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'I‘lae mesent mventmn_ rela,tesﬁ to 1nter£erom—' separator 3 is: combmed Wlth a, referenee* surface
eters.and. other. measurement apparatus:(for:in-. - or mirror 4, disposed on the same sidetag-lens L,
stance. for studying: superficial: polish: or: the .re~ for mstance.. on: said:lens,; and: arranged:in: such
fractive: index: of. transparent; liguids..or solids).,. manner:as: to stoprbuti a-: small portion -of the in--
based upon inferference methodimeasurement:of - 5- cident beam. This: mirror, however, will be- of
differences. of. optical paths.. My invention:con-  sufficient ares to avoid: tra,nsmlssmn of paramtm? ,
sists,. chiefly,. in.separating. light into.two.beams. rays.toward:the.viewing: system.
by means:.of.a .separator.including: a.semi-refleet« For. practical purposes; if it is- desu'ed to pro-:
ing. layer, in. combination with.at:least.oneimir-  vide:a microinterferometer:intended: either tode=:

ror or.other.opfical device:capable of:giving-said: 10 termine the position of a polished surface. o to:
beams,. on; their way.to the: viewing. system;.two: study:- the. superficial. polish - thereof; the Jleéns: 1,
substantially. equal optical. paths,« pmducmg the of Fig: 4.-will be -repldced: by:a- mmroscope obJec-!i
phenﬂmenon of interference..” - tive 5i (Pig. 2): in:combinaticn with' 5. llght source:
“Other. features.of. my: mventzon Wlll appear in = S:.disposed: at. any suitable: point -of ‘the-appara-:
the following:detailed: description.ofspecific em~. 15 tus; for: instance:arranged:in- the-same: ‘manner-
bodiments:thereof;. with: reference.to:the:accom-- as.in-metallographic. devices of the usual type,
panying: drawmgs glven byﬁway{ of:: exa,mpleLand, that is. fo.say ‘disposed:for instance latera,lly to:

inwhieh: ~ ... the:.frame:6:.0f:"the: ‘apparatus: (Fig, 19 with: a-
‘Rig. L, is.a nerspectwe mew of an: mterferom- : semi=transparent plate: T:or a--total: reﬂectlon;.- |
efer.made according tomy:. mventwm S '-'20r--prism or.any:other device:permitting:transmis<-

Figs. 2 and 3 are views on a larger seale show-f-r sion: of:-a:light:heam:toward the:object to-be-illi--
Ing .respectively. in partial axial section and-side =~ minated; without:interfering with vxsmm through'-
view, with. parts -cut: away, certam parts of thls . the-eye-piece-8+0of' the:. apparatus: The-useful:

apparatus;- - light:beam:-is defined by:the objective- pup:l ons
-Hig. 4.is.q. dlagram 111ustratmg the eptleal 0p-:-.- 25: the-side:of:the: obJect and:the-field: of the microw-
eration.of the system;. 4 SCOpE:. Thlsﬂﬁeld is, for 'most: microscopes; reld~-
~ Figs. 5.and.6 dlagrammatmally shuwﬁ,.»m eleva-v tively smallias: compa,red mth the dlmensmns of
tional view.and.in: plan:view,. angular: displace~. theobjectivelenses: = - |
ments:of :the:optical .axis.of:the apparatus: S Mirror 4may be constltuted for mstance elther
Fig: 7:is:a dia.gyam:_analogous;.to.:,th?a;t of:Fig:.4i. 99.by 2 metallic depositi-formed:-on- the surfaceof”
relating: to . another. embodimentiofithe.invention, the:objective-front:lens - (Fig:- 2):- or: by a-small

According.to.my. invention, I.interpose,.across. metallic: pellet;:of plane; spherlcal cylindrical ‘or-
the path of light rays travelling from g .suitable. other--shape,: ‘which pellet-may- be:- either- glued“
light: source:.to a. viewing: device.afters.passing ~ or not on the surface of said objective-and may-
through . or.impinging:on the medium.to be stud= “85.be-either removable -or not- with respect to-the
led,. a..separator. device..essentially - constituted: remsinder ofthe apparatus;: When use is-made"
by.-al:least:one semi-transparent.thin:layerica=.  of:g metallie: deposit ‘on-the-surface of the-ob="
pable; In. combination .with.at:least! one.mirror:  jective; this deposit: ‘may:- consist of- V&DOI'IZEd‘
or other optical device, of dividing the licht:beam:. aluminium: it suffices: to- place- on«this ‘surface;-
into two portions having substantially-equal opti- 40% -during . the- vaporizing of” alummmm o protection*
calpaths and giving thus.rise:tointerferences: . “element ‘whieh makes-it: possible to: -deposit metal-

