oxide cement [31].

|—2—11 — 3 — Zinc oxide and cugenol (?)

Remark :

ROUCOULE [18] recalls his results of the sealingmeats. The setting
contraction is 0.004% (in a humid environment) 88a2(water).
Fortunately, the space is very small.

- We will not discuss here the precision of thécatation control materials (see
outside studies). The precision is from 15@ 5 [16].

- The measurements: definitions
-1m: 168 mm = 16 microns or = 18 A
- syneresis: separation of the liquid from a gel

- percolation: absorption, rise of water

| —3 — PRECISION TENDENCIES

We have just enumerated the degree of dimensiaration of the substances
used in dentistry.

This factor cannot be treated in the standard wepabse it is part of a given
whole, “The Chosen Substance”, in a given stage
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| —3—-1—Why is there dimensional variation ?

A system (for us the group of substances such rasngression paste, etc..)
possesses a total or entalpic energy.

H= U +PV

It is the internal energy, a definite value.
Values U and H cannot be measured because theréo@arenany factors
involved. We only measure variations of these \&lue

H=U+PV
(variations : exergonic - H and endergonic + H)

According to KALOIRE, the usable energy of a sysieranly part ( F) of this
system. It is called free energy. The unusabldifmags called entropy (S). “S”
represents the amount of energy tied to the elestamd is itself linked to the
probability of the electronic movement. It is a wersal function of the
probability state of a system.

According to BOLTZMANN's data :
S =Klog ptc

And according to CARNOT :
dSs O_'r—Q (irreversible process [51])

It is our inability to coordinate the molecular neonents that makes so much
energy unusable.

It should be noted that the actual position ofghabability of the values linked
to entropy follows an oscillatory value which capends to the molecular
oscillations. This is important because a largellason can reach a change in
the conditions [50].

Therefore, a system’s entropy appears as a praydittor which defines the
internal order of the system.

For a characteristic molecule there is no entrapy2@3°C. It corresponds to the
accumulated energy in the form of rotation, tratmhg vibration or electronic

phenomena... This energy is even greater if the sysgemore complex and if

the atoms and the molecules are more numerousedach@hble.
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So this S energy can vary considerably during anoted reaction because it
depends on a number of possible arrangements ahtiecules and on their
various internal distributions, while the total eme remains unchanged. For
each macromolecule the role is considerable [49].

The macromolecule plays a role in every possiblenfof the molecular

arrangement, the molecular composition, the nurabatoms, the grouping, the
ionic and atomic structure, temperature and infb@srthe physical condition.

This energy does not produce any work and is vesgeptible to be influenced
during a reaction.

The MAYER and JOULE principle

“When during dilation a substance produces a p@sivork on the exterior
substances in contact with it, a certain amouthteat is lost.

Inversely, if a substance contracts and if therextsubstances exert a positive
work on it, a certain amount of heat is generated.

In both cases, there is a constant relation betweamount of work produced
or absorbed and the amount of heat lost or germkrakbis relation is
independent of the substances brought into play”.

| — 3 — 2 — Departing from this data

It seems to me essential to state the first “ppikecof precision” which perhaps
can be summed up as follows:

Precision does not exist in the absolute, it iategl to a condition (EINSTEIN)

and is only a function of a system’s condition ttlsao say of its entropy, which
is only a probability of fixed existence.
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On a higher scale, if we disregard the relativityttongs and use an average
value of S in the probability, and if a system’srowmternal energy does not
vary, the precision will be such that there musabe
H= G+T S with no variation between two periods¢- and +
¥

This would assume that our system (impressionjdspendent of other systems
(different T and P) which is false. This, then f&e tsecond “principle of
precision” and represents the dimensional variatiéior example: exchange of
temperature, different pressures

To sum up, our imprecision is linked to our owni@att this way we modify the
actual structure of a substanc& whatever action is taken (a change in
condition or a chemical reaction).

H= U+T S

But the imprecision of our action is equally due how an unstable
thermodynamic system reacts with the other sys{@sst is the case with our
paste in the surrounding atmosphere) (drawingsd)7 a

So we find ourselves with a double imprecision:rabteristic(by our action)

and uncharacteristic, so-called characteristic dgtion (by the inter-phase of
the systems in situation).

| — 3 — 3 — Entalgic atomic entrofy

What is a solid in thermodynamics [51] ?

A solid can transmit forces (gas) and appears crystallized (vitreous: a high-
viscosity liquid).

It can present several stable forms at pressuedldtropy). The transition from
the liquid state produces an amorphous isotropiactire. This transition is
done according to: (see drawing 17b).

CLAPEYRON's formula gives the amount of heat neefdednelting :

L =T(vr-v) &
L, = latent fusion heat
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|-3-3-1-

EINSTEIN's solid with a constant volume in non-gtian theory [51]

A group of moderately fixed atoms which travel ittlé movements around a
position of balance.

We can consider them as independent and speakawfbdck forces and not
interaction forces. The potential energy of eadhllasor is therefore that of the
interaction energy. (They are not really independsaillators).

The internal energy (the internal heat) in traositi

u=csz+2—'§a=csz+2Pq

depends only on the temperature (oscillator N) othlg variable in condition.

| — 3 -3 —2— Same in quantum thefs¥]

Calculation with a spatial quantum energy osciliato
E=hV (n+g)

We know only the total energy. It is not possilbeseparate the internal heat.
Therefore, we cannot determipg51] gives the value of

U-Ur

| -3 —-3-3-DEBYE’s drawing

The atoms are not alone and isolated. There asgarttons between them.
(There is a propagation of speed waves dependingherdirection and the
frequency).

| -3—-3—-4—-DEBYE's dilation

“The displacement of the middle position is slightbroportional to the
oscillators’ energy. Because the “ge” is so snthi§ energy is not very different
from that of the symmetrical oscillator.”

The drawback forces of the solids are not exactypgrtional to the elongation.
The displacement of the middle positions is traeslaby a dilation that is
proportional to the energy and, therefore, to émegerature [51 and 53].
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| -3 —-3—-5—Conclusion

The dilation [1.3.3.4.] as with any change in caiodi [1.3.3.], is translated by a
variation that is proportional to the energy, ahdréfore to the temperature.
This variation in energy is due to the fact thainad oscillate (drawing 170),
guantify themselves and are dependent on each. &ten the drawback forces
[1.3.3.4.] are a function of the energy. Therefonathematically the condition
of a system is tied to its energy which in turnel®gs on the temperature.

Precision is theoretically impossible unless:
T=-273°C when
H= U
The molecular vibrations, etc... indicate that, evena stable system at a
temperature T precision is only a probability of precision (tieto the
probability of atomic presence).

| — 3 -4 — Where is precision found ?

No where. Precision is relative and probable. Tmea@lose, we must exclude
all energetic modifications from the system and paogsibility for loss of data.
To do so, | propose a method in this thesis.

Until now [27], precision was tied to practical ebgtion and practically
measured [52]. AImost the entire beginning of tinst ichapter proves this. We
would limit ourselves to considering spatial vadas [conclusion of 27]. We
would classify materials by action category [16 28], by action zone
[conclusion of 29], and by physical environmen&itors [4]. They all lead to
sometimes very brilliant manipulations and we bgnfedbm this everyday in
current practice. For this we thank Mr ROUCOULEparticular [16]. However,
the imprecision is more than a simple “algebraiditoh of dimensional
variation” [16]. It is the act itself of all energsariation. One hundred percent
precision exists. It is a probability of presenthe tooth itself does not escape
this condition. It is desirable (here we disagretn WRROUCOULE [16] because
it can be reduced.
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Here ROUCOULE confuses precision and imprecisioreciBion is always
100% probability but a 95% precision can be 100%®ability. If, for example,
mathematically and deliberately | reduce the meaments to 95%, the
probability of presence is still 100%. By our classiethods, it is on the 100%
probability that we act, but not on the measuremedtiction in a mathematical
manner with a 100% probability. In our case, thecion is the imprecision in
ROUCOULE'’s case. Therefore, yes, the probable gi@tiof 100% can be
mathematically modified from 100 to 0%. The purpo§eny study is to be able
to use this character belonging to mathematicahea and apply it in this field.

| — 3 -5 — What are the various imprecisions ?

| speak of imprecision, that is to say, of the wnkn x% precision in the
probability of presence [1.3.4.].

| classify the imprecisions in three classes onat@mns: primary, secondary,
tertiary. Each class is subdivided into two phasggor phase and minor phase.

| —3—-5—1—Primary variation

It can be characteristic or uncharacteristic, ddpen on whether it is the
consequence of our action or that of the systecommact.

a) Primary major characteristic variation

- change in condition (liquid — solid)
- change : in molecular composition, the numbeatofns
complexity of the group (chemical R)
- allotropic change in a condition (in Ag)
We can do nothing because by our action we areonsgge for the variation
H.

b) Primary uncharacteristic variation

Thermal exchange, from which we have the energyatran with the other
systems.
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We can do nothing because these are the conseguehtige thermodynamic
imbalance that we create.

c) Primary minor characteristic variation {same, but
localized

{to a zone in
d) Primary minor uncharacteristic variation {space

The result is distortion [5.6].
They can be classified [52] : (these V.Pm)
- destruction of form :  (cylinder, diabolo, lza@, comma, tendril)
- conservation of form :
error in_dilation: linear contraction
diametrical contraction
error in_rotation

| —3—-5—-2—Secondary variation

a) Secondary major uncharacteristic variation

We can do nothing because the material is resplensib

- action done during the impression (contractiothefimpression)
- products react with the object (drawing)

- immediate water loss

- temperature, pH, atmospheric pressure of the Imout

b) Secondary major characteristic variation

- Our method is not rigorous (spatulation, timescpatage, boiling, impression
holder, liquid film which remains, pouring too laténsertion, uncertain
anchoring and withdrawal, acrobatic wax sculpture).

- the proposed method is bad one

- outdated products

c) Secondary minor uncharacteristic variation
- superficial loss of water at the local level

- contact

- pH in oral atmosphere

- pH of galvanoplasty...
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d) Secondary minor characteristic variation
There are all kinds of homogeneity defects.

|-3-5-3-

a) Tertiary major uncharacteristic variation

- respective dilation (coating in relation to thetals)
- individual impression holder in relation to thaspe
- dilation of the copper (ring)

- differences in production of the same product

- patient who moves...

b) Tertiary major characteristic variation
- number of models made
- our psychological influence on the patient

This way in our manipulations, the imprecision micantrollable (we only know
the energy variations) and vitally important. We sinuherefore suppress
additional factors and control the precision as imas possible.

| — 3 — 6 — Eliminating different variations

By the classical methods, it appears to me difficdal reduce tertiary-type
variations, even secondary uncharacteristic onesweder, in the current
conditions of our most advanced theoretic knowledgere is no possibility for
the primary major and primary characteristic andhamacteristic variations to
be suppressed.

Therefore, we can speak of a kind of “asymptotidhe precisioh (drawing
18a).

The only means then is to reduce the data, not ogifgning them as do the
laboratories (and not the researchers), but byregpmg them. This can appear
absurd but I will explain with more details in tbeming pages.
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If | take the definition of the word “precise”. ‘@h leaves no place for
uncertainty, precision is the character of whatesr and exact”.

The precision of a measuring instrument is as egactt is sensitive, more
mobile, more reliable in reading, more faithfulddmally more precise [54].

| — 3 -7 — Chosen values for these eliminations

| - 3 -7 —1— Biological measurements

Man uses language to express himself [55-56] iredpeor in writing. To
express a qualitative value, for example the lendt part to cast, we attach the
concrete reality (the part) to an abstract notidjze). We base our argument
on these abstract notions on the S | (Internatioma System).

| -3 -7 —-2—Base unit

What is the base unit of a length ?

It is the meter. But it does not interest us. Wewkrhat in dental surgery in 0
m, the lowest sub-multiple of S | meter is arouf’L As we now know that
the most important thing is to know the greatesfciion even if it means
reducing it mathematically according to our ownlvilVe can affirm that we can
get around these orders of size.

| -3 —7—3—The phenomenum in biology

The extrapolation of exact measuring methods imbdofy constitutes one of
the important problems in modern science.

In fact, this elimination would allow the systentatapplication of the

mathematical principle to the study of biologicddlepomena. It allows one to
treat the phenomena with a rigor comparable todhphysical science.
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To come back to registering a biological phenomeibimlogical positions for
us), we use instruments which transform it intoeasily measured response.
This response can be read directly or recorded [55]

| — 3 -7 —4 —Theoretical plan for a measurirggromment

This system is composed of one sensitive part,rapliier, a recorder and a
linking system.

The sensitive part is put in contact with the phmeaoum to be measured. Often
the measured energy is transformed into anothem fof energy, usually
electrical which can be transmitted, amplified aecbrded more easily than the
initial energy [55]. This transduction is producey the transducer, generally
the sensitive part itself.

The amplifier system or recorder consists of aesaad a needle in motion.
A transmission system connects the recorder terémsducer.

| -3 —-7—-5—Errors

To avoid errors in biology measurements so thatvtlees are precise and not
unquestionable (relativity), the device must becfiomally isolated from the
biological system. In other words, it must measuvitbout modifying.

We must use as precise a measurement as possible.

The measurement standard can be defined as an alhjet represents the unit
of size, for example [55]. Currently, the mathematunit of the standard is the
length corresponding to the transition g and 5@ of the KRYPTON atom 86

(rare gas from the air) = 165.763,73 in the voitlhgre is a mathematical
tendency toward 0 to suppress the interactions).

The other radiations used as the standard areticadiaof the gas laser and
mostly the line 6328.18 m of the neon helium laser. We need a stabilized
monomode laser (commercial types exist) to meaterair. We must divide by
the index 1.00028. (This is the only precision [eat).
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| — 3 —8 - Our plan towards precision

The information signal can use four energetic sugpelectrical, pneumatic,
hydraulic and mechanical) and exists in two forarsa{ogical and numerical).
The measurement converters will adopt these sidrsigeen them.

| — 3-8 —1 — Analogical numerical converter

The sizes are continuous or analogical and aresrimgted numerically. These
are various numeration systems (decimal, binarginaa side D.B.D.C.B.).

The method is done either by successive scanniby mtegration.

| — 3-8 —2— Numerical analogical converter

It is the opposite or decoder.

| — 3 — 8 — 3 —Suppression of the major and minor primary
variations, characteristic and uncharacteristic

Let us return to the definition of the major anchori primary variation change
of H. System entalgy.

To avoid it in our system, we refuse to set anymabal or conditional variation.
If we have to, considering that we are able to kreme (simple variation), we
need only be aware of it (personally, | am agaimstprocedure).

To replace it, we use the least sensitive and presise energetic support:
= wavelength

| — 3 — 8 — 4 — Secondary major and minor uncharestic
variation

The idea is to avoid influential factors. For thise provoke an immediate
conversion of our phenomenum (holography).

To avoid time factors, we use an unmodifiable infation energetic support
(theory related to the time that we send). Thikésoptical ray (laser).
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-Secondary major and minor characteriséciation

We use a rigorous data support which is independénhe time and of us.
These are numerical supports (Mathematics). Werssphhuman manipulations
(buttons). Physical science.

| — 3-8 -5 — Tertiary major, minor, uncharacgeivariation

The related interactions (paste in relation to thgression holder) are
suppressed. Obviously, storage will be done inteheraatical values (video
recorder, hologram...). The patient factor is limitéol the time of the
propagation of the ray (physical factor).

- Tertiary major, minor, characteristic varuati

The duplication is done in mathematical values, thiedefore fixed in unlimited
number.

| -4 - OUR METHOD

The first problem for us is the transformation imwmerical of the analogical
size by a converter.

| —4 — 1 — Our analogical size is essentiallyvbkeime

We measure a difference in distance.

We look at the theorem [57].

If two light intensity sources | and I’ produce te@me illumination on a screen
placed at distance D from the first source andr&fthe second, the intensities
are proportional to the square of the distancetherscreen (drawing).

So an illumination produced by both sources onsitreens | and I’ which are
defined as illuminations produced at the unit staince, we have logically,

first source : E-_1
| D 2

E-_1
second source = 33

63




In theory, each surface unit receives a light isitgnwhich is inversely
proportional to the square of the distance sepaydltie illuminated surface and
the light source [58].

As the illumination of the surface is proportiot@l (drawing 19a)

E _ 1l(candlg
lux ~ d2(mete) (3)

r = surface ray

] = unit of |
| = intensity
d = distance
Based on the formula (3)
-
d=L (4)

This means that any light beam carries its distamimgmation according to the
intensity at the point of contact on the screen.

Let’'s study the reception of this analogical vald@ch is the distance but more
exactly the intensity resulting from the distandeagving 19 b).

It is evident that the received intensity in M ighrer than that received in M’. It
Is possible, both mathematically and at the le¥ehe photoelectric cells in the
diagram (formula 3), to extract the values of d dn@angular correction done).

| — 4 — 2 — Analogical converter

We understand at the start that our numerical gradb converter will be
formulated as needed in binary decimal D C B anet ledectronic signals.

In the mouth, you tell me ! We see a scanning ef‘®egion to be measured”.
Somehow we obtain a group of successive sectiagasvijalg 19b) which, when

put next to each other (drawing 19c¢), form a tatdlme. This is what | call the
“optical volume” which is in fact a “mathematicablume” obtained from

electrical data, but it is the mathematical functed optics (formula 3) which

allows me to formulate this idea (see chaptersdb/amrawing 20a).
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| —4 — 3 — Neqgative crystallization

In order to crystallize my negative in the shoresbunt of time so that the time
factor does not come into play (precise impressmmditions), | use holography
which again justifies the use of laser. Holograpmhypased on the principle of
interference and allows us to reason not in microasin wavelengths. The
precision is therefore absolute (drawing 20Db).

Why the hologram ?

| chose the hologram because | can do the cry=stadn literally in a flash.

Not only is the time factor removed, but the ho&ygris the only thing that

offers me a three-dimensional scan in two dimerss(see chapter 5).

Without moving any object related to the convertbe analogical numerical

converter can easily analyze the intensities aretetore, the distance in all the
possible cases (chapter 7 — drawing 20c).

| —4 — 4 — Laser and biology

| chose the laser ray because it allows me to @izt the impression (negative
crystallization), but also because of its preci|aod its qualities (coherences...).
It allows me to remain in almost pure mathematitases (denial of
approximation) (chapter II).

One could object to its action on the tissues. l@ncontrary, it is an advantage
that | will study in detail in chapter IIl.

| —4 -5 — Storage (drawing 21 a)

Storage of impressions can be done using threeegses: holography and
computer terminal or, more easily, the video reeard’hese procedures are
almost unalterable and here, again, the precisitina n samples is exempt from
any variation and imperfection (chapter IX).
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| —4 — 6 — Why the computé@r(drawing 21b)

It is not compulsory but according to my method lasg as a practical
implication of chapter IX will be satisfactory: arwild-up will be practically
realized.

The computer allows storage and direct sculptingeigrence or by need.
Direct or inverse sculpture. It is the logical esideverything; its principle is
simplesubtraction.

| — 4 — 7 — Analogical numerical converter

It is the decoder: a numerical size materialized memory will correspond to
an analogical electronic signal (current or tengiohich is proportional to it
[55].

A sculpture of a part will correspond to this ampdal electronic signal
according to different procedures: the mechanigatro-sculpture) procedure
and the optical (ray) procedure.

Instead of taking a distance, it is the storedadist in the signal that the head of
the sculpture perforates at a dimension d.

We thus avoid any dimensional change in the matdayasuppressing all
imprecisions of the wax, the coating and the scudpt

The H is fixed no matter what the action, whence tigomri(probability of
precision) of the method.

The granulometry is freely chosen and not accortbnifpe casting possibilities.
The sculpture is theoretically chosen.
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| —4 — 8 — Conclusion

We will use the standard (optical) unit for impiess We will set the
wavelength in (hologram) units of measure. Hereimgae analyze it very
rigorously in this same value (scanning). Then tegesit in numerical values
(VCR). From this storage with a chosen referencenfmter), we build up or
rather we sculpt the positive.

To conclude, we suppress the imprint, all formshaf positive impression, all
forms of sculpture, all of which depend on the ghresist’s experience.

The coating, the casting and its cleaning becorakess.

By applying the principle (MARMASSE) that “a wellade amalgam is worth
more than a bad inlay, but a good inlay is bet@nta good amalgam”, the
inlays are created in a precise and rigorous mamnd#ris method...

Perhaps one day we will suppress the use of falingour profession.

1°/ - In this chapter we explain that the classitaithods in prosthetics, as in
dentistry (amalgam), are imprecise and studyingmthdemonstrates the
disagreement among the various authors [1.2].

We explain why we believe that the cause of thikésenergetic variation of the
systems (that we use) and the importance of thebeurof factors which
influence this variation. We define which for ug dhe variations according to
the physical data [1.3].

Then we explain that the use of a simple systesefla hologram + scanner +

computer + milling machine) allows interesting fdésun precision and speed,
because quantitative and not qualitative valuesised.

68




2°/ Now we have the duty to explain what the opticgression is and why we
chose to use the laser. The laser’s propertieagxplr choice, we must specify
them and, above all, justify them.

The atom will give us an answer, the double hypmthef the quanta and of
electro-magnetic is then explained in order toifyashe exceptional qualities of
the stimulated emission.
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THE LASER EMISSION

From theory to practice

- HISTORY

- ELECTROMAGNETIC WAVE
- ATOM AND WAVE

- LIGHT WAVE

- ORIGIN OF THE WAVE

- LASER CHARACTERISTICS
- OUR CHOICE

- CONCLUSION

CHAPTER — 1l
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IIl—1—-THE LASER RAY /INTRODUCTION AND HISTORY

Before the famous ray was born, there had to balfackntury of research. A
decade was enough time for these applicationspgeabut there would still be
many long years before it could fulfil all its pres.

What are the principles that one day led Profeskendore MAIMANN and his
laboratory assistants at the HUGUES AICRAFT COMPANYASADERME,
California to see a perfectly parallel, impeccatnignochromatic beam gushing
out from ruby ?

(The Coherent Light as EINSTEIN predicted) [62]

“ The emission of radiation by atoms can be acldeusing two different
mechanisms : the spontaneous incoherent emissidrtheninduced coherent
emission” [63]

This is what we are going to discuss.

Before going into the laser’'s conceptions, it se@ssential to us in a dental
surgery 2° cycle thesis to explain the electromagnetic réys,structure of the

atom and its functions, and quantum mechanics,faond these data explain

why the laser ray was chosen, the properties wimtdrest us and the reason
why we integrated it into our system.

To separate the laser ray from its theoretical,herattical and physical data
would make it incomprehensible.

-2 - ELECTROMAGNETIC WAVES

Il —2 -1- A light wave as with the undulation of a cord, is a kind of
periodic perturbation moving away from a sourcee §lzes of the electrical and
magnetic fields vary. Since they do so at the same, a simple presentation
will be done later on [64] — (drawing 23 a).
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Il —2 -2 — Awave is characterized by four impmtt sizes

Length — Frequency — Speed — Amplitude

- The wavelength is the distance between any tvadogous points :

- The frequency is the number of waves which passugh a given point in 1
second : N

- The speed is the rate of propagation : C.

- The amplitude is the amount of oscillation.

Il — 2 — 3 — An electrical and magnetic wave oc&l@magnetic is :
- very extended in wavelength
- the same in speed, 300.000 km/s as in

= % or v =% ( n = index of the environment). (1)

- the low frequencies correspond to the wavelengfiasvice versa.

| —3— ATOMS AND LIGHT WAVES [53-65-66]

All light is emitted by atoms.

Here are the principles that govern the absorpiwh re-emission of energy by
the atoms. Electronic configuration of the atom.

The atom is formed from an electronic cloud surchng the nucleus.

e=4,77 10-10 UES

m=0.91 10-27

z=atomic number

-3—-1—-The WIELS-BOHR model

This interpretation is based on quantum mechanics.

- the quantum theory :

An enclosed space at a certain temperature is oharrder to avoid any
exchange. The radiation does not occur in a cootisumanner (fed by an
oscillating circuit at the source), as in the ca#ib a radio wave, but by small
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bundles of energy (like bullets from a machine)giihis is quantum energy :
W= hvV (2 =% 3)
The carrier of this quantum is a particle withowts® called a photon.

Il —3 —2 - BOHR'’s postulatb3]

This model uses the quantum theory (Planck) [7&]- 7

POSTULATE 1 — The atom is stable, in other worddaes not radiate when the electron
moves in well-determined orbits or “stationary tshi
Kinetic moment of this orbit

—n_h
mvr = n 20 4)
POSTULATE 2 — When the electron passes from ongostay trajectory to another, the
atom’s energy undergoes an abrupt variation (elaitrtransmission).

W,-W, and an emission or an absorption of a monochremadiiation frequency stated by
the relation :

Wn-W,,; (or E-E")=h )
where : h =is from Planck, = the frequency, v = the speed and m =the mass.

= _1 e i
1) W, ) 4/7602 2 dv (b)  (potential)
21 2 V2 _ -1 e .
2) W, = > mvz or m-=m a P, Z°0 (7) (Kinetics)
AsW=Wo+We.W=_=1_,€
8pg, T
Calculation of r (Broglie’s)
—n-h
mvr = n 20 (9)
i 2=_1 e
0, (4) gives v P, Zom (20)
e,
thus r= Zemp (11)

Calculation of ¢ =1

4

(8) and (11) give W =21

M with  {W=Fh
Breg’he
W: :g
UR=F=)
4
1 1
thus1=W="C (= 2,_ 12
/I ch 8cht G (12)
4
where R" = -—"€  (Rutherford’s) 76
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I -3 -3 - SOMMERFIELD’s theory

This theory is the exact representation of the atoharacteristic of quantum
numbers) according to our current knowledge (drgva b).

