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[57] ABSTRACT 
This invention relates to a method and apparatus for 
growing plant life under controlled conditions includ
ing gas discharge lamps with electronic means utilized 
to provide predetermined pulses of electric current to 
the lamps so that bursts of radiant energy are supplied 
to the plant life, these bursts of energy being of a du
ration in the order of microseconds and at a periodic
ity that is favorable to the . plant growing processes. 
The radiant energy supplied to the plant life is within 
the spectral range required for photosynthesis and is 
uniform to the photoreceptors of the plant life. 

1 Claim, 5 Drawing Figures 

Almendra - EX1010, Page 001 
PGR2025-00055



22 

COMMAND 

SIGNAL I SIGNAL 
GENERATOR 

20 

GRID 
CONTROL 
CIRCUIT 

_lWj_ LOAD 
--- CURRENT • 

IOb 

16 

I FB 

26 

14 

12 

I LIGHT + 11 LIGHT / 
/ FB \ SENSOR)~ 

30 28 

FIG.1 

SERIES 
CONNECTED 
LAMPS 

12 

C . 
Cl.) . 
~ 

~ a 
~ 
.. °' -~ 
°' 

C/.l 
:r 
('p 
('p 
.-1--0 
""'"i 
(.;.) 

u,.) 
"' \0 
w 
0 
"' u,.) 
u,.) 
Ul. 

Almendra - EX1010, Page 002 
PGR2025-00055



U.S. Patent Jan. 6, 1976 

1-
z 
LtJ 
0:: 
0:: 
:::::, 
0 

0 
0:: 
<( 

lma 
0 

0 

FIG.2 

1/32- D 

ima 2ma 3ma 

56 

+ 

Sheet 2 of 3 

)4 
4ma 

_____, ta 
52 

) 
DC SUPPLY 

50 
FIG.3 

3,930,335 

-
5ma 6ma 

TIME--

58 

fJJUL 

Almendra - EX1010, Page 003 
PGR2025-00055



U.S. Patent Jan. 6, 1976 Sheet 3 of 3 

74 

/64 

------1---' • I 

GENERATOR----

CHARGING 
CHOKE 

o::ro~--/_,,=-;~~";,_____, SWITCHING 
DEVICE 

68 
70 

72 

66 

3,930,335 

JJWL 

SERIES 
CONNECTED 
LAMPS 

62 
82 

FIG.4 
TRIGGER 
TIMING 
MEANS 

CHARGING 70' 
CHOKE/ 

SWITCHING 

t6a1 
DEVICE 

~ 
86 

FILTERED CURRENT 
D.C. 

SUPPLY 
0 6 

FIG.5 

Almendra - EX1010, Page 004 
PGR2025-00055



,, i 

3~930,335 
I 

PLANT GROWTH SYSTEM 

This is a continuation of application Ser. No. 346,903 
filed Apr. 2, 1973 (and now abandoned). 5 

This invention relates generally . to a method and 
apparatus for growing plant life under controlled con
ditions and to a method and apparatus for growing 
plant life utilizing artificial light sources with the radi-
ant energy being supplied to the plant life in predeter- 10 
mined bursts. 

The use of artificial light sources as a substitute for, 
or a supplement to, the sun is becoming widely used by 
research scientists, commercial growers and hobbyists . 
in the growing of plant life. In connection with the use 15 
of artificial lighting for plant growth fluorescent type 
lamps are more often employed than incandescent 
lamps since fluorescent lamps can be manufactured to 
provide a spectral energy distribution of radiant energy 
more closely matching the radiant energy absorbed by 20 
the plants and required for efficient photosynthesis. 
Furthermore fluorescent lamps are considerably more 
efficient in generating most of the wavelengths of radi-
ant energy required by a plant without the attendant 
near infrared heat energy that is emitted by an incan- 25 
descent lamp. More recently higher pressure gas dis
charge lamps have been developed which are more 
efficient and make it economically feasible to commer
cially grow plant seedlings without any natural light. 

While it has become commercially feasible to grow 30 
seedlings without any natural light because of the de
velopment of more efficient lighting systems and other 
factors, it has not been economically feasible to utilize 
artificial lighting systems exclusively for commercial 
crops being grown to maturity because of the growing 35 
area required per plant. This, obviously,' is due to the 
power costs inherent in operating an artifical lighting 
system continuously during the relatively long growing 
period of the plant life, where until the plant is fully 
grown only a fraction of the totally irradiated growing 40 
area is effectively utilized. Hence, artificial lighting 
systems for growing plants has been limited in the past 
to growth of seedlings or scientific investigations and 
hobbyists or where power costs become secondary. 

