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We, RCA  CORPORATION, a  voltage and an AFC voltage, a problem arises
corporation organized under the laws of the  in that the control or gain
characteristics     State of Delaware, United States of America,  of the
AFC loop vary over the entire tuning  50     of 30 Rockefeller Plaza, City
and State of  range of the apparatus. 5  New York, 10020, United States of
America,    The AFC  loop gain is a dimensionless     do hereby declare the
invention, for which we  quantity and can be defined for a feedback
pray that a patent may be granted to us, and  control system. In such a
system  the dis-     the method by which it is to be performed,  criminator
exhibits a volts per KHz output 55     to be particularly described in and
by the  sensitivity, and the local oscillator exhibits a 10 following
statement: -                       KHz per volt output sensitivity. The
pro-       This invention relates to automatic fre-  duct of the two
sensitivities yields the value     quency control and, more particularly,
to a  of the dimensionless AVC loop gain. Accord-     circuit which
provides an improved control  ingly, it is desired that a given
discriminator  60     signal to a variable reactance device.     voltage
increment vary the frequency of the 15    Most conventional receivers (AM,
FM  and  oscillator the same amount relatively indepen-     TV) employ
tuners to respond to received  dent of the center frequency of the
oscillator.     radio frequency (RF) signals. Such tuners    A variation in
the loop gain affects the     include selective amplifiers to produce an
response of the receiver depending upon the  65     amplified version of
the received signal. This  station tuned to. It is therefor desirable to 20
amplified signal is conventionally applied to  produce a signal for such a
varactor diode     a mixer circuit which is also responsive to a  which
will permit tuning the receiver over     local oscillator signal. The
difference between  the desired range while maintaining the AFC     the two
signals provides an intermediate fre-  loop gain uniform. This assures that
the  70     quency of IF signal. Automatic frequency  oscillator will
change frequency a given amount 25  control (AFC) serves to control the
frequency  upon the application to the variable react-     of the local
oscillator to assure that the mixer  ance device of a given increment of
control     provides the optimum IF signal.             voltage.
There are a number of techniques used to    According to the present
invention there  75     produce the AFC control voltage. This voltage  is
provided a control circuit for  accurately 30  is normally applied to a
variable reactance  varying the frequency of an oscillator to a     circuit
associated with the oscillator to change  predetermined  value  by
controlling  the     or alter its frequency accordingly. Certain of
reactance of a variable reactance device     these systems utilize varactor
diodes which  coupled to the frequency determining net-  80     possess a
capacitance which varies according  work of said oscillator, comprising:
(a) a 35  to the magnitude of an applied control voltage. voltage divider
having a variable tap on one     In such systems the receiver is tuned to a
of its members coupled to said variable react-     desired channel by means
of a manual tuning  ance device to set the voltage applied thereto
control, and when using varactor diodes, the  and therefore the frequency
of said oscillator, 85     tuning control serves to vary the bias on these
(b) a discriminator responsive to said oscil- 40  diodes. Accordingly, the
varactor diodes may  lator frequency to produce an error signal     be
subjected to a first DC voltage which is  for oscillator frequencies
different from  said     varied by means of the tuning control. The
predetermined value, (c) a first circuit com-     varactors additionally
may also receive a  prising first and second transistors of oppo-  90
second DC voltage which is produced by a  site condctivity types each
having  base, 45  discriminator circuit used in an automatic  emitter and
collector electrodes, said collectors     frequency control system. Where
the varactor  being connected together and said emitter of     diode is
subjected to both a tuning control  said first transistor and said  emitter
of said     [Price 25p]               price 33p 



2                                           1,375,978      second
transistor being connected to different  coupled to the output of the IF
amplifier 15,     potential points, a coupling of the output of  and
provides a DC control voltage according     said discrimator to the base
electrode of either  to the frequency of the IF. This DC con-     one or
both of the said first and second  trol voltage is conventionally applied
to a 5  transistors for applying said  error signal  variable reactance
circuit associated with the  70     thereto, and (d) a second circuit
coupling  local oscillator 14 of the receiver. This action     said
collector electrodes to  said  voltage  serves to alter the frequency of
the oscillator     divider at the opposite ends of the member  in a
direction to maintain the frequency of     including said tap and serving
to inject a  the IF relatively constant. Such a variable 10 portion of a
control current derived from the  reactance device may be the varactor
diode 21  75     error signal into said divider, to provide  which is
coupled across a suitable resonant     substantially constant gain for the
loop cir-  circuit included in the oscillator 14, as known     cuit
including and discrimation circuit. This  in the art. The varactor tuning
element 21 is     arrangement by serving to effectively inject  also
coupled to a voltage divider 25 via a 15  current into the divider,
operates to equalize  resistor 24. The junction between the cathode  80
the AFC loop gain across the frequency band  of the varactor diode 21 and
the resistor 24 is     of the receiver.