Il — 3 -3 -1 — Principle quantum number

The principle quantum number gives the size (i the number of orbits and
has a whole positive value.

Il — 3 -3 -2 - Secondary or azimuthal quantum loem

This number gives the form of the orbit.
The orbit can become elliptical.
This quantum number is characterized by a valua/figh is equal to : n — .

Il — 3 -3 -3 - Magnetic guantum number : m |

Due to the ZEEMANN effect.
r cos =ml (%)
where mlis = ml +l
thusn=2 1=0 O
or
=1 -1
0
+1

Il -3 -3—-4- SPIN’s guantum numberg m

The electron spins while turning around the nucl&as each value of m I, ms,

takes the value%,% (drawing 24).

| — 3 -4 — Undulatory mechanics

|—3—-4—-1—Louis de BROGLIE9 - 70]

The BOHR-SOMMERFIELD theory is in some way true d&ese it allows to
predict with precision the level of energy of thedtom.

But, besides appearing artificial and over-addetthéaconcepts of classical
mechanics, its effectiveness remains extremelytdiin{it does not explain the
behavior of the system with the n electrons o2A&/INSON and GEMM

interference).
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A coherent and more general theory needs to releoti@ double aspect of the
electron which, according to the type of experienappears either as a
materialized corpuscle or as a wave with a defiingguency [67].

A reasoning by analogy between the behavior ofdleetromagnetic waves,
which also are sometimes in the form of waves,h& proper sense, and the
form of grains of light or photon led BROGLIE tosdover a fundamental
relation between the electron as a particle andriteunt of movement and this
same electron is characterized as a wave.

=

2pr=n/:&\

/ = % (14)

See : theoretical representation in thermal physitkp. 51 and
- SCHRODINGER'’s non-relativistic equation

e _h dE
g DAL (15)

compared with (8) the relation of terms
- equation determining the possible values of E
(x, is the space variable)

_2iPE!
after reduction
PO=E O (17)
function E = function P
(energy) (operator) (51)

Used in optics (SCHRODINGER) and in mathematics IFENBERG and
JORDAN) this led to the formulation of a certainnmher of postulates whose
exploitation constitutes the undulatory mechanics :

POSTULATE 1 — A relation exists /=D (14)

POSTULATE 2 — It is not possible to determine sit@aéously with precision
the position of a particle and the amount of itsyaments.
The probability of presence is :

yy*dT=1y 12dT (15) 78
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POSTULATE 3 — In a movement of one dimension, #siit of the imprecision
on the abscissa by the imprecision on the measmnewf the amount of
movement is constant and around the size of

-_h
Thus ‘2 X  PpPXC (16)

This is HEISENBERG's principle of uncertainty whigh applicable to all
movement or form Mz
From this we can possibly know the energy andris.t
W=F X
donne (mj) donne ¥ et donne% 9= %

_ mDx?2

(= ML2T?) (17)

The energy of a system (isolated and perhaps stat¢ke notion of uncertainty
energy) [53].

I —3 —4 -2 — Principle of uncertainfy3 - 51]

(Drawings 25 b and 26).
The total mechanical system of an isolated quansystem is not strictly
constant. If the system only exists during an wdkpof time Dt, its energy can
be defined best by :

(18)
DE Dt €

Again this concerns a relation of uncertainty lbus itied to the definition of the
energy in the usual time. The time of the systesuficiently negligible so that
we can disregard this.

The certainty to encounter an atom in a precisat asb absolute, but in
undulatory mechanics there is only an elementasgipdity dP.

The probability precision will be better defined knyowing the wave’s function.
y (xy3) (19)

With regard to the probability, this function plafee same role as that played

by the electrical fielck in relation to a light's wave intensity, thus

y2:P
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(where P is always the probability of presence)
Later on we will use (19) constantly.

In an isolated mono-atomic system, this functiomresponds to the conditions
for which the value of the total energy T is defin€his function is a solution of
the SCHRODINGER equation which we can now write as

= Dy +[W-vy (2y3)] = 0

y = energy of the system’s own functions
m = laplacian’s
_ gy ., 9y
d@  dy? d§
v = speed of the particle
The y solutions functions are functions belonging to fystem, and the T
functions are the values belonging to the energy.

Dy

Conclusion :
At any moment the position (x, y, z) and the spafeohee cannot be defined in
a precise manner. We can only define the whole.

I —3 —5 - Spectrum and radiation : its enej6fy - 74]

-3-5-1-

If we study the interactions between radiation anadter (the Raie spectrums for
example), we see that the radiation occurs in gfiehteaps.

The wave and photon concepts cannot be dissocgted though they are
opposite like the back and front of a sheet of pape

The purpose of this exposé is not to delve intonatghysics. We will simply

give some examples of the interactions which |leadnergy levels that we will
soon put to use.
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Let us first consider the nucleus of the atom adrgke Ze and an electron of
charge e and of mass m. The quantification of tloement shows that the
energy of this system can only take values :

_ - zze4m 1
Wn_ geshz ﬁ (22)

So n =whole number (of orbits)
€, = basic electromagnetic coefficient

When there is a variation of one unit, the emissi®napproximately one
electronvolt.

The electron’s energy is indeed found in this f¢kmetic energy and potential
energy due to the movement and mass of the elg¢didrnthere are also other
forms of potential energy due to [68].

- Electrical forces :
The various signs attract each other and the sagjne push each other. This is
the case with the nucleus and the electron.

- Magnetic force :
This is due to the magnetic poles which also ingdhe forces of attraction and
repulsion.

These same electrons possess : the energy abrotat
(by turning around themselves, the electrical anagmetic forces produce
energetic interactions).

the energy of vibration
(the electrons are in vibration)

We now understand the interest of knowing the ezaacture of the atom and
we see the energetic importance represented bywhbelast vibratory and
quantum numbers ;mand m

Knowing that the build-up of the atom obeys twonpiples attributable to
PAULI [71], we have :
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The principle of exclusion :

In the same atom, there cannot be two electronk thié same 4 quantum
numbers.

The principle of stability :

During the build up of atoms involving a growingmier of electrons, the
electrons arrange themselves by occupying the ssiseelevels of energy at the
lower levels (drawing 24).

By these two principles of exclusion and stabilie can determine an atom’s
electronic configuration in a very precise way.the same manner we can
deduce the energy variations related to the largenmll structural changes,
energetically speaking.

Il —3 — 6 — Examples of levels of energy

If we study the spectrum lines closely, we findtttlzey have a multiplex
structure (they are divided into several zoneghdftransition from one layer to
another represents a few electronvolts that aréeqér visible in the yellow
light of the sodium, there are also much weakerg®ie separations : hertzian
spectroscopy (see drawing 27 a and b).

ow=He o/ 2,5 10%cv

It is necessary to look for these variations in tviee quantified orientation

represents of a moment in a magnetic field. Eaebten is like a little magnet

with a magnetic moment. It gives birth to very asaeand closely-related levels
of energy.

The projection of a magnetic moment M called (Which is colinear to the
kinetic moment M) in the direction of field B seétee magnet’s energy (drawing
28 a).

W =-nBcosg= - nzB
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This leads us to explain that :

1°/ - The proposed kinetic moment of the electﬂ}% or 71 (confronted before)

which in projection takes the values% and % and the magnetic moment

proportional to the kinetic moment equals :
Mc = 2,00232—=M
2m

The small magnet is placed in the magnetic fiekhted by the circular current,
the same as an electron turning around the nucldhen the atom is in its
fundamental state, this easy-to calculate fietd is
B= ~1 e 1
e 2m g’

ro = BOHR’s line. Two orientations of SPIN in theagmetic fields are possible
(see drawing). The gap of energy is :

DE= m7B,. (-MeB,)
=2 MeB,
i.e. a few milli-electronvolts.

2°/ - In the same way, a spin of the electron asigiself in the field created by

the nucleus and : DE @ (°ev
bnt 1430 Mhz forH, (drawing 28 b)
All this means is that we have diverse levels argy, but also in the formula :
W = -nBcosgq

by orienting the magnetic moments of certain ateam&n exterior magnetic
field, even from the outside we can make the varienergy levels appear
(drawing 28 c).

It should be noted that this only occurs in thetzian spectrum because the
nature of the size of the achievable magnetic di@dd of the atomic moments
lead to levels whose spacing is approximately tfathe milli-electronvolt
(valid for the maser but not for the laser).
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Il—4 - LIGHT WAVE [68]

Il — 4 — 1 — Relation between the duration andwitth of the band

In a spectrograph none of the photons emitted dutire transition have the
same energy.

The spectral line is not a point but a stain ofeatain width. To completely
describe this phenomenum, we must introduce arliidigion” (the emitted

photon has an energy included between hv and h(Mtdwihe probability is :

Crv)ydv=1
Where the value p(V) is very weak but very clos¢hi frequency/, in other

words a closeness of the “proper frequency” ofttassition.
Often , the form of the ray is very well descrili®da relation of the form :

r(V)= -2 - 1
)y

WhereDv is the width of the ray.

As long as the frequency is included in an interesd around\/,, the

probability is higher than half the maximum. If ooensiders the case of the
photons emitted by the molecules of a hot gas (gneamal agitation speed) the
results are given by :

r(V)= 2\/_\'/')‘5\?2 (gaussian distribution)

WhereDv is always the “width of the ray”.

This enlargement of the spectral rays has a a goestequence. If we consider
the light beam emitted by a source, we have reptedeit until now by a
sinusoidal vibration of the form :

yosin AV (Schrédinger)
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The life being infinite :t:a t = +a and, the frequency/, was precisely

determined. But this is not the case. The mathealadiescription (FOURIER'’s
integral) of the light beam results in the superpwms of waves from
neighbouring frequencies, all spread out on a bahdvidth Dv which is

centered on/.

The emitted wave is approximately described by raussiidal whose most
probable frequency is equal\{p, and the limited duration. The lifet is tied to

the width of the band which gives the followingatsbn :

DV.Dt ¢ 1
Thus the wider the ray, the shorter the lengthhefgtring of waves emitted by
the light source. If we measure the light vibratiphase at two different
moments t1 and t2 (t1 is inferior to t2), we mumtgider two cases :
-the gap between the twomoments is inferior tditeeWe will have :

/ (t,) -/ (t) =20V, (t,-t)

and we will remain in the same string of waves. @iféerence in the phases
between t1 and t2 is very clearly defined : thenbgmssesses the temporal
coherence.

- On the other hand, if the interval t1 and t2 @ases and becomes superior to
the life Dr , the strings of waves will be different and ttiéference in the
phases between the two instances is no longereatkfin

We can retake the numerous measurements at differstances and do the
average of the differences of the phases obtained.
The result will be :

[/ (t,)-/7 (t)]1=0
We say that the beam is temporally incoherent.
We can compare this phenomenum to the spatial enbereven though the
origin is different. For a source to be “spatiatlyherent”, all the elements must

vibrate in the phase. This is impossible with tkaal sources but possible with
lasers.
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The emitted vibrations can interfere at the sanséairt with different points of

the source. To create a temporally coherent souitemust be as

“monochromatic” as possible. Two vibrations, endttey the same element of
the source at two different instances will onlyerfiére if the time interval is

lower thanDtc 1/Dv

The lasers supply the solution, they allow us toidish the width of the rays.

Il —4 —1 — 1 — Principle of the measurement ¢ temporal
coherence
(see drawing 30)

Let us cause a transmitted vibration to interfarealy with a vibration which
is reflected twice. Let us examine the aspect ef ititerferences when we
increase the distance between the mirrors. If tkerfierence rings disappear, it
Is because the distance is too great. Therefoee,vibrations which should
interfere belong to two different strings of waves.

Il —4 —1 — 2 — Causes of the widening of a spéchy

The most important of these is the one due to tO®PLER effect. The light
source is animated at a speed (v) in relation & rdteptor. The frequency
perceived by the observer is slightly differentnfrehe frequency emitted. The
spread of the frequency is :

Dv_ V

V. o c
In a gas where there is an electrical dischargelight emission (gas at 100°K),
the speed of the thermal agitation is approximat®@@m/s (if the gas has the
same specific mass as the air). Therefore, in thible spectrum the widening
will be around 2.18 or in wavelength for = 6000 &/ = 12.10° A. This is
important but not a problem for the laser consitgris properties.

If we enclose the atom emitter in a crystallinewwek, the DOPLER effect no

longer plays the principal role. In this case,théening is due to the interaction
of the atom’s electrons with the group of chargégctvare in the body.
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The infinitely thin levels of energy are the refithe interaction of an electron
with a nucleus. In fact, it is more complicatedintolves an interaction of all
the electrons and all the nuclei. The levels becoedeiced but are so close and
numerous it is as if the infinitely narrow levelrsplaced by a band of energy.
This is also what is produced in the magnetic reastwhere the spins play on
each other.

Therefore to achieve a temporal coherent sourcedavaot have to use solid
bodies, or liquids, or even gas. In solids anditlguthe emitters are disturbed
by the environment. In gases, as we have just see)OPPLER effect has no
favourable effect (see the variation in amplitudeiry the trajectory of the

wave).

All that remains for us is the solution of the eteld atom. The light emission is
weak but the temporal coherence is perfect. In fa not entirely satisfactory
to consider the isolated atom as a temporally @ttesource. It only emits light
after being stimulated when it passes from itsterclevel to its fundamental
level when it ceases to emit.

Thus the duration of the string of emitted wavedatermined and the spectral
ray is enlarged. This is very weak in relationtte phenomena described above
because the “natural” width of the rays of theased atom is 6.10A.

In conclusion, the life and the width of the bamd eaversely proportional. All
environments increase the length of the band andemuently diminish the life
resulting in temporal coherence.

Il — 4 — 2 — What must we conclude from the obsrmaof a succession
of waves?

Generally a detector receives only an average @feffiects produced by the
source of the values of a (t). (We consider thecipien detector enormous
before T°). An atom emits a complex vibrationyt, yt...at time

t..t,....distributed around.
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The expressiont, .t is an analytical signal associated with the réadation.
The emitted vibration at timg, is represented byy, (t-t,) at time t. Thus this

way for other atoms and complex vibrations leatbusonsider that at time t, the
vibrations which leave the atom are :

\ (t) =\ (t_tl) + V; (t - tz)

The phase of each wave is variable and there i®lation between any of the
waves.

For each wave we have :
J2pv L,

vivi=vw(V)e +/,(V)e

-J2p+?

Where :
vin=2 v Tt e™

Thus :

Vitt) =2 vV e "
Therefore 3.1 and 2.2 are identical. The complé&xation translated by one or

another of these expressions represents the simtedswaves emitted by an
atom.

Because all waves are incoherent, there is a stiffférence between one
emitting atom and another. The vibratory comple)\given by 2.2 or 3.1 can
represent the emission at a time t of an extenso@herent source. Besides, v(t)
corresponds to a monochromatic vibration. Consefyyezme can characterize
the emission of an extensive incoherent sourcé®yibbratory complex v (t). If
the light is quasi monochromatic, we use the eqes

a(t)=al(t) &t
and
V) =ate™™

A detector (a photoelectric eye or cell, for examps sensitive only to the value

2
vt
The intensity of the phenomenum is naturally charamed by the form :
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where T is the time needed to obtain the obsemvallow T is also very wide in
relation to the temporal coherence. One can write :

ey lin # e
V7= T T () dt (1)

T®a

but if the integral (1) is limited, T to the infigi, the integral (2) is divergent.

(0 1 +a oy
t)c — t) dt
v e v (@Od

The difficulty disappears if one considers its @lefunction v% (t) equivalent

to the functiony/ (t) in the interval —T, T is identical to zero odes of this
interval. In this line of thought, we keep the riata \/"(t)

One can write :

vVio =3 v v

=v'0
In the current state, the operations in time aredr. One can make calculations
with v (t) and take the real part of the final ed#tion. The relation is important
because it shows us that one can find the valtieeafquare of the real vibration
(of the light intensity) using the wave that is@sated to it.

Il — 4 — 3 — Coherence of the vibration

In previous studies we explained what coherenceN@wy according to this
coherence, we will determine the intensity that g@omt P receives which
emanates from distinct sources. If we considervibeatory complexy,t and

v,t emitted by two sourcegy, and m, (see drawing 33), the vibrations are
superposed to point P.

For the moment we do not specify the nature ofele® sources. It is possible
that the vibration emitted by these two sourcethbamage of the same source.
In opposition these two sources can be completaligpendent as we have

already seen. We consider them as two differentcesu
96




i L ¢
A AN LA A L Ll

CO }, an \‘ S S

M, .
Senin 33

!
‘v (¥
L T
>
i =2 :
£
vo(r) -
-
f o !
i -"""
f;.‘..h :
B, 0 TF
/lz'ﬂl
NS
P ; i
Y } ! T -
{‘L’.l |”;_.P", s _), - ,. l.;| —I(.- 41 i -
i J o
S ’ S - -
- !rfJ-fl ] - y - .fl]' o 7 - :"—IT-'_I'-'_;l"-q.-..
o " e 'f'.. £ #
¢
o I

o \ . / 2\
Ve = L'l [ +— & t W, L= g
£ (o f sa L 2
Vultle  obetalfe el P oo
T " -
£ &

= / il s =y L . ol /
i A . o
4 |-.\_IL.,,.'F{:' Ok_ I. A "’L. . L 5P 5) e P I "-‘?i"b
Vtr - B V(4 ) 0o Aryy - 3
_L(: v L v 1 - f" L’[ _""I ’.‘ iy 1ol ,r.l‘ [ !1
# ‘ : ’
Vi (re LiF ,'?‘ ’r-’qb"—.: |"f_r4,¢\u-#:“
ale.e . '
U, [ # ), # I Vi 1 ’:i'er 7k ‘7‘*)!/"‘ 7
vit TV Ve ) Viyi= {#+ gt YOt 7 W SRR I VR I T o & C*')

T WGV,
- i | - ¥ 2 _.’. r I e .,
| T .
-e. o e 2 r —~— - )
(AT, + 2R Crem) vt )]
s . \ -
Do B sobaitis. Srntiuds, )

97




\ CL.‘“A‘-C\_‘{:.--.- ":-‘*'1 A \,.,,__\I.l..' "".._L-w - h%\“h‘.,\- L,\_ \Ca P“'¥l—~‘-"‘;m :'.'LL. S\Z

= l (Semine 28)

/'-\ 3
) J - \- : iy C i ..
kv, (1 ‘1(..\_‘ . e -V .-_.,M_\‘_‘ ‘Ir'—" U TS VR ). 3 W T T S o™y d_hﬁ_ EL

X
g /) \ i
C L o2 Cosak CiVaads
& z L‘r—‘.g_
. 1
SR gy 3 o e A
-T ™
- S T RO T T W SO PP, T
- M '{v‘\,‘.‘.g e . ol
\ A ]
o

A s e % ~
% (
« ~ - - { ! g - -
“\I il A Hkn &) "-"\_‘\ Lt -"5‘-‘)-'-! ‘.\";
:" - —
X R
Torae asaa sAAL DUAp e A - _ i \ oA .
AT v AT A B R SR SLEPe
b | v
(“M"n"."\“ Al A \e {

A Ch~ g e UM -y { A A
1 ~
St \ i YRR .
Tl L LR R \r .. SH.
Boovtboriog  melt el £ owalt - Awowe
¢ ‘_, M al -
Q. XAt N L .
- Sl

A L
= L/
e ()
- e LT Lo oda LB, ¢
== b s - o =
fl N\
% X ’
- | = JL |“ T
LA,
S ] E
Move  WAMstsut adusnama e
’ Fy- st -
NE)Y ¢ 2 5
5 - o , P ‘-T'I" ..'}-. =
=) € -

98




. e 25
A e | Mew Gwidien A e ®lde CewVoiim 9
S U Ey [ . s n‘-_.”.\ﬂ ot ( ‘\l
| '
| | l
| e M :} f

|
| v Vb
|
L}

et el —-lotedn L
| i i

° B -Eﬁ,ig l'\‘»l "-:;«T-:,L. (‘-{ el L -‘:,,,.i__".:.

AN
AL

i

— 3 -
. o-t G
2 can : T
TS e -9 ‘;'ﬂnﬂ\\'auL A' U atosaa . ‘_"_‘_'__\"‘" cake ok fon A [s2m)

(RN "l"‘-"l '{n‘b "A&_,{f(
CJen Nu.ud.-\; e ._-.k.s.*_.___ B ,:. [‘ o ke el

=¥ 4 ‘-i\
h
M1 e
,[.\‘\ P
v A

| ¥ o

e

‘i l
| = § ; /
} 51 cian Sa u—l-.-!— - ol Cracl e fasa L cokbeo vig
4 s ;
. ; - = . M \ \
'\\.':‘L\. fe r(““-\_“a WA ) e = (‘\‘ oA Lo wA Lo J Ny Ve it
L | s
' 3 - i (] » 7] | -y
Ny “'\'r""' N i Al { i\-:- R VR TTS LU e \ \.“Lu.-\‘., e -]I_._L. b R
\ » CEY ’
k. A -\‘\:\. - AAD A,’\ o P, AL -‘\‘: WA A =\ “\'?"‘l\]
/

G e ‘\Lw“ - S € 1”1;- i-‘r't.-{ ’}\;J“ b ‘-L---L.' i—“" Rl wi =5 "‘"‘-L ":‘;"' = e (" ‘r)
{4 ' | &

99




The calculations explained on the following pageegils the vibration at point
P, at time t. In these calculations, we considehed when the vibrationy()

emitted bym, arrives at P, it has covered a distapgd®.

We consider the index of refraction equal to 1j lfand j, are the respective
intensities of m, and m,, the intensities inp, of the two sources are
independent.

In this study we consider these two values as aohsOn the other hand, x and
X" have a fundamental role as all variations wduwdde important consequences.
To simplify the calculations, we take the vibrationP at time T, the same as
that inmy,.

In these conditions, we can write the intensitypaint P in function of that
issued bym, and y, (see diagram). From this we deduce the value @f th

mutual coherence. We understand that with thesa dat can calculate the
intensity i at point P superposed by the two vibraty, andy,

I —4 — 4 — Photometrip8 — 83 — 84 - 85]

Photometry is the basis of our measurements aridel$ the measurement of
light intensities.

Two sources producing the same illumination at qumaé distance have equal
light intensities.

I1—4—-4—-1— Measurements

Light intensity

We have a light source S. We consider the solideaogne to be very small
DW and on axis Sx. The luminous flodw will be defined by :

D@ =1 DwW
where | is the light intensity in direction Sx.

In other words, | is none other than the lumindag/femitted by the solid angle

unit
D W =1 in direction Sx.
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Lighting
The lighting is the luminous flow received by aesm’s surface unit.

= Do | DW
EDSIDS

The average lighting E is the quotient of the flow per surfaces of a small
lit screen . The lighting in a point is the limowards which the quotiert@/Ds
tends wherps tends towards zero.

Unit of intensity

International candlepower (sun : 31)

In watt 1 erg : second (with a colorimeter :E—t&
Unit of lighting

A unit of light is the lux or candlepower metegf(it from a candle at 1 m).
It is not the same everywhere (see diagram).

Unit of flow

The unit of flow is the lumen.
The flow on 1 m? in a sphere of ray 1 m and of seur candle.

Intrinsic state of brilliance

This is the intensity emitted by a source per chthis source (candle/cm?).

I -5 -POSSIBLE ORIGINS OF A WAVE

We have explained what are the principles whicletrea any electromagnetic
wave i.

In our system we considered a simpler scanningrafteiction procedure with

recording using a photoelectric cell. This seener@nt when one discovers the
wonderful possibilities offered us by the laser.
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To approach this laser we will first explain howvave is emitted (its emission
procedures) and from this proceed to the inferefeghat a maser is.

I —5—1 — Origin of the emissidii4]

If a gas is in a box, a thermal agitation makesdtoens rebound on the edges
like golf balls. This leads, during encountersthe evolution of the atoms at
higher levels of energy. Upon the return of theiahienergy E, a photon is
emitted which forms the wave. This photon can de #ame phenomenum
itself.

Basing his studies on the knowledge of the timevkoch he added his own
ideas, EINSTEINargued that there are three ways an atom reatttsavphoton.

- If an un-stimulated atom is hit by a photon hgvien energy equal to an
interval in the scale of atom’s energy, the phatprobably absorbed by the
orbital system of the atom (drawing 37 a).

- If nothing else happens to the atom, sooner ter iawill emit this stored up
energy (drawing 37 b).

- If a photon hits a charged (photon in stock) atetactron) it will stimulate the
atom which will emit the stored photon. The enesdecome equal (drawing 37
C).

Let us look at this more closely.

Il — 5 — 2 — Stimulated and spontaneous emisigiér- 74 — 77 — 78]

We base our arguments on the previously studieattemy”.
The stimulated emission, basis of the laser, (EITACHRIFT fur Physik
EINSTEIN 1918 volume 18).

Let us consider the variations of energy and E, :
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This is the result of photon emissions that havenbdiminished by the
absorption of some of these photons.

Where U is the variation of the density of the #lmmagnetic energy V, the
emission is not satisfactory by this sole equatiba,emission actually presents
two aspects.

Il — 5 — 3 - Spontaneous emission

There is a transition from levegfe,to E, by its own initiative without any
exterior action.

