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ABSTRACT: The product of the two interdependent physical 
magnitudes is regulated by comparing measured instantane 
ous values of each magnitude in alternating manner with a 
stored part value of a previously measured peak value of the 
same magnitude and of switching over the magnitude from a 
decreasing to an increasing value while reversing the other 
magnitude from an increasing to a decreasing value upon the 

153 “ instantaneous value algebraically equaling the stored value. 
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PROCESS AND APPARATUS FOR OPTIMIZING THE 
PRODUCT OF TWO PHYSICAL MAGNITUDES 

This invention relates to a process for automatic optimizing 
of a product formed from two physical magnitudes. More par 
ticularly, this invention relates to a process and a switching ap 
paratus for optimizing the product of two physical mul 
tiplicands. 

In practice, in many cases it is necessary that a system, an 
apparatus, or an installation shall regulate itself so that the 
product of two multiplicands shall have an optimum value. 
Systems that meet this requirement belong to the class of self 
optimizing systems. However, various problems have arisen in 
such systems. For example, it has been a problem to maintain 
the electrical output of a generator at its optimum value, as 
the product of the amperage and voltage, in the case where 
the characteristic line of the generator, i.e. the relationship 
between amperage and voltage, becomes altered. As a special 
example, there may also be mentioned the energy direct-con 
verters, with which for various reasons the amperage-voltage 
characteristic line may change considerably during opera 
tions. In this connection, where systems rely on the radiation 
from the sun as a source of energy, such as, is made use of in 
satellites, and with the so-called solar-cells, such sources of 
energy display a great change in performance, depending on 
the location and on the attitude of the satellite, which subject 
the amperage-voltage characteristic line to considerable 
changes. ' ' 

Even in the case of other devices, it is often of great im 
portance to regulate the'lproduct of two physical magnitudes 
which are dependent on one another continuously and auto 
matically to its optimum value. For example, in the case where 
through external or internal in?uences, such as pressure and 
temperature conditions, or chemical changes of the sub 
stances used, or as a result of damage to or failure of in 
dividual elements in a device composed of a great number of 
individual elements or structural parts, great ?uctuations of 
the characteristic can be produced which affect the behavior 
of the system. If no additional in?uence or control is exerted 
on the system during such variations of the system's charac 
teristic (in the behavior of the system), obtainment of the 
possible optimum of the product cannot be guaranteed under 
the prevailing conditions. As a more speci?c example, in the 
case of a generator made ‘of solar-cells, operating directly on a 
buffer-battery of constant voltage, the constant voltage of the 
battery must be chosen so small that even under the most un 
favorable conditions, that is, at the lowest cell voltages when 
energy positively must be fed from the generator to the bat 
tery, the generator voltage must be sufficiently greater than 
the battery voltage. However, vwith higher generator voltages 
(often with small short circuit currents) a great percentage of 
the actually available energy is not used. Under such circum 
stances, it is therefore advantageous to intervene in the system 
so that it becomes adapted to the new conditions and again 
transmits the optimum of energy possible. 
The requirement made of a self-optimumizing system cor 

responds to the problem of variation computation where the 
extreme values of a function that depends on certain functions 
is sought. Such self-optimumizing processes are of themselves 
known. However, in order to be able to effect an automatic 
adaptation in the optimumizing of the product of two mul 
tiplicands, all the'previously known processes require a mea 
surement or a computation of the product itself. This often 
means (for example, in optimumizing electric output) that 
both multiplicands have to be separately determined and mul 
tiplied with one another. This multiplication however (re 
gardless of how it is done) represents a considerable expendi 
ture. These processes are complicated; and in addition a great 
amount of complicated apparatus is needed which leads to 
large expenditures as well as the need for added space and 
weight. 

Further, it is not suf?cient to analyze the condition of a self 
regulating system at a certain point of time so as to determine 
in what direction the system must be moved to comply with 
the requirements for optimizing. lnstead, a trial operation is 
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needed, which in general represents an essential characteristic 
of all self-optimumizing systems. It is only through this, that an 
analysis of the condition of thesystem is possible at all. This 
trial or seeking process is termed a trial movement and is 
produced through an intended alteration of the regulating 
parameter which produces the trial movement, and makes 
clear in what direction a further alteration must be made in 
order to arrive at the optimum. This further alteration is then 
termed the basic movement. The trial movement and the basic 
movement may occur simultaneously or alternately, or may 
even be combined. ' 

Accordingly, it is an object of the invention to optimize the 
product of two magnitudes in a simple manner. ‘ 

It is another object of the invention to optimize the product 
of two interdependent magnitudes in a relatively economical 
manner. 