According to the present invention there is provided 45 
a method and apparatus for utilizing an artificial light-
ing system for growing plants wherein predetermined 
bursts of radiant energy are supplied to the plant life of 
a duration, intensity and periodicity such that the pho
tosynthesis process of the plant life is maintained at a 50 
reasonably high level and the substantial. power costs 
attendant with prior art artificial lighting' systems are 
reduced to a fraction of their previous values because 
the average power consumed is much lower. Thus, by 
reason of the development of the present invention, for 55 
the first time artificial lighting systems for growing 
plant life on a large scale commercial basis becomes 
economica11y feasible. 

In order that the nature of and advantages of the 
present invention may be fully appreciated it is advis- 60 
able to review certain aspects of the photosynthesis 
process. 

In the photosynthesis process the photo receptor 
system of the plant absorbs light photons from the 
radiant energy source and this absorbed energy is trans- 65 
ferred within the plant to cells which convert this en
ergy into the chemical energy necessary for the photo
synthesis process. 

2 
It is well known that the photo receptor part of the 

process is very rapid whereas the chemical synthesis 
part of the process is much slower. The entire process 
of an electron absorbing or becoming excited by a light 
plloton and reverting back to its lower energy state is 
·less than 10 nanoseconds. When an electron of a chlo
rhphyll molecule having absorbed a photon reverts to 
its lower energy state, the absorbed energy is either 
reradiated as longer wave length energy or utilized in 
the photosynthetic process at a special energy transfer 
center in the plant structure. It is at this center that the 
chemical conversion process takes place. As a possible 
relative index of the chemical processing time frames, 
one experiment showed that 50 percent of the oxygen, 
a byproduct of the chemical process, was given up in 
the first 8 milliseconds following a very brief but in
tense flash of light and the complete reaction took a 
total of 240 milliseconds. 

In an article entitled "How Light Interacts with Liv
ing Matter" appearing in the September 1968 edition 
of Scientific American, Dr. Sterling B. Hendricks, 
Chief Scientist for the Mineral Nutrition Laboratory, 
U.S.D.A., States that the light photon energy is trans
ferred from the absorbing chlorophyll molecules to a 
relatively few molecules that act as energy-trapping 
sinks. Further that there is about one energy trapping 
sink for each 500 chlorophyll molecules. In addition 
this ratio constitutes a bottleneck insofar as the energy 
transfer system is concerned since energy arrives at the 
so called sink faster than it can be utilized in the chemi
cal process that follows. This buttresses previous find
ings that most plants are very inefficient in utilizing the 
available energy for photosynthetic purposes. 

Thus, after some base level of intensity is reached the 
photons avialable from a continuous light source of any 
type cannot be utilized efficiently by a plant. This has 
led to research investigating tile response of plant life 
to intermittent light, that is, flashing or cyclic lighting. 
This research was directed at photoperiodicity and 
specific plant responses to short cycles of alternating 
light of periods ranging froin days down to milliseconds 
on and milliseconds off. The researcher has been lim
ited in this area by the pra~ti~ality of turning a radiant 
energy source on and off at low duty cycles and high 
frequencies. Photo flash un_its lack the repetitive capa
bility and life. Incandescentlamps, by their very depen
dence on the phenomena of incandence, • eliminate 
themselves as a possible candidate source for con
trolled high frequency pulsing. Fluorescent lamps on 
commercial flashing ballasts only alternate in an un
controlled fashion at a frequency perceptible to the 
human eye and have other shortcomings. The newer 
medium pressure gas discharge lamps without design 
modification can be eliminated as they cannot be re
ignited for several minutes if turned off and have severe 
spectral shifts with pressure changes. Various mechani
cal devices have been utilized to interrupt a light which 
is continuously on at frequencies down to a few milli
seconds. However, in such cases the light in effect 
wipes across the surface of the plant rather than provid
ing controlled bursts of radiant energy in wave front 
formation. 

According to the present invention one or more gas 
discharge lamps is provided with an electronic control 
circuit which permits the lamps to be energized to 
pnJduce pulses;of radiant energy, these pulses being of 
a duration iri the microseconds range (i.e. less than a 
millisecond) and at a periodicity that is, suitable to 
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tional polarity reversing device or switch 14. Polarity 
reversing device 14 is used to combat ion migration 
problems encountered with the use of a D.C. source, 

• these problems being .most severe at higher current 
drive levels. . : • . 

