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57 ABSTRACT 
A method and a device for electronically compensat 
ing for stresses in an optic relay. In order to compen 
sate for the mechanical stresses which occur especially 
during the cooling of the target in the relay, a saw 
tooth correction signal of line frequency is superim 
posed upon the video signal, the slope of the signal 
varying with the frame frequency. 
Field of application: Projection of television pictures, 
FIG. 4. 

7 Claims, 5 Drawing Figures 
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METHOD OF AND DEVICE FOR 
ELECTRONICALLY COMPENSATING FOR 

MECHANICAL STRESSES IN AN OPTIC RELAY 

This is a continuation of Application Ser. No. 
162,507, filed July 14, 1971, and now abandoned. 
The invention relates to a method of and a device for 

electronically compensating for mechanical stresses 
which occur in an optic relay comprising on the one 
hand a crystal having Pockels effect, hereinafter 
termed target, and on the other hand means for elec 
tronically scanning a first surface of said target. Such 
a relay is described in Applicant's French Pats. Nos. 
1,473,212 and 1,479,284 the lateral French patent cor 
responding to U.S. Pat. No. 3,520,589. In the case de 
scribed in these two patents, the target is cooled to in 
the proximity of the Curie temperature. This cooling 
consequently gives rise to certain mechanical stresses 
which are due to the difference of the coefficients of 
expansion of the target support and the target itself. 
These mechanical stresses cause brightness variations 
of certain Zones and in particular the occurrence of 
stray light in zones which normally would have to be 
dark. 
The mechanical stresses to be compensated for are 

rotationally symmetric, i.e., radial or tangential stresses 
the centre of symmetry of which has the coordinates x 
and y. When x = y = 0, one has to do with rotation 
ally symmetric stresses around the centre of symmetry 
of the target, of the target support or of the window. 
This is the most frequently occurring case and, during 
the manufacture of the tube, may occur: 

for the window: when same is secured to a ring con 
stituted by another material, for example metal; 

for the target support: during the connection in the 
tube; 

for the target: when same is adhered to the support. 
The said most frequently occurring case may also 

occur during operation and is then caused by tempera 
ture variations: 

for the window, the target and the target support, the 
temperature of which rises under the influence of 
the exposure to a strong light beam; 

for the target and the target support the temperature 
of which falls to in the proximity of the Curie tem 
perature of the crystal under the influence of the 
cooling in the case of an optic relay of the type de 
scribed the said patents. 

Since the intensity of the exposure in variable, or as 
a result of the presence of an asymmetric mechanical 
stress during the manufacture of the window or during 
the construction of the tube elements, it is possible that 
the centre of symmetry of the stresses no longer coin 
cides with the centre of symmetry of the tube elements. 

It is the object of the invention to eliminate the said 
drawbacks. 
The method of electronically compensating for me 

chanical stresses which occur in an optic relay compris 
ing on the one hand a crystal having Pockels effect, 
hereinafter termed target, and on the other hand means 
for electronically scanning a first surface of said target, 
is characterized in that on the video signal supplied to 
the tube a voltage is superimposed which corresponds 
to the formula 

y = k (x-x) (y – yo) 
(l) 
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where 
x and y = the Cartesian scanning coordinates, 
x and y = the coordinates of the centre of symmetry 
of the stresses, 

k = a factor which is proportional to the stresses to 
be compensated for. 

This correction signal (compensation signal) has the 
form of a sawtooth of line frequency the slope of which 
is modulated proportional to a sawtooth signal of frame 
frequency. 

