RESERVE COPY
PATENT SPECIFICATION

Date of filing Complate Specification {under Section 18 of the Patents and
Designs Acts, 1907 o 1946): Avg. 5, 1948,

Application Date: Aug. 5, 1947,
Application Date: Aug. 8, 1947
Application Dote: fug, 8, 1947,
Application Dare; Aug. 14, 1947,
Application Date: Sept 22, 1947,
Application Date: Nov. i0, 1947,

639.014

No. 21314/47.
No, 21995747,
No. 2199647,
No. 22665/41.
No. 2576.;/47.
No. 2991847,

Complete Specification Published: fune 21, 1950,

Index at acceptance :—Class 97(i), J(8b: 9: 15).

PROVISIONAL SPECIFICATION
No. 21314, A.D. 1047.

Improvements in or relating to Microscopy

I, Fraxcis Hugnes Sarrm, o British
Subject, of 76, Scalby Mifls Tane, Scar-
borough, Yorkshire, do hereby declare
the pature of this invention to be as

b follows: —
This invention is for improvements in
or relating to microscopy and has parti-
" cular reference to interference microscapy.
Although ftranslwecent objects ean  be
18 studied comparatively easily under the
usual visual mieroscope, there are obvious
difficulties in studying objects which are
trensparvent or nearly transparemi. There
are methods available for the stuiy of
16 transparent and like objects under the
visual microscope. Bor example, the
object may be stained in one or more
colours in order to render it visible in
ordinary daylight. In many cases how-
0 ever, such a staining technique may
destroy or markedly alter the ohject,

It is an objeet of the present invention
to provide means whereby objects, e.g,
transparent or nearly transparent objects,

28 max be studied without staining op other
treatment.

The principles underlying the present
invention may be undersiood by consider-
ing two light beams from the same source

80 {(or from two separate sources exactly in
phase) hereinafter referred to as *“ beams
%rom the same source '.  ¥f both beams
traverse paths of equal optical length
then they will net produce interference

85 effects on being combined. However, if
the optical path length of one beam is
different from thai of the other, inter-
ference effects may be produced. Dif-
ferences in the optical path length of two

40 beams may be caused by allowing the
heams to traverse an object to be exam-
ined in different manners. These inter-
ference effects ennble a transparent or like
ohject to be examined more easily than

4% is possible by the use of the nsual form

of visual mieroseope.  For example one
Leam may traverse the object once and the
ofher a different nwumber of times or not

at all. Further, one beam may traverse the
object ut u different angle from the other 50
and thus caused to have a different optical
path-length, So long as one beam traversey
the object in a different manner from the
other, interference will be produced.

A traunsparent or like object of varying 68
thickness will produce interference effects
depending on its thickness variations and
an object of heterogeneous refractive index
will * similarly ~produce interferemce
effects depending on its heterogeneity.

According to the present invention a
method for examining transparent and the
like objects comprises combining together
two light heams from the same source, one
beam %mving' been eaused to traverss the
object in a different manmer from the
other, or one beam having been caused fo
traverse the ohject and the other not.

1f the light employed is white light, or
is g mixture of light of various wave-
lengths the interference effects reveal
themselves as enlonr variations, If mono-
chromatio light is used then the inter-
ference cifects show up as intensity varia.

tiong, 75

80

65

10

Although it is not an essential featurse
of the present invention it is often advan.
tageous to use light which has been polar-
ised, The use of polarised light often
makes for greater definition snd may BG
afford a convenient method of ray-splif-
ting, e.g. by the use of a Wallastons or
other double-image prism. For example,
the two heams may be plane polarised in
planes perpendicular to ome another and 85
after having passed through the object in
different mammers they may be Iroughi
into parallel polarised velationship and
thereafter allowed to interfere to render
the ohject visille,

90
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Dated this 5th day of August, 1947,

BOULT, WADE & TENNANT,
111 ‘& 112, Hatton Garden,
Loaden, E.C.1,
Chartered Patent Agents,

PROVISIONAL SPECIFICATION
No. 21995, A.D. 1947.

Improvements in or relating to Interferometry

I, Fraxcis Hocues SmiTe, a British
Subject, of 76, Sealby Mills Lane, Scar-
borough, Yorkshire, do lhereby declare
the nature of this invention to be as

b follows:— .

This invention is for improvements in
or relating to interferometry and has par-
ticular reference to iumterferemce mioro-
8CODY- o

10 An object of the present invention is to
provide means whereby transparent or
like objects (belng objects which are trans-
parent or nearly iransparent with respect
to the medium in whick they are being

15 studied) can be examined e.g. microscopl-
cally, more easily than has heretofore been
possible. The present invention alse pro-
vides improved means for examining

hysically, e.g. optically, tramspareat or

20 fike objects in order, for example, to
study tJhe optieal properties of materials
such as glass. ) )

There are obvious difficulties associated
with the microscopic examination of

9§ transparent or nearly transparent objects,
Thus if an object, which is nearly trans-
parent in air, is being examined in that
medium it is very diffienlt to see or, e.g.
to photograph, the structural features of

80 the object without adopting a technique

such as staining. In many cases, however,

it is not possible o stain an object since
it may be destroyed, damaged or markedly
altered by the stain. )
According fo the present inveniion

apparatus for examining {ransparent or
1i?ce objects comprises means for dividing
a beam of light into two beams plane
polarised in planes at right angles o one
another, means for supporting the object
in one of said polarised beams, means for
recombining the divided beams, and
means for bringing the recombined beams
into parallel polarised relationship.

45 The nature of the jnvention will be
clearly understood from the drawing
attached hereto which is a diagrammatic
representation of one form of apparatus in,
accordance with the present invention. In

50 the drawing, like figures denofe like

partg:—

11 is & monochromatic light source.

12 is & parallel beam of light {rom the
source 11, .

13 ang 13" are double-image prisms.

14 are plane polarised beams (the upper

35

40

5

*
Atk
wedk,
’ -

beam being polarised in a plane at right
angles to the plane of polarisation of the
lower),

16 and 15! are prisms,

16 iz an analyser.

A parallel Leam 12 from the mono-
chromatic light sowree 11 draverses a
double-image prism 13 (e.g. a Wollaston’s
prism) posiiloned af A and emerges as two
divergent heams 14, plane polarised in
planes at vight angles to one another.

The besns 14 are then eoused to continne
parallel to ome another Ly the prisms 15
positioned at angdd B! respectively.
Thereafter one bheam (the upper in the
patticular drawing) passes through the
supported object 17, Both beams are then
caused to converge by the prisms 15* posi-
tioned at ' and €' and are subsequently
recombined by means of the double-image
prism 13' positioned at D. A single beam
consisting of two superimposed beams
plane polarized in two mutually perpen-
dicular lplanes emerges from this prism.
The analyser 16 then causes the two planes
of polarization to beeome parallel one to
the other. In this condition the recom-
bined beam, one part of whiech has passed
through the ohject and the other part has
not, exhibits interference effects by means
of which the objert may be examined.

_ It will be appreciated that the cause of
interforence bebween the two components
of the recombined bheam is the difference
in optical path lengtl: of pue componeni
with respect to that of the other, due to
ifs having fraversed the object. Ideally
the geometric path lengths of the heams,
when divided, should be identical, How.
ever, such a condition is rarely obtainable
In practice and it is wsually necessary to
introduce an optical-length compensating
means in the system. Tor example, a
Babinet compensator may be introduced 100
before A or between D and the analyser
16, Alternatively any other suitable com-
Eensatmg‘ “meuns may he intraduced
etween the double-image prisms 13 and
13*, preferably between one pair of the 106
prisms 15 and 15! {i.e. hetween B and O
or hetween B* and (1),
Dated this 8th day of August, 1947,
BOULT, WADE & TENYANT,
111 & 112, Hotton Garden,
Lordon, B.C.1, 7. -
Chartered Patent Agents,
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PROVISIONAL SPECIFTCATION
No, 21996, A.D. 1947,

Improvements in or relating to Microscopy

I, Fravcis HueHES Surte, a British
Subject, of 76, Scalby Miils Lane, Scar-
borough, Yorkshire, do hereby declare
the nature of this invention to be as

b follows:—

This invention is for improvements in
or relating to misrescopy and has partica-
lar reference to interference microscopy.

Although {ranslucent objects can be

10 studied comparatively easily uwnder the
ugual visual microscope there arve obvious
difficnlties in studying objects which are
fransparent or nearly transparent. There
are methods available for the study of

15 transparent and like objects under the
visual microscope. For- example, the
objeet may be stained in one or more
colours in order {o render it visible in
ordinary daylight. In many cases how-

20 ever, g staining technique may destroy or
markedly alter the object. .

It is an object of the present invention
to provide means whereby objects. e.z.
transparent or nearly transparent objects,

2 may be studied without staining or other
ireatment,

The principles underlying the present
invention may be understood by consider-
ing two light-beams from (he same source

88 (or from two separate sources exactly in
phase). Jf both beams traverse paths of
equal optical length they will not produce
interference effects on heing combined,
However, if the optical path-length of one

85 beam is different from that of the other,
interference effacts may be produced.

Differences in the optical path-lengths
of two heams may be ecaused] by allowing
the beams to traverse sn object to be

40 cxamined in different manners. These
interference effects enable a transparent or
like object to be examinel more easily
than is possible by the wse of the wsmal
form of visual microseope.

485 According to the present invention
apparatus for examining transparent or
Iike objecig eomprises means for dividing
a beam of light into two beams, means for
bringing said heams to separate eo-planar

50 focii, means for supporting the object at
the focus of one beam and means for com-
hining the two beams, )

The nature of the invention will be
clearly understood from the drawings

5b attached herelo which are diagrammatic
representations of two forms of apparatus
in aceordance with the present invention.

Tigure I represents a uniaxial ophieal
system ; - . .

80 TFigure 2 represents a bi-axisl optieal
sysbem.

In the drawings, like figures denoting
like parts :—

11 are two approximately parallel
beams of light from the same source (or 3
from two scurces exactly in phase);

12 and 12' arve double-image prisms
situated at A and C respectively;

13 and 13* are corrected lenses;

14 is an analyser; 70

15 and 15* are prisms;

00" is the object plane,

Congidering Figure 1 in detail, each
heam of light 11 is ineident normally on
the double image prism 12 situated at A, 75
Tinerging from this prism each beam,
now divided into two divergent heams, is
brought to two co-planar focii B and B?
in the object plane 00, The tramsparent
or like ohject is placed in this plane at-the 80
focus of one of the parallel beams, o.g. at
B, Thus one of the heams divided from the
original beams 11 is caunsed to pass
through the transparent or like object, the
other not pussing therethrough. Both 86
becms of light ave then coused to con-
verge hy the upper lens 13! and the two
beams are then brought together by pass-
ing through the upper double-image
prism 12'. The two heams will then inter- 9g
ferec and the object may be viewed by
means of any suitable optical system.

It wiil readily be seen that Figure 2 is
merely g bi-axial variation of the system
of which Figure 1 is a disgrammatic 95
representation. Im Figure 2 four lenses
are used and the prismg 15 and 15' form
convenient means for cauvsing the twa
beams to take the desired paths.

Tnlike the form of apparatus repre- 100
sented by Figure 1 the form represented
by Figure 2 places little or no restriction
on the linear dimensicns and form of the
ehjeets under examination,

IT the light employed for viewing the 105 -

object is a mixture of light of warious
wave-lengths, or is white light, the inter
ference effects revea] themselves as colour
variations. If monochromatic light is
useq] then the interference effects show wp 110
as intensity variations.

It will be appreciated that in construct-
ing an optical instrument in accordance
with the present invention use may be
made of any suitable optical components 115
or compound optical eamponents, Thus, if
the double image prism 12 is 2 Wollaston’s
prism the two emergent beams will be
plane polarised in planes at right angles
one to the other, The means for viewing 120
the recombined beams must then include
some form of analyser .(such as are indi-
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cated by 14 in Figures 1 aad 2) ip opder
that the two beams can be brought into
plane polarised relationship to enable
them to interfere. Although it is not an
5 esgential feature of the present invention
it iz often advantageous fo use a system
involving polarised light. The use of
olarised light often makes for greater
geﬁnition and may efford a convenient
10 method of ray splitting and for recomhin.
ing e.z. by the use of a Wollaston’s or
ather similar double-image prism. Also
when used in conjunction with a bire-
fringent device such as a DBabinef com-
18 pensator or tiliable birefringent plate it
affords a very precise means of path
confrol.
Tt will be realised that while the ideal
condition of an optical system in accord-

ance with the present inveuntion is for the 20
geometric path-lengths of the divided
beams to be identical, such a condition is
rarvely obtainahle in practice. Hewever,
small adjustments of path-length con
readily be made by introdecing into the 28
system a path-length compensating means
such as a Babinet compensator, Any other
form of compensator may be used, and the
different positions in which various {ypes

of compensating means may be placed will 80
be readily apparent fo one skilled in the
art.

Dated this 8th day of August, 1947,
BOULT, WADE & TENNANT,
111 & 112, Hatton Garden,
London, E.C.1,

Chartered Patent Agents,

PROVISIONAL SPECIFICATION
No. 22665, A.D. 1947.

Improvements in or relating to Microscopy

I, Fraxcis Hucaes Syrm, a British
Subject, of 76, Sealby Mills Lane, Scer-
85 borough, Yorkshire, do Lereby declave
the nature of this invention to be as
follows : — ]
This invention is for improvements 1n
or relating to microscopy and has particu-
40 lar reference to interference mieroscopy.
Although franslucent objects can be
studied comparatively easily under the
usaal-visual mieroseope, there are obvious
difficulfiey in studying objects which are
45 transparent or nearly transparent. There
are methods available for the study of
transparent and like objects under the
visual microscope. For example, the
object may be stained in ome or more
50 colours in order to render it visible in
ordinary daylight. Tn many eases how-
ever, such a_staining technique may
destroy or markedly alter the object.
Tt is an object of the present invention
55 to provide means whereby objects e.g.
transparent or nearly transparent obects
may be studied without staining or other
freaiment,
The principles underlying the present

g0 invention may be understood by consider-

ing two light-beams from the same source
{or from two separate sources exactly in
phase), Tf both beams traverse paths of
equal optical length they will not produce

g5 interference effects on being combined.
However, if the optical path-length of one
beam is different from that of the other,
interferenee may be produced. Differences

in the optical path-lengths of two beams
70 may be caused hy allowing the beams to
- tpaverse an object in different manners.
These interference effects enable a_trans-

. parent or like object to be examined more

easily than is possible by the usze of the
usual form of visual micrescope.

Aceording to the present iluvention
apparatus for exumining transparent or
like ohjects comprises means for dividing
a single beam of light into two beams con-
slsting of a central beam aud o concentric 8
annular beam, means for hringing the two
beams to separate co~axial foeii, means for
supporting the object at one of the foeii,
and means for recombining said heams fo
a single focus,

The nature of the invenmtion will bhe
¢leatly wunderstood from- the drawing
attached hereto which is a diagrammatic
representation of gne form of apparatus in
accordanee with the present invention, In S¢
the drawing :—

11 iz 2 parallel heam of light sub-
sequently divided into a central beam 1la
and a concentrie nnnular heam I1h.

12 is a compound beam-dividing means, 99

13 are positive lens systems,

14 is q negative lens system.

‘Cansidering the Figure in detail, the
parallel beam of light 11 iy ineident nor-
mally on the lower face &f the compound 100
beam-dividing means 12, Tt will be seen
thar the eompound beam-dividing means
provides gn infernal partially.reflecting
conical surfaece @ and a 45° air-gloss
totally reflecting surfarce 5. Tt is apparent 105
that fhe heam emerging from the come
pound beam-dividing means will e
divided into the rvequisite central heam
aml econeenfric annular beam. In order
to make the effective optical path-length 110
of the two emergent beams identieal ile
central Deam is eaused to pass through
an extra path-compensating portion e
The heams then pass through the com-
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pound system of lenses 13. Tt will be seen
that this system of lenses causes the cen-
tral beam to be brought to a lower focus
A and the concentric annular beam to be
B brought to an upper focus B. The lower
focus A ig in the object plane. The object
13 go arranged that rays forming the cen-
tral beam pass therethrough, Rays form.
ing the concentric annular beam do not
10 pass through the gbject and do not have
their optical path-lengths altered thereby.
The two beams of light diverging from
the focii A and B then pass through the
lens system 13%. In addition the central
18 beam passes through the concave leng 14.
Both beams ate thus brought to o single
focus. The two superimposed images, one
- having a slight phase retardation with
respect fo the other, may then he viewed
20 by means of any suitable optical system.
It will be appreciated that in practice
it i3 uwsually necessary to be able to make
small adjustments in the optical path-
lengths of one or other of the beams, Such
25 adjustments may be effected by juterpos-

ing 8 path-length compensating plate in
one of the beams.

Idenlly the object under examination
should not intercept any of the rays in the
concentric annular beam, but in prachice 80
there may be considerable tolerance,

It is not necessary for the ohject u})la.ne
to pass through A. The system could be
so arranged that the object plane pass
through the focus of the concentric 35
annular heam, However, thers are obvigus
advantages associated with arranging
the system so that the objsct plane passes
through the foeus of the central beam,

If white light or o mixture of light of 40
vorioug wawjeng*ths iz uwsed the inferfer-
ence effects will show colour variations.
If monochromatic light is used the inter-
ference effects will show as intensity
variations,

Dated this 14th day of August, 1947,

BOULY, WADE & TENNANT,
111 & 112, Hatton Garden,
London, E.C.1,
Chartered Patent Agents,

PROVISIONAL SPECIFICATION
. No. 26761, A.D. 1947,

Improvements in or relating to Interferometry

I, Fravcis Huemes SwuitH, a British

Subject, of 78, Scalby Mills Tiane, Scar-

borough, Yorkshire, do hereby declare

: the nature of this invention to he aa
$0 follows: —

This invention is for improvements in
or relating {¢ interferometry, and has
particular reference to a modification of
the well-known Michelson interferometer

45 optieal system in order that the latter
may he suitably adapted for the micro-
seopie examination of transparent and
like objects. . )

According to the present invention

80 apparatus for the examination of trans.
parent or like- objects comprises means
for dividing a beam of light into two
mutually divergent beams, means there-
after for bringing one of the beams twice

€5 to one focus, means for supporting the
object at said focus, means for combining
and  bringing said beams to-a focus
(separate from the afore-mentioned
focus), means for emsuring that the two

70 beams, at the latter focus, are precisely
superposed and means associated with at
least one of said beams for substantially
equalizing the aptical path-lengths of
both beams between the initizl dividing

76 means and the final foeys.

The nature of the invention will be
clearly understood from the drawing
attached hereto which is a diagrammatic
representation of one form of apparatus

80 in accordance with the present invention.

-In the drawing;—

11 iz a beam of light subsequently
divided into two beams 1le and 11b.

12 ig 9 heam dividing means,

13 and 13" and 14 and 14* are corrected 85
lenses of positive dioptric powers.
. 15 and 15* are concave spherieal reflect-
1n% surfaces, )

—(' is the object plane. .-

Considering the drawing in detail the 90
beam of light 11, which is preferably sub-
stentially parallel, is inecident on the
beam dividing means 12 shown as a par-
tially-reflecting plane inclined surface
ang is thereby divided inte the two mutu- 95
ally divergent beams lla and 11b. The
beam 1le ig then caused to be incident
axially on the lens 13 and ig brought
theraii'ry to a focus in the objeet plane

_ 100
After being brought to a focus the beam

is made to comverge towards z poiné on
the surface of the mirror 15 by the lens
13'.  The mirror 15 is so placed aund has
such a radius of curvature that the 105
incident and reflected beams coincide,
Thug it will be apparent that the beam
1la is thereafter brought for a second time
to the focus in the object plane O-—0*.
After loaving the focus in the plane 110
0—0?, the lens 13 will cause the beam to
proceed substantially parallel. Tt passes
through the initial partially-reflecting
beam dividing means and is joined there

with the second beam 115, 115



639,014

Beam 115 after leaving the dividing
meqns 12, has been, bmug'ﬂt to a focus on
the surface mirror 15 by the lens 14.
Mirrar 15 is so placed and is of such o

B radius of cwrvature that the reflected
heam is returned along the incident path
and joins the beam 1l af the surface 12.

The twe combined beams after leaving

tha snrfzee 12 are then hrought te a single
10 focus by the lens 147,

It will be appreciated that at this facus
it iz imperative that the two beams lla
and 115 are precisely superimposed. This
may he aceomplished, for exemple, hy

15 suitable adjustment of the mirrors. Pro-
-vided that the opfical pathdengths of
these two beams are not too dis-similar an
-object placed in the focus at 0—0* will
give rise fo the desired interference
20 figures, :

Referring to the drawing afiached
hereto, #t will he appreciated that beams
of light have for the sake of clarity heen
indicated by single lines. Thiz leads to

ever, it will be quite clear to one skilled
in the art that whilst individual rays

_which make up a besm may not have 30

9r the apperent indieation that the beams -

ineident on the mirrors 15 and 15* do not

return along their original paths. How-

. PROVISIONAL SPECIFICATION
Co - No: 20018, A.D, 1%47. - - -

superposed incident and return paths the
heams per s¢ do have such paths,

Optieal path-lengih control may be
effected advantageously im accardance
with any of the well-known methods of 3D
interferometry. Fxiremely precise con-
trol may he obtained if means are
emploved to pelarize the two beams in
mutually perpendicular planes.  Tor
instanee, a Bobinet eompensator or like 40
device in or close to the focus of the com-
bined heams would enable very preeise
path-difference adjusiments to he made,
This device could be calibrated in one or
more scales, such as degrees of retardation 46
dne %o an ob ject, rendering the instrument
even more informative than if used merely
as p DHeroseope,

Daied this 22nd day of Septetmber, 1947,
BOULE, WADI & TENNAXNT,
111 & 112, Hatten CGarden,
Londen, E.C.1, ' =
Chartered Patent Agents,

Improvements in or relating to Microscopy R

T, Fravcis Huogues SwmiTH, 2 British
50 Subject, of 76. Scalby Mills Lane, Scar-
- barough, Yorkshire, do hereby declare
the nature of this inveniiom to be as

- follows ; —

This invention is for improvemenis in

55 or relating to microscopy and has par-
tieylar reference to improvements relat-
“ing to my eopending Application No.
2266547,
- In my prior specification numbered as
60 above 1 have described apparatus for
- examining transparent or like objects
whieh comprises means for dividing a
single beam of light info two beams con-
sisting of a centra] beam and a concentrie
¢5 annular beam, means for bringing the
fwo beams to separate co-axzial foel, means
for supporting the object at ome of these
foei and means for recombining soid
beams to o single focus,
%6 I have naw found that it is by no means
pecessary for the divided beams to consish
of a central heam and a concentric
annular beam. So long as the form or con-
dition of the two Leams is such that they
ean be brought to two separate substan.
tially co-axial foci then the apparatus
will function. _ )
In acesrdance with the present inven-
tion there is provided apparatus for

78

parent objects which comprizes means for
dividing a beam of light into two beams,
means for bringing said beams to two
separate substantiafly co-axial foci, meang

“for supporting the object ai ome of said 85

foci and meuns for reeombining said
beams to o single focus whereat they are

-mutually supertmposed point fop peint.

Thus, while my two prior applications
were limifed {0 a specinl form of beam 00
division whereby a ceniral beam and g
conceniric annular beam were caused to
converge to two separaie foel on the
optical axis, T now contemplate the use of

-optical systems. wherein 3 central heam 95

and/or an cuier beam may be composed of
discrete parts. ome beawm heing substan-
tially hollow and radially distributed
about the oiher. Thus a cross-section of
the benms emerging from the heam divid- 100
ing” means would show 3 subsiantialiy

symmetrical plane diagram divided inta

an outer, hollow figure substantially co-
awial with and wholly sr partially enclax.
ing g central figure. The precise shape of 105
this cross-section would obvicusly depend
upen. the particular geometrical form of
the dividing means. For example, if the

- dividing means were pyrimidal then the

80 examining iransparent or nearly trans-

outer figure would show the same number 110
of separate parts as the dividing surface
of 1the means has sides,
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T

Moreover, I also contemplate apparatus
wherein a beam of light 18 diviged into
two plane-polarized beams, said beams
being brought to two separate substan-

& tially co-axial foci at one of which the
object is supported. While. in this latter
¢ase the initial beam ig not divided into a
central and an outer beam, it hus the
common feature that the {wo beams are

10 brought to two separate substantially co-
axial foci.

This latter form of apparatug in accord-
ance with an aspect of the present inven.
tion will be understood from the drawing

13 attached thereto, which represents a uni-

axial optical system.

In the drawing, 11 is a heam of light
subsequently divided into fwo beams 1la
and 11b,

12 is g corrected leng system of positive
dioptric power associated with a leng or
lenses made from some suitable bire-
fringent material whose reflecting sur-
faces are so orientaied in relation to the

25 optical axis or axes of said material as to

malke said lens or lenses bifoeal.

13 iz a second lens system of positive
dioptric power associated with a bire-

«  fringent lens or lenses of such dioptric

.. B0 power, posifion and axial orientation as

precisely to counteraet the bifocal sffect

of said lens or lensey in 12,

14 is an snalyzer,

00" ig the Ob&fct plane. -

CUonsidering the drawing in detail, the
beam of light 11 is incident normally on
the positive lens system 12 and is divided
into two beams pofarized in mubaally per-
pendicular planes by the hirefringent lens
40 or lenses associated therewith, Due to the

two distinet dioptrie powers of the =aid

20

35

birefringent lens or lenses beam 1la is
caused to =ca:n.wa-ric2L to a focus A co-axial
with but above that of heam 11b, ie B,
‘Whilst the object plane 00! is shown pass- 45
ing through A, it may equally well pass
through B. Thus in the case illustrated
by the drawing, provided that the object
supported at A has reasonably limited

linear dimensions it will transmit a much §p

greater proportion of beam 1la than of
11b. Thus the object introduces 5 phase
difference between the greater part of
bearm 11a and of 11Db.

Hereafter beams 1la and 11b are 55

-brought to one and the same focus by

means of the positive lens system 13 and
into parallel polarized relationship by the
analyzer 14, The analyzer 14 may be
placed anywhere in the optical system 64
between ]3 and the eye or receiving
surface,

It will be realized that in order to
imprave the intensity andor colour con-
trast by means of which a substantially 65
transparent structure would be made
visible in this form of apparatus it may
often be desirable to adjust the path
difference between the two beams. Since
this is a double-refraciing form of appar- 70
atus this may readily be effected by
means of a Babinet compensator or like
device placed ab some convenient and
appropriate position in the optical system,

A ftiitable birefringent plate or plates 75
may alse be employed for this purpose.

Dated chis 10th day of November, 1947.
BOULT, WADE & TENNANT,
111 & 112, Hatton Garden,
London, E.C.1,
Chartered Patent Agents,

COMPLETE SPECIFICATION
Improvements in or relating to Microscopy

I, Fraxcrs Huvaess Smira, 5 British
Subject, of 30, West Park Avenue,
Newhy, Nr. Scarborough, Yorkshire,

80 formeriy of 76, Scalby Mills Lane, Sear-
borough, Yorkshire, do hereby declare the
noture of this invention and in what
manner the same is to be performed, to be
particularly deseribed and ascertained in

86 and by the following statement:—

This invention relates to microscopy
and has particular reference to inter-
ference microscopy. T

Although translucent oljects can be

90 studied comparatively easily under the
usual visual microgcope, there are obvious
difficulties in studying objects which are
fransparent or nearly transparent, Tt is
usual to stain transparvent or like objects

96 in order to render them more visible, but
in many ecases, however, such a staining

technique may destroy or markedly alter

-the object.

It 15 an object of the present invention
to provide a microscope which can be used 100
to study unstained transparent or nearly
transparent objects,
. The principles underlying the present
invention may be understood by consider.
ng two Ifht beams from the same source. 105
If both heams traverse paths of equal
optical length, then they will not produce
interference effects on hbeing combined.
However, if the optical path fé:ugth of one
beam is different from that of the other, i1io
interference effects may be produced, Such
fferences in the optical path lengths of
the two beams may be caused by allowing
the beams to iraverse an object to be
examned, in different manmers (i.e. along 115
distinguishable paths) or by making one
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beam traverse the object and the other

not. These inierference effects enable 2

transparent or like object to be examined

‘more easily than is possible by the use of
§ the usual form of visua] microseope,

_ This effect is achleved in some measure
it the well-known phase-contrast micro-
seope in which the object is iHuminated
by a single beam of light and interference
eifects are produced in the imsage plane
between that part of the beam which
passes through the objeet without devia-
- tion and that portion which has been
diffracted by the object. However, it is
15 Jnown that only very small refractively
differentiated elemenis of the object are
capable of generating a heam sufficiently
diffracted for this purpose, so that the
phase-contrast methed is virtually limited
20 to relatively small features of the object.
The present invention overcomes fhess
limitations of the phase-conirest micro-
scope by utilising the interfersmee effects
between two distinguishable beams of
26 light. .

Thus, according to the present inven-
tion, apparatus for microscopically
examining fransparent or like objects
comprises a compound microseope wherein
there are provided means for dividing the
object illuminating heam of light into fwo
distinguishable coherent beams before it
reacheg the object, means for subsequently
directing at least opne of said distinguish-
ahle beams through the object in such a
manner that the optical path lengths of
said distinguishable beams differ due at
least in part to the nature of the object,
and means for subseguently combining
said distinguishahle beanis so as 1o pro-
duce interference effects which are coin-
cidentally viewable with the imawre, of the
object, formed by said compound miero-

10

80

3b

seope,

45 'Flle means for. dividing the . object
illuminating beam info twe heams may be
arranged to provide beams mutually dis-
tinguishable in respeet of their general
directions of propagation or their stafes

60 of dioptrie divergence or convergence or
the geometrical forms of fheir cross-sec-

tiong or with respect to a cmnbinatiun_ of

these properties. :

The objective lens of the microscope or .

B8 the condenser lens of the miecroscope or
the objective lens and condenser lens of
the mieroscope may be, or have com-
-ponents, disposed optieally belween the
beam dividing means and beam ecombin-

80 inp means. )

The beam dividing means may com-
prise at least one anisctropic optical mem-
ber such as a birefringent lens and/or »

double refracting double image prism,

65 the birefringence of the anisotropic mem-

¥

ber causing 1t to divide the object
illawinating beam into two differently
polarized beamis, and the optical suriaces
of the said member or members being
arcanged to  double refract the said
differently pelarized beams along wutn-
ally distinguishable paths, and 1u these
arrangements, meaus are provided to
polarize the object illuminating beam of
light before it reaches said beam dividing 75
means, Similarly the beam combining
means may comprise abf least ome anmiso-
tropic optical member such as a hire-
fringent lens and/or a double refracting
double tmage prism, the optieal surfaces
of said member heing arranged to double
refract the ocriginally distinguishable
beams along eoincidental paths, and in
these arrangements means are provided
for subsequently bringing the boams ints 85
parallel plane polarized relationship,

Preferably means are provided for
adjusting the relative optical path
lengths of said distinguishable heams.

Refleciing means may be arranged in 90
the paths of the two divided beams so as
to reflect the two beams bhack through the
beam dividing means which thus fune-
tions also as the heam eomhining means, -
aad in this arrangement a  vertical 95
illuminatoy may be provided, e.g. com-
prising a partially reflecting surface dis-
posed between the beam dividing means
and the eye-piece of the microscope.

Preferably the said distinguishable 100 .
beams pass through an optical member
comprising the beam combining means
and ave combined at a surface of said
membher remote from the objeet.

The following is a description of a 1045
number of embodiments of the invention,
reference heing made to the accompany-
ing drawings in which:—

Figure 1 13 2 diegrammatic view of one
embediment, the optical elements beingz 110
shown in conventional manner as g sec-
tion along the optical axis of the micre-
seope. B

Figure 2 is o similar diagrammatic
view of a second form of the mieroscope 115
of the present invention.

Figure 3 is a diagrammatic view of n
beam dividing unit which is substantially
achromatic for both the heams,

Figures 4 and 5 illusérate niadifications 120
of the microscope shown in Figure 2, and

Figures 6, -7,°8, 9 and 10 are diagram-
matic views of mieroseopes in which pur-
tially reflecting surfaces are utilised in
the beam dividing means.
 Referring to Iigure 1, the mieroscope
includes, in the conventional manner, an
objective lens 10 and an achromatie eon-
denser lens 11 arranged on either side of
the object supporting means which is dis- 130

70

125
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posed o that the plane of the object
mounted hetween the usual slide and
cover glass, 1s at the position indicated by
the dashed line 00?, The eye-piece 12 is
5 also of conventional construction and
there is provided the wsual sub-stage
mirror 13 for directing the light from
gouree 14 through the condenser lens 11,
These components are shown in & conven-
10 tional manner and it will he appreciated
that, for example, the condenser and
objective normally comprise & number of
leng components.
A polarizing screen 15 is arranged in
15 the sub-stage so that a plane polarized
beam of light is directed fowards the con-
denser lens 11, Tmmediately helow the
condenger i¢ a lens 16" which is con-
structed of birefrinzent material or
20 materials so that the lens is hi-focal. For
example, the positive lens element may
he made from caleite which has a shorter
facal length for the ordinarv rays than
for the extraordinary rays, the refractive
9% index of calcite being in general greater
= for the ordinarv than for the extra-
ordinary ravs. Thus. as is shown in the
_figure, the ineident licht is divided into
“two heams which, as ig well known, are
86 polarised in plames at right angles to one
another. The condenser lens 11 hrines
= these two heams to separate foci at points
spaced apart along the optical axiz of the
microseone and it will be noted that one
85 of these foci is in the plane 0N in which
the ohject 15 supported by the stage of the
microseope. Lo
A second lens 17, also of birefringent
. material and of opnosite dioptric power
40 fo lens 16, ig disposed between the objec-
tive 10 and the eye-piece to combine the
two beams and bring them to » eommen
focus where an image is formed which is
viewed through the eye-piece. Tf a cross-
45 section in the object plane is considered,
-it will be realised that the light passing
this plane comprises an inner beam of one
plane of polarization, which is brought
to a, focus on the object and an outer heam
6C of a transverse plane of polarization which
is not in focus on this plane and which
surrounds the imner beam, Thus one of
the beams passes through the objeect,
whilst the greater part wf the other does
not. As described above, these two beams
when combined will produce interference
effects at fhe image plane of the micro-
seope, To enable these beams to interfere,
their planes of polarization must be
parallel and an analyser 18 is provided
to enable the planes of polarization fo be
adjusted to parallelism. The interference
effects which are produced will depend on
he nature of the path through the object
65 being examined and will be seen when

60

the interference effecty

viewed through the eye-piece coincident
with the image of the object,

If the Ijght employed 1s white light or
a, mixture of light of various wavelengths,
record them-
gelves ag colour variations. If monochro-
matic light is used then the interference
efects show up as intensity variations.

Preferably the analyser 18 is made
rofatable so that the maximum interfer-
ence contrast can be obtained.

I+t will be appreciated fhat the cause of
interference between the two components
of the reeombined beams is the difference
in optical path lengths of one beam with 80
respect to the other, due to0 its havi
traversed the object. Ideally, the optic
path lengths of the beams, when they
reach the eye, viewing sereen, or photo-
graphic emulsion should uot differ by 88
more than a few wavelengths of light.
In practice it is normally necessary to
provide an eptical path lemgth compen-
sating means which should preferably

ermit of very fine adjustment so that 90
the best interference contrazt can be
obtained for the particular part of the
oljeet nnder examination. ’%he compen-
sating means mmay advantageously he
calibraled in terms of differences in opti-
cal path length making the system more
precisely informative. For example, a
Soleil-Babinet compensator 19 may be
introduced at @ suitable point in the sys-
tem, for example immediately beneath 100
the analyser as shown in the drawing. As
an alternative form of compensator, a tilt
ng bn'efrm%ent retarding plate compen-
sator 20 could be used. J[)‘]:Iis eould be
mounted in any convenieni position 1056
hetween the polarizer and analyser, for
example, between the polarizing  screen
15 and the beam dividing means 16.

When, .aa has been deseribed ahove,
the bifocal lenses are made to be used in 110
addition to existing objective amd con-
denser lenses, each bifecal lems would
consist of two or more elemenis which
may be cemented together and which havea
mean power for hoth beams which is very 115
small. For example, it is recommended
that a lens to be added fo an ohjective
should be of zero power for the heam
which the condenser has focussed in the
plang: of the object being examined. The 120
precise amount of bi-focaldioptric power
employed cannet be laid down but for the
objective the difference between the
dieptric power for one beam and that for
the other may well be in the region of 125

lus or minus three diopters. Onee the

i-focal power of the objective’s bi-focal
lens hag been decided npon, that for the
condenser lens can readily be computed
for any particular combination of objec- 130

70
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tive and condenser from the ratic of the
dioptric powers of each such pair by the well
known formulse relating to the geomstri-
cal optics of lenses, As a close approxima-
5 tion it may be taken that the ratio of the
_dioptrie bi-focal power of the condenser’s
bi-foeal lens to the diopiric power of the
condenser should be equal to the corres-
ponding ratio for the objective and its bi-
10 ioca] lens. In its simplest form, each hi-
foea) lens would consist of a positive and
negative lens element, one made from cal-
vite and the other from glass, the latter
being designed to correct the ehromatic
15 aberration of the calcite element for one
of the two beams, for example, the beam
formed by the ordinary rays. It will be
-appreciated that this correction for dis-
persion is only necessary for one beam if
20 the object to he ezamined is always viewed
in that beam.

In the case of low and medium power
objectives, the birefringent lens may be
mounted in a sleeve by means of whieh it
can, be slid into the uswal mounting of
the objective. In this way o single %ens
unit wonld suffice for at least two objec-
tives, although the corresponding con-
denser lens would have to be changed
unless the power of the eondenser would
be correspondingly changed by adding or
subtracting lens components forming part
of the condenser lens train. Preferably,
the birefringent lenses are located as near
as possible to the baek foeal planes of the
objective and condenser with which they
are associpted, and should, in any ease,
be mutually conjugate. In the case of the
higher powers, t%ﬁs means that they may
40 have to be fitted between two lens elements
of the condenser and/or of the objertive.
It may be found
special condensers and objectives fitted
with these additional birefringent lenses
and, these lenses may not be additional,
but, in faci, form am essentizl part of
the lens train, For this purpose, quartz
may be a more convenient material than
caleite in spite of its comparatively low
bivefringence owing to the fact that its
indices of refraction are nearer to those
of the glasses commonly wused in wmost
objectives and condensers.

Although this instrament has heen des-
cribed as having am eye-piece 12, it is
readily apparent to all those skilled in
the art that it or any of the other micro-
scopes to be deseribed hereinafter may be
morified to provide a viewing screen or
60 be adapted for photography.

Instead of using birefringent lenses, it
i3 possible to use double refracting,
double image prisms, as illustrated in
Figure 2. In this microscope, the objec-

85 tive 10, condenser 11, eve-piece 12, mirror

[
o

do

35

80

high and which are cemented

advantageous to make.

13, light source 14 and polarizing sereen
Io are arranged as before. Between the
condenser and mirror iz dispesed a double
refracting double image prism, for
example, a Wollaston prism, which 7
divides the incident beam of hight infi
two mutually divergent beams which are
polarized im planes at vight angles to one
another. As is clearly seen in the Figure,
these two beams are brought to foei at 7
poinfs 21, 22 spaced apart in a plane
transverse fo the optical axis. The con-
denser is adjusted to bring these faci into
the plana O} in which tﬁe object iz sup-

~ported by the stage 23 of the microseope. 8

The two beams emerging from the
objective pass through a second double
mmage prism which causes them fo com-
hine g0 that they are brought to a focus at
coincident points. As in the previously 8
described embodiment, the viewing means
must inelude an analyser 25 which in this
case Is illusirated as & polarizing sereen
disposed immediately over the eye-piece,
phase adjustment is provided as before, for Ot
example; by means of the Soleil-Bahinet
compensator 19. A pair of collimating ™
lenses 26, 27 may be provided in the posi-
tions shown if required. =

A Wollaston prism deviates hoth beams+9f
and so introduces dispersion. This is
corrected for by the additional prisms.
27a shown in dotted lines which are made
from a glass whose dispersion is suitably
. . : to the 1p
double image prisms. With these prisms
added one of the coplanar foei would be
located sihstentially on the ‘optical axis
of the microseope as shown in the drawing.

‘On the other hand, a Rochon variety of 19
double image prism might be nsed. This

~form of prism is achromatic for one heam,

namely, for the beam which does not
deviate and henee it requires no chromatie
correction but the large phase difference 11,
which it imtroduces (since only one of its
elements i3 substantially douhble refraet-
ing) must be balaneed out. The preferred
weans for this purpose is a birefringent
plate made from the same material as that 1L
of the double refracting element of the
prism buf orientated so that its relative
retarding effect opposes that of the said
element, the plate Leing made aboug the
same thickness as that of the double 191
ref1:acf1n? elenient of the prism in the
region of the aptieal axis of the miero-
scope.  This phase balancing plate ean
conveniently be cemented to one of the
expesed surfaces of the prism.

. As is well knawn, there are double
image prisms similar fo the Rechan
prism 1n so far as enly one of the two
prismatic elements is double refracting
hut the element whick is not double 13

1%
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refracting is made of glass. Such prisms
may veadily be adapted to the present
forms if the glass eﬂzment is designed to
achromatize the other double refracting
2 elemeat for cue of the éwo beams.
~ The angle of the prismatic elements, of
whatever form of double image prism is
used, will depend on the strength of the
brefringence of the material employed
i0 and upon the angular field over which
the condenser und objective refain their
correction, {f the prism is a Rochon
priszm made fram ealeite (the preferred
malerial} a convenient angle may be in
15 the region of § degress for the prism asso-
ciated with the objective. Onee the angle
for the objective part has been decided
upon, that fer the prism assoeiated with
the condenser can De computed from the
20 known focal length relatiomship between
the objective and the eondenser. Quly if
the focal lengths of these lenses be equal
can the angles of the eorresponding
prisms be equal.  Tor example, if the
focal length of the condenser is twiee
that of the vbjective, then the angles of
the prism associated with the cordenser
must be such as fo produee half the
angular deviation of that produced by the
80 objective prism. In general, the angles
of the prism must be such that their
atigular deviations are proportional to the
dioptric powers of the objective and con-
denser with which they are respectively
25 associated.

Chromatic correction to the prisms for
bhoth beams may be achieved by making
the correcting prismatic element from
bivefringent material whose birefringent

40 dispersion differs substantially from that
of the double refracting element or ele-
ments in the prism, ui“or example, the
element or elements in the prism might
be made from quariz while the correct-

4 ing clement is made of ealcite. In Figure
3. there is illustrated a unit which is sub-
stantially achromatic for Dboth DLeams,
funetionng on the selective total reflec-
tion principle whieh is met with in the

80 Nicol’s polarizing prism, The illwminat-
ing beam which is polarized by means of
the polarizer 31 is directed upon a ealcite-
air surface 32 at an angle which is
greater than the critical angle for one

55 of the two plane polarized Denms into
which the caleite divides the initial beam
but less than the critical angle for the
oflier beam. * A surface mirror 33 is
mounted in close proximity to the afore-

40 mentioned  ealeite-nir  surface  but
slightly inclined to this surface so that
fhe beam which is tronsmitted through
the caleite-air surface is reflected back
into the calcite after which it proceeds in

86 the same general direction ag the totally

[
o

reflecfed beam but slightly divergent
therefrom. Since this is a reflecting wnit,

it may conveniently be mounted immedi-
ately over the microscope’s mirror 13
whose function it would thus replace, A 70
similar unit would be mounted above the
abjective to combine the beams and would

be associated with an additional reflect-
ing system to direct the combined heams
up the tube of the microseope. This form 74
of unit is speeially adaptable to the ver-
tical dilumination forin of the microscope
which will be described below for it muy
perform the funetion of the vertical illu-
minator as well as that of the beam divid- 80
ing and combiming means. A further
feature of the unit, which is also particu-
larly applicable o a microscope with z
vertical illuminator, is thai the inclined
surface mirror may be made tiltable so 85
that the amoun of angular deviation may
be controlled. Tike the Rochon form of
prism, this unit introduces o lorge phase
difference between the two beams which
may be halanced out by means of a bire- b}
fringent, plate or plates, although in the
case of the first mentioned variable form,

o wide range of birefringent compensator
would have to be employed so that the
phase relationship could be kept constani 95
when the plate has been tilted. The caleite
air surface in the unit illustrated in
Figure 3 is formed by cementing a thin
caleite plate-34 to a suitably shaped glass
prism 35 and in the case of the nezu-
variable form, the thickness of the plate
34 could be such as to balamee out the
excessive phase difference. Iy this latier
case, the plate would have to be of sub-
stantial thickness.

Another means of obtaining variable
deviation between the two benms consists
in making each of the dividing and eom-
bining parts comprise a pair of double
refracting double image prismis mounted
one above the other so that their devia-
lions are in epposition. Then, by provid-
mg & rocking movement for at least one
of the prisms, the deviation eould be
varied. Even in the non-variable form 118
which is illustrated in Figurs 2, it is
preferable to mount at least ome of the
prisms, so that it may be rocked in order
to facilitate the optical matching of the
parls for the objective and condenser 120
with which they are associated.

It will be appreciated that it would be
possible to make the two heams so widely
spaced in a plane transverse to ile optical
axis that separate objective and condenser 125
lenses could be used for each beam. If the
beams have been so separated they can be
deviated, {for example by prisms, +to
increase the separation and thus an ingtru~
ment can be constructed having Iittle or 18y

1o
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no restriction on the linear dimensions
and form of the object under examination.
However, it is not essential for the two
beams to be separated so that only one
g passes  through the object being
examined. If the two beams are slightly
separated corvesponding parts of the
beams will pass through different paris of
the object and thus be subject to rela-
10 tive difterences in optical path length and
hence interference effects would be pro-
dueed.
In the arrangement illustrated in
Tigure 2, the optical path length adjust-
{5 ment between the two beams is effectiod
by means of a Soleil-Babinet compensa-
tor. As has been deseribed with reference
to Figure 1, a tiliing birefringent refard-
ing plate compensator might be employed
20 for this purpose. This optieal path length
adjustment may also be made by provid-
ing a sliding horizontal movement {o one
of the double refracting double Image
prisms, the movement being parallel to
25 the principal seetion of the prisms, If this
mefhod, which eliminates the necessity
for o separate compensator, is adopted
the prisms must be larger tham the dia-
meter of the aperture with which it is
80 associated.  Whatever form of optical
path length adjuster is employed it is
yacommended that it be calibrated, for
example, in terms of optical path length.
It may be found that, when high power
35 objectives are used to examine thick
objects, the interference contrast is
impaired owing to the object modifying
the corrections of the objective for the
beam which has passed through it, since
10 the increase in thickness of the object is
equivalent to & change in cover glass
thickness. In the embodiments illus-
trated in both Figures 1 and 2, both
beams pass through the objective so that
45 it may be necessary to adjust its correc-
tions for one beam in a different manner
from the other beam. This adjusiment is
quite apart from the aforementioned
aptical path length adjustment and the
50 preferred methad of effecting it consists
in providing an additional lens or lenses
made from birefringent material so that
the dioptric states of the two plane pelar-
ised beams are altered to different extents.
55 Variations in this correction could be
effected by providing means for sliding
the additional lens or lenses relative fo the
ohjective along the axis of the micro-
scope. If the additional correcting part
consists af more than one lens these could
be moved fowards or away from omue
another. It will be appreciated that this
method of correction can be applied only
when the two beams are polarised in
g5 mutually perpendicular planes, as is the

60

cage in the arrangements illustrated in
Figures 1 and 2.

In the case of systems such as that
illustrated in Figure 2, it may be found
that the visual field is crossed by a series
of mterference bands due to the fwo beaws
passing through the condenser and objec-
tive in different directions, If this effect
iz found objectionahle it ean be elimi-
nated by meaus of a quarts wedge of suit- 78
able angle mounted, for example in the
eye-plece 48 is comumon praetice with
polarising microscopes. Such a wedge may
be arranged to slide horizontally to per-
form the additional function of adjust-
ing the overall optical path length rela
{ionship between ihe twa beams,

As hag heen indicated ahove, the niero-
scope of Figure 2 can be modified into 2
reflex version such as is illustrated in
Pigure 4. The light from the source 14
passes through a polarising sereen 15 and
a collimafor lens 27 (if reyuired} to a
partially reflecting surface 36 of a ver-
tieal illwminator, The prism 37 preduces
the required two beams as before which
are then focussed in the plane 00 by the
objective 10, the object to be examined
Deing situated at ome of the foel. The
light then passes through the condenser
lens 11 to a reflecting surface 33. The
condenser lens is adjusted so that it forms
an hmage of the object on or mnear the
mirror whose surfnce is substantially
normal to the incident heams. As a result 108
of this arrangement the beams are
reflected back to the objeet through the
condenser and pass through the oljective
o form the real image of the object in
the image plane of the objective, This 15 105
viewed as before by means of the eye-
piece 12 and analyser 23, In this avrange-
ment it 1s not necessary to make the prism
voclble for matehing purposes sinve the
single prism 37 serves the double fune- 31
tion of dividing and combining the beams,
However, 1t may ke udvauntageons to
mount the prism (which is between the
objective and the vertical illuminafor) at
a small angle of inclination to the optical 115
axis of the microscope sv as to divert
reflections from its surfaces away from ihe
image of the object.

For the present purpose these reflex
systems have the advantage over the 190
divect transmission forms in that the beam
dividing unit, loeated between the verti-
cal iHuminator and ile objective, also
performs the function of beam recombin.-
{ion. However, the focussing of the con- 195
denser is made almost as delicate as thas
of the microseope bedy. This disadvantage
can be overcome by providing a focussing
stage so that once the condenser has been
correctly focussed, the objeeft can be 130

L
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focussed without disturbing the condenser.

For convenience and neatness it is
desirable that the mirror 38 should be
wmounted in the substage, e.g. immedi-

b ately over the usual microscope mirror.

be usual microscope mirror might be
adapted for the present purpoge so dis.
pensing with the need of an additional
mirror, However, corrected condensers are

10 usually corrected for a distance far in
excess of that required for either of these
arrangements and iy becomes necessary to
provide an additional lens or lenses to
effect the required change in the correc-

15 tion of the condenser, Alternalively, a
condenser provided with a correction
collar (i.e. a collar which is rotatable to
vary the separation of the component
lenses of the condenser by caxa, screw-

20 thread or like actiony may be employed.,

The effective focal length of the mirror

should be made approximately equal to

its distance from the back focal plane of
the condenser. Ideally, a special concave

25 mirror should be provided whose radius

- of curvature is about the same as the dis-
tanee of the mirror from the aforesaid
back focal plame. The reguired focal
length may be obtained by mounting a

30 lens or lenses immediately above, for
example, a plane mirror but it will be
appreciated that surface mirrors are pre-
ferable. In all these reflex forms of micro-
scope, it is proposed that the effective

35 area of the light source be kept small
relative to the field of vision in the eye-
piece in order to minimize flaye cansed by
reflections from the several reflecting sur-
faces.

40 In this arrangement, optical path
length adjustment may be effected in the
same way 28 has been deseribed with
reference to Pigure 2, e.g. by sliding the
prism 37 in & plane transverse to the

47 optical azis of the microscope or by a
separate compensator such as the Soleil-
Babinet compensator 19 (shown in Figure
4) or a tiiting birefringent retar ing
plate compensator. Coarse phase adjusts

b0 ment could be effected by rocking the

beam returning mirror 38.

There i illustrated in Figure 5, a modi-
fication of the arrangement of Figure 4,
in which the single prism 37 is replaced
by a paiv of prisms 39, 39a, which are
axranged so that their devistions are im
opposition. One of the prisms is mounted
so that it ean be rocked. Tn this reflox
version, the beam dividing and combin-
80 ing are performed by the same compo-

nents aed the rocking of the prism is not
for matching purposes {(as was men-
tioned with reference to Figure 2) but to
enable the separation of the beams to be
69 made variable.

£

In all the arrangements hereinbefore
described, it is preferred that the beam
dividing and combining means should be
mounted in slides so as to facilitate
obtaining the required accuracy or
ortenfation. This is particularly the case
when these dividing and combining
eausg are separate, as for example, in
Figures 1 and 2. If these dividing and
combining means are fitted into the 76
mounutings of the condenser and objeetive
it is desirable to mount; the objective and
condenser on slides.

It will be appreciated that the two
basic urrangements illustrated in Figures 80
2 and 4 provide different means for
separating the two images of the light
source, in one arrangement the separation
being aloug the axis of the microscope
and 1n the other case in a plape trans- 85
verse to the axis. By using both birefrin-
gent lenses and double refracting double
Image prisms if is possible to form the
Images of the light mource at sepprate
points one or hoth of which do not lie on 9o
the axis of the microscope, and which do
not lie in a plane perpendicular to that
axis.

Many other methods may be employed
to divide and recombine the two beams. 9§
For example, one form of dividing and
combining device which may be employed
is a diffraction grating or zone plate.
Such a device gives rise to a number of
diffracted beams but for the purpose of 100
the present invention these may be
regarded as one beam since they can he
caused f0 pass round the outer boundary
of a small object, The centra) undiffracted
beam is arranged to pass through the o5
object and one or more of the di%racted
beams which pass around the object are
directed back to the centra] beam by
means of a second prating arranged to
funetion as a combining device.

