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audio signal having a maximum frequency of 10 KHz requires a much higher
operating frequency The present invention relates generally to am-  for the
pulse width modulator than a transmitter plitude modulated (AM) radio
frequency (RF) trans-  designed to provide a maximum response capable
mitters of the type including a pulse width modula-   5   of handling a 5
KHz signal. tor for driving a power pulse amplifier which sup-     Another
important consideration in determining plies energizing voltage to a power
supply circuit of  the fixed pulse width modulation frequency is the an RF
amplifier via a low pass filter. In accordance  amount of tolerable
distortion. In general, the low- with one particular aspect of the
invention, the   est distortion for the highest frequency information
frequency of a pulse width modulated signal de-  10  signals is achieved by
having a high ratio of fixed rived by the modulator is a direct function of
the  pulse width modulation frequency to the highest frequency and
amplitude of an information signal.  frequency of the information source.
In accordance with another aspect of the invention,   An additional
consideration in selecting the a pulse width modulator includes a variable
fre-   fixed frequency of the pulse width modulator is quency triangular
wave oscillator having an output  15   modulator conversion efficiency. In
a pulse type that is compared in amplitude with an information  transmitter
including a high power pulse amplifier, signal so that transitions in the
pulse width modu-  as included in transmitters of the type with which lated
wave occur in synchronism with each change   the present invention is
utilized, switching losses in the relative polarity of the information
signal and  increase as pulse frequency increases. In other the output of
the triangular wave source.     20  words, as the ratio of pulse duration
time to switch- One type of AM-RF transmitter includes a        ing time
becomes greater, switching losses de- pulse width modulator responsive to
an information  crease. signal source for driving a power pulse amplifier
The stated considerations regarding distortion connected with a low pass
filter in a power supply  and efficiency are contrary to each other. In
con- circuit for an RF amplifier. Examples of specific  25  sequence, the
designer of this type of RF-AM transmitters of this type are found in US-A-
transmitter must make a compromise in selecting 3,506,920, US-A-3,588,744
and US-A-3,413,570.      the fixed frequency of the pulse width modulator.
In most of the embodiments of these patents     Usually the compromise
involves selecting the low- the pulse width modulator operates at a fixed
fre-  est frequency which will satisfy distortion limits for quency. The
width of the pulses is varied in re-  30  the highest information frequency
the transmitter is sponse to the instantaneous amplitude of the in-
designed to handle, i.e., the highest information formation signal supplied
to the modulator. In re-  frequency for which the transmitter specification
sponse to the instantaneous amplitude of the in-   requires a distortion
measurement. If no distortion formation signal having a zero value, the two
levels  measurement is required above 5000 Hz, i.e., the of the pulse width
modulated signal during a par-  35   modulation handled by the transmitter
has a maxi- ticular period of the signal are equal in duration.  mum
frequency of 5000 Hz, a pulse frequency in During peak positive portions of
the information   the 50-60 KHz range is usually selected. If distor-
signal the pulse width modulated signal typically  tion measurements must
be made at 7500 Hz, a has a high level for a much greater time than a low
pulse frequency of 70 KHz or higher is required, level. In contrast, during
peak negative portions of  40  resulting in a lower efficiency than occurs
with a the information signal, the length of the high level  transmitter
having a 50 KHz fixed pulse width mod- portion of the pulse width modulated
signal is con-  ulation frequency. siderably less than the length of the
low level       In Fig. 6 of US-A-3413570 is disclosed a trans- portion of
the signal. As the frequency of the in-  mitter of the type including a
variable frequency formation signal increases and decreases the rate  45
pulse width modulator which drives a power pulse of change between
sequential pulses of transitions  amplifier for supplying a DC voltage to
an anode- between the high and low levels respectively in-   cathode path
of an RF amplifier by way of a low creases and decreases.
pass, integrating filter. The variable frequency The fixed frequency of the
pulse width modu-    pulse width modulator, however, does not satisfy lated
signal is selected to satisfy frequency perfor-  50  the distortion and
efficiency problems of the prior mance requirements of the transmitter in
replicat-  art fixed frequency pulse width modulated transmit- ing the
information signal source is an audio      ters. In the transmitter, the
instantaneous amplitude source, such as voice or music. In general, the
of an audio signal source controls the frequency of highest audio frequency
which must be reproduced   an assymetrical multivibrator. The multivibrator
de- at the output of the low pass filter determines how   55  rives a
bilevel signal having a constant duration high the fixed frequency of the
pulse width modu-  high level and a variable duration low level. The lated
source is to be. For example, a transmitter  variable duration low level
has the shortest duration designed to provide a maximum response for an
when the modulating information signal source has 2    



3                 EP 0 234 936 B1                    4 a positive peak
value; the variable duration low    of. Several times during each cycle of
source 11, level is longest in response to the information hav-  square
wave pulse width modulator and amplifier ing a negative peak value.
12 derives a pulse having a duration that is a The switching times of the
assymetrical mul-  -    function of the instantaneous amplitude of source
tivibrator, hence the transitions from the high to the   5   11. The output
of square wave pulse width modula- low level, are determined by the
instantaneous     tor and amplifier 12 is a bilevel signal, having a value
of the information source at the time a transi-  constant positive voltage,
alternating with zero volt- tion is to take place. In essence, the
assymetric  age levels. Relatively long positive and zero volt-
multivibrator samples the amplitude of the informa-  age levels are derived
at the output of square wave tion signal source at the time of a
transition, and   10  pulse width modulator and amplifier 12 in response
the sampled amplitude determines the length of     to the instantaneous
output of source 11 being high the variable, low level duration. There is a
consider-  and low, respectively. able likelihood that variations in the
information     The bias voltage applied to grid 13 of power signal source
which occur during the fixed duration  pulse amplifier tube 14 and the
amplitude of the high level output of the assymetric multivibrator are  is
pulse output of square wave pulse width modulator not reflected and are not
replicated in the output of  and amplifier 12 are such that the
anode-cathode the low-pass filter driving the RF amplifier. Hence,  path of
tube 14 is alternately driven between hard distortion with the variable
frequency device dis-  saturation and cutoff. Thereby, a constant, rela-
closed in Figure 6 of US-A-3413570 is very likely.  tively high current
level flows from B+ terminal 16 The problem of distortion as occurs in the
fixed   20  through the anode-cathode path of tube 14 to low frequency
pulse width modulator is not considered   pass filter 17 and the
anode-cathode path of tube or inherently solved.
