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UNITED STATES PATENT OFFICE 
2,465,898 

PLURALITY OF PIEZOELECTRIC CRYSTALS 
HAVING MIRROR suRFACEs. FoR scAN 
NING 

Frederick Henry Martin, Lewisham, London, England 
Application April 1, 1947, Serial No. 738,750 

In Great Britain April 17, 1946 
(C. 178-7.6) 12 Claims. 

This invention concerns scanning systems for 
electrical reproduction apparatus of the kind 
(hereinafter referred to as the kind described) 
in which a light beam is modulated by a receiver 
in accordance with signals received from a trans 
mitter and caused to transverse or Scan a Screen 
in a series of parallel lines in rapid succession 
so as to produce a visible image of the object to 
which the transmitter signals correspond. The 
latter are usually generated or controlled by a 
similar scanning process at the transmitter, and 
the two scans are kept in step by means of Syn 
chronising pulses transmitted at regular inter 
vals. Such apparatus is used, for example, in 
television broadcasting, photo-telegraphy and 
radar Systems. 

In reproduction apparatus of the kind described 
it is known to provide a single mirror which scans 
each line in turn, the mirror being rapidly re 
turned to its zero position after each scan dur 
ing the reception of the synchronising pulse. 
This return motion of the mirror is commonly 
referred to as the "flyback' and the period dur 
ing which it takes place as the 'flyback period.' 
In the case of a television receiver operating on 
the standard 405-line public transmission of the 
B. B. C., however, the fundamental frequency of 
the line-scan time base is 10,125 cycles per sec 
ond. The scanning apparatus must be capable 
of responding to the harmonics of this frequency : 
in order to produce a distortionless Scan, and 
harmonics of the Order of the 11th to 15th are 
usually required for this purpose. The ilth 
harmonic is equal to 111.4 kc/s. and in an appara 
tus using one mirror, the mirror Would have to be 
capable of responding to this frequency. The 
manufacture of such an apparatus presents al 
most insuperable difficulties, and it is an object 
of the present invention to overcome these diffi 
culties in a simple and practical manner by using 
a series of independent mirrors for the line Scan 
ning in such a manner that each mirror, hav 
ing scanned one complete line, is not made op 
erative again until each successive mirror has 
also made one complete line scan. This arrange 
ment has the advantage that the flyback period 
does not have to take place during the synchronis 
ing pulse, but can be slowed down so that the 
mirror returns to its original position whilst the 
other mirrors are effecting the scanning. In this 
way the operating frequency required to actuate 
the mirrors can be considerably reduced without 
losing the qualities of high definition required by 
modern television. - 
The invention accordingly provides, in or for , 
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electrical reproduction apparatus of the kind de 
scribed, a scanning system comprising two or 
more piezo-electric crystals each having a light 
reflecting surface formed or secured on a free 
face thereof, means for applying across each 
crystal in turn a scanning potential to cause the 
reflecting surface to deflect the light beam along 
a scan line, means for removing the scanning po 
tential progressively from each crystal after Com 
pletion of its scanning operation whilst the other 
crystal or crystals are caused successively to 
perform their scanning operations, and means 
for directing the light beam on each reflecting 
surface in succession when the scanning potential 
is applied to the crystal. 

Preferably, the means for applying a scanning 
potential across each crystal in turn comprises a 
condenser connected across each crystal, means 
for charging all the condensers simultaneously 
and means for applying to each crystal a char 
acteristic bias potential to prevent the crystal 
from beginning its scanning operation until the 
potential across the associated condenser has 
reached the value of the said bias potential. 
The condenser charging means may be ar 

ranged to charge all the condensers linearly With 
respect to time, the bias potentials increasing in 
value in the desired order of Operation of the 
associated Crystals. 
The means for removing the scanning potential 

is conveniently rendered operative by a Syn 
chronising pulse received from the transmitter, 
and the said means advantageously comprises a 
grid-controlled gas-filled relay. 
In order that the nature of the invention may 

be more clearly understood, preferred arrange 
ments of a scanning system, suitable for use in a 
television receiver operating on the standard 
public 405-line transmission of the B. B. C., Will 
now be described by way of example only with 
reference to the accompanying drawings in 
Which 

