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(54) CONSTANT POWER ELECTRICAL SOURCE

(71) ‘We, GENERAL ELECTRIC
COMPANY, a corporation organized and
existing under the laws of the State of New
York, United States of America, of 1 River
Road, Schenectady 12305, State of New
York, United States of America, do hereby
declare the invention, for which we pray
that a patent may be granted to us, and the
method by which it is to be performed to be
particularly described in and by the
following statement:—

This invention relates to circuits for
producing an alternating current output
which is regulated to a constant power level
as a load impedance changes.

Inverter circuits are commonly used to
produce alternating current power from a
direct current source and to effect changes
in the voltage level of an alternating or
direct current source. It has been common
practice to incorporate circuits in inverters
which act to regulate and maintain the
output current and/or the output voltage of
the inverter at a constant value.

It is, in some instances, desirable to utilize
an inverter circuit which will supply a
constant power level to a load despite
changes in the load impedance. Inverters
with constant power output are useful, for
example, for driving gas discharge lamps in
which impedance characteristics vary. A
constant power output is also desirable for
charging of energy storage capacitors of the
type commonly utilized in photoflash and
pulse modulator equipment and for
operating variable speed motors at constant
power levels.

United States Patent 3,781,638 by Thomas
E. Anderson and John P. Walden describes
a class of alternating current inverter
circuits wherein commutation of an output
voltage is initiated as load current reaches a
predetermined, reference level. Inverters of
this class will, therefore, function to
regulate and maintain the power input to a
load of constant impedance despite changes
in the inverter input voltage.

The operation of gas discharge lamps with
frequency controlled inverters and resonant

matching networks is more particularly
described in our concurrently filed U.K.
Patent Applications Nos. 6488/77, 6487/77
(Serial No. 1,570,927) and 6485/77 (Serial
No. 1,570,926. In accordance with those
disclosures, a gas discharge lamp is
connected as a damping element across the
capacitor of an otherwise high Q series
resonant circuit. Prior to ignition the lamp
presents a very high impedance and the Q of
the resonant circuit remains high. The
circuit is automatically driven at its resonant
frequency during this period. Voltage
buildup in the high Q circuit provides high
voltage necessary for lamp starting. After
ignition, the lamp impedance decreases
greatly loading the resonant circuit and
lowering its Q. At such times the inductor
acts to limit current flow through the
negative lamp impedance.

The present invention provides a constant
power electrical source comprising in
combination:

power supply means connected to furnish
a variable frequency electric power output
at substantially constant voltage;

an output circuit including a first
capacitor and an inductor connected in
series with said power output to form a
resonant circuit and a load impedance
connected in parallel with said first
capacitor; and

means for automatically adjusting the
frequency of said power supply means in
response to changes of the value of said load
impedance to an operating frequency near
but not at the resonant frequency of said
output circuit, whereat the voltage transfer
function of said output circuit is
substantially equal to a constant multiplied
by the square root of the equivalent shunt
resistance of said load impedance.

The load will normally have varying
impedance, and the resonant output circuit
will have a high Q. Constant power can
thereby be delivered to a wide range of load
impedances. In a preferred embodiment,
the A.C. source produces a wave which is
commutated at such times as either (1) the
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2 1,578,037 2
instantaneous load current equals a oscillator 12 is coupled to a series resonant
predetermined reference level or (2) the matching circuit comprising an inductor L
time derivative of the load current, dI/dt, is and a capacitor C. A load impedance 20 is
at or near zero. In the “current derivative connected as a damping element in the

5 control” mode, the inverter switches resonant circuit formed by the inductor L 70
polarity at each peak of the resonant and the capacitor C. The load impedance 20
current wave and is, therefore, locked near, is connected in parallel with the capacitor
but not precisely at, the resonant frequency C. The frequency of the oscillator 12 is
of the output circuit. The peak current determined by a frequency control circuit

10 control mode acts to define circuit 14 in conjunction with a peak current sensor 75
operation at such times as the load cannot 16 and a current rate-of-change sensor 18.
accept real power, i.e., for short circuit or In a preferred embodiment of this circuit,
open circuit loads. the current sensor 16 may be connected in

Electrical sources of the present series with the direct current source 10 and

15 invention may be utilized for charging the oscillator 12 input. The current rate of 80
energy storage capac1tors in which case change sensor 18 may be connected in series
charging is accomplished in approximately with the resonant circuit formed by the
one-half of the time which is required to inductor L and capacitor C. The specific
charge a capacitor from a current source of connection topology of the current sensor

20 equal power rating. 16 and the current rate of change sensor 18 85

The operating frequency of the source are, however, not critical to the operation of
may be made to increase with increasing the inverter circuit and these components
load impedance making such sources highly may be of any type and connected in any
compatible with magnetic elements havinga manner known to the art.