Il - 5- 4- Stimulated emissiofEINSTEIN)

The emission increases withe number of photons contained in a cavity. A
systemE, hit by a photon can go down B, therefore, to two photons. There

Is a progressive multiplication of photons and frdms an amplification by
stimulated emission of radiation.

This phenomenum is proportional :  to the numbeshaftons
to the population of leveE,

Thus at U athere is no absorption.

Absorption and stimulated emission are equal (EIEISIIS work). This is the
photon side. Let us see what happens at the |éWleéavave :

- the spontaneous wave with an aleatory spreading m 2 (tied to the
goodwill of one of the systems which falls to tbevér level).

- the stimulated wave is fundamentally different
The wave associated with the first ones commanelsvive of the second one.

The two waves are in phases therefore they havesdh® frequency but a
superior amplitude therefore an amplification -fasated waves.
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The variation of energy U per unit of timeqc#

If we bring energy (W) (radiation : by heating thalls or agitation).
Thus, E, increases to the detriment pf .

The cooling gives the opposite.

A system to which we supply the photons variesaes dts population.
If U increasesn),- n, will reduce (asymptotic therefore never null).

Note : (cf : bibliography 74 and 71).

—  K2HA+BV
™ 121+k12+ A+2Bv

n,= k12+Bv
2" k1B +A+2BY

One can therefore calculate+n,

In nature, an atom is more in the fundamental stete in the stimulated state.
Obviously there are passages from one state tdhan@dr certain parts of the
atom : some absorb energy and others release théutlative energy remains
on the whole the same.

Il -5 -5 — Population inversion :

This stimulated emission is very reduced in reflatim the spontaneous
emission. The population inversion’s goal is toeme in some way this normal
and stable state of the material so that

n, = population on E

n, = population on £

It is therefore :

An artificially provoked state where there is aaex number of atoms in the
stimulated state than in the fundamental one. Bolyre such an inversion, we
must proceed with a kind of pumping of the eneiigytlie crystal, for example)
so that many atoms pass to the superior state.
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It is obvious that this pumping (photons emittedalfjash, for example) must be
extremelyquick and occur close together because the atom camesiliperior
energy will only remain for a very short time and deveral millionths of a
second, will return to its fundamental state. Inat in a state of balance and
returns to one asymptotically and by a close tiomstant.

The little T or : “relaxation time” of the systentags an important role in the
dynamic theory. It depends on the quantum systammtarenvironment. We will
obviously try to find a very weak turnaround tinmerelation to the relaxation
time.

A good example of this turnaround is the opticampuconceived by the
physician KASTLER(ENS):

Let us consider a quantum system at two levelsarft) (1) and place it in a
magnetic fieldwhich will reduce the levels. Suppose that (l)idis in two and
(I1) subdivides in four. We said that not all oktkransitions were allowed. Let
us illuminate the recipient containing the quantsystem with a variation”
whose frequency corresponds to transition n°4. ddncabsorption, the systems
at level | will climb to level ll; from where they will fall back, some by
transition n°4 on the departure level, the otherstransition n°2 on level,l
irreversibly.

(drawing 37F).

It is clear that this method which pumps N systean gecond at level, while
the emission only return%i system, will empty level;lto the benefit of levell

We will thus realize a population inversion betwéarels | and b (drawings 37
e and f).

It is often convenient to introduce a parametecharacterize the population of
the two levels. It is the “generalized temperatur@lso called Spin’s
temperature) defined by :
—hv
T . n
Log—
N,
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If the system is in a thermodynamic balance, tlisameter coincides with the
thermodynamic temperature measurable with a gamtmeter. In the absence
of balance, this parameter has no themodynamicifisigmce; it simply
constitutes a procedure to note the differenceopufation. Of course, it can be
positive or negative but never zero. The transitivtom the positive
“temperatures” to the negative ones is done byityfi..

It is advisable to remember that the introductiéthe generalized temperature
Is a convention and that the appearance of theathegtemperature” is by no
means in opposition to the third thermodynamic @ple which requires that
absolute zero constitute a limited temperature.

Il = 5 -6 — Importance of the stimulated and sapabus emission

Using the relations of BOLTZMANN and PLANCK, we caay that they give
us this relative importance. In the visible hemzspectrum we can disregard the
spontaneous emission and write the equation ifotime

v = B().u. (n,n,)
This is interesting because it translates the @tigphenomenum as we have
seen. The incoherent spontaneous emission will reape itself on the

coherence and this will be negligible.

In ultra-violet and in X we come up against thiom@aneous phenomenum
which hides the stimulus (problem of laser x-rays).

Il -5 -7 — How the laser operates

We directly use the data seen before.

The ruby is an aluminium atom made impure by chrofhés is what gives it its

red color (drawings 38 a and b). At the top, theygrectangle symbolizes a
region where hundreds of levels of energy are eseclogether that they form a
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band of energy for which the spectrum of the chrasmbem is practically

continuous and not made up of distinct rays. (We the& problem of these close
energies in a previous chapter). It is the compadain of humerous atoms of a
solid which gives this zone. Above this band of rgge the ruby is at a

stimulated state (level 2). The transition betwésrel 2 and the fundamental
level gives the emission dhe ruby laserlt goes without saying that a ruby
atom having only one chrome atom would have nmadbecause the emitted
photon would be captured immediately by the arguimcharged atoms.

No need to say that to have the stimulated phenomehmust encounter other
atoms and it is indispensable that it provoke aupdmn’s inversion (a large

number of charged atoms). Once the population vertad, the laser can
function.

If the photon bangs into an atom that is alreadsrgbd, the phenomenum
increases, thus great intensity. If it shifts ftsdbng the crystal, it encounters a
mirror at the end so there is a backward movemedhttlae same process. There
will be successive reflectioand an amplification of this phenomenum until the
strong wave crosses the semi-silver-plated crystiaior after 1/100ths of a
second (drawing 38 c).

The laser described emits the light by flash. Tthexe are applications for

which the continuous light is necessary. Hencenbressity of an optical pump
capable to maintain a population inversion. A gpodciple of the continuous

laser is that it has four leveldrawing 39 a).

The pumping carries the atoms to the absorption barel 4 and the transition

occurs between levels 3 and 2. The lower levelbsing the lower level, the

population inversion is facilitated. All that muse done is to maintain this
inversion. This is due to the fact that even ifdans very populated, the gap of
populations 2 and 3 is weak and the inversionsy.ea

Caution : to allow conditions for a wavelength, kegth of the tube should be a
multiple of the wavelength

polishing

gaz
micrometric scre

liquid
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Why is the laser light unique ?

It is emitted with four characteristics , supetimll other sources :
1°/ Intensity

2°/ Directibility

3°/ Phaseal coherence

4°/ Sharp frequency

1°/ - Intensity

Due to the stimulated emission, all the photond tbhow one another are
synchronized and in phase. Thus the amplitude laer@fiore the intensity of the
radiation is maximally increased. Thousands of phethit the same point in a
tight row.

2°/ - Directibility

It can hit at a precise point. This is a directsmguence of the mirror since all
oblique rays leave the system late more or ledsit lmraws out an atom when
passing by and helps the phenomenum. Only thelgldoalams leave.

3°/ - Coherence

The various waves constituting the beams are is@last like hair of a curly
lock. This function alone allows interference, th®jor role for us (see
interference chapter V).

4°/ - Narrowness

of the frequency band

Classic source : radiation of various wavelengths
Laser : an extremely precise wavelength. Why ?

The excited state constitutes in reality two pre@sd close states of the photon
which will hit when stimulated, it will preferentlg attack those which have its
energy, therefore a closer wavelength (functiorthef distance separating the
two mirrors).
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I — 6 — CHARACTERISTICS OF THE LASER AND THE MASER

I —6 —1—Why the las&t

In order to justify the choice of one or anothestferent wave tool” in our study
or future studies, we must explain each one acegrth its characteristics and
its own future applications.

Today we can affirm that all the states of maé#er likely to “laser” if one
knows how to use it. In addition, these varied ayst are generally
complementary. Theoretic performances like highgowigh coherence appear
systematically incompatible.

We can therefore classify lasers either by thetuneaor by their application
sector. Their only common characteristics are :

- an environment of a circuit amplifier (it is nesary to find a material that
emits energetically at the frequency with whichwant to work).

- a means of providing energy to this environmemdl & this circuit (it is
necessary to find a means of inversing the pomulasio that the stimulated
emission surpasses the absorption)

- a renovator (a tuned circuit, a resonance cawkich intensifies the effect).
The interferometer of PEROT-FABRY (which consiststwo mirrors facing
each other) is often used.
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Il —6 —2—"Types of laser”

We have seen before that there could be three tfdaser :
-solid laser

- fluid laser (gaz, liquid, ...)

- semi-conductor laser

There are three methods for charging atoms andomie!s :

- The atoms can be lit intensely by a flash todptimem to a charged state. This
Is the method used by the solid laser.

- A discharge can be passed through a fluid

- A junction can be crossed between the semi-candby an electric current.

Il—6—2 -1 Gas laser (fluid laser 1)

The three-level pumping method cannot be used Isecatl the gas’s weak
absorption of photons and because of the fine $etvelt require monochromatic

pumping.

1°/ The gas with the active environment is heldiglass or quartz container,
fitted with mirrors at its extremities
ex. : BELL in 1960, 90% helium and 10% Neon

2°/ The neon provides the wave streak

The _helium excitedby an electrical and magnetic field (H.F.) movagkly and

Is charged.

The charged state of the helium corresponds toofiiie neon so that each time
the chargedelium hits a neothat is in its fundamental state it can transfer a
its energy to it. There is then what one could gathgressive increase.

3°/ - The light is a beam that :
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- is less powerful (than ruby) by a few milliwatts

- has an almost perfect coherence

- can be perfectly modulated (is telecommunicable)

This type radiates in the infrared. (1,2d)

This coherence is apparently due to what we cdrileahomogeneous aspect of
the gas. (The isolated atom gives a temporary eoigce).

4°/ Numerous gases can create a stimulated emis§lm emission extends
from approximately 0.2 m (UV) to 336,7 m.
It is divided into three categories :

Atomic laser :General continuous function at power levels somea/between
the microwatt and a few helium milliwatts. For exde) neon is 10 milliwatts.

lonic laser

There are 80 electrons in a mercury atom. If onmare electrons are expelled,
it becomes a positive ion at an energy level thadlifferent from the neutral

atoms. These ions are a powerful source for olmtginiavelengths.

The first systems were inconvenient and fragile e(beating and hyper

bombardment of the cathodes and the walls of thesju Today we can lessen
this effect by using other ions (chlorine for exdap

It covers the spectrum that is visible under whi@et rays, with a preference
for blue-green, offers continuous power, is congmti®f a few watts and in

kilowatt impulsion.

Molecular lase3 sub-groups) :

- It has a very short impulsion in nitrogen.

A ridge power of around a megawatt can be reached.

- Many stripes are obtained in the infra-red widrbon monoxide molecules
and water (strong current, high tension).
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- It is based on approximately 10for working gases (carbon gas or nitrogen
oxide).
It has a high yield.

Principle :
If @ molecule receives energy, first there are ations then a rupture. If the
energy increases, the “vibration” state is the l@gargy level.
The vibration’s long duration (a few milliseconds)vhat interests us.
We have : CON and H
The result : - discontinuous : from 1 Kwatt to eppmately 10 Kwatts
- continuous : a few dozen watts

Il —6 —2—2— Solid lasefsee drawings 38 a-b and c) :

Solid lasers usually consist of an active envirominerystal or “doped” glass
with neodyme (with an atom incompletely saturated).

The first models were done by MAIMANN and were seun 1960.

They were made of :

- aresonance cavity of the PEROT-FABRY type

- a substance containing energy level with suitaplacing (such as a photon
whose energy is that of an electronvolt). This gneelates to the COULOM
interactions between the electron and the nuclswgeahave seen.

To provoke a population inversion, a different noeths used from that used in
hyper-frequency masers because of the spectrumvzbese we want to work.
The spectrum must be spread tpirEE E’; thus covering the green and ultra-
violet photons.

A substance has this energetic diagram : it’s th®y 1(0.05% of Cr0s) in an
aluminium oxide base. This gives the chrome itsi@sland its CR.ion aspect.
Its value is of interest only if the spacing betwdhe chrome atoms is large
(drawing 40 a).
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Handling principles

We inject photons in order to make the atoms frgnmEve to a higher energy
level. The amplitude does not require a field aggtion since it is provided by
the atom’s natural state. The un-matching electpsaoduce the hyper frequency
action.

The three electrons will “use” optical photons whiare thousands of times
more energetic than hyper-frequency photons.

The three electrons need only turn at a certaineaty receive the hyper

frequency photons (maser). In order to absorb ¢laively high energy of the

optical photons, the atom system must respond quite different way. The

interactions between the chrome atoms and theghbers, the three electrons
(Spin) must move along the lines of a cloverledife Drientation of this orbit is

a measurement of its energy. The angle is 45°Heriolet photons, followed

by a return, although not immediate, to a stabfeltmn.

The speed changes when the magnetic interactiomebatthe three preceding
SPINs is adjusted (drawing 39 c).

- The three spins at the base level move in theesdmmection and change
direction after absorption.

- When the atom returns, one of the dipoles “sloasdi turns only 180°. The
first passage up to the intermediate level results crystalline vibration (heat).
The second passage emits the red fluorescentdight laser.

- The time, which is very long for this type of pleenenum and leads to an
intermediate state is simply a population inversiahere is a sufficient supply
of charged atoms.

The radiated energy results in an almost paratahh HUYGENS's principle,

with the addition of the radiation calculation, aksh the total energy diffused
along a cone.

116




n#

e
Hemiu 50 o '/

117




The operation is done by impulsion.
The energetic luminescence B is a very monochransatirce and is :

(The 0 angle is weak)

Apart from the great energy that this represemntetheer indication interests us
with a lens system (100 million or more joules).

By emitting light energy during a few mono-seconas,can detect the time and
therefore the distance separating an object frarsturce. (This principle will
be explored further in the following chapter). S¥AGYTTRIUM and
aluminium laser, the object of much research.

Other solid lasers exist (see chart). We note sateessting improvements :

1°/ To regulate the effect of pumping and to hawe maximum population
inversion based on the principle that the more owdi the resonator quality,
the larger the inversion, only a quick modificatioh the QO (characteristic
chemical loss of a cavity) is needed. This is wihat KERR cell allows (see
specialized work).

2°/ The solid zigzag laser climbs to 100w duringn®@no-seconds (doped glass
with a neodyium placed in zigzag). Each force igammly lit and has good
cooling so that we can work in repeated impulsiatithiout deterioration (see
drawing 40 b).

This leads to a continuous current if necessary.

To sum up, these lasers have considerable powelioare spatial coherence
and excellent temporary coherence.
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Il — 6 — 2 — 3 — Organic laséituid laser 2) :

Some organic molecules can be charged and givigbtt They dissolve in a
liquid solvent or can be covered with a solid mafRlexiglass).

What is interesting is that the radiation covers #ntire visible spectrum.
Numerous product exist (Photo-tracers are one).

Il —6 — 2 —4 — Liquid lasgffluid laser 3) :

lons (notably neodymium) can also be introduce® iatsolution in certain
liquid environments in order to obtain laser enussiof around 1.

The functioning principle, the pumping techniquesd athe characteristic
performance are practically comparable to thosa laser of neodymium doped
glass.

The only important difference is that the liquichdae put in a quasi permanent
circulation to efficiently evacuate heat disperdedng pumping. This is how a
fairly high rate of impulsion was obtained (50 @0limpulsions per second).

But these liquids are chlorine solvents and areeggly toxic and corrosive (this
is the case with phosphorous oxychlorine Paald the selenium oxychlorine
Se OClg) which makes the technology of these lasers glalieate.

It can be an excellent substitute for glass andlywm if we want to increase
the energy and the power of the ridges of the ldagers [82]. At very high
power, we can obtain plasma”(4tate of the matter) [86] which has high
energetic values.
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Il—6—2—5—Laser connected to a semi-condy¢&80] :

The laser effect in the semi-conductor diodes watsined in 1962 almost
simultaneously by several research groups (IBMgyTised Galium arseniure.
-overall dimension : a few cubic millimeters

- yield : 60%

-tension:2vtol5v

What is extraordinary is that until 1968, a 10%ldjiand impulsion rate was
achieved.
Today we are beyond this stage (Bell Telephone).

A semi-conductor is an intermediate between a ccodwand an insulator [74].
This is due to the"electron, for example, of the arsenic which dossmmatch
and which therefore becomes free to drive the eb#gt If, on the contrary, a
BOHR atom (3 electrons) is opposite a germaniunmafd electrons), one
electron will be missing and one of the germanidacteons will be a space
waiting for an electron, or hole. We can imagirke lihe passage of an electron,
a passage of hole resulting in a current of halawihg 40 c). The first ones are
type n, the second ones are type p.

One or the other can be doped at will. The encowitevo p’s and n’s is called
a pn junction. This junction has many propertieg Wl limit ourselves to the
emitting and the absorbing electrons.

If this is exposed to a light, electric conductmecurs. (For example, the hv of
radiation puts a free electron in a hole). If tladiation has no energy, a ray will
also be emitted. This is the secret of the pn jonct

With the junction laser, the electrons are injeddforce into the n region

(drawing 40 d) by an electric source and will gavdiods junction p where again
the holes are pushed towards n.
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By joining with the holes, the electrons lose emefigp the form of heat and
molecular vibration as well as in the form of a f@m) or it does so directly in
the form of a photon which is the las@&he effect is increased by polishing the
functions (mirror in cascade).

Advantage$74]

- no need for an auxiliary pump because the imgacts done directly by the
electrons

- can transform 100% of input power into radiat{temperature factor)

- radiation frequency charged at will by adjustthg chemical composition of a
semi-conductor or by varying the temperature.

- the power is a function of the current (drawiriye)

Various apparentsB]

- homojunction p + porn

- simple heterojunction (large space) p + p

- double heterojunction (larger, undifferentiatpace).

- double-emission heterojunction (ex. 0.7280 a84®0 m)

- red and infrared function (0.6280 to 0.900)

materials [In As] [In np] [In 6a (As)] [In Asp]

Note : some lasers can be pumped by an electron &4 [Zn (0.32 m)]

Il — 6 — 3 — Summary chart
(see drawing 41)

Il — 7 - DISCUSSION

The examination of the main theories of the atomygergetic consitution,
electron variation in the atomic cloud.
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The examination of the main theories of the atoemergetic makeup have
shown us that each electron presents four preagearrect quantum numbers.
Each variation of these numbers, that is to sayptssage from one quantum
number position to another, generates an energgtivar that varies more or

less according to the number involved.

This energy variation can generate a radiation thatterpreted according to
two inseparable theories : by an electromagnet@ntyum wave. This wave has a
variable energetic value that corresponds to thiat@n structure value.

Having left the atom [24], this wave can take tbargergy partially or totally
before reaching his goal. The ray's coherence esriThe values in x points are
given in lux and candlepower.

Based on EINSTEIN’s work we can find an almost getty coherent wave that
has extremely interesting properties.

The emission charged with population inversionvediahis [25]. The maser
laser enables to obtain this wave [26]. It doesascording to different
processes. We will choose one of them.

We are able to understand the hologram but firstwuet reduce our choice to
the assimilation possibilities of the organisme(ige following chapter).

-8 — CONCLUSION

We choose a laser with the following charactersstic

Intensity : it is not necessary for our impression. Howevérs tcould be
interesting for the device’s accessory applicatigmstoury, coagulator).
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Directibility : it is absolutely necessary. Conduction would peshiae done by
the fiber.

Coherence it is absolutely necessary (hologram).
Frequency the wavelength is a function of the organism.

We have, therefore, weak intensities, maximum tilsdity and coherence,
frequency, biological function.

The He neon laser seems identical.
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THE RAY'S EFFECT ON THE ORGANISM

Is it dangerous or not ?

- INTRODUCTION
- SYSTEMATIC ACTION

- PROTECTION
- THE LASER IN DENTISTRY

| wish to thank Professor Dumas for his help withis chapter.

CHAPTER -1l =
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-1 - INTRODUCTION

The sole interest for us lies in the answer toezige question : will the laser we
choose have one action on the mouth and on the Dody

At the beginning we could concentrate our studynoa laser and, according to
its data, decide if it is dangerous. But if futsteidies lead us to change the
origin or if a new laser is proposed, we would htoveeconsider these data.

To partly lessen the impact of failure, we will saer the effect of laser in
general on the body.

1l =1 —1 — Action mechanism

First of all, we must study by which mechanism beam acts on the living
matter. The most apparent mode of action is_thertbgenic effectin addition
to very localized burning, it can even vanish tessu

If we want, we can use the ray in an overall maramel indiscriminately burn
all the tissues, but we can also be selective. Mb&imical substances, in
particular those that make up the organism onlgimdight of a certain color by
the selective absorption phenomenum. The lasegtd Is very pure and only
contains one single fundamental (red, blue, greepetiow) according to the
type of equipment used to produce it. Consequeiftiye choose an emitter
whose light is precisely absorbed by a single sufas; this substance will be
destroyed without affecting in any way the surrangdsubstances. This is why
we can obtain the destruction or the denaturatfdheliving organism of such
a cellular component without killing the cell.
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Electrical action

Another biological action resides in the electrifald that accompanies the
laser beam. This beam can reach values of 1000@rbMolts per meter. The
electrical field that unites the electrons andrelei in the atoms is about the
same size. We imagine that radiation can act ophiysical constants and even
on the architecture of the environment it traveretigh.

This involves modifications of their conductibilityr their di-electrical
consistency, the opposition of free, very toxicicats for living cells, shake-up
of the balance of certain chemical cellular reaxgjoeven the remodelling of
certain molecular systems.

Mechanical action

The laser also acts on living matter in a purelcmamical way but producing
from the point of impact shock waves provoked by tdonsiderable radiation
pressure. These push the cells by forming an acnaéér or by orienting the
molecules toward the propagation of the beam. Tkhsek waves create very
sharp ultrasonic phenomena which, by transmittimg the surrounding
environment can, from a distance involve lesionghat level of the living
tissues.

Non-linear effect

Lastly, with the laser we see effects which haweendeen effectively obtained
with conventional lights : non-linear effects.

Traditionally when a light is pure from a color pbiof view (i.e.
monochromatic), its color does not change whatéverenvironment it passes
through.

On the contrary, under certain conditions, evenctiler of the laser beam can

change. Can a green beam generate an ultravioketwith the whole thing
coming from a red beam ?
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If the red is somewhat harmful from the biologipaint of view, the ultraviolet
that is emitted under certain conditions is extrigngangerous for living cells.
Also, these same non-linear effects can provokeafipearance of acoustical
waves (the BRILLOUIN effect). We must take this pamenum into account
although it is not very well known.

Beginning in 1964, the work of TOMBERG allowed tbkssifying of the
laser’s biological effect in 4 categories: thernaéctrical, chemical and kinetic.
TOMBERG used an inversed microscope previously dsegrobing with the
laser by radiation of plasma citrated by a tisautérg.

Particular effects were discovered and specified #y Russian team
(CORODEC’KYJ). They discovered elastic oscillatiams biological materials
(ruby laser). By successive actions they found fred radicals seemed to be
visibly linked to pigmentary compounds.

MENDELSON underlined with special systems, shockegaand intense heat
releases but strictly limited to the radiation’srgoof impact and consequently
of doubtful biological importance except on theirat(skin and muscle are
semi-transparent for the laser’s radiation).

COLDMANN studied the biological effects of radiaticfocussed on high
energy (detachment of the retina).

There is a whole series of work on the biologiagad anedical role of the laser
(SMART — TOMBERG - VISHNEVSKIR — FINE). BURKHALTERpecified
the ways of displaying the organic and mineral @ffe He also studied
impulsions of mechanical effects and the backinglithe target and thereby
described a way of measuring these effects.
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-2 - SYSTEMATIC ACTION

Il — 2 —1 — Succinct plan

All this can appear confusing but the idea wasxjaaen the biological studies
are very extensive and are not limited, as one tregpect, to simple effects of
observation.

Now we will divide our biological and medical stuohfo two parts:
- Influence of the beam on the various parts ofaifganism, successively:

a) at the molecular level :
- enzyme and enzymatic reaction
- endocrinal system
- reproduction, we will not develop this notion ther because it is not
important to our study, considering our field ofiew.

b) at the cellular level :
- action on the nervous system : - anatomic
- physiological
- action on the circulatory system
- action on the epithelium tissue and its derivativ
- action on the tissues
We will divide our study according to the cellularganites and will
approach the problem of reproduction and tumotkeatellular level.
- action on teeth and dental tissues
We will expand on this section by looking at whag\pous studies have
discovered regarding the nervous and circulatoistesys (tissues and
organites).

Having generally established the effect of therlagag on an organism, we will

try to explain its various applications in our fietuch as surgery, prosthetics,
biology, paradontology, orthodontia and of coussejodontia.
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Il — 2 — 2 — The molecular level

Il —2 -2 —1 — Action on enzymes (drawing B1}

The first studies were done on tissues which arg dwerse materials.
However, their effective range never misses enzymaespecific group of
substance or micro-organisms [115]. We note iniqddr studies on respiratory
cells [116], micro-radiation from the ruby lasedTl, isolated culture cells of
colored tissue in a vital state by the JANUS B gremd the effects on
dehydrogenic activities.

There are several different conclusions that we roake for [118-119] BAR
IGELMAN. For many years he studied the effect ofliaion on the non
activation of enzymes. Since 1879, when DONNEZ pdbthat zymase could
be destroyed by the sun, we have made much progrébg effect can also be
linked to the pH and is a function of the wave’'atiges. The rays actually are
responsible for the non activation or destructibthe enzyme. Their effect can
also change its optical properties, sedimentati@ed and solubility. The effect
is either direct or indirect but it is the effedtionisation that is responsible.