: Fig. 1 shows a first circuit arrangement of a 
six-crystal unit: 

. Fig.2 shows a second circuit arrangement of a 
six-crystal unit: 

Fig. 3 is a curve showing the Wave form of 
the scanning voltage across each crystal of the 
arrangement shown in Fig. 1 or 2: 

Fig. 4 is a curve showing a typical Wave form 
of the scanning voltage in a known Scanning 
System: 

Fig. 5 is a curve showing the voltage across 
part of the circuit of Fig. 1 or 2: 

Fig. 6 is a skeleton diagram of an optical ar 
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rangement for a television receiver including a 
Six-crystal unit, and 

Fig. 7 is a diagrammatic representation of an 
Optical arrangement of a known type of tele 
vision receiver embodying the system according 
to the present invention. 
The scanning System shown in Figs. 1 and 2 

has six piezo-electric crystals a, b, . . . if of 
the Rochelle salt type each having a small mirror 
2 mounted on its free end. The crysals at . . . 
lf are mounted on a single container 3 (Fig. 7) 
and are immersed in damping fluid, the electrical 
connections to the crystals being brought out to 
contacts on a standard radio valve base (not 
shown) whereby the unit can be plugged into a 
valve holder on the chassis of the receiver. The 
circuit of each crystal is basically the same, and 
consists of a Scanning potential condenser 4 in 
parallel With the crystal f, and a series con 
denser 5. 

Referring first to Fig. 1, the condensers 4, 5 
form a capacity potential divider across a dis 
charging circuit comprising a grid-controlled 
gas-filled relay 6d. . . . 6f of the kind such as is 
sold under the Registered Trade Mark “Thyra. 
tron.' The anode and cathode circuits of the 
gas-filled relay 6 each contains a resistance 7, 8, 
respectively, whilst the grid-circuits of all the 
discharging relays are connected to a common 
tapping point 9 on a capacity potential divider to 
acroSS which is applied the synchronising pulse 
received from the transmitter through a resis 
tance . Across this latter potential divider is 
connected another gas-filled relay 2 the grid of 
which is connected to the tapping point 9, this 
potential divider f0 and the relay 2 together 
forming what will, for convenience, be terried 
the 'selective integrator circuit.' 
The Scanning potential condensers 4 are each 

charged by means of a separate constant current 
pentode 3 connected between the HT supply and 
the anodes of the discharging relays 6a . . . 6f. 
Each of these condensers 4, except that associated 
With the first scanning crystal la, has a biaspo 
tential applied to it through a tapping 4 from 
a Source (not shown), the value of this bias po 
tential increasing in the desired order of opera 
tion of the associated crystals b . . . f. Since 
the pentodes 3 charge all the condensers 4 at a 
constant rate, it will be seen that the bias poten 
tial for each crystal can be pre-selected by means 
of resistances 5 to ensure that a constant time 
interval ti (Fig. 3) will elapse between the in 
stants of commencement of the scanning deflec 
tions of Successive crystals, the voltage V1 repre 
Senting the potential developed across each crys 
tail a . . . if at the instant of breakdown of its 
associated relay 6a. . . . 6f. 
ASS00n as the first crystal a has reached the 

limit of its Scanning deflection, a first synchro 
nizing pulse p1 charges the condensers O of the 
Selective integrating circuit to a value such that 
the bias of the first discharging relay sa is 
Overcome, the relay strikes, and the first scan 
condenser 4 begins to discharge through the re 
lay 6a at a rate determined by the combined 
values of the anode and cathode loads 7, 8. The 
time t2 of this discharge (Fig. 3) is arranged to 
be not greater than the time of five line scans, 
so that the Scanning potential is removed from 
the crystal a progresively whilst the succeeding 
Crystals b . . . if perform their scanning opera 
tions. 
One advantage of an arrangement such as that 

described above in which the fly-back period is 
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extended over a relatively long period of time, is 
that Successive scans can be made to follow with 
out any delay between them, whilst another ad 
vantage is that simplification of manufacture of 
the crystals is possible owing to their lower fre 
quency of Operation. These advantages become 
more clear when the curves of Figure 3 are com 
pared with the curve shown in Fig. 4 which 
represents the operation of a single Scanning 
mirror. In this latter arrangement, the fly 
back period is extremely short, corresponding to 
the period p of the synchronizing pulse. This 
makes high demands on the accuracy of manu 
facture of the crystal and on its durability in 
Se. 
Meanwhile, the Scan condenser 4 of the second 