The filament of the cathode lOa of triode IO is 
heated by a heater: circuit represented by an A.C. 
source denoted f6. The heater circuit may take a num
ber of different forms and reference is made to the 

plant growth. The radiant energy supplied is within the • 
spectral range required for photosynthesis and the du
ration and periodicity of the pulses or bursts in such 
that a higher ratio of absorbed energy utilization for 
photosynthesis is achieved than would be achieved with 5 
plants grown under continuous radiant energy. The 
bursts are uniform as compared to systems where light 
traverses a plant so as to provide radiant energy to th.e 
photoreceptors of the plants' absorbing system simulta
neously. 10 above-identified co-pending application Ser. No. 

8 18,375 for a discussion of a suitable heater circuit. A 
D.C. source. IS is connected in series with triode 10 and 
may be constituted by a rectified A.C. supply voltage 

In my prior U.S. Pat. No. 3,422,310 issued Jan. 14, 
I 970 and in my pending patent application Ser. No. 
818,375 filed Apr. 22, 1969, there are disclosed meth-
ods and means for controlling the current to. fluores
cent lamps. As is well known in the art, fluorescent 15 
lamps have a negative resistance characteristic and 
generally a ballast is utilized to limit the current flowing 
through the tubes once the arc is struck. In the above 
mentioned patent and patent application there is dis
closed means for controlling the current flow in load 20 
devices such as fluorescent tubes independently of the 
electrical resistance characteristics of the load device. 
Systems such as disclosed therein may be utilized in 
combination with the pulsing means disclosed herein 
and the subject matter of the above mentioned patent 25 
and patent application is incorporated by reference 
herein. 

It is therefore the principal object of this invention to 
provide a novel method and apparatus for growing 
plants by the plants utilizing predetermined pulses of 30 
radiant energy. The apparatus would provide these 
pulses at a rate and duration to achieve a higher ratio of 
energy utilization for photosynthesis than energy rera
dia~ed by the plants or utilized for other plant processes 
as compared to the same utilization ratio of plants 35 
grown under continuous radiant energy. 

It is a further object of the present invention to pro
vide a method and apparatus for growing plants under 
controlled conditions utilizing bursts of radiant energy 
whereby the power requirements for growing plants 40 
with artifical lighting on a large scale commercial basis 
is reduced significantly so as to become economically 
feasible. 

Other objects and many of the attendant advantages 
of the present invention will become more readily ap- 45 
parent upon consideration of the following detailed 
specification in connection with the accompanying 
drawings. 

which has been stepped up to a suitable level. 
A grid control circuit 20 is connected to the grid 1 Ob 

and cathode 10a of triode IO to control the grid to 
cathode voltage. A signal generator 22 produces a 
command signal which is connected to one input of 
grid control circuit 20. Grid control circuit 20 provides 
the required shaping and amplification of the command 
signal and, in addition, may modify this signal in accor-
dance with the actual current flow in the lamp load 12 
and/or the light output of the lamps 12. The current 
flow in the lamp load 12 is sensed by a sensing resistor 
24 connected in series with triode 10, and a current 
feedback path 26 is connected as a further input to grid 
control circuit 20. Similarly, a light sensor 28 which 
senses the output of lamps 12 is connected through a 
light feedback 30 as a furtherinput to grid control cir
cuit 20. Reference is made to the aforementioned U.S. 
Pat. NO. 3,422,310 as well as the aforementioned pa-
tent application Ser. No. 818,375 for a description of 
suitable current feedback and light feedback tech-
niques. . 

As indicated in FIG. 1, grid control circuit 20 pro
vides a train of voltage pulses to the grid 1 Ob and the 
cathode I0a of triode IO, the grid to cathode voltage of 
triode IO controlling the current conduction through 
triode 10 so that the output current waveform of triode 
IO corresponds generally to that of the pulse input. 
More specifically, as shown in FIG. 2, an arc current 
waveform is produced which comprises a series of rela
tively high amplitude, short duration pulses 32. A typi
cal waveform is shown in FIG. 2 wherein the pulses 32 
are 20 microseconds in duration and occur every milli
second, i.e., 1000 microseconds, so that an OFF-ON 
ratio of 50 to I is provided. However, it will, of course, 
be appreciated that the pulsewidth of the pulses, the 
frequency of the pulses and the OFF-ON ratio of the BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic circuit diagram of a first em
bodiment of a digital lighting system in accordance 
with the present invention; 

50 pulses are all variable and the values set forth are 
merely exemplary. 