18 while a positive pulse amplitude is derived by The invention is set out
in Claim 1.            square wave pulse width modulator and amplifier An
example of the invention will now be de-     12. In contrast, no current
flows from B+ terminal scribed with reference to the accompanying draw-
25  16 to low pass filter 17 while tube 14 is back- ings in which:-
biased, i.e., cutoff, by the bias voltage applied to Figure 1 is a partial
circuit and partial block  grid 13 at the time a zero voltage level is
derived diagram  of a preferred embodiment of the       from square wave
pulse width modulator and am- present invention;
plifier 12. Figures 2, 3, 4 and 5 are waveforms helpful in  30  Low pass
filter 17 responds to the variable describing the operation of the circuit
of Figure  duration relatively high current pulses supplied to it 1;
by way of the anode-cathode path of tube 13, to Figure 6 is a circuit
diagram of a preferred     convert these current pulses into a relatively
high embodiment of a square wave pulse with           current level that is
supposed to be a replica of the modulator and amplifier included in the
transmit-  35  current waveform of audio frequency source 11. ter of Figure
1; and                             The output of low pass filter 17 which
is supposed Figures 7 and 8 are waveforms helpful in de-     to be replica
of the waveform of audio frequency scribing the operation of the circuit of
Figure 6.  source 11 controls the impedance of the anode- In Figure 1 a
radio frequency, amplitude modu-  cathode circuit of tube 18 and loading of
antenna lated transmitter includes an audio frequency signal  40  coupling
circuit 23. source 11 which drives square wave pulse width
Preferably, the amplitudes of carrier source 21 modulator and amplifier 22,
having a high output   and bias source 22 are such that tube 18 operates
impedance. Amplifier 12 drives grid 13 of power    in Class C to provide
maximum operating effi- pulse amplifier tube 14 by way of pulse shaping
ciency. It is to be understood, however, that carrier network 15. Tube 14
has an anode-cathode path  45  source 21 and bias source 22 can be
connected to connected to B+ terminal 16 that is DC coupled    grid 19 in
such a manner as to cause tube 18 to by way of low pass filter 17 to the
anode-cathode  operate in Class AB or Class B operation. circuit of radio
frequency power amplifier tube 18     Preferably, pulse power amplifier
tube 14 is a having grid 19 connected to radio frequency carrier  tetrode,
having a screen grid 25 appropriately en- source 21 and to DC bias source
22. The anode-  so  ergized by DC bias circuit 26. Despite the fact that
cathode circuit of tube 18 includes antenna cou-   power pulse amplifier
tube 14 is a tetrode, it has pling circuit 23 which is connected to antenna
24.  appreciable shunt capacitance between the anode Details of the
operation of Fig. 1 are now      and cathode thereof. In addition, there is
additional described, assuming that pulse shaping circuit 15  stray
capacitance in the amplifier system including is not provided.
as  tubes 14 and 18 and the circuitry associated there- Audio frequency
source 11 can be any suitable   with. This stray capacity associated with
the am- source, such as speech, music, sinusoidal tones,   plifying system
is coupled back to the output termi- square waves, triangular waves, or
variations there-  nals of square wave pulse width modulator and 3    



5                 EP0234936B1                        6 amplifier 12. As a
result of the stray capacity at the  replica of audio frequency source 11
as is desired. output terminals of square wave pulse width        The
amplitude modulated wave coupled to antenna modulator and amplifier 12,
transitions in the output  24 is thereby distorted, such that there is a
greater pulse waveform  of square wave pulse width         amount of energy
transmitted by the antenna to modulator amplifier 12 do not have the
idealized   5   represent the  instantaneous  audio  frequency vertical
waveshape. The shortest duration pulses   source variations. The distortion
is not particularly which are derived by circuit 12 during the maxi-
noticeable when information signal 31 has a high mum negative peak portions
of the highest am-      amplitude and the pulses derived by modulator and
plitude cycles of audio frequency source 11 have a  amplifier 12 are
relatively long. This is because the tendency to be lengthened to such an
extent that  10  percentage of the area added to these pulses due when they
are smoothed or integrated by low pass   to the sloping transitions is not
appreciable. How- filter 17 an inaccurate replica of the waveshape of
ever, for short duration pulses, i.e., pulses having a audio frequency
source 11 is applied as a modulat-  duration less than a predetermined
interval, e.g. 10 ing voltage for the anode-cathode path of tube 18.
microseconds, the percent distortion is enough to An example of the effect
of the short duration   is  appreciably adversely affect the nature of the
trans- pulses is illustrated in the waveforms of Figs. 2-4,,  mitted
signal. In particular, pulse 33 in idealized based upon the assumption that
audio frequency     square wave 32, as occurs in proximity to the source 11
is deriving a sinusoidal waveshape, one  minimum value of waveform 31, is
distorted signifi- cycle of which is illustrated as waveform 31, Fig. 2.
cantly, as indicated by distorted pulse 35. The area Square wave pulse
width modulator and amplifier  20  under the curve of pulse 35 is an
appreciable 12 responds to waveform 31 to derive a pulse        percentage,
such as 33%, greater than the area width modulated waveshape.
under idealized pulse 33. An idealized output waveform of circuit 12 in
Shaping network 15 responds to the output of response to waveform 31 is
illustrated in Fig. 3 as  modulator and amplifier 12, as represented by
square wave 32. Square wave 32 has a zero base   25  waveform 34, to
decrease the amplitude of only and vertical leading and trailing
transitional edges  those short duration pulses having an area increase and
a constant amplitude high voltage level. In    sufficiently great to cause
significant distortion in response to the positive half-cycle of sinusoidal
the output of the AM wave transmitted from an- waveform 31, square wave 32
has relatively long    tenna 24. The amplitude decrease caused by cir-
duration positive, constant amplitude levels, iriter-  30  cuit 15 is
sufficient to cause power pulse amplifier spersed with short duration zero
amplitude levels.  tube 14 to be driven out of saturation, but not into As
the amplitude of waveform 31 decreases, the     cutoff, in response to the
short duration pulses. durations of the positive and zero levels of square
Thereby, the current coupled by amplifier 14 to low wave 32 respectively
decrease and increase. When   pass filter 17 in response to each short
duration waveform  31 has a peak negative voltage, the   35  output pulse
of modulator and amplifier 12, when durations of the positive portions of
square wave 32  smoothed or integrated by filter 17, causes an are much
less than the durations of the zero am-   accurate replica of source 11 to
be coupled to the plitude levels of the square wave.                 DC
power supply for the anode-cathode circuit of If it is assumed that shaping
circuit 15 is not  tube 18 and antenna coupling circuit 23. Because
provided, the stray capacity of the amplifying sys-  40  power pulse
amplifier tube 14 is driven to satura- tem, as reflected to the output
terminals of square  tion by all output pulses of modulator and amplifier
wave pulse width modulator and amplifier 12,       12 other than those few
pulses which have a short causes the output of the modulator and amplifier
enough duration to cause appreciable distortion in 12 to be distorted, as
illustrated in Fig. 4 by    the output of low pass fitter 17, tube 14 is
operated waveform 34. From  Fig. 4 it is noted that the   45  with optimum
efficiency. vertical transitions of the leading and trailing edges  Circuit
15 thus responds to waveform 34 to of square wave 32 are converted into
waveforms     derive waveform 36 (Fig. 5) which is coupled to having
appreciable slope. The slopes in the transi-  grid 13 of power pulse
amplifier tube 14. From tions of waveform  34 occur because the stray
waveform 36, it is noted that the amplitude of each shunt capacity across
the output terminals of  50  pulse of waveform 34, except pulse 35, is pre-
modulator and amplifier 12 cannot respond instant-  served. The amplitude
of pulse 35 is reduced, as ly to the transitions of square wave 32. The
sloping  indicated by pulse 37. transitions of waveform 34 increase the
area under     Circuit 15 basically includes a charging circuit each pulse,
i.e., the area between the positive    40 comprising the parallel
combination of capacitor value of the pulse and the zero base line thereof.
55  41 and resistor 42 in shunt with the output of Because the area under
each of the pulses of    modulator and amplifier 12 and grid 13 of power
waveform 34 is increased, the amplitude of the     pulse amplifier tube 14.
Circuit 40 is connected to output of low pass filter 17 is not as accurate
a  a switch in the form of the source drain path of 4    
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transistor 43. During each transition in  during the latter portions of the
long duration the output of modulator and amplifier 12 and during  pulses
derived from modulator and amplifier 12. each of the short duration pulses,
such as pulse  Maintaining tube 14 in saturation during the long 35, switch
43 is closed to provide a low impedance  current pulses is desirable
because of the finite path for the output of the modulator and amplifier,
5   energy capabilities of the power supply connected so that tube 14 is
not driven into saturation. At the  to terminal 16. Because of the finite
energy of the time associated with the short duration pulses ter-  power
supply connected to terminal 16, there is a minating, switch 43 is open and
the full output   tendency for the current supplied by tube 14 and voltage
of modulator and amplifier 12 is applied to  the voltage at the input of
low pass filter 17 to grid 13.                                     io
droop somewhat toward the end of long duration In the preferred embodiment,
the output of     pulses. By increasing the forward bias applied by
modulator and amplifier 12 varies between zero    the output of modulator
and amplifier 12 to grid 13 and +650 volts, and a negative 400 volt DC
level  toward the end of these pulses, this drooping ten- at terminal 44 is
connected via a variable imped-  dency is obviated. ance DC path to grid 13
of tube 14. The bias  15     Transitions in the output of modulator and am-
voltage at terminal 44 is DC coupled to grid 13 by  plifier 12 are coupled
through capacitor 41 to gate way of bias resistor 45. Thereby, the
anode-cath-  48 of FET 43 by way of diodes 49 and 50, capaci- ode path of
amplifier tube 14 is maintained at   tor 52 and a voltage divider including
resistors 53 cutoff while a zero level is derived from modulator  and 54.
