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[57] ABSTRACT

A very simple circuit for generating a pulse at a particu-
lar phase of an A.C. source, including a silicon con-

trolled rectifier (SCR), an initiating capacitor con-
nected to the cathode of the SCR through a load such
as a pulse transformer, and a large resistor that con-
nects the gate of the SCR to a location on the power
supply to slowly charge or discharge the capacitor by
SCR cathode-to-gate current until the cathode is of low
enough potential to again fire the SCR and strike the
lamp. In one circuit which assures striking of a strobo-
scopic lamp near the positive peak of the A.C. source,
the gate resistor is connected to a point of the power
source that cyclically varies from a level somewhat
below the anode voltage to a much lower voltage, so
that the gate reaches a voltage exceeding the cathode
voltage near the peak of the A.C. source. In another
circuit which assures firing during the negative portion
of the A.C. cycle, the resistor is connected to a point
of constant low voltage (with respect to the SCR an-
ode) to obtain a largely exponential reduction of cath-
ode voltage. In this circuit, a ripple-producing capaci-
tor is also provided which connects the cathode of the
SCR to a terminal of the A.C. source to provide a ripple
component that assures that the cathode potential will
be lowest during the negative portion of the A.C. cycle
and therefore that the gate-to-cathode firing voltage
will be attained during a negative phase of the A.C. cy-
cle.

14 Claims, 12 Drawing Figures
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PHASE CONTROLLED FIRING. CIRCUIT

CROSS-REFERENCE TO RELATED APPLICATION

This is a continuation-in-part of patent application
Ser. No. 874,098 filed Nov. 5, 1969, now U.S. Pat. No.
3,600,996.

BACKGROUND OF THE INVENTION

This invention relates to circuits for generating firing
pulses and, while not limited thereby, is especially
suited to stroboscopic lamp firing circuits when the
load is a pulse transformer.

Certain types of electrical apparatus, such as lamps
used in stroboscopic lighting, are periodically struck or
fired by a current pulse that is obtained by suddenly
discharging a capacitor. Where an A.C. power supply
is employed, it is often desirable to assure lamp firing
at a particular phase of the A.C. cycle. For example,
stroboscopic lamps used for obtaining psychedelic
lighting effects are often energized by a simple circuit
that includes a power capacitor charged to a constant
voltage to supply most of the current that lights the
lamp, but a special A.C. booster supply may be added
to the capacitor voltage. If the lamp is struck at an in-
stant when the special booster supply is near a peak,
then a large initial voltage will be applied to the lamp
which assure that it fires even if its condition has de-
cayed or the A.C. source provides a lower than ex-
pected voltage. In this type of circuit, it is desirable that
the striking current from the striking capacitor be ap-
plied near the peak of the A.C. booster supply.

In another type of circuit which is used for energizing
stroboscopic lamps in psychedelic lighting applications,
lamp lighting current is obtained from a power capaci-
tor (with or without a special booster) that is charged
from an A.C. source through a diode and current-
limiting resistor. If the lamp should fire during certain
positive portions of the A.C. cycle, then the lamp could
draw a large current directly from the A.C. power
source through the current-limiting resistor. Normally,
a large current-limiting resistor is required to limit:such
a current. However, if the circuit were constructed to
assure that firing does not occur -during the positive
portion of the A.C..source, then a much smaller cur-
rent-limiting resistor could be utilized and heating of
the circuit could be reduced. Reduction of such heating
is of great importance because heating can cause many
malfunctions, so that steps taken to reduce heating
have resulted in undesirable limitations in circuit de-
sign. ‘

Of course, many circuits are available which can
sense the peak of an A.C. voltage and trigger a-device.
However, it is desirable to provide an extremely simple
circuit that can be a simple lamp firing circuit or the
like to control the phase of firing, in order that the en-
tire circuit may be sold at low cost.

OBJECTS AND SUMMARY OF THE INVENTION

An object of the present invention is to provide a
very simple circuit that generates a firing pulse at a pre-
determined phase of an alternating current source.

Another object is to provide a power circuit for a
stroboscopic lamp, wbich assures firing of the lamp
near a peak (either positive or negative) of a varying
supply voltage to the lamp.
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.Still another object is to provide a power circuit for
a stroboscopic lamp, which minimizes the cost of the
circuit components and minimizes heating of the cir-
cuit.

In accordance with:-the invention, firing circuits are
provided of the type wherein a striking, or initiating ca-
pacitor rapidly discharges or charges through a silicon
controlled rectifier (SCR) or the like, to provide a fir-
ing pulse. Control of the phase at which the SCR is
turned on is-accomplished by connecting the gate of
the SCR to a point of the power supply that is usually
of lower potential than the anode of the SCR, and con-
necting one side of the initiating capacitor to the cath-
ode of the SCR. This allows current to flow between
the cathode and reversed. biased gate of the SCR to
slowly charge or discharge the capacitor, and.thereby
slowly decrease the voltage at the cathode. As the cath-
ode voltage decreases, it approaches a level that can be
exceeded by the gate voltage to fire the SCR and there-
fore suddenly discharge or charge the initiating capaci-
tor through it. This is accomplished by providing a rip-

ple current that adds to the exponential gate current.

The ripple current is in phase with the A:C. source; and
it assures that the SCR fires,at a particular phase of the
A.C. source.

In one circuit utilized to power a stroboscopic lamp
used in psychedelic lighting, most of the lamp current
can be supplied by a power capacitor that is charged to
a constant high voltage, but an additional booster sup-
ply can also be utilized: The booster supply adds a vary-
ing voltage to the constant voltage of the power capaci-
tor. If the lamp is struck when the booster voltage is at
a maximum, then a very high voltage is initially avail-
able to the lamp to assure that it will light even if its
condition has decayed somewhat or if the A.C. voltage
supply. is somewhat lower than normal. The lamp: is
struck by a pulse obtained when the initiating capacitor
is discharged through the SCR. To assure firing near a
peak of the variable voltage, the gate of the SCR is con-
nected by a resistor to a terminal of the A.C. source to
provide a variable gate voltage. The initiating capaci-
tor, which is.connected between the cathode and-anode
of the SCR, is slowly charged by current that flows be-
tween the cathode and the reversed biased gate of the
SCR and, therefore, the cathode slowly falls'in voltage.
When the cathode: finally falls to a voltage slightly
below the peak voltage being periodically applied to
the gate, then at the next cycle when ithe gate voltage
is near its peak, the SCR fires.