The result (see drawing) is a small or even uneabte decrease in enzymatic
activity, usually denaturation but this is tied exgtsally to exposure time: the
effect resembles that of X-rays.

Only the peroxides prove to be inactivated (453gdiles). In reality, FINE's
studies tend to generalize the lower activity eatd tie it to quaternary structure
which would be denatured.

Il — 2 — 2 — 2 — Endocrinal system

There are only a few studies because we are naeooed with this area [120].
We will mention only hydrocortizone in the finalagbter.
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Il — 2 — 2 — 3 — Reproductive system

Here again, a few studies but of little intere&1[4122].

Local radiation of a 12 to 14-day-old embryo (exgbsiterus) or an 18 to 20-
day-old rat foetus produces lesions without rupmithe uterus or the amniotic
sac and without loss of amniotic fluid. Studieshmdiated spermatogenesis
seem to lead to the same conclusion [123].

Il — 2 —3 — Cellular level

I =2 -3 -1 — The nervous system

The effect on the nervous system extends to :
1°/- the central nervous system

- the nerves

- the peripheral organs
2°/—the functions

-2 —-3—-1—-1 — Effect on the central nerveystem

Various techniques have been used and with eachicatitn the author
carefully establish their techniques [124]. For thest part, the lesions observed
on cerebral structures are usually [125] localiaethe point of impact and vary
according to various structures (see [127]).

- lethal intracranial hypertension (high energy)

- cerebral edema [128-129]

- necrosal hemmorhage

- neurological and behavioral aberrations

- secondary effects which are much more serious tha primary ones
[130]

- consequences of thermal effects (which remaialiped in dead mice or
guinea pigs)

- consequences of ultrasonic waves involving seagnéffects [131-132]
or induced ultrasounds.
Some solutions from these studies are proposed.tt@geof scanning with
continuous emissions of 177° wavelengths [133].

Il —2 -3 -1 -2 — Effect on the nerves

Through radiation of the isolated sciatic nerva &fog by a high-powered laser
4.10"°w/cm?, we obtain tissue eruption at the point gbat; rupture of the
capsule with
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protrusion of nerve fibers. There are alteratiofistte myelin sheath and
ascomes and full or partial blockage of the propagaof potential effects
[139].

-2 -3 -1 -3 — Effect on peripheral organs

Hearing

We have spoken about the secondary ultra-sonic ecqoences of laser
radiation. Based on this and others sources, res&@r discovered the effect on
the cochlea [140]. Very high doses have a harnffecebut its interest lies in

its stimulative aspect [141 - 142].

Vision

This is a very large chapter because there are nousienedical applications to
conclude our work but we will not detail them hevée will limit ourselves to
studying the effect of laser beams on the variartspf the eye.

We will first attempt to recognize the exact effetthe beam on the whole eye
in order to point out the dangerous limits.

The weak energy [143] seems to result in a contiswwave and some non
disturbing entoptic images.

Studies were done from 350 to 1,500 mm of transomgkirough the eye
environment and reflection and absorption of pigtagnepithelium of the
retina and the choroid of humans, rabbits and mysKe44].Using the data of
DAVIES [145] and other authors, this lead to legsitive research than that of
ZARET [146] whose precision has been followed sih@él1. A single error of
0.5 ms in raised energetic density, like that efléser, is enough to produce
instantaneous thermal lesions on the pigmented egsl the iris. In 1966
JONES [147] stated that the intensities of theotexirays macroscopically
provoke corneal erosions, crystallin ruptures, fation of bubbles and
hemorrhaging of the vitreous humor. Histologicatlgroduces large lesions in
the pigmentary epithelium and the choroid, follovbgtddetachment and
degeneration of
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the retina located around the exposed area. Tketalf the KRYPTON laser or
other photocoagulators lead to opposition of treeafanany devices [149-150].

A mathematical model describing the probabilityootilar damage achieved by
a pulse laser beam and the function of the atmospbptical parameters was
established [151] and measuring methods were fgedg¢t45].

The laser not only provokes burns. We have seeaftaet of ultrasounds on the
ears. These elastic waves spread even to the @tdpne ! [152 -153] and are
not thermal. The formation of bubbles in the vitredhumor would be due to
these impulses. An experimental drawing, an ogpidlm of the phenomenum
established the correlation in time between phgtolaiser impulses and
ultrasonic oscillation in the vitreous environment.

Effect on "lipids”

We submit as evidence ultrasonic vibrations prodoky the laser in the
vitreous body and other environments with cavitatghenomena no matter
what the environment’'s transparency [155]. Modifimas in the refraction

index of the acqueous and vitreous humor were nfitBf-157] the same as
temperature variations [158] as well as variatibthe electrolyte of endocular

liquids [159] and in particular the relatiohli% in the acqueous humor and the

crystallin following photocoagulation.

Effect on the iris
There is a definite effect on exterior contractiph7] but also and especially on
pigmentation. This guiding idea reoccurs in pignagnbodies [161].

Effect on the cornea

Through diffusion studies we find symmetrical dimiition of the superstructure
[162] but what interests us is whether the effedangerous or not.

Radiation of 0.1 w/cm? for 30 minutes does not pkavany clinical or
therapeutic lesion [163] in a rabbit. Various manialgical modifications (basal
and epithelial
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membrane, cornea and stroma) are disintegratesufmaluminary energies and
the area around the threshold. Very high doses bmisssed to obtain lesions in
the visible or almost visible part of the corne@4JL

The effects can be classified as [165] :

- strong energy dose : necrotic perforated corleat;

- weak energy dose : no effect.

Between the two non-penetrating necrotic ulcergraanost superficial corneal
layers.

It should be noted however [166 — 167 — 168 — 1680 :

- with radiation 6943 A 4 joules/cm? we observe #osis disorder on the

cornea;

- a very powerful carbonic gas laser creates tmicigeof the cornea (fusion of
the corneal lamellas at the periphery, revealedhleyexistence of amorphous
focusses along the collagen fibers);

- visible and dosed impacts of the UV apdan be found with the ruby laser.

Effect on the crystallin

Various wavelengths give the following results [LZD600 A (IR) a greater

damage than with green rays (5300 A). The greem aayon the equatorial zone
of the crystallin and sometimes create a rupturethef capsule hence the
explanation of the anterior epithelium. Infraredysaprovoke an annulary
cataract. This annulary cataract [172] is char&sdressentially by a drop in
calcium as in a galactosic cataract but on theraontof tetanal or cryotic

senescence.

Effect on the retina

The analysis which introduced retinal lesions i léser ray, has been described
by numerous authors [183]. Studies were first donghe human eye [174].
This lead to the creation of a threshold of retlealons [175].

CLARKE [176] and COLL determined the local temparatat which retinal
lesions form : 9 to 10°C.
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A mere 1 to 2 focused mW on a 1@iameter for 250 ms is sufficient to cause
irreversible damage.

From these observations [177] one immediately stispéhe presence of
individual grains of melamine. Physical characteass of pigmentary
epithelium, thermal stability and optical propestigf the new model melamine
grains are studied. This theory is based on enaloggrption by granules of 1

in diameter and on thermal conduction between theseas and the neighboring
essential retinal structures. These melamine gfding8] are considered as the
primary absorption site (site of the greatest epeamfsorption per unit of
volume). The effects on retinal vascularization9jLlTed to more involved
studies. Histological studies of experimental Iasiavere undertaken.

1°/ - Lesions in which the junction layer betweensorial cells and pigmentary
epithelium was conserved [180].

2°/ - Photocoagulation and study of correspondingrdases in temperature
[181].

3°/ - Lesions of continuous or pulse visible redcpum [182].

Histological studies led to research of anomaiethe electro-retinogram from
1966.

The results were descriptions of possible reactiprs/oked by the optical
tractus [183] and by a photic stimulation on a which has a lesion. These
modifications [184] appear reversible under certaonditions. Continuous
applications of bright light (rat) led to the studlfytwo processes: deterioration —
regeneration which are supported by tissue (thealigigment).

Finally, we note transitory changes [185] in thescéloretinogram and
discharges of the optical strip after laser radratiNOELL’s histopathological
result [86] shows a large degeneration in visub$ @nd pigmentary epithelium,
confirmed by a decrease in amplification of theegt@etinogram’s waves. This
demonstrates the existence of a correlation betwlsereffect of light and the
eye temperature which explains the importance Ia¢thc previously to
temperature.
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Thermal lesions can go undetected [181] at thenoagy but the decrease in
visual activity with visible lesions provoked by ethlaser and the
photocoagulator have been mentioned [188 -189-.196¢ photocoagulator
allows to treat [191 - 198] retinal detachments awdlar tumors and create
artificial pupils. This is therefore [193] the daption of enucleation of a

malignant melanoma. We know that separation of oh¢he retinal layers

irreversibly leads to blindness. To reattach thenaewe heat or otherwise
irritate the retina and the underlying tissue sai they are joined by a common
scar. The laser has the advantage of being vegyserand allows one to work
in a fraction of a second [102] and it does notegate any temperature which
eliminates the need for anaesthesia. Choroidalakttauterization leads to
absolutely tiny visual losses [103]. It should beted that “constituted”

detachment (liquid film) does not relate to phoegalation anymore. It has
been a long time since Professor Gaillard’'s Pa&nt radiated the eye of a
rabbit and cut the eye with a microtome.

The device or ophtalmoscope is currently usedfaatirily.

Il—2—-3—-1-—4—Discussi¢gh94 - 195]

The choice of wavelength to be used is determigedrding to two conditions.
First, the light must not be absorbed by the cartieacrystallin or humor of the
eye, the graph shows that wavelengths of 400 —%@6d of 10600 A are the
least weakened by these tissues. Secondly, the levaile used must be
absorbed by the tissues located behind the retinarf average of 4000 and
12000 A, the maximum being 5000 A. The ruby l1a§&4@ A) is the best. The
Helium-Neon 6328 A also creates infrareds and need#0600 A provokes
cataract.

Energy is at 0,008 joules. It increases or deceetise diameter of the scar, 0,1
mm corresponding to approximately 0.11 joules ésrtiost efficient.

Il —-2—-3—-1-5—Behavior

First of all we must mention that KIRBY, KOVANIC drf6TURDIVAN made a
great systematic study in order to find the exaeel of mortality [197] using a
ruby laser.
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They give the dose in joules, the force in gramg #re behavior's response
immediately or after a certain time. The dosesrgmf18 to 204 joules, this is

represented by a diagram. They deduce from thighleamortality doses or loss

of encephalographic activity is essentially tiedtlie doses and exposure time.
They determine Digand the activity threshold.

JOHN did a study on insects (ATT, proteins, uricda@nd did not come up
with any major conclusions [196]. We base our gteskentially on the work of
DUMAS [198].

FINE [138] claims that radiation of 100 joules fbms at 6943 A leads to 75%
mortality in 24 hours. Surviving animals had seasd motor changes.

For DUMAS [198] the 6943 A ray increased cerebraivity (20 joules in 1 ms)
in white rat. “This effect reaches a threshold andaximum” a few hours after
radiation.

Neither the observed maodifications or the autopsyealed any lesions or
microscopic hemorrhaging of the encephalon (20 egbaemissions of a 3
minutes, one series separated from the next byiB0tes) (drawing 43 a).

Il —2 —3 -1 -6 — Conclusion : Protection oé thervous
system

Parameters [189] are essentially the surface dongitransparency, refraction
index, ionisation potential and photonic condudtioi

DUMAS’ s article is very optimistic about our pdsifities of action. The eye is

the most exposed organ in the nervous systemdHtngerous to look directly at
the source and so is the interception of a refteti;am [189] because of the
retina and crystallin focusing.

At a symposium in Washington the biological effeofsthe laser on the eyes
were discussed [199]. Factors regarding the lasdrthe eye were separated
[200] and compared to other rays [201].

FRIEDMANN [202] proposed a program of ophthalmiotection. No retinal
lesions were found out of 195 people in a lasevriatory.
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Let us say that there is a notion of dose and otlsh203]. Doses of limited
exposure are listed in a chart [204] as well as dat the ruby and neodyme
laser (not of interest to us) [205]. In 1965 easyse filters were proposed
[206].

A mechanism comparing the human eye to the ralyeitveas submitted and a
iena glass was found.

These comparisons are interesting for potentigareh. The limit is 200 joules.
The degrees of passage are described (drawing 43 b)

Therefore pulse radiation that the hologram regummaist have weak power.
Protection does not seem indispensable in this lmatseemains easy even at the
weakest organ’s level that is to say the eye. Etiote will be linked to the
wavelength used (see 77, p. 128) and exposure time.

Il —2 — 3 — 2 — Effect on skin (77, p. 130)

Little reaction results from absorption by high &gye The threshold is 25 joules
per cm? for white skin and is weaker for a darktspothe skin (mole, tattoo).

A beam focussed on the skin can, despite everytlpngvoke serious burns
[189] SOBOLEN [98] greatly increased the laserle i@garding tumors.

According to publications, a continuous impulsewsak intensity can cause
inflammatory phenomena in a mouse and even desstnuat pilose follicles and

epithelial atrophy. In some mice, there was nesrosithe liver and the small
intestine [207].

Weak doses seem to stimulate the division of pilfudecles different from
those at larger doses [208 - 209].

During radiation of the skin, necroses seem to lbeenabundant on the most
pigmented cells (black) including melanocites [210]
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For the FINES-KLEIN team [211] the seriousness lné burns is directly
proportional to exposure time and energy output.

A 1000 W beam at penetration of 0.001 cm/s/w/cnif produce a localized
burn on the soft areas of 1 cm deep on 1 cm? acwptd the color (the whiter
the area the deeper the burn [189].

For albinos, 40% is absorbed, 20% is reflected 40& transmitted [212].

Whitening of tattoos is not only thermal (it is lmhed by an edema [213]).
Low-energy radiation (0.5 joules) of the forearmao¥olunteer over a 9-month
period provoked clinical alterations (itching, négjuand histological changes of
the epidermus, appendices and vessels [214]. Aoatogtudies centered on
various tissues [215] for example with crystal agi

From the beginning the result has always beenatre$216] : protection.

Il — 2 — 3 — 3 — Effect on tissues

Studies on tissues have been done in two veryndistvays (micro and macro
radiation) on isolated cells or on cell systems.

The effect of the ruby laser on isolated cellsr@em-colored, JANUS B cultures
led to numerous effects (contrasting phase micpescf{221]. Liver cells were
often studied [222] along with applications on aocis cells. These studies
conducted by FINE [223] led to observations witle #lectronic microscope
[224]. According to FINE [225] focal necrosis ofetliver can result from laser
radiation through the muscles of the abdominalngniThermal and optical
phenomena occurred during transmission with evergthending up in
microscopic and histo-pathological modificationstioé hepatic region. These
same modifications were observed in the spleentlaadkidneys [226]. With a
pulsating (rubies and neodyme) and continua@g() radiation, lesions are

essentially thermal. Here again there is a diffeaéion in pigmentation. There
Is also vaporization of tissue liquids and spacmédion by cellular distorsion.
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High energy was then used (10,000 joules) [228] #mdsholds established
[229]. There is a direct relation between impulsemergy and the degree of
pigmentation. Tissue characteristics are not vemportant. Under radiation

conditions there is a correlation of the liver (stamt dielectric, resistance,...)
and the seriousness of the hepatic attack [230peAnanent control of the
attack could therefore be immersed in any tissue. 3how as an example
(drawing 43 c) the rupture of a protoblasm [231]I¢p of 15 millijoules). The

cells can therefore be separated. A complete sefiesits [232] was done by
GOLDMAN including the section of a tooth (30 jouldbrough a mirror (of a

ruby laser) (drawings 44 a, b and c).

Energy can be calculated [233]. A cell that hasestroyed by a laser beam is
phagocyted as are all other cells [234] (drawingi}}4

Conclusion :

In view of these observations, we come to the awmich that the ray is
absorbed by tissue cultures according to their rptism coefficient and that
burns can be guided along a non absorbing parb(aed). Destroyed cells are
eliminated in the normal way.

Il — 2 — 3 — 4 — Effect on the cell

We have seen cellular explosion and water evaporaby protoplasmic
dispersion [231].

The ruby laser has a destructive effect on a agki [235] and forms a center
with a cytoplasmic area joined at a radial dispositTwo effects are verified :

thermal and kinetic. Here again, the effect is tethe green JANUS B content
and localization (the thermal effect seems to lkeentibst dangerous).
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Many necessary instruments are varied as microatiadi results in
morphological and biochemical variations [237]. &etining the sensitivity of
pigmented cells has been established [238] at dré943 A. In order for the
rays to be harmful, a pickup substance must beepte3here seems to be a
variation of the biochemical potential. Each mateabsorbs in a very precise
zone, thus leading to a reaction such as :

LACTIC DEHYDROGENATION ~_
PYROVATE + DPNM LACTATE + DPN

This can be well-oriented in this direction: Pyrtev#éo lactate, according to the
radiation (drawings 44 e and 45 a).

The pigment problem remains (drawing 45 b). Anotetion is attempted [239]
on contractible cells. The ruby laser on the sdaklsardiac muscle... appears
to cause deactivation of the adenosine triphosphiible in drawing 45 c.

Il — 2 — 3 -5 — Effect on the nucleol[#10]
(myocardiac and endothelial cells)
Radiation 5145 and 4880 A
Amino-acoridyne and quinocrine chloride coloratismecessary. Through the
microscope with phase contrast we note lesiondhiemticleolus with a halo (3
hours).

Il — 2 — 3 — 6 — Effect on mitochondria

Under the action of a ruby laser’s micro beam [2ddlpred in JANUS green,
again at 2.6 Kv, 0.5 joules, 50/1 seconds, 6943t mitochondria is

transformed into a dark mass with some parts caelglelestroyed and others
intact.

We can therefore say there was classic and sedetitermal damage of the
mitochondria with certain parameters. According TANAKA [243] under
certain conditions mitochondria undergoes an ewmiutomparable to that of
mitochondria colored in JANUS B green and involatiof ridges without
upsetting the overall structure.

The opaque substance is of coagulated proteins.

145




Il — 2 — 3 — 7 — Effect on chromosomes

At certain doses, the D.N.A. disappears [244]. Trhtic cycle does not seem
modified at weak doses. We note that there arenabsomal aberrations in the
embryonic fibroblastes in humans linked to the fiary and the 6228 A dose
[245].

Il — 2 — 4 — Bacterial and viral levels

The effect of the ruby laser has been studied b$BEAEUX in Lyon at PEREZ

[246- 247]. The effect of laser on a solid baseirorsuspension is “all or
nothing”. If thermal phenomenum is avoided, nothimagppens (no biochemical
or genetic modification). This is due to the chomkewavelength in a ray
released at 3 joules in 30 mono-seconds.

Upon release we note a break but constant morthditgl (20 joules in 1
millisecond). In chlamydonomes we note [248] adiora of the transfer of
electrons in the cytochrome.

Variations of the lethal threshold of cytochromasdbeen studied [249].

Many studies have centered on epithelial KB leadongbserve the changes in
chondriome, polysome and ergastoplasm accordirtigetdevel [250] : death or
return to a normal status.

MALLI [251] gives a description of a device whichrpets a target of 1.

Il —3 — CONCLUSION — PROTECTION

What can be said about the danger of laser ragmanrganism ?

Since 1965 numerous articles have appeared regatden danger of lasers.
ZORET [252] described three cases of accidentabsx@. We have seen
successively the action zones (see above).

Many types of glass have been proposed [253-254hioh the wavelength was

planned, especially absorbant ones at 694.3 mnh thetiinfrared. Since 1968,
general regulations with regards to incidental i@g/ge been proposed.
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The most exposed organs are the eyes and theVgkien the beam is focused,
the burns it inflicts can be very serious but ndesasive; with unfocused and
even more powerful beams, the burns are weak. Doedndirect rays are
dangerous. In any case, for our hologram we mustaugeam that is coherent,
with very short impulsion, weak energy and a wavgle at 650 nm.

The zone where we will work in is far from the damgus zone. We are not
looking for power but coherence. But one thing est@in and that is once we
have chosen our wavelength, we must proceed withhenous quantitative
studies before confirming that interaction with theman body is safe.

-4 —THE LASER IN OPERATORY DENTISTRY

Il —4 — 1 — Effect on bones

As a foundation we note the work of HOYBERG [278]410° W/cm? laser
cuts the bone at a thickness of 0.3 to 1 mm (15%b8b of the energy crosses
the cuts without causing any perforations).

Humid cuts have higher transmission than dry ones.

Il —4 — 2 —This leads us to the effect of theelaon teeth

The way we will use the laser is very restrictedarding the teeth. What
interests us are simple reflection and various m@tems by the teeth and bones.
Thanks to KINESSLY [264] we know that perforatiothspend on the beam’s
energy, the type and thickness of the treated anbst the type of optical focus,
the operating distance and the concentration oatiteed dye. It is necessary to
dye the tooth. It is also possible to cut or bumc(ocrater) a tooth [254]. The

effect of the focused ray is above all thermal [2&ihich makes heat

transmission from non sensitive zones to sensunes.
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What can we say in 1973 about the laser’s effecksr& there were several
periods. The period of hope at the beginning whay the effects [254 to 268]
were seen and not the consequences. Then morssoial®rable consequences
were discovered and we went through a useless mfadisinterest, no matter
what GOLDMANN and MENDELSON think [266]. In 1965 TERN spoke
about destruction of enamel prisms and in 1973][h&0talks about protection
of the CQlaser against acid attack.

| am not criticizing the usual experimental prockas| want to point out to the
readers that the laser is not a dental drill. la gear it will evolve.

There is a lot of heat absorption by the laserhd teeth are colored. This
confirms KINESTLY’s [264] observations. Today aftall the work that has

been done on burning according to enamel structuweecan speak of a “burn
dose” [269]. This is a secondary effect of the lasecause it is a means of
protection of the dental organ, is it not ? [272172].

Today research is oriented in many directions hig ts not the goal of our
study (cf. BULLIER — thesis [89]). For us, absooptiis linked to factors whose
variation can be guided in different reflection esn

Knowing the absorption coefficients | can presem problems that can only be
solved by long experimentation.

Il — 4 — 3 — Our study regarding the Rx laser

If a laser ray reacts according to the environnseappearance, why could we
not obtain a reflection on internal layers ? Inestivords, why not imagine that
where a bone is volontarily colored, reflection webwoccur electively on the

bone and the hologram would be that of the bone ?
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In the same way, coloring the vessels could leadestructuring the internal
environment without having to use bleeding methddiy not conceive an
association between the Rx laser and the hologeaniing, by our method, to a
three-dimensional X-ray structure ?

This succession of studies is only meant to gurdéta attract attention. Using
current data, a study of permeability and reflettjoined with a rigorous
observation of the behavior of radiated environmesduld lead to extremely
surprising applications (drawing 46).

Il —4 — 4 — Tumors and bistoury

We want to point out briefly that the Russians [88¢m to be very advanced in
the study of the laser’s therapeutic effect on ttandlso the laser lancet is an
extremely interesting application. It is a tool tthaorks according to the
function of the fibers, a wonderful aid. A revolutary fiber was perfected over
several months which gives me hope for the methhudige (see below). (The
price of the laser is not much different from tb&the electric lancet).

Il —4 — 5 — Conclusion

The laser has several very different effects suas :
-thermal

-elastic

-kinetic

-electric

but these are tied to four tissue factors :
-surface state (brilliance)

-transparency (coloring)

-refraction index

-ionisation potential

-photonic conductibility
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The more transparent the environment, the ledssiirds. The smoother it is, the
more it reflects.

So conditions of use depends on :
-wavelength

-power

-time

-Relaxed means
The laser's effect appears when the number of edaoms on the total
number exceeds the stimulated emission threshotatéssion).

-Release means
Power is pushed to the maximum and is released impulsion.

-Continuous means
Maintaining the atom charge leads to continuouiact

Solutions
All these factors must be treated independentiy tlogether to come to strict
conclusions.

In our future studies with the hologram, energied wavelengths can be chosen
outside the danger zones. In any case, protecioralevays be achieved.
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IV -1 - DENIS GABOR AND HOLOGRAPHY

Holography and the laser are not the same thintpdtaphy dates from 1948.
The laser is its striking application.

Holography is based on the undulatory nature ¢t [y OUNG) (drawing 47 a).
As we will study later, the interference is caltath mathematically as is the
energy at each point. As we demonstrated in Chdpter obtain interferences
they must be coherent and to obtain numerous fingleey must be as
monochromatic as possible (the coherence lengtthasmaximal difference
between the trajectories that can follow two ligays coming from the same
source giving observable interferences). Photogralgses the phase and
registers only the energy.

In holography we set fix waves on the hologram. M#&ain a maximum where
the two phases will be complementary and vice vewvga will obtain a
minimum.

Conclusion : Problem

There is a definite effect of the laser on tissares of various types:
* thermal
* elastic
* kinetic
* electric

- But this is tied to four tissue factors :
» surface condition (brilliance)
* transparency (coloration)
* refraction index
* ionization potential
* photonic conductibility

The more transparent the environment, the lesosbrds, the smoother the
environment, the more it reflects.

- Finally, the conditions of use depend on :
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- Relaxed means: the laser’s effect appears whemumber of charged atoms
out of the total number surpasses the stimulatadsson threshold (succession).

- Released means: we inflate the power to the maxirand we release in an
impulsion.