In order that the invention may be readily carried 
into effect, it will now be described in greater detail, by 
way of example, with reference to the accompanying 
drawings, in which: 
FIG. 1 is a cross-sectional view of the ellipsoid of the 

index of refraction of the material of the target in a 
plane which is parallel to the plane of the x and y axes, 
in which the index of refraction is determined by the 
mechanical stresses only. 
FIG. 2 shows the resolution of the polarized light car 

ried out parallel to the x axis in two components which 
are parallel to the ellipse axes. 
FIG. 3 is a cross-sectional view of the ellipsoid of the 

index of refraction in the case in which this is deter 
mined only by the signal. 
FIG. 4 is an electronic circuit diagram to obtain the 

desirable correction signal. 
FIG. 5 is a diagrammatic representation of a known 

optic relay attached to the device of FIG. 4. 
With the signal voltage v = k (x-x)(y – yo) it is pos 

sible to compensate for the rotationally symmetric 
stresses to the 4th order. When, in order to simplify the 
calculations, the centre of symmetry of the stresses is 
chosen as the coordinate zero point, where 6 and r are 
the polar coordinates of a point, the following relations 
exist between said coordinates and the rectangular sys 
tem of axes x and y: 

x = r coS 6 

y = r sin 0 
(2) 

A rotationally symmetric stress, i.e., a stress of which 
the orientation is radial or tangential, gives rise to a dif 
ference A'n (which may be positive or negative) of the 
indices of refraction in a radial and in a tangential di 
rection. Due to the symmetry, An is independent of 6; 
so one has: 

An(r, 8 + 7t) = An (r, 6), 
which may be written as: 

An(-r, 0) = An (r, 6), 
which means that A'n is an even function of r. 
So to the 4th order it holds that: 

An (r, 0) = ar' 
(3) 

where a is a positive or a negative constant value. 
In a point M which has x, y or r, 6 as coordinates, the 

ellipsoid of index of refraction in a plane parallel to the 
system of axes x - y is an ellipse of which one of the 
axes (the large or the small axis) passes through the 
centre of symmetry 0, as shown in FIG. 1. 
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An optic picture relay in which the Pockels effect is 
used functions between two crossed polarizers the di 
rections of polarisation of which are parallel to the x 
axis and to the y axis, respectively. When the polarisa 
tion of the incident light of amplitude A is parallel to, 
for example, the x axis, said light is resolved in the ma 
terial of the target which is under stress into two com 
ponents of the same phase which are parallel to the el 
lipse axes as is shown in FIG. 2. After having traversed 
a track 1 in the medium, said two components at the 
output are shifted in phase over an angle d' = 2itl 
A'n/N which according to formula (3) may be written 
3S 

where b is a constant value which is independent of x 
and y. 
The resultant in the direction y of the output polar 

izer thus is equal to (FIG. 2) the difference of two com 
ponents of the same amplitude, A sin 6 cos 6 with a 
phase shift angle d'; so the amplitude of this resultant 
is: 

T = 2A sin 6 cos 6 sin d'/2 
T = A sin (20) sin (br) 

(4) 

A passed quantity of stray light thus occurs between 
the arms of a black cross which coincides with the co 
ordinate axes. 
During normal operation of an optic picture relay, a 

voltage V is applied between the surfaces of a crystal 
plate in the point M having x and y as coordinates and 
this voltage V gives rises to a double refraction. In the 
plane of the x and y axes, the axes of the ellipsoid of 
index of refraction are parallel to the bisectrices X, Y 
of the axes x, y as shown in FIG. 3, while the index dif 
ference An of the directions X and Y is proportional to 
the intensity of the electric field. At the output, the 
phase shift angle d between the two components di 
rected according to X and Y thus is proportional to V: 

db = 2 cV. 
By a calculation analogous to that of the mechanical 

stresses it is found that the amplitude of the light passed 
according to the direction of polarisation y is equal to: 

T = A sin d/2 
O 

T = A sin (CV) 
(5) 

The ellipsoids of index of refraction which corre 
spond to the mechanical stresses (FIG. 1) and to the 
effective signal (FIG. 3) have the same orientation for 
all points which are situated on two bisectrices X and 
Y of the coordinate axes. So the stresses can be com 
pensated for when a component v is superimposed 
upon the signal V which component, according to the 
equations (4) and (5) above, must satisfy the condi 
tion: 

cv = -br' sin (26), 
where 
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4. 