The forward bias voltage applied to gate 43 and amplifier 12, but is driven
into hard saturation   20  causes a low impedance to be provided between
because of the 250 volt positive bias applied     drain 55 and source 56 of
FET 43, to provide a low across resistor 45 when the modulator and am-
impedance path for the current flowing through plifier derives a high, 650
volt output level.    capacitor 41 and diode 49. The low impedance The
voltage variations at the output of modula-  source drain path of field
effect transistor 43 is tor and amplifier 12 are coupled to grid 13 by way
25   maintained for a predetermined duration, equal to of resistor 46,
shunted by inductor 47, connected  the duration of the shortest pulses in
waveform 34 between grid 13 and the output of the modulator   which are to
be reduced in amplitude. and amplifier. During transitions of the output of
The voltage at gate 48 of field effect transistor modulator and amplifier
12, the output of the     43 drops to a value which causes cutoff of the
modulator and amplifier is coupled to grid 13 by   30  source drain path of
the field effect transistor when way of resistor 46; during this time,
inductor 47 has  circuit 40 has been charged by the output of a high
impedance and effectively is an open circuit.  modulator and amplifier 12
for an interval equal to During relatively long output pulses of modulator
the duration of the shortest pulses to be reduced in and amplifier 12, the
impedance of inductor 47    amplitude. As current flows through capacitor
41 decreases and the inductor becomes virtually a   35   with the source
drain path of field effect transistor short circuit for resistor 46.
Thereby, grid 13 is  43 in a low impedance state, current flows through
maintained in saturation, because of the increased  capacitor 41 to charge
the capacitor and cause the voltage applied to the grid by the output of
modula-  voltage across the capacitor to increase. The in- tor and
amplifier 12 in the latter portions of long  creased voltage across
capacitor 41 causes the duration output pulses of the modulator and am-
40  voltage and current supplied to the voltage divider plifier.
including resistors 53 and 54 to decrease. When Increasing the bias voltage
applied to grid 13  the voltage supplied by the voltage divider to gate for
long duration pulses is necessary to maintain  48 drops sufficiently, FET
switch 43 is effectively tube 14 in saturation. It is essential that tube
14 be  open circuited and the impedance between drain driven to grid
saturation to deliver long duration   45  55 and source 56 increases. Open
circuiting FET current pulses from B+ terminal 16 to low pass    switch 43
removes a relatively low impedance load filter 17 and the anode-cathode
circuit of tube 18  from the output of modulator and amplifier 12 and
during intervals of minimum instantaneous plate   enables grid 13 to be
driven into saturation. In voltage of tube 18, caused by the large positive
other words, while the source drain path of FET 43 amplitude AC carrier
segments of source 21. This  so  has a low impedance, the -400 volt bias at
terminal requirement causes large current loading of grid  44 is coupled
via a relatively low impedance path 13; the large grid current loading must
be main-  directly to grid 13 to prevent tube 14 from being tained
throughout the length of the long pulses.  driven into saturation by the
650 volt output of The high current requirements of grid 13 cause a
modulator and amplifier 12. When FET switch 43 is voltage drop in resistor
46, which would result in  55  open circuited, the 650 volt output of
modulator tube 14 not being driven into saturation, except for  and
amplifier 12 is applied to grid 13, to drive the presence of inductor 47.
As described supra   amplifier tube 14 into saturation. inductor 47
effectively short circuits resistor 46 5    
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charge-discharge circuit    11. 40, including capacitor 41 and resistor 42,
deter-    Because the frequency of the pulses derived mines the length of
time FET switch 43 is forward  by modulator and amplifier 12 is a direct
function biased. The time constant of circuit 40 is designed  of frequency
and an RMS-like function of amplitude to be only as long as the narrow
pulses which   5   of source 11, there is high efficiency and low require
shaping for distortion reduction. Because  distortion in the audio
modulated, RF output signal switch 43 is open circuited for virtually the
entire  of the transmitter, as derived from antenna 24. length of the
longer pulses, capacitor 41 remains  Higher efficiency is attained through
the use of a charged throughout the duration of the longer      variable
frequency output of modulator and am- pulses and has no significant effect
on the am-   10  plifier 12 than for a fixed output frequency of the
plitude or shape thereof.                          modulator and amplifier
because there are fewer To enable gate 48 of FET 43 to be forward
transitions required to replicate the audio frequency biased in response to
each positive going transition  source during most of the program time of
source in the output of modulator and amplifier 12 the    11. This promotes
high efficiency because switch- charge accumulated on capacitor 52 is
drained   is  ing lossses in the circuitry associated with power through
resistor 57, which shunts the capacitor.   pulse amplifier tube 14 increase
directly as a func- The voltage divider comprising resistors 53 and 54
tion of the pulse operating frequency thereof. Be- provides the proper turn
on or forward bias voltage  cause the ratio of pulse duration time to the
transi- for gate 48 of FET 43. Zener diode 58, shunting   tion or switching
time of power pulse amplifier tube the gate drain path of FET 43, fixes the
voltage   20  14 is increased for the most part in the variable between the
gate and source and protects the FET.  frequency modulator of the present
invention, there Resistor 59, connected between source 56 and       are
fewer switching losses in the power pulse am- terminal 44, provides a small
amount of negative   plifier tube. feedback for FET 43, to improve the
performance       The variable frequency output of modulator and thereof.
Capacitor 61, in shunt with terminal 44,  25  amplifier 12 also enables
distortion in the transmit- decouples the DC power supply connected to ter-
ter to be reduced. This is because the high fre- minal 44 with the
remaining circuitry, to prevent  quencies of source 11 are sampled at a
high fre- interaction between them. Resistor 45 is necessary  quency rate,
which enables a larger number of because of the high impedance output of
modula-    samples to be coupled to low pass filter 17, to tor and
amplifier 12, to provide a return current  30   more accurately replicate
the signal of source 11 at path between grid 13 and terminal 44 and assure
the output of the low pass filter. Distortion is also that tube 14 is
cutoff. Diodes 49 and 50 are po-   decreased because the frequency of the
output of larized so that positive current from modulator and  modulator
and amplifier 12 is a direct function of amplifier 12 can flow through them
to gate 48 and  the amplitude of audio frequency source 11. The the source
drain path of FET 43 in response to  35  distortion of RF-AM transmitters
of the type illus- positive going transitions in the output of the   trated
in Fig. 1 increases at high audio frequencies modulator and amplifier, and
to block current flow  with high levels of modulation, i.e., high level
out- to the FET in response to negative going transi-   puts of source 11.