bypassed to ground through a suitable filter-        A complete description
of the invention will  ing capacitor 22 to provide a bypass for high     be
given if reference is made to the follow-  frequency AC signals. 20  ing
figures, in which:                          The voltage divider 25
includes three  85        Figure 1 is a schematic diagram partly in
resistors 26, 27 and 28 coupled in series be-     block form of a receiver
employing a control  tween a source of potential +V and a point     circuit
according to this invention;        of reference potential. Resistor 27 is
a poten-        Figure 2 shows a schematic diagram of an  tiometer having
its variable tap connected to 25  alternative embodiment of the control
cir-  the other terminal of resistor 24. Accordingly,  90      cuit.
as the variable tap of resistor 27 is moved; a        Referring, to Figure
1, there is shown an  variable bias is applied to the varactor diode
antenna 10 capable of responding to a band of  21, thus varying its
capacitance and therefore      transmitted radio frequency (RF) carrier
sig-  causing the oscillator to change frequency. 30  nals. The  terminals
of antenna  10  are  For example, in a typical FM tuner the range  95
coupled to the input terminals of a radio  of voltage required for tuning
the local oscil-      frequency or RF amplifier' 11. The output  lator over
the FM  band (88-108 MHz) can      of the RF amplifier ll is conventionally
applied  vary from  about +2  volts to  +9 volts.      to one input of a
mixer circuit 12. The mixer  Basically, this voltage range is available by
35  circuit 12 has another input to which is  moving the variable tap of
resistor 27 be- 100      applied a signal developed by a local oscillator
tween the upper and lower limits. In most      circuit 14 included in such
a receiver. The  prior art circuits the AFC voltage derived      output of
the mixer 12 provides sum  and  from the discriminator 20 is applied via a
difference frequencies in accordance with the  separate path to the
varactor diode 21 or to 40  local oscillator and RF frequencies. A suitable
a separate varactor diode associated with the 105      one of these
frequencies is selected by a rela-  oscillator. This additional circuit
provides the      tively narrow band IF amplifier circuit 15.  necessary
change in frequency needed for AFC      Conventionally,  the  output  of
the  IF  operation.      amplifier 15 is coupled to an input of a    In the
circuit shown the outputs of the 45  suitable detecting circuit 16 which
operates to  discriminator are applied to the base elec- 110
demodulate and retrieve the information trans-  trodes of transistors 30
and 31 which are      mitted on the incoming carrier signal. The out-
connected in series between the source of      put of the detector 16 is
coupled to suitable  potential + V  and the point of reference      output
circuitry 17 which may, for example,  potential. Transistors 30 and 31 are
of oppo- 50  be a kinescope display or, in the case of a  site
conductivity. Essentially, the transistors 115      radio receiver, an
amplifier and speaker cir-  30 and 31 are connected in shunt with the
cuit.                                         aforementioned voltage
divider 25. The emit-        As indicated, the IF signal is derived from
ter electrode of the PNP transistor 30 is con-      the local oscillator
and the RF signal. There-  nected to the  +V  supply. The collector 55
fore, changing the frequency of the local  electrode is coupled to the
collector electrode 120      oscillator 14 permits one to tune the receiver
of the NPN transistor 31 having its emitter      over the entire band. This
serves to select  electrode coupled to ground. The base elec-      one of a
number of different carriers being  trode of PNP transistor 30 is connected
to      transmitted and responded to by the antenna  the positive output of
discriminator 20 while 60  10. Once the desired station is selected, an
the base electrode of NPN transistor 31 is 125      automatic frequency
control loop or AFC  connected to the negative output of discrimin- 



circuit maintains the frequency of the oscillator  ator 20. Each transistor
has a forward biased      at the proper value to assure reception of the
diode 32 and 33 respectively connected be-      desired signal. The AFC
loop includes a dis-  tween its base and emitter electrodes. The 65
criminator circuit 20 which has an input  diodes serve to provide current
translation  130         1,375,978                                 -
3        with temperature compensation. The output  27 and 28. In general,
this voltage reduction       of the transistor circuit is taken from the
col-  is such that the AFC loop gain falls off or       lector connection
of the two transistors. This  decreases. To restore the loop gain, resistor
connection is coupled to the high potential  36 is added to effectively
inject a portion of   5  terminal of the variable resistor 27 via a  the
control current into resistor 28. This cur-  70       resistor 35, and to
the low poential terminal  rent injection therefore develops a larger AFC
of variable resistor 27 via a resistor 36. A  voltage across resistor 28
for the above setting       resistor 37 has one terminal connected to  of
resistor 27. This action serves to main-       the junction of resistor 36
and the collector  tain the AFC control voltage at a value to   10
connection, and the other terminal connected  afford uniform loop gain for
the reduced fre-  75       to the point of reference potenial or ground.