25 constant volt - second characteristic. The operation of the resonant matching 90

In order that the invention may be clearly petwork is explained with reference to Fig.

understood, preferred embodiments thereof 25 which illustrates an equivalent circuit

will now be described by way of example having input voltage V,, load voltage V.,

only with reference to the accompanying inductance L, capacitance C, and shunt

30 drawings, in which:— X resistance R. Fig. 2b illustrates the well- 95

Fig. 1 is a functional block diagram of a known transfer function of this circuit as a

power source of the present invention; function of input frequency (expressed as a
Figs. 2a, 2b and 2¢ illustrate the operation  fraction of the unloaded circuit resonant

.of a resonant power matching network; frequency w, and the circuit Q)

35 Fig. 3 illustrates the volt-ampere F ° I :
characteristic of a 50-watt inverter power or a constant voltage drive at the 100
source: resonant frequency, the load voltage V, is

Fig. 4 illustrates the operating frequency proportional to the circuit Q.
40 vs. load current characteristics for the v
inverter of Fig. 3; o
Fig. 5 is an inverter power source —=Q=R/w,L (1
connected in a capacitor charging circuit; in
Fig. 6 is an inverter which comprises a d the load .
45 bridge output stageh; and and the load power is
Fig. 7 is a schematic diagram of a )
preferred embodiment of the present Vi Qw2 RV, ? )
invention with a gas discharge lamp load. E= =K———=KRV;,  (2) 105
Fig. 8 is a functional block diagram of a : R R
circuit in accordance with the present .
50 invention: where K is a constant. L
Fig. 9 graphically represents current flow If the voltage transfer ratio is instead
in the inverter powefr sguré:e olf Fig. ?during established at a value
normal operation of the discharge lamp;
Fig. 10 graphically represents current Vo/Vi=kv' R 3)
35 g;)i:)vr1:10tggéﬁg?;;egtpgg\;g;:gggfe of Fig. 8 where k is a constant, then the load power 110
Fig. 1 is a constant power source in ;vgll ll;e constant. The dashed curves of Fig.
accordance with the present invention. A illustrate two loci of points for which
source of direct current power 10; which Eduation 3 is satisfied.

60 may, for example be a battery or a rectifier Substantially constant power can be
type power supply, is connected to furnish delivered to the load if the drive voltage V,,, 115
input power to a variable frequency produced by the square wave oscillator 12
oscillator 12 having a substantially constant of Fig. 1 is maintained at those frequencies
voltage output which may, advantageously, near, but not at resonance, as defined by the

65 be a square wave. Output power from the dashed curves of Fig. 2b and Equation 3.
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Either of the loci defined by Fig. 2b may
be utilized for operation of the inverter. It
may be seen, however, by reference to Fig.
2¢ (which is a plot of the phase of current
flow into the network of Fig. 2a) that
operation at frequencies below resonance
presents a leading (capacitive) load to the
oscillator while operation above resonance
presents a lagging (inductive) load. For the
transistorized oscillator embodiments
described herein, operation into inductive
loads at a frequency above w, is preferred.

The frequency control circuit 14
functions to maintain the operating
frequency of the square wave oscillator 12
somewhat above the damped resonant
frequency of the circuit formed by the
inductor L, the capacitor C, and the load
impedance 20 (Fig. 1). The frequency
control function is most advantageously
accomplished by switching the oscillator 12
to induce communication of its output
voltage at such times as the rate-of-change of
current in the resonant circuit, as detected
by the sensor 18, is at or near zero; that is to
say, the voltage output is switched at each
peak of the current wave in the resonant
circuit, and, thus, by forcing the current to
lag the voltage by nearly 90° functions to
maintain the oscillator frequency
substantially on the constant power curve of
Fig. 2b.

