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(54) Apparatus for transmitting 
electromagnetic energy 

(57) Plural R.F. transmitters 2A, 2B . . . e.g. 
for heating a nuclear fusion torus, are 
phase-locked as slaves to one 2A that is set 
up as the master by means of switches 4, 5. 
Each transmitter has a main voltage-
controlled oscillator 8 and a second 
voltage-controlled oscillator 24. From master 
2A the output of the oscillator 24 is passed 
along a line 19A to a central 
combiner/splitter 20 from which it is passed 
along lines 21 A, 21B, 21C and 21D of 
equal length to all transmitters. The signal 
returned on line 21A to the master 2A is 
phase-compared at 23 with the oscillator 8 
output to control the V.C.0.24 so as to 
make its phase, after returning from the 
central distribution point 20, the same as 
that of the oscillator 8. 

In slaves 2B, 2C, 2 D the output of the 
phase sensitive detector 23 after 
adjustment at 25 is used to control the 
frequency of'the slave V.C.O. 8 momentarily 
to phase-lock it to that of the master 2A. 

The frequency of the master V.C.O. 8 
is tuned to minimise back reflection from 
radiating element 1A by means of an A.F. 
oscillator 14 which modulates the 
frequency of the oscillator 8; and means 9 
and 12 for measuring the reflection co-
efficient from the radiating element 1 A. The 
variations in reflection coefficient are 
phase-compared 16 with the A.F. oscillator 
output to control the frequency of the 
oscillator 8. 

o 

N > 
CO 
CO 

The drawing originally filed was informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 
Apparatus for Transmitting Electromagnetic 
Energy 

This invention relates to apparatus for 
5 transmitting electromagnetic energy. 

The invention arose in connection with the 
design of a torroidal shaped experimental nuclear 
fusion chamber the contents of which are 
required to be heated to a very high temperature 

10 using a number of heating techniques. One of the 
techniques to be used is to transmit 
electromagnetic energy into the contents of the 
torus from a member of radio frequency 
transmitters arranged around the torus. The 

15 energy to be transmitted is exceptionally high and 
it is required, for experimental purposes, to be 
able to use the output of any one of the 
trasnmitters as a phase reference against which 
the phases of the other transmitters are locked. 

20 Whilst the invention arose in connection with this 
particular experimental project it is equally 
applicable to other transmitters of 
electromagnetic energy whose phases need to be 
controlled relative to each other. 

25 This invention provides apparatus for 
transmitting electromagnetic energy comprising: 
a first transmitter which is or is adapted to be set 
up as a master transmitter; at least one other 
transmitter which is or is adapted to be set up as 

30 a slave transmitter the phase of which is 
controlled by the master transmitter; a control 
oscillator associated with the master transmitter; 
means for conducting a control signal from the 
control oscillator to each of the transmitters, 

35 including the master, via a distribution point 
common to the master and slave transmitters; 
means at the master transmitter for adjusting the 
control oscillator so as to fix the phase of the 
control signal, after passage through the 

40 distribution point, relative to the phase of the 
master transmitter; and means at the or each 
slave transmitter for using the control signal from 
the common distribution point to control the 
phase of the or each slave transmitter. 

45 In a preferred arrangement each transmitter 
has a control oscillator and is adapted to be set up 
optionally as the master or as a slave transmitter. 
The paths from the distribution point to each of 
the transmitters are preferably all equal. In this 

50 way it can be ensured that the control signal as 
received at each slave transmitter has exactly the 
same phase and frequency as the master 
transmitter and can be used as a reference with 
which to lock the slave transmitter in frequency 

55 and in phase relative to the master transmitter. 
It may also be required to control the frequency 

of the master transmitter in such a way as to 
ensure that the best match is obtained between 
the transmitting elements and the medium into 

60 which transmission is to take place. With a view 
to meeting this requirement, there is a second 
aspect to this invention in accordance with which 
there is provided apparatus for transmitting 
electromagnetic energy comprising an oscillator, 

65 a transmitting element adapted to receive energy 
from the oscillator and to transmit it in the form of 
electromagnetic energy, means for measuring the 
reflection coefficient of the transmitting element, 
means for modulating the frequency of the main 

70 oscillator, a phase-sensitive detector for 
producing a measure of the component of the 
variations in the reflection coefficient which is in 
phase with the modulation frequency, and means 
for using the output of the phase-sensitive 

75 detector to adjust the frequency of the main 
oscillator up or down with respective rises or falls 
in the measure of the said component. 

