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SIMPLIFIED HORIZONTAL DYNAMIC CONVERGENCE                   CIRCUIT
(71)   We. RCA CORPORATION, (formerly  screen in order to provide an
accurate high            RADIO  CORPORATION  OF  AMERICA), a  definition
image.                               50            corporation organized
under the laws of the    Superposition of the striking points of the
State of Delaware, United States of America, three beams on the screen
requires dynamic       5   of 30 Rockefeller Plaza, City and State  as well
as static correction means and is           of New York, United States of
America, do  generally referred to as convergence. Static           hereby
declare the invention, for which we  convergence means are provided to
converge  55           pray that a patent may be granted to us, and  the
three beams at screen center when           the method by which it is to be
performed, the deflection yoke fields are zero. However,      10  to be
particularly described in and by the  under the influence of the yoke
deflection           following statement:-                     fields, the
three beams pass through different
portions of the yoke field and are deflected   60             This
invention relates to dynamic converg- differently. The greater the
deflection, the           ence circuits for multi-electron beam display
greater is the misconvergence of the beams at           devices  such  as
a  multi-beam  color  the screen.      15  kinescope.
To correct this misconvergence, additional             Most color
kinescopes currently in com- correction of a dynamic type depend-  65
mercial use are shadow mask kinescopes  ent on  vertical  and  horizontal
deflec-           which have three electron guns positioned in  tion must
be provided. It is, therefore,           the neck of the kinescope. The
three electron  customary  to  provide dynamic electro-      20  guns
produce beams of electrons which pass  magnetic  means, in  conjunction
with           through the neck of the kinescope where they  the electron
beams prior to horizontal and   70           are deflected by a magnetic
deflection yoke  vertical deflection, for correcting the mis-
field to scan the kinescope target screen. convergence of the beams as a
function           Between the screen and the neck of the  of angular
deflection of the beams from      25  kinescope, there is located an
aperture mask  the center of the kinescope screen. For this           which
intercepts the electron beams and  purpose, current waveforms of a
generally  75           allows electrons to pass through only at the
parabolic shape are derived  from  the           apertures.
horizontal and vertical  deflection circuits             Immediately behind
each aperture (looking  and are employed in conjunction with three      30
from  the gun end of the kinescope) is  convergence electromagnets to
dynamically           arranged a group of three phosphor dots  converge the
three beams at all points of the   80           capable of producing green,
red, and blue  scanned area of the kinescope screen. The           light
respectively when struck by electrons. wave forms employed must have  the
proper           Depending on the angle of approach of the  shape in order
to achieve good convergence      35  electrons passing through the aperture
mask  of the three beams at all points of the           those electrons
from  one gun will strike  kinescope screen.                         85
the green phosphor dots and those  electrons   Dynamic convergence
circuits require           from one of the other guns will strike the
careful adjustment in order to provide the           red phosphor dots. The
electrons from the  proper amplitude and  wave shape to      40  remaining
gun will strike the blue phosphor converge the beams at all points on the
dots.                                     screen. To facilitate this
adjustment pro-  90 Thus the guns are designated as the red, cedure,
circuits have been designed whereby           green, and blue guns
respectively in  that they  an adjustment made to produce beam
each scan the green and produce the  convergence at the left of the screen
is not      45  respective three separate primary color upset by the
adjustments made to converge           images to be displayed to produce a
full color the beams on the right side. Furthermore  95           image.