The above-described frequency control,
which commutates the oscillator as the rate
of change of current in the resonant circuit
passes substantially through zero, functions
to regulate load power over a wide range of
load impedance 20 values. The circuit will
not, however, effectively control oscillator
operation for loads 20 which are unable to
accept real power: that is, loads having very
high or very low resistive components. For
such loads, the oscillator 12 operation may
effectively be controlled by a circuit which
induces commutation of the output voltage
as the instantaneous current flow from the

oscillator 12 equals a predetermined
reference level. Inverter circuits which
operate in this second mode are more

particularly described in the above-
referenced patent applications. If the
oscillator 12 contains no components which
are capable of substantial energy storage,
current flow in the output circuit may be
effectively determined by connecting a
current sensor 16 in series with the oscillator
input power supply 10.

The power regulating capability of such
an inverter circuit is illustrated in Fig. 3
which is a curve of the RMS voltage across
the load 20 as a function of RMS current
through that load for a 50-watt inverter
circuit of the type illustrated in Fig. 1 and
more particularly described below. It will be
noted that for load currents between

approximately 3 amperes and
approximately 10 amperes, the inverter
output characteristics (solid line) closely
approximates a theoretical 50-watt
regulated curve (dashed line). Variations
between the inverter output curve illustrated
and the theoretical 50-watt curve are
attibutable, for the most part, to losses in
magnetic elements incorporated in the
particular circuit embodiment utilized for
these measurements. Below approximately
1 1/2 amperes and above approximately 11
amperes, the inverter is switched in a peak
current limiting mode to insure stable
circuit operation. .

Fig. 4 is a plot of the operating frequency
of the inverter circuit of Fig. 2 as a function
of load current. It may be seen that the
operating frequency decreases with
increasing load current: that is, the
operating frequency tends to decrease with
decreasing load voltage. This characteristic
is compatible with the use of magnetic
circuit elements having constant
volt-second characteristics, for example
transformers and/or inductors with
saturating cores.

Fig. 5 shows the power source connected
in a capacitor charging circuit. Such circuits
are useful, for example for charging pulse
capacitors which are utilized in photoflash
and pulse modulator apparatus. A rectifier
22 is connected in parallel with the
capacitor C of the series resonant circuit,
The direct current output from the rectifier
22 is applied to an energy storage capacitor
24, The constant power output
characteristic of the inventer allows the
capacitor 24 to charge at approximately
twice the rate possible with a conventional,
constant current charging circuit having the
equivalent power rating (the equivalent
rating is determined by multiplying the short
circuit current by the open circuit voltage of
the conventional charging circuit).

Fig. 6 is an inverter power source having a
transistorized bridge output stage. Circuits
of this type may be constructed from

transistors having a relatively low
breakdown voltage rating and are,
therefore, suitable for integration in

monolithic form. A frequency control 14
provides input signals to four transistors 26,
28, 30 and 32, which are connected in bridge
configuration across the direct current
power source 10. The frequency control 14
functions to maintain transistors 28 and 30
in conduction at such time as transistors 26
and 32 are cut off and vice versa.
Commutation of the output voltage is
accomplished by alternately switching
conduction between transistors 26 with 32
and 30 with 28. A series resonant circuit
formed by an inductor L and capacitor C
bridges the transistors and is damped by a
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load 20 connected in paraliel with the
capacitor C. Current sensing elements 16
may be connected in series with the D.C.
power source 10, The rate of current change
in the load circuit may be detected, for
example, with a winding W on the inductor
L connected to a sensing circuit 18.

Fig. 7 is a preferred embodiment of an
inverter power source which is connected to
drive a discharge lamp 100 through a
transformer T2. The transformer comprises
a center-tapped primary having windings
W! and W2 and a secondary winding
connected to the lamp 100. Although the
specific circuit embodiment described
herein comprises a discharge lamp load, it
will function in the manner described with
other loads.

The common node of windings W1 and
W2 is the center tap of the lamp transformer
T2 primary winding and is connected to the
positive terminal of a conventional, line
operated power supply and filter circuit 10.
The primary winding formed by W1 and W2
is connected in parallel with a resonating
capacitor C and in series with the main
windings of a resonating inductor L1. The
inductor L1 comprises two main windings,
on a common core with two auxiliary sense
windings W4 and W5. The main windings on
inductor L1 are driven respectively from the
collectors of push-pull switching transistors
Q1 and Q2. The emitters of the switching
transistors are connected to a common
point at the collector of a third switching
transistor Q3. The emitter of transistor of
Q3 returns through a current sensing
resistor R12 to the negative terminal of the
power supply 10. The transistors Q1 and Q2
alternately conduct to impress a
substantially square wave A.C. voltage on
the load circuit formed by the inductor L1,
the capacitor C, and the lamp 100. The
emitter switch transistor Q3 functions, to
force the conducting transistor Q1 or Q2 off
and the non-conducting transistor on,
initiating commutation of the output
voltage. Thus, the inverter is switched by
turning the emitter switch transistor Q3 off.
Transistor Q4 functions to turn transistor
Q3 off by shorting its base to ground. The
combination of transistor Q4, current
sensing resistor R12, and resistor R6 form
the peak current control. If current flowing
through resistor R12 produces a voltage
drop greater than the emitter base drop of
transistor Q4, current flows through resistor
R6 turning Q4 on and Q3 off.