FIG. 2 is a diagram illustrating the arc current wave
form of the lamp lead of FIG. I; 

FIG. 3 is a schematic circuit diagram of. a second 
embodiment of the invention; 

FIG. 4 is a schematic circuit diagram of a third em
bodiment of the invention; and 

FIG. 5 is a schematic circuit diagram of a fourth 
embodiment of the invention, similar to that of FIG. 4. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. I, there is shown a simplified digital 
lighting circuit for plant growth control. A power triod 
10 is connected in series with a bank of series-con
nected fluorescent lamps denoted 12 through an op-

As shown in FIG. 2, the pulses 32 may "ride" a very 
low level base current 34 ( l milliampere in the given 
example) which serves as a "keep-alive" current for 

55 the lamps 12 to .maintain the lamp 12 in partially ion
ized state. 

It will be appreciated that with pulse duration of 
microseconds "on" at frequencies in the microsecond 
or millisecond ranges or stated differently, with duty 

60 cycle "on" to "off" ratios of one to I 0, one to 50 or 
even one to several hundred, the power and power 
handling equipment required will be decreased as com
pared with continuous power systems. In fact, the 
power requirement reductions . are such as to make 

65 feasible the use of the system of the invention for irradi
ation of large growing areas. Further, the use of duty 
cycles and frequencies in question means that the light 
output, while being supra-liminal to plants, may be 

Almendra - EX1010, Page 006 
PGR2025-00055



3,930,335 
5 

sub-liminal to the human eye depending· on• the pulse 
frequendy. f.urther,·as discussed above, "floQding" of 
the planfa' energy sinks substantially reduced. 

Referring to FIG. ,3, there is illu~trated an alternate 
embodiment of a lamp control circuit in accordance 5 
with the invention. The circuit of FIG. 3 is similar to a 
so-called "hard tube pulser" used in radar and includes 
a triode 40 and a grid control circuit represented by 
source 42 which provides a control voltage Ee. A D.C. 
supply 44 is formed by a full wave rectifier 46 con- IO 
nected to an A.C. source 50 through a transformer 48, 
a smoothing capacitor 52 being connected across the 
D.C. terminals of rectifier 46. The duty cycle, wave 
shape and period of the current flowing through a bank 
of lamps 54 connected in series with triode 40 are a 15 
function of the control voltage produced by grid con
trol circuit 42. Because, as pointed out hereinabove, 
the grid to cathode voltage of triode 40 determines the 
current conduction of triode 40, grid control circuit 42 
can take the form of a general purpose variable duty 20 
cycle square wave or other function generator. 

In operation, the circuit of FIG. 3 functions similarly 
to the circuit of FIG. 1, grid control circuit 42 control
ling the duty cycle, period and amplitude of the load 
current flowing through tube 40 and hence through 25 
radiant energy producing lamps 54. Further, as in the 
circuit of FIG. 1, suitable light-to-voltage or light-to
current transducers may be provided, together with 
suitable feed back circuitry, to control the current 
conductor through lamps 54 as a function of the radi- 30 
ant energy output of the lamps 54 where closer control 
of the output intensity of the lamps is required or de
sired. 

It is noted that, as shown in FIG. 3, a further lamp 
control circuit 56 can be employed to provide a dual 35 
circuit for photosynthesis studies. For example, triode 
40 could drive lamps 54 with a spectral energy distribu
tion in the blue region of the photosynthethetic or 
chlorophyll'(s) absorption curves. When pulsed "on" 
the blue light would activate photosystem or photo act 40 
I of the photosynthetic process within the plant mate
rial. Circuit 56 would drive a bank of lamps 58 such 
that light from only red energy band wil1 be provided to 
activate the photosystem or photo act II in the plant 
material. By controlling the duration of the "red" and 45 
"blue" pulses and the time delay between the times 
when the pulses are produced, separation of the two 
light "'acts" in the photosynthetic process can be ac
complished thereby providing a useful tool towards 
understanding the photosynthetic process. 50 