quency operation of the oscillator 14. The          The operation of the
circuit shown in  resistor 37 serves as a voltage divider with       Figure
1. is as follows. The output of dis-  resistor 35 to prevent transistor 30
from       criminator 20 is push-pull. That is,the dis-  saturating or
operating with an undesirably   15  criminator is of the type that provides
two  low collector voltage.                          80       outputs, each
180[err] out of phase, for a given    In summation, the above-described
circuit       error signal. Therefore, output currents of  permits one to
utilize the same varactor diode       the discriminator 20 for an error,
signal of 8  21 for oscillator tuning as well as for AFC.       are
respectively i[err] +[err] and i[err]-[err]. The term   This dual operation
is provided while the   20  i[err] is equal to the quiescent DC level at
the  circuit serves to equalize the AFC loop gain  85        outputs of
discriminator 20. For a zero error  over the entire tuning range.
Furthermore, the        signal, the output current at the collectors
circuit operates from a single power supply        of transistors 30 and 31
is zero, because of the  +V  which can be the same supply that        equal
and opposite current flow in the tran-  energizes the local oscillator and
other cir-   25  sistors. Transistor 30 being a PNR transistor  cuitry in
the receiver. The signal translating  90        causes a current to flow
through its emitter-  stages, including transistors 30 and 31 and
to-collector path and towards ground. The  diodes 32 and 33, are easily
implemented with        NPN transistor 31 causes a current to flow
monolithic silicon circuits. The diodes 32 and        from  the +V  supply
through resistors 26  33 on an integrated circuit assembly would be   30
and 35 and thence through the collector-to-  transistors having their
collectors tied to their  95        emitter path. Since the diodes 32 and
33  base electrodes. These transistor-connected        match the respective
transistors 30 and 31,  diodes 32 and 33 would therefore perfectly
the quiescent currents are determined purely  match the associated
transistors 30 and 31,        by the input current at the respective base
thus assuring accurate operation of the cur-   35  electrodes. Thus for the
equal input current  rent translating stages.                       100
of i[err], the current at the common collector   Referring to Figure 2,
there is shown a        connection is zero. When the IF from ampli-  single
ended version of the control circuit as        fier 15 is off frequency,
the discriminator 20  described in Figure 1. A discriminator 40 has
produces an error voltage which causes the  the IF signal applied to the
input thereof. The   40  above currents of i[err]+[err] and i[err]-[err] to
be respec-  output of the discriminator is single ended and  105
tively applied to the base electrodes of tran-  provides a current equal to
the quiescent cur-        sistors 30 and 31. As described above, the  rent
i[err]  plus the error signal current 8        quiescent current i[err] is
cancelled, while the  developed by the discriminator when the IF
contributions of the input current due to the  frequency is off-center.
This current is applied    45  error signal 8 are added, thus producing an
to the base electrode of a PNP lateral tran- 110        output equal to
2[err]. The current 28 is there-  sistor 41. The base electrode of the PNP
fore representative of the error signal pro-  transistor 41 is also coupled
to the +V supply        duced by the AFC discriminator circuit 20.  via the
diode-connected PNP transistor 42.        The output voltage divider 25
serves as a  The emitter electrode of transistor 41 is con-    50  tuning
control supply for the varactor diode  nected to the +V supply, while the
collector 115        21. When the tap of potentiometer 27 is set  electrode
thereof is connected to the collector        at the junction between
resistors 26 and 27,  electrode of an NPN transistor 44 having its
the varactor receives a high, positive back  emitter electrode returned to
ground. Con-        bias, which indicates a minimum capacitance  nected to
the base electrode of transistor 44    55  and therefore a high frequency
output from  is a current source 43, whose magnitude is 120        the
oscillator 14. For this setting the correction  equal to the quiescent
current i[err]. 