- This:separator.is:constituted in:particular:by: only:insidésa-small ‘cirele centered - on the objees"
two: . transparent: plates [; 2:.(Figs::2-and 4). of:  tive'axisand ofa:diameter: substantmlly equal to
sultable : thicknesses, .,.either:_r_;_equal ar«not;. having.- thefield:ofithe .mlcrescope DD .
for:instance:plane faces,. preferably:parallel-and-45: ~Sitchan apparartus “including-the essentlal ele- 3
polished;.at least one; of these plates carrying;:.the;-.a ments which ‘have: Just been+deseribed: together
ahove, mentioned thin:-layer..3: on:the:.surface.  withimeans:for: locating ‘the- separator and the-
thereof which:.faces:the. other: plate;. this:layer:  ohijectiveiwith: respect to piéce-in suitable ‘and+ ;
being.-constituted:for:instance-by:a: meta,llch de- prefera,bly**admstable-arelative positions;: fworks a;s :

posit as well known in this art. - 50 :diagrammatically: Allustrated by: Fig.: N
If it is desired.forinstance to.examine, through Cons.tdermg on'this:Figi 4 the" IHCIdEIIt bea:m*
a yiewing optical system:diagrammatically: repre=. coming from direction A, or, for the'sake of-sim~

sented - on Fig. 4.by:a:lenssL,; thecsurfacesofia:  plicity,. elementary-ray-AB,~itiwill be seen® that
piece P-illuminated. by a source:S.supposed:to bec:  this sheam-istdivided into two: ‘portions: a,lémg the-J
109‘@,1;:@;3“91; the: :same:side-as: the mewmg_fsystem,m.55 two followmg paths ABCDEFG ‘of the- ene~ hand ;-
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with a passage through the separator, a reflection

~ on pilece P, another passage through the separa-
- tor and return to the objective, that is to say to

the viewing device, and ABED'EFG on the other
‘hand, with successive reflections on the separator
and on mirror 4, and a so rotum to the vlewmg
device. -

~ ¥f bhoth of the beams travel along equal optl-
cal paths, in examining a piece P supposed to
have a perfectly plain and polished surface
which equal

positions of the elements, any small inequalities

- in the surface of P produce interference fringes - .
which  are observed through the eye-piece on

:".10
optical paths can be obtained.

the embodiment illustrated by the dra,wing, of 8,

swivel mounting including a base {5 adapted
t¢ be brought, for instance through a plane face
16, into contact or close to piece P, with at least
one hole 1 for the passage of the light beam, this
base moludmg a spherical portion {8 the center
O of which'is for instance in plane 16 and inside
hole i1, and on which can rest the lower surface,
alsc of spherical shape, of frame 6. Advanta-

‘geously, in order to make it possible for frame §

d. .. to support swivel base 19, I provide between them
through a suitable adjustment of the relative

a spring connection 19 which does not prevent

- relative angular-displacements thereof.

15

the surface that is being examined and follow

all the details thereof as visible for instance at.
8 on Fig. 6, unequalities resulting in oorrespond- |

Hing unequalities 10 in said fringes.
- It is therefore possible, by means of such an
apparatus, to examine and to measure the ﬁmsh
of surfaces.

But such an apparatus also makes 1t posmble
to. determine, with a high precision and without

material contact, the relative position of a pol-.

ished surface, or even to define the direction of
this surface, by imparting the necessary move-

ment to one of the elements the position and di-

rection - of which define the mterference phe—
nomenon.

‘Thus, aocordmg to a preferred featuro of my
invention, the apparatus makes it possible to
modify at will the direction of the incident beam

or of the optical axis of the apparatus with respect
to the surface or object.to be studied, or inverse- «

-y, - Figs & and 6 diagrammatically show, in
this respect, that variation of the angle M be-

tween optical axis A—A and surface P involves:
a variation of the distance d between fringes.

