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57 ABSTRACT 
Two rays of light polarized parallel and perpendicular 
with respect to a plane are produced from a single ray 
of light generated by a laser. By alternately illuminat 
ing a sample with the said two rays of light, two 
Raman scattering light rays having different intensities 
are produced and in turn applied to a monochromator 
where they are dispersed according to wave length. 
After dispersion, the rays are detected by a photomul 
tiplier and the resultant signals applied to a division 
circuit where the depolarization ratio is automatically 
calculated. This process is repeated for subsequent 
sets of signals, thereby effecting a continuous opera 
tional sequence. 

4 Claims, 11 Drawing Figures 
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APPARATUSFOR AUTOMATICALLY 
RECORDING THE HEDEPOLARIZATIONRATIOs 

OFRAMAN BANDS 
This invention relates to a method and apparatus for 

measuring Raman scattering light. More particularly, it 
relates to a method and apparatus for automatically 
recording the depolarization ratios of Raman bands. 

It is well recognized that the depolarization ratios of 
Raman bands is very useful in the assignment of the 
Raman bands. 
The depolarization ratiop (a) is expressed as follows: 

p(M) = Ru (X)/Rh (M) (1) 
where Ru (M) represents the intensity of the rays of 
Raman light scattered from a sample as a result of illu 
minating the sample with a ray of incident light 
polarized perpendicular to a plane and Rh (M) 
represents the intensity of the rays of Raman light scat 
tered from the sample by illuminating the sample with a 
ray of incident light polarized parallel to the said plane. 

In the present mode of depolarization measurements, 
a Raman spectrum is first observed by illuminating the 
sample with an incident ray of light polarized parallel to 
a plane and then again observed by illuminating the 
sample with an incident ray of light polarized perpen 
dicular to the said plane. The depolarization ratios are 
then calculated by comparing two intensities of the 
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same line in the two spectra. This method, to say the 
least, is quite troublesome, not to mention the margin 
of error involved due to the fluctuation of the incident 
light intensity, plus, of course, the human element. 
According to this invention, there is provided a 

method and apparatus for automatically recording the 
depolarization ratios of the Raman bands. It is an ad 
vantage of this invention to provide a method and ap 
paratus for measuring the depolarization ratios rapidly 
and yet with precision. 

In one embodiment of this invention, the sample is il 
luminated alternately by two rays of incident light 
respectively polarized parallel and perpendicular to a 
plane. As a result, two rays of Raman light based on the 
two rays of incident light are scattered from the sample. 
The two rays of Raman light are then alternately ap 
plied to a monochromator where they are dispersed ac 
cording to wavelength and detected by a detecting 
means such as a photomultiplier. That is to say, two 
electrical signals based on the two different rays of in 
cident light are alternately detected by the detecting 
means. The signals are then amplified and their ratio is 
automatically calculated by a division circuit and 
recorded by a recorder. This procedure is continuously 
repeated so that the ratio of each set of signals is con 
tinuously and automatically recorded by the recorder. 

in this invention, the depolarization ratios are ob 
tained by a single scanning of the monochromator, 
thereby shortening the ratio measuring time. Further, 
since the sample is illuminated alternately, the two 
Raman spectra are observed under identical condi 
tions, thus ensuring precise measurement of the 
depolarization ratios. 

Various other objects and advantages of this inven 
tion will become apparent from the following detailed 
description considered in conjunction with the accom 
panying drawings in which: 

FIG. 1 shows one embodiment of the invention in 
which the light path between the light source and the 
sample is bifurcated. 
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2 
FIG. 2 shows a sector used in the embodiment shown 

in FIG. I. 
FIG. 3 shows a chopper used in the embodiment 

shown in FIG, . 
FIG. 4 shows another embodiment of this invention. 
FIG. S shows a sector used in the embodiment shown 

in FIG. 4. 
FIG. 6 shows the wave forms produced by the vari 

ous electrical units constituting the embodiment shown 
in FG, 4. 

FIG. 7 shows again a further embodiment for obtain 
ing the two incident rays of light. 

FIG, 8 shows the sector used in the embodiment 
shown in FG, 7. 

FIG. 9 shows yet another embodiment of this inven 
tion in which the sector is inserted in the optical path 
between the sample and the monochromator. 

FIG. 10 shows the sector used in the embodiment 
shown in FIG. 9. 

FIG. shows one more embodiment of this inven 
tion. 
Now referring to FIG. 1, a coherent ray of light 

polarized parallel to a reference plane, preferably the 
horizontal plane, is produced by a laser 1. The optical 
path of the coherent ray of light is changed by a sector 
2, which takes the form of a fan-shaped reflector as 
shown in FIG. 2. The said sector is mounted on a shaft 
3 rotated by a motor 4. Also mounted on the said shaft 
is a chopper 5 and a gear 6, the said gear 6 being 
meshed to gear 7, on a shaft 8 of which a second sector 
9, identical in form to the sector 2, is mounted. Ac 
cordingly, the rotation of the sector 9 is synchronized 
with the rotation of the sector 2. 
The light deflected by the sector 2 is reflected by a 

mirror 10 so as to follow "Path B," the said light being 
polarized perpendicular to the plane by a half-wave 
plate 11 and directed to "Path C” by a mirror 12 and 
the sector 9. 
On the other hand, the light emanating from the laser 

1 which is not reflected by the sector 2, that is to say, 
the light passing through the non-bladed section of the 
sector 2, forms a “Path A" which joins up with "Path 
C' since the sector 9 is synchronized with the sector 2. 
As a result, two light rays, one polarized parallel to the 
plane and the other polarized perpendicular to the 
plane illuminate the sample i3 alternately, and in so 
doing, excite the said sample causing a scattering of 
Raman light rays. The light rays scattered from the 
sample are then directed to a scanning monochromator 
4 where they are dispersed according to wave length. 
Once dispersed, the rays are converted into electrical 
signals by a photomultiplier 15 and amplified by an am 
plifier 16. The amplified signals are then fed into gate 
circuits 17 and 18. At the same time, light emanating 
from a light source 19 is detected by a phototransistor 
20 and applied to the respective gate circuits via a 
waveforming circuit 2 as gate signals. 

Further, the chopper 5, shown in FIG. 3, located 
between the light source 9 and the phototransistor 20, 
is synchronized so as to pass light when the sample 13 is 
illuminated by incident light polarized parallel to the 
plane and to intercept light when the sample 13 is illu 
minated by incident light polarized perpendicular to 
the plane. As a result, the gate circuit 17 is opened 
when the sample is illuminated by incident light 
polarized parallel to the plane, enabling signals based 
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on Raman light rays generated by parallel incident light 
to pass through the said gate circuit and into filter 22 
where they are smoothed. 

Similarly, the gate circuit 18 is opened when the sam 
ple is illuminated by incident light polarized perpen 
dicular to the plane, this time enabling signals based on 
Raman light rays generated by perpendicular incident 
light to pass through the said gate circuit and into filter 
23 where they are smoothed. The output signals from 
filters 22 and 23 are then fed into a division circuit 24 
where the intensities of the output signals from filter 23 
are divided by the intensities of the output signals from 
filter 22. The resultant quotients, viz, the 
depolarizarion ratios, are finally recorded by the 
recorder 25. 

FIG. 4 shows another embodiment of this invention 
in which the same optical system as described in the 
aforedescribed embodiment is used for obtaining the 
two incident light rays polarized parallel and perpen 
dicular to the plane. In this case, however, the sectors 
30 and 31 are different as shown in FIG.S. Sections 32 
of the sectors, for example, take the form of fan-shaped 
mirrors and sections 33 serve to absorb the light 
emanating from the laser 1. FIG. 6A shows the train of 
light signals illuminated onto the sample 13. Here, the 
period th represents the period in which the incident 
light polarized parallel to the plane illuminated the 
sample 13, period tu represents the period in which the 
incident light polarized perpendicular to the plane illu 
minates the said sample and period to represents the 
period in which the sample is not illuminated at all. As 
in the former embodiment, Raman light rays scattered 
from the sample are dispersed according to wavelength 
by a monochromator 34. 
According to the embodiment set forth in FIG. 4, 

one circuit produces and records the Raman spectrum. 
Another circuit (interconnected) produces and records 
the depolarization ratio. 
Once dispersed, the rays are converted into pulse 

signals, having frequencies proportional to the intensi 
ties of the said rays, by a photomultiplier 35. The pulse 
signals are then amplified by pre-and main-amplifiers 
36 and 37. Low amplitude noise, such as dark current, 
in the said pulse signals is removed by discriminator 38, 
the output of which is fed into a gate circuit 39 into 
which gate signals are also fed. The gate signals are 
based on the light generated by lamp 19. During the 
period th and the subsequent period to, the light 
generated by the said lamp is detected by a 
phototransistor 20 and converted into an electrical 
signal. Again, during the period tu and the subsequent 
period te, the light generated by lamp 19 is intercepted 
by a chopper 5. The signals detected by the 
phototransistor 20 are amplified by an AC amplifier 40 
and wave formed by a Schmitt circuit 41. The output of 
the Schmitt circuit 41 is then fed into a gate signal 
forming circuit 42 in which the phases and the level of 
the signals are regulated. Thence, the pulsed signals 
enter the gate circuit 39 which is opened during the 
period th and the subsequent period to. The intensity of 
the Raman signals passed through the said gate circuit 
is counted by a photoncounter 43 and the Raman spec 
trum is recorded by 2-pen recorder 44. 
The discriminator 38, in addition to feeding output 

pulses into the gate circuit 39, also feeds pulses into a 
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4. 
monomultivibrator 45. Once in the monomultivibrator 
the input pulses are wave formed to similar pulses as 
shown in FIG. 6M, where W is the pulse width and E is 
the pulse height. The monomultivibrator output signal 
waveform is shown in FIG. 6B. The intensities R'h (A) 
and R'u (M), namely, the output pulse frequencies of 
the monomultivibrator during the periods th and tu are 
expressed as follows: 

R"h (M) = Rh (M) + Rn 

R'u (X) = Ru (M) + Rn TM (3) 

(2) 

where Rn is the intensity of the signal attributable to 
dark current or thermal noise. 
The monomultivibrator pulses output is fed into a 

pulse controller 46 where the pulse widths and heights 
are controlled. The controlled pulses are then fed into a 
filter 47 and smoothed. The voltage E of the smoothed 
signal is expressed as follows: 

E=f WE (4) 

wheref is a pulse frequency. 
Referring to formulas (2), (3) and (4), the voltages 

E2, E3 and E4 of the smoothed signals at th, tu and to 
respectively are expressed as follows: 

E= (A) W. E (S) 

E= R' (A) W. E 

E= Rn. W. E (7) 

The wave form of the filter output signals is shown in 
FIG. 6C. 
The said output signals are amplified by an AC am 

plifier 48 where the DC component Edc is removed by 
a coupling condenser, so as to produce voltages Es, Es 
and E, as shown in FIG. 6D. The said voltages are ex 
pressed algebraically as follows: 

E=A (E-Edc) = A.R'h (h), WE-A-Edc 
E=A (E-Edc) = ARh (h) W-E-A-Edc 

(8) 

(9) 

E=A (E-Edc) = ARn-WE-A-Edc (10) 

where A is the amplification degree of the AC amplifier 
48. 
With the DC component removed, the amplifier out 

put signals are fed into gate circuits 50 and 51 to which 
gate signals are applied from the wave forming circuit 
42. The th and following to signals pass through the 
gate circuit 50. FIG. 6E shows the output signal 
waveform of the gate circuit 50. The output of the said 
gate circuit is fed into a synchronizing rectifier 52 to 
which a synchronizing signal, which is double the out 
put signal frequency of the Schmitt circuit 41, is ap 
plied from circuit 53 (refer to FIGS. 6K and 6L). 
Once in the synchronizing rectifier 52, the th and to 

input signals are rectified to form positive and negative 
signals respectively in accordance with the incoming 
synchronizing signals from circuit 53. FIG. 6F shows 
the output signal of the synchronizing rectifier 52 and 
FIG. 6G shows the rectified output after being 
smoothed by filter 54. The output voltage Es of the said 
filter is expressed as follows: 
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On the other hand, the tu and to components in the 
output signal of the AC amplifier 48 pass through the 
gate circuit 51, the output of which is shown in FIG. 
6H, and are then fed into a synchronizing rectifier 55. 

6 
tor 60, mounted on a shaft 61 rotated by a motor 62 is 

5 

10 

The synchronizing signals as shown in FIG. 6L are also 
fed into the said synchronizing rectifier from the circuit 
53. As a result, the tu and to input signals are rectified 
to form positive and negative signals respectively. FIG. 
6 shows the output signal of the synchronizing rectifier 
55, and FIG. 6J shows the rectified output signal after 
being smoothed by filter 56. The output voltage E of 
the said filter is expressed as follows: 

And the depolarization ratio p(d) is expressed ... aS 
follows: 

Ruch) p(h) = i (h) 

4 'A'W'E'E, E, - - - - - - - - - - - - - - - - (16) 

By maintaining Es at a constant voltage Kp (p) can be 
expressed as follows: 

M(h) = E/K (17) 
Thus, E is linearly proportional to the depolarization 
ratio X(h). 
A comparison circuit 57 is used for maintaining the 

voltage Esconstant. This is to say the signal of the filter 
54 is fed into the comparison circuit 57 and compared 
with a reference voltage. The resultant differential volt 
age is then fed back to a pulse controller 46 so that the 
puise width and height of the pulse passed through the 
pulse controller are controlled in order to maintain a 
constant filter output voltage. As a result, the output 
voltage of the filter 56 is also controlled at the same 
rate as the output voltage of the filter 54 by the pulse 
controller 46 and a voltage proportional to the 
depolarization ratio is obtained automatically from the 
filter 56. The output signal of the filter 56 is fed into the 
two-pen recorder 44 via a DC amplifier 58 where the 
depolarization ratios are recorded in accordance with 
the wavelength scanned by the monochromator. 

In the above embodiment, the differential voltage is 
fed back to the pulse controller 46 in order to control 
the filter output voltages. It is also possible, however, to 
feed back the differential voltage to the AC amplifier 
48 and to control the amplification degree A of the said 
amplifier in order to keep the output voltage of the 
filter 54 constant. 

FIGS. 7 and 8 show another embodiment for obtain 
ing the two incident rays of light polarized parallel and 
perpendicular to the plane. In this embodiment, a sec 
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inserted between the laser 1 and the sample 13. Section 
63 forming part of sector 60 comprises a half-wave 
plate and sections 64 serve as light intercepters. As a 
result, the light polarized parallel to the plane passes 
through the sector 60 and the light passing through sec 
tion 63 is polarized perpendicular to the plane by the 
half-wave, plate. In this way, the two incident rays of 
light polarized parallel and perpendicular to the plane 
illuminate the sample 13 alternately, 

It is possible to measure the depolarization ratios by 
means of two Raman light rays, one polarized parallel 
to the plane and the other polarized perpendicular to 
the plane, by illuminating the sample with circularly 
polarized light. Referring to FIG. 9, laser light 
produced by a laser 1 passes through a quarter wave 
plate 70 and is circularly polarized. The said polarized 
light is then made to illuminate sample 13, resulting in 
Raman light rays being scattered from the sample. The 
said rays are directed to a monochromator (not shown) 
via a sector 71, (see FIG. 10), which is mounted on a 
shaft 72 of a motor 73. In FIG. 10, sections 74 and 75 
represent polarizers in which the Raman light rays 
polarized parallel and perpendicular to the plane 
respectively pass. Sections 76 serve to intercept the 
passage of light. Thus, the two Raman light rays enter 
the monochromator alternately. The depolarization 
ratios are measured by the electrical units used in the 
prior described embodiments. The gate signal is 
produced by chopper 77, mounted fixedly on the 
periphery of the sector and thereby rotating in unison 
with the said sector, a light source 78 and a 
phototransistor 79. 

FIG. 11 shows one more embodiment of this inven 
tion. In the figure, two light rays polarized parallel and 
perpendicular to the plane are produced by the optical 
system used in the embodiment shown in FIG. and ii 
luminate the sample 13 alternately. The light rays scat 
tered from the sample are then directed to the 
monochromator 14 where they are dispersed according 
to wavelength. Once dispersed, the rays are converted 
into electrical signals by the photomultiplier 15 and 
amplified by the amplifier 16. The amplified signals are 
then fed into a synchronizing rectifier 81, to which a 
synchronizing signal is applied from a synchronizing 
signal generating circuit 82, so that a differential signal 
of the intensities of the two Raman light rays resulting 
from the two differently polarized incident rays of light 
is produced. The differential signal is fed into a motor 
83 via an amplifier84. The motor moves an attenuator 
85 into the optical path between the two mirrors 10 and 
12 so as to attenuate the intensity of the light polarized 
parallel to the plane. When the differential signal is 
zero, the relationship between the two Raman light rays 
is expressed as follows: 

where K is the attenuation coefficient of the incident 
light polarized parallel to the plane. Therefore, when 
the differential signal is zero, the attenuation coeffi 
cient K is equal to the depolarization ratio p(h). The 
said coefficient, viz, the depolarization ratio, is 
recorded by a recorder 86 connected with the said 
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motor 83 so that the movement of the attenuator 85 is 
recorded. 
Having thus described the invention with the detail 

and particularity as required by the Patent Laws, what 
is desired protected by Letters Patent is set forth in the 5 
following claims. 
We claim: 
1. An apparatus for automatically recording the 

Raman Spectrum and the depolarization ratios of 
Raman bands of a sample comprising: 
A. a monochromatic light source; 
B. means for obtaining two incident rays of light 

polarized respectively parallel and perpendicular 
to a reference plane, said means being located in 
the optical path between said light source and said 
sample; 

C. means for alternately illuminating said sample 
with said two incident rays of light; 

D. a monochromator for dispersing the resultant 
scattered Raman light rays; 

E. means for creating electrical signals indicative of 
the intensity of the dispersed Raman light rays; 

F. detecting means for detecting the intensity of 
either one of the electrical signals resulting from 25 
the two differently polarized incident rays of light; 

G. an analyzing circuit for providing a signal indica 
tive of the ratio of the intermittent electrical 
signals resulting from the two differently polarized 
rays of light; and, 

H. means for recording the output signals of said de 
tecting means and said analyzing circuit simultane 
ously. 

2. An apparatus according to claim 1 wherein said 
light source comprises a laser providing a plane 
polarized monochromatic output. 

3. An apparatus for automatically recording the 
Raman Spectrum and the depolarization ratios of 
Raman bands of a sample comprising: 
A. a monochromatic light source; 
B. means for obtaining two incident rays of light 

polarized respectively parallel and perpendicular 
to a reference plane, said means being located in 
the optical path between said light source and said 
sample; 

C. means for alternately illuminating said sample 
with said two incident rays of light; 

D. a monochromator for dispersing the resultant 
scattered Raman light rays; 

E. means for creating an electrical signal indicative 50 
of the intensity of the dispersed Raman light rays; 

F. detecting means for detecting the intensity of 
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8 
either one of the electrical signals resulting from 
the two differently polarized incident rays of light; 

G. an analyzing circuit for providing a signal indica 
tive of the ratio of the intermittent electrical 
signals supplied thereto comprising: 
1. circuit means for comparing the signal voltage 
of the Raman light resulting from the parallel 
polarized incident rays of light to a reference 
voltage; 

2. a control circuit and a circuit means for feeding 
back the differential voltage observed in the 
comparing circuit to control the intensity of 
both electrical signals maintaining the signal 
based on the parallel polarized incident rays of 
light constant; 3. circuit means for producing a signal being the 
difference between the signal voltage of the 
Raman light resulting from the perpendicular 
polarized incident rays of light, said signal being 
indicative of the depolarization ratios; and, 

H. means for recording the depolarization ratios and 
the output signal of the detecting means simultane 
ously. 

4. An apparatus for automatically recording the 
Raman Spectrum and the depolarization ratios of 
Raman bands of a sample comprising 
A. a monochromatic light source; 
B. means for obtaining two incident rays of light 

polarized respectively parallel and perpendicular 
to a reference plane, said means being located in 
the optical path between said light source and said 
sample, 

C. means for alternately illuminating said sample 
with said two incident rays of light; 

D. a monochromator for dispersing the resultant 
scattered Raman light rays; 

E. means for creating an electrical signal indicative 
of the intensity of the dispersed Raman light rays; 

F. detecting means for detecting the intensity of 
either one of the electrical signals resulting from 
the two differently polarized incident rays of light; 

G. means for producing a differential signal of said 
electrical signals; 

H. means for attenuating the intensity of the incident 
light polarized parallel to the plane according to 
said differential signal so as to equalize the intensi 
ties of the two Raman light rays; and, 

I. means for recording the attenuation coefficient of 
the incident light polarized parallel to the plane 
and the output signal of said detecting means 
simultaneously. 

xx k x xx 
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