voltage due to AFC as applied to the varactor    The base electrode of
transistor 44 is        21 is developed mainly across resistor 26.
returned to ground through the forward biased           If the variable tap
of potentiometer 27 is  transistor connected diode 45. In this manner    60
now moved to the junction between resistors  the quiescent current i[err]
is cancelled as above. 125        27 and 28, a low back bias is applied to
the  The circuit also provides at the collector con-        varactor, thus
establishing a higher capacity  nection an output current equal to [err].
In this        and a lower oscillator frequency. In this con-  case the
loop gain is reduced by the factor        dition the output voltage due to
AFC  is  of 1/2, but the requirement for a push-pull    65  reduced by the
divider action of resistors 26,  discriminator output is eliminated.
130         4                                           1,375,978
The remainder of the circuit is similar to  the removal of the AFC control
voltage from     that described in conjunction with Figure 1.  the varactor
diode. This switch operation     In the configuration the collector
connection  therefore permits the consumer to properly     between
transistors 41 and 44 is coupled  tune the receiver; and further affords
the 5  through an AFC defeat switch 50 to a voltage  advantage that when
the receiver is properly  70     divider including the series combination
of tuned, this proper tuning is not affected by     resistors 51, 52 and
53. The divider is con-  the position of AFC switch 50.     nected between
the +V supply and a point     of reference potential. Accordingly, the col-
WHAT WE CLAIM  IS:-- 10  lector connection is coupled through switch.   1.
A control circuit for accurately varying     50 to the high voltage
terminal of resistor  the frequency of an oscillator to a predeter-  75
52 via resistor 54 and to the low voltage ter-  mined value by controlling
the reactance of     minal of resistor 52 via resistor 55. The junc-  a
variable reactance device coupled to the     tion between resistor 55 and
the AFC switch  frequency determining network of said oscil- 15  terminal
is connected to -ground through resis-  lator, comprising: (a) a voltage
divider hav-     tor 56. As indicated above, the voltage divider  ing a
variable tap on one of its members  80     provides means for tuning the
varactor diode  coupled to said variable reactance device to     or
variable reactance device associated with  set the voltage applied thereto
and therefore     the local oscillator ovet the entire tuning  the
frequency of said oscillator, (b) a dis- 20  range. Resistors 54 and 55
serve to maintain  criminator responsive to said oscillator fre-     the
AFC loop gain constant and relatively  quency to produce an error signal
for oscil-  85     independent of the frequency to which the  lator
frequencies different from said predeter-     receiver is tuned. As
indicated, an AFC defeat  mined value, (c) a first circuit comprising first
switch 50 is shown having a control arm   and second transistors of
opposite conduc- 25  coupled to the collector connection of tran-  tivity
types each having base, emitter and col     sistors 41 and 44. One switch
terminal is con-  lector electrodes, said collectors being con-  90
nected to the junction of resistors 54 and 55.  nected together and said
emitter of said first     In this position the AFC control current [err]
transistor and said emitter of said second tran-     is applied to the
voltage divider to operate  sistor being connected to different potential
30  the varactor in accordance with the magnitude  points, a coupling of
the output of said dis-     of this control voltage. The purpose of the
criminator to the base electrode of either one  95     AFC defeat switch 50
is to enable the con-  or both of the said first second transistors
sumer to select a station during a tuning pro-  for applying said error
signal thereto, and     cess without having to counteract the effect  (d) a
second circuit coupling said collector 35  of AFC. When the AFC switch 50
is placed  electrodes to said voltage divider at the oppo-     in the
dotted line position,the control cur-  site ends of the member including
said tap  100     rent connection to the tuning potentiometer  and serving
to inject a portion of a control     is broken and hence the control
current [err]  current derived from  the error signal into     is not
applied to the varactor and tuning can  said divider, to provide
substantially constant 40  be accomplished without AFC control. In the
gain for the loop circuit including said dis-     dashed line position the
collector connection  criminator circuit.                         105
of transistors 41 and 44 is returned to a    2. A control circuit according
to Claim  1     source of potential sufficiently less than +V,  including a
first diode, connected between the     so as to provide adequate collector
potential  base electrode of said first transistor and said 45  for
transistors 41 and 44. In this manner the  associated emitter potential
point of said first     entire circuit shown remains relatively un-
transistor and polarized for easy current con- 110     affected by the
switching operation. That is,  duction in the same direction as the
base-to-     the voltage divider including resistors 51, 52  emitter