6 = TI/4, 37T/4, 57t/4 and 77t/4. 
This compensation is correct for any level of the sig 

nal V. 
For the points (6 = 0, it/2, at and 3TT/2) situated on 

the x and y axes, no stray light is passed when the signal 
V has zero amplitude. When this is not the case and the 
stresses occur in the target, the resultant transmission 
does not correspond to the transmission T given by the 
equation (5). When nevertheless it is supposed that the 
stresses cause a weak double refraction relative to the 
double refraction caused by the signal of maximum am 
plitude, the deformation which is caused in the charac 
teristic T as a function of V is only of the 4th order and 
can hence be neglected. For these points the correction 
signal therefore is zero. 
When the angle 0 is arbitrary and the stresses occur 

in the target itself, the index ellipsoid herein will be the 
resultant of the ellipses shown in FIGS. 1 and 3. Since 
the index variations An and An are never larger than 
approximately one thousandth, the eccentricity of the 
ellipses is very small and their polar equations may be 
written as: 

in the case of the signal only (FIG. 3): 
p = n + An/2 sin (2y) 

and in the case of the mechanical stresses only (FIG. 
1): 

7t' = n + A'n/2 sin 2(y + 1/4 - 6) where y is the angle 
between the x axis and the direction in which the index 
is measured. Since An and An are small, the ellipse 
equation which corresponds to the simultaneous 

presence of the signal and of the mechanical stresses 
may be written as: 

p' = n + An/2 sin (2y) + A' n/2 sin (20 y + 7/4 - 6) 
In order that no light at all be transmitted when the 

amplitude of the voltage V is zero, it is sufficient for the 
axes of the resultant ellipse to be parallel to the x and 
y axes. For that purpose it is required only that: 

p' (T/4) = p' (- T/4). 
This condition may be written as: 
An/2 + A' n/2 sin (26)= - An/2 - A'n/2 sin (26) An 

- An sin (26) 
Or 

d)= - d' sin (20). 
According to the expression founds for d and d', the 

value of the correction voltage v to be applied is equal 
to: 

y = -2 b/c r sin 6 cos 0 
(6) 

This expression corresponds to the already found re 
sults for the points which are situated on the axes and 
the bisectrices. As already said for the points situated 
on the axes, the caused deformation is only of the 
fourth order when the amplitude of the effective signal 
V differs from zero and the deformation can be ne 
glected when the double refraction caused by the 
stresses is small compared with that which is caused by 
the signal of maximum amplitude. 
When the angle 0 arbitrary and the stresses occur in 

the target support or in the window, it is sufficient to 
perform the correction for the effective signal of ampli 
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tude Zero when one always starts from the assumption 
that the double refraction caused by this stress is small 
as compared with that caused by the signal of maxi 
mum amplitude. Since the light moves successively 
through several media the index ellipses of which usu 
ally do not have the same orientation, it is necessary to 
resolve the light successively two times. 

Starting, for example, from the assumption that the 
medium subjected to stress is traversed by the light be 
fore said light reaches the target, components which 
are parallel to the x and y axes are obtained at the out 
put of said medium the amplitude of the second com 
ponent is given by the equation (4): 

A' = A sin (26) sin (br') 
After having traversed the target, the amplitude of 

the said component will be equal to: 
A' cos (cv) = A sin (20) sin (br) W1 - sin? (cv)(7) 

The component emerging from the medium and the 
direction of which is parallel to the x axis has the ampli 
tude: 

A' WA - A' = A V1 - sin(28) sin(br). 
With reference to the diagram of vectors shown in 

FIG. 2 it can easily be calculated that the said compo 
nent has a phase shift over an angle relative to the 
original component, said angle corresponding to the 
relation: 

tg = tig(br) cos (20) 
(8) 

After having traversed the target, said component in 
the direction of the y axis gives another component the 
amplitude of which can be derived from equation (5) 
and is equal to: 
A'(sin(cv) = A sin(cv) W1 - sin(2 0) sin(br) (9) 

At the output the sum of two components is thus ob 
tained the amplitudes of which are given by the expres 
sion (7) and (9) and the phase difference of which 
is given by the relation (8). Since the angle in abso 
lute value is smaller than or equal to the value br' which 
is assumed to be small, a situation of minimum trans 
mission is thus reached when the sum of the amplitudes 
of the two components is equal to zero, that is to say 
when: 
A sin(2 0) sin(br') V1-sin' cy + A sin(cy 

) Yi Eli 9) sin(br) = 0 
This is the case when: 

sin (cv) = - sin (26) sin (br') 
In light intensity, this minimum value is of the fourth 

order in (br'), which thus can be neglected. 
Since one has started from the assumption that the 

quantities (cv) and (br) are small, the above relation 
applies, to the third order as regards the amplitude and 
hence to the fourth order as regards the light intensity, 
when the expression is satisfied: 

y = - bfc r sin (26) 
which corresponds to the same correction signal as in 
the case in which the mechanical stresses occur in the 
target (equation 6). 