One way in which the invention may be 
performed will now be described by way of 

80 example with reference to the accompanying 
drawing which is a schematic block diagram 
showing a number of radio frequency transmitters 
for heating the torroidal fusion chamber referred 
to hereinbefore. 

85 The illustrated apparatus includes a number of 
radiating elements, only four of which are shown 
at 1 A, 1B, 1C and 1D, these elements being 
arranged around the torroidal chamber so as to 
transmit electromagnetic energy into it. Each 

90 radiating element 1 A, 1B, 1C, 1D etc. is supplied 
with radio frequency energy from a respective 
transmitter e.g. as shown at 2A, 2B, 2C and 2D. 
These transmitters are all identical so only the 
transmitter 2A is shown in detail in the drawing. 

95 Each transmitter can be set up either as a master 
transmitter or as a slave transmitter by a signal 
received on line 3 which operates switches 4 and 
5. In the drawing the transmitter 2A is set up as 
the master transmitter and the others are set up 

100 to be slave transmitters. 
An analogue value denoting a nominal 

frequency i.e. an approximate frequency at which 
the transmitter is required to operate is applied on 
line 6, via a summing amplifier 7 to a main 

105 voltage controlled oscillator 8. The frequency of 
this oscillator is set by the voltage on line 6 to the 
desired value. The output of the main oscillator 8 
is passed to the transmitting element 1A and 
thence into the torroidal chamber. 

110 It is necessary to tune the frequency of the 
voltage controlled oscillator 8 to a value which 
maximises the transmission from the element 1A 
and therefore minimises the reflection coefficient 
of the element 1 A. For this purpose the reflection 

115 coefficient is measured using directional couplers 
as indicated generally at 9 which sample the 
energy transmitted to and reflected back from the 
element 1A. The resulting signals on lines 10 and 
11 are compared at 12 to give a measure of the 

120 reflection coefficient on line 13. The frequency of 
the oscillator 8 is modulated at an audio 
frequency generated by an A.F. oscillator 14 and 
applied via line 15 and the summing amplifier 7 
to the control input of the oscillator 8. The output 

125 of the A.F. oscillator 14 is also passed to a phase-
sensitive detector 16 where it is compared with 
the reflection coefficient on line 13. If the 
frequency of the voltage controlled oscillator 8 is 
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above that which gives the minimum reflection 
coefficient, then increases in the frequency of the 
oscillator 8 caused by a rising value of the output 
o f the A.F. oscillator 14 wil l cause corresponding 

5 rises in the reflection coefficient on line 13. Thus 
the signals on lines 13 and 15 will be in phase 
and the phase-sensitive detector 16 will produce, 
under these circumstances, a positive output 
which is applied via circuit 7 to the control input 

10 of the voltage controlled oscillator 8 so as to 
decrease its frequency. Contrarywise, if the 
frequency of the oscillator 8 is below the 
optimum value, then the signals on lines 13 and 
15 will be out of phase and phase-sensitive 

15 detector 16 will produce a negative output, 
increasing the frequency of the voltage controlled 
oscillator 8. When the oscillator 8 is near its 
optimum frequency the modulations imposed by 
the A.F. oscillator 14 will bring it through its 

20 optimum frequency, giving a minimum reflection 
coefficient on line 13, twice for every cycle of the 
A.F. oscillator 14. This phenomenon is detected 
by a second harmonic detector 17 which 
produces some suitable indication that the 

25 frequency of voltage controlled oscillator 8 is or is 
not correctly adjusted. 

A second voltage controlled oscillator 24 
generates a phase control signal which passes 
through the switch 5 and a D.C. isolator 18 along 

30 a path 19A to a central distribution point 20 
which is formed by a combiner and splitter as 
indicated schematically by the resistors shown on 
the drawings, and is connected by an equal length 
of cable to each transmitter. Thus all the paths, 

35 e.g. 19A, 19B, 19C and 19D from the 
transmitters to the distribution point 20 are 
identical in length. 