The zero rate-of-current-change detector
consists of transistors Q5 and Q6, resistors
R7, R8 and R9, diode D1, and the windings
W4 and W5 on the inductor L1. If voltage
drop across the inductor L1 is positive at the
dot, transistor Q6 is held in saturation by
base current flow through resistor R9 and

winding W5. Whenever voltage across the
inductor L1 is negative at the dot, transistor
Q5 is held in saturation by base current
through resistor R8 and winding W4, If
either Q5 or Q6 is saturated, the current
through resistor R7 is shunted to ground. If

“voltage across L1 is near zero, the voltage

on windings W4 and W5 is less than the
emitter-base drop of transistors Q5 and Q6
so that neither Q5 nor Q6 is conducting and
current through resistor R7 passes through
diode D1 to the base Q4. This condition
occurs only when the rate-of-change of
current, dl/dt, through the inductor LI is
substantially zero. At such times, Q4 will be
turned on turning off Q3 and commutating
the inverter output voltage.

Square wave drive signals for the bases of
transistors Q1 and Q2 are provided by
transformer T1 through resistors R1 and R2.
Resistors R10 and R11, capacitor Cl and
trigger-diode Q7 provide pulses to the base
of Q2 to assure oscillator starting. Transistor
Q8 in conjunction with resistor R13 and
capacitor C2 provide a short delay upon
initial turn-on to prevent possible damage
from voltage transients.

Power diodes D2 and D3 function to
conduct inductive currents to ground after
the switching transistors commutate.
Diodes D4-—D9 direct currents which tend to
flow out of the bases of transistor Q1 and Q2
(following turn-off of Q3) into the base of
Q4 to provide positive feedback and assure
that Q3 remains off. Diodes D10 and D11
provide a power supply for the control
circuit.

The following description taken in
conjunction with figures 8, 9 and 10 and as
further described in our copending U.K.
Patent Application No. 6487/77 (Serial No.
1,570,927) explains the elements of an
inverter circuit which may be used in
conjunction with the present invention. As
seen in Fig. 8 a gas discharge lamp 32 which
may be of any conventional type or which
may, alternately, be an induction ionized
lamp of the type described in United States
Patents 3,521,120 and 3,500,118 is
connected in series with the secondary
winding 20 of a transformer 14 and an
inductor 28. A capacitor 30 is connected in
parallel with the lamp 32. Prior to ignition,
the lamp 32 presents a high impedance
across its terminals so that the capacitor 30
and inductor 28 form a high Q, series
resonant circuit with the transformer
secondary winding 20. The inverter operates
to seek the resonant frequency of the
inductor 28 and capacitor 30 to provide
additional drive to the resonant circuit, thus
increasing the voltage across capacitor 30.
After ignition, the effective impedance of the
lamp drops markedly and swamps out the
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impedance of the capacitor 30; substantially
lowering the Q of the resonant circuit.

A pair of windings 16 and 18 on the
transformer 14 are connected in series to
form a center-tapped primary. The outer
ends of the windings 16 and 18 are
connected, respectively, through
inverter switches 10 and 12 to a node at a
first terminal of a current detecting circuit
26. A power source 24 is connected, in
series, through the current detector and
between the common node of the switches
10 and 12 and the center-tap of the
transformer primary formed by the junction
of windings 16 and 18. The current detector
circuit is connected to control the switches
10 and 12 and functions to commutate the
inverter circuit as the current drawn from
the power Source, I, crosses a reference
current level, I,.

The inverter circuit formed by switches
10 and 12, transformer 14, and current
detector 26 and its operation is known to the
prior art and described, for example, in
United States Patent 3,781,638 to Thomas E.
Anderson and John P, Walden and in our
United Kingdom Patent Specification No.
1,530,906.