junction of said first transistor, and a     and 53 serves to tune the
varactor diode over  second diode connected between the base 50' the same
exact range as it did during AFC   electrode of said second transistor and
said     operation.Furthermore, since AFC switch 50  associated emitter
potential point of said  115 



applies a bias to the transistor circuit during  second transistor and
polarized for easy cur-     the AFC  defeat operation, it prevents tran-
rent conduction in the same direction as the     sistors 41 and 44 from
introducing impedance  base-to-emitter junction of said second tran- 55
variations which might affect the linearity of  sistor.     an audio
discriminator or other circuitry oper-    3. A control circuit according to
Claim 1  120     ated in parallel with the AFC discriminator  or 2 wherein
said second circuit coupling the     40. The AFC defeat switch 50 shown in
Figure  collector electrodes of said first and second     2 would be
applicable for inclusion in the  transistors to said voltage divider
further 60  circuit shown in Figure 1 in the same exact  includes a switch
for selectively  injecting     position. It is this position which permits
the  said control current in one of two positions  125     circuitry
described to. operate with relatively  of the switch.     the same
quiescent currents and voltages   4. A control circuit according to Claim
1     when the switch 50 is placed in the dashed line  wherein said
discriminator provides a first and 65  position or defeat position
corresponding to  a second output signal in a push-pull rela-            4
1,375,978          The remainder of the circuit is similar to  the removal
of the AFC control voltage from      that described in conjunction with
Figure 1.  the varactor diode. This switch  operation      In the
configuration the collector connection  therefore permits the consumer to
properly      between transistors 41  and 44 is coupled  tune the receiver;
and further affords the  5  through an AFC defeat switch 50 to a voltage
advantage that when the receiver is properly  70      divider including the
series combination of  tuned, this proper tuning is not affected by
resistors 51, 52 and 53. The divider is con-  the position of AFC switch
50.      nected between the +V  supply and a point      of reference
potential. Accordingly, the col-    WHAT WE CLAIM  IS:-  10  lector
connection is coupled through switch      1. A control circuit for
accurately varying      50 to the high voltage terminal of resistdo  the
frequency of an oscillator to a predeter-  75      52 via resistor 54 and
to the low voltage ter-  mined value by controlling the reactance of
minal of resistor 52 via resistor 55. The junc-  a variable reactance
device coupled to the      tion between resistor 55 and the AFC switch
frequency determining network of said oscil-  15  terminal is connected to
ground through resis-  lator, comprising: (a) a voltage divider hav-
tor 56. As indicated above, the voltage divider  ing a variable tap on one
of its members  80      provides means for tuning the varactor diode
coupled to said variable reactance device to      or variable reactance
device associated with  set the voltage applied thereto and therefore
the local oscillator over the entire tuning  the frequency of said
oscillator, (b) a dis- 20  range. Resistors 54 and 55 serve to maintain
criminator responsive to said oscillator fre-      the AFC  loop gain
constant and relatively  quency to produce an error signal for oscil-  85
independent of the frequency to which the  lator frequencies different from
said predeter-      receiver is tuned. As indicated, an AFC defeat  mined
value, (c) a first circuit comprising first      switch 50 is shown having
a control arm   and second transistors of opposite conduc- 25  coupled to
the collector connection of tran-  tivity types each having base, emitter
and col-      sistors 41 and 44. One switch terminal is con-  lector
electrodes, said collectors being con-  90      nected to the junction of
resistors 54 and 55.  nected together and said emitter of said first
In this position the AFC control current [err]  transistor and said emitter
of said second tran-      is applied to the voltage divider to operate
sistor being connected to different potential 30  the varactor in
accordance with the magnitude  points, a coupling of the output of said
dis-      of this control voltage. The purpose of the  criminator to the
base electrode of either one  95      AFC defeat switch 50 is to enable the
con-  or both of the said first second transistors      sumer to select a
station during a tuning pro-  for applying said error signal thereto, and
cess without having to counteract the effect  (d) a second circuit coupling
said collector 35  of AFC. When the AFC switch 50 is placed  electrodes to
said voltage divider at the oppo-     in the dotted line position, the
control cur-  site ends of the member including said tap  100     rent
connection to the tuning potentiometer  and serving to inject a portion of
a control     is broken and hence the control current 8  current derived
from  the error signal into     is not applied to the varactor and tuning
can  said divider, to provide substantially constant 40  be accomplished
without AFC control. In the  gain for the loop circuit including said dis-
dashed line position the collector connection  criminator circuit.