crystal b has been charged until its potential 
approaches the value of the bias potential ap 
plied to this crystal, and at or shortly after the 
instant of breakdown of the first discharging 
relay 6a, this potential is reached and the crystal 
fb begins its scanning deflection. This continues 
for the second period ti until the second synchro 
nising pulse p2 is received to overcome the bias 
of the second relay 6b and cause it to fire, dis 
charging the Second condenser 4 over a second 
period t2. This sequence is repeated for each 
crystal ic . . . lf in turn, the charge on the con 
densers O of the selective integrator circuit re 
maining Substantially constant during each scan 
period t1 and being increased in equal steps W 
(Fig. 5) by each synchronising pulse p. The lat 
ter occupies the brief period of time p at the con 
clusion of each scanning period t1, and the re 
sulting wave form at the tapping point 9 is as 
shown in Fig. 5. The potential across the in 
tegrator relay f2 thus builds up until, when the 
sixth pulse ps is received and fires the sixth 
discharging relay 6f, it also raises both the anode 
and grid potentials of the integrator relay 2 
to values (represented by Wa in Fig. 5) such as 
to cause it to fire and reset the whole circuit to 
its initial state, whereupon the sequential oper 
ation of the crystals a . . . if is repeated. 

In the alternative arrangement shown in Fig. 
2 the Six crystal units, each comprising a crys 
tal . . . , condensers 4, 5, and gas-filled relay 
6 are connected in cascade between the cath 
ode of the pentode 3 and earth, the bias poten 
tial being obtained from a resistance potential 
divider 5a which is connected between H. T. 
positive and earth. The control grids of the re 
lays 6 are all connected to the tapping point 9 
on the selective integrator circuit f O, 2 of Fig. 
l. The operation of this circuit is as follows: 
A charging current which is linear with respect 

to time flows through the constant current pen 
tode 3, and the condensers 4 are charged at a 
constant rate, the voltage across each condenser 
rising from zero and increasing until the associat 
ed relay 6a. . . . 6f is caused to strike by the syn 
chronising pulse. p1, . . . ps. respectively. (Fig. 5) 
applied through the tapping point 9 on the selec 
tive integrator circuit {0, 2 (Fig. 1). Thus the 
first relay 6a is arranged to be triggered by the 
potential developed at the point 9 when the first 
pulse pi is received, this pulse occurring at the 
end of the first period t1 (Figs. 3 and 5) during 
which the first crystal a performs its scanning 
deflection under the action of the rising poten 
tial of the associated condenser 4. 
The resistances a serve to apply across each 

crystal a biasing potential such that while a 
crystal (for example the crystal fa) is perform 
ing its scanning deflection, the potentials de 
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veloped across the condensers 4 associated with 
all the subsequent crystals (in the example cho 
Sen, the Crystals b . . . ff) are insufficient to 
Overcome the bias potentials applied across these 
crystals and so cause them to perform their 
Scanning deflections. Thus, only the crystal la 
is deflected during the first period t1. In similar 
manner, when the crystal b is performing its 
Scanning deflection, the bias potentials on the 
crystals c. . . . f are greater than the poten 
tials across their respective condensers 4, so that 
only the crystal b is deflected during the sec 
only period t1. The condensers 5 serve to iso 
late the tapping points between the resistances 
5a from the condensers 4 so that the voltage/ 

time characteristic of the latter is not affected 
by the bias potentials of the crystals. 