- Continuous means: the maintenance of the atoh@aoe leads to a continuous
action.

By relighting a hologram with the same source wtaioba phase, then at the
moment of the encounter with the hologram, theeated interference restores
the object. The light of the image imagined by LHIAnd UPATNEIK in 1962
Is called: oblique reference waves and was madalgedy the great coherence
length of the helium-neon laser. This idea allowleeim to contour the object
rather than going through it since the referenceensas separated in depth but
also angularly by twice the angle of incidence. Tensity of this laser, several
times higher, the slow emulsions with fine grainsld be used.

A hologram must not vibrate and the impulsion nhestvery brief. This can be
done with the impulsion laser.

IV -2 —THE PRINCIPLE OF HOLOGRAPHY

Let us briefly review :

IV — 2 — 1 — Electromagnetic wavfs |

We know that in a radiated field there are maximd aninima depending on
whether the wave coming from two sources is in ph@sin contrast phase in
the broad sense of the term.

This is a qualitative interpretation of the phenooma.

If R is the distance to time t, the value of thediwill be:

— -93(r-r/2sint
B0 =
We havé™ which is the equation to time (t-r/2) or slowexteleration.
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IV — 2 — 2 — Radiation energy

We saw (in Chapter Il) radiation energy’s own valudhe energy varies
inversely according to the distance.

We affirmed that the energy was proportional togheare field. This indicates
that the source’s energy diminishes. As we moveyawaaries as the inverse
of the distance square (drawing 47 b).

If we want to retrieve the maximum energy in theveyan a certain cone, at a
distance v1, we find that at a distance v2 the tjiyaof energy per unit of the
intercepted surface varies directly as does thequbre. So the energy we can
extract from the wave inside a certain cone is dame no matter what our
distance. The total energy that we can extract ftam complete wave by
placing an oscillator around is a fixed given gugntThus the fact that the

amplitude varies in\% means the acceptance of the existence of an efieggy

which moves forward continuously displaying onttaiger and larger effective
surface. So we see that after oscillation, a chiggs some of its energy which
it can never recover.

IV — 2 — 3 — Sinusoidal wave

A wave oscillates at an angular frequency “w” :
It is the rate of change of phase with time (ratieocond).

If we set t and observe the wave in function ahe, energy oscillates in exactly
in the same way. We can define K as the rate aigdavith the distance.

If the phasey =w (r-r/2)
The rate of change

d_Y:K_
r

o
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IV — 2 — 4 — Two radiating dipolg91]

What is the effect of two oscillators on a givennp® If the two oscillators
contribute in phase (electromagnetic wave), thetebdal field is twice as strong
and the intensity four times higher than if therr&vonly one single oscillator.

IV — 2 — 5 — Mathematics of the interfererjéé]

Quantitative calculation

The two oscillators, in our case, have a relatngnsic phase in relation to each
other and at a given point two different intensithgl and A2. The difference in
phase is due to the difference in distance. TheRwhthe two waves is :

R=A cos(wt¥ )+ AcCOS( Gt/ o)

-Geometric means to combine the two waves
(see drawing 47 c)

The entire diagram is considered to turn in couoleckwise at an angular
frequency w.

We obtain in the calculation the effect of the ifgeence which is in reality the
difference between what we have by adding the sities and what we
effectively obtain.

IV — 2 — 6 — Diffraction[91]

Diffraction and interference are differentiatedyohy the fact that the first term
is linked to a large number of equal oscillators.

IV -2 —7— Laser and interfereng&]

If we use a classic source we must sacrifice ar@49d of the light radiated by
the source because in YOUNG’'s experiment in 182Qyveak part passes
through the slits.
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In other words, the intensity of the fraction ofheoent light that can be used
with ordinary sources is always extremely weak.

The laser appears as the primary, intense sourceoldérent light and the
alternation of bright and dark zones can be seearlgl (phases or contrasts of
phase) (drawings 47 d-e).

Also, naked light does not exactly move in a stralmpe. Of course, FERNAT's
[91] principle of least time exists, but other fast come into play. A light wave
has such a short length in relation to the objectencounters that it is
imperceptibly derived considering the diffusion pbmenum.

The wave penetrating an opening spreads out aefie(illustration of the
phenomenum) (drawing 48 a).

The light ray diffraction is already implied in YONG's experiment. The
passage of light through narrow slits provokesrtt#fraction and spreading of
one part and another. The beams will intermingtkiaterfere.

The diffraction combination and interference gihe image in 3 dimensions
(drawing 48 b).

IV -3 - HOLOGRAPHY AND RELIEF

IV—-3—-1-Theory

While the image with two colored glasses provokes relief impression, the
relief is reconstructed with the hologram. In othgords, objects can be
contoured.
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When we take a simple photograph of an objectglat Icarrying information
penetrates the dark room. Sensitivity is tied dalintensity (see IV -2 -2 and
chapter I1).

The notion of distance is translated only in inignso the distance between
objects and us cannot be known. We know theoréti¢@hapter IV-2-3) that
we can know the distance without knowing the phasencretely, this
information is deduced from the phase displacernébhe waves which reach
the photosensitive surface at a given moment.

The arrival on the plate is shown by the light aadk zones, as we have seen.
Let us suppose that the two wavelines are sphdraasmng 48 c¢). The fringes
will be circular and their width decreases as thewe away from the center.
The difference between the network formed on tredepln the two cases is
characteristic of the nature of the second beamnd.u$eve consider the first
waveline as a reference beam (perpendicular tgpldte), the plate’s network
contains the information required to restore theosd waveline which is the
signal beam. This is the principle of holography.

In order to obtain this reflection, LEIT and UPAITBCKS created the image of
a locomotive, a toy of 50 cm in length, with thdpef a laser with rays of 5 W

power. The gas laser is the best [98] because nmare monochromatic; this

system does not require a lens or objective. Teerlaeam directed toward an
optical system that forms it is enlarged withowttdlibing the coherence. The
field must be of a sufficient size to cover theeabjto be photographed (for us, 7
cm by 7 for a complete impression, or 1 cm by 2aféooth).

This beam is then directed toward the object bystirealled direct ray with one

part striking the mirror (reference ray). Both ragse returned by the object and
the other direct, interfere with the plate.
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As we know, the waves of the reference ray are laguamplitude and length
and are characterized by the same relation in phHse echo waves have
different amplitudes and aleatory phases. All tleeies of spherical waves
whose appearance corresponds, for each of themddain point of the surface
of the object which reflects is an extremely compeocess.

The interference fringes recorded by the holograaweha ray density which
depends upon the size of the angle formed by thecttbn of the waves
propagation carrying the information about the objand the direction of
reference waves propagation (drawing 49 a and b).

IV —3—2—The hologram

Our plate does not show an object but a group tefferences which, in coded
form, represent the information of the signal bebmaddition to presenting the
intensity, it presents the phase displacement.

The following calculations indicate the steps taetdor the recording and
restoring the information.

A three-dimensional object lit by a coherent wave

e is the diffracted wave.
€. is the reference wave.

If we disregard the time factor

The total intensity that falls on the photograpleiculsion at the time of
recording is equal to the sum squared of the aut## of the two waves which
superpose themselves one upon the other [276 —279.

I=(e* g )?

I=A2(x,y) + A +A(X, y)expy Aexp-J + A
(xy)exp-J"A_expJ r

where = A (X, y) +A -2A (X, y) -A (cos [ (X, y)— o]
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We note that in the third term, the displacemerdlypéct y (x,y) is present.
X (n=F (E-t)

We can thus calculate the transparency to amplitdeof the hologram. If we
make it intervene, the contrast factor of the emuol$ (a) is proportional to F
g912..

If we work in the linear region of the curve whétd represents the product of
light by the exposure time, this transparency sl considered proportional to
the energy received from the hologram.

For Denis YUNK [280 - 281], the proof that the thrdimensions are reduced to
two dimensions should be considered since the haogs a system equivalent
to the object.
This is difficult to prove because no method ofdatermination in the arbitrary
“three-dimensional object” is known in optics. Tleason parameter proposed
by Denis YUNK is a three-dimensional function o€ ttielectrical constant of
distribution.

— —>
The dielectrical constant would be in “convolutibngith the function [F
(R,-R] the result of specific waves of the object ands timcidence (see

drawing for transition 3, dimensions in 2 on a lgoéom).

For MALLIEK and ROLLIN [282] information from eachoint of the object is

not dispersed everywhere on the hologram’s sutfat®n a very small surface.
Also, a hologram could be considered as being A hignber micro-hologram
representing a region of the object.

Mario BERTOLOTTI of the University of Rome propos@s method for

measuring amplitude and phase variations at anyt pbithe wave’s front side
of the wave. Therefore, the technique is at theeskwel as the theory [283] in
the field of holography.
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IV — 3 — 3 — Reconstruction

How can we decode such a complex image? Nothintfd doei easier. All we
need to do is cross it with a laser oriented insda®e direction as the beam used
for making the hologram.

Reconstruction is due to the diffraction phenomenWhen the hologram is lit,
for example by an identical wave to a referenceey#ive result is expressed in a
quantity that is proportional to the product of {a again I) by the wave’s
function, so that :

(drawing 50) t, A exp J.

With the reconstruction of one part or another led tirect light beam, two
images with an almost multiplicative factor appeaired with the object and
following symmetrical directions in relation to g®of the reconstruction beam.

- Plate

An observer placed on the other side will see dbjgaough the hologram and
if he literally moves his head he will see the efffef the parallax characteristic
of real three-dimensional images.

Why ? Because the phenomenum explained above taditi@at the dark fringes
stop ¢, and the light fringes let is pass through. Thesrehare diffraction and

interference. The hologram is a “fixed” wave goiegerywhere then set on
course.

- Television

We have presented ourselves with a problem: quid&la direct analysis of the
volume (holographic camera) or analyze it indinebly analyzing the hologram.
We chose an average term which is:

Shoot the hologram on a high definition (classigm®) (sensitive) then do an
analysis of the hologram with precision in varigasitions to effectively sculpt
in three dimensions.
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We do not take television directly to do a more ptate analysis of the three
dimensions.

Before analyzing the study methods of the hologramwill explain how it is
made.

IV —4 — DIFFERENT HOLOGRAMS [277 — 278 - 279]

IV —4 —1 — Hologram by transmission

Waves ¢ and g superposed in the hologram’s plane emanate from a
transparent object after crossing it which can b@rg pierced piece.

A wave is thus separated into two parts. The ondplem is not to have the two
paths surpass the length of coherence.

IV — 4 — 2 — Hologram by reflection

Wave ¢ ,is obtained by diffusion and diffraction of theHig Objects (1) and
(2) displayed in front of the photographic platare lit by a spherical wave S.

At the level of P, waveg, and g _, superpose themselves on one another and

interfere. The difference in the optical path betawawo points A and B are
translated by a phase displacement of waye recorded in the hologram’s

memory. During restitution both images will appeare behind the other
(drawing 52).

IV — 4 — 3 — Frequency-bearing hologram

The transmitted wave is recorded and the wavefiisadied (not interesting for
us because non transparent).

Conclusion :

To set the image in three dimensions, we must hea@urse to the hologram, in
other words, to optical interferences. This aldoved us to find many solutions
to certain problems.
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V-1 - TRANSMISSION OF HOLOGRAPHIC-TYPE INFORMATIO N

We already know how to store detailed informatidnowt an object, plane or
three-dimensional object on a photo emulsion (dhfém or plate, etc...)

V —1 -1 — Direct optical study of the impression

We choose a capturing device that will transforra tight information into
electrical information. These will be either prdgt for direct reading or used
in our chain The first phase: direct projection.

In order to be able to control the good conditiéra @ut, a view of the tooth is

projected on a screen. A good method to rectify gha&blem of movement

multiplication and shaking is to freeze the impm@ssnto a hologram then, in

two dimensions, study the tooth by projection. Téeding is done by a classical
system on a hologram thus avoiding the patientsations and allowing us a
perfect analysis of our tooth 10 m by 10.

Once the observation is done, the sculpting procassbe started. This can be
done according to the size of the hologram becewsknow that no lens grows

in three dimensions but only in two. We will propaan idea for conception in

other writings.

V —1 -2 —The image: its characteristics

Before defining the characteristics, let us readiat the television is [285 — 286
- 288]. The TV idea dates from 1881. What interestprimarily is achromatic
TV.

165




V—-1-2-1-— Achromatic television

This involves decomposing the image that we wantrdasmit into as many
elementary points as possible (minimal zone) andsmnéng the brilliance of
each of these points. During retransmission easmahtary point will be reset
in a similar place on the analysis screen. Prades$i35 mm cinema has a
definition of 1 million elementary points.

It will therefore be very difficult for us to simaneously transmit all these
elements. Researchers have proposed a sequerdigsiarof the image and a
sequential restoration.

Each image is explored following successive hottiablnes (drawing n° 53 a)
from top to bottom, either directly or by interlacecanning (drawing n° 53 b).
The minimal dimensions of these successive pom@®hviously determined by
the type of analysis used, the electronic brusa,gbotlight. Synchronization
tones at each line and these screen ends allowl-awaehronized analysis and
restoration (drawing n° 53 c).

V -1 -2 -2 — Electron gun and analyser tube

Thanks to ZWORYKIN'’s ionoscope, modified by ROSINWe can scan the
image to be analyzed using a beam of electrons.sbhece is a cathode. The
beam which diverges quickly (even sprung up fromdlectrons) is gathered by
an electronic lens by concentration and (or) ebmsaignetically. The deliberate
deviation of the beam is essentially done electgmaacally (drawing n° 53 d).

In our experimentation we will use instead the laag which has the advantage
to be thiner.

V—-1-2—-3—Transmission used

a) In real time : the transmission corresponds to @ucang device which
transmits the elective signal relative to the objesuch a way that at the
same time the wave is directly diffracted startfrmm a distribution of
amplitude and phase tied to the transmitted sighlkre is a risk of
deformation and displacement.
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b) In delayed time : there is an intermediary stepntloeeation of the
hologram followed by a re-analysis of this hologram

| mean by “delayed time”, reduced, analysis by tuimensional projection.
Delayed time satisfies our own use.

V—-1-2—4 — System requirements

A characteristic of the three-dimensional objeclogmam is the considerable
quantity of information it contains [289]. On a 912 cm plate we arrive at a
figure of 10° bits put in memory (24Tthorizontal element) and (1810ertical
element).

We note that photographic emulsions (Kodak 649 GFA 8F.50) reach 2500
to 3000 mrit resolution (previous example 1000 fMTo increase precision
we can increase the number of lines to 20,000 en &,000 in space, in other
words, 51C mm (5 ) per line. This does not upset our precision. Wnot
forget that the succession of 1/25th second doesmterest us. Scanning time
can be very slow.

The definition of our image depends on the angie lteamsg, and ¢ and the

dimensions of the object.
The object is three-dimensional. In plane P, thediapfrequency is = 1/i and

the smallest interfringe i idDand a%thus = %

The spatial frequency of the fringes v depends bétthe anglea (drawing n°
54 a) and the object (-1). However the limit valadixed by the apparatus’
technology; a compromise has to be found betweenvéttues of d and or
even between the values of d and D.

Practically, we choose our object, the chosen vaftie D is fixed by the
importance of the flow on L (two flows : referenaed reflected).

To reduce the tape width, frequencies are recowidltbut losing the phase

displacement of the restored waves. Various methaste been proposed [290]
by the SFER.
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The KLYSTRON even reduces the tape width in retatmthe laser (by a factor
of 50.000 in He Ne 6328 A).

V—-1-2—-5—Light level on the photocathode

The fringe frequency is linked to D which is itsdled to a flux which
diminishes considerably with D[J)g). Sometimes this flux is insufficient and a

light amplification can be added. It increasesdize of the useable surface and
the sensitivity in the area of use.

V — 1 — 3 — Transmission of the object hologranfudihg in three
dimensions

We will create a practical example.

V—-1-3-1-Transmission from the object hodogr

The object is lit by a helium neon laser (cohesmiterical waves 6328 A) with
variable power (10 m W ex.). One part of the waséocused by an angle £0O
A classical hologram is formed in plane H where eee placed a television
camera for the transmission.

We transmit using an analyser type (see drawirts2in°

V—-1-3 -2 —Transmission from a previously tgddhologram

The experiments described up to now were spedailhe in real time.
Another method, ours is to transmit a hologramfsnmation previously stored
on a photographic emulsion.

The hologram is created. We will not extend ourdgtany further on this
technique [291].

The hologram is lit through a diffuser by a cohéren non-coherent light
source. Its image is formed with the help of anioph the window of the
camera’s tube.

This process requires another person, good matandl represents many
advantages.
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1°/ - A change of scale in the hologram can be deitie the help of the optic
used; for example, a hologram with a maximal resmuof 40 mnt can be
enlarged twice in order to transmit only one part.

2°/ - The lighting level can be adapted to the sty of the layer of the
detector. A better resolution will thus be gained.

3°/ - The wavelength is chosen according to thectsgle response of the
photosensitive layer. The quantum tension is tmmoved.

4°/ - Parasites (incoherent phenomena) can be winad.
5°/ - Lighting adaptation can be done accordingthe darkening of the

hologram.

V-2 - TRANSDUCTION — LIGHT — CURRENT

Analyzer tube

At the beginning of the chain is an essential onghich is the analyzer tube. Its
goal is to transform the optical image placed snfigld into an electrical image
from which we will obtain electrical signals thaewan manipulate, amplify and
use to modulate a carrier wave, for example.

V — 2 — 1 — Photoelectrical effect

It was discovered by BECQUEREL in 1839. Today welormer resort to the
voltaic effect but to the photo-emissive or photwhactor effect. We choose the
material which has the highest emissive power altiegrto the wavelength used
(6396 A for us).

COREY'’s system was to use an infinite number oftphlectrical cells. It is
easier to use an electron analyzer tube ....
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We use a cable made up of dielectrical materiawdrg n° 54) and on mica. A
thin layer of cesium is applied to fine silver diets which are vaporized. Each
droplet is compared to a tiny photoelectrical cdtho

If the same is sent to the analyzer, each elementaplet of this mosaic will

emit a lesser or greater number of electrons acuprib the lighting of the

image’s spot to which it corresponds. The matdraisforms the droplets into
micro-condensers which are charged more or lessel&otronic beam will

analyze each droplet while discharging. This isvikdeo signal.

The higher the collected energy, the more posttieecharge of the condenser.

So to return to a zero charge, the electron beamittwill encounter will be
more or less absorbed and this absorption willespond to a variation in
tension between the support plate of droplets dmed reflected beam (thus
between the collecting anode).

(See drawing n° 54): drawing of ZWORYKIN'’s ionoseotube.

This variation in tension is the video signal freqay. The same principles are
drawn from improving principles: ionoscope, imagel @hoticon.

V-2 -2 -FARRSWORTH's dissector tube

There is no electronic box. A photo-emissive matas placed behind the focus
and the exiting electrons are amplified.
The advantage is that side effects are suppresgexirbng lighting is necessary.

V — 2 — 3 — Orthicon (slow analysis)

Electrons are slowed down at the moment of impacthe target. Here the
video signal is made up of successive dischargesicts at the beam passage,
positive potential formed at the various pointsloe droplets (mosaic) under the
effect of the incidental light.
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The orthicon image tube avoids the defect of otnbes and of those of the
orthicon tube. The beam electrons which have nethlmaptured by the target
and which returned to the last acceleration anadlepe used. The sensitivity
of such a system is remarkable (evefi LX).

V — 2 —4 —Vidicon photoconductor and plumbicofeeff

We use photo-conductibility but not photo-emisspmwer. It exists in the form
of a glass cylinder with an optical glass extrensiyrying the photo-conducting
target.

At the other end is the electron gun whose bealocialized and deviated by
coils placed around the Vidicon body. The signalcplis carried to a positive
potential (10 to 30 v) in relation to the gun’sheade.

“The optical image is focalized on a photo-condugtiayer. The conductivity of

each point of the latter varies with the light mgay received.

Positive charges applied to the signal plate de#fo®re or less rapidly through
the layer so that on the rear side of the targetolin a positive charge
stereoscopy constituting a faithful electrical eefl from the projected optical
image.

During the passage of the analyzer beam, each pbithte target will capture

the quantity of electrons needed to return its mae to that of the gun’'s

cathode. Excess electrons are pushed back andreagiy a recovery grid.

Various currents corresponding to inputs of beaatestrons which cancel the
target’s positive charges, cross the resistancegehalaced in the signal plate’s
circuit and create variations in potential at tdges, or video signal”.

A great interest is its use as a memory tube becawusn keep its information,
printed on the target, for a long time.
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The plubicon (lead basis) is at the achievemerfinghess and precision. We
have a layer of 10 to 20with little points of 0.1 to 1 on top which obviously
ensures excellent definition and allows its usked@xtended to infrared.

V-3 -SUMMARY

From an image we obtain a tension. This image (jralm) is characterized by a
considerable amount of information'i®y 10 cm2. Therefore, the number of
analysis lines should result in maximum precisibo.analyze 18 units for 10
cm’, we must have a scanning of at least 20,000 limegher words, 10 of
precision for 10 cm?.

This is huge and very precise.

This is feasible if we consider that the 1/25 soagindoes not interest us.
Therefore, precision at this level is 5 to 16n the impression made.

V-4 — ANALOGICAL NUMERICAL CONVERTER

V — 4 — 1 — Electrical signal converter

One could short circuit this converter and workeansion, in other words, keep
the electrical value in order to power our machtoel. This has a great
inconvenience of considerably reducing our field application. Also
transmission of information to a computer and teesgl minor analyzers lets us
exclude the price of the group’s computer.

The number of significant figures read from thesten corresponds to the
precision. Therefore our goal will be to reach rasten variation corresponding
to a distance d = 5. This currently seems diffiguilemphasize “currently”).
Given that certain analyzer tubes achievé L@, there is hope.
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We know that numerical expansion can be formulaedording to various
numeration systems. The decimal system is the oeeuse. For technical
reasons, machines use the binary system for intgeatments and the binary
coded decimal (BCD) for communications with humans.
963 = 1111 ' (binary)

1 1 11 11 (BCD )

V — 4 — 2 — Methods usedrawing n° 54)

V-4 -2 —1 — Successive scanning methods

At instant zero, the visualizer V is set on zerogénerator G developing an
increasing linear tension with time is started. éscillator ch begins to send
regularly spaced impulses in a totalizer T. The lgoge of the entry signal SE
Is composed with the increasing amplitude emittedhie generator G. As long
as it is superior, everything continues. At theyveioment when the increasing
tension becomes equal to SE, the comparator C emiisipulse which freezes
the sending of the impulsion in T. The number ofedl impulses is then read
which gives the growth time of the scanning tengrom which we deduce the
unknown amplitude.

The totalizer is, in fact, a continuation of bidesbthat have taken positions
according to the number stored; by exploring thestables, we obtain the
numerical representation of the unknown tension.

V-4 -2 — 2 — Integration method (drawing n° 54)

V-4-2-2-1-Conversion, tension, frequency:

An amplifier with a As threshold forms the poweraofelay Rs when the tension
Vc applied to its entry reaches a certain valud. Usnow consider the entry
signal SE which through an amplifier AE chargesoadenser C through a
resistance R; we know that when a continuous tansiapplied to the edges of
such a circuit RC, the tension on the edges of ¢bedenser increases
exponentially with time and even more rapidly tighler the tension applied.
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The higher the Se, the more rapidly tension Vc valich the release threshold
of As, at this moment the relay closes up and diggds the condenser, forcing
the cycle to repeat itself. The frequency of rejmetiis proportional to the
unknown tension; it is measured using a frequeneyemtotalizer open for 1
second.

V—-4-2—-2—-2—Double ramp method

The principle is identical except when during desgje the condenser is linked
to an inverse tension of the opposite polarity. \deEmonstrate that this
assembling allows to compensate the derivativesliwérse elements of the
device and thus offers improved precision.

V —4 — 2 — 3 — Successive approximation method

A bistable numeric register uses interrupters totrod a resistance network
which delivers a tension Vi proportional to the eodlisted in the register. A
precise compensator compares this tension Vi toatmdogical signal to be
converted E.

Each row of codes is tested successively beginfiimggxample, with the heavy
weight.

If Vi > E we write 0 and go on to the next rowMf E we write 1 then we
deduct the reference tension from the entry teneafore going on to the next
cycle.

This process allows us to generate successivethalbits of the representative
number of the entry signal in the chosen code.

V — 4 — 3 — Conclusion of chapters IV and V

In chapter IV, we demonstrated that the only medriaking an object in three
dimensions on a two-dimensional plate is to userietence, diffusion and
diffraction. We demonstrated how Denis GABOR'’s digery with the
hologram allows us to freeze these 3 dimensio2sand we gave a source of
mathematical demonstration of
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the fact (DENIS YUK). Thus we explained the intérafsthe laser in GABOR'’s
invention and what the various possibilities aree JWoposed a new hologram
that we will study.

So to freeze our impression in 2 dimensions whegnigg much time and
without the _inconvenience of the micro-palpitaiwe will use the hologram
(deferred time) or the television camera (real Jime

Now we must explain how we study and especially wosvrestore distances
with the interferences contained in the holograjpinece.

“The photographic plate constituting a hologram riear only darkening
variations and there is no reason why they caneoteproduced artificially.
Thanks to the computer, the amplitude emitted ligtave object in any plane
can be calculated. An auxiliary amplitude is adted which plays the role of
the amplitude produced by the coherent wave. Thapoter calculates the
resulting intensity. A printer linked to the computeproduces these variations
in intensity on a sheet of paper. All that remaiosbe done is to take a
photograph suitably reduced to obtain a true halegrObjects which do not
have a real existence can thus be restored in thmensions.” [297].