In normal steady-state operation, with the
lamp 32 ignited, the inverter circuit
functions to limit lamp and transformer
primary current in the manner described in
the background disclosures. This operation
may be further explained with reference to
Fig. 9 which indicates current flow from the
power source 24 as a function of time.
Assuming the commutation has just
occurred and switch 10 is conducting the
power source 24 current is initially negative
mainly due to the inductive load, inductor
28. The load impedance is reflected to
switch 10 through transformer 14 as an
inductor-resistor (lamp) load and the
current increases exponentially to the
predetermined reference current, I, If the
transformer 14 core saturates before the
load current builds to the reference current,
Iper, then current flow from the power
source 24 increases sharply until it reaches
the predetermined current level, I, At this
point, current detector circuit 26 turns
switch 10 to the nonconducting state and
switch 12 to the conducting state. Current
now flows from the power source 26
through winding 18 and switch 12 with a
waveform similar to that drawn through
switch 10. The current in the secondary
winding 20 of the transformer alternates in
response to the alternate current flow
through windings 16 and 18 and is limited by
the inductance 28 in conjunction with the
lamp 32 impedance.

The inverter switching point is
determined in response to peak load current
and functions to maintain a constant power

input (secondary current multiplied by the
effective resistance of the lamp) to a lamp
load despite changes in the input voltage
from the power source 24. The frequency of
the inverter adjusts to the variations in the
voltage from the power source 24 in order to
maintain constant volt.seconds in the
inductor 28. Increased voltage results in an
increase in the operating frequency.

The operation of the ballast circuit prior

to lamp starting may be illustrated with

reference to Fig. 3 which indicates current
flow from the power source 24 as a function
of time. As switch 10 closes, current flow
through the winding 16 rises in response to a
current flow in the secondary winding 20,
inductor 28, and capacitor 30. The
impedance of the lamp 32 prior to starting is
very high so that current flow in the
secondary circuit is confined to the series
resonant inductor 28 and capacitor 30. If the
Q of the secondary circuit is sufficiently
high, that is greater than 2 or 3, the circuit
rings at its natural resonant frequency and
the inductor 28 and capacitor 30 each
reflect a resonant current back into the
primary winding 16 which exceeds the
reference current level, 1., and initiates
commutation of the output voltage, further
driving the circuit resonance. Under
resonant drive conditions, the ringing
voltage across the capacitor 30 builds up to
several times the open circuit voltage on
transformer winding 20 and functions to
ignite the lamp 32.

The resonant starting circuit will function
to ignite the lamp so long as the resonant
frequency of the inductor 28 and capacitor 30
is somewhat higher than the no-load
operating frequency of the inverter.
Operation, is, however, enhanced if the
resonant frequency of the secondary circuit
is approximately equal to a harmonic of the
unloaded inverter frequency, for example,
the third harmonic (shown in Fig. 4). The
inverter will drive the load circuit at
resonance until the lamp ignites. If the Q of
the resonant circuit is sufficiently high, the
voltage applied to the lamp will rise
approximately three times if the circuit
resonates at the inverter’s third harmonic,
five times for fifth harmonic resonance, and
so forth.

In accordance with the above description
an inverter having peak current
commutation control circuits of the type
exemplified by transistors Q3 and Q4 of Fig.
7 will function to seek and operate at the
resonant frequency of a high Q series
resonant LC circuit having an unignited,
cold gas discharge lamp connected as a
damping element on the capacitor. After
ignition of the lamp that circuit will also
function to limit the peak current supplied
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to the lamp and thus provide a balasting
function.

The circuit above described, does not,
however, provide positive control of the
inverter frequency for values of load
impedance intermediate between those of
an unignited, cold lamp and a hot running
lamp. If such a circuit is utilized to restart a
hot discharge lamp, it may fail to lock on the
resonant frequency of the matching circuit
which, due to loading effect of the hot lamp,
has a relatively low Q.

The inverter circuit serves to define
inverter operation for all values of load
impedance encountered in discharge lamp
auxiliary service. The inverter of Fig. 7 will,
therefore, seek and operate near the
resonant frequency of the lamp circuit to
provide the maximum voltage input
available for restarting hot discharge lamps
and will serve to regulate and stabilize the
power input to discharge lamps under all
operating conditions.

The power sources of the present
invention have constant power outputs for
loads of varying impedance. Such sources
allow fast, economical, capacitor charging
in pulse applications, and efficient
operation of gas discharge lamps.