Therefore, these three color images  such adjustments for the right and
left           must be in superposition at all points of the  sides can be
made without upsetting the      
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2        static center convergence. One such circuit is  transformer 10 is
driven by a drive tube [err]       described in United Kingdom Patent
Number  and coupled to a deflection yok not shown       883692. These
features of the prior art have    The deflection circuit is adapted
deflect       made the convergence of a color television  the three
electron beams of a shadow mask   5   kinescope a procedure which is within
the  color kinescope. At the same time, converg-  70       skill of a
television serviceman.       ence of the three beams both horizontally
It is an object of this invention to provide  and vertically is
accomplished by positioning       an improved convergence circuit of
reduced  three electromagnets 1, 2 and 3 respectively       complexity by
which  the beams of a  in proximity to the electron beam paths.  10
multi-beam kinescope are converged for the    The electromagnets 1, 2 and 3
each   75       desired scan direction.                     comprise a
ferrite core and  two windings         A  multi-beam  kinescope
convergence  a horizontal control winding (convergence       circuit in
accordance with  the  present winding) 1H    2H and 3H and a vertical
invention includes means constituting  a  winding)   1H , 2H and 3H and  a
vertical 3  15  source for providing a voltage wave having a  control
windings   of the electromagnets 1,2  80       substantially sawtooth
shape, first and second  and 3 are respectively energized by red,
convergence windings coupled electrically in  green and a blue vertical
convergence circuits       series across said source to receive said saw-
which receive vertical frame rate drive signals       tooth wave and having
a common junction  from  the vertical deflection circuit. The  20
connection, a resistance network having three  horizontal control windings
of the elec-  85       terminals, one of said terminals being
connected to the junction of said serially  tromagnets 1 and  2 are
energized by a       red-green  horizontal convergence  circuit
connected convergence windings, the remain-   while the electromagnet 3 is
energized by a       ing terminals of said resistance network being  blue
horizontal convergence circuit as shown  25  respectively connected to
opposite ends of  in Figure 1 within the dotted outlines and   90
said serially connected convergence windings, correspondingly named.
and manually adjustable means for varying       the resistance presented
between said one    The  red-green  horizontal convergence       terminal
of said resistance network and one  circuit includes an adjustable inductor
13  30   of said remaining terminals relative to the  coupling  horizontal
deflection  frequency       resistance between said one terminal and
pulses from the horizontal deflection trans-  95       the other of said
remaining terminals. The  former secondary 11 to the series connection
inductance of said windings are of a value  of the control windings 1H and
2H of the       relative to the other parameters of said circuit red and
green convergence electromagnets.  35  to convert said sawtooth voltage
wave to a  A  ground return is provided to connect       substantially
parabolic current in each of  the convergence control windings to the   100
the windings, and the resistance value of the  deflection transformer
secondary 11.       resistance network between the junction of    Connected
across the series connected       said convergence windings and at least
one of  control windings 1H and 2H is a parallel  40  said remaining
terminals is sufficiently large  combination of three current paths. One of
as to cause the parabolic current waveforms  these paths comprises a
capacitor 14 series  105       in said windings to be substantially equal
and  connected  with  a resistor 15 and  an       to shift in opposite
directions with respect to  adjustable resistor 16. A second of these
time when said manually adjustable means is  current paths consists of a
resistor 17 and a  45   adjusted.
rectifying diode 18. The third path comprises         In the accompanying
drawings:          a potentiometer 20 with an adjustable wiper  110
Figure 1 is a schematic circuit diagram of a  connection.       convergence
circuit embodying the principles    The adjustable inductor 13 is
proportioned       of the present invention;                   so that the
pulse voltage coupled from  50     Figures 2a and 2b are graphs of current
transformer secondary  11 is integrated into       waveforms in the
convergence windings  a sawtooth shaped voltage waveform  as  115
which will be referred to in describing the  developed across the three
parallel current       operation of the invention; and         paths. The
current path comprising the diode         Figures 3(a) and 3(b) are
diagrammatic  18 and the resistor 17 conducts only for one  55
representations of the scanning paths fol-  polarity of the sawtooth
waveform appearing       lowed by the red and green electron beams  across
it and provides a net direct current  120       for different  adjustment
settings of the  flow through it and the electromagnet control
convergence circuit shown in Figure 1.  windings 1H and 2H.
Referring now to the drawings, Figure 1    The sawtooth of voltage
developed across  60  shows a schematic circuit diagram  of a  the three
parallel paths is also across  the       convergence system wherein
horizontal con-  series connected control windings 1H and   125
vergence energy is derived from a horizontal 2H. Since these windings have
a high       deflection circuit including a deflection and  inductance to
resistance ratio and, therefore a       high voltage transformer 10 by
means of  high quality factor, (Q), they integrate the 65   a secondary
winding 11. The deflection  sawtooth voltage applied to  them  and  
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3        develop  a parabola of current to effect  would control the
division of the sawtooth             convergence.