In chapter V, we obtained a precise tension at thefseparation (X Y) for a
scanning of 20,000 lines on 10 cm2. The goal isawe a definition of lighting

allowing us to separate a depth of 5d — d’ = 5 ). This tension is thus
translated into a binary system by a double-typeveder, for example a quick
ramp. In fact, to avoid delaying the reading precé&swould be good if reading
the elementary unit of the surface does not exde#@® seconds which seems
fast! This would allow an analysis in a few minuteshe nearest 5.
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The analysis of our image can be compared witlceession of lines that would
cut the object 20,000 time&ach number or bits will be (of the tension) the
distance from a considered point of the objech&hologram. This information
will be analyzed and transformed by the computer.
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COMPUTER

- COMPUTER PERIPHERALS
- SOFTWARE
- COMPUTER

CHAPTER — VI -
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Information linked to scanning of the impressiom aranscribed in coded form
will be sent by terminals (for example) to the cangp for security of constants.
One could easily assume a simple use in the foreleditrical tension, in other
words, in V form before the converter and manimikhis information to make
the machine work without a numeric analogicahverter But since there is a
great number of modifications to do, the risks oégsion would be very
annoying out of 15 or 20 successive manipulatiofisis would certainly

increase the imprecision of intensiby . However, by immediately converting
them into a numeric form, the errazv will only occur once. The only
inconvenience is that the price can fluctuate aarsbly.

VIi-1 - PERIPHERALS

If we compare the computer to a brain, the periplisaare the peripheral sensor-
motor organs.

VI—-1—-1 - Canals

Tying the central unit of the computer to the pleefals, they can be selector
canals (much information but linked to a singleip®eeral) and multiplex canals
(small information to be guided such as a boangk @nd this in function with
the time 10s (information). A direct access canal lets onettis information
stored on a disk or drum bypassing the central (geg drawing 55 a). The role
of the control unit on a canal tied to a periph&db synchronize the input and
output operations, carrying on with the treatmeaoheCk code, decodes,
commands peripheral information). We note thatdaeal has several control
units to “command”.
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VI -1 — 2 — Peripherals

VI—-1-2—-1—-Slow or fast type

Within the slow types, we note the boards (by stanor photoelectric cell) on
80 columns and can scan at 1000/mm, for example.

The board perforators are information receptors @ueive information from
the central unit. Verification of perforations isree instantly (see drawing 55 b).

Perforated ribbons are based on the same prin(pte 8 perforations on a
width of 3 cm).

Printers are machines which receive informationcihallow transcription onto
paper of the results of treatment processed bgeh&al unit (see drawing n° 56
a).

VI—1 -2 — 2 — Quick perforatofsnagnetic tape, disk or drum)
allow storage of information which is not constgnibed (files and programs).
Magnetic tape rewinders read and record the tapes.

As with a perforated tape, recorded informatioresraad on longitudinal bands:
two types, 7 or 9 tracks (7 or 9 magnetic momenthere are two recording
methods: NRZI and phase modulation. In the firs¢,aime flow inversion is
translated by a bit 1 and absence by a bit 0. énséttond method, bits 1 and O
are recorded by flow inversion. This gives 190G®®0 bits per inch therefore
per second. The amount of information transfer wau 30,000 to 640,000
characters per second. The disk allows more ragadrsng than the magnetic
tape. The drum is also very interesting.

We note that we call the compatible peripherg&jg to plug”, in other words,
peripherals sold at a low price which function oy anit (see drawing n° 56 b).
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V-2-SOFTWARE

These are the computer’s programs.

VI -3 - COMPUTER

It is simply the principal toollt is a machine capable to receive informatioa in
coded form for its application and some transforomat defined by a program.
It gives results in a coded form.

VI — 3 — 1 — Presentation of information

This is done by symbols conform to the machine’admeg. As previously

described, the bases being the boards, data sctibed to the computer in the
form of electrical tension. Lack of passage throubgh hole of the board
prevents a precise circuit from continuing. Thisaatnothing state can only
occur in binary form, an arithmetical system ofdas

VI -3 -2 — Memory function

The basic organ of a computer where calculatioasdane is called the central
unit.

Before treatment by the computer, all data muspliein memory (capacity
varies from ten thousands to several millions ottara). Each memory position
is filed in the computer. Auxiliary memories ardyoim contact with the exterior
when passing through the central memory (see dgamirb6 c).

Access time is the time needed to release the niemdoinformation. The
principle of reading in the computer’s organ isttbthe magnetic core crossed
by two conductors, each of them carrying half theensity of the polarity
toggle.
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Only the cores having both intensities produce Ilaaranothing inversion (1 or
0) (see drawing n° 56 d).

The group of bits corresponding to a coded alphamioa character or to a
word is positioned on a same vertical.

VI — 3 — 3 — Central unit

The functions of the computer’s unit are: And, Whand Now. One of the main
functions is to search in the memory for factorsrugvhich the operation will
take place.

We provide the operation to the machine and wheirfnd it. The information
needed to run a series of specific operations itotest a program.

Programs are presented to machine circuits as codedmation which is
placed in memory. The processing unit looks thrailnghcentral memory one by
one to find the program’s instructions. Memorien Gest be placed in auxiliary
memory (disk tape) and progressively changed itraememory.

Any process can therefore, be memorized and cobleel.transition from one
work to another is reduced to a change of prograthe memory.

VI — 3 — 4 — Analysis and programs

Before analyzing an information, the computer mresteive instructions in
program form which is recorded in memory.

The phases are :
1°/ - Recording the program
2°/ - Recording the information to be processed

3°/ - Calculation
4°/ - Retrieving the results
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VI-3-4-1 - Programing

The program interpreted by the computer will be #hgorithm of operations
leading to the result.

To communicate orders to the computer, generalramigng languages are used
which allow us to approach mathematical formulat{Bif®©RTRAN, ALGOL
and for file maintenance IBM’s COBOL and PL1).

It should be noted that one week of work is enotaghnalyze a language like
FORTRAN. Therefore, the program can be done byyeves.

VI—3—-4—-2—Compilers

Instructions translated into advanced languagessas\a data base for compilers
which translate them into an assembly language:

1°/ - recognition of the key word

2°/ - syntaxical analysis of instructions

3°/ - setting up the tables of variables

which would be used to store the progressive antliee values.

The result is an assembly language of the usedgram in the form of lists
using symbolic languages inferring variable addresand the memory’s
geography or diagnosis errors, if any.

Often several symbolic programs are compiled sé@grand once perfected,
are assembled and connected.

Advantages : - fast writing
- reduction in writing errors
- a diagnosis which facilitates perfection
- presentation of a simple program
- can be operated by various materials
- possibility for modification or extension
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VI -3 -4 -3 — Analysis

This is the group of studies that allow us to pssae information.

VI -3 -5 — Our metho(see drawing n° 57)

VI-—3-5-1—Program

In memory we must have (see in the last chapter)

- Typical teeth(recorded in bits)
There will be 32 permanent and 20 temporary idedltheoretical teeth.

- Types of crowns used
The same information but with the ideal form of ttezamic cap, for example,
or of a crown with holes or anchors for attachment.

- Metal to be used
Input : direct
elasticity
wear of the metal in saliva

This can be recorded on disks in the form of iasexample.

VI -3 -5 -2 — Operatio(see drawing n° 57 a)

VI -3 —-5—-2—1 — Sculpting the exterior

- Information 1: one or even x typical teeth are entered in treyaed mouth.

The computer notes the difference between theatetiocd present teeth which
IS given as information and establishes the avenajative wear of the

cuspids... This value will be put in non definitiveemory (see drawing n° 57
a).

- Information 2: an analysis is made and, considering the estaddlirules, the
computer will adapt the theoretical tooth to théuwwe of the stump of the tooth
to be crowned.
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- Analysis :
Before sculpting the tooth, the computer reducesttieoretical data according
to the program

1 theoretical tooth is reduced to real dimensions
1 reduction (1) of information comparison n°tasorded
2 reduction (2) if antagonistic metal or natucalth is present
3 reduction (3) per chosen factor (mobility...loéseth)
4 reduction (4) for chosen crowns (ceramic, etc)
- Output
5 expansion considering wear for metal materials

The result will be a modified theoretical toothregure would have created it in
the time and manner we choose.

VI -3 -5 -2 — 2 — Sculpting the interior

Information 2 analysis without modification will selt in a sculpture of the
impression. Then, while sculpting the interior bktcrown the data can be
increased theoretically thus permitting the passddiee chosen cement.

VI-—3—-6—-Terminal

We cannot expect every individual to have a compatté@ome. A good solution
is the use of the terminal.

VI-3 -6 —-1—-There are three main categoridsrofinals

- Data capture terminals: only data is transmitted.

- Information terminals: questions are input inertb receive information.

- Man-machine dialogue terminals: by typing on achmae, a code is
transmitted which calls up a determined programm tio@r information is
transmitted, the computer returns it to us.
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VI—3—-6-—-2—0urcase

We code : 1) — call gives response : | listen
2) — typical tooth of the chosen mouth is introed
for example : information 1 { 2

e

then :
3) — computer does modification
4) — us : information Zcrown stump)
5) — program : introduced
which gives 6) — output : (1) positive
dead time
(2) internal sculpting modification done
dead time

(3) external theoretic sculpture
VI —3 -6 — 3 — Theoretical drawing

(1) We see in ordinate the various operating times.
Information 1 then information 2 plus program

(2) Other choices (direct)
Here one has :
DFO theoretical data in memory. We send our practitata
(angle,...) therefore : the terminal question (dragnmi 57 b)

PARO same (drawing n° 57 b)

VI-3-6-4-Summary

(drawing n° 58)
Our data are given by :

- the choice of program

- the example of the mouth’s typical teeth (equ&dimation)
- the transmission of the carved stump (informafpn

In return, the computer sends us the cut

- of a positive
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- of the crown’s interior
- of the crown

Storage of the impression is easy and repetitiondsfinite without modifying
the sculpting.

It must not be forgotten that the computer fredlgases the place where it will
begin to sculpt the piece. In the case of the crome must precisely orient in
three dimensions in order to avoid phase displanenddl that is needed is to
coincide our sculpted impression with its phototbe hologram. This is very
easy (verification of the piece).

The use of the terminal justifies its utilizatiam DFO and parodontology, not
only for information purposes.
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Definition :

Numerical command is an automation procedure thavs to guide a mobile

mechanical organ or a position determined by arerorilhe position can be
obtained by linear or angular displacement accgrdinthe degree of freedom
of the mobile. The order is delivered in the forfrcartesian or polar numerical
coordinates.

We still have a point-by-point procedure but, cdesing the machine’s
precision, the action will be continuous as thegrapch one another.

The numerical command process can be used to desplay mechanical organ
run by a enqgine.

Today we can say that 30% of manufacturing machisesnumerical command
(drill).

This kind of command allows production in small dadhe series with more
ease than with manual command, especially on snathines.

Vil -1 — ORGANIGRAM OF A NUMERIC COMMAND

The mobile organ includes so many placement axas) with a engine that it
has with degrees of freedom.

Each engine constitutes the terminal organ of dribeopositions. The principle
of the cervical command is:

-There is a constant comparison of the order mwsiéind the command signal
sent to the engine according to the gap betweerridher position called error
signal. We therefore have a “position sensor”.

For us, orders are issued from a program tape wgupports the translation into

machine language of numbered dimensions brougth@drawing of the piece
to be milled (for us the dimensions of holograpgzanning).
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Finally we have a comparator that gives an ergmadi This signal acting on the
engine reaches out to catch the position gap betwe® signal and the actual
position.

When a numerically commanded machine has sevemmemd axes it often
has as many axes with independent brain commands.

Systems also exist for positioning an X and Y tablevhich a single, brain
commanded one is used successively to put x antbyposition. Its advantage
Is time saved, the disadvantage is waste of time.

Even if there are 2 to 6 command axes, the tan{®r) is unique. It supports

orders intended for various brain-commands so ¢hah one receives its own.
Therefore you must have a good orientation.

VIl — 2 — VARIOUS NUMERIC COMMANDS

VIl — 2 — 1 — Introduction

We must obtain a continuous profile. Also, we appdyrticular importance to
continuous command.

Continuous guide requires the coordinated commamnarous command axes,
so that the route travelled passes by usual sdotkeotheoretical trajectory
which are sufficiently numerous so that we are i@sbkthat the actual trajectory
never deviates at a distance greater than tolerdncaddition to the brain-
command, a great number of points on the trajeataugt be coordinated. The
guide moves along the trajectory.

Systems with absolute programing are those to wbrders for position are

given in the form of points coordinates which resemr@ successive destinations
of the mobile.
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Relative programing systems are those to whichtipasorders are sent in the
form of components of operating displacements istarfrom an engaged
position to gain the next one:

- absolute order
- relative order

While during scanning a numerical conversion isejdmere an analogical (or
analogical numeric) conversion occurs.

VIl — 2 — 2 — System for absolute programming afeys

VIl -2 — 2 — 1 — Absolute scannirgf orders and position can be
analogical or numerical depending if the positierverified numerically
(with transcoder) or is itself numeric.

VII — 2 — 2 — 2 — Absolute scanningf orders is related to
displacement. It is not necessary to know the dlsjgosition; one only
has to integrate its displacement in time (theated incremental sensor
device starts if a displacement is X).

VIl — 2 — 3 — Relative programing of orders
Only the closed mouth (verification) system intésess. The brain-command
with absolute programing is the most satisfactarydiso the most expensive.

Vil — 3 — TRANSMISSION OF INFORMATIONS

In our technique, the machine reads and takes maftése information, then
executes the commanded operation according tactgins.

After programming, the machine’s scanning is dorid werforated cardboard
or magnetic tapes.
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With a terminal we cannot use perforated tapesedwn to the video recorder
and the magnetic tape (tape recorder also).

It is a magnetic layer (ferro-magnetic oxide) doage, which will memorize the
information by electromagnetic induction under #otion of an electro-magnet.
More than 7 electro-magnets can be scanned.

We can scan on a tape 50,000 to 100,000 linesgoend. The scanning speed
Is the same as the recording speed.

In order to process a complete information, the himec requires more
information than the one of a tape line. It is Iyettie group of lines that forms a
complete block of information.

- Example : (drilling) X = 200,000 {position oh¢ table at the
hole

Y= 100,000 {mark

K= 18 tool number

P drilling sequence

Z;= 7,000 guick advance stopping point

B; broach speed

A, advance speed

Z,= 120,000  work advance stopping point

END End of the information block

The machine usually explores all the informationbursts. It simultaneously
arranges these informations in a memory circuitretibey are retrieved to be
translated for the concerned organs.

VIl —4 — NUMERIC MEASUREMENT METHOD

Methods are:

VIl — 4 — 1 — Relative, incremental or by calcubati

The movement of the carriage whose displacementvarg to measure causes
the information, always the same information to $ent each time this
displacement reaches a determined value.

197




VIl — 4 — 2 — Absolute or coded method

A certain number of positions is defined along¢heaiage’s displacement as for
the first group but each of these positions is perently defined by a code held
by a measuring organ that is read by a bound systethe carriage. We
therefore have the exact position in relation edhginal.

In all these systems, we find rotating (photoelektinductive and capacity (or
with black fringes) sensors but there are numeodlisr methods.

The numeric command’s influence explains why | edse computer. It
operates in two ways, imposing certain conditiongr@achine tools and allows
saving operating time.

VIl — 5 — FUNCTIONING OF THE NUMERICALLY-COMMANDED
MACHINE TOOL
(see drawing n° 59)

VIl -6 - STUDY OF MACHINE TOOLS IN CONTINUOUS POSI TION

VIl — 6 —1 — Command system

Successive command of the machine occurs onlyeiptievious order has been
correctly executed.

This system which depends on the previous actiosaid to be sequential in
opposition with the programed system, whose pammaanaging the state is
independent from the considered time. It is howealefmed by a program that
communicates to the machine the instructions nacgd$er executing various

operations (defined in an absolute way in recofdea for example).
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VIl — 6 — 2 — Characteristics

The following are characteristics of the continupositioning system:

- use of a great number of numerical data

- implementation of a high speed command logic

- use of action organs with perfectly linear ch&gastics

- higher cost

- the user’'s contribution is very important andshe/ must have extensive
knowledge (this is where the prosthesist intervemesir scale of ideas)

- use of systems in closed mouth is preferred

VIl — 6 — 3 — The prosthesist

The prosthesist’s role will be to prepare the maelsio that it operates correctly.
He/she will collect and program information and |lwikecome an expert in
machine tools. His/her role will also be to makeacacs.

VIl — 6 — 4 — Command processes

VIl — 6 —4 —1 — The manuscript

- trajectory information

- other milling information :  cutting speed
broach speed
advance speed
type of tool's diameter
moistening liquid

VIl — 6 — 4 — 2 — Calculation of the trajectory

Calculation can be manual or automatic.

For us only automatic calculation is feasible.
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The tape sent by the computer is magnetically cembrand transmitted to a
universal calculator which defines the variousaciyry points (minimal number
of orders or circumference arches compatible viighilmposed tolerance and the
desired finish) of the tool wear and line defaultestructions regarding
translation speed advances are found on the tapegethe converter, where the
jaws must stop. Because the trajectory is complexmust substitute empirical
curves taking into account the required precisiod the chosen finish. This
means that we must define hundreds even thousanddl $ragments
approaching the theoretical trajectory which reguthe recording of a
comparable number of information blocks.

VIl — 6 — 4 — 3 — Calculation of interpolation

Information recorded on the tape corresponds tarectdfollow-up of points
whose juxtaposition defines an inscribed polygowcahtour in the real
trajectory. We must have a continuous contour, timierpolation. The
calculators are interpolators.

VIl — 6 —4 — 4 — Recording information

This appears in a series of simultaneously elabdraicremental impulsions.
Each tissue corresponds to a different axis. Invangtime, it has as many
impulsions as displacements in the considered tthreaequire elementary
steps. In view of this abundance, we choose magtsgie.

The interpolator should not be located at our efbat in a specialized center.

VIl —6 —4 — 5 — Command of the machine

201




Incremental-type signals are applied for each #xia position comparator by
comparison with the position actually occupied bg tool and transmitted by
means of an appropriate sensor. Following amptiboathe comparator creates
an error signal which is used to command an aargan that is sensitive to the
error signal until the moment the prescribed posits reached.

Note: this command is currently expensive and comtgatdut interesting. For
a 1 cm side square diagonal, the speed of eachegxials 2.5 cm/s which
requires 1,000 to 5,000 impulsions/second. Thisesponds to increments of 25
to5 . For 5 we would need 15,000 bits per second or for a 2saim,
approximately 20,000 bits. This way, one single nesgion requires
approximately 200,000 bits maximum/second and @ totpression requires 2
millions bits. This is perfectly acceptable for @amputer and for magnetic tape
with fast unwinding.

To begin, we can reduce the amount of informatignubing an integrated
numeric interpolator which lets us decrease thelbmimof programmed values
by deducting from these the intermediary correspandalues.

| would say (as does IBM) that one cannot have mion@ograming without
precise knowledge of programs such as for classitibstop, Adapt and Apt and
for class Ill Romance, Teckpop and Autopol. Thessymms are proposed for
use in machines that work either point by pointfwo dimensions and two +
two dimensions or by two or three-dimensional canta.

VIl — 7 - CONCLUSION

In addition to our computer, we must acknowledgatiment of our information
Il by a machine tool type program using numeric o@nds such as the three-
dimensional Apt programs. Everything is tied to ttea of interpolation (see
drawing n° 60).
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Each program often written in Forman is acceptalslea numerically
commanded machine. In our case they are transntiittedgh teleprocessing.

VIl — 7 —1 — Current problems

Given the maximum precision we require from our hmaes, we must admit
that, in addition to geometric and cinematic paramseof milling operations,
technological parameters must be incorporated asctine choice of tools, the
operation sequences and the image conditions.pfbidem is called integration
of technological data in numerical command progréixxept in Germany, for
example).

As we do not always know the degrees and millingpprties of materials and
the cutting stability, we must compensate by deteng optimal milling
conditions with an adaptable command (see drawir@pn

It is nevertheless good to note that we are praggentaterials (gold - steel) with
reduced or known milling problems.

By teleprocessing huge calculators, a specializaint would prepare and
modify the program’s data. | base this principletioa fact that the central unit
would quickly deal with the problems whereas theigheral units (input -

output) would slowly take care of each problemwgosave time and reliability.
Nothing prevents a dentist to control identificatiographic means and
transmitted program quality on his closed-circuit by superposing it on the
impression (cathodic computer screen).
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VIl — 7 — 2 — Unisurf procedur@renault)

VIl —7—-2—1 — Delay in response

- scanning : a few minutes
- milling : a few hours for a surface of several m?2

VIl =7 -2 —2 — Precision

101l mm 1)

VIl — 7 — 2 — 3 — Conceptionmathematically easy

Conception is independent with regards to the eef#l so the definition of
curves and surfaces is independent from the choderential. This property
allows numerous simplified calculations which cepend to projection,
translation and rotation operations which are néddemilling and designing.

The Unisurf procedure allows an operator who dagshave any mathematical
knowledge to create the form of a curve or a serfaca very short time and
with a precision of around T0to 10° and to modify it to his liking. For
example, the speed allows production of a pinés@mple) in a few minutes.

Conclusion :
For a 10 cm? surface with a precision of 10 (déemtigork with a precision of
500 to 100 ), the maximum time is 1.30 hours (spacing: Jter character) and

1.30 hours for 1 cm with precision of 1 Milling time depends on the required
precision (character spacing).

205




VIl — 8 - SUMMARY

Considering the treatment of informations | andahid the program sent by
teleprocessing (terminal) which consists in:

- the type of damaged metal
- the type of work selected (crown, cap, etc..)
- the desired surface and its precision

In return our central team returns the coded progi@apt) for the machine by
the terminal, with a sound recorder.

The central team has a maximum purpose and isetlvidto mathematicians
(theoretical and specialized in computers), materspecialists, sculpting
specialists and finally dental theoreticians.

The method’s advantage is that it finally allowe #@wpplication of theoretical
ideas even in the most remote dental practices.

The central block would modify the program and coinihput and output. The
dentist would only have to control the milling armd reproduction on the
hologram and at the beginning (what role for thesghresist ?).

Now we will look at the machine used for sculpting.
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INTRODUCTION

The proposed micro-milling is divided into two partThe first one, the
unconventional type is divided into 7 parts. Theosel one represents the
classic methods and is divided into 2 parts.

For unconventional milling methods we did not wemtnodify the character of
Mr MARTY'’s book [300]. We give a summary of this vkowithout modifying
the phases which were done by specialists...Onlyastechapter about milling
comes from METRAL’s work [301] and is a classicasgjng milling.

Milling a part
Milling consists of removing matter from a piecearder to give it the shape
and dimensions of a determined product.

We will study various avant-garde techniques: (eteerosion,
electrochemistry, electroform, chemical milling, trasound, high energy
processes such as electronic bombardment andséng.la

We will then try to draw from it an application neoparticular to us and in a
summary we will reunite C N and milling. (drawing @i a).

VIll -1 — ELECTRO-EROSION [300]

VIl —1 -1 - Properties

-great capacity for milling hard or refractory mstar alloys (steel, tungsten
carbide or stellite tools)

-ability to do automatic form reproduction. The teatlocated on the whole
surface of an electro-part to be milled is removEtis means that the form of
the electro-part will be the one obtained in the pabe milled (see drawing n°
62 a).
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With the impulsion generators we reduce wear onefleetrodes. This allows
milling general forms. We can therefore work incadled three-dimensional
surface categories by simple immersion of a forectebde.

VIl — 1 — 2 — Physical principlédrawing n° 62 b)

Removal of matter is done by means of electricatithrges. A liquid contains
free ions. Under the influence of applied tensi@een electrodes, the ions
will move around (very tough for electrolyte liqlid

If we apply a tension in between these electrodhed is greater than the
straining tension and is set by the distance ofefeetrodes and the insulating
power of the dielectric, a discharge will beginthae spot of the strongest
electrical field. An ionized canal is formed whidce a conductor for the
electrical power current.

From the ionized canal we move to a large passhgewveer then to the ejection
of the eroded metal. The third phase tallies vithgecond one and continues.

VIll -1 — 3 — Assembly

Various assemblies are possible according to thergers used. Their factors
are: provide strong tension, limit current discleargigh duration and frequency
repetition. These generators can be current oemssgetic impulse-type where
a well-defined quantity of matter is removed. Tiugrantees optimal conditions
with regards to quick milling, good surface qualapd milling at a regular

surface.

For this type of generator, energy distribution barparallel or by separate
output (much faster: if there are 6 electrodewjlitwork 8 times as fast). We
should point out here that super-finish generaatiosv the use of micro-
electrodes but with large energetic impulses (wégm 80 V to 250 V).
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VIIl — 1 — 4 — Description of the machingdrawing n° 62 c)

The machine consists of a column with a workingdhéaat has a brain-
mechanism acting on an electrode carrier pistorthvensures displacement on
a single axis. In some cases, the TV can pivot lwihitows orientation of the
working axis. In front of it, there is an adjus&lobject carriage (precision of 10

per 40 cm at 1). The brain-mechanism always keeps one electrbde t
appropriate distance away from the part (electrdréwylic, electro-mechanical
command).

There is a in depth stop mechanism. There shouldohstant moistening (di-
electrical liquid).