In both forms of the apparatus shown in Figs. 
1 and 2, it will be seen that each crystal has a 
bias potential applied thereto which is character 
istic of its position in the scanning sequence, and 
that this potential is adjusted to ensure that the 
crystals perform their scanning deflections in the 
correct Sequence, only one crystal being operative 
at any one instant. The sequence is kept in step 
by means of the synchronising pulses. \ 
With the above-described sequential mirror 

Scanning System, the operating frequency of each 
crystal a . . . f is reduced in direct proportion 
to the number of mirrors 2 being used; i. e. the 
fundamental frequency for the six-crystal unit 
described, and operating on the standard 405-line 
transmission, becomes one-sixth of 10,125 cycles 
per sec., or 1,680 cycles per sec. The 11th har 
monic is then 18.5 kc./s., which is a more prac 
tical operating figure for crystal scanning units. 
As shown in Fig. 6, the mirror 2 on each crystal 

is illuminated in turn by a single light beam which 
is modulated by, say, any known type of Super 
Sonic wave cell 6, this beam being directed on to 3 
each Scanning mirror 2 in turn by means of a 
beam shift mirror also preferably formed or 
mounted on a crystal which is energised directly 
from the integrator circuit O, 2. The line scan 
mirrors 2 reflect the beam on to a frame scan 
mirror 8 operated by a known form of frame 
scanning circuit and thence to an intermediate 
Screen 9 the image on which is projected by a 
suitable optical System on to a viewing screen 20. 
By the use of the beam shift mirror 7, a single 
modulated light beam only can be used, thus 
enabling a relatively simple optical circuit to be 
adopted and ensuring a relatively high light 
intensity in the final image. 

It can be shown that even after the line oper 
ating frequency has been reduced by using sev 
eral mirrors scanning in sequence, the crystals 
a . . . if will have a relatively Small angle of 

deflection and the picture obtained directly from 
the mirrors 2 will be Small in consequence. In 
order to overcome this and to provide a picture 
of Satisfactory dimensions it will be necessary to 
project the image on to a final screen by means 
of Suitable optical arrangements. This is an 
advantage because the size of the final picture is 
then Virtually independent of the scanning ap 
paratus itself. The picture size becomes mainly 
dependent on the intensity of the light source, 
the efficiency of the light modulator and the 
nature of the projection lens System. 
The frame scanning unit can be fairly simple 

as the frequency of operation is very low and no 
special methods are called for. The unit may be 
of the mirror drum variety or a single mirror 
crystal unit. This latter method is preferable 
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6 
from the point of view of light efficiency and ease 
of Synchronising, but may suffer from a dis 
advantage unless the mirrored surface can be 
made long enough to accommodate the complete 
line scan. If the size of mirroris found in practice 
to be strictly limited, it may be necessary to adopt 
a split-focus lens system in order to reduce the 
line Scan down to the limit acceptable to the 
frame Scanning mirror, and to enlarge the line 
after it has left the frame scanning unit. 
An advantageous application of the invention 

is to a television receiver circuit such as is illus 
trated in Fig. 7. This circuit depends upon the 
Debye Sears effect, whereby a light beam is dif 
fracted by the supersonic waves which are set 
up in a translucent liquid in which a quartz 
crystal is immersed when the crystal has an oscil 
latory H. F. potential applied across it. Cells 
containing liquid in which quartz crystals are 
immersed are already known as light modulators 
for use in television receivers. In hitherto 
knoWn arrangements, a light beam, which is 
modulated in accordance with incoming signals 
applied to the crystal in a cell, is focused on to 
a rotating polygonal scanning mirror which is 
rotated at high speed. The light is reflected from 
the Scanning mirror through a suitable optical 
System on to a screen on which the picture is 
built up. 

It has hitherto, however, been a drawback of 
Such known Systems that the rotating scanning 
mirror has been required to rotate at high speed 
Whilst, at the same time, no play or vibration in 
the bearings is permissible if a steady picture is 
to be obtained. This mechanical requirement has 
proved difficult of attainment. It is an advantage 
of the present invention that apparatus in ac 
cordance therewith can replace the rotating 
mirror and thereby avoid the difficulties hitherto 
experienced in satisfactory mechanical design of 
the scanning mirror mountings. 