This distortion is reduced, in tions in the output of the modulator and
amplifier.  accordance with the present invention, by sampling A preferred
embodiment for square wave pulse  40  the amplitude of the high audio
frequencies at a width modulator and amplifier 12 is illustrated in
frequency that is a direct function of both am- Fig. 6. The pulse width
modulator and amplifier 12  plitude and frequency of source 11. illustrated
in Fig. 6 responds to a function similar to  With zero program level, i.e.,
the output signal the RMS (rather than instantaneous) amplitude and  of
audio frequency source 11 is a constant level at frequency of audio
frequency source 11 to derive   45  the lowest output voltage of source 11,
pulses variable frequency, constant amplitude pulse dura-  supplied by
modulator and amplifier 12 to pulse tion modulated pulses that are applied
to pulse    shaper 15 and power pulse amplifier tube 14 dwell power
amplifier 13. The frequency of the pulses   on the lowest frequency of the
variable frequency derived by pulse width modulator and amplifier 12  range
for which modulator and amplifier 12 is de- increases and decreases as the
RMS like am-   so  signed. The pulse duration has a typical quiescent
plitude function of audio frequency source 11 in-  value of 40% to 50% on
time. The pulse duration creases and decreases. In addition, the frequency
increases or decreases with modulation level. of the pulses derived by
modulator and amplifier   Shaping network 15, power pulse amplifier tube 14
12 increases and decreases as the frequency of     and low pass filter 17
respond to the short duration, source 11 increases and decreases. The width
of  55   minimum frequency output of modulator and am- the variable
duration pulses derived by modulator  plifier 12, whereby the plate voltage
of tube 18 is at and amplifier 12 is directly proportional to the in-  a
relatively low level and the output of the transmit- stantaneous amplitude
of audio frequency source   ter is at the frequency of carrier source 21,
with a 6    



11                EP 0 234 936 B1                    12 no modulation
condition.                           to cause the transfer function of
circuit 73, which is When audio frequency source 11 is deriving a
directly proportional to the feedback impedance of program signal, the
pulse frequency derived from   amplifier 74, to be almost zero. Any
positive half modulator and amplifier 12 increases as necessary  cycle
voltage variations at terminal 75 that are not to handle the program
content of source 11 with a   5   attenuated result in low level negative
voltage vari- minimum amount of distortion. It is important to   ations at
output terminal 77 of amplifier 73. These consider the nature of the
program  content of     low level negative voltage variations are blocked
by source 11 to realize the value of the present inven-  diode 79 which
they back bias. In response to tion in achieving high conversion
efficiency. Or-  negative half cycles at the junction of capacitor 72
dinary speech contains practically no high frequen-  10  and resistor 76,
diode 78 is open circuited causing cies, and almost all of the music tones
are in the  amplifier 73 to have a high feedback impedance middle or low
frequency range. High frequencies in  and substantial gain, so that a
positive replica of music occur less often than the frequencies in the  the
negative half cycles is derived at output termi- middle and low ranges, and
are usually of relatively  nal 77 of inverting amplifier 74. The resulting
posi- low amplitude. Therefore, a normal operating con-  15  tive voltage
variations at output terminal 77 are dition of the transmitter of the
present invention  coupled to the junction between diode 79 and causes the
variable frequency pulse train derived  resistor 80 because diode 79 is
forward biased by from modulator and amplifier 12 to be in a small   the
positive voltage derived at this time at terminal range of low frequencies
most of the time. Because  77. Hence, positive half cycles of the voltage
at the the output of modulator and amplifier 12 is a vari-  20  junction
between capacitor 72 and resistor 76 are able frequency pulse train having
a small range of  completely attenuated by circuit 73; negative half low
frequencies most of the time, high efficiency  cycles of the voltage at the
junction of capacitor 72 results because there is a high ratio of pulse
dura-  and resistor 76 cause circuit 73 to function as an tion time to
switching time for the greatest portion  inverting operational amplifier.
of the program time of source 11. Simultaneously,  25  Operational summing
amplifier and integrator the distortion of higher frequency signals is
avoid-  83 linearly combines, i.e, adds, the positive half- ed because the
pulse output frequency of modula-   wave rectified and inverted signal at
the junction of tor and amplifier 12 increases for the high signal  diode
79 and resistor 80 with the voltage at the frequencies of the program of
source 11.           junction of capacitor 72 and resistor 76; these two
Considering now, in detail, the preferred em-   30  signals are supplied to
inverting input terminal 82 bodiment of pulse width modulator and amplifier
of amplifier 83. Inverting input terminal 82 is also 12, as illustrated in
Fig. 6, the output of audio  responsive to a variable DC level derived from
frequency source 11 is applied via terminal 71 to  slider 84 of
potentiometer 85, which is supplied series connected differentiating
capacitor 72, which  with a negative DC voltage at terminal 86. The passes
the high frequencies of source 11 to a   35  voltages at the junction of
capacitor 72 and resistor greater extent than the low frequencies, and
there-  76, at the junction of diode 79 and resistor 80, and by provides a
rising frequency response. The sig-  at slider 84 are respectively applied
to input termi- nal coupled through capacitor 72 is applied to a   nal 82
by way resistors 87, 88 and 89. halfwave rectifier 73 which reduces the
amplitude      Operational amplifier 83 is connected as an of positive half
cycles of the signal coupled through   40  integrator for the voltages
applied to the input capacitor 72 virtually to zero and inverts the polar-
thereof, to derive a DC output signal proportional to ity of the negative
half .pa cycles of the signal  an RMS like function of the amplitude of
audio passed through capacitor 72 into positive half cycle  frequency
source 11 added to a function that is variations.
directly related to the frequency of source 11. To To these ends, halfwave
rectifier and inverter  45  this end, amplifier 83 includes output terminal
91, 73 includes operational amplifier 74 having an in-  connected to
inverting input terminal 82 by way of verting input terminal 75 connected
to capacitor 72  a feedback circuit including capacitor 92, shunted via
input resistor 76. Amplifier 74 includes an out-  by resistor 93. The time
constant of the integrator, put terminal 77 which is coupled back to
inverting  as determined by the values of resistor 93 and input terminal 75
by way of a feedback network  50  capacitor 92, is slightly greater than
the period of including diode 78 which is shunted by the series  the lowest
information frequency of source 11, as combination of diode 79 and resistor
80.           coupled to capacitor 72. In operation, the positive half
cycles at the      The DC output signal of amplifier 83 is applied junction
between capacitor 72 and resistor 76 are  to control input terminal 94 of
constant amplitude, attenuated virtually to zero by circuit 73 and de-  55
variable frequency triangular voltage controlled os- coupled from the
junction of diode 79, and resistor  cillator 95. The peak amplitude of the
output of 80. This is because diode 78 has a low impedance   oscillator 95
is adjusted to exceed the peak am- for positive signal voltage variations
at terminal 75  plitude of the output of source 11. The voltage 7    
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94 controls the frequency of the  The DC voltage derived at output terminal
91 of triangular waves derived by oscillator 95. The set-  amplifier 83
causes the frequency of oscillator 95 ting of potentiometer 84 controls the
minimum fre-  to increase as a direct function. Hence, as the quency of the
triangular wave output of oscillator  voltage applied to terminal 94
increases, the fre- 95, i.e. the frequency derived by the oscillator   5
quency of oscillator 95 correspondingly increases. when audio frequency
source 11 is deriving a con-      To provide a better understanding of why
the stant amplitude, minimum level output signal. The  DC voltage at
terminal 91 is directly related to the values of resistors 87 and 88 are
selected in such  frequency and an RMS like function of the am- a manner as
to cause the voltages supplied to      plitude of the voltage consider the
operation of these resistors to be additively combined in such a   10
circuits 73 and 83 for three equal amplitude sine manner that the area
under the curve of the com-   waves applied to terminal; the sine waves
have bined voltage resulting from summation of the vol-  intermediate, low
and high frequencies. The inter- tages applied to resistors 87 and 88
during both   mediate frequency sine wave is attenuated to a half cycles of
the voltage at the junction between  moderate extent by capacitor 72. The
resulting DC capacitor 72 and resistor 76 is proportional to the   15
voltage at terminal 91 thereby represents the area frequency and the RMS
like function of the am-     under both half cycles of the signal at
terminal 71, plitude of the output of source 11.                with
moderate attenuation provided by capacitor. During negative half cycles of
the voltage at   72. As the amplitude of the sine wave at terminal the
terminal between capacitor 72 and resistor 76,  71 increases and decreases
the area under both the voltages coupled to resistors 87 and 88 are  20
half cycles integrated by integrator 83 increases equal in amplitude, but
the signal applied to resis-  and decreases to provide the RMS like
amplitude tor 87 is a full sine wave; whereas, the signal    function. For
the low frequency signal at terminal applied to resistor 88 is a positive
going half wave  71, there is substantial attenuation by capacitor 72 cycle
with a relatively flat waveshape between pairs  The high frequency sine
wave at terminal 71 is of the half wave cycles. Resistor 88 typically has a
25  only slightly attenuated by capacitor 72. The time resistance value
that is one half of the resistance  constant of integrator 83 is selected
such that the value of resistor 87. This causes the half wave    amount of
smoothing by the integrator is approxi- replica to cancel, and to reverse
the polarity of the  mately the same for the low, intermediate and high
full sine wave that is applied to resistor 87, causing  frequencies.