VIl =1 — 5 — Implementation

Not interesting.
Milling speed depends on intensity, the liquid glagn important role
(phenomenum turn-over, cooling of the part).

Characters will be specified during the sectionnamerical commands tied to
this chapter. Let us just say that its precisiob%s from the sparking distance
(approximately 1 to 2).

VIl =1 — 6 — Application

The system allows preparation of moulds of the fmalte cast. This would be a
good procedure for making ion metal crowns as Itroaed above.

Numbered successive moulds would be produced wmtiaxamum precision of
5 .

Vill -2 — ELECTRO-CHEMICAL MILLING
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VIl — 2 — 1 — General study

Metal is removed with anode in order to createffeidince in potential between
both electrodes. The amount removed is proportiomdéihe power amount and
the gram valence of the element and must therdferprecise (see drawing n°
63 a).

So in the case of an alloy, the following formulaul have to be used.
A A

-y A A A
Xi n1+X2 n + Xs n

€

Sl

thus, to be certain of the metallic composition.
The electrolysis mechanism is presumed known...Eamttof (migration,
diffusion, conversion) must be carefully reviewed.

VIl — 2 — 2 — Dynamic study

The gap which is the maximum step in the actiothés best yield space. We
tend asymptotically toward this value which medrat electrolytic milling does
not require a warning from the electrode carriacsiit automatically regulates
power tension and the previous speed remains ¢ur(@@ and more).

To obtain constancy in this space, waste evacuaiah removal of passive
layers must be maintained, as in WILLIAM’s idea aetjng electrolyte
injections.

VIl — 2 — 3 — Practical considerations

Metal removal also follows FARADAY'’s rule but theeyd is also linked to
dissociation of the electrolyte and the naturehefrnetal.

Determining the shape of the tool determines thapshof the obtained

sculpture. The tool's shape must match the shajleecimpression to be done.
So we must know:
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- the inter-electrode space

- the electrolyte’s discharge

- the line of power current of the electrical figlshat allows variations to be
taken into account.

The surface condition is of very high quality pmivig we consider each
parameter: discharge, type of electrolyte, powersig and type of alloy (see
drawing n° 64 a).

VIl — 2 — 4 — Implementation

For an action the various parameters are:

- speed of penetration

- tension

- concentration of the electrolyte
- temperature of the electrolyte
- surface to be milled

- injection pressure

- dissolution yield

- soaking effects

The advantage of this procedure is no wear on thek wool, suppression of
classical rough draft and finishing operations ingl of treated materials which
avoids any ulterior deformation, remarkable surfaomdition (1  CLA),
excellent precision obtained in rectification (10 and drilling speed (see
drawing n° 61 b).

Vil -3 —ELECTROFORM

This involves provoking an electro-deposit on acatbed master form, also
called nucleus, mandrel or matrix and which is clatgly removed after milling
the exterior surface (drawing n° 64).
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VIl — 3 — 1 — Advantages and disadvantages

VIl -3 -1 -1 — Advantages

The deposit forms a body with its nucleus and thleeexact forms of the lease
relief. This is how we use this process for therougroove matrixes (i.e. the
precision).

We can produce large quantities of parts with g gh degree of dimensional
precision. We are only limited by the milling oftimatrix.

Hollow forms can be made (see drawing n° 64 b).

Creation of parts of any dimensions can be done.

Electroform ensures the creation of sandwich maerformed from the most
varied metals. Tolerance is in regard to the matezmoved.

Thin cell walls are possible, if desired.

VIll — 3 -1 — 2 —Disadvantages

- Higher prices if thickness is more than 1 cm
- Slow deposit: 0.5 mm/hour

VIl — 3 — 2 — Choice of the matrigsee drawing n° 64 c)

VIl =3 -2 -1 - Permanent matrix

This is what we re-use once the part is formed.eAnb must be respected to
remove the part or there must be a difference ernthl dilation for this
removal.

VIl — 3 — 2 — 2 — Permanent matrix with weak layer

If the details do not allow removal, we cover itthwa thin layer of tin or of
graphite wax which upon fusion allows us to remtheepart.
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VIl — 3 — 2 — 3 — Destructible matrix

If we can remove the part, we use alloys with a fagion point: plastic, wax,
etc...

VIl — 3 — 3 — Conception of the matrix

VIlIl =3 -3 -1 — Properties

- Milling capacity

- Aptitude for receiving the positive film
- Separation method

- Thermal lengthening coefficient

- Nature of the deposited metal

- Superficial hardness

- Soldering ability

- Price

The output angles on the matrix must be made @ las possible to avoid
modules and arborescence. The input angles on at@xmwill be made with as
small a ray as possible to do the deposit.

- Scratches must be avoided
- The milling of the part must be done with its mat

VIl — 3 — 4 — Materials useable with the matrix

- Aluminium (subject to corrosion)

- Stainless steel (2 minimum)

- Plastic material (galvanoplasty)

- Alloy with low fusion point (expensive but recoable, bismuth, tin) after
that, the matrix is eliminated.

VIl — 3 — 5 — Electroformed materials

What must we know ?
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- Mechanical and physical properties
- Resistance to corrosion

- Even deposit

Internal constraints should be noted (possibilftgxplosion).
We can use 8

- copper

- nickel cobalt

- cobalt tungstene

- chrome

- iron

- silver, gold (weak thickness)

It must be noted that no system can replace tl@a.itmpurities are obtained
that can be eliminated by a precise study.

Vill — 4 — CHEMICAL MILLING

This involves the dissolving of certain metals in appropriate, aggressive
solution (manufacturing of imprinted circuits).

VIl — 4 — 1 — Implementation

Certain parts of the metal must be subjected toosmn so that the other parts
can be preserved.

We must admit the existence of a mask, therefore:

- preparation of the surface

- elaboration of a mask

- chemical milling

- cleaning and control

VIl — 4 — 2 — Elaboration of the mask

It must be resistant to aggressive solutions. Istradhere to the part for a
sufficient amount of time so that the removed th&ss is reduced. It must be
possible to cut it.
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This usually involves painting, varnishes and rulygphotosensitive resins.

A voluntary error called “shrinkage” is intendeddonsider that the dissolution
IS not rigorous.

If we want a precision of 1/180photosensitive resins are valid.

The exposure method is admissible (negative) ewasur case (drawing n° 64
d)

VIl — 4 — 3 — Technical result

The dissolved thickness depends on the metal. Apyleis say that 2 mm to
10 mm can be reached.

VIl =5 - ULTRASOUNDS

These are the waves comprised between 16 K Hz @00l Hz.
Mechanical vibrations are transmitted by charginglatules which oscillate
around their resting position. They develop onerte.

The propagation can be analyzed (KIEFFER).

The interface phenomenum should be noted. This snégwat the vibrations can

transmit from one environment to another. Thera ctassic angle of incidence.
Thus here we find the laws of reflection and retfoac

One can therefore speak of an “optical” ultrasoundhe sense that research

generally has given a signification to the termsgflection, refraction,
focalisation within acoustics.
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VIl = 5 — 1 — Ultrasound wave generator

Numerous possibilities exist, transducers are naoger(KIEFFER). Let's
mention the work of CRAWFORD.

VIl — 5 — 2 — Visualization of ultrasounds and etlapplications

This is done in different ways (SCHLIEREN's methodje note the role of the
ultrasonic camera. It is based like our analysid bhare again a scanning by
cathode ray tube gives good information (see drgwfh65 a).

With good results we obtain a precision of 20@vhich can be pushed even
further.

They can be used to increase the electrolytic degosed [Chapter VIII-3].

The application based on echo detection is es$énitias. The Navy sonar uses
it. Ocean floors can be detected as well as schafolish... Drawing n° 65 b
gives a precise idea of ultrasonic penetration.

It is therefore very important to know that in taeea of ultrasounds the laser
can electively reflect itself on certain zones. Tterapeutic domain is
enormous and will hopefully be the subject of mariyre researches.

VIl = 5 — 3 — Abrasive milling by ultra-sounds

It allows the passage in any form where the tradli techniques do not.

A machine is composed of a generator with a lowudescy current, an electro-
acoustical converter, an amplifier or half-wave e€ocand a milling tool or
sonotrope in the form of a double cylinder whosel#ration relation is only a
function of the work to be done. It is easily it@angeable and is attached by
threads.
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The parts to be milled are fixed on the abrasiweyakng group that can be
adapted to a table with crossed movement whose ®ttomis commanded by a
micrometer.

Where there is a large surface to be milled, wecged by successive inputs
with very high precision using a crossed movemaiplet

An abrasive must obviously be added (usually baanbide). It is not a direct
action of the tool but the abrasive vibration caligg the ultra-sound’s action.

Its speed is inferior to that of a grinder but fn&ure looks more favorable.
Finishing can be improved by diminishing the abragjrain. Also several heads
can be attached.

VIl = 5 — 4 — Soldering plastic surgeries withralsounds

In my opinion, this should replace our classicaamtion techniques.

In fact, the transformation of mechanical energyo ircalorific energy is
independent of the di-electrical qualities of metleto be soldered which come
into play when using classical means (high frequenthe ultrasound resolves
this problem of independence so we have the pdisgit weld materials with
weak di-electrical loss such as plastic surgery.

As far as metals are concerned, the quality of th®e of soldering should
quickly replace all kinds of soldering.
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VIl = 5 — 5 — Technical assistance

Let us simply say that the work of MARTY is suftcitly explicit. We will only
note that the ultrasound application of classic#limg frees us of many of the
worries of precision milling (cutting, etc...) andethife of steel tools is much
greater.

The benefits of high-frequency and low amplitudgaisounds during milling
can be summarized as follows (MARTY):

- less residual tensions of hard metals

- better surface condition

- disappearance of returned ridges

- increased tissue life

- partial diminution of cutting efforts

So we should not hesitate to apply it in ordempriove the quality of our work.

Vil — 6 - SPECIFIC HIGH-ENERGY PROCESSES

VIl — 6 — 1 — Electronic bombardment

The goal is to concentrate a beam of electronsrartal. The goals are diverse.

VIl -6 —1 — 1 — Theoretic principle

W==n mVZ=nev

N

This formula is fairly well-known...without specifig the terms.
Among the means proposed we note:

- Barrel with high-tension acceleration

soldering and micro-milling

- Barrel with fine focalization and average fusion

- Barrel with transversal beam and multiple chammber
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Here we note focalization by form electrodes (s@svthgs n° 65 e, f, g).

VIl — 6 — 2 — Applications

They are varied (milling, evaporation and annealihg machining, we note the
perforation of very fine holes, 50 to 29ong (drawing n° 65).

During metallization, metallic ions are project@&the advantage lies in the range
of metals used and the fineness of a few microtso,At is possible to deposit
layers of various materials during a single treatine effect is quick.

Annealing does not directly concern us.

VIIl — 6 — 3 — Soldering

It is tied to a very important point that must xplered further. The upheaval is
enormous in this area. It is possible to assembktalsm whose fusion
temperature and thermal conductibility are différée are able to do this by
directing the beam in a determined angle.

The weak heating and equally distributed tensionghe solder’s thickness

allow the use of soldering by electronic bombardinmenrepair complex and
closed parts.

Vill -7 -LASER

The theoretical aspect was developed in depth iap@h I so we will not
remind its principle.

225




226




VIl — 7 — 1 — Milling (drawing n° 66 a)

For us its role is essentially soldering and cgttWe can say that the soldering
point has the advantage of presenting only a feerans so that after treatment
and sculpture, we can solder with a similarity elés natural teeth.

The advantage of laser soldering is that it is dem precision, without
deformation and even close to weak materials (cejawithout overheating.
There is no grain enlargement so almost no futskeaf breakage for materials
that are sensitive to growth of grains such aditstel

Drilling allows trumpet-shaped holes which is neeful to us.

However, cutting does interest us. It allows usrdéplace the mask system
(drawings n° 64 f, g). In fact, once the tracings H@een done, the material
deposited by the action of the laser beam can bevithiout fear of structural
modifications.

VIl -8 - MILLING

The representation of a traditional exploratiomisut which until now passed
by the micro-palpitator measurement. The profiletaotled would give
displacement values of the palpitator on the X axid on the Z axis (the X axis
represents the space covered, the Z axis the haigine groove).

This was classic but limited because one usualburass that the explored
surface is uniform and that its texture is evencihis not our case. Therefore,
in a classical method by rectification with thengier, throttle chamber, honing,
iodizing, drilling at the end of the tooth, sandlliag and shot blasting, we did
not have a marked profile direction. It was the samith defects coming from

machined metals.
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Many devices added the third dimension (micro-teppher) and scanned a 50
by 50 focus plane in successive parallel lines wifhrecision of 0.1 resulting in

a very interesting surface representation.

Coupling with end milling presents the need for theee dimensions proposed
by this device but the amount of time is too longour opinion. Our scanning

system seems more interesting to use and it previtethree dimensions.

VIl =8 —1 — The problem

As we have seen, the problem that must be resab/éd obtain a variable
volume, in other words, not a geometric value asrele or a square, but a
broken line.

There are two things in our action:

- the part

- the cutting tool

The part
For complete impressions it is either the gold tigpe crown or preferably the

electroform deposit or resins (ARALDITES).

The tool
It is the cutting part that will remove the excesaterial.

Several tools exist. Let us just say that in owsecae foresee only a circular
displacement of the tool and the machine turnimgciple that is to say, the part
which turns around an attached or unattached blade.

VIlIl — 8 — 2 — The tool

In this section of the chapter we assume thattitasool which turns and not the
part. The tool is made of steel (ordinary or spgcieast iron (ordinary or
special), stellites and diamond frittaged carbides.
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VIl — 8 - 2 —1 — Milling aptitude of the cuttinool

Before choosing the type of milling machine, thdoiwing factors must be
considered:

- cutting pressure

- cutting temperature

(Energy needed to tear the shaving, to scrapehfarsy and the metal on the
tool, the conductibility coefficient and tool magke conduction coefficient, the
mass and surface of the part to be milled).

- wear of the tool

important factor

For this, we propose a trimming followed by finigh various steps which
avoids the tool to wear out too rapidly.

- shaving formation

- surface condition

VIl — 8 - 2 — 2 — The tool's characteristics

- angle of no retention, grinding slope and dimeti{see drawings n° 66 b and
C).

The studied shaving will offer a choice of thesal tingles. From this choice we
will determine their value according to the metal will work on (continuous or
discontinuous shavings).

The build-up edge is the accumulation of shavindgsclv leans against the
instrument (and tends to push it back). We mustefbee find the minimum
shaving size.

It is clear that the worked metal and the cut iefice:
- the cutting pressure:

229




230




= cutting condition — front view
= section of the shaving
= depends on the nature of the worked metal

VIIl - 8 — 2 — 3 — Influence of the cut

The factors are:

- the worked matter

- the slope of the tool (pressure decreases islthige increases) (see drawing n°
66 d)

- the ideal direction angle is 90°

- lubrication allows increased production per tiamst

reduces scraping work

lessens the power by cleaning

- allows an increase in speed

- allows an increase in the supply of material

When we go from dry to moist work, the cutting spp@eust be increased. The
better quality of the lubricant, the higher theeshe

-wear

Variations in metal, speed and lubrication are meiteed automatically if a wear
table is established.

VIl — 8 — 2 — 4 — Milling machines

Milling machines are revolving solids with toolslled cogs located on their
circumference in equal intervals which adjust thelres intermittently in the
part to be milled.

The movement of the milling cog and the part canirbepposition or in
concordance (“eating up”) (see drawing n° 66 c).

Various forms of milling machines and various riglge®rm can be used. Work

can be perpendicular or parallel to the part (sesvithg n° 66 f). In our case,
both will be used at the same time (see drawingat).
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The choice of the milling machine will be made adaog to experience. The
limit of the action and precision are linked: theef the milling machine the
more gently it turns and the speed at the centébwinull (see drawing n° 66
9).

In order to have a precision of 5 to 10 the given measurements must be
balanced (see drawing n° 66 h).

The angle must be given in point (a) and the halidegrees (b) (drawing n° 66

i),

A good solution is to cut with a diamond tool withr without facets. Its
precision can be increased according to the firemésthe grain. Also, the
diamond is one of the hardest materials (drawin§&nj).

VIl — 8 — 3 — Our utilization

The work will be done by successive lines corregjpanto the scanning and
done by the analyzer tube.

A surface will thus be reduced in a successionavélfel lines whose spacing
will correspond to the device precision.

The milling machine’s work axis will be single wiethere is one clearance cut
and multiple if counter-clearances exist.

VIl —8 -3 -1 — Case of a stump

It is the classical non retention.

The part, an impression of the stump was carveddhosen material. The work
axis and the finished stump will be the bisectimg lat the top of the cone.
Therefore, the complete front side will be accdssib the tool (drawing n° 67
a).

VIl - 8 — 3 — 2 — Case of a crown impression

It is the case of the counter-clearance.
We either orient the milling machine or the axisdifferent angles in order to
sculpt all the details.
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Drawing n° 67 b explains the proposed idea whiah lma modified if necessary
but this counter-clearance can be obtained anydianing n° 67 c).

Thus we see that a tooth divides itself into 5 abtaristic sculpting planes, by 5
lines of greatest contour...by 4 horizontal work agesstibular, lingual, distal,
mesial) and 1 vertical axis (occlusal).

Considering the possible angle of scanning thedrajahic plate, we can obtain
5 sides.

The 5 sides will be sculpted separately and theleviagdll form the complete
tooth.

The simplest tool appears to be one that is fixednie direction with a variable
milling machine but base of the impression turneg90°, 4 times in the
occlusal plane and once at 90° in the sagitalartél plane of the tooth.

The computer’s only function here would be to ingldle instrument’s action
until the point of greatest contour.

We can sculpt any surface following this same pgsce

VIl — 8 — 3 — 3 — Turning

We could perfectly accept a sculpture to replaeehibrizontal one. This would
allow us to imagine a work device, first as a taghthat makes a horizontal
head work then by driving a milling machine for tih@izontal triturant carving.

The advantage of this system would be the execapeed which is perhaps the
solution.

The impression would be a succession of circumtsEeispaced from 5 to 10
The part would turn from top to bottom or inverseisom the flange to the
triturant surface. Once arrived at this surface, ithilling machine head would
only work on the triturant side (drawing n° 67 d).
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Vil —9 — CONCLUSION

VIIl — 9 — 1 — Compatrative study [BEZIER]

VIl =9 -1 —1 — Classical machine

Classical machine tools quite easily create movésnehrectilinear translation
and rotation (milling) and generate good precision.

These classical machines act either by movemetiteomilling machine or by
displacement of a carriage (milling machine witbssed carriage).

In order to satisfy the precision we have addednbreechanisms. Machines
working by abrasion show rectifiers that functiorthathe help of a gauge or by
optical comparison of an outline with the profiletioe part.

Except for cylindrical cones rectifiers, contactvieen the tool and the surface
to be generated is punctual and not linear. If ddeance is very weak, the
grooves left by the tool are practically impercblgtibut in the contrary case
(milling) the excess must be removed.

Milling machines work under fairly mediocre condits especially where high
precision is concerned.

VIl =9 -1 — 2 — Recent processes

We will not dwell on this because we have alreaglgnsit in detail. Let us just
say that, for many reasons, processes such asedgosion are the future.

The choice for us remains to be made and this ehisidunction of what we
require from our machine tool (electro-erosion gar@ ndercuts).

234




VIl — 9 — 2 — Conclusion

In conclusion we can say that any metal (availableis) can be modelled or
sculpted with a precision of 50 for sure and from 5 to 10 with very fine

processes.

Machining therefore allows very closely the premmnsof the optical impression.
We will now relate our study (from the beginninghe end) to our profession.
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SUMMARY AND APPLICATIONS OF
THIS IDEA TO OUR PROFESSION

-ESTABLISHED CORRELATION
- OUR WORK IN THE DENTAL PRACTICE

CHAPTER — IX-
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INTRODUCTION

We have explained in previous chapters how we cbakk ourselves on truly
existing techniques. Each step is achievable; coenpthave been created in
various fields.

All we have to do is to recall them in order toklithem to our profession with

regards to this study.

Finally, we will explain a potential opening towardther areas.

IX-1-ESTABLISHED CORRELATIONS

There currently is a reading system or holografghi¢c this means that devices
taking an image in three dimensions then analy#ir{gonvertors) have been
perfected. The computer liaison (analogical, nuocakrconvertor, computer)
also exists. The numerical command of a machinkdaond sculpture are tied.
We can say that our goal is to link the various sgisaconsidering that this
already exists in other fields and to draw frorwltat applies to our profession.
The holographic TV scanning must be linked to thenputer, i.e. perfect a
program and then create a command program chosingnachine tool (see
drawing n° 68 a).

Our role will be to link these techniques, to oteta research on these links and
to coordinate each specialist in his own phase.

IX-2 - OUR WORK IN THE DENTAL PRACTICE

Several cases can be foreseen
- the tooth is either healthy (crown on a livingtio)
- or it is ruined or even missing

If it is healthy the computer is useless. All thhaeds to be done is to take the
optical impression before cutting then after theticg.
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In the other case, the computer is necessary. Welviiously discuss this case
further.

IX—-2-1—Preparation

Whatever the goal to be attained, the quality afwark (cutting) is in no way
changed; it must only tend towards improvement (nath prosthesis, fixed
prosthesis).

However, in surgery the impression is done bef@enog so there is no blood.

IX =2 - 2 — Verification

The change begins here. Normally once the cutiirdpne we do an impression
after having verified with the probe and the magng glass. This method is
quite imprecise in our opinion. To lessen the inowien, we propose to take a
hologram of our cutting and to enlarge it in orttesee the details better.

IX —2-2 -1 —Taking the classic hologram

We place our laser, for example Helium-Neon, at éh&rance of the mouth
where we bring the beam using fiber optics (sediaddl information).

In order to have good lighting we take the intesferes on a plate or a soft fiber
in a few seconds. We can take 150 views on the $éiméy changing some of
the device’s parameters.

Once the hologram is done, we set it on an analpase that allows us to
reproduce the impression’s image using the sanee (ase Chapter IV).

We can also cancel the plate and use the eye alagraphic camera (see
Chapter V).

In both cases we record the information on a videoorder if so desired
(drawing n° 68 b).
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The analysis of the plate can be done with thebepealso by projection on a
TV convertor tube in three dimensions (holographi). When a lens to
enlarge in three dimensions is found, it will beeopossible to increase the
relation of the virtual and real object beyond 4itl even to do a projection on a
cinema screen.

From now on if we want to verify roughly the enlangent of our impression, all
we have to do is project it on a large cinema sciteeated in a dental practice
and our 3m/3 stump can be seen.

The hologram’s analysis in real time is done frohe tthree-dimensional
impression reduced twice or by rotating a secondargera (see drawing n° 69
a). A progressive study of the hologram at 18Q3r@gected in two dimensions
so we progressively see all the sides of the tobile. method of the divergent
beam estimating the depth of field can be usedds®eging n° 69 b).

IX —2-2-2 — Conclusion

The cutting will be verified and enlarged so thare is less fatigue for the eye
and more precision. Finally we move outside the tmothat was left until now,
the evolution of our work and the observation oé tbutting before the
impression was done.

We could project the various phases of a job bpnding during the execution
in real time (film) or in deffered time (plate : layalysis of a hologram having
150 successive views “on a video recorder” (segp@na |V and V).

IX — 2-3- Study in depth

IX — 2-3-1- Classical repeated optical impression

a) in daily practice

The evolution of esthetics of the mouth can beifjadtto a patient (less cost:
real time).
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The choice or defect of a project can also be dstnated to colleagues or
prosthesists.

In orthodontia we can visualize if we have a prsgian, a version or any other
local or general movement [by successive opticgrassions at each session,
the whole resulting in an animated drawing (se&voirgn® 70 a)].

We slightly vary in order to see this movement and each view ierpgsed
by photographic recording.

In parodontology a dental movement can be visudlizg impressions in real
time and by the precision of the wavelength andhdayea non-bleeding method,
find the exact value of any receding gums (see itigaw” 70 b).

b) in research

Double purpose, teaching and research.

In teaching, recording a project will be obviouslammple, the technique if it is
used will allow to record the evolution of the wakd immediately project on a
screen these successive optical impressions.

In research we can store our ideas and returreto #ven 30 years later.
No technique will die.

c) general

As in applied science, any object can be reprodweidout a prior double
matrix and without the fastidious use of the miaipgator.

Thus we can create models of what we observe,emtbroscope: visualization
in three dimensions that can be touched or reptamuof rare pieces which can
be kept.

It is the three-dimensional photocopy.

So any piece can be reproduced directly or by belap from a museum to any
individual who owns this device (direct telex imgsen). In the same way, by
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superposing holographic impressions, with a bagecan file parts even though
they differ, as long as their characters are ateura

FOURIER’s transformation transposes the geometpecasentation by variables
x and y in a series of spatial frequencies f (x, Wree properties show the
interest in this in the resemblance of forms.

1°/ - Formation of a function in FOURIER’s termdgroducing only one single
parameter, the spatial frequency whatever the dereil function of the object.

2°/ - The lower frequencies translate the contyjuih other words, the
uniformity of objects whereas the fine details (oams, discontinuity points)
characteristic of gaps between forms corresportdgio frequencies that spread
themselves on the edges of the spectrums.

3°/ - Writing, in FOURIER'’s terms, of any functidga done on a continuous
basis, as in the case of the geometric space.dllbiss optical comparisons of
forms even when there are intermediate forms oficoous chains.

In chemistry, we can visualize huge molecules...noalker ones later. Nothing
proves that we will not sculpt unobservable thindgien working on of around
1 A (the eye becomes useless if we increase whah#thine observes).