In another circuit utilizing a stroboscopic lamp for
psychedelic lighting, the lamp can be powered as be-
fore, from a power capacitor that supplies a constant
voltage prior to lamp firing (with or without a special
booster for the lamp). The power capacitor is charged
through a diode and current-limiting resistor, (or
through additional capacitors and diodes and/or trans-
formers that may be provided to step up the voltage),
and it is important to assure that firing will occur sub-
stantially -only during negative portions.of the A.C.
cycle to assure that the lamp will not draw a large cur-
rent directly through the power supply components. In
this circuit, the gate of the SCR is connected to a point
of constant low voltage so that the initiating capacitor
is exponentially charged by a current that flows from
the cathode to the gate of the SCR. In order to assure
firing during the negative portion of the A.C. cycle, a
small capacitor connects a terminal of the A.C. source
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to the cathode of the SCR to provide a small ripple
voltage that adds to the exponentially declining volt-
age. The ripple voltage assures that the cathode of the
SCR will acquire a voltage less than the constant gate
voltage during a negative portion of the A.C. cycle, so
that the SCR will fire during a negative portion of the
A.C. cycle.

The novel features of the invention are set forth with
particularity in the appended claims. The invention will
be best understood from the following description
when read in conjunction with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a circuit constructed
in accordance with the invention, which assures firing
of a stroboscopic lamp near a positive peak of an A.C.
source;

FIG. 2 illustrates waveforms of voltages in the circuit
of FIG. 1;

FIG. 3 illustrates the relationship between the SCR
cathode voltage and the A.C. source voltage in the cir-
cuit of FIG. 1;

FIGS. 3A and 3B illustrate modifications of a portion
of the circuit of FIG. 1 to provide capacitor-charging
current that bypasses the gate of the SCR;

FIG. 3C illustrates another modification of the circuit
of FIG. 1, to provide a controlled phase shift of the fir-
ing time with respect to the A.C. source;

FIG. 4 is a schematic diagram of a circuit constructed
in accordance with another embodiment of the inven-
tion, which assures firing during substantially a nega-
tive portion of the A.C. source voltage;

FIG. 5 illustrates the waveforms of various voltages
in the circuit of FIG. 4; and

FIG. 6 is a schematic diagram of a circuit constructed
in accordance with a further embodiment of the inven-
tion, which operates in a manner similar to that of FIG.
i; i
FIG. 7 is a schematic diagram of a circuit constructed
in accordance with yet another embodiment of the in-
vention, for alternately firing two stroboscopic lamps,
with all firings occurring near a positive peak of an
A.C. source;

FIG. 8 illustrates waveforms. of the circuit of FIG. 7;
and '

FIG. 9 is a schematic diagram of still another embodi-
ment of the invention, which utilizes a negative booster
voltage and' which assures firing near a negative peak
of the A.C. source.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 illustrates a circuit for striking and energizing
a stroboscopic lamp 10 from an alternating current
source 12, in a manner that assures firing even if the
lamp has decayed so that it requires a higher voltage
across it to start it or if the voltage supply 12 supplies
less than normal voltage. The lamp 10 has a striking
member 14 which is supplied with a high voltage to cre-
ate an arc that ionizes gas within the lamp, to start it.
The resistance of the lamp then drops from a very high
level to a very low level so that a large current can flow
from a power capacitor 16 through a diode 18 and
through the lamp to create a brief high intensity flash
of light. The high voltage pulse at the striking member
14 of the lamp is obtained by suddenly discharging an
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initiating capacitor 20.through primary windings of a
transformer 22. The initiating capacitor 20 is con-
nected, in series with some windings of the transformer,
between the cathode ¢ and the anode a of the SCR. (If
desired, the locations of the initiating capacitor 20 and
primary windings of the transformer 22 can be reversed
so that a terminal of the primary transformer windings
connects directly to the cathode ¢ while a terminal of
the capacitor 20 connects directly to the anode a.)
When the voltage at the gate g of the SCR exceeds the
voltage at the cathode c¢ by a predetermined small
amount such as 0.7 volts, then the SCR fires and there
is a very low resistance between its anode a and cath-
ode c.

The power capacitor 16 is charged by a voltage dou--
bling circuit which includes two diodes 26, 28, a capac-
itor 30 and a current-limiting resistor 32. The capacitor
30 and diode 26 serve in conjunction with source 12 as
an alternating current source that provides a voltage at
location 40 that varies between ground and twice the
peak voltage of the supply 12. The diode 28 provides
current that charges the power capacitor 16 to a volt-
age 2V, which is twice the peak voltage V,, of the sup-
ply 12. Thus, for a household outlet at 12 that may sup-
ply a nominal 110 volts with a peak of 150 volts, the
doubler circuit portion can supply approximately 300
volts across the power capacitor 16. In order to provide
an even higher voltage across the lamp at the instant
when it is fired, a booster capacitor 34 is provided to
serve in conjunction with the diode 18. The booster ca-
pacitor 34 provides a variable voltage in phase with the
A.C. source 12 that adds to the voltage supplied by the
power capacitor 16, to provide a maximum voltage of
4V, Thus, instead of only the 300 voits of the power
capacitor 16 being applied across the lamp 10 prior to
the time when it is struck, a variable voltage is applied
which may vary between about 300 and 600 volts. This
variable voltage is in phase with the A.C. source 12 and
is synchronized with it so that the peak (e.g. 600 volts)
of the variable voltage coincides with the peak of the
A.C. source 12. After the lamp 10 is struck, most of the
current through it may be supplied by the power capac-
itor 16. However, the fact that there is initially a very
high voltage at the instant of striking makes it more
probable that the lamp will light. Typically, the lamp
draws a heavy current during a period which may be a
fraction of a millisecond, until the voltage across the

+ lamp drops to a value such as on the order of 50 volts

50

65

and the lamp is then extinguished.