It may be seen that this is the case also when the me 
dium showing the stresses is traversed by the light after 
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6 
this has traversed the target, and when the light tra 
verses the medium in front of and behind the target 
which occurs when the optic relay is traversed two 
times by the light. 
The equation (6) may also be written as: v = -2 - r 

sin 6 cos 0, y = -2 bfc xy 
when the cylindrical coordinates r, 6 are replaced by 
the rectangular coordinates x, y (formula 2). 
So the correction signal corresponds to the form: 

while, in the general case in which the coordinate cen 
tre is the centre of the tube elements, the formula (1) 
is again found: 

v = k (x-x) (y -y). 
FIG. 4 shows by way of example an electronic dia 

gram which can supply the correction signal corre 
sponding to the form k (x -x) (y y) in the case of 
a scanning system of the television type: two sawtooth 
symmetrical signals x and x, of line frequency, are 
supplied to a mixer 3 via two modulatable dividers each 
of which is mainly formed by the series arrangement of 
a fixed capacitor (1, 2) and a variable capacitance 
(4,5) of the varicap type; the two variable capacitances 
are modulated in opposite phases by means of two saw 
tooth symmetrical signalsy and -y of frame frequency. 
The average voltage supplied to one of the variable ca 
pacitances has a fixed value and the other had a value 
which can be controlled by means of the potentiometer 
6 which permits of controlling the ordinate of the cen 
tre of symmetry of the correction so as to cause said or 
dinate to coincide with the ordinate y of the centre of 
symmetry of the mechanical stresses. In order to cause 
the abscissa of the centre of symmetry of the correction 
to coincide with the abscissax of the centre of symme 
try of the mechanical stresses, a component is intro 
duced into the mixer which is proportional toy and the 
sign and amplitude of which can be controlled by 
means of the potentiometer 7. 
FIG. 5 shows how the apparatus of FIG. 4 may be 

used to add a correction signal to a video signal in a 
known optic relay described in U.S. Pat. No. 
3,520,589. 
The invention also relates to the compensation of ro 

tationally symmetric stresses in the case of a polar scan 
ning system when the scanning centre and the centre of 
symmetry of the mechanical stresses coincide: radial 
scanning, for example of the radar type, or spiral scan 
ning. The equation (6) corresponding to the form: 

v = k'r sin (28) 
demonstrates that the correction voltage must then be 
proportional to the second power of the distance r be 
tween the point in question and the centre and also pro 
portional to the sine of the double value of the scanning 
angle 6. 
The correction signal v given by the expression (1) 

(rectangle coordinates) or (6) (polar coordinates) is 
alternately positive and negative. In the case of the 
optic relay already described in the said patents and 
shown in FIG. 5, the correction signal superimposed 
upon the video signal is supplied between on the one 

65 hand a transparent conductive coating on a surface of 
the crystal plate having Pockels effect and on the other 
hand a grid placed near the other surface; but for a few 
volts, an electron beam from an electron gun con 
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trolled by a deflection unit plays the part of 'flying 
short circuit' between said other surface and the grid. 
As described in said patent the electric field pattern re 
sulting from interaction of the electron beam and the 
signal on the grid causes the light from a lamp polarized 
by a polarizer to be selectively rotated in polarization 
and thereby to be spatially modulated in intensity be 
fore impinging on a screen. Since it is possible to supply 
between the two surfaces of the plate either positive or 
negative voltages, one is then not confronted with some 
recording problem or other of the alternately positive 
and negative corrections signals, whichever is the am 
plitude of the video signal. 
When an optic relay is used of the type in which the 

recording occurs via the modulation of the intensity of 
an electron beam (see, for example, the article by D. 
H. Pritchard in the paper “RCA Review, volume 30, 
pp. 567 to 592, December 1969), only signals of the 
same polarity can be recorded on the crystal plate. In 
order to electronically compensate for the mechanical 
stresses when the overall signal, constituted by the su 
perposition of the compensation signal on the video sig 
nal, is alternately positive and negative, a direct voltage 
component must be added to said overall signal to give 
said overall signal always the same polarity and a phase 
plate must be placed in the optical track the neutral 
lines of which are parallel to the bisectrices X and Y of 
the axes and which gives a constant phase shift angle 
the sign of which is opposite to the phase shift angle in 
the optic relay. The control of the zero transmission 
level can be carried out either by controlling said phase 
shift when a controllable compensator is used, for ex 
ample of the Bravais type, or by controlling the direct 
voltage component of the signal when a simple phase 
plate is used. For the superposition of the correction 
signal on the video signal the non-linearity of the modu 
lation characteristic of the beam current must be taken 
into account in all cases and possibly a y correction 
which is used in television cameras must be used. AS in 
the device shown in FIG. 5, the electrical field pattern 
on the crystal is connected to an optical phase pattern 
that locally rotates the polarization of light from a lamp 
that was initially passed through a polarizer. As de 
scribed above, a phase shifter placed in the optical path 
of the light passing through the crystal for adding a uni 
form phase shift to the light, combined with the D.C. 
voltage add to the video signal aids in the compensation 
of mechanical stresses. 
What is claimed is: 
1. A method of electrically compensating for me 

chanical stresses occuring in a Pockels effect crystal 
used in conjunction with a television type electronic 
scanner in an optic relay supplied with video informa 
tion signals comprising the steps of generating a Voltage 
corresponding to the formula: 

y = k (x - x) (y - yo), 
where 
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8 
x and y = the Cartesian scanning coordinates, 
x and y = the coordinates of the center of symmetry 
of the stresses, 

k = a factor which is proportional to the stresses to 
be compensated for, 

and superimposing the generated voltage on the video 
information signal. 

2. A method as claimed in claim 1 for use in conjunc 
tion with an optic relay where the video information 
signal is applied in the form of an electric field across 
the crystal, wherein the step of superimposing the gen 
erated voltage on the video signal comprises the step of 
applying the generated voltage in the form of an addi 
tional electrical field across the crystal. 

3. A method as claimed in claim 1 wherein the step 
of generating the voltage comprises the step of sepa 
rately modulating two symmetrical sawtooth signals of 
line frequency with two sawtooth signals of frame fre 
quency, and adding the results of the modulation. 

4. A method as claimed in claim 1 for use in conjunc 
tion with an optic relay where the video signal modu 
lates the electronic scanner, wherein the step of super 
imposing the generated voltage on the video signal 
comprises the step of applying the generated voltage in 
the form of an additional modulating signal to the elec 
tronic scanner signal. 

5. A method for electronically compensating for 
stresses occurring in a Pockels effect crystal used in 
conjunction with a polar-type electronic scanner of an 
optic relay supplied with video information signals, 
comprising the steps of generating a voltage corre 
sponding to the formula: 

w = k 'r sin (26) 
where: 

r and 6 are the polar scanning coordinates and 
k' is a factor which is proportional to the stresses to 
be compensated for, and superimposing the gener 
ated voltage on the video information signal. 

6. A method as claimed in claim 5 for use in conjunc 
tion with an optic relay where the video information 
signal is applied in the form of an electrical field across 
the crystal, wherein the step of superimposing the gen 
erated voltage on the video signal comprises the step of 
applying the generated voltage in the form of an addi 
tional electric field across the crystal. 

7. A method as claimed in claim 5 for use in conjunc 
tion with an optic relay where the video signal modu 
lates the electronic scanner, wherein the step of super 
imposing the generated voltage comprises the step of 
applying the generated voltage in the form of an addi 
tional modulating signal to the electronic scanner. 

sk k k 
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