Briefly, the invention starts out from the above mentioned 
possibility of combining the trial movement and the basic 
movement, because this possibility in principle promises a 
lower expenditure for apparatus technology. In accordance 
with the invention, its purpose is achieved in that during con 
tinuous switching over operations the peak value of the one or 
the other multiplicand is measured each time by a suitable 
meter and a part k of this measured peak value is fed to a 
switching logic which controls the switching over process. The 
switching logic in its turn controls a regulating generator so 
that the generator steadily decreases, over one or more regula 
tory parameters, the instantaneous value of the one mul 
tiplicand whose peak value has just been measured and steadi 
ly increases the instantaneous value of the other multiplicand, 
whereby the next switching over process then becomes per 
formed when the instantaneous value of the now decreasing 
multiplicand has reached the part value k of its previous peak 
value. This alteration in the value of the multiplicands 

' represents the testing movement and basic movement. 

40 

45 

50 

55 

65 

75 

In comparison with previously known processes, the process 
of the invention has the advantage that it is no longer necessa 
ry to measure the product itself, and that the seeking or select 
ing process regulates itself. The part value k, which represents 
the diminution of the individual multiplicands, is chosen in the 
range of from 0.8 to 0.9 of the measured peak values and is ad 
vantageously chosen in the approximate order of magnitude of 
k==0.9. In this way, the amplitude of the trial movement 
remains small. 
As mentioned above, it is important for the regulating 

generator to be able, by an intervention into the system, to 
steadily alter the individual multiplicands. In accordance with 
a further development of the invention, this is made possible, 
for example, in that the regulatory generator is made as an in 
tegrator, to whose input there is alternately applied, from the 
switching logic a positive or a negative constant value, through 
whose action on the system alters the working point of the 
system. 
The peak value meter needed to measure the multiplicands 

can be made in an extraordinarily simple way. in each case, an 
adjustable percent k is tapped off from and is fed to the 
switching logic. In accordance with a further development of 
with respect to how the component G controls the output of 
the component S,—if the component S is a solar cell generator 
which produces a voltage and a current to produce a certain 
power output, the regulatory generator G changes the voltage 
and current produced by the solar cell generator S. 
The essence of the process consists in that for the purpose 

of optimizing a product of two magnitudes, only two measur 
ing organs and one switching logic are needed. The measuring 
organs are used to determine the peak values of the two mul 
tiplicands while the switching logic serves to in?uence the 
regulatory parameter or parameters in the system which is or 
are to be regulated. The switching logic produces two quasi-_ 
stable states. In one state, the characteristic line is run through 
in one direction; and in the other state, in the reverse 
direction. 
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At each switch over, the peak value of the one multiplicand 
which appears is measured and, as mentioned, an adjustable 
percentage k is tapped off. After one switch over by means of 
the logic, the characteristic line is run through in such a way 
that the multiplicand which had just before had its peak value 
travels along the characteristic line in the reverse direction. At 
this second switch over point, the peak value of the second 
multiplicand is automatically retained. In an entirely similar 
way, the same part value, the percentage k for example is 
tapped off from the peak value of the second multiplicand at 
this point and is used as a control value for the following 
switch over process. The two switch over points so charac 
terized represent the two end points of the trial movement on 
the characteristic line. Z has been amended to indicate the 
signal from the regulatory generator G which is emitted so as 
to change the parameters such as the current or voltage 
produced by the generator S 
These and other objects and advantages of the invention 

will become more ‘ apparent from the following detailed 
description and appended claims taken in conjunction with 
the accompanying drawings in which: 

FIG. 1 schematically illustrates a system which utilizes the 
process of the invention; 

FIG. 2 graphically illustrates a characteristic line of two de 
pendent multiplicands of a product having the end points of a 
trial movement plotted thereon; 

FIG. 3 schematically illustrates a modi?ed system similar to 
FIG. I which utilizes the process of the invention; 

FIG. 4 schematically illustrates another system which util 
izes the process of the invention; 

FIG. 5 graphically illustrates a pair of characteristic lines 
obtained from a variance in the multiplicands of a product; 
and 

FIGS. 6a to 6d graphically illustrate the relationships 
between the various multiplicands of a product and a charac 
teristic of a regulatory generator and time. 