In order to obtain the maximum advantage of the
booster capacitor 34, the SCR should fire only at a time
near the peak of the A.C. source 12, when the booster
capacitor 34 is supplying nearly its maximum voltage
(of about 4V,) to the lamp 10. In psychedelic lighting,
it is generally desirable to provide for such a firing of
the lamp 10 on the order of several times per second.
Thus, for an A.C. source 12 that may alternate at a rate
of 60 cycles per second, the lamp 10 may be fired only
once in every several cycles, although the instant of fir-
ing should occur near a peak. In order to assure firing
near a peak of the A.C. source 12, a resistor 36 is pro-
vided that couples the gate g of the SCR to a point 38
of the power supply. The reason for coupling the gate
g through the resistor 36 to the point 38, is to provide
a gate current through the SCR that can recharge the
initiating capacitor 20 until the SCR next fires, and also
to vary the voltage at the gate g in unison with the volt-
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age of the A.C. source 12 so that the gate reaches a
high voltage and can fire the SCR near a peak of the
A.C. source 12.

The SCR defines a diode between its gate g and cath-
ode c. The diode tends to allow current flow only from
the gate to the cathode, and such current flow which
may occur at a’'low voltage such as 0.7 volts turns on
the SCR. However, this gate to cathode diode breaks
down in an avalanche mode when it is reversed biased
by a higher voltage such as 7 volts; so that it acts like
a Zener diode. An instant after the SCR fires and the
initiating capacitor 20 has been discharged, there is
substantially no voltage across the capacitor 20. When
the anode a of the SCR has again reached a high cons-
tant voltage at the next A.C. cycle, the low voltage
across the capacitor 20 results in the cathode ¢ also
being at a-high voltage nearly equal to that at the an-
ode. The gate g which is connected through the resistor
36 to the A.C. source, experiences a voltage which var-
ies periodically, but which is always below the voltage
of the anode a and therefore below the cathode voltage
until the initiating capacitor 20 has been charged. For
example, where the anode a is maintained at 300 volts,
the point 38 may vary between o150 volts and —150
volts. A reverse current can flow from the cathode to
the gate of the SCR to charge the capacitor 20, which
lowers the voltage at cathode ¢. Such charging contin-
ues until the cathode ¢ has dropped to a voltage slightly
below the peak voltage which can occur at the voltage
source point 38. At the peak of the next cycle, when
the voltage at the gate g exceeds the voltage at the cath-
ode ¢, the SCR 24 fires. The initiating capacitor 20 then
discharges to again strike the lamp and the process be-
gins all over.

FIG. 2 illustrates the voltages that appear at three
points, 38, 40 and 42 of the circuit of FIG. 1, these volt-
ages being labeled Vg, V4, and V,;. A comparison of
these voltages shows the desirability of striking the
lamp near a peak of the A.C. voltage source. FIG. 3
compares the voltages at the cathode c of the SCR and
at the point 38, these voltages being designated V, and
Vg All voltages are taken with respect to the ground
indicated in FIG. 1.

As shown'in FIGS. 2 and 3, a firing of the SCR and
lamp occurs at a time ¢,. The voltage across the initiat-
ing capacitor 29 quickly drops to zero, so that the volt-
age V. quickly becomes equal to the voltage at the
anode of the SCR. The voltage across the lamp, which
equals the voltage V ,, quickly drops to a low level such
as 50 volts which is the level at which the lamp is extin-
guished. By the peak of the next cycle of the A.C.
source 12, the power capacitor 16 is nearly fully
charged to twice the peak voltage of the A.C. source
12,(if resistor 32 and capacitor 30 are so chosen) and
therefore the anode a of the SCR is at this voltage.
Thus, at the peak of the A.C. source cycle following the
cycle in which firing occurred, the anode a has reached
a substantially constant high voltage (which equals
2V,). As the initiating capacitor 20 begins charging,
the voltage V. at the cathode of the SCR begins to de-
crease, as shown in FIG. 3. The decrease is in a some-
what exponential manner, except that it has a ripple
factor to it. This ripple is due to the fact that the gate
is not connected to a constant voltage, but is connected
to point 38 that constantly varies. The initiating capaci-
tor 20 therefore charges most rapidly during a negative
portion of each cycle of the A.C. source. During such
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charging, a gate current indicated at i; in FIG. 1 flows
from the cathode to the gate of the SCR. Such flow will
occur so long as the required Zener breakdown volt-
age, which may be about 7 volts, can be maintained be-
tween the cathode and gate.

After three cycles (for values of capacitor 20 and re-
sistor 36 chosen to cause this) at the time 1,, the cath-
ode voltage V. is only slightly above the peak of the
voltage Vg5 When the cathode to gate voltage is less
than the Zener breakdown voltage of the gate to cath-
ode diode, no-appreciable gate current flows. Thus,
near the peak of the cycle at time t,, no additional ca-
pacitor charging occurs. However, a short time later
when the voltage V33 again decreases towards the nega-
tive portion of the A.C. cycle, the initiating capacitor
again continues to charge and the voltage at V. drops
further, to a level that is below the peak V, of the A.C.
source V. When the voltage Vg next approaches its
peak, there will be a time when the voltage at the gate
g of the SCR exceeds the voltage V, at the cathode (by
an amount such as 0.7 volts). The SCR will then be sud-
denly turned on, the initiating capacitor 20 will sud-
denly discharge, and the lamp will be struck again. This
striking will again occur near the peak of the A.C. cycle
and therefore at a time when the voltage V, across the
main terminals of the lamp is at nearly a maximum. As
previously mentioned, in the operation of the circuit of
FIG. 1 the resistor 36 may be thought of as serving two
functions. One function is to provide a current that dis-
charges the initiating capacitor 20 so as to slowly lower
the voltage at the cathode of the SCR; a resistance is
used to provide a net change in voltage across the ca-
pacitor and therefore a net change of cathode voltage
of each cycle of the A.C. source: Another function of
the resistor 36 is to provide a voltage at the gate g of
the SCR that varies in synchronism with the A.C.
source 12. This variation of gate voltage, combined
with a slowly decreasing cathode voltage, assures that
the gate will exceed the cathode voltage at a time near
the peak of the A.C. source. The fact that the cathode
voltage V, decreases most rapidly during the negative
portion of the source A.C. cycle may not be of major
importance in those cases where firing occurs after a
limited number of cycles of the A.C. source.. However,
it can help to assure firing at a constant number of A.C.
source cycles in those casés where there is a large num-
ber of A.C. cycles between firings.