voltage supplied to the control windings               The rectified
current in the control  1H, 2H. In such case, adjustments of the
windings 1H and 2H serves to clamp the  potentiometer 20 would control the
division        5   trough of the parabola of current to a fixed  of
parabolic current amplitude in  the   70             value such that static
center convergence  windings 1H, 2H. However, in the present
will not change as a function of control  circuit, where the potentiometer
20 and             adjustments. The rectified current produced  connecting
resistor 21 have a high total             by the diode 18 finds parallel
return paths  resistance value, a different result is achieved. 10  through
the control windings 1H and 2H, the    In operation, a sawtooth current
flows  75             potentiometer 20, and the series combination  through
the potentiometer 20, When the             of variable inductor 13 and
transformer  wiper is at midposition on the potentiometer
secondary 11. Of these, the potentiometer is  20, no current will flow in
resistor 21 because             the highest resistance and conducts very
little  of the symmetry of the circuit. When the       15   of the
rectified current.                   wiper is moved away from the
midposition a   80               The windings 1H and 2H are 10 ohms d-c
sawtooth current flows in the resistor 21. The             resistance each,
and the inductor 13 has a  direction of the sawtooth current depends
comparable or larger resistance component. on which way the wiper is moved
from             Therefore a substantial portion of the  the midposition.
Because of the relative       20  rectified current is caused to flow
through the  magnitudes of resistance of resistor 21 and   85
control windings 1H and 2H. It should be  potentiometer 20, the resultant
sawtooth             noted that an isolation capacitor is not used  current
through the resistor 21 also flows as             in series with the
variable inductor 13 by  a sawtooth component of current in the
means of the judicious choice of the  windings 1H and 2H. The sawtooth com-
25  resistance values of the components of the  ponents in the two windings
are in opposite  90             circuit. The above mentioned patent
provides  polarity directions, and add to the parabola             a more
detailed description of convergence  of current in the windings in a manner
which             waveform current clamping.              appears to shift
the phase of the parabolic               The variable inductor 13 provides
a master  currents in opposite directions.       30   amplitude control of
the parabola of current  Figure 2a shows the parabolic currents in  95
flowing in the control windings 1H and 2H  the windings 1H and 2H when the
wiper is            in that an adjustment of the inductor core  moved
toward the non-grounded end of the            changes the inductance and
therefore the  potentiometer 20, and Figure 2b shows the
amplitude of the sawtooth current flowing  corresponding currents when the
wiper is       35  into the three parallel impedance paths.  moved toward
the grounded end of the   100            During the first half of scan, the
diode 18 and  potentiometer. Therefore, the sawtooth cur-
resistor 17 are the controlling impedances of  rent flow provides an
effective differential tilt            the three paths in that the polarity
of the  of the horizontal beam scans. Adjustments of            sawtooth
voltages is appropriate for diode 18  potentiometer 20 cause equal and
opposite       40   conduction. For the latter half of scan  movements of
the red and green beam scans.  105            the diode is nonconducting
and, therefore, its   In the ideal kinescope-yoke combination,
branch path provides a very high impedance.  an equal magnitude of parabola
current is            At this time the branch path including  required in
each electromagnet for red and            capacitor 14, resistor 15 and
variable resistor the green convergence. Furthermore, ideally       45   16
is the controlling low impedance path.  equal magnitude sawtooth  currents
are  110            Therefore, an adjustment of the variable  required for
tilt correction. However, the tilt            resistor 16 will adjust the
amplitude of the  for one beam scan must be of the opposite
sawtooth during the latter half of scan to the  phase to the other when the
phase parabolas            virtual exclusion of the first half of the scan
are applied to the control coils.       50   period.