Referring to FIG. 1, in order to regulate a system S, which 
has a product generated by two multiplicands, e.g. an electric 
generator such as a solar cell generator in which the two mag 
nitudes determinitive thereto are interpreted as a voltage U 
and a current I which form a product (i.e. power) UXI so that 
the product is optimized, the instantaneous peak values of the 
two magnitudes U, I are alternately measured in peak value 
meters of a switching apparatus. For example, the voltage U is 
delivered via a line 1 to a peak value meter Sp M-l and mea 
sured therein as is known to obtain a peak value Ua while the 
current I is similarly delivered via a line 2 and measured in a 
peak value meter Sp M-Z to obtain a peak value Ia. These me 
ters each are adapted, as is known, to obtain a part value kUa 
of the measured peak value so that the part value can be 
tapped from the respective meter and sent via lines 3, 4 to a 
switching logic such as a logical switching device SL for 
storage. In addition, the switching logic SL is connected to the 
lines I, 2 of the system S over suitable lines 5, 6 to receive the 
instantaneous values of the voltage V and current I for com~ 
parison with the stored k values. The switching logic SL is 
further constructed so that when the instantaneous value 
thereafter becomes equal to the stored k value, the switching 
logic SL emits a signal to a regulatory generator G such as a 
multiplicands magnitude control means via a line 7 (FIG. 3 
shows one possible realization of a switching logic and regula 
tory generator G). The regulatory generator G receives the 
signal from the switching logic SL and in turn is constructed to 
emit a responsive signal 2 over one or more supply lines 8 to 
intervene in the system S for the purpose of altering the mul 
tiplicands, i.e. decreasing one multiplicand (U or I) while in 
creasing the other multiplicand (I or U), in known manners 
using known equipment. It is noted that the multiplicands, i.e. 
parameters, which result in a particular product as well as the 
supply lines for the multiplicands are dependent on the con 
struction of the system S. Hence, the manner in which the 
signal Z influences the supply line 8 depends on the system S. 
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4 
Referring to FIG. 2, a characteristic line 9 for a current 

voltage product (i.e. the power) is shown with respect to coor 
dinates U (voltage) and I (current and the optimum power for 
the system S occurs at point P on the characteristic line 9. 
With the system S momentarily at the point a and with the 
working point representing the actual power output just hav 
ing been reversed, the operation of the process as applied to 
the system S will be described. First, the peak value Ua of the 
voltage is measured in the peak value meter Sp M-I and a part 
value kUa is tapped off and fed to the switching logic SL via 
line 3. Then, the regulatory generator G alters the system S by 
means of the trial movement described above via the signal Z 
through known equipment (not shown) so that the magnitude 
of the voltage U, i.e. the ?rst multiplicand, is thereafter steadi 
ly decreased in accordance with the characteristic line while 
the magnitude of the current I, i.e. the second multiplicand, is 
steadily increased. The instantaneous voltage U then 
diminishes, while passing the point of optimum power position 
P on the characteristic line 9. When the voltage reaches the 
part value kUa, the power output of the system S is at the 
point B on the characteristic line 9 and the switching logic SL 
effects a switch over so that the working point is reversed. The 
voltage U is then made to increase along the characteristic line 
9 while the current I is made to decrease via the known equip 
ment. At the same time, the peak value IB of the current is 
measured in the peak value meter Sp M-2 and the part value 
MB is fed to the switching logic SL. When the instantaneous 
current I, i.e. the second multiplicand, reaches the part value 
kIB a second switch over occurs so that the working point 
again travels along the characteristic line toward point B. That 
is, the voltage U is made to decrease while the current in 
creases. 