The number of cycles required for the cathode volt-
age V., to reach the gate voltage depends upon the im-
pedance of the resistor 36 in relation to the size of the
initiating capacitor 20. The resistor 36 is made variable
to allow for a choice of lamp flashing frequency. If the
value of the resistance 36 is iricreased, then lamp flash-
ing will occur less often, while if the resistance 36 is de-
creased lamp flashing will occur more often. It is possi-
ble to make the resistance at 36 so low that lamp flash-
ing occurs at every cycle of the A.C. source. However,
this prevents taking advantage of the voltage boost pro-
vided by the capacitor 34, and in fact, could cause lamp

'striking prior to substantially full charging of the power

capacitor 16. If operation at every cycle should be de-
sired, then special attention should be given to the set-
ting of resistor 36, or additional phase shifting elements
may have to be added to the circuit. It is generally de-

“sirable that the resistance 36 be large enough to pre-
.vent firing until at least the second cycle of the A.C.

source following a lamp striking. Where more cycles of
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the A.C. source are allowed to pass between firings, the
firings automatically occur closer to the peak of the
boost supply. The variable resistor 36 can be con-
structed so it can be reduced to a low enough level to
create a cathode voltage decay that follows the line
shown at V.’ in FIG. 3, so that the lamp can fire every
other cycle but it still fires near the peak of the boost
supply. In such a case, however, the resistance and ca-
pacitance values must be held within moderate toler-
ances to assure firing near the peak. The user can in-
crease the resistance to reduce the frequency of lamp
firing, and at a time between firings above about four
A.C. source cycles, firing always occurs very close to
the voltage peak.

The power circuit of FIG. 1 can be utilized for other
applications than stroboscopic lamp firing. In situations
wherein the load does not completely drain the power
capacitor or other supply, firing can even occur every
cycle, and by proper choice of the gate resistor in rela-
tion to the initiating capacitor, firing can be controlled
to occur near a peak of the A.C. source. In FIG. 1, the
gate resistance 36 is shown connected to a terminal of
the A.C. voltage source 12. Where only a gate resis-
tance is used, it is necessary that the resistance be con-
nected to a point of the circuit which has a voltage that
varies in synchronism with the A.C. source to which fir-
ing is to be synchronized, that the maximum voltage of
such a point be below the anode voltage of the SCR,
and that the peak-to-peak voltage of the point vary by
more than the reverse breakdown voltage, or Zener
voltage, of the gate to cathode diode of the SCR (which
is typically about 7 volts). Of course, if it is desired to
fire the initiating capacitor at some time during a cycle
other than the positive peak, a point of varying voltage
can be made available by the addition of reactive net-
works that provide a peak at the desired firing time,
and the gate resistor then can be connected to such a
point.

In the operation of the circuit, the gate to cathode
diode of the SCR is utilized to provide current to
charge the capacitor. If it is desired to avoid this, an ex-
ternal diode can be added across the gate and cathode
leads as illustrated in FIG. 3A, or a blocking diode can
be added in series with the gate and the resistor con-
nected between the cathode and point 38 as illustrated
in FIG. 3B, or between the cathode and ground, or
some other suitable point, which may even be reactive
to shift the firing phase. Of course, other switching de-
vices such as a thyratron tube can be used instead of an
SCR, although in the case of a thyratron this would re-
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diode between the gate and cathode or a resistor con-
‘necting the cathode to some suitable point. Any of such
devices or circuitry which functions in this manner may
be considered as silicon controlled rectifier means.

In many applications, it is desirable to provide a firing
pulse at the peak of the A.C. source. However, any de-
sired shift can be accomplished to provide a pulse at a
different time during the A.C. cycle by the use of a
phase shifting network. FIG. 3C shows a network
formed by a capacitor 43 and resistor 45 that provide
a delay phase shift, by coupling the control resistor 36
to the A.C. source through this phase shift network.

FIG. 4 illustrates a stroboscopic lamp firing circuit
which does not utilize a variable positive booster volt-
age, and which, therefore, does not have to fire at the
positive peak of the A.C. source. Instead, the circuit is
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designed for minimum heating of the voltage doubling
circuitry, and this is achieved by assuring firing at an
instant during an A.C. source cycle when the source is
in the negative portion of its cycle or when it is at only
a small positive voltage. The circuit includes a pair of
diodes 60, 62, a pair of capacitors 64, 66, and a cur-
rent-limiting resistor 68 connected to the alternating
voltage source 12, which may be a household outlet.
The circuitry serves as a voltage doubler to provide a
voltage across the power capacitor 66 which is twice
the peak voltage of the source 12, When the striker
member 14 of the lamp 10 receives a high voltage
pulse, current from the power capacitor 66 passes
through the lamp to briefly light it.