Finally...if “Apollo” has this device on board and maes of defective pieces,
nothing prevents the information to be sent in prddut this is a dream ! The
purpose of this part of the thesis is to recall theumerable application
possibilities.

In any cases, suppressing the piece would alloprbgaration the reproduction
on paper of ideal theoretical parts and to canaahyrmmanipulations (see “Le
travail en miettes” by FRIEDMANN).
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IX — 2-3-2- Secondary optical impression
(see Chapter IlI)
IX — 2-3-2-1- Surgery - Impression

a) simple visualization

The principle is such that the reflection in aniemvment is a function of its
index n (of its coloration, see Chapter Ill). Sumh idea is not proved (but
comes only from our imagination, so it might notrbalizable).

However, everything leads us to believe that aystadhis sense would prove
precise.

In Chapter Ill we insisted on two things: tissudsa@b or reject and even
transform certain wavelengths during their passadg@llowing this
“observation” nothing prevents us from stating taatin-depth study of these
characters would tell us which parameters (I represent a reflection on the
bone and on melanocytes and which frequency isatetm obtain interference
at the output after reflection.

Knowing the output frequency after reflection o thone and by causing an
interference with this frequency on the plate, dhly rays reflected by the bones
are stored. The impression obtained will be theetsoone (invisible) and not
the gum’s (see drawing n° 70 c).

We call this impression the “secondary optical iegsion”.

b) coloration

In the same way by electively coloring the desicdx$erved zones, we can
obtain reflection and elective interference of thesnes, thus a visualization
which is itself elective (see drawing n° 70 d).

IX — 2-3-2-2- Application

a) Enclosed teeth

Visualization of the tooth will allow knowing:
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- its position in space and time
- its relations (see drawing n° 70 e)
- distinguish the bone point to remove

b) Maxillary fracture or other fractures

A fracture line, the displacement of a piece of dan space (wrench) is
visualized by this impression (see drawing n° &hd b).
Its replacement will be even more precise.

c) Tumors and anatomical relations

An elective coloration (Chapter IIl) together wahchange of parameters of the
ray enable us to locate a tumor, its relationsngranatomical part. The essential
interest of this method is:

- the ability to know if the relations are beingpptessed or if there is an
invasion, in other words, the kind of tumor

- the ability to visualize the venous or nervouatiens, thus greatly facilitating
certain operations that are difficult to approankck), thus we can locate the
tumor or any other malformations and, by meande$e relations, choose the
access to follow without risk of dangerous lesi(see drawing n° 71 c).

d) All kinds of bone splints

High-surgery, in bone surgery the impression of aneb can be pefectly
acceptable followed by the preparation of the tetersplint before opening the
leg.

The advantage is that the prosthetic piece is pedpzalmly with good materials
and without bleeding methods and the bone piecesbea joined in ideal
position. The metallic piece is not pinned untik tbone pieces are joined
perfectly. The ideal would be to know the antepmsition. We propose the
same type of applications which are often idealistit achievable (see drawing
n° 71 a BRUGIRARD).
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- Anatomy: the bone aspect for a given individuah de precisely visualized
without bleeding methods.

In our profession we can also see, for instanae Sghix spine, the chin hole or
the palate holes...

e) Implantology: dual aspect

1°/ An impression of the alveolus enables to obtinexact positive of the
alveolus and thus the position of a tooth in paicebr in ideal metal.

2°/ “Plate” implants will be made easily and pretysand ideally placed (see
anatomy and surgical splints).

f) Fixed prosthesiésee drawing n° 72 a)

The secondary-type impression lets us consideintpeession in two relations:
the tooth and its base.

- The base: it is the bone. We can see its appeas@md its texture, the degree
of receding gums, the unevenness.

- The tooth: it is the only strict impression allog to visualize absolutely
without wire or other traumatizing methods thevoay of the triturating edge at
the edge of the bone (and not at the collar). Thaeblpm of epithelial

attachement must still be resolved.

g) Removable prosthesis

The wave that can be obtained may, in our opiniwaugh a judicious choice
and considering the equivalent parameters, takenpression without pressure,
successive in time (primary impression). The swggesimpression does not
allow us to modify the circumference of a pasterfvaleatory) but to

progressively eliminate contraction zones from theoretical cutting. Thus
through selected movements added to an extensionpfpitator, we can

locate the ideal circumference on the computer dsae@ing n° 72 a).
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From the difference between the primary and seaynulatical impressions we
have the exact thickness of the epithelium.... Itai® only to deduct precisely
the pressure zones or not (see drawing n° 72 b).

For the skeletal prosthesis we will use the ordomagram.

h) Working with metal

Working with metal is an important theorical prahblein practice : the
constraints in metal can be visualized in “cohéremerferometry as well as in
classical interferometry. The practical resulthattour recording device allows
us to visualize effort zones in the metal by meahsuch an impression (see
drawing n° 72 c).

i) Verification

Superpositioning the theoretical hologram and tlegva permits [77] to control
the preciseness but also with time, the degreetlamdvear position. Thus, in
paradontology we can visualize the wear zones lagid ¢volution. This idea is
applicable to natural teeth (see drawing n° 72 d).

IX — 2-3-3- Conclusion

Whether the primary or secondary impression is eorex, the result is very
interesting. The research center should furthedystine parameters (...and
coloration) to take full advantages of this method.

It would not be interesting if the method were topswith the sculpting of an
impression. Our goal is to go beyond the impresstonresearch as many
practical applications as possible because thishodetesolves many other
problems.
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|) Problem of the post and the fractured instrument

As we know, the problem of the post is essentiad Meélieve that since it is
possible to take any detail of the tooth, we c&e the impression of the post
and, in the same way, of the canal. If this isfeasible, the impression will be
done with the post in place.

If it is possible, the post will be placed afteetimpression is cast or even
sculpted according to the exact impression of theat (suppression of the
mooser).

In the same way, if we can take a canal, we cam &akimpression of the pulp
chamber. It seems obvious, therefore, that the esgon takes on another
dimension.

1°/ - Second degree

The second degree impression allows the creatidhenfnlay, perfect onlays.
Thus the amalgam becomes useless and the cemémiewplaced by sealed
porcelain. The era of the “filling amalgam is alrmhasan end”.

2°/ - Third degree — simple

The cavity is visualized by an impression. Therefothe orifice can be
visualized which allows customizedpping.

3°/ - Third degree - complex

Visualization by impression outside the mouth woalldw the removal of the
roots and would let us know if the tooth is corieapen (suppression of the
pulp cusps). Then we can indicate the placementaofl instruments or a
potential fusion of the roots

(see drawing n° 72 e). Finally silver cones wolld tailor-made through
techniques that have yet to be developed.
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In case of instrumental rupture

The fragment will be identified and the instrumdat reaching it will be
prepared carefully, for this a transparent aralditebe used (see drawing n° 72
g). Instruments with one piece and a hook at thet will be available (see
drawing n° 72 f) upon which we can cast a preamspression of the cavity in
degradable araldite (see drawing n° 72 g).

The instrument will just have to be introduced, Hook placed exactly on the
broken piece, as araldite and cavity are compleangrdnd the extraction is
done immediately (see drawing n° 72 h).

Let’'s mention that the application would allow mayiresearch to another area:
a more extensive choice of metals. By this meth&y tcan be cast as well as
worked on directly.

Finally, a_broken roowill be displayed rigorously without risk of adift (see
drawing n° 72 i).

IX — 2 - 4- Analysis of numerical data

The impression’s analysis is recorded by the halogrthen analyzed by
scanning or any other technique.
Thus we can state that scanning data come progedssi

IX =2 - 4-1- Receiving information (see Chaptérmaihd V)

IX—-2-4-1-1- Video recorder

Recording on a video recorder is done by magnetigulses resulting from
intensities from ponctiform analysis of the image.

Restitution can be immediate and can drive the mwalecommand of a
machine tool.

This same restitution forms the beginning of a aarign in an image of the
impression. Following the data, it is possible ¢talpt the interior of a crown.
This does not require a computer.
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Finally if the crown is alive, we will first havda¢ impression of the tooth as it
should appear after.

The problem that arises is obviously the spacerthest be left for the cement or

the diminution of the “cusps intensity” accordimgthe metal used for the crown

(according to some accepted theories). To resdleset problems, we will use

the computer.

The video recorder allows a dentist to store inpngctice tapes that have data in
all their forms.

IX — 2-4-1-2- Television, cinema projector

These allow us to visualize in the dental pracasein research centers (see
below) the impression in order to control the regpunents.

IX — 2-4-1-3- Terminal

Data retrieved on the “optical impression” musttlensmitted in the second
degree of work to a computer to have larger treatméhether it concerns
primary or secondary data.

It is unusual to own one’s computer. We proposeueeof a computer that will

be connected to each offfice by a telephone-typrital for example.
Data will be sent by this means to the treatment.

IX — 2-4-2- Computer (Chapter VII)

IX = 2-4-2-1- Reminder

Remember (see Chapter VI) that the computer isnsatieally the machine
capable of accepting data in coded form, of applyartain transformations to
them and to produce results in coded form.
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We will have two kinds of information:

- Information 1 will be a tooth or n typical teeth of the mouthatttwe will
analyze.

This means that the computer will receive the @ptimpression of a more or
less worn tooth according to age, physical conualjtedc. ..

- Information 2will be the optical impression of the stump or teevity, for
example, that we want to treat.

The program will be the factors that will intervese that the crown, the device
or any other piece will be ideally reproduced dgrsculpting.

The dentist must transmit these two types of infdram as well as the type of
program selected.

For example, for a gold crown he will transmit :
1°/ -information1l 6 4 7

2°/ - program C _@® Gold
8
- program C’ {antagonist gold
{
accessory {1 m/m receding gums

3°/ -information 2 average of 8

In the chapter on computers we developed the ifietteer but we should note
the simplicity of use. The data only has to be g¢naitted and the type of the
desired sculpture chosen from established tables.

In this same vein, the data transmitted for a s&ktkevice would be :
1°/  -program G Sq Gold

{6 teeth...

{respective mobility

{root lengths

{according to DUBECQ and CUMMER

2°/ - impression data
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IX — 2-4-2-2- Research center

To establish a program we believe the computerldhmeiin a research center.

We mean by this that researchers specialized im @@ will create and modify
their programs according to their own research dlsb according to results
obtained in dental practices. Thus no practioneuldvde isolated in his work
and basic recycling would only be partially necegs®nly the specialists
would change certain data in order to obtain ideans.

For example, sculpting a skeletal prosthesis wan@dddone using theories that
follow the evolution of research. A modified 74 DBBQ-type program could
be selected by the dentist.

In orthodontia data would follow the evolution bfg science.

IX — 2-4-2-3- Advantages of the computer

Sculpting (of the crown obviously) would be modifiaccording to the desired
metals, anatagonists, degree of latent wear ofrrtbath in question, and the
latest theories...

Three kinds of sculpting will be proposed (see dingvwn° 73 a).
- Firstis the impression

- Second, the interior of the crown which increases accaydito the
granulometry of the sealing cement.

The granulometry could be modified without affegtithe precision of the
whole in order to allow worry-free, ideal insertiohbridges (see drawing n° 73
b).

Regarding the stump :

If the stump is normal and the insertion possilslenéidering the elasticity of
the metal), the interior impression will be intact.

256




If, on the contrary (see drawing n° 73 c), the ¢etselief (for example) is too
large, two solutions are possible:

- information refused considering the percentagkamissible error;

- approval and interior shaping with ideal modifioa considering the bad
cutting of a crown, adapting perfectly to the toatid partially to the accepted
ideal.

This way the dentist will be warned in this casd anll choose one solution or
the other (see drawing n° 73 d).

The third sculpture

This will be the exterior sculpting upon which alshall the programs created in
the computer will come into play. This is the eiddeand anatomical appearance
of the crown tooth.

Thus in addition to the impression, the computédrimtluce the sculpture of the
crown or of any other prosthetic piece accordintheochosen program.

The advantage of the computer is that it permitgpsing of the exterior of the
crown by the same method as the one for sculptiegimpression’s positive.
The program is made up of the data transmittedeacomputer.

The third sculpting will also be the important miachtion of this program
considering the theoretical but also the practicaa.

Finally the large memory capacity that computerehpgrmits storage of all the
theoretical teeth of the organism (see drawing3é)/

IX — 2-4-2-4- Returning the computer information

The computer sends back three data of three pesitte the numerical
command.
This is done in codes intended for the sculpting.
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IX = 2-5- Milling [300 — 301]

A - Single or total impression

IX = 2-5-1- (Re)milling

IX—2-5-1-1-

This concerns sculpting a positive.

The machine is used directly without involving atta in the program.
Information_2[impressions] is transmitted on a block that wal culpted. This
block can be made of very hard resin such as &aldi very hard metal or
simply plaster.

We will take from this either the classic impressar the impression (surgery)
of the bone, the veins with coloration of all amaical relations.

IX —2-5-1-2- The milling used will be :

If it is a metal conductor for example :
- electro-erosion
- electro-chemistry

if it is araldite
- milling
- ultrasound

a) Electro-erosion (see drawing n° 74 a)

1°/ Generator with impulsions (iso-energetic cutyen

2°/ Very thin cylindrical electrode 4 to 8 u

3°/ The axis of the electrode-carrying piston W in relation to the part, the
one that the analyzer tube has in relation torti@ession.

4°/ The number of the “electrode” piece can be Befcample (considering the
intensity) for an electrode with a width of 8 u,010ps and downs and a shift of
2 mm will be sufficient to obtain a precision of 10
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Results : Very good finishing (polish)
Relatively reduced time
Little wear on the piece
Very good precision
(to put in the program)

b) Electro-chemistry

1°/ Faraday’s Law : M = Cste It

2°/ We will try for the same arrangement as in teteerosion (micro-electrode,
eight in number, width as necessary, displacenmdrding to precision)

3°/ Considering the factors (824id varying |, Faraday’s law allows not only to
reduce the finishing that is still very good bigaato increase the work speed.

Advantages : - No wear on the work tool
- High precision
- Finishing and speed

c) Ultra-sound

We will use a very thin blade that transmits vilmas. The granulometry of the
abrasive is chosen according to the desired pogcislere again, we can accept
scanning of the surface.

d) Milling (see drawing 74 a)

This work is always done in three dimensions. Tiablem will be wear on the
piece. This wear must be reduced as much as pesgibing the tool the
possibility of working with maximum efficiency.

Obviously the approach from other angles will beueed to obtain undercuts.
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IX — 2-5-2- Presentation

If the impression is taken perpendicularly to tikesaor if this perpendicular is
re-established and is perfectly clear, there igorablem: a work axis will be
enough, the perpendicular axis to the impressiplals (see drawing n° 76 a).

However if the impression is in counter-clearant®s hologram will be

analyzed according to two angles, even a scanifiing.tool's approach angle
will be the reading’s one.

IX — 2-5-3- Result ( see drawing n° 76 b)

The result is a total or partial impression suclhasone we obtain typically but

what is not so typical is that the time is reduopdo 10 times. The impression
can be made of stainless steel or in plaster,résigion will be what we want

and not just what is possible. It will not varytime and can be reproduced in n
copies without affecting its precision.

IX — 2-5-4- Variations

IX — 2-5-4-1- Change of the instrumgsee drawing 74 c)

Other than its angle, a tool can choose its fornmclwimeans that we can make
sketches in milling, quick sketches then finishibg an electro-chemical
process.

IX — 2-5-4-2- Change of the anglsee drawing 74 a and d)

A counter-clearance (drawing) can deliberately bacelled and obtain (II).
Therefore the crown at the collar will be perfect because iabsly the
maximum diameter at the collar will be sculpted| iltakes is to refuse the
angles and and to work only perpendicularly.

IX — 2-5-4-3- Change of the material

Obviously the work of resin products is less “tratizing” and faster for a
milling machine, but finishing remains delicate &ese it is impossible to use
the electrolytic method.
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We will choose products for impressions so a fimghprecision will not be
necessary (D.F.O., parodontology, oral surgery).

However we can use very hard materials that allswoucast gold in fusion
(correction of the retraction is done mathematyadind consider a triturate
inlay as a gold crucible...

By combining a hard but destructible material we oake a punch that we can
destroy if, for example, the counter-clearance bexonecessary (see drawing
75 a).

Finally, we can put a very thin conductive depgsilver) on araldite allowing
us to treat the “resinous” impression for an eteéorming deposit, if necessary.

IX — 2-5-4-4- Change of instruments’ shape

The angle and especially the approach shape aistrument are such that we
will have to study some sort of instrument for agse utilization (drawing 75

b). A small counter-clearance can be obtained fiawund milling machine or a

reversed cone (see drawing 75 b).

IX — 2-5-4-5- Factors (see drawing 74 top of page)

We have studied the main factors but it is impdrtannote that other factors
play a role
(rotation speed. , penetration speeg] advanced speeg ).

IX — 2-5-5- Conclusion

As we have seen, by combining these various pdissibj any shape can be
obtained as long as it is accessible to the machine
For our impression this is possible including agihg a post.

Precision is a function of the instrument and tlesittd speed. A good fairly

fast method lasting one or two hours allows a smgdpprecision of a few
microns on soft or very hard metals.
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We do not loose the 5precision in reading by our analyzer tube.

B- Special problems of the crown in fixed prosteesid all other types of metal

IX — 2-5-6- Classic cast of the crown

The classic cast crown can be sculpted on some ddiqate-formed crowns as
the “ions” would but in gold. This avoids loss (@énly recoverable since not
melted) of gold or other materials.

It seems to me that electroform i.e. the electrolgeposit of metal has a
definite advantage.

IX — 5-6-1- Electroform

This technique lets us avoid the use of pre-formeavns. If we consider the
sculpted impression (plus the percentage dedidatede cement) as a punch,
the deposit will be done in a constant thickneadisg from the base.

If we recall that the faster the electroform, threager the risk of parasites, and
considering the factors seen in [83], we can deé@oSim/m of gold in one hour
which is a sufficient time value for a crown.

The punch is the impression. Then the ideal infoioneof the crown is sculpted
with the least loss while avoiding internal scuigti of our crown. The
destructive punch is preferable because removanh ftke mould would be
obvious. This procedure also allows us to concaigeiccession of materials as
if in a sandwich, thus achieving ideal cooperaaod perhaps allowing to avoid
gold on the surface (interaction of mercury filliagpd gold cancelled) — see
drawing 75 c).

This way, we could do deposits of materials thahealose to the color and
shine of teeth, avoiding porcelain on all teeth.

The interest would be in avoiding porcelain fraetirand in having the
possibility of metallic deposit everywhere (the efavisible crowns would be
over).
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IX — 2-5-6-2 — Bridge

This could be constructed in the same way. Theriextsculpting would be
done progressively and a very fine and theoricaitact point would be
acceptable.

Welding with laser would be allowed if the crowngre separated at the end
(very fine contact points) — see drawing 75 d).

The advantage of sculpting one piece is obvionse(tthe metal’s properties).
The advantage of laser, as we saw above, is thahibe done against a ceramic
without altering it. The metal grains do not growder. Punctiformal weld of
25 is unusually solid.

IX — 2-5-6-3- Ceramic crown, crown with a screw

All it takes is to sculpt the electroform deposithwthe program. A judicious
system of coupling using laser cutting [87] or atlyer electronic bombardment
[86] would allow this high energy to pierce the wrg the inlay body
(subcrown) in several spots thus afterwards obtgithe carving in the mass on
milling sculpture holes (see drawing 75 c).

IX — 2-5-6-4- Satellite

The stellite problem is facilitated (theoricallyegking) by the chemical milling
system by installing a flexible mask according e tcutting drawn by the
computer, then putting a conduction deposit fotanse or a chrome cobalt
alloy deposit on a resinous material.

The stellite is deposited directly (see drawingaJ6This would allow to obtain
the sandwich or zones of choice of metal while giemthe masks in the course
of operation (greater elasticity, etc..) — see dngw6 b).

We can also accept cutting the stellite by a Iraedd by the laser [77].

Here again we avoid casting and can add attachimegly by welding with
laser.
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IX — 2-5-6-5- Root abutment

By putting the post in place, the deposit can beedon this post (see drawing
76 c) or in its place.

IX— 2-5-6-6- Adjusted crown

We only need to carve the crown’s interior doingagwvith excess metal but
retaining the advantage of cohesion at the cadlee drawing 76 d).

IX = 2-5-6-7- Conclusion

Thus we see that using the electroform process avithithout a mask, we can
obtain crowns with little loss after sculpting.

These can be any kind of crowns and the laser cak @n them or weld them.

Metallic combinations allow us to join metals iressed topographic zones and
in successive chosen layers. The ideal drawing pfoathesis and the ideal
sculpting of a crown are guaranteed to be closg toy10 .

Welding can be avoided but can also be used. Qmyi®currently accepted for
this : high energy bombardment [laser or electreambardment or the wonder
ultrasound welding 854]. Any kind of shape can beamed. The field of study
would be positive considering the arrangements ipiigies and precision
available. Thus we can say that milling followsgseon analysis. It is the only
long part of the operation.

- milling 1 hour maximum (impression)
- deposit 2 hours maximum (crown)
- finishing milling 2 hours

In five hours one complete bridge or one crown lsarsealed after carving. The

time saved is several weeks. The price remainsetstibdied but seems to be
very favorable even in current theoretical condiio
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We can be reproached for making a catalog of piits. To understand why,
we must see why this choice is necessary and atiseles made : milling and
electrochemistry can be fixed at the same apprbaell. The electroform bath
can be coupled to a sculpting machine setting #posit time according to the
program.

Finally the laser could be amplified by a gas lag@rexample to allow welding
or two lasers can be combined, one helium-neoroarduby.

1°/- Thus any form, any metal, any combination atafs, any weld (welding
plastic by ultrasound replacing auto-polymerizatasins) are obtained by this
system with a precision of 5 to 10 (according to current technical
possibilities). With our classic methods we workhna precision of 100 to 500

2°/- We do away with any changes in condition ewvewelding. We therefore
do not intervene in the primary variations (Chaplgrbecause we carve an
established piece and balance it with surroundystems.

3°/ - We almost entirely cancel secondary andasrtvariations by cancelling

manipulation and risk of partial or total destrootof the impression.

What must be understood is that the piece is nogéssible to the human hand
until it is made into a crown. In other words, wannot modify the sculpting by

our manipulation.
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General conclusion

We have described the great principles which Ilimkdbject and its hologram.
In the addition as well as the laser and hologrhapters, we have insisted on
its advantages and disadvantages.
The simple reproduction of a print doesn’t justifys method, even it is more
precise; the starting cost price being relativeghhwe propose, more than the
simple print taking, the realisation of all conjethprostheses pieces (crown,
bridges, capping...) and adjoined (complete skeletgplthe setting up of posts
and contention splints, we try to justify the inlaith relations to the silver
amalgam which, in our view, would no longer havasins to exists if only for
economical reasons.
Finally, a few original applications are proposed.
The device will be made of several parts:
- inside the dental practice, a helium-neon lasehn atit optical fibre and
a fixed plate for the mouth (see drawing 69a)
- there will be a restitution and analysis with a Tavialysing tube
- the gathered information will be transmitted tcoaputer via a
terminal to a research centre where the programvilelse established
(see drawing 69b)
- from this centre, via the same terminal, the digitemmand
information is sent to the high precision millingahine (see drawing
69Db)

The crown or the skeletal device will thus be tgtegalized in one or two hours
after the cut.

In this paper, we describe the classical print\ahyl it is inexact (chapter 1), we
define the laser and its advantage (chapter II) ttseaction on the organism
(chapter lII).

Then, in chapter 1V, we realise and define the ¢p@m. In chapter V, we
analyse with an analysing tube then create a pnofpaeach case, (chapter VI),
all of this (chapter VII) meaning a digital commadiod the milling machine.
These milling machines (chapter VIIl) are used deljpgy on the cases (chapter
1X).
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To short-circuit eventually the total reading, veeammend to report to chapter
IX and eventually if an interest is struck, getlsx previous chapters.

The reading is done in nano-seconds, the analysisouple of 1/10° of a
second, the programming a few minutes and the &oelj;n one or two
hours....

The precision is 5 to 50u depending on the chosgmique.

The possibilities of the optical print are essdlytianked to the fact that we use
the data that the coherent optical offers us (@rdptabout the biological field
largely studied (chapter IIl) and the electronitad@hapter IV and V) applied to
a computer (chapter V1), all of this realized usandigital command milling
machine (chapter VII and VIII).

The rejection of the classical print comes frons @hibsolute character of
imprecision, conservation and reproduction allaften problematic, from the
fragility of the laboratory time, too long and ttaked to the experience of the
prosthodontist. It also comes from the aggresssyelmwlogical character which
the classical print represents inside the mouth.

The secondary print, linked to the fact that theapeeters are modified, enables
the realisation of a splint or a interesting visations without a bloody
method.

This work represents a preliminary ensemble tostevaprogram.

Reconstitution of fictitious objects (from the hgtam specialists)

“The photographic plate constituting a hologramydms variations of
blackening and there is no reason we can’t repm@them artificially. Thanks
to the computer, we calculate the amplitude emibted fictitious object in any
plan. We add auxiliary amplitude which plays thie af the amplitude
produced by the coherent wavelength. The compaleulates the resulting
intensity: a printer linked to the computer prodiioa a page these intensity
variations. All that’s left to do is a photo projereduced to get a real
hologram. We can thus recreate, in 3D, objectschvton’t really exist” [297].

We hope that this modest thesis and bibliographe lsgpens our profession to
other researches.
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