Fig. 7 illustrates diagrammatically an optical 
arrangement for a television receiver working on 
the Debye Sears principle. In this figure a beam 
of light from a light source 2 is passed through 
a slit 22 and modulated by a supersonic Wave cell 
23 in which a quartz crystal is embedded at One 
end 24. The direction of the Wave train set up 
in the liquid in the cell 23 is indicated by the 
arrow 25. The modulated beam is reflected from 
a beam shift mirror 26 on to successive mirrors 2 
of a six-crystal line Scan unit 3 constructed in 
accordance with the invention and is reflected by 
these mirrors on to a frane scan mirror 27 and 
focused on a screen 28. Each mirror 2 is de 
flected at such a speed and in such a direction 
that a stationary image 29 of the wave train in 
the cell 23 is produced on the Screen 28. This 
image 29 constitutes a complete line Scan occupy 
ing, say, 50 microSeconds of received signals of a 
picture to be built up on the screen 28, the arrow 
30 indicating the direction of travel of the wave 
train in the image 29 whilst the arrow 3 indicates 
the direction of scanning of the line. 
As already indicated, the velocity of the wave 

train in the direction of the arrow 30 must be 
equal to the velocity of scan in the direction of 
the arrow 3 in order to produce a stationary 
image 29. As will be understood, this can readily 
be achieved by suitable selection of the rate of 
charge of the condensers 4 which are connected 
to the crystal units a . . . lf in the crystal scan 
ning unit 3. The arrangement has the advantage 
that there are no rotating mechanical parts re 
quiring a high degree of accuracy of manufacture 
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of bearings, whilst a high degree of constancy in 
speed of line Scan is readily achieved. The 
Optical circuit illustrated in Figure 7 constitutes 
a known arrangement, and it is not therefore 
proposed to describe it in fuller detail. 

Instead of gas-filled relays in the discharging 
circuits, “hard' valves may be used, these being 
normally biased well back, preferably beyond the 
cut-off point, to ensure that no current flows 
through then during the period of line scanning 
of their respective crystals. The application of 
the Synchronisiing pulse is then arranged to over 
come this bias and allow a relatively large current 
to flow. With Such an arrangement, however, it 
is preferred to retain a grid-controlled gas-filled 
relay in the selective integrator circuit, since the 
discharge time is short and a correspondingly 
heavy current must flow. 

It should be understood, how ever, that if pre 
ferred a "hard' valve, suitably biased, may be : 
employed in place of a gas-filled relay in this 
part of the circuit. 
The crystals may be made by any of the known 

methods. For example, each crystal may con 
sist of a pair of thin rectangular plates cut from 
a "nother' crystal of Rochelle salt with their 
edges parallel to the main axes of the crystal 
the plates being cemented together and clamped 
at one end. Such a unit will then twist on the 
application to the electrodes of the deflecting 
potential, and is sometimes known in the art as 
a "tWister.' 
What I claim is: 
1. In electrical reproduction apparatus of the 

kind described a Scanning system comprising a 
plurality of piezo-electric crystals each having a 
light-reflecting surface on a free face thereof and 
adapted to deflect the light reflecting surface 
through a predetermined scanning angle as a 
potential applied across the respective crystal : 
progressively varies through a predetermined 
range of values, means for directing a modulated 
light beam on to the reflecting surfaces of the 
Crystals in Succession and in a predetermined 
Sequence, means for applying across the crystals 
a potential varying progressively from an initial 
value through a range including the said pre 
determined range, means for causing the said 
potential to pass through the predetermined 
range for each crystal in turn as the reflecting 
surface thereon is illuminated by the light beam, 
and means for progressively restoring to its initial 
Value, in a period of time during which at least 
one other crystal is being illuminated, the po 
tential acroSS each crystal after the said crystal : 
has completed its scanning deflection. 

2. A Scanning system as claimed in claim 1 
having means for applying across a crystal a bias 
potential Which is characteristic of the position 
of the Said crystal in the scanning sequence to 
ensure that the crystals perform their scanning 
deflections in turn and in the predetermined 
sequence. 

3. A Scanning System as claimed in claim 1 
having means for rendering the succession of 
Scanning deflections of the crystals repetitive. 

4. A scanning System as claimed in claim 1 
having means for applying across a crystal a bias 
potential Which is characteristic of the position 
of the Said crystal in the scanning sequence to 
ensure that the crystals perform their scanning 
deflections in turn and in the predetermined 
sequence, and means for rendering the said se 
quence repetitive. 