So long as the working point is not at the optimum position 
P on the characteristic line, the two movements along the 
characteristic line are not of equal magnitude in the increasing 
or decreasing sense. Consequently, the trial movement is dis 
placed, in a superposed fundamental movement, in a direction 
toward the optimum working point P. Should the working 
point be at the optimum position P, the amplitudes of the trial 
movement are constant. The working point then travels con 
tinuously between the two switch over points a, B forwardly 
and backwardly. 
When the switch over point a, [3 are not situated too far 

apart, e.g. with k equal to approximately 0.9, the amplitude of 
the trial movement remains small and has practically no in 
fluence on the given product UXI of the system. Thus, the per 
formance of the system is subjected to only small variations in 
the region of the trial movement. 

If through some in?uence the characteristic line becomes 
altered so that the working point is no longer situated in the 
optimum region, then this alteration is immediately sensed by 
the trial movement. The trial movement then becomes 
relocated automatically through the maximum values found 
from the two multiplicands in a basic movement, until its two 
end points again lie on the characteristic line on different sides 
of the point where the product now has its optimum value. In 
this new location, the trialmovement is once more carried out 
continuously, that is, until a stationary state is established. 

Referring to FIG. 3, wherein like reference characters in~ 
dicate like parts as above, each of the peak value meters Sp 
M-l, Sp M-2 are constructed, for example, with simple 
diodecondenser combinations 10 to carry out the functions of 
the meters. The switching logic SL is constructed with a pair 
of bistable tilting stages 11, as is known, each of which has an 
input connected to one of the peak value meters Sp M-l, Sp 
M-2. The meters Sp M-l, Sp M-2 operate so as to deliver the 
part values +k of the measured multiplicands to the bistable 
tilting stages 11. In addition, the instantaneous value —-I of the 
measured magnitudes are also fed directly to the respective 
bistable tilting stages 11. Each bistable tilting stage 11 serves 
to compare the instantaneous value of a multiplicand with the 
respective stored part value k so that a switching operation 
can be initiated when the compared values are equal in mag 
nitude and opposite in sign. 
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The switching logic SL is further constructed with an elec 
tronic switching device 12 as is known which is connected to 
the outputs of the bistable tilting stages ll and to the input of 
a regulatory generator G. _ _ 

The regulatory generator G is constructed in known manner 
to function in accordance with a characteristic line 13 
whereby a regulatory signal Z for regulating a multiplicand 
function of the system S, as is known, is continuously varied 
over time r. 

In operation, one of the bistable tilting stages receives an in 
stantaneous multiplicand value of the voltage or current of the 
system S and compares the value to the respective stored k 
value. Should the instantaneous value be equal and opposite in 
sign so as to cancel out the respective stored k value, then a 
signal is emitted from that tilting stage ll comparing the 
values to the electronic switching stage 12 to initiate a 
switching operation. The switching stage 12 then, depending 
on the switched position of the tilting stage emitting the initia 
tion signal, feeds a positive or negative constant value signal to 
the regulatory generator G. The regulatory generator then 
becomes activated and begins to regulate the regulatory signal 
Z continuously over a period of time t until the switching logic 
either emits a different constant value signal or becomes deac 
tivated. 

Referring to FIG. 4, wherein like reference characters as 
above are used, instead of using a separate regulatory genera 
tor, the switching apparatus can include a direct converter K 
of energy, such as a magnetic direct current converter, in 
which the dependence or relationship between the voltage U 
and current I is established by a characteristic line 14. This 
direct energy converter K is connected to a consumer V, 
sometimes through the intermediary of a storage battery, to 
supply its electrical output thereto. 

In this case, a peak value meter Sp M-l, Sp M-2 is con 
nected, as above, to the lines l6, 17 between the converter K 
and consumer V to tap off a predetermined k value of the peak 
values of the voltage U0: and current la for storage in a switch 
logic SL. Also, the instantaneous values of the voltage U and 
current I are tapped off and fed into the switching logic SL for 
comparison with the k values as above described. Further, a 
choke coil L and a diode D downstream of the coil L are in 
corporated in the connecting line 16 between the converter K 
and consumer V. Also, a switch T is interposed between the 
choke coil L and diode D so as to be able to short circuit the 
connecting line 16. This switch T can be constructed as a 
mechanical contact or as an electronic switch, for example, a 
transistor or a thyristor and, in any event, is controlled so as to 
open and close over a suitable line 15 by the switching logic 
SL. 