When the lamp 10 is ignited, it has a very low resis-
tance and quickly discharges the power capacitor 66
from .an initial high voltage such as 300 volts to a main-
tenance voltage such as 50 volts at which time the lamp
cannot be kept on. If the A.C. source 12 should be at
a voltage above the maintenance voltage at the instant
when the lamp flashes, then current could flow through
the limiting resistor 68, capacitor 64 and diode 62
through the lamp 10. Unless the resistor 68 is of a rela-
tively high value, a large current will be drawn through
it, which can unduly heat resistor 68, the capacitor 64
and the lamp 10. Such current can be minimized by in-
creasing the current limiting resistance at 68, but this
can interfere with rapid recharging of the power capac-
itor 66. Generally, a compromise has been resorted to
which involved using a higher resistance at 68 abd ac-
cepting a considerable amount of excess heating. Such
a compromise would not have to be resorted to if the
lamp were fired only when the A.C. source 12 had a
negative voltage (with respect to the indicated ground)
or a low positive voltage that was less than the lamp
maintenance voltage. The circuit of FIG. 4 is con-
structed to assure firing only during the negative por-
tion of THE A.C. source 12. Firing of the lamp 10 in
the circuit of FIG. 4 occurs when an initiating capacitor
70 is discharged through SCR,, so that the pulse passes
through an autotransformer 74 to provide a high volt-
age at the starter member 14 of the lamp. After dis-
charge of the initiating capacitor 70, it begins to charge
again by reason of current that passes between the
cathode c, and gate g, of SCR,. Such gate current flows
through a gate resistor 76 that is connected to a termi-
nal of the power capacitor 66 (which is connected to
a terminal of the A.C. source 12 that is assumed to be
at ground potential). In addition, a ripple capacitor 78
is provided which is connected between a point 80 of
the power circuitry or supply which is at a variable volt-
age and the cathode c,. In the absence of the ripple ca-
pacitor 78, the initiating capacitor 70 would charge ex-
ponentially until the cathode ¢, of SCR, reached a volt-
age slightly above ground potential. Thereafter, no fur-
ther current would flow between the gate and cathode,
and SCR, would not fire. The ripple capacitor 78 can
supply a sufficient negative voltage to the cathode c, at
such a time to lower its voltage beneath the gate poten-
tial so that firing does occur. The ripple capacitor 78
also assures that such firing occurs during a negative
portion of the A.C. cycle.

FIG. 5 shows the voltage applied by the capacitor 66
to the lamp 20, the voltage at the cathode ¢, and the
voltage supplied by the A.C. source 12, these voltages
being indicated at Vg, Vo, and V,,, respectively. In ad-
dition, a voltage V', is shown that indicates the voltage
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that would be present at the cathode in the absence of
the ripple capacitor 78. At a time t'; when the lamp
fires, the voltage Vg across the power capacitor and
lamp drops to the lamp maintenance voltage. The initi-
ating capacitor 70 quickly discharges so that the volt-
age V., at the cathode follows the voltage at the posi-
tive terminal of the power capacitor. At the next cycle
of the A.C. source, the power capacitor voltage Vg
rises to substantially' a maximum and thereafter re-

mains substantially constant. The cathode voltage V; -

follows it but then begins decreasing in a somewhat ex-
ponential manner, as SCR cathode to gate current
flows to recharge the initiating capacitor 70.

In the absence of the ripple capacitor 78, a simple ex-
ponential discharge indicated at V' would occur
which would cause the cathode voltage to approach
ground voltage. Actually, the cathode voltage would
stop decreasing when a voltagé such as 7 volts were
reached which was too small to cause reverse break-
down of the gate to cathode diode of SCR,. In the pres-
ence of the ripple capacitor 78, a ripple voltage is ap-
plied to the cathode ¢, of SCR,, which is in phase with
the A.C. source voltage V,,. When the initiating capac-
itor has charged sufficiently so that the cathode voltage
is relatively low, then the negative portion of the ripple
voltage supplied by the ripple capacitor 78 can lower
the voltage of the cathode c, to a level below ground
and therefore below the gaté g,. When the cathode
reaches a level such as 0.7 volts below the gate, SCR,
can again fire. This is shown as occurring at the time ¢'5,
and the process then repeats.

The ripple capacitor 78 can supply a negative voltage
to fire SCR, only during a negative portion of the A.C.
source 12. Accordingly, SCR, will fire and the lamp 10
will ignite only during a negative portion of the A.C.
source, and there is no danger that a current will be
drawn through the current-limiting resistor 68 and ca-
pacitor 64 directly through the lamp 10. This enables
a small resistance to be used at 68 to assure rapid
charging of the power capacitor 66. In addition, there
are no.cycles when lamp current flows directly through
the capacitor 64 of the voltage doubler and, therefore,
there is minimum heating of this capacitor as well as of
the resistor 68. Accordingly, resistor and capacitor
components can'be employed which have a lower watt-
age rating and there is less heating of the circuit. There
is also an advantage of greater efficiency, which can be
especially important where a portable battery powered
A.C. supply is employed instead of a household outlet.

The capacitance of the ripple capacitor 78 is chosen
to provide a high enough peak ripple voltage at the
cathode ¢, to assure that the cathode will fall to a level
beneath ground potential when there can be no further
gate current. For an SCR with a gate-to-cathode diode
portion that breaks down at about 7 volts, a ripple volt-
age of at least on the order of 10 volts is required. The
ripple capacitor 78 should not provide such a large rip-
ple voltage that the gate resistor 76 cannot exert major
control.over the time of firing. In a typical case wherein
the source 12 is a nominal 110 voltage supply that
charges the power capacitor 66 to a voltage of about
300 volts, a ripple voltage that supplies excursions of
about 30 volts above and below the exponential cath-
ode voltage decay V', is satisfactory. It may be noted
that instead of utilizing a capacitor 78 to provide ripple
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The gate resistor 76 is preferably a variable type to
enable control of the frequency of lamp flashing: When
the gate resistance is increased, flashing occurs less of-
ten. A very small gate resistance can be employed to
permit lamp flashing even at every cycle, although the
resistance should be large enough to limit the gate cur-
rent through SCR,; to prevent damage. Of course, vari-
ous devices described earlier, can be used to vary the
use of the reverse biased gate and to provide other sili-
con controlled rectifier means.