5. A Scanning System for electrical reproduc 
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8 
tion apparatus of the kind described comprising 
a plurality of piezo-electric crystals each having 
a light-reflecting surface on a free face thereof, 
means for directing a modulated light beam on 
to the light reflecting surfaces of the crystals 
One at a time as the respective crystal com 
mences its Scanning deflection, a condenser con 
nected acroSS each crystal, a supply of current 
to charge each condenser to a potential sufficient 
to deflect the crystal through a scanning angle, 
a discharging relay connected across each con 
denser, and a control circuit for rendering each 
discharging relay operative in turn in the same 
Sequence as that in which the crystals perform 
their successive scanning deflections. 

6. A Scanning System according to claim 1 hav 
ing a condenser connected across each crystal, 
a Supply of current to charge each condenser 
to a potential sufficient to deflect the crystal 
through a scanning angle, and a source of char 
acteristic bias potential connected to a crystal 
to prevent that crystal from beginning its scan 
ning operation until the potential across the as 
sociated condenser has exceeded the value of 
the Said bias potential. 

7. A scanning system for electrical reproduc 
tion apparatus of the kind described comprising 
a plurality of piezo-electric crystals each having 
a light-reflecting surface on a free face thereof, 
means for directing a modulated light beam on 
to the light reflecting surface on each crystal as 
it commences its scanning deflection, a condenser 
connected across each crystal, a supply of cur 
rent to charge each condenser to a potential suff 
cient to deflect the crystal through a Scanning 
angle, a source of characteristic bias potential 
connected to a crystal to prevent that crystal 
from beginning its scanning deflection until the 
potential across the associated condenser has 
exceeded the value of the said bias potential, a 
grid-controlled gas-filled relay connected across 
each condenser, a capacity potential divider con 
nected to a source of synchronising pulses, and 
a connection from a tapping point on the po 
tential divider to the grid of each gas-filled relay. 

8. A Scanning System as claimed in claim 7 
including means for discharging the capacity 
potential divider at the end of each sequence of 
Scanning operations. 

9. A scanning System for electrical reproduc 
tion apparatus of the kind described comprising 
a plurality of piezo-electric crystals each having 
a light-reflecting surface on a free face thereof, 
means for directing a modulated light beam on 
to the light reflecting surface on each crystal 
as it commences its scanning deflection, a con 
denser connected across each crystal, a supply 
of current to charge each condenser to a poten 
tial sufficient to deflect the crystal through a 
Scanning angle, a Source of characteristic bias 
potential connected to a crystal to prevent that 
crystal from beginning its scanning deflection 
until the potential across the associated con 
denser has exceeded the value of the said bias 
potential, a grid-controlled gas-filled relay con 
nected across each condenser, a capacity poten 
tial divider connected to a source of synchro 
nising pulses, a connection from a tapping point 
on the potential divider to the grid of each gas 
filled relay, a grid-controlled electron discharge 
device connected across the ends of the potential 
divider and biased back to the non-conducting 
state, and a connection from the control grid 
thereof to a point on the potential divider such 
that the discharge device is rendered conducting 
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when the synchronizing pulse which triggers the 
relay associated with the last crystal in the Se 
quence of scanning operations is applied to the 
potential divider. 

i0. A scanning system as claimed in claim 1 
wherein the means for directing the modulated 
light beam on to the reflecting surfaces of the 
crystals comprises a light reflecting element to 
illuminate the reflecting surface of each crystal 
singly and means to deflect the said light re 
flecting element in steps on the reception of each 
successive synchronising pulse to illuminate each 
crystal in turn While it deflects through the scan 
ning angle. 

11. A scanning system as claimed in claim 7 
including a further crystal having a reflecting 
surface on a free face thereof and arranged to 
illuminate the reflecting Surface of a line Scan 
ning crystal during its scanning deflection, Said 
further crystal being connected across the ca 
pacity potential divider so as to be deflected in 
steps at the reception of each Synchronising 
pulse through an angle sufficient to deflect the 
modulated light beam from the reflecting Sur 
face of one line scanning crystal to the corre 
sponding surface of the next crystal in the pre 
determined scanning succession. 

12. In a scanning System as claimed in claim 1, 
a light modulating device operating on the Debye 

5 

Sears principle in combination with a source of 
Scanning potential applied to each crystal such 
that the crystal deflects the light beam in such 
a direction and at Such a Speed that the image 
of the wave train set up in the light modulating 
device appears stationary. 

FREDERICK HENRY MARTIN. 
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