It should be pointed out that in many specific appli
cations the duty cycle, period and amplitude of the 
control pulses will be determined and then fixed by 
design. For such applications, a simplified system such 
as shown in FIG. 4 might be preferable to those previ- 55 
ously discussed particularly from an economic stand
point. The circuit of FIG. 4 is similar to a so-caJled 
"line type pulser" used in radar applications and em
ploys D.C. resonant charging techniques. Referring to 
FIG. 4, a full wave rectifier 60, connected to an A.C. 60 
source 62 through a transformer 64, provides a full 
wave rectified output voltage, as indicated this voltage 
is used to ch~rge an energy storage capacitor 66 
through a charging inductance or choke coil 68. A 
switching device 70 connected to. the output of the 65 
resonant circuit formed by capacitor 66 and choke 66 
discharges the energy stored by capacitor 66 into a load 
formed by a plurality of series-connected lamps 72. 

6 
Switching device 70 may be a solid state control device 
su.ch.;as a transistor or thyristor or, for that matter, a 
yacuum or.gas tube. Because in principle, the charging 
time of the energy storage capacitor 68 is relatively 
lorig (although less than the interpulse period) the 
charging is theoretically accomplished with no dissipa
tion. 

The circuit of FIG. 4 could be used in a plant growing 
system wherein power and equipment costs are of 
prime concern, in contrast to the systems of FIGS. I 
and 3 wherein "controllability" is of paramount inter
est. Of course, where the growing beds to be irradiated 
are fields or large enclosures a large number of lamps 
would be used, the lamps being typically strung over
head every few inches. Larger systems mean higher 
power voltages hence tubes would probably be more 
practical. Transistor or thyristor switching or control 
would be useful in small single or few lamp systems 
such as a home garden hobbyist might employ. Where 
switching device 70 comprises a transistor or thyristor, 
a suitable pulse generator or triggering device 74, pow
ered from A.C. source 62, would be employed to trig
ger switching device 70. It will be appreciated that any 
of a number of triggering or control circuits could be 
used for this purpose and, for example, a zero voltage 
switch integrated circuit such as the PA 424 manufac
tured by the General Electric Company could be em
ployed, such a device producing a pulse trigger for a 
thyristor (SCR) each time the A.C. primary power 
crosses zero and hence discharging energy storage ca
pacitor 66 down to the arc extinction or low current 
level of the lamps 72 at twice the A.C. line frequency. 

Although the circuit of FIG. 4 provides synchronous 
A.C. line triggering of switching device 70, asyncho
nous switching or triggering could also be employed. 
Referred to FIG. 5, a circuit similar to that of FIG. 4 is 
shown and like elements in FIG. 5 have been given the 
same numbers with primes attached. In FIG. 5, the full 
wave rectified A.D. wave form produced in FIG. 4 has 
been replaced by a D.C. voltage produced by a filtered 
D.C. supply 80 thus permitting asynchronous line 
switching under the control of an independently pow
ered trigger timing device 82. Further, because it is 
conceivable that continuous low level current flow in 
the lamps 72' might be desirable to maintain the lamps 
72' partially ionized at all times, a further D.C. supply 
84 and an associated current limiting resistor 86 are 
provided to produce such a current, which might be on 
the order from a few hundred microamperes to a few 
milliamperes. 

Although the invention has been described with re
spect to exemplary embodiments thereof, those skilled 
in the art will appreciate that variations and modifica
tions in these exemplary embodiments may be effected 
without departing from the scope and spirit of the in
vention. 

I claim: 
I. A method of growing higher order plant life under 

controlled conditions comprising using an active elec
tronic source to pulse on and off first and second 
groups of lamps each comprising a plurality of gas 
discharge lamps operating in the arc discharge region, 
so as to provide the plant life being grown with con
trolled bursts of radiant energy within the spectral 
ranges required for photosynthesis, said first group of 
lamps being driven so as to produce a spectral energy 
distribution only in the blue energy band of the photo
synthetic absorption curve for the plant life being 
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grown and said second group of lamps being driven so 
as to provide a spectral energy distribution only in the 
red energy band of the photosynthetic absorption curve 
for the plant life being grown, said method further 
comprising controlling the duration of the blue energy 
band and red energy band pulses and the time delay 

8 
between said pulses so that separation of the effects. of 
the said pulses on the photosynthetic process of the 
plant life being grown is provided, at least one pulse of 
one band being interspersed with pulses of the other 

5 band. • 
* * ·* * * 
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