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APPARATUS FOR FEEDING AN ELECTRICAL LOAD 

The invention relates to an apparatus for feeding an 

electrical load having a predetermined nominal vol-

10 tage, comprising an input for connection to a supply 

voltage source and an output for the load. 

Such an apparatus, in its simplest form, consists of a 

mechanical switch for closing a circuit connecting a 

15 supply voltage source, e.g. a battery or the electric 

network, to the load. The load most typically is an 

incandescent bulb. The circuit may contain in addition 

a fuse against overload. 

20 By way of specific measures in circuit technology, the 

load may be fed with more or less energy in order to 

control for example the brightness of an incandescent 

bulb from O per cent to 100 per cent. This is effected 

e.g. with the aid of a potentiometer. Commonly used at 

25 present are so-called phase-angle controls with thy­

ristors or triacs connecting each half-wave of an al­

ternating voltage to the load at a delayed, selectable 

moment of time. 

30 Feeding of an electrical load with direct current and 

feeding of an electrical load with alternating current 

each involve advantages and disadvantages. Attempts 

have been made specifically with incandescent bulbs 

and other illumination devices to obtain an increased 
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luminosity factor or light yield {with a given elec­

trical. power) by improving the efficiency. 

For feeding electrical loads it is known in particular 

5 also with stepping motors or the like to apply a 

pulse-shaped supply voltage to the load, with the duty 

cycle of the pulse train, i.e. the ratio of pulse 

width to pulse spacing or interval, determining the 

power supplied to the load from O to 100 per cent. In 

10 the extreme case of such pulse-shaped feeding, pure 

direct current is fed to the load. The pulse width 

then is 100 per cent, whereas the interval is o per 

cent, corresponding to a duty cycle (pulse/ interval) 

of infinity. The voltage amplitude of the voltage 

15 pulses must in each case correspond to the nominal 

voltage of the load. 

The present invention aims at achieving a considerably 

higher efficiency in feeding an electrical load as 

20 compared to the prior art, in particular in case of 

ohmic loads, e.g. incandescent bulbs, but also with 

purely or mainly inductive or capacitive loads, which 

are of poor efficiency, so as to obtain an enhanced 

exploitation of electrical energy. 

25 
According to the invention, this is achieved by a 

needle pulse shaper applying a train of needle pulses 

to the output connected to the load. 

30 In the ideal case, these needle pulses are Dirac 

surges, i.e. pulses with an extremely high amplitude 

and an extremely short, but stable pulse duration. 

The amplitude of the needle pulses fed to the load is 

35 limited by the presently available electronic circuit 

means for producing the pulses. With presently avail-
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able electronic circuit means, pulse durations in the 

order of magnitude of 100 nanoseconds can be realized. 

Accordingly, very high voltages can be employed which 

are greater than the nominal voltage of the load by a 

5 factor in the range of one or two orders of magnitude. 

With a direct current circuit, care must be taken that 

the supply voltage fed to the load is by no means sub­

stantially greater than the nominal voltage. However, 

10 it is known that there is an almost proportional re­

lationship between the quotient of supply voltage and 

nominal voltage on the one hand and the efficiency of 

the consumer (= brightness of an incandescent bulb) 

and the useful life of the consumer on the other hand. 

15 For example, when a bulb with a nominal voltage of 100 

volts is fed with a voltage _of only 90 or even just 80 

volts, the efficiency deteriorates, i.e. the light 

yield becomes clearly lower. However, with decreasing 

efficiency, the useful life increases at the same 

20 time. When the supply voltage is in the opposite 

manner increased to 110 or even 120 volts, the effi­

ciency, i.e. in the present case the light yield, is 

improved, but the useful life deteriorates correspon­

dingly. When the supply voltage is considerably higher 

25 than the nominal voltage, e.g. by a factor of 1.5, the 

load will be destroyed within a short period of time. 

By the measure according to the invention, the useful 

life of the load is definitely not affected nega-

30 tively, but rather is extended. Due to the fact that 

the needle pulses supplied to the load are of extre­

mely short duration, the load is not destroyed, not 

even when the voltage of the pulses is by far higher 

than the nominal voltage of the load. 

35 
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With the apparatus according to the invention, the 

duty cycle of the needle pulse is at the most about 

0.3, which corresponds to a ratio of pulse duration to 

pulse spacing or interval of, for instance, 3 to 10. 

It has turned out that when feeding for instance an 

incandescent bulb, the same light yield can be 

achieved when according to the invention, instead of 

the usual alternating voltage, needle pulses are 

10 supplied having a voltage amplitude that is by a mul­

tiple higher than the nominal voltage of the bulb, and 

the electrical power consumed is only a fraction of 

the power consumed earlier. 

15 When looking at the spectrum of a Dirac surge, a mul­

tiplicity of harmonics can be seen. All components are 

consumed in the electrical load. Specifically with 

loads that are purely inductive or contain inductive 

components, a diode is connected antiparallel to the 

20 load. The effect achieved thereby is that possible 

reactive energy is returned to the load. 

According to the invention, the needle pulses are of 

constant pulse width, but at the same time are ex-

25 tremely narrow with a relatively high voltage ampli­

tude. They are always direct current pulses, i . e . 

pulses having the same polarity. 

Regulation of the load control takes place in simple 

30 manner by corresponding elongation of the pulse inter­

vals. At the highest possible power in the load, the 

duty cycle {pulse duration/pulse interval) is set to 

the greatest possible value of o. 3 in the present 

case. The corresponding ratio of supply voltage ampli-

35 tude to nominal voltage then is approx. l . 7 (square 

root of 3). In case of voltage ratios (pulse ampli-
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tude/nominal voltage of the load) of lower value, no 

good effects are achieved any more, although the 

energy exploitation achieved is still better as com­

pared with the prior art. The higher the ratio of 

5 pulse amplitude to the nominal voltage of the load, 

the better the effect obtained. To be preferred are 

voltage ratios of more than 1.7; in particular values 

of more than 3, and particularly preferred are values 

of more than 5. The nominal voltage of the load should 

10 not be less than the amplitude of the needle pulses 

divided by the square root of the pulse interval nor­

malized to the pulse duration (UZnom ~ UB/SQR {tp/tI)}. 

For obtaining, with short pulses, high switching 

15 speeds, electronic switches must be employed. Thus, 

according to the invention an electronic rapid switch 

is provided between the input and the output of the 

apparatus. Possible therefore are for instance field 

effect transistors (FETs) or bipolar transistors. When 

20 using an FET as rapid switch, control with an im­

pressed voltage takes place. In case a bipolar tran­

sistor is used, a current control takes place in order 

to pay regard to the high-ohmic input resistance of 

the FET or the low-ohmic input resistance of the bi-

25 polar transistor, respectively, and to obtain high 

switching speeds. 

The use of needle pulses with high voltage amplitude 

necessitates measures for avoiding a negative effect 

30 on the environment, and in particular on the supply 

voltage source. According to the invention, the input 

of the apparatus has an LC filter connected thereto. 

This low pass filter enables that energy is available 

for the needle pulses and ensures the stability of 

35 said pulses, but at the same time prevents a retro­

action on the voltage source. 
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Flow back of energy from the load in the direction 

towards the supply voltage source is prevented in par­

ticular by a reverse flow blocking diode connected up-

5 stream of the apparatus output. 

The voltage amplitude of the needle pulses fed to the 

load is related to the duty cycle of the needle pulse 

train. According to the invention, the value of the 

10 nominal voltage is related to voltage amplitude of the 

needle pulses by way of calculation of the square root 

of the duty cycle. With a duty cycle of t:r : tP of 

1 : 10 and a given nominal voltage, the voltage ampli­

tude of the needle pulses must not be higher than 

15 approx. three times the nominal voltage. Thus, with a 

predetermined level of the voltage pulses (battery 

voltage), the nominal voltage may be smaller than the 

battery voltage at the most by the factor corres­

ponding to the square root of the duty cycle. This 

20 condition was made on the prerequisite that the load 

in fact receives a much higher power than the nominal 

power, but should receive the same energy as in con­

ventional manner. 

25 In a specific application of the above-outlined prin­

ciple of load control, the invention provides that the 

load is an electronic horn or siren. 

Electronic sirens are known. An electronic transducer 

30 (loudspeaker) is driven by means of a modulation stage 

via an amplifier final stage. The mode of operation of 

this known electronic siren is basically analog. When 

commonly required loudnesses are to be achieved (e.g. 

115 dB at a distance of 32 m), considerable power must 

35 be fed to the transducer. It is necessary to adapt the 

chracteristic output impedance of the final stage of 
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the amplifier to the impedance of the load. This 

causes considerable losses. 

The electronic siren according to the invention corn-

s prises a needle pulse generator which, via an electro­

nic switch of the final stage, connects the electro­

acoustic transducer to a voltage source, in particu­

lar a battery. 

10 
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Embodiments of the invention shall now be elucidated 

in more detail by way of the drawings in which 

Fig. 1 shows a basic circuit diagram of an apparatus 

5 for feeding an electrical load, 

Fig. 2 shows a pulse diagram of a real needle pulse 

similar to the ideal Dirac needle pulse, 

10 Fig. 3 shows a train of needle pulses, 

15 

Fig. 4 shows a basic circuit diagram of the apparatus 

for feeding an electrical load, which is de­

picted only schematically in Fig. 1, 

Fig. 5 shows a detailed circuit sketch of the genera­

tor for real needle pulses (NIG) shown as a 

block in Fig. 4, 

20 Fig. 6 shows a circuit arrangement for feeding an 

25 

30 

35 

incandescent bulb from an alternating voltage 

source with the aid of a rectifier (conven­

tional) