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d uring tthe ay. afhcrefore a':e concentratlon must be measured often to frequently every day,
usually by the patient himself. However, it is not as possible to test during sleep. And the
biochemical methods for measuring the glucose concentration, now used almost exclusively in
medicine, require drawing fresh blood every time, after injuring oneself every time, usually at
the fingertip; and they give only instantaneous values. At present there is no method for
continuing measurement of the current grape sugar concentrations with sufficient accuracy
over the long term. Such a method would be extremely desirable and helpful for the patients.

The following survey of the state of the art is derived from the latest research results,
presented at the 33rd Annual Meeting of the German Diabetes Society (Leipzig, May 1998)
and from the available patent literature.

Attempts to utilize the biochemical methods mentioned by immobilizing the enzymes used in
an implantable probe have as vet been only partially successful. In contact with the body
fhuids, the enzyme loses its activity, and the sensor must be replaced after no more than a few
days. Thus there are no implantable probes under consideration, but only insertable ones, with
all the disadvantages of a wound kept open for a long period (the insertion site). Therefore,
only detectors based on physical methods of measurement are suitable for implantation, as
presumably only those can be stable for an extended period.
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measuring device is to be miniaturized. The object of this invention is a process for
determining very small angles of rotation, the characteristics of which are adequate for
development of an implantable glucose sensor.

DE 27 24 543 C2 describes a polarimeter for measuring blood glucose. Its principle of
operation has a semitransparent mirror which produces two partial beams by reflection and
transmission. The difference in the light intensities of the two beams ("reference beam™ and
"main beam") is determined as a measure of the angle of rotation. But that depends on the
total intensity of the measuring light. Fluctuations in that are an important factor disturbing
the measurement signal.

EP 00 30 610 B1 contains a further development of DE 27 24 543 C2, a polarimeter for
determining small angles of rotation (from which a glucose sensor could be developed). The
procedure is based on reflection of a polarized light beam at a medium of higher refractive
index (such as a plane-parallel plate). Then the intensities of the reflected and refracted partial
beams are measured. To attain an additional (partial) analyzer action, the angle of incidence
used lies between the limiting angle for total reflection and the polarization angle. Following
the beam divider, another polarizing filter is introduced into each of the two partial beams.
Thus the remaining signal processing uses portions of the total intensity.

EP 01 23 057 Al and EP 01 53 313 B1 likewise describe a procedure for polarimetry. An
optical grooved grating acts as the beam divider, producing several partial beams. Information
about the plane of polarization of the light emerging from the sample is determined from the
reduced light intensity of a sample beam after passage through a polarizing filter acting as an
analyzer. The quotient of the signals from the intensity detectors in the reference and sample
beams is taken, as a relative signal from the sample beam detector signal, to eliminate the
distorting effect of varying total light intensity.
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A procedure for accurate determ nation of the plane of vibration of
polarized light is known fromUS Patent 4,467,204. There the |ight source
is.only IR light and the reflecting surface for optical anplification is

- not disclosed. A niniature design is known from US Patent 4,988,199. There,
t.00, ‘'the reflecting surface is absent. None of the patents cited, although
none are of very recent date, has yet led to a technologi cal devel opnent

t hat has beconme known. The procedures described apparently cannot neet the

requi renents stated bel ow
WO 99/66309 PCT/EP99/04015

The following requirements are necessary or desirable for an implantable glucose sensor
based on a polarimeter:

- The sensor should make it possible to determine the vibration plane of polarized light
accurately to 0.3 m° (m°: millidegree).
(The total optical rotation due to glucose at physiological concentration (about
1000 mg/L) at a linear optical path length of about 3 cm, which can be attained in
medical technology, is about 10 m°®. Thus an inaccuracy of 0.3 m® at this glucose
concentration is equivalent to a relative error of 3%.)

- The sensor should preferably not contain any movable parts, as mechanical systems
are subject to wear, which can cause trouble in operation.

- Finally, the sensor signal must not be affected by the optical transparency of the
sample, as body fluids can clearly change their absorbance, for instance, in the case of
jaundice (icterus). Therefore the procedure must be real polarimetry and not
polarization photometry.