- (which. are the intersection with surface P of

the interference plane shown on a greatly en-

larged scale on Fig. 8). Likewise, if axis A-—A
is rotated in space about a vertical axis Z—7Z,
the dlrectlon of the fringes varies. They assume

for mstance the new direction indicated in dotted

lmes at 9° (on these dotted lines and in order
not .to oomphcate the drawing, notches (€ are
not shown). Therefore by displacing the opli-
cal axis, the operator gets new possmlhtlos of
exammatlon and measurement. -

I w111 now. describe the embodlment of igs.
1 to 3, which makes 113 possible both to adjust the

objective along its axis and to vary the du:'eo- |

tlon thereof.

Acoordmg to this emb od1ment (Flgs 1 to 3)
the objective § is screwed in a piece if which
supports, at the base thereof, separator 1—2—3,

this screwing assembly making it possible to

achieve a preliminary f ocussing of the objective

‘on mirror 4, by reflection on the semi-trans-

pa,rent la,yer 3 of the separator. Piece 1l in
turn is screwed in the frame 6§ of the apparatus,
with means for controlling from the outside the
relative rotation of these two parts which means
may consist of a sleeve 12 surrounding the lower
part of. cylmdrlcal frame 6 and connected with
piece ll through a screw i3 extendmg through a
slot 14 of the frame. By operating this sleeve
12, the objective can be focussed on the piece P
to be studied, opposite which the whole of the
apparatus 1s- po51t10ned through means which

will now be desonbed

20

‘Thus, the frame 6 of the apparatus can be

given any desired displacements, for instance of

relatively small amplitude about any axis pass-

-ing through cenfer O, which displacements make
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In order to determzne the oporatlng p051t10n..
or pomtlons of the apparatus with respect to the

piece or object to be exammed I make use, in

= axis N—N of apparatus 6:

it possible, the fringes being visible at the center

- of the field, of modifying at will their spacing

and their direction, according to the type of sur-
face that is studied, without substantial dis-
placement thereof in the field. The smoothness:
0f this adjustment makes it unnecessary to use
the slow movements usually apphod in the art‘ l
of interferometry. - |

A connection should also bo pmwded between-
the apparatus and the fixed support, such as a
column 20 on pedestal 21, this connection be-
ing such that it allows for displacements of the-
apparatus about. center O and also makes it
possible to displace base 15, in particular ac-

cording to the dimensions of the. pieoes or ob-

jects to be examined.

- Such: a connection will pref erably supply throe
dogrees of freedom and will be obtained for in-
stance: either by means of a swivel arm, or,in .
a -simple manner, as shown by the drawing, by

-means of an elastic arm, constituted by a spring

leaf 22 fixed in g removable manner and adjust-
able in height, at 23, 24, rospectwely on column
30 and frame 6.

The device 111ustrated by the dra,wmg makes 11:
posmble both to move the swivel slightly on the
plece and to vary the direction of the optical.
it is therefore possi-
ble to adjust at will the direction and spacing:
of the fringes in a very simple manner. Fur-
thermore, the setting in position is instantaneous .
whatever be the thickness of the pieces to .be .

50. €Xamined, which involves very quick control.

"The invention is still concerned with certain
features relating to the illuminsation by means of A
source S. |

Iirst, 1t is 'of mterest to pla..oe thzs sourece, as:

visible on Fig. 1, at the upper part of the ap--

paratus, that is to say of tube 6§, which reduces.:
the space occupied by the head of the apparatus:.
Sald ‘source is mounted in a side tubo 25, mtlrn
its lens 26.

Furthermore, advantageously, thls side tube
25, for instance mounted with sliding fit in its
housing, is made of the same diameter as that
of the eye-piece carrier and interchangeable
therewith. It is then possible to make use either
of the arrangement shown or of one according -
to which the light source would be disposed at -
the top of tube 6 and eye-piece 8§ laterally, both -
devices cooperating in: both cases with semi-
transparent mirror 1T or any other eqmvalent :

means.