In the circuit shown in Figure 1, the same   115              The series
connected control windings 1H  phase parabola is applied to the control
and 2H  are connected across the poten-  winding 1H and 2H in series
connection.            tiometer 20 and have a common connection  Also the
tilt sawtooth current generated by            between them. A resistor 21
is connected  the asymmetry of conduction in the diode       55   between
the common connection of the two  branch is applied to the control coils in
series.  120            control windings 1H and 2H and the wiper of
Therefore, like phase tilt resulting from the            the potentiometer
20. The potentiometer  asymmetrical sawtooth voltage is applied to
20 resistance and the connecting resistor 21  both control windings. The
differential tilt            together are made comparable to or larger
potentiometer 20 then provides the required       60  than the reactive
impedance of an individual  phase of sawtooth in the windings with   125
control winding.                            respect to the required
corrections mentioned              If by way of contrast the total
resistance of  above.            the potentiometer 20 and resistor 21 are
In adjusting the convergence circuit shown 



made very low relative to the reactance of the  in Figure 1, the first step
is to adjust the       65   windings 1H, 2H, then the potentiometer 20
inductor 13, which controls the amplitude of  130        4
1,257,712                                           4        the parabolic
current in the windings 1H and  blue horizontal deflection circuit
disclosed in       2H. During the set-up procedure it is  United States
Patent Number 3,187,218  to       desirable to use a cross-hatch generator
which reference may be made for further       to produce a pattern of
substantially equally  description.  5   spaced vertical and horizontal
lines of the   The direct current clamp  diode for  70       face of the
kinescope. The inductor 13 is  clamping the trough of the parabola has been
adjusted to align the vertical red and green  omitted since experience
shows that if the       lines on the left hand side of the screen,  blue
center static convergence does move,       which lines correspond to the
first half of the  then it is very easy to make the blue line 10
horizontal scanning lines.                  parallel to the merged
red-green scan and   75         The second step is to adjust the master
tilt  then reset the blue center static convergence.       control
potentiometer 16 to align the vertical It should be remembered that the
brightness       red and green lines on the right hand side of  of blue is
very low and it is easier to       the screen, which lines correspond to
the last  distinguish when it is separated from  the 15   half of the
horizontal scanning lines. As  relatively bright red-green merged line. The
80       mentioned above the adjustment of the  blue convergence circuit as
disclosed in       potentiometer 16 does not materially affect the above
United States patent provides       the alignment of the vertical lines on
the left  an improved waveform  suited to wide       hand side of the
screen.                   angle deflection kinescopes and also provides 20
The third adjustment is the differential tilt independent convergence
adjustment at the   85       control potentiometer 20 which is set to align
screen edges.       the horizontal  red and green lines. This    The
following table lists the values of the       adjusts in an opposite manner
the magnitudes  components in the circuit of Figure 1.       of the
respective resistive portions on 25   opposite sides of the slider of the
poten-   Inductor  13    2.0-5.5 mh       tiometer 20.
Inductor 22         2.0-5.5 mh             90         Figure 3 shows two
extreme degrees of   Winding 1H,2H ,3H 2.2 mh       movement of the scans
of the red and green   Capacitor 14   0.15 [err]       beams as provided by
the potentiometer 20.   Capacitor 19    1000 [err] 30   Figure 3a shows the
red scan high on the left   Capacitor 24  0.15 [err]       and low on the
right while the green scan is    Capacitor 26  1000 [err]            95
low on the left and high on the right. This is    Resistor  15  82 ohms l
watt       the condition of the potentiometer 20 wiper  Resistor 17    82
ohms 1/2 watt       displaced to the end of the potentiometer   Resistor 21
82 ohms 1/2 watt 35  remote from ground.
Potentiometer 16   250 ohms       Figure 3b shows the reverse condition,
Potentiometer 20   350 ohms            100       green high on the left,
red high on the right   Potentiometer 23   60 ohms       when the
potentiometer 20 wiper is displaced    Diode 18     l00Ma Silicon diode
to the grounded end of the potentiometer. At   Diode 25      200Ma Silicon
diode 40   an intermediate point of the potentiometer,       the red and
green scan lines will merge    WHAT WE CLAIM IS:-       horizontally.