Thereby the voltages at terminal 91 a negative going full wave replica of
the voltage at  30  for the low and high frequency sine waves are the
terminal between capacitor 72 and resistor 76.  respectively less than and
greater than the voltage The resulting voltage at input terminal 82 is a
at terminal 91 for the intermediate frequency. For fullwave rectified
replica of the voltage at the junc-  all three frequencies the areas under
both half tion between capacitors 72 and 76 which can be     cycles
increase and decrease, as reflected at out- thought of as a unidirectional
signal having a   35  put terminal 91 of integrator 83, as the amplitudes
waveshape that is a replica of both polarities of the  of the sine waves
increase and decrease. differential signal. As a result of the
differentiating  The variable frequency, pulse duration, i.e., action
provided by capacitor 72, the area under the  pulse width, modulated output
of modulator and curve of both half cycles coupled to terminal 82 is
amplifier 12 is derived by comparing the amplitude a signal magnitude that
is a direct function of the   40  of the output of oscillator 95 with the
output of amplitude and frequency of the output of source    audio
frequency source 11 and changing the level 11. The area under the curve of
the fullwave signal  of a bilevel wave each time the relative polarity at
input terminal 82 is integrated or smoothed by  between the output of
oscillator 95 and source 11 amplifier 83 and the circuitry associated
therewith,  changes, i.e., each time there is a cross over so that the
signal at output terminal 91 is a un-  45  between the outputs of source 11
and oscillator 95. idirectional DC signal having a magnitude that is a  To
this end, the output of source 11, as coupled to direct function of the
amplitude and frequency of  terminal 71, is supplied to noninverting input
termi- the audio signal supplied to terminal 71. Amplifier  nal 96 of
subtracting amplifier 97, having an invert- 83 and the circuitry associated
with it can thus be  ing input terminal 98 responsive to the output of
considered as an integrator or low pass filter.  50  oscillator 95.
Amplifier 97 subtracts the voltage at As the amplitude of the signal at
terminal 71  terminal 96 from the voltage at terminal 98 and increases, the
amplitude of the signals supplied to  amplifies the level of the resulting
difference into a resistors 87 and 88 during both half cycles of the
bilevel wave, such that when the voltage at terminal voltage at the
junction between capacitor 72 and   96 exceeds the voltage at terminal 98,
a positive resistor 76 increases. Because of the differentiating  55  level
is derived at output terminal 99 of amplifier action of capacitor 72, the
voltages applied to re-  97; the voltage level at output terminal 99 has a
sistor 87 and 88 increase during both half cycles of  zero value in
response to the voltage at terminal 98 the voltage at the junction of
capacitors 72 and 76.  exceeding the voltage at terminal 96. The bilevel 8
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as the + 650 volt and zero volt  values of capacitors 72 and 92, as well as
resistors input to power amplifier 14.                       76, 87 and 93
controls the attack time for variations The operation of modulator and
amplifier 12     of the DC control voltage applied to oscillator 95 to can
be appreciated by an inspection of the         provide proper delay for a
suitable transition speed waveforms illustrated in Figs. 7 and 8. In Fig.
7,   5   for the change in output frequency of the oscillator. waveform 101
is slightly more than one complete    The values of these components can
easily be cycle of a sine wave tone derived from source 11.  changed to
provide the proper delay in the rate at Waveform  102 is a triangular wave
derived by      which the frequency of oscillator 95 is changed. voltage
controlled oscillator 95 in response to the  Further the variable frequency
waveshape derived amplitude and frequency of the information signal  10  by
oscillator 95 need not be triangular, but must derived from source 11. The
peak amplitude of      have a constantly changing slope. Otherwise the
triangular wave 102 is slightly in excess of the peak  sampling process of
signal source 11, which oc- amplitude of sine wave 101; many cycles of the
curs at amplitude crossovers between the outputs triangular wave 102 are
derived during a single    of oscillator 95 and the signal source, does not
cycle of the sine wave source, with the ratio of the   15  enable the
signal to be accurately replicated at the triangular wave frequency to the
frequency of      input of RF amplifier tube 18. source 11 remaining
somewhat constant. The out- put of subtracting amplifier 97, at terminal
99, in  Claims response to waves 101 and 102, as respectively coupled to
input terminals 96 and 98 of amplifier  20  1. An AM radio transmitter for
transmitting an RF 97, is illustrated by waveform 103, Fig. 8. From
carrier amplitude modulated by an information waveform 103, it is noted
that a transition occurs     signal comprising means for providing an RF
each time sinusoidal wave 101 crosses triangular       carrier, a pulse
width modulator (12) respon- wave 102. Narrow pulses occur in waveform 103
sive to the information signal for deriving a during the peak portions of
the negative half cycle  25  pulse width modulated signal having pulses of
sine wave 101, while long pulses occur in           with widths
representing the instantaneous am- waveform 103 during the peak portions of
each          plitude of the information signal and a variable positive
half cycle of the sine wave. During inter-   frequency that is a function
of the information mediate portions of sine wave 101, in the vicinity of
signal, means (17) responsive to the pulse the average value thereof and of
triangular wave   30  width  modulated  signal for  deriving  a 102, the
pulses of waveform 103 have relatively        smoothed  replica thereof,
and  modulator intermediate values.                                   means
(18) responsive to the smoothed replica As the frequency and amplitude of
sine wave        of the pulse width modulated signal for am- 101 decreases,
there are corresponding decreases       plitude modulating said carrier and
means for in the frequency, but not amplitude, of triangular  35
transmitting said modulated carrier, character- wave 102. Thereby, the
widths of the bilevel output   ized in that the pulse width modulator is
ar- pulses of amplifier 97 increase and decrease dur-     ranged to
increase the frequency of the pulse ing the negative and positive half
cycles of a sine    width modulated signal as (a) the amplitude of wave
output of audio frequency source 11. The          the information signal
increases and (b) the time constant of low pass filter 17 is such that the
40  frequency of the information signal increases, square wave variations
in the output of amplifier 12   and vice versa. are reconstituted as an
accurate replica of the output of audio frequency source 11.
2. A transmitter as claimed in Claim 1 wherein While there has been
described and illustrated     the modulator means includes: a power am- one
specific embodiment of the invention, it will be   45  plifier (14, 15),
responsive to the pulse width clear that other circuitry can be used to
derive an    modulated signal, the power amplifier including input to
voltage controlled oscillator 95 as a func-   a power amplifying element
(14) connected to tion of the frequency and RMS like functions of the    a
DC power supply terminal (16), the power amplitude of the output of audio
frequency source      amplifying element deriving a high power sig- 11.