In the operation of the circuit of FIG. 4, firing actu-
ally occurs near the negative peak of the A.C. supply.
This is useful where the circuit is used with a negative
boost supply, similar to the positive boost of FIG. 1 but
which lowers the “ground’ terminal of the lamp below
ground with a variable negative voltage. The fact that
the circuit fires near the negative peak allows maxi-
mum negative voltage to be applied, where the negative

‘boost supply is in phase with the A.C. source. FIG. 9

illustrates a circuit- which provides such a negative
boost voltage, to assure striking of the lamp without the
need to charge the 50 microfarad power capacitor to
double the A.C. source voltage. This circuit also as-
sures that lamp current will not be drawn directly
through the 2 ohm current-limiting resistor. The actual
component values of one circuit constructed in accor-
dance with this invention are given in the figure to show
how it can be constructed using low cost standard value
components. It may be noted that the point 82 in the
circuit can be connected to point 86 instead of point 84
without changing the operation.

In the circuits of FIGS. 1, 4, and 9, the initiating ca-
pacitor 20 or 70 is charged prior to a lamp flash and
rapidly discharged to strike the lamp. FIG. 6 illustrates
a circuit which employs an initiating capacitor 90 that
is slowly discharged prior to a lamp firing and that is
rapidly charged from a second capacitor, here a power
capacitor 92 to strike the lamp. The circuit is somewhat
similar to that of FIG. 1, in that a booster capacitor 94
is employed to provide a variable booster voltage at the
lamp, so that firing should occur near the peak of the
A.C. source. At the end of a cycle following firing, the
initiating capacitor 90 has been charged to the voltage
across the power capacitor 92, so the cathode of SCR;
is at this voltage. Relatively slow discharge of the initi-
ating capacitor 90 occurs by current flowing between
the cathode and gate of SCR;, and from the gate
through resistor 96 to an A.C. source terminal. When
the initiating capacitor 90 has discharged sufficiently,
then at the peak of the next A.C. source cycle, the gate
of SCR; reaches a voltage that is higher than at the
cathode and SCR; fires. When SCR, fires, the initiating
capacitor 90 is rapidly charged from the.power capaci-
tor 92 (so that the power capacitor suddenly dis-
charges, but only partially), so that a. current pulse
flows through transformer 98 to strike the lamp. Thus,
instead “of coupling the capacitor terminal 99 to the
anode of the SCR directly through turns of the auto-
transformer, this terminal 99 is coupled through the
power capacitor. 92 (as well as ‘through turns of the
auto-transformer) to the anode to create a sudden
charging instead of a sudden discharging of capacitor
90 when the SCR is turned on.

In some psychedelic lighting displays, it is desirable '
to alternately strike two lamps. FIG. 7 illustrates a cir-

" cuit somewhat similar to that of FIG. 1, for providing
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" firing pulses near the peak of the A.C. source and after
every predetermined number of A.C. cycles, but which
alternately strikes two lamps 110 and 112. The circuit
includes two SCR, SCR, and SCR;, that can respec-
tively dischrage two capacitors 114, 116, to strike the
two lamps 110, 112. The gates g, and g5 of the SCR’s
are connected through gate resistors to a variable resis-
tor 118. The resistor 118 is connected to a point 120
of a voltage divider formed by two resistors 122, 124.
The voltage divider is used here because there is no
voltage doubler so the power capacitor 126 has a volt-
age equal to the peak voltage of the supply 128, and the
voltage divider assures that the gate of the SCR’s has
a voltage below the anode when firing is to occur. The
voltage divider can be used in other circuits such as
that of FIG. 1, to adjust the triggering level. The circuit
may be used with a booster formed by a boost capacitor
130 and a diode 132, which are shown in phantom
lines. If no booster is used, the fact that firing occurs at
a peak is not an advantage, and the purpose of the cir-
cuit then is primarily to assure alternate firings of the
lamp and to space the firings by several cycles of the A.
C. supply 128..7

FIG. 8 illustrates the voltages Vc,, Vcs and Vg, re-
spectively, at the cathodes ¢, and ¢; and at point V.
When SCR, fires at time ¢, the voltage at its cathode
¢, rises thereby raising the voltage at point 134. An in-
tercircuit capacitor 136 transmits this voltage rise to
point 138, which therefore raises the voltage Vcs.
When Vc; rises, the initiating capacitor partially dis-
charges so that firing of SCRy is delayed until time 5.
Where it is desired to provide a constant delay between
firings, capacitors 114 and 116 may be made equal and
an intercircuit capacitance for 136 is used which has
twice the capacitance of 114 or 116. It may be noted
that a dual lamp circuit can be constructed which as-
sures alternate firings of two lamps during negative
peaks of the A.C. source, by the use of circuits of the
type shown in FIGS. 4 or 9.

Thus, the invention provides circuits that assure the
delivery of a firing pulse at a controlled phase of an
A.C. voltage source. In one application, firing is as-
sured at a positive peak of the A.C. source by connect-
ing the gate through a resistor to a point on the circuit
that varies in voltage in synchronism with the A.C.
source, but which is always at a voltage less than the
anode of the SCR. In another application, firing is as-
sured during a negative portion of the A.C. cycle by
connecting the gate of the SCR through a resistor to a
circuit point which is always lower than the anode of
the SCR to provide a substantially exponential decay in
the SCR cathode voltage; in addition, a ripple voltage
that is substantially synchronized with the A.C. source
is supplied to the cathode of the SCR to cause firing
after the cathode.voltage has exponentially decayed,
and to assure that such firing occurs during the nega-
tive portion of the A.C. cycle. The circuit is shown uti-
lized to fire a stroboscopic lamp, but it can be em-
ployed in a variety of other applications where a pulse
is to be generated at a controlled time of an A.C.
source. It should be realized that not only is phase con-
trol achieved, but it is achieved in a very simple manner
requiring a minimum of inexpensive components to be
added to the power circuit. Furthermore, even where
the phase of firing is not considered, a very economical
and reliable frequency divider, or oscillator, is pro-
vided. The achievement of phase control in an ex-
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tremely economical manner enables its application in
a variety of circuits that must be sold at low cost.