A diffraction grating can be arranged
to combine the distinguishable beams
generated by means of a prior diffraction
greting employed as beam dividing
means by supporting the former at 2113
position in the microscope’s opiical sys
tem wherg there is a real image of fhe
beamn dividing grating optically after
the objeet position, angd by arranging the
elements of the combining grating in such 120
2 manxner that they are geometrically
coincidental with those features of the
real image which correspond with the ele-
menty of the beam dividing grating. At
such a position the distinguishable %eams 125
generated by the beam dividing grating
are brought precisely together so that,
under the above conditions, each element
of the beam combining grating is illumi-
nated by both the mutually coherent 130

T0

110
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beams from the beam dividing grating.
Consequently, the luminous energy asso-
ciated with each of the beams originating
by diffiration af the beam combining
§ grating is derived equally from both the
originally distinguiskable beams from
the beam dividing grating, so that the
latter are combined, as required.
A diffraction grating can also be
10 aranged to combine the distinguishable
beams gemerated by a beam dividing
device which is not- ifself a diffraction
arating, e.z. a birefringent lens. Yn this
eature the disposition iz closely
15 analagous to the above but the real image
is now of the interference fringes pio-
duced by the beam dividing device, the
elements of the combining grating being
so arranged that they are in geometrical
20 accord with the interference fringes. As
before, each element of the combining
grating is illuminated by both of the
mutually coberent beams from the divid-
ing device and these beams are conge-
25 quently combined as already deseribed.
Particularly in this case the preferred
type of combining grating is one having
elements which are alternately trans-
parent and opaque, the transparent omes
80 preferably being zarrower than the
opague ones, In a normal microscope sys-
tem the required position of the beam
combining grating will be found to be
near the objective’s back focal plane or
35 near the Ramsden eirele of the aye-piece.
Adjustment of the relative optical path-
lengths of the heams is more difficult with
gratingg or zone piates than with the sys-
stems previously described but may be
40 faecilitated by providing means for polar-
izing the central undiffracted beams in
o plcs'me perpendicular to that of the dif-
fracted beams before the ohject is
reached so thai their phese relationshi
45 could be controlled b}r birefringent retar({
ing plates or birvefringent compensators.
This might be done by making the grat-
ing of birefringent material. This can be
done by using a form of diffraction grat-
50 ing whose elements are all transparent
but in which at least one member of each
adfacent pair is of birefringent material,
the twn refractive indices of which cause
the grating to function differently for the
55 two plane polarized componenfs associ-
ated respeetively with the two refractive
indices, The grating can then be arranged
so that adjacent elements have the same
optical thickness for one of the two plane
g0 polarized componsntg but whose optical
thickness differs for the other component
by about half & wavelength, All the Inmi-
nous energy associated with the former
compounent will then pass directly through
66 the grating without being diffracted

while that associated with the latter com-
porent will be alinost entirely deviated by
diffraction, In accordance with a weli-
known property of half-wave diffraelion
gratings. The grating thus generates two 7
distinguishable beams which are polar-
ized in perpendicular planes. For example,

a plate of ealeite, cemented fo a glass
plate, could be grourd down to an extent
such that it introduces a phase difference 7.
ot about half a period belween its ordi-
nary and extraordinary components, The
calcite plate would then be converted into

a diffraction grating or zome plate by
etehing away aliernate strips or councen- 8(
trie circles by means of an etchant (e.g.
dilute hydrochloric acid) which erodes
only the caleite and not the glass or
cement, The surface of the grating ur
zone plate would then be immersed in o gf
fluid or eement whose index of refraction

is @s near as possible to that of owe of the
{wo prineipal indices of the caleite. This
fluid or ecement would in turn be covered
and contained by & plate of glass. Linseed 9(
oil 1g an example of an appropriate fwid
for that purpose. It iz known that
cements having refractive indices elose
to one of the {wo priveipal indices of cal-
vite are now available, If selenite is 93
employed instead of calcite then Canada
Balsam is 2 suitable cement, A diffraction
grating having a set of alternate Dire-
fringent elements can aliernatively be
made by forming grooves in one surface 10
of a birefringent plate (e.g. of calcife or
quartzf, cementing that surface fo an
optical plate, say, of glass and then
working the other, now exposed surfuce
down until the bottoms of the grouves are 104
passed. The depth of the grooves should.

of course, be rather more than the required
thiekness of the birefringent elemenis. In
an alternative consiruction a relatively
thick plate of caleite has grating elements 11¢
formed by efching prooves in one surface

of the plate to a depih equivaleat to halt-
wave birefringent thickness and then
covering that surface of the plate with

a medium having a refractive index sub- 11¢
stantially egual to one of the two prin-
cipal indices of calcife.

The resulting device would be substan-
tially eqll‘zivalent o a plain glasy plate for__
one of the plane polurized components of 19¢
the caleite but would be a half wave grat-
ing (or zone plate) for the other compo-
nent. Now, it is known that an ordinary
half-wave grating concentrates practi-
cally all the light into the diffracted 195
heams so that there is almost no light in
the eenfral undiffracted beam. In ernse-
quence the present device will provide o
central beam polarized in one plane and
diffracted beams polarized in a plane per. 13U
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pendicular 1o that of the cenfral beam.

Hence the optical path length relation

between the two beams can be adjusted by

a birefringent compensator as in the
5 double vetracting interferometer micro-
scopes described above.

Yet a further method of dividing and
recombining the beam is employed in the
mieroscope illustrated in Figure 6. The
objective 10; condenser 11, eye-piece 12,
sub-stage mirror 13 and light source 1i
are again arranged in the conventional
manner and ¢ollimating lenses 26 and 27
may be provided as in the arrangements

1 described above. The heam dividing

means 40 and the heam combining means
41 are similar and are each provided with
an internal partially reflecting econical
surface 42 and a second reflecting conical
20 surface 43 so thal an incideni beam fall-
ing on the outer part of the beam divid-
ing means 40 is divided into a central
beam and an outer surrounding heam, Tt
may be noted thati ineident light falling
. 35 on the inner part of the deviee will be
"= ftotally reflected from the immer side of
surface 43 and will have no effect. The
lenses 44 and 45 each comprise an inner
) lens for the central beam and an avnular
~ B0 lens for the outer beam. The inner beam
is thus brought fo a focus on the object
plane 00 whilst the outer heam 1s
focussed at o point spaced axially away
from the object plane, The two heams are
85 combined by the combining device 41 so
that coincident images of the light source
are formed which are viewed through eye-
pisce 12, the interferemce effects between
the two beams being obtained as before.
40 The lenses 44 and 45 may be omitted in
whieh ¢ase both the beams will he brought
to one and the same focus in the plane of
the object but will pass through the objeet
at different mean angles. The path lengths

45 of the fwo beams through the object will

thus differ and interference effects will
he Ipruduced as before,

t will be appreciated that it is not
essential that the inner beam be circulay

0 and the outer annular so long as one beam
surrounds the other. The outer beam
may comprise a humber of separate parts.
Thus the reflecting surfaces 42 and 43
could be pyramidal instead of conieal.

Sinee this system does not use polarizsed
light beams, adjusiment of the relative
optieal path length of the two beams
cannot be eﬁecteﬁ by the compensators
previously described and instead there
60 may be used a rocking plate 46 (as with

the Jamin compensator) or a slidin
wedge. As with the previously described
compensators these would preferably be
calibrated in terms of optical path length.
85 As ig illustrated in Figure 7, the

10

L1}

arrongement of Figure 6, may be modi-
fied to a form with vertical iliumination
by using a vertical illuminator 49 to
direct the incident beam of light through

a gingle bheam dividing means 47 Wh;ch 70
also functions as the beam combining
means (as in, the microseope of Figure 4).
The two beams pass through the double
lens 45 and the objective 10 and are
brought to foel separately at points 75
spaced axially. The object is supported

at one of these foci in the plane G0, The
two beams continue through the condenser
11, doulde lens 44 and collimator 27 which
bring them tp a focus on the mirror 48. 80
This mirror g arranged to refleet the
beams back so ihat they are again
brought to a foeus separately at the same
two axially spaced points. The device
47 combines the two beams and focusses 85
them to form coineident images of the
light source which are viewedl through
the eye-piece 12, inferference effects
being cbserved as before.  For optical
path length adjustment there is provided 9p
a rockable plate 60 having an inuner part
51 for retarding the inner beam and outer
part 33 for retarding the outer beam.

The double lenses 44 and 45 may be
removed when it ig desired to use the g
microscope as & difference of path length
s%rstem in the same manner as has been
deseribed with reference to Figure 6.

In Figure 8 there is shown anciher
method of producing &we co-planar yq
images of the light source. In this case,
use 13 made of reflections from the two
surfaces of a wedge bl fo separate the
light into two beams and a similar wedge
52g is used or recombining the beams.
Two prisms 53 and 54 are used as total
reflectors in order to bring the combined
beam back to the tube wf the microseope.
The wedge #1 iz made slidable in order
to enable adjustment of the optical path 110
length relationship hetween the heams to
be effected.

This arrangement may also be modified
into g * reflux *’ system as is shown in
Figure 9. 1In this case the wedge 50 acts 115
as the partially reflecting surface as well
as forming the beam dividing device.
The light passes through the objective 10
and condenser 11 to the mirror 56 and is
reflected back as in the previously 190
deseribed vertical illumination systems so
that the beams are brought to a focus by
the condenser 11 at the same spaced
poinis as they are brought to a foeus by
the objetive 10. Tn this arrangement the 125
wedge 55 does not function to recombine
the beams and a second wedge 57 is pro-
vided for thiz purpose.