While other circuits can be employed for pulse  50  nal that is a
substantial replica of the pulse width modulator and amplifier 12, the
specifically     width modulated signal, the means for deriving illustrated
circuit has the advantage of being solely  the replica including a low pass
filter (17) re- electronic, without the need for isolation transform-
sponsive to the high power signal, and an RF ers and diode bridges which
could be incorporated      amplifier (18) having an anode-cathode path in
in other configurations for driving oscillator 95. Of  55  DC circuit with
the DC power supply terminal course, isolation transformers are bulky and
heavy     via the low pass filter and the power amplifying and diode
bridges suffer from problems associated      element. with diode knee
losses. Proper adjustment of the 9    



15                EP 0 234 936B1                     16 signal is coupled
as the +650 volt and zero volt  values of capacitors 72 and 92, as well as
resistors input to power amplifier 14.                      76, 87 and 93
controls the attack time for variations The operation of modulator and
amplifier 12    of the DC control voltage applied to oscillator 95 to can
be appreciated by an inspection of the       provide proper delay for a
suitable transition speed waveforms illustrated in Figs. 7 and 8. In Fig.
7,   5   for the change in output frequency of the oscillator. waveform 101
is slightly more than one complete    The values of these components can
easily be cycle of a sine wave tone derived from source 11.  changed to
provide the proper delay in the rate at Waveform 102 is a triangular wave
derived by      which the frequency of oscillator 95 is changed. voltage
controlled oscillator 95 in response to the  Further the variable frequency
waveshape derived amplitude and frequency of the information signal  10  by
oscillator 95 need not be triangular, but must derived from source 11. The
peak amplitude of     have a constantly changing slope. Otherwise the
triangular wave 102 is slightly in excess of the peak  sampling process of
signal source 11, which oc- amplitude of sine wave 101; many cycles of the
curs at amplitude crossovers between the outputs triangular wave 102 are
derived during a single   of oscillator 95 and the signal source, does not
cycle of the sine wave source, with the ratio of the   15  enable the
signal to be accurately replicated at the triangular wave frequency to the
frequency of      input of RF amplifier tube 18. source 11 remaining
somewhat constant. The out- put of subtracting amplifier 97, at terminal
99, in  Claims response to waves 101 and 102, as respectively coupled to
input terminals 96 and 98 of.amplifier  20  1. An AM radio transmitter for
transmitting an RF 97, is illustrated by waveform 103, Fig. 8. From
carrier amplitude modulated by an information waveform 103, it is noted
that a transition occurs    signal comprising means for providing an RF
each time sinusoidal wave 101 crosses triangular      carrier, a pulse
width modulator (12) respon- wave 102. Narrow pulses occur in waveform 103
sive to the information signal for deriving a during the peak portions of
the negative half cycle  25  pulse width modulated signal having pulses of
sine wave 101, while long pulses occur in          with widths representing
the instantaneous am- waveform 103 during the peak portions of each
plitude of the information signal and a variable positive half cycle of the
sine wave. During inter-   frequency that is a function of the information
mediate portions of sine wave 101, in the vicinity of  signal, means (17)
responsive to the pulse the average value thereof and of triangular wave
30  width  modulated  signal for deriving  a 102, the pulses of waveform
103 have relatively       smoothed  replica thereof, and  modulator
intermediate values.                                  means (18) responsive
to the smoothed replica As the frequency and amplitude of sine wave
of the pulse width modulated signal for am- 101 decreases, there are
corresponding decreases      plitude modulating said carrier and means for
in the frequency, but not amplitude, of triangular  35  transmitting said
modulated carrier, character- wave 102. Thereby, the widths of the bilevel
output   ized in that the pulse width modulator is ar- pulses of amplifier
97 increase and decrease dur-     ranged to increase the frequency of the
pulse ing the negative and positive half cycles of a sine   width modulated
signal as (a) the amplitude of wave output of audio frequency source 11.
The         the information signal increases and (b) the time constant of
low pass filter 17 is such that the   40  frequency of the information
signal increases, square wave variations in the output of amplifier 12  and
vice versa. are reconstituted as an accurate replica of the output of audio
frequency source 11.              2. A transmitter as claimed in Claim 1
wherein While there has been described and illustrated     the modulator
means includes: a power am- one specific embodiment of the invention, it
will be   45  plifier (14, 15), responsive to the pulse width clear that
other circuitry can be used to derive an   modulated signal, the power
amplifier including input to voltage controlled oscillator 95 as a func-  a
power amplifying element (14) connected to tion of the frequency and RMS
like functions of the   a DC power supply terminal (16), the power
amplitude of the output of audio frequency source     amplifying element
deriving a high power sig- 11. While other circuits can be employed for
pulse  so  nal that is a substantial replica of the pulse width modulator
and amplifier 12, the specifically    width modulated signal, the means for
deriving illustrated circuit has the advantage of being solely  the replica
including a low pass-filter (17) re- electronic, without the need for
isolation transform-  sponsive to the high power signal, and an RF ers and
diode bridges which could be incorporated     amplifier (18) having an
anode-cathode path in in other configurations for driving oscillator 95. Of
55  DC circuit with the DC power supply terminal course, isolation
transformers are bulky and heavy    via the low pass filter and the power
amplifying and diode bridges suffer from problems associated     element.
with diode knee losses. Proper adjustment of the 9    
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claimed in Claim  1 or 2       8. A transmitter as claimed in any of claims
4 to wherein said pulse width modulator (12) is         7 wherein the
RMS-like function is the average arranged to produce a bilevel pulse width
mod-     value of a rectified replica of the information ulated signal,
said modulator (12) including a     signal. variable frequency oscillator
(95) for deriving   5 an output wave having a constantly changing     9. A
transmitter as claimed in any claims 4 to 8 amplitude, the modulator
including means (97)      wherein the RMS-like function is the average for
controlling transitions of the bilevel signal  value of the full wave
rectified replica of the so that each transition in said bilevel signal
information signal. occurs in synchronism with each change in the   10
relative polarity of the information signal and  10. The transmitter of any
of claims 3 to 9 wherein the oscillator output wave, and means (73, 83)
the output wave has a triangular shape as a responsive to the information
signal for sup-      function of amplitude and time. plying a DC signal
having a magnitude that changes as a function of the amplitude and   15
11. A transmitter as claimed in any of the preced- frequency of the
information signal to the os-     ing claims wherein the modulator includes
rec- cillator to control the frequency of the output    tifier means, means
for AC coupling a signal wave.
indicative of the information signal to the recti- fier means, and
integrator means responsive to 4. A transmitter as claimed in any one of
the   20     an output signal of the rectifier means for de- preceding
claims wherein the pulse width           riving the DC signal that is
supplied to the modulator is arranged so the pulses of said
oscillator. pulse width modulated signal have a frequency that is a direct
function of the frequency and  12. A transmitter as claimed in any of the
preced- an RMS-like function of the amplitude of the   25  ing claims
wherein the modulator includes an information signal.
operational amplifier, a capacitor series con- nected between a source of
said information 5. A transmitter as claimed in claim 4 wherein the
signal and an input of said operational amplifier pulse width modulator
includes a variable fre-     for differentiating said information signal
and quency oscillator for deriving an output wave   30  for coupling said
differentiated signal to said having a constantly changing amplitude, char-
operational amplifier, a feedback path connect- acterized by means
responsive to the informa-      ed to said operational amplifier including
tion signal for supplying a DC signal having a     means for causing said
operational amplifier to magnitude that changes as a function of fre-
block portions of said differentiated signal hav- quency and an RMS-like
function of the am-   35    ing a first polarity and for deriving a replica
of plitude of the information signal to the oscilla-  portions of said
differentiated signal having a tor, the oscillator responding to the DC
signal    second polarity, means for linearly combining so the oscillator
output frequency increases as    a replica of said differentiated signal
and an the frequency and the RMS-like function of the     output signal of
the operational amplifier to amplitude of the information signal increase.