In the combiner/splitter 20 the signal from line 
19A is passed to return lines, e.g. as shown at 

40 21 A, 21B, 21C and 21D of identical length to a 
D.C. isolator in each transmitter as shown as 22 
on transmitter 2A. Because all the lines 21A are 
identical the phase at the output of each D.C. 
isolator 22 is identical and this fact is used to lock 

45 the phases of the transmitters relative to each 
other in a manner which will now be described. 

A phase-sensitive detector 23 compares the 
phase control signal at the output of D.C. isolator 
22 with a sample of the signal transmitted from 

50 the oscillator 8 and produces an output which 
controls the voltage controlled oscillator 24 so as 
to make its output, after returning from the 
distribution point 20, the same as that of the main 
oscillator 8. 

55 In the transmitters 2B, 2C and 2D etc. in which 
the switches 4 and 5 are switched to the slave 
condition, the output of the phase-sensitive 
detector 23, after adjustment by a preset amount 
at 25, is added at 7 to the analogue values on 

60 lines 6 and 15 so as to adjust momentarily the 
frequency of the voltage controlled oscillator 8 
until its phase is displaced from that of the master 
transmitter by the desired amount as introduced 
on line 26 into the circuit 25. 

65 CLAIMS 
1. Apparatus for transmitting electromagnetic 

energy comprising: a first transmitter which is or 
is adapted to be set up as a master transmitter; at 
least one other transmitter which is or is adapted 

70 to be set up as a slave transmitter the phase of 
which is controlled by the master transmitter; a 
control oscillator associated with the master 
transmitter; means for conducting a control signal 
from the control oscillator to each of the 

75 transmitters, including the master, via a 
distribution point common to the master and 
slave transmitters; means at the master 
transmitter for adjusting the control oscillator so 
as to fix the phase of the control signal, after 

80 passage through the distribution point, relative to 
the phase ofthe master transmitter; and means at 
the or each slave transmitter for using the control 
from the common distribution point to control the 
phase of the or each slave transmitter. 

85 2. Apparatus according to claim 1 in which 
each transmitter has a control oscillator and is 
adapted to be set up optionally as the master or 
as a slave transmitter. 

3. Apparatus according to claim 2 in which 
90 each transmitter includes a phase-sensitive 

detector arranged: in the master transmitter to 
adjust the control oscillator so as to make its 
control signal, after returning from the distribution 
point, equal in phase to the master transmitter 

95 output; and in the or each slave transmitter to 
adjust the slave transmitter so as to make its 
output equal in phase to the control signal from 
the distribution point. 

4. Apparatus according to any preceding claim 
100 including a reflection coefficient detectorfor 

producing an indication of the extent to which the 
transmitted signal is reflected back in a direction 
towards the transmitter, and means for adjusting 
the frequency of the master transmitter so as to 

105 minimise the reflection coefficient. 
5. Apparatus according to claim 4 in which the 

means for adjusting the frequency of the master 
transmitter comprises a further oscillator for 
modulating the frequency of the master 

110 transmitter as a modulation frequency and a 
phase sensitive detectorfor comparing the output 
of the further oscillator with the output of the 
reflection coefficient detector to produce an 
indication of the direction and extent of 

115 adjustment of the frequency of the master 
transmitter required to minimise the reflection 
coefficient. 

6. Apparatus for transmitting electromagnetic 
energy comprising an oscillator, a transmitting 

120 element adapted to receive energy from the 
oscillator and transmit it in the form of 
electromagnetic energy, means for measuring the 
reflection coefficient of the transmitting element, 
means for modulating the frequency of the main 

125 oscillator, a phase sensitive detector for 
producing a measure of the component of the 
variations in the reflection coefficient which is in 
phase with the modulation frequency and means 
for using the output of the phase sensitive 
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detector to adjust the frequency of the main 
oscillator up or down with respective rises or falls 
in the measure ofthe said component. 

7. Apparatus according to claim 6 including 
5 means for detecting a component of the variation 

in the reflection coefficient which is twice the 
modulation frequency thereby indicating when 
the frequency of the main oscillator is such as to 

minimise the reflection coefficient. 
10 8. A torroidal fusion chamber comprising 

apparatus constructed in accordance with any 
preceding claim arranged to transmit radio 
frequency energy into the contents of the 
chamber. 

15 9. Apparatus substantially as described with 
reference to the accompanying drawing. 
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