A procedure is described in the characterizing part of Claim 1, which meets the stated
requirements and can be miniaturized in its technical design. It is described in the
characterizing part of Claim 9 as a device for carrying out the procedure. This millidegree
polarimeter can be developed into an implantable glucose sensor.

According to the invention, the problems noted are solved by a two-step procedure for
amplifying the quantity measured and detection with subsequent special processing of the
measurement signal. In the initial step of amplification of the quantity measured, the optical
rotation is increased by a single reflection (which can also be performed repeatedly in
succession) of the measurement beam at a suitable surface. In the second step, detection of
the (orthogonal) components of the total light intensity is made possible by beam division in a
polarizing prism. The measurement signals are then processed electronically into a ratio,
independent of the light absorption in the sample, as another amplified measure of the optical
rotation.

Initial amplification: If a linearly polarized light beam (after, for instance, passing through the
optically active medium) is incident, not quite perpendicularly, on a medium of higher
refractive index (e. g., the surface of a glass having a refractive index greater than that of the
medium adjacent to the surface), then it is (mostly) separated into a reflected and a refracted
partial beam. '

CORRECTED PAGE (RULE 91)
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The vectorial components Ey and E,, (I = parallel, L = perpendicular; both positions being
related to the plane of incidence) of the electric field strength E, of the incident polarized
light, rotated by any angle of rotation (8,) from the plane of incidence (or the plane of
reflection) are phase-coupled. Then, according to the definitions of angular functions, the
following relations apply:

[insert equation, p. 5, line 8]

Even after reflection at the incidence angle o (angle between the perpendicular to the surface
and the incident light), the reflected components Ey and E_, of the electric field strength E,
combine to the resultant vibration:

[insert equation, p. 5, line 14}

0,: angle between the electric field strength E, and the plane of reflection

The reflection coefficients d (= E/E,p and d, (= E_/E,,) of the components of the electric
field strengths of the reflected light beam depend, in a known manner (BERGMANN &
SCHAEEFER, Lehrbuch der Experimentalphysik, Band III - Optik [Textbook of Experimental
Physics, Vol. 3: Optics] DeGruyter, 1978) on the incidence angle o. Then it follows that

[insert equation, p. 5, lines 23,24]

For an angle of incidence a near the polarization angle o, (at this angle, the reflected light is
polarized exactly opposite to the plane of incidence and the factor C is infinitely large) the
factor C assumes very large values. As the total intensity of the reflected light also increases
as angle o increases (that is, the reduction of intensity in the measurement system is less), the
angle of incidence o > ¢, is chosen in the region near o,

The equation above yields the following relation between the angles of the planes of vibration
of the reflected (0,) and incident (8,) light with the plane of incidence.

[insert equation, p. 6, line 2]

The sensitivity of the system is the first derivative (d8/d6,) of this function:
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7 vibrational plane of the light incident on the prism and the vibrational plane of the unreflected
ordinary beam passing through the prism be 6. Extreme values are selected for it; i. e.,
values near (+/-) 90° or 0°. Preferably, values less than 10° removed from those values are
selected. Thus the selection of these extreme values is such that the numerator of the quotient

Q(6y)

[insert equations, p. 6, lines 25, 26]

I,: light intensity of the ordinary beam
I,: light intensity of the extraordinary beam

is very large in comparison with the denominator. Then, for 6; about 0°, the light intensity I,
is very much greater than I, and for 8; about (+/-) 90°, the light intensity I, is very much
greater than I . Setting extreme values for the angle 0, and thus for the increase of the
quotient Q leads to a great signal amplification. That allows determination of very small
angles. Also, the quotient has the desired property of being a signal which is independent of
changes in the total light intensity whether they are due to fluctuations in the Jamp output or
to changes in the light transmission of the sample.