40  derive  a  unidirectional  signal having  a waveshape that is a replica
of both polarities of 6. A transmitter as claimed in claim 4 or claim 5
said differentiated signal, and means for in- wherein the pulse width
modulated signal is a      tegrating the unidirectional signal to derive
the bilevel signal, the modulator further including    DC signal that is
supplied to the oscillator. means for controlling transitions of the
bilevel  45 signal so that each transition in said bilevel  PatentansprUche
signal occurs in synchronism with each change in the relative polarity of
the information signal  1. AM-Radiosender zum Senden eines ZF-TrA- and the
output wave.                               gers, der durch ein
Informationssignal amplitu- 50      denmoduliert ist, mit Mitteln zum zur
VerfU- 7. A transmitter as claimed in any of claims 4 to      gung stellen
eines ZF-TrAgers, einem Impuls- 6 wherein said pulse width modulator
includes      breitenmodulator (12), der auf das Informa- means responsive
to the information signal for     tionssignal anspricht, um ein
impulsbreitenmo- deriving a signal having a magnitude that is
duliertes Signal abzuleiten, das Impulse mit directly related to the
RMS-like function of the   55  Breiten aufweist, welche die
Momentanamplitu- amplitude of the information signal.               de des
Informationssignals wiedergeben, und eine variable Frequenz, die eine
Funktion des Informationssignals ist, Miftel (17), die auf das 10    
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1111 1 J1ll! impulsbreitenmodulierte  Signal ansprechen,
pulsbreitenmodulierten Signals eine Frequenz urn von diesem ein geglattetes
Abbild abzulei-     aufweisen, die eine direkte Funktion der Fre- ten, und
einem Modulatormittel (18), das auf       quenz und eine dem effektiven
Mittelwert ahn- das goglAttete Abbild des impulsbreitenmodu-       liche
Funktion der Amplitude des Informations- lierten Signals anspricht, um den
Triger be-   5   signals ist. zOglich seiner Amplitude zu modulieren, und
Mitteln zum Senden des modulierten Tragers,    5. Sender nach Anspruch 4,
wobei der Impuls- dadurch gekennzelchnet,
breitenmodulator einen Oszillator variabler Fre- daB der
lmpulsbreitenmodulator dazu ausge-         quenz zum Ableiten einer
Ausgangswelle um- legt ist, die Frequenz des impulsbreitenmodu-   10  faBt,
die eine konstant sich andernde Amplitu- Herten Signals zu erhohen, wenn
de aufweist, (a) die Amplitude des Informationssignals
gekennzelchnet durch anwachst und
Mittel, die auf das Informationssignal anspre- (b) die Frequenz des
Informationssignals         chen, um ein Gleichstromsignal zu liefern, das
anwfichst sowie umgekehrt.              15       eine GroBe aufweist, die
sich als eine Funktion der Frequenz sowie als eine dem effektiven 2. Sender
nach Anspruch 1, wobei das Modula-           Mittelwert ahnliche Funktion
der Amplitude des tormittel umfaet: einen Leistungsverstlrker (14,
Informationssignals an den Oszillator lindert, 15), der auf das
impulsbreitenmodulierte Signal    wobei der Oszillator auf das
Gleichstromsignal anspricht, wobei der Leistungsverstirker ein  20   derart
anspricht, daB die Oszillatorausgangsfre- leistungsverstarkendes Element
(14) umfaft,        quenz anwilchst, wenn die Frequenz und die das an einen
GleichstromversorgungsanschluB        dem  effektiven Mittelwert ahnliche
Funktion (16) angeschlossen ist, wobei das leistungsver-    der Amplitude
des Informationssignals an- starkende Element ein Hochleistungssignal ab-
wichst. leitet, das im wesentlichen ein Abbild des im-   25
pulsbreitenmodulierten Signals darstellt, wobei  6. Sender nach Anspruch 4
odor 5, wobei das das Mittel zum Ableiten des Abbilds ein Tief-
impulsbreitenmodulierte Signal ein Doppelpe- pa~filter (17) umfalt, das auf
das Hochlei-        gelsignal ist, wobei der Modulator femer ein
stungssignal anspricht und einen ZF-Verstarker     Mittel zum Steuem der
ObergAnge des Dop- (18), der einen Anoden-Kathoden-Pfad  im   3o
pelpegelsignals derart umfaft, daB jeder Ober- Gleichstromschaltkreis
aufweist, wobei der         gang in dem Doppelpegelsignal synchron mit
GleichstromversorgungsanschluB   Ober  das         jeder Anderung der
relativen Polaritilt des In- TiefpaBfilter und das leistungsverstiarkende
formationssignals und der Ausgangswelle auf- Element vorgesehen ist.
trilt. 35 &  Sender nach Anspruch 1 oder 2, wobei der        7. Sender nach
einem der AnsprOche 4 bis 6, Impulsbreitenmodulator (12) dazu ausgelegt
wobei der lmpulsbreitenmodulator Mittel um- ist, ein
Doppelpegel-impulsbreitenmoduliertes      faft, die auf das
Informationssignal anspre- Signal zu erzeugen, wobei der Modulator (12)
chen, um ein Signal abzuleiten, das eine Gr6- einen Oszillator (95)
variabler Frequenz zum   40  Be aufweist, die in direkter Beziehung steht
zu Ableiten einer Ausgangswelle aufweist, die         der dem Mittelwerti
Ihnlichen Funktion der Am- eine sich konstant andernde Amplitude auf-
plitude des Informationssignals. weist, wobei der Modulator ein Mittel (97)
zum Steuern von 0bergangen des Doppelpegelsi-       8  Sender nach einem
der AnsprUche 4 bis 7, gnals so aufweist, daB jeder Obergang in dem   4s
wobei die dem effektiven Mittelwert ahnliche Doppelpegelsignal synchron mit
jeder Ande-         Funktion der Mittelwert eines gleichgerichteten rung
der relativen Polaritat des lnformationssi-   Abbilds des
Informationssignals ist. gnals und der Oszillatorausgangswelle erfolgt, und
Mittel (73, 83), die auf das Informationssi-  9. Sender nach einem der
Ansprl~che 4 bis 8, gnal ansprechen, um ein Gleichstromsignal zu   so
wobei die dem effektiven Mittelwert ahnliche liefem, das eine GroBe
aufweist, die als Funk-     Funktion der Mittelwert des Vollwellen-gleich-
tion der Amplitude und Frequenz des Informa-       gerichteten Abbilds des
Informationssignals ist. tionssignals an den Oszillator sich Mndert, um die
Frequenz der Ausgangswelle zu steuern.      10. Sender nach einem der
AnsprUche 3 bis 9, 55      wobei die Ausgangswelle eine Dreiecksform 4.
Sender nach einem der vorangehenden An-             als eine Funktion der
Amplitude und Zeit auf- sprache, wobei der Impulsbreitenmodulator
weist. dazu ausgelegt ist, daB die Impulse des im-    
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de maniere a augmenter la frequence du si- sprflche, wobel der Modulator
Gleichrichtermit-    gnal module en largeur d'impulsions quand (a) tel
umfaft, Mittel zum wechselstrommafigen         l'amplitude du signai
d'informations augmente Ankoppoln eines das Informationssignal anzei-
et (b) quand la frequence du signal d'informa- genden Signals an die
Gloichrichtermittel und   5  tions augmente, et vice-versa.