-Finally, the o,ppa,ra.tus is supplled in a case or
chest 21T which may have several functions, for
instance: to house the apparatus, to supply elec-
tric current, for instance, either by means of

5 a transformer 28 for a stationary installation, or-



by means of a pocket battery 29, for displace-

ments, to house the fixation system including
pedestal 21 and column 20. |

The above considered application of the ap-

paratus to the measurement of superficial states
is in no way limitative. Apparatus of this kind
might be used for checking up the constancy of
the refractive index of a transparent liquid or
for measuring the difference bhetween this index
and that of a reference medium. It suffices for
this purpose to interpose between the objective
and the separator system the reference fluid and
to pass the fluid to be studied between the sep-
arator system and surfdce P, Fig. 4. A variation
of the index will be disclosed by a displacement
of the inferference fringes, easy to measure and
which permits of calculating said variation.
Likewise, my invention may be applied to the
observation of transparent matters and for in-
stance of biological preparations. It suffices for
this purpose to dispose the preparation to be

6

said lens for dividing it into two elémentary.

' ‘beams, a mirror located between said dividing

10

element and said lens means having its reflect-
ing face turned toward said element for equaliz-
ing the optical paths of the elementary beam re-
flected on said element and of that passing.
through said element reflecting on said surface
to be tested and passing back through said ele-
ment, said mirror and said dividing element ex-

tending across the optical axis of said lens per-
- bendicularly thereto, and a viewing device ar-

ranged to receive both of the elementary beams
leaving said dividing element. o

2. An apparatus according to claim 1 in which
sald mirror is carried by the external surface of
the lens means. B o

3. An apparatus according to claim 1 in Which

sald viewing means are located on the same side

- of said dividing element as said source.

20

examined on g perfectly polished metallic sur-

face; discontinuities in the interference fringes

will then be due to differences in the refractive

indexes of the substances through which the

25

light passes and will then disclose details which

~ are not obtained with the usual methods, if light

absorption by the substances that are examined
is uniform.

It should further be understood that the opti-
cal diagram of Fig. 4 is in no way limitative and
that the relative positions of the incident and
reflected beams, same as those of the optical
devices and of the separator, might be different.
Thus I might, in some cases, and in particular
when it is desired to determine the refractive
index of transparent bodies, combine with the
same separator two optical systems or objectives
such as LI/ (Fig."7) with two mirrors or reference
surfaces DIY. |

An incident ray arriving at AB through objec-
tive L can be divided into two rays having, as
their optical paths ABCD'EG’ and ABCDEG’,

30

39

40

these two rays being then observed in objec~ -

tive L..

One of the objectives, I, can therefore serve
-merely for illumination, and the other one, L.,
for observation. But observation might also take
place concurrently on both sides, respectively
through objectives I and 1.

My apparatus has many advantages, in par-
ticular greater simplicity, higher precision and
greater facility of handling.

In a general manner, while I have, in the above
description, disclosed what I deem to be prac-
tical and efficient embodiments of my invention,
it should be well understood that I do not wish
to be limited therefo as there might be changes
made In the arrangement, disposition and form
of the parts without departing from the principle
of the present invention as comprehended with-
in the scope of the accompanying claims.

What I claim is:

1. An apparatus for studying by interference of
light a surface to be tested which comprises, in
combination, g light source, lens means for con-
centrating light rays from said source into a
beam converging on said surface, a single partly
reflecting and partly transparent element dis-
posed on the other side of said lens means from
-said source across the light beam issuing from

45

o0

515

60

65

70

- Numbér

- 4. An apparatus according to claim 1 includ-
ing a frame, a sleeve supporting said dividing ele-
ment mounted in an adjustable manner in said
frame and means for mounting said lens means
in an adjustable manner in said sleeve. |

9. An apparatus according to claim 1 includ-
ing a frame, said light source being carried. by
sald frame laterally with respect to said lens
means.

6. An apparatus according to claim 1 including
a frame having a vertical tube with a side branch,
and tubular elements for holding said light
source and sald lens means interchangeably en-
gaging said tube and said side branch.

7. An apparatus according to claim 1 includ-

ing a frame, a foot for said frame adapted to be

placed on g piece to be examined, and swivel
means for connecting said foot with said frame.

8. An apparatus according to claim 1 further
Including g base adapted to rest on the surface

to be tested, a frame for holding said dividing

element and said mirror, and means for inter- |
connecting said frame with said base with three
different degrees of freedom.

9. An apparatus according to claim 1 further
including a base adapted to rest on the surface
to be tested, a. frame for holding said dividing
element and said mirror and a spring arm for
interconnecting said frame with said base.

-~ ANDRE HENRI MIRAU.
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