In operation, in order to carry out one complete trial move 
ment, assuming the voltage U is at an operating value in the 
converter K, the switching logic SL closes the switch T so as to 
short the circuit. The voltage then changes in accordance with 
the law U=L~di/dt. The working point thus is caused to travel 
along the characteristic line 14 in a direction to make the volt 
age smaller. When the voltage reaches a k value, e.g. 0.9 U01, 
the switching logic is actuated to cause a switch over and - 
thereby causes the switch T to open. At this time, the peak 
value of the current 13 prevailing at this instant is measured. 
Because the energy stored in the inductance cannot jump, the 
current flows onward from the choke coil L over the diode to 
the consumer V and thus steadily decreases. When the current 
subsequently reaches its k value, e.g. 0.9 l?, the switching 
logic SL again closes the switch T so that the working point 
again reaches and travels along the characteristic line 14 in 
the original direction. The voltage then decreases again. At 
the time of the second switching over, i.e. when the switch T 
closes, the peak value Ua of the voltage is measured and the k 
value kUa is fed to the switching logic SL. 

This manner of carrying out the optimizing process requires 
no separate trial movement and no actual regulatory genera 
tor is needed. On the contrary, the displacement of the work 
ing point produced by the switching character of the magnetic 
direct current converter is used simultaneously as a trial and 
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6 
basic movement for the optimumizing process. Also, with this 
embodiment, the expenditure on technical apparatus is 
decreased still further. This form of carrying out the process is 
particularly valuable for generators of small output, for exam 
ple, solar generators. 

Referring to FIG. 5, the process can be used in those cases 
where there is an alteration of the current voltage charac 
teristic line. Such as alteration occurs, for example, with solar 
cells when a satellite carrying the cells during the course of 
travel moves towards the sun or moves away from the sun. If, 
for example, in a ?rst position of the satellite, the point of op 
timum performance is located at P, on the characteristic line 
K, then a, and B, are the switch over points of the correspond 
ing trial movement and Ua, and I3, are the peak values of the 
voltage and current respectively in the switch over points. The 
corresponding part values are designated k-Ua, and M3,. 
However, if in a new position of the satellite, the characteristic 
line has become altered, then the trial movement becomes 
adapted to the altered characteristic line kg, and shifts the 
point of maximum performance in the second case at point P2. 
Here once more a, and B2 are the switch over points of the 
trial movement, while U0:z and [B2 and the corresponding peak 
values of the voltage and current respectively. In each of the 
two characteristic lines the hatched areas in each case 
represent the optimum performance. 

Referring to FIG. 6, for a nonlinear current voltage charac 
teristic line (FIG. 6a) and a nonlinear characteristic (F IG. 6b) 
for the regulatory generator by means of which a regulatory 
signal Z alters the voltage U of a system in a steady but non 
linear manner, the voltage pattern plotted against time ! (FIG. 
60) during an optimizing process becomes adjusted to a sta 
tionary state, after a few trial movements, with a pendular 
movement about the point of maximum performance. Cor 
respondingly, the current pattern plotted against time (FIG. 
6d) becomes adjusted to a stationary state. It is noted that the 
diagrams of FIG. 6 are intended to show in a purely schematic 
way the relationships of the various parameters and do not 
represent practical examples having data on magnitudes. 
The optimizing process for the products of two magnitudes, 

explained by the example of electrical performance, is obvi 
ously also easily applicable to other systems. in each case, it 
has the advantage of simple construction and of a simple way 
of carrying out the process. Hereby, in each case, only 
knowledge or measurement of the two multiplicands, and not 
of the product itself, is needed. In each case, the optimumizing 
is effected through influencing the two multiplicands in op 
posite directions in a trial movement on the characteristic line 
of the system. Actually, it is noted that the regulatory genera 
tor G can be of any desired construction known, for example, 
electric or hydraulic. Also, the regulatory generator G for con 
trolling the parameters influencing the multiplicands can pro 
vide the most different physical sizes, for example, electric 
tensions, streams, hydraulic or pneumatic pressures, tempera 
tures, location motion, etc. The kind of regulatory generator 
used and the parameters depend therefore on the kind of 
system S to be regulated. 
What is claimed is: 
l. A process of automatically optimizing the product 