Integratormittel, die auf ein Ausgangssignal der Gleichrichtermittel
ansprechen, um das Gleich-  2. Emetteur selon la revendication 1, dans
lequel stromsignal abzuleiten, das zu dem Oszillator      les moyens de
modulation comprennent: un geliefert wird.
amplificateur de puissance (14, 15) repondant 10      au signal - module en
largeur d'impulsions, 12. Sender nach einem der vorangehenden An-
I'amplificateur de puissance comprenant un sprUche, wobei der Modulator
einen Opera-          eiement amplifiant la puissance (14) reli6 a
tionsverst~rker umfaft, eine Kondensatorreihe,     une borne d'alimentation
en courant continu die zwischen eine Quelle des Informationssi-       (16),
1dlment amplifiant la puissance produi- gnals und einen Eingang des
Operationsver-  15     sant un signal de puissance elevee qui est starkers
geschaltet ist, um das Informationssi-    sensiblement une replique du
signal module gnal zu differenzieren, und um das differenzier-   en largeur
d'impulsions, les moyens pour pro- te Signal an den Operationsverstarker
anzu-        duire la replique comprenant un filtre passe- koppeln, einen
RUckkopplungspfad, der an den       bas (17) rdagissant au signal de
puissance Operationsverstlrker angeschlossen ist und   20    elevee, et un
amplificateur a haute frdquence Mittel umfaft, um den Operationsverstarker
zu      (18) ayant un trajet anode-cathode dans un veranlassen, Teile des
differenzierten Signals     circuit en courant continu comprenant la borne
zu blockieren, die eine erste Polaritat aufwei-    d'alimentation en
courant continu par l'interm6- sen, und zum Ableiten eines Abbilds von Tei-
diaire du filtre passe-bas et de l'el6ment ampli- len des differenzierten
Signals, die eine zweite  25  fiant la puissance. Polaritit aufweisen,
Mittel zum linearen Kombi- nieren eines Abbilds des differenzierten Si-
3. Emetteur selon la revendication 1 ou 2, dans gnals und eines
Ausgangssignals des Opera-         lequel ledit modulateur en largeur
d'impulsions tionsverstarkers, um ein in eine Richtung lauf-    (12) est
dispose de maniere a produire un endes Signal abzuleiten, das eine
Wellenform   30  signal module en largeur d'impulsions A deux aufweist, die
ein Abbild der beiden Polaritlten    niveaux, ledit modulateur (12)
comprenant un des differenzierten Signals aufweist, und Mittel
oscillateur a frequence variable (95) pour pro- zum Integrieren des in eine
Richtung laufen-       duire une onde en sortie ayant une amplitude den
Signals zum Ableiten des Gloichstromsi-        variant constamment, le
modulateur compre- gnals, das an den Oszillator geliefert wird.  35   nant
des moyens (97) pour commander les transitions du signal & deux niveaux, de
sorte Revendlcatlons                                         quo chaque
transition dans ledit signal a deux niveaux se produise en synchronismo
avec 1. Emetteur radio pn modulation d'amplitude pour       chaque
changement dans la polarite relative emettre une porteuse & haute frequence
mo-  40     du signal d'informations et de l'onde 4mise par dul6e en
amplitude par un signal d'informa-        l'oscillateur, et des moyens (73,
83) rdpondant tions, comprenant des moyens pour obtenir          au signal
d'informations pour fournir un signal une porteuse & haute frequence, un
modula-         en courant continu ayant une valeur qui varie tour
d'impulsions en largeur (12) repondant au     on fonction de l'amplitude et
de la frequence signal d'informations pour produire un signal  45  du
signal d'informations envoye A l'oscillateur modul4 en largeur d'impulsions
ayant des im-       pour commander la frequence de l'onde de pulsions dont
les largeurs reprdsentant l'ampli-   sortie. tude instantan6e du signal
d'informations et une frequence variable qui est une fonction du  4.
Emetteur selon l'une quelconque des revendi- signal d'informations, des
moyens (17) r6pon-  5o  cations precedentes, dans lequel le modulateur dant
au signal module en largeur d'impulsions      d'impulsions en largeur (12)
est dispose de pour obtenir a partir de lui une replique lissee,  sorte que
les impulsions dudit signal module des moyens de modulation (18) repondant
a la       en largeur d'impulsions aient une frequence rdplique liss6e du
signal module en largeur        qui soit une fonction directe de la
fr6quence et d'impulsions pour moduler en amplitude ladite  55  une
fonction analogue a une moyenne quadra- portouse, et des moyens pour
dmettre ladite        tique de l'amplitude du signal d'informations.
portouse modulee, caract6rise en ce quo le modulateur d'impulsions en
largeur est congu 12    
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III11111 J)  5. Emetteur selon la revendication 4, dans lequel    moyens de
redressement un signal represen- le modulateur en largeur d'impulsions
corn-      tant le signal d'informations, et des moyens prend un
oscillateur a frequence variable pour    d'integration reporidant a un
signal emis en produire une onde en sortie ayant une amplitu-    sortie par
les moyens de redressement pour de variant constamment, caract6ris6 par des
5   produire le signal en courant continu qui est moyens repondant au
signal d'informations         envoye & l'oscillateur. pour fournir un
signal en courant continu ayant une valour qui varie en fonction de la
frequen-  12. Emetteur selon l'une quelconque des revendi- ce et d'une
fonction analogue a une moyenne       cations precedentes, dans lequel le
modulateur quadratique de I'amplitude du signal d'informa-  70  comprend un
amplificateur operationnel, un tions envoye A l'oscillateur, I'oscillateur
r~pon-  condensateur branch6 en serie entre une sour- dant au signal en
courant continu de sorte que    ce dudit signal d'informations et une
entrde la fr6quence emise par l'oscillateur augmente     dudit
amplificateur op~rationnel pour differen- quand la frequence et la fonction
analogue a      cier ledit signal d'informations et pour coupler une
moyenne quadratique de l'amplitude du   i5   ledit signal differenci6 audit
amplificateur ope- signal d'informations augmentent.
rationnel, un trajet de contre-reaction reli6 audit amplificateur
operationnel comprenant des 6. Emetteur selon la revendication 4 ou 5, dans
moyons pour amener ledit amplificateur opera- lequel le signal module en
largeur d'impulsions  tionnel a bloquer des portions dudit signal dif- est
un signal a deux niveaux, le modulateur  2o   ferencie ayant une premibre
polarite et pour comprenant en outre des moyens pour com-          produire
une replique de portions dudit signal mander les transitions du signal &
deux ni-       diffdrenci6 ayant une deuxieme polarite, des veaux, de sorte
que chaque transition dans        moyens pour combiner lineairement une
r6pli- ledit signal A deux niveaux so produise en        quo dudit signal
diff6renci6 et un signal de synchronisme avec chaque changement dans  25
sortie de l'amplificateur operationnel afin de la polarite relative du
signal d'informations et  produire un signal unidirectionnel ayant une de
l'onde de sortie.                              forme d'onde qui est une
replique des deux polarit6s dudit signal differenci6, et des 7. Emetteur
selon l'une quelconque des revendi-       moyens pour int6grer le signal
unidirectionnel cations 4 & 6, dans loquel ledit modulateur en   30  afin
de produire le signal en courant continu largeur d'impulsions comprend des
moyens          qui est envoye a l'oscillateur. repondant au signal
d'informations pour pro- duire un signal ayant une valeur qui depend
directement de la fonction analogue & une moyenne quadratique de
l'amplitude du signal  35 d'informations. a  Emetteur selon l'une
quelconque des revendi- cations 4 a 7, dans loquel la fonction analogue a
une moyenne quadratique est la valeur  40 moyenne d'une replique redressee
du signal d'informations. 9. Emetteur selon l'une quelconque des revendi-
cations 4 & 8, dans lequel la fonction analogue   45 a une moyenne
quadratique est la valeur moyenne de la r6plique redressee a double
altemance du signal d'informations. 10. Emetteur selon l'une quelconque des
revendi-  so cations 3 & 9, dans lequel l'onde 6mise a une forma
triangulaire en fonction de I'amplitude et du temps. 11. Emetteur selon
l'une quelconque des revendi-  55 cations prec~dentes, dans loquel le
modulateur comprend des moyens de redressoment, des moyens pour coupler en
courant alternatif aux 13    