WHAT WE CLAIM IS:—

1. A constant power electrical source
comprising in combination:

power supply means connected to furnish
a variable frequency electric power output
at substantially constant voltage;

an output circuit including a first
capacitor and an inductor connected in
series with said power output to form a
resonant circuit and a load impedance
connected in parallel with said first
capacitor; and

means for automatically adjusting the
frequency of said power supply means in
response to changes of the valve of said load
impedance to an operating frequency near
but not at the resonant frequency of said
output circuit, whereat the voltage transfer
function of said output circuit is
substantially equal to a constant multiplied
by the square root of the equivalent shunt
resistance of said load impedance.

2. A power source according to claim 1,
further including means for commutating
the polarity of the voltage of said power
output at such times as the instantaneous
current flow from said power supply means
equals a predetermined reference current
level.

3. A power source according to claim I or
claim 2, wherein the means for adjusting
frequency includes means for commutating
the polarity of the voltage of said electrical
power output at such times as the time

derivative of current flow in said inductor is
zero. _
4. A power source according to any one
of the preceding claims, wherein said load
impedance comprises a rectifier circuit.

5. A power source according to claim 4,

wherein said rectifier circuit is connected to
charge a second capacitor.

6. A power source according to any one
of the preceding claims, wherein said power
supply means is a solid state inverter.

7. A power source according to claim 6,
wherein said inverter comprises a
transistorized bridge switching circuit
connected to receive input signals from said
frequency adjusting means and to provide
said electrical power output to said
inductor, said first capacitor, and said load.

8. A power source according to claim 6 or
claim 7, wherein said inverter comprises
push-pull switching elements.

9. A power source according to claim 8,
wherein said means for commutating said
voltage is an emitter switch transistor
connected in series with said push-pull
switching elements.

10. A power source according to claim 1,
wherein:

said power supply means is a solid state
inverter and

the means for adjusting the frequency
includes means for commutating the
polarity of the voltage of said electrical
power output at such times as the voltage
drop across said inductor is zero and further
includes means for commutating said
polarity at such times as the current flow
from said power supply means equals a
predetermined reference current level.

11. A power source according to claim 10,
wherein said means for commutating the
polarity at such times as the voltage drop
across said inductor is zero comprises one
or more auxiliary winding on said inductor
and means for sensing a voltage drop on one
or more of said auxiliary windings.

12. A power source according to claim 10
or claim 11, wherin said inverter comprises
a bridge output stage.

13. A power source according to claim 10,
wherein said solid state inverter comprises
push-pull switching elements.

14. A power source according to claim 13,
wherein said inverter further comprises a
common switching element connected to
interrupt current flow through said push-
pull switching element whereby a
commutation of polarity is initiated.

15. A power source according to claim 14,
wherein said push-pull switching elements
are push-pull transistors, said common
switching element is an emitter switch
transitor connected in series with the
emitters of said push-pull transistors and
said means for adjusting the frequency of
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the power supply means is a circuit
connected to turn off said emitter switch
transistor ‘at - such times as the time
derivative of current flow through said
inductor equal zero.

16. A source according to claim 15,
further including circuit means connected
to turn off said emitter switch transistor at
such. time as current flow through said
emitter switeh transistor equals a
predetermined reference level.

17. A power source according to claim 1,
wherein said power supply means comprise
a solid state inverter and wherein said
operating frequency is substantially defined
by the locus of points whereat the voltage
transfer function of said output circuit is a
constant multiplied by the square root of the
equivalent shunt resistance of said load
impedance.

18. A power source according to claim 17,
wherein said operating frequency is greater
than said resonant frequency.

19. A power source according to claim

17, wherein said inverter comprises a bridge
output stage.

20. A power source according to claim 17,
wherein said inverter comrises push-pull
switching elements.

21. A power source according to claim 20,
wherein said push-pull switching elements
comprise push-pull switching transistors:

an emitter switch transistor is connected
in series between said push-pull switching
transistors and a source of D.C. power; and

wherein said means for adjusting the
frequency includes means for interrupting
current flow through said emitter switch
transitor whereby a commutation of polarity
is initiated.

22. A constant power electrical source
substantially as hereinbefore described with
reference to and as shown in the
accompanying drawings.

J. A. BLEACH,
Agent for the Applicants.

Printed for Her Majesty’s Stationery Office, by the Courier Press, Leamington Spa. 1980
Published by The Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from
which copies may be obtained.
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