Yet a further form of beam dividing
means is illustrated in Figure 10, In this 180
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case nse is made of the partially reflect-
ing internal surface 60 between two
primatic elements 81, 62 whick are
cemented together.  The reflected light
b Ifasses through the olyjective 10 and eon-
denser 11 to fthe mirror 63 whilst the
transmitted light passes through the posi-
tive lens G4 to the reflecting surface 63.
The two beams return by the same paths
10 and are combined hy the prismatic
slements 61, 62 in a manner which is
obvicus from the figure. ,
In this arrangement, a rocking plate
6@ is provided to effect fine optical path
18 length adjustment, the coarse adjust-
ment being made by movement of the
mirror 65,
As has been mentioned ahove, when
high power objectives are nsed to examine
20 thick objeets, the interference contrast
may be Impaired owing to the object
modifying the corrections of the objective
for the beam which has passed through
it and so it becomes necessary to adjust
25 the correction of the objective for ome
beam in a different manner from the
other, In the arrangements described
with reference to Figure 10 only ome
beam passes through the objective and
a0 this correction can readily be made by
fitting the condenser with a correction
collar,
Although in most of the arrangements
deseribed above, the beam dividing and
85 combining means are closely associated
with the objective or objective and con-
denser thiz 1s not esgential for carrying
out the invention. For example, in the
arrangementys deseribed with veference fo
40 Figures 1 and 2, the combining double
image prism or birefringent lens might
be mounted close to or immediately above
the eye-piece. Ideally the combining
means should be loeated at a real image
45 of the dividing means. If mounted
immediately above the eye-piece, in or
near the Ramsden circle, a polarizing
sereen should be used as anzlyser so that
the eye may be placed as near to the

50 Ramsden circle as possible. -

If, as for example, in the insirumenis
illusirated in Figures 1, 2, 4 and 5, two
polarised beams are employed, it is essen-
iial that the illuminating beam should

55 be plane polarized and tﬁat, there be an
analyser hetween the last birefrigerant
element and the eye, viewing screen or
photographic emulsion.

Having now particularly described and

80 ascertained the nature of my said inven-
ticn and in what manner the same is
to be performed, I deelare that what I
elaim jg:—

1. Apparatns for microseopieally

60 examining iransparent or like objects

comprising a compound microscope
wherein there are provided means for
dividing the ohject illuminating beam of
light inftoe two distinguishable coherent
beams before it reaches the object, mieans 70
for subsequently directing at least one of
said distinguishable beams through the
object in such u manner ihat the optieal
path lengths of said distinguishable
beams mutually differ due at least in part 76
to the nature of the object, and means for
subsequently combining said distinguish-
able heams so as to produce ihterference
effects which are coincidentally viewable
with the image, of the object, formed by 80
said compound microscope,

2. Apparatus for microscopically
examining transparent or like objeets com_
prising a compound micrescops wherein
there are provided means for dividing the 85
object illuminating beam of light into
two distinguishable eoherent beams before
1t reaches the object, means for directing
at least one of said distinguishable heams
through the object in such a maunner that 80
the aptical path lengths of said dis-
tinguishable beams mutually differ due
at least in part to the nature of the object,
means for snbsequently combining said
distinguishable beams se as to produce 95
interference effects which are coincident-
ally viewable with the image, of ile
ohject, formed by said compound micrea
scope, and means for adjusting (prefer-
ably in a cuntinuous manner) the relative 10(
ogtlcal path lengths of said distinguish-
able beams,

3. Apparatus for  mierescopically
examining transparent or like objects
comprising a compound micrescope 10¢
wherein there are provided means for
dividing the ohject illuminating beam
of light imte 1iwo distinguishable
coherent heams before it reaches the
object, means for subsequently directing ji{
at least one of said distinguishable beams
through the object in such a menner that
the optical path length relationship
between the two beams is changed due to
the optieal thickness of the object, means 115

“for subseliuently recombining said dis-

tinguishable beams sc that they ean
mutually interfere and means for produc.
ing a further ehunge in the optieal path
length relationship between said _dis- 120
tinguishable beams:

4. Apparatus according iv any one of
claims 1 to 3 +wherein the means for
dividing the objeet illuminating beam
of light into two heams is arranged to 125
provide beams which mwtually are dis-
tinguishable in respect of their gemeral
divections of propagation or their states
of dioptric divergence or convergence or
the geometrical forms of their ecross- 180
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sections or with respect o a combination
of these properties.
9. Apparatus according to ouy one of
the preceding claims wherein af least one
§ Vbirefringent retarding plate, is disposed
. optically Defween $he heamm dividing
means and beam combining means.
6. Apparatus according to any one of
the preceding elaims wherein the object,
10 monuted between the usual slide and cover
glass, s aranged {0 be posifiened
optically between the beum dividing
meang and heum combining means,
7. Apparatus according to any of the
15 precediug claims in whicﬁ the beam coni-
bining means are disposed optieally
between two lens elements of the
vhjective.

. Apparatus according to any of (he
preceding claims ju which the heam
dividing means are  disposed optieally
between {wo leus elements of tlie
condenser,

9. Apparatus aceording to any of claims
25 1 o G wherein the objeetive lens of the

- mieroscope or the objective lens and con-
denser Jens of the microscope ave disposerl
optically  between the beam dividing
hieans and beam combining means,

80 10, Apparatus according to any of the

- preceding clalms wherein both said dis-
tinguishable beams ave direeted through
the wbject, menns being provided for

causing the beams to traverse the object
85 along distinguishable paths,

11, Apparatus according to any of
claims I to 9 wherein means are provided
for bringing said twe distinguishable
beums into foci at positions spaced aparé
at least one of which foei is located sub-
stautially in the plane in which the object
being examined is supported hy the stage
of the microscope.

L2, Apparatus according to claim 11
4b wilen said foei lie on the optical axis of

the microscope or in a plane perpendicular
to that axis,
13. Apparatus uccording to any of the
preceding claims wherein the means for
§0 combining said distinguishable beams is
srranged to produce discernable interfer-
ence effects coincidentally viewable with
the real image of the object formed in the
foci plane of the eye-piece or on a view-
56 ing screen or photograplic emulsion by
the objective lens or by the vbjective lens
and eye-piece of ihe microscope.
14. Apparatus according to any of the
preceding elaims wherein at least one of

80 the distinguishable beams is directed upon
the object through the objective Iens of
the microscope by a vertical illuminator
(c.g. o semi-transparent rveflector) and
wherein veflecting means is arranged in

€ the paths of the two distinguishable

40

40

beams to reflect them baeck leyond {he
vertical illuminator.

13. Apparatus according to claim 14
wherein  the DLeam dividing means is
arranged o function also as the beam 70
combining means,

10, Apparatus according to any one of
the preceding claims wherein it is
arranged that the said distinguishable
beams pass through an optical member 75
comprising the beamn combining meaus
and ure combined at a surface of said
meber remote from the object,

I7. Appatutus according to either
elaim 14 or claim 15 wherein the verticol 80
illuminator comprises o semi-transparent
reflector aud is arranged to function as
the beam dividing mesus or as beam
dividing and combining meaus.

18. Apparatus according to any of 85
claims 1 to 15 wherein the beam dividing
means incorporates at least oue aniso-
tropic optical member such as 3 b
refringent lens andjor a double refract-
ing double jmege prismn and wherein 90
neans are provideq to polarise the object
illuminatiug heam of light before it
reaches said beam dividing means,

19. Apparates aceording to any one of
claimg 1 o 16 or claim 18, wherein the g3
beam combining means meorporates at
least one anisotropic optical member such
a8 a bireiringent lens andfor a double
refracting double image prism and mesns
for bringing the recombined beams imto 100
parallel plane polarised relationship,

0. Apparatus according to either claim
18 or eluim 19 wherein o irefringent lens
or & double refracting doubls image
prism ig provided with at least one addi.
tiona] lens or prism regpeelively arranged
to correet the dispersion of ai least gne
of the heams.

21, Apparatug according o any of the
Preceding claims wherein there are aro- 110
vided means for polarising the object
ifluminating beam of light before it is
divided and wherein the beam dividing
Ineans are arranged {o divide the polarised
beam inta two differently polazised beams 115
sud wherein anzlysing means are pro-
vided to bring the heams into pazallel
Plane polarised relationship,

22, Apﬁarad';us according to any claims
1 to 15 wherein the beam dividing means 19¢
and for beam combining means oomprise
a diffraction grating or zone plate.

23. Apparatug according to claim 22
wherein means are provided for introduc-
Ing o difference in optical path length or 195
for adjusting the optical path length rela-
tion betw_egn the direct beam produced
by the diffraction grating or zone plate
and those diffracted beams which are sub-
sequently combined therewith,

105

130
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24, ApEaratus according to claim 22 vided for adjusting the separation of said
and in which the grating or zone plate distinguishable beams.

produces direct and diffracted beams, the
divect beam being passed through the

5 object, wherein means are provided for
polarising the direct and diffracted beams
in muteally differing manners prior to
the direet beam passing through the
object,

10  23. Apparaius according to claim 22
wherein lhe diffraction grating is made
of birefringent material whereby the
optical path length relationship betwean
the beams can be contrelled by bi-

15 refringent compensating means or a
quarter-wave retarding plate in combina-
tion with a rotatable polariser or
analyser,

26. Apparatus according to any of the

20 preceding claims wherein means are pro-

7. Apparatus aceording {o any one of
the preceding claims wherein the heam
combining meuus is close to the eyepiece. 25

28. Apparatus according to claim 27
whersin the heam combining means is
located in the path of the ligﬁlt emerging
from the eyepiece.

29. Apparates for aicroscopically 8§
examining transparent or like objeefs
substantially as deseribed with reference
o, and disgrammatically illustrated in,
2uy one of ifigures 1 to 10 of the accom-
panying drawings.

Dated this 5th day of August, 1948.
BOULT, WADE & TENNANT,
111/112, Hatton Garden,
London, B.C.1,

Chartered Patent Agents,

Leamington Spa: Printed for His Majesty’s Stationery Office by the Courier Press.—1950,
Published at The Patent Office, 25, Southampton Buildings, London, W.C.2. from which
copies, price 25, 04, each (inland) Zs. 1d. (abroad) may be obtained,
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