105     of transistors 41 and 44 is returned to a        2. A control
circuit according to Claim  1     source of potential sufficiently less
than +V,  including a first diode. connected between the 



so as to provide adequate collector potential  base electrode of said first
transistor and said 45  for transistors 41 and 44. In this manner the
associated emitter potential point of said first     entire circuit shown
remains relatively un-  transistor and polarized for easy current con- 110
affected by the switching operation. That is,  duction in the same
direction as the base-to-     the voltage divider including resistors 51,
52  emitter junction of said first transistor, and a     and 53 serves to
tune the varactor diode over  second diode connected between the base 50
the same exact range as it did during AFC   electrode of said second
transistor and said     operation. Furthermore, since AFC switch 50
associated  emitter potential point of said  115     applies a bias to the
transistor circuit during  second transistor and polarized for easy cur-
the AFC defeat operation, it prevents tran-  rent conduction in the same
direction as the     sistors 41 and 44 from introducing impedance
base-to-emitter junction of said second tran- 55  variations which might
affect the linearity of  sistor.     an audio discriminator or other
circuitry oper-    3. A control circuit according to Claim  1  120     ated
in parallel with the AFC discriminator  or 2 wherein said second circuit
coupling the     40. The AFC defeat switch 50 shown in Figure  collector
electrodes of said first and second     2 would be applicable for inclusion
in the  transistors to  said voltage divider further 60  circuit shown in
Figure 1 in the same exact  includes a switch  for selectively  injecting
position. It is this position which permits the  said control current in
one of two positions 125     circuitry described to operate with relatively
of the switch.     the same quiescent currents and  voltages    4. A
control circuit according to Claim  1     when the switch 50 is placed in
the dashed line  wherein said discriminator provides a first and 65
position or defeat position corresponding to  a second output signal in a
push-pull rela-      1,375,978         tion, each having a fixed quiescent
current i[err]  between said collector electrode connection     associated
therewith, said first signal being  of said transistors and the other one
of said     applied to the base electrode of said first  ends of the same
member, said first and second  30     transistor, said second signal being
applied  resistors serving to inject a portion of said 5  to the base
electrode of said second tran-  control current into said divider to cause
said     sistor, said first and second transistors oper-  frequency of said
oscillator to vary a pre-     ating to provide cancellation of said
quiescent  determined amount for a predetermined incre-     current i[err]
at said collector electrode connec-  ment of said error signal relatively
indepen-  35     tion.                                        dent of the
frequency of said oscillator as 10    5. A control circuit according to
Claim  3  tuned by said applied voltage from said vol-     further in
which: (a) said switch has a com-  tage divider.     mon terminal, and
first and second associated    7. A control circuit according to Claim  6
terminals which can be selectively connected  further including: a third
resistor coupled be-  40     to said common terminal via a moveable arm
tween the junction of said second resistor and 15  associated with  said
switch, said common  said collector connection, and a point of refer-
terminal being connected to  said collector  ence potential for preventing
saturation of     connection of said first and second transistors  said
first transistor upon the application of said     and said first terminal
being coupled to said  error signal thereto.                     45
voltage divider, and (b) a source of operating   8. A control circuit
substantially as herein 20  potential is connected to said second terminal
described with reference to Figure 1 or 2 of     of said switch.
the accompanying drawings.       6. A control circuit according to any of
Claims 1-5 wherein said second circuit com-           JOHN  A. DOUGLAS,
prises a first resistor coupled between said          Chartered Patent
Agent, 25  collector electrode connection of said tran-             50,
Curzon Street,     sistors and one of the said ends of the member
London W1Y 8EU.     including the tap, a second resistor coupled
Agent for the Applicant.         Printed for Her Majesty's Stationery
Office, by the Courier Press Leamington Spa, 1974.         Published by The
Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from
which copies may be obtained.    