Although particular embodiments of the invention
have been described and illustrated herein, it is recog-
nized that modifications and variations may readily
occur to those skilled in the art and consequently it is
intended that the claims be interpreted to cover such
modifications and equivalents.

What is claimed is:

1. Apparatus for use with an alternating current
source to provide an output pulse at a predetermined
phase of the alternating source comprising:

silicon controlled rectifier means having anode, cath-

ode, and gate terminals, which rapidly turns on to
decrease in anode to cathode resistance when there
is a predetermined gate to cathode voltage;
an initiating capacitor having a first terminal coupled
to said cathode terminal and a second terminal;

means coupling said second terminal of said capaci-
tor to said anode of said silicon controlled rectifier
means, so that the voltage across said capacitor
changes by the flow of a current pulse through it
and through said rectifier means when said rectifier
means is turned on;

impedance means coupled to said alternating current

source for supplying current to said capacitor that
changes the voltage across it and to provide a con-
trolled gate voltage, said impeance means includ-
ing a resistor and means coupling one side of said
resistor to said current source and the other side of
said resistor to said capacitor to provide a net
change in capacitor voltage over each cycle of said
alternating current source that lowers the potential
of said first capacitor terminal and cathode termi-
nal with respect to said gate terminal.

2. The apparatus described in claim 1 wherein:

said means coupling said second terminal of said ca-

pacitor to said anode of said silicon controlled rec-
tifier means includes a second capacitor; and in-
cluding

means for charging said second capacitor, so that

said initiating capacitor is rapidly charged from
said second capacitor when said rectifier means is
turned on.
3. The apparatus described in claim 1 wherein:
said alternating current source has a ground terminal
and a second source terminal and defines an alter-
nating voltage therebetween; and including

second capacitor means for maintaining the anode
terminal of said silicon controlled rectifier means
at a voltage above said ground terminal during a
period prior to said rectifier means turning on; and
wherein

said resistor of said impedance means couples said

gate terminal to said second source terminal of said
alternating current source, whereby to fire said sili-
con controlled rectifier means and provide an out-
put pulse, near a positive peak of the alternating
current source.

4. The apparatus described in claim 1 wherein:

said alternating current source has a ground terminal

and a second source terminal and defines an alter-
nating voltage therebetween; and including
second capacitor means for maintaining the anode
terminal of said silicon controlled rectifier means
at a voltage above said ground terminal during a
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period prior to-said rectifier means turning on; and
wherein

said resistor of said impedance means couples said
gate terminal to said ground terminal, and said im-
pedance means also includes ripple-producing
means of predetermined impedance coupling said
first capacitor terminal to said second terminal of
said alternating current source, whereby to fire said
silicon controlled rectifier means during a negative
portion of the alternating current voltage.

5. The apparatus described in claim 1 including:

phase shift means for connection to said alternating
current source to provide a varying voltage which
varies as said current source varies but with a phase
shift; and

said impedance means is coupled to said alternating

current source through said phase shift means to.

provide a gate voltage that varies out of phase with
said alternating current source:

6. The apparatus described in claim 1 including:

a second silicon controlled rectifier means having a
second anode, cathode and gate terminals, and
which rapidly decreases in anode to cathode resis-
tance when there is a predetermined gate to cath-
ode voltage;

a second initiating capacitor having a first terminal
coupled to said second cathode terminal and a sec-
ond terminal;

second means coupling said second terminal of said
second capacitor to said second anode;

second impedance means coupled to said alternating
current source for supplying current to said second
capacitor that changes the voltage across it and to
provide a controlled gate voltage; and

an intercircuit capacitance coupling said first-named
initiating capacitor and said second initiating ca-
pacitor.

7. In a power supply which includes an alternatmg
voltage source, storage means for providing a voltage
of constant polarity, silicon controlled rectifier means
having an anode connected to a positive terminal of
said storage means, a cathode, and a gate, striking cir-
cuit means, an initiating capacitor, and means coupling
the cathode to the anode by way of the striking circuit
means, so that when the gate voltage is above the cath-
ode voltage the silicon controlled rectifier means fires
to provide a sudden current flow through the capacitor
for actlvatmg the striking means, the combination com-
prising:

a resistor with first and second terminals; ,

means for coupling said first resistor terminal to said
voltage source; and

means for ‘coupling said second resistor terminal to
said gate of said silicon controlled rectifier means,
to provide a gate voltage that varies in constant
phase relationship to said voltage source and a cur-
rent for flow substantially between said gate of said
rectifier means and said cathode thereof to change
the charge on said initiating capacitor in a direction
that lowers the voltage of the initiating capacitor
terminal which is coupled to the cathode of the sili-
con controlled rectifier means.

8. In a power supply which includes a point of sub-
stantially constant voltage, an alternating voltage
source for supplying a voltage which alternates in po-
larity with respect to said point of constant voltage,
storage means for providing a voltage of constant po-
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larity, silicon controlled rectifier means having ‘an
anode connected to a positive terminal of said storage
means, a cathode, and a gate, striking circuit means, an
initiating capacitor, and means coupling the cathode to
the anode through windings by way of the striking cir-
cuit means, so that when the gate voltage is above the
cathode voltage the silicon controlled rectifier means
fires to provide a sudden current flow through the ca-
pacitor for activating the striking means, the combina-
tion comprising:

a resistor coupling said gate of said s:llcon controlled
rectifier means. to said.point of substantially. cons-
tant voltage, and

an impedance having one terminal coupled to a point
on said voltage source which varies in voltage at
the same frequency as said alternating voltage
source and at a constant phase relationship there-
with and a second terminal; and '

means coupling said second terminal of said imped-
ance to said cathode of said silicon controlled recti-
fier means, to provide a ripple voltage thereon.