Perfect superposition will de-    1. A convergence circuit for a multi-beam
105       pend upon both lines being straight or both  kinescope, including
means constituting a       being curved the same way, in which case  source
for providing a voltage wave having a  45   a differential parabola
correction is not  substantially sawtooth shape, first and second
needed. Errors have been observed with  convergence windings coupled
electrically       small size  shadow  mask kinescopes of a  in series
across said source to receive   110       magnitude less than a beam width
and been  said sawtooth wave and having a common       deemed to be
acceptable                    junction connection, a resistance network  50
Figure 1 shows a blue horizontal converg-  having three terminals, one of
said terminals       ence circuit connected to the secondary 11  being
connected to the junction of said       of the  horizontal deflection
circuit and to a  serially connected convergence windings, the   115
control winding 3H of a blue convergence  remaining terminals of said
resistance net-       electromagnet 3. The circuit is driven by the  work
being respectively connected to oppos-  55  same transformer secondary
winding 11 as  ite ends of said serially connected converg-       the
red-green convergence circuit without ence windings, and manually
adjustable       the usual direct current isolation capacitor in  means for
varying the resistance presented   120       series with the horizontal
pulse source. The  between said one terminal of said resistance
rectified direct current  provided  by diode  network and one of said
remaining terminals  60   18 in the red-green convergence circuit is
relative to the resistance presented between 



prevented  from  passing  into  the blue  said one terminal and the other
of said       horizontal convergence circuit by the low  remaining
terminals, the inductance of said  125       resistance of the secondary
winding 11 of the  windings being of a value relative to the other
horizontal output transformer 10. The actual parameters of said circuit to
convert said  65   circuit shown (by way of example)  is a  sawtooth
voltage wave to a substantially                   4
1,257,712                                           4                  the
parabolic current in the windings lH and  blue horizontal deflection
circuit disclosed in                 2H. During the set-up procedure it is
United States Patent Number 3;187,218, to                 desirable to use
a cross-hatch generator  which reference may be made for further
to produce a pattern of substantially equally  description.             5
spaced vertical and horizontal lines of the   The direct current clamp
diode for  70                 face of the kinescope. The inductor 13 is
clamping the trough of the parabola has been                 adjusted to
align the vertical red and green  omitted since experience shows that if
the                 lines on the left hand side of the screen, blue center
static convergence does move,                 which lines correspond to the
first half of the  then it is very easy to make the blue line            10
horizontal scanning lines.                  parallel to the merged
red-green scan and   75                   The second step is to adjust the
master tilt  then reset the blue center static convergence.
control potentiometer 16 to align the vertical It should be remembered that
the brightness                 red and green lines on the right hand side
of  of blue is very low and it is easier to                 the screen,
which lines correspond to the last  distinguish when it is separated from
the            15   half of the horizontal scanning lines. As  relatively
bright red-green merged line. The   80                 mentioned above the
adjustment of the  blue convergence circuit as disclosed in
potentiometer 16 does not materially affect the above United States patent
provides                 the alignment of the vertical lines on the left
an improved waveform  suited  to  wide                 hand side of the
screen.                   angle deflection kinescopes and also provides
20     The third adjustment is the differential tilt independent
convergence adjustment at the   85                 control potentiometer 20
which is set to align  screen edges.                 the horizontal red and
green lines. This    The following table lists the values of the
adjusts in an opposite manner the magnitudes  components in the circuit of
Figure 1.                 of the respective resistive portions on
25   opposite sides of the slider of the poten-   Inductor  13     2.0-5.5
mh                  tiometer 20.                                 Inductor
22       2.0-5.5 mh           90                    Figure 3 shows two
extreme degrees of   Winding 1H, 2H, 3H 2.2 mh                 movement of
the scans of the red and green   Capacitor 14   0.15 [err]
beams as provided by the potentiometer 20.   Capacitor 19     1000  [err]
30   Figure 3a shows the red scan high on the left   Capacitor 24  0.15
[err]                  and low on the right while the green scan is
Capacitor 26   1000 [err]           95                  low on the left and
high on the right. This is    Resistor  15  82 ohms 1 watt
the condition of the potentiometer 20 wiper  Resistor  17   82 ohms 1/2
watt                  displaced to the end of the potentiometer   Resistor
21       82 ohms  1/2 watt            35  remote from ground.