formed by two physical interdependent multiplicand mag~ 
nitudes comprising the steps of 

measuring the peak value of one of said multiplicands, 
obtaining a predetennined part value of the peak value of 

said measured peak value, 
subsequently steadily decreasing the instantaneous value of 

the one multiplicand while simultaneously steadily in 
creasing the instantaneous value of the other of the mul 
tiplicands, 

thereafter reversing the decreasing of the instantaneous 
value of said one multiplicand to a steadily increasing 
value while simultaneously reversing the increasing of the 
instantaneous value of said other multiplicand to a steadi 
ly decreasing value upon said one multiplicand reaching 
said predetermined part value, 
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measuring the peak value of said other of said multiplicands 
upon reversal of the value thereof, 

obtaining a predetermined part value of the peak value of 
the measured peak value of said other multiplicand, and 

subsequently reversing the values of said multiplicands 
upon said other multiplicand reaching said predeter 
mined part value thereof and simultaneously repeating 
said steps of measuring the peak value and obtaining a 
part value of said one multiplicand upon reversal of the 
values of said multiplicands until the optimum product of 
said multiplicands is obtained. 

2. A process as set forth in claim 1 wherein the predeter 
mined part values are between 0.8 and 0.9 of the measured 
peak values. 

3. A switching apparatus for the automatic regulation of a 
product formed by two physical interdependent multiplicand 
magnitudes of a system to an optimum value comprising 

a switching logic connected to the system to receive a mea 
sured peak value of each of the multiplicands, 

a pair of peak value meters connected to the system and 
said switching logic, each said meter being connected to 
the system for measuring the peak value of a respective 
one of the multiplicands and to said switching logic for 
emitting a part value of the peak value to said switching 
logic, and 

means connected between said switching logic and the 
system for steadily increasing or decreasing one of the 
multiplicands while simultaneously decreasing or increas 
ing, respectively, the other of the multiplicands in respect 
to a measured value of one of the multiplicands reaching 
a part value of said one multiplicand. 

4. A switching apparatus as set forth in claim 3 wherein said 
means includes a regulatory generator between said switching 
logic and the system for receiving a signal from said switching 
logic and emitting a signal over a regulatory parameter to the 
system for respectively and alternately increasing and decreas‘ 
ing the values of the multiplicands. 

5. A switching apparatus as set forth in claim 4 wherein said 
generator is an integrator and is connected to said switching 
logic to alternately receive a signal therefrom of constant posi 
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tive or negative value. 

6. A switching apparatus as set forth in claim 3 wherein 
each said peak value meter includes a pair of diode condenser 
means for measuring the peak values and of emitting the part 
values. ' 

7. A switching apparatus as set forth in claim 6 wherein said 
switching logic includes a'pair of bistable tilting stages, each 
stage being connected to a diode condenser means of a 
respective one of said peak value meters to compare the in 
stantaneous measured value of a multiplicand with a stored 
part value of said multiplicand to initiate the actuation of said 
means. 

8. A switching apparatus as set forth in claim 3 wherein 
each said peak value meter is a mean value meter having a 
time lag whereby at the output of each said means value meter 
the change in the measured value of a respective multiplicand 
is immaterial. 

9. The combination of a direct energy converter having an 
electrical output, a consumer, a connecting line between said 
converter and consumer for conducting the electrical output 
from said converter to said consumer, and a switching ap 
paratus for automatically optimizing the electrical output of 
said converter; said switching apparatus including a switching 
logic connected to said connecting line for receiving a mea 
sured instantaneous value of the voltage and the current 
respectively of the electrical output, a pair of peak value me 
ters connected between said connecting line and said 
switching logic for measuring the peak value of the voltage 
and current respectively and for emitting a part value of each 
measured peak value to said switching logic, a choke coil and 
a diode downstream of said choke coil connected in said con 
necting line, and a switch connected in said connecting line 
between said_ choke coil_and diode and connected to said 
switching logic for actuation thereby to selectively short CH‘ 
cuit said connecting line whereby the values of the voltage and 
current are respectively steadily increased and decreased in 
alternation in response to the opening and closing of said 
switch by said switching logic upon a measured instantaneous 
value becoming equal to a respective part value in said 
switching logic. 
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