9. In a stroboscopic lamp initiating circuit which in-
cludes a power supply having a predetermined location
with a varying voltage thereon, means for coupling said
power supply to a stroboscopic lamp to supply a volt-
age across the lamp that varies in amplitude in phase
with variations in voltage at said predetermined loca-
tion but which supplies a higher peak voltage at the
lamp than the peak voltage at said location, and lamp
striker means, the combination comprising:

silicon controlled rectifier means having an anode, a
cathode, and a gate, said rectifier means turning on
when there is a predetermined gate to cathode fir-
ing voltage and said rectifier means defining a gate-
to-cathode diode which can conduct a reverse cur-
rent;

initiating means including an initiating capacitor and
means responsive to a current pulse through said
capacitor for operating said striker means, said ini-
tiating means coupling said cathode to said anode;
and

impedance means coupling said gate to said predeter-
mined location of said power supply, to provide a
reverse current through said diode of said rectifier
means that changes the charge on said capacitor at
each cycle of said varying voltage of said power
supply, and to provide a voltage at said gate that
turns on said rectifier means when the charge on
said capacitor has been sufficiently changed, said
impedance means having an impedance high
enough to change the voltage across said capacitor
to a voltage that enables turning on of said rectifier
means. only after a plurality of cycles of said A.C.
source, whereby to assure striking of the lamp at
close to a peak of the varying voltage across the
lamp. )

10. In a stroboscopic lamp initiating circuit including
an A.C. voltage source and strlkmg means, the combi-
nation comprising: .

voltage storage means including a power capacitor
for supplying current to light said lamp and a cir-
cuit portion for charging said power capacitor from
said A.C. voltage source to establish a first terminal
of said power capacitor positive with respect.to a
second terminal thereof; said circuit portion capa-
ble of supplying current directly to said lamp dur-
ing at least a portion of a positive A.C. cycle if the
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lamp is struck during said portion, but not during
a negative portion of an A.C. cycle;
silicon controlled rectifier means having an anode
coupled to said first power capacitor terminal, a
cathode, and a gate, said rectifier means turning on
when there is a positive gate-to-cathode voltage to
permit a large anode to cathode current flow;
initiating means including an initiating capacitor cou-
pling said cathode to said anode and means respon-
sive to a current pulse through said capacitor for
operating said striking means; and
impedance means coupled to said voltage source for
establishing a voltage at said gate, and for carrying
a ripple current to said capacitor that varies in
constant phase relationship with said A.C. source
so that the voltage at the cathode decreases at
every cycle of the A.C. voltage source with a ripple
component that is in constant phase relationship
with the A.C. voltage source, to lower the cathode
voltage below the gate voltage and thereby cause
lamp striking only during a negative portion of the
A.C. cycle, thereby to prevent the flow of lamp
current directly through said circuit portion that
charges the power capacitor.
11. The combination described in claim 10 wherein:
said silicon controlled rectifier means is constructed
so that it can carry a reversed biased cathode-to-
gate current; and
said impedance means includes a resistor coupling
said gate to a location on said circuit portion of
constant potential, to provide an exponential
charging current, and a ripple-producing imped-
ance coupling a terminal of said initiating capacitor
to a location on said circuit portion which varies in
voltage in phase with said A.C. source to provide
a ripple charging current that adds to said exponen-
tial charging current.
12. A lamp firing circuit for striking and energizing
a stroboscopic lamp that has a predetermined mainte-
nance voltage below which the lamp becomes extin-
guished, from an A.C. source with first and second
source terminals that alternate in relative polarity at
every half cycle and which obtain a peak voltage ex-
ceeding said maintenance voltage of said lamp, com-
prising:
a power capacitor with first and second capacitor ter-
minals;
a diode;
means for coupling said diode and capacitor in series
to said A.C. source to charge said capacitor, so that
said first capacitor terminal becomes positive with
respect to said second capacitor terminal and so
that the charge on said capacitor can increase only
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during portions of the A.C. source half cycle when
said first source terminal is positive with respect to
said second source terminal;

means for connecting said capacitor across said stro-
boscopic lamp, so that said capacitor can provide
lamp energizing current when the lamp is struck;
and

means responsive to said A.C. source for striking said
lamp only during those times of each A.C. source
cycle when the voltage at said first source terminal
minus the voltage at said second source terminal is
less than said lamp maintenance voltage, whereby
to prevent the flow of lamp current directly from
said A.C. source. :

13. The circuit described in claim 12 wherein:

said means for connecting said capacitor across said
lamp includes a diode coupling said second capaci-
tor terminal to a second of said lamp terminals, to
prevent current flow in a direction from said sec-
ond capacitor terminal to said second lamp termi-
nal; and including

means for applying a varying voltage to said lamp
that reduces the voltage at said second lamp termi-
nal below the voltage at said second capacitor ter-
minal in phase with said A.C. source; and wherein

said means for striking is constructed to fire said
lamp at times when the potential at said second
lamp terminal is near a negative peak with respect
to the voitage at said second capacitor terminal.

14. A stroboscopic lamp firing circuit for striking and

firing a stroboscopic lamp from an A.C. source com-
prising:

a capacitor with first and second capacitor terminals;

a diode;

first and second circuit terminals for connecting to
first and second terminals of said A.C. source;

means for coupling said capacitor and diode in series
to said circuit terminals, with said diode allowing
current flow only in a direction from said first cir-
cuit terminal to said first capacitor terminal, for
charging said capacitor so that said first capacitor
terminal becomes positive with respect to said sec-
ond capacitor terminal;

means for coupling said capacitor across said lamp,
so that said capacitor can provide lamp energizing
current when the lamp is struck; and

means coupled to said circuit terminals for striking
said lamp only during times when said first circuit
terminal is negative with respect to said second cir-
cuit terminal whereby to prevent the flow of lamp

current directly from said A.C. source.
* * * * *