Then, for O; near (+/-) 90°:

[insert equations, p. 7, lines 6-8]
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described above, then:

[insert equations, p. 7, lines 20,21}

in which ©’ is the angle between the reference planes of the first and second steps of
amplification. It follows that:

[insert equation, p. 7, line 26]

Then for the slope dQ/d6, and thus for the sensitivity of the complete system, we have:

[insert eguations, p. 7, lines 31 --]
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angl © be} Weded?non a further reference signal can be obtained to compensate for absorption effects in
the sample and for fluctuations in the total intensity of the light emitted from the light source.
In that procedure, the partial beam which is not reflected at the first amplification (reflection
at a surface) but which is refracted and passes through the glass, is also detected. The sum of
all three detector signals can be used as feedback to the supply for the light source.

The procedure presented meets all the requiremnents stated above for a miniaturiable
polarimetry for development into an implantable glucose sensor. In particular, the angle
signal, because of taking the quotient, does not depend on absorption of light in the sample.

The calibration curve, Q = f(0,) can be established simply by replacing the cuvet containing
the sample by a rotatable polarizing filter, turning it by small amounts, sach as 10 m°each
time, and determining the quotient each time.

For more detailed explanation of the invention, the device that can be used to carry it out is
described in more detail below, with reference to the schematic drawing of Figure 1.

The light from a light source (1) is polarized by means of a polarizing filter (2) which has a
specific setting angle 0, with respect to the first reference plane, the plane of incidence on the

reflecting surface (4). The polarized beam (12) passes through the sample in the measurement
chamber (3), during which the angle of rotation changes by the small angle

CORRECTED PAGE (RULE 91)

11



vi brational plane of the Iight incident on the prismand the vibrational

pl ane of the unreflected ordi nary beam passi ng through the prismbe [err]
Extreme values are selected for_.it; i. e., values near (+/-) 90[err] or
_O[err]. Preferably, values |less than 10[err] renoved fromthose val ues are
" selected. Thus the selection of these ‘extrene values is such that the

nunerator of the quotient Q[err]) [insert equations, p. 6, lines 25, 261
I[[err]: light intensity of the ordinary beam la: light intensity of
t he extraordi nary beam is very large in conparison with the denom nator.

Then, foMoP¥#I] about O[err], the light intensity I[err] is veryPenFetyosns
greater than I[err], and for [err] about (+/-) 90, the light intensity

I [err reat er thanl err],. Setting vaIu for t he

angl e | @uﬁ%&%&g 0 Gioct e 1 5506 B rotfeon ot Which 9 Bk 02 eferginiag

signal af9M Yeadiwn is natallnreflseied gbthersurage ?fdhm@fhu% °§ EAGreE Al so,

t he quot insdex- Hhes theeeflester partiah begre is sepafatasainiogtwe mr@aizheam& |(1cfhl mstraordmary

i ndependbeam;of5be hudinpey beam) havingplahes| afghibration exustly perpbrditidar toreayh ather,doie t o

f1 uct uat apokrizimgtpnsm @hpTieuefartncerpline of the gesn,i the phide lof gitrationasfshe sadisuny of

t he Saﬁpb&m hbB @rterthiarsein@rankle 9aWitK fespdct Wihe firkSRirénce Phale! PRS intdhsitiés

lines 6-8land I, of the two partial beams are determined photometrically by detectors (62Y6b) and the
ratio (Q) of the measured intensities is determined (ratio former: 8).

The polarized light (12) can be modulated by a modulator (9; for example, the light source
(1) is a laser diode controlled by an oscillator (9)) and the ratio signal correspondingly
demodulated (10, for example, by a "lock-in" amplifier).

The intensity of the partial beam (15c) which is not reflected at the first amplification
(reflection at a surface) but instead is refracted and passes through the glass, can also be
detected (detector: 6¢; amplifier 7c).

The device used to carry out the process according to the invention is shown schematically,
for example, in Figure 2.

The light source (1) is an unpolarized green helium-neon laser (Model 1652, UNIPHASE,
Munich) with a wavelength of 543.5 nm and a power of 0.25 mW. The polarizing filter
following it (2; PW 44, B + W FILTERFABRIK, Bad Kreuznach) is set at an angle

0, = 0.1° to the plane of incidence. The reflecting surface (4) is part of a prism of glass

BK 7 (SPINDLER & HOYER, Géttingen), at which the normal to the surface and the
incident light beam form an angle o of 60°. The following beam-divider prism

(5: GLAN-LASER polarizing prism with two exit windows, SPINDLER & HOYER,
Gottingen) at which the plane of vibration of the ordinary beam (15b) and the plane of
vibration of the incident light (14) in the stated basic setting make an angle of 15.0°, divides
the reflected partial beam. Two silicon photodiodes (S 3399, HAMAMATSU, Herrsching) are
used as detectors (6a and 6b). Their photocurrents are amplified by the following current
amplifiers (72 and 7b; Model DLPCA-1000, FEMTO, Berlin). The signal collection and
computation (forming the ratio; 8) are done by a PC measuring card (PCI-9111 MultiFunction
Card, A D LINK, Taiwan) using a 16-bit A/D converter.

The example device gives very accurate measurements, even for samples at low
concentrations. Figure 3 shows a calibration curve measured with the device, beginning with
the output angle 8, = 0.1°. From the measurement, we find an absolute error of about 1 m°
for an angle 6,,; in the range of the calibration curve.

This error can be reduced by about an order of magnitude by only the generally known
modulation of the light beam with matching demodulation of the final signal.

12



with I[err] = intensity of the extraordi nary beam I[err] =
intensity of the ordinary beam I[err] = maxi num val ue of the
intensities (Analogously, for [err] near Jerr](positive or negative),
Qferr]) = cot[err] [err]. This anal ogous case is not considered explicitly
“in the following.) |If this second step is conbined with the anplification
of -t he measurenent by reflection, described above, then: [insert

equations, p. 7, lines 20, 21] in which [err]* is the angl e between the
reference planes of the first and second steps of anplification. It follows
that: [Was¥s¥ equation, p. 7, line 26] Then for the sl ope dQ efrerppsnsand
thus for the sensitivity of the conplete system we have: [insert

equation,?,h : % lines 31 -;L " ] i ,

e Boss1 le combination with the "compact” extension of the optical path mentioned above
(DE 19 72 7679.2) meets all the requirements given for an implantable glucose sensor based
on a polarimeter.
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10 The quantity dQ d[err] establishes the sensitivity with which
the angle of rotation of the sanple, [err] can be determ ned. Cbviously,
_the sensitivity depends on the factor C and on the angul ar functions.
_Accordingly, it can also be established and-epti+ni-zed-by--seleection of both
“factor C (fromthe angle of incidence [err] i Sl @) and by the
angles {err] and [err]*. Another generally ium‘}m m,g for
increasing the sensitivity is by nodulating the tirght s(es d«, nodul ating
the anplitude and/or the frequency; for instance, the |light source is a
| aser di wdevssmntrol |l ed by an oscillator) before it enters the sappimodieish
correspondi ng denodul ation (e. g., with a "lock in" anplifier) of the
quotient_signal. In addition, a further reference signal can be obtained
to corrpeﬁ%‘&flécfl‘!}msabsor ption effects in the sanple and for fluctuations in
the total intensity of the light emtted fromthe |ight source. In that
procedur &, t hBropesstfomthebeayraoduraé detsrnniaitionedfl the pRde af vibiatiohi dfSgolarized
anplificationlghefl ection at a surface) but which is refracted and passes
t hrough t he ot@Ssterized ah gatdet ected. The sum of all three detector signals

can be used agelRGMIVEidgOmbREireaUPR! Me faBfle Hafivdeh WY pRRYEE Fibration and a
reference plane — is optically amplified by reflection of the measurement beam at
one or more surfaces, the light beam is separated into partial beams, the light
intensities of the partial beams are measured, and the ratio of the intensities of these
partial beams is determined as a measurement signal requiring calibration.

2. Process according to Claim 1,
characterized in that
the angle of incidence o of the polarized light (13) incident on the reflecting surface
(4) is in the vicinity of the angle of polarization o, and o is preferably somewhat
greater than o,

3. Process according to Claim 1 or 2,
characterized in that
the angle between the vibration plane of the polarized light (13) incident on the
reflecting surface (4) and the plane of reflection established by the incident and
reflected beams is as small as possible.

4, Process according to Claims 1 to 3,
characterized in that
the angle between the plane of vibration of the polarized light (14) incident on the
polarizing prism (5) and the plane of vibration of the ordinary beam leaving preferably
has a value near 0° or (+/-) 90°.

5. Process according to Claims 1 to 4,
characterized in that
the angle between the reflection plane of the reflecting surface (4) and the vibration
plane of the ordinary partial beam leaving the polarizing prism (5) is adjustable for
signal optimization.

6. Process according to Claims 1 to 5,
characterized in that
visible light or near infrared radiation is used with appropriate radiation sources (1).

7. Process according to Claims 1 to 6,

charactertzed in that
CORRECTED PAGE (RULE 91)
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The procedure presented neets all the requirenents stated above for a
mniaturiable polarinmetry for devel opnent into an inplantable glucose
~sensor. In particular, the angle signal, because of takl ng the quotient,
does not depend on absor ption of light in the sanpl-e——TFhe calibration

" curve, Q= f([err]) can be established sinply b uvet
tontaining the sanple by a rotatable poI ari zi ngﬂmmum“ﬂ mﬁlﬁl t by small

anounts, such as 10 nferr]each time, and determ rting the mguoet 1 ent each
time. For nore detailed explanation of the invention, the device that can
be used tvoowaisy it out is described in nore detail beI ow, W th peimsnnse
to the schematic drawing of Figure 1. The light froma light source (1) is
pol ari zed by nmeans of a polarizing filter (é) whi ch has a specific setting
angl e [err] wihetighbbesets alep miedulpiedand teq wselfing signalasorresponginglye of
i nci dence on ddmoduddftédcti ng surface (4). The polarized beam (12) passes
t hrough the sanple in the neasurenent chanber (3), during which the angle
of rotatgon chroesactrdingao UlEhls BRoT,e
CORRECTED PAGHskdidiized H tha

the intensity of the partial beam which is not reflected in the reflection at a surface,

but refracted, and passes through the glass, is also detected and used as an additional

reference signal.

9. Device for very accurate determination of the (main) plane of vibration of polarized
light by means of comparing the measurement with a calibration curve, comprising
a light source (1)
a polarizing filter (2)
a measuring chamber with sample (3)
a component with a reflecting surface (4)
a polarizing prism (5)
detectors (6a, 6b) to measure the light intensities of the partial beams,
detector signal amplifiers (7a, 7b) and
a ratio former (8).

10. Device according to Claim 9,
characterized in that
the light beam is modulated by a modulator (9) before it passes through the sample
and the ratio signal produced at the end is correspondingly demodulated by a
demodulator (10).

11. Device according to Claim 9 or 10,
characterized in that
the intensity of the beam (15¢) refracted at the reflecting surface is detected (6¢, 7¢)
and used as an additional reference signal.

12.  Device according to Claim 11,
characterized in that
the light source (1) 1s a laser diode controlled by an oscillator 9).

13.  Device according to Claim 12,
characterized in that
the demodulator (10) is a "lock-in" amplifier.

14.  Device according to one of Claims 9 to 13,
characterized in that
it is in a minjaturized form and in particular, is implantable as a glucose sensor.

g
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WD 99/ 66309

PCT/ EP99/ 04015 [err] The sumof [err] and [err] gives the angle of
_rotation [err], at which the beam (13) emerging fromthe nmediumis
 partially reflected at the surface of a nmedium (4) of higher refractive
“index. Then the reflected partial beamis separated into two partial beans
(15a: extraordi nary beam 15b: ordi nary bean) having pl anes of vibration
exactly perpendicular to each other, in a polarizing prism(5). The
reference plane of the prism the plane of vibration of the ordinary beam
has a cewossspossetting angle [err] with respect to the first referamesndors

pl ane. The intensities [err] and I[err] of the two partial beans are
determ ned photonetrically by detectors (6a, 6b) and the ratio (Q of the
nmeasured intensities is determ ned (rat? former: 8). The polarized |ight
(12) can be nodul ated by a nodulator (9; for exanple, the |light source (1)
is a laser diode controlled by an oscillator (9)) and the ratio signal
correspondi ngly denodul ated (10, for exanmple, by a "lock-in" anplifier).
The intensity of the partial beam (15c) which is not reflected at the first
anplification (reflection at a surface) but instead is refracted and passes
t hrough the glass, can also be detected (detector: 6c; anplifier 7c). The
device used to carry out the process according to the invention is shown
schematically, for exanple, in Figure 2. The light source (1) is an
unpol ari zed green heliumneon | aser (Mdel 1652, UNI PHASE, Munich) with a
wavel ength of 543.5 nmand a power of 0.25 mW The polarizing filter
following it (2; PW44, B + WFILTERFABRI K, Bad Kreuznach) is set at an
angle [err] = 0.1 to the plane of incidence. The reflecting surface (4) is
part of a prismof glass BK 7 (SPINDLER & HOYER, Gottingen), at which the
normal to the surface and the incident |ight beam forman angle a of 60.
The foll owi ng beamdivider prism (5: GAN LASER polarizing prismwith two
exit w ndows, SPINDLER & HOYER, Gdttingen) at which the plane of vibration
of the ordinary beam (15b) and the plane of vibration of the incident |ight
(14) in the stated basic setting nmake an angle of 15.0[err], divides the
reflected partial beam Two silicon photodi odes (S 3399, HAMANMATSU,
Herrsching) are used as detectors (6a and 6b). Their photocurrents are
anplified by the following current anplifiers (7a and 7b; Mdel DLPCA-1000,
FEMIO, Berlin). The signal collection and conputation (formng the ratio;
8) are done by a PC neasuring card (PCl-91 11 Multi Function Card, A D LINK,
Taiwan) using a 16-bit A/ D converter.

Figure 1

Replacement page (Rule 26)
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The exanpl e device gives very accurate neasurenents, even for sanples at

| ow concentrations. Figure 3 shows a calibration curve neasured with the
device, beginning with the output angle [err] = O0.1[err]. Fromthe
measurenent, we find an absolute error of about 1 nferr] for an angle [err]
“in the range of the calibration curve. This error can be reduced by about
-an -order of magnitude by only the generally known nodul ati on of the |ight
beam wi t h mat chi ng denodul ati on of the final signal

12 The possible conbination with the "conpact"” extension of the
opti cal ywetshesspenti oned above (DE 19 72 7679.2) neets all the reqedeeseaiss
given for an inplantable glucose sensor based on a pol arineter.

2/3

Figure 2

Replacement page (Rule 26)
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Figure 3

Calibration curve

[Ordinate label:] Ratio signal

3/3

Replacement page (Rule 26)
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Patent Cains 1. Process for the very accurate determ nation of the

pl ane of vibration of polarized l'ight, characterized in
~that____  the_ quantity being _neasured - the angle between the plane of
- Vibration and a reference plane - is optically anplified by
" gefléection of the measurenment beam at one or nore surfaces, the
"Ilght beamis separated into partial beans, the |ight I ntensities

of the partial beans are neasured, and the ratio of the intensities of
these PCT partial b @eORLD S THAECTUAINERDPARTRORGANIEATIONN signal requiring

calibration. 2. Process accor dimgnatiehal@bdem 1, _ characterized in
t hat INTERR AGTONATIOAPPIEC AT UNDER THE PATENT @OOFERATIN TREATY
incident on the reflecting surface (4) is in the vicinity of the

angl e of i rrhgtﬁ)ﬂm atLrﬁrélLss?Pc I?Sr r]Ai IH ﬂt 1 POSTRABEH Number 9T €At er
LA [er(fs?j) nge FJOI?: ﬁ%@ﬁo@@%ég #%éotﬂ\cl)l bdrat | o?hpl ;?e of VIVQe % e T e

I n that GO%% I zed |ight

(13) incident on the reflecting surface g4 and the pI ane, of
reflection established by the incident and (43) Date of igematignalipyblication; g a5
smal | as possible. 4. Process according to € ReseEber 19893
characterized in that the angl e between the pl ane of vibration of

t he pol a2l fawmatiepat SqriphNupbei dent on the (8D qyaﬁtqtgs, pr| sm %5) and
the plane of RGIERA¥AIDF the ordinary beam | ea %B b\l BA, has a
i

val ue near O[err] or (+/-) 90. 5. Process aBEoPBi BY. €4. @HaCNBC@ to 4,
characterized in that t he angl e between CKeDEeE)KeE:E,lEﬁanI%e of the
refl ect i@y hurktoe! Adplicativst Dde vi br ati on Gpl, &e Gt GMhdl AlY.ARy vy

partial beam | eavilnguth®9pol ari zi ng prism (5) i &,aNj siRxKEB KGKP,
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signal optimzation. 6. Process according to Clainms 1 to 5,

characterized in that visible light or near infrared radiation is
used with appropriate radiation sources (1). 7.  Process according to
-Claims 1 to 6, characterized in that
" CORRECTED PAGE (RULE 91) ' 14
the light beamis also nodulated and the resulting signals correspondingly
denodul ated. 8. Process according to Clainms 1 to 7,
characterized in that the intensity of the partial beam which is not

refl ect e@g)nTitlee r POLARIMETRIC METWOREOR DETERMIBUNG EHEAGISIN) and passes
through the gl ass, visRATFONAALLGESE PO ARIZEDATGT FBAABOARED.1 m° ﬁ]\gf}
ote I}

f ' | . t
(i) ol ane of vi RN TUREA TPl RO AS UM ERITIOR IS rE Nl ng

t he neas t . wth a calibration curve, conprising a light source
(1) %ﬁgﬁﬁﬂl\éﬂ POSAE £ il ter (2) a measuring chamber wth sanple
(3) a conponent with a reflecting surface (4) a polari zing

prism (537 [German] Summary

In a process or device for very accurate determination of the plane of polarization of
polarized light, the light from a light source (1) is polarized by means of a polarizing
filter (2) which has a certain setting angle 6, with respect to the first reference plane,
the plane of incidence on the reflecting surface (4). The polarized beam (12) passes
through the sample in the measurement chamber (3), in which the angle of rotation is
changed by the small angle 6y;. The sum of 6, and 0, gives the angle of rotation 6,,
at which the beam (13) emerging from the measurement chamber is partially reflected
at the surface of a medium of higher refractive index (4). The reflected beam is then
separated into two partial beams (15a: extraordinary beam; 15b: ordinary beam), with
vibration directions exactly perpendicular to each other, in a polarizing prism (5), the
reference plane of which, the plane of vibration of the ordinary beam, has a certain
setting angle (8") with respect to the first reference plane. The intensities I, and I, of
the two partial beams are determined photometrically by detectors (6a,b) and the ratio
(Q) of the measured intensities is determined (quotient determiner 8).

[See Tr. Note 2]



detectors (6a, 6b) to nmeasure the light intensities of the partial beans.
detector signal anplifiers (7a, 7b) and aratio fornmer (8). 10.
‘“Deyice'aCEOrding to CGaimy9, characterized in that
: beam,is nodul ated by a nodul ator (9) before it passes through the sanple
.and the ratio signal produced at the end is correspondingly denodul ated by
a " denodul ator (10). 11. Devi ce according to daim9 or 10,
characterized in that the intensity of the beam (15c) refracted at
the reflecting surface is detected (6¢c, 7c) and used as an

addi tional reference signal. 12. Devi ce according to Caim 11,

characterized in that t RORI INHORMATIOR M)yl S a | aser di ode
controlled by an oscillator (9). 13. Devi ce according to Caim 12,

the Tight

g?rg[ ?]9;[ gt'oa@sdlﬂ iBerti?é Lountries 8dh'élgl? g)etﬁg Pyl & oﬁé}mon"ﬁsﬁy 0@5 hefings of
char act of? Yigdig. D pobtsh A S 2T BE Pl bty Sopperation
partlcul featy. o i npl antabl e as a gl ucose sensor.
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