Potentiometer 16   250 ohms                    Figure 3b shows the reverse
condition,   Potentiometer 20   350 ohms              100
green high on the left, red high on the right   Potentiometer 23   60 ohms
when the potentiometer 20 wiper is displaced    Diode  18    lOOMa Silicon
diode                  to the grounded end of the potentiometer. At
Diode 25      200Ma Silicon diode            40   an intermediate point of
the potentiometer,                  the red and green scan lines will merge
WHAT WE CLAIM IS:-                  horizontally. Perfect superposition
will de-    1. A convergence circuit for a multi-beam   105
pend upon both lines being straight or both  kinescope, including means
constituting a                  being curved the same way, in which case
source for providing a voltage wave having a            45   a differential
parabola correction is not  substantially sawtooth shape, first and second
needed. Errors have been observed with  convergence windings coupled
electrically                  small size shadow mask kinescopes of a  in
series across said  source to receive   110 magnitude less than a beam
width and been  said sawtooth wave and having a common
deemed to be acceptable.                   junction connection, a
resistance network            50     Figure 1 shows a blue horizontal
converg-  having three terminals, one of said terminals
ence circuit connected to the secondary 11  being connected to the junction
of said                  of the horizontal deflection circuit and to a
serially connected convergence windings, the   115                  control
winding 3H of a blue convergence  remaining terminals of said resistance
net-                  electromagnet 3. The circuit is driven by the  work
being respectively connected to oppos-            55   same transformer
secondary winding 11 as  ite ends of said serially connected converg-
the red-green convergence circuit without  ence windings, and manually
adjustable 



the usual direct current isolation capacitor in  means for varying the
resistance presented   120                  series with the horizontal
pulse source. The  between said one terminal of said resistance
rectified direct current provided by diode  network and one of said
remaining terminals            60   18 in the red-green convergence circuit
is  relative to the resistance presented between                  prevented
from  passing  into  the blue  said one terminal and the other of said
horizontal convergence circuit by the low  remaining terminals, the
inductance of said  125                  resistance of the secondary
winding 11 of the  windings being of a value relative to the other
horizontal output transformer 10. The actual parameters of said circuit to
convert said            65   circuit shown (by way of example) is a
sawtooth voltage wave to a substantially                5
1,257,712                                            5
parabolic current in  each of the windings, and    9. In or for a color
television receiver, a                the resistance value of the
resistance network  horizontal convergence circuit including a   45
between the junction of said convergence  pair of input terminals for
connection to a                windings and at least one of said remaining
source of pulses recurring at the horizontal           5   terminals being
sufficiently large as to cause  deflection frequency for said receiver, a
pair                the parabolic current waveforms in said wind-  of
serially connected convergence windings, a                ings to be
substantially equal and to shift in  first current path comprising a
capacitor and   50                opposite directions with respect to time
when  a variable first resistor connected in series                said
manually adjustable means is adjusted.  with  each  other across  said
pair of    10     2. A  convergence circuit as claimed in  convergence
windings, a second current path    Claim 1 wherein said remaining terminals
of  comprising a second resistor and a diode               the resistance
network are d.c. coupled to  connected in series with each other across  55
the respective opposite ends of the serially  said pair of convergence
windings, a third               connected convergence windings.
current path comprising a potentiometer   15     3. A  convergence circuit
as claimed in  connected across said pair of convergence
Claim  1 or Claim  2 wherein said source  windings with its slider
connected through a               means constitutes a single-ended  source
third resistor to the junction between said  60               providing the
sawtooth voltage wave between  convergence windings, and a master ampli-
an output terminal and a reference potential  tude controlling inductor
connected between          20   terminal.
said input terminals in series with the parallel                 4. A
convergence circuit as claimed in any  combination of said windings and
current               preceding Claim, wherein said resistance  paths, said
inductor being proportioned to   65               network comprising
between said remaining  integrate said pulses into a sawtooth voltage
terminals thereof a potentiometer having  wave, the inductance of the
windings being          25  its slider coupled to said junction of the
proportioned to convert the sawtooth voltage               convergence
windings.                       wave into a substantially parabolic current
5. A  convergence circuit as claimed in  waveform in each winding, and the
resistance   75               Claim 4 wherein said potentiometer and said
of said potentiometer and third resistor being               serially
connected convergence windings are  together of at least comparable value
to the          30   directly connected to said source means.  effective
reactive impedance of each winding                 6. A convergence circuit
as claimed in any  whereby the parabolic current waveforms in   preceding
Claim wherein said one terminal of  the windings will be substantially
equal.  80               the resistance network is connected to the    10.
A convergence circuit substantially as               junction of said
convergence windings by a  hereinbefore  described with  reference to the
35   direct current connection.                        accompanying
drawing.                 7. A  convergence circuit as claimed in
Claim 6 wherein direct current connection               includes a resistor
to determine the minimum          T. I. M. SMITH,               resistance
across said convergence windings.       Chartered Patent Agent,         40
8. A convergence circuit as claimed in any           50 Curzon Street,
preceding Claim included in the horizontal               London, WlY 8EU,
convergence circuitry of a color television        Agent for the Applicant.
receiver.                     (8806)    Printed by Her Majesty's Stationery
Office Press, Edinburgh, 1971.                        Published by The
Patent Office, 25 Southampton Buildings, London, WC2A lAY,
from which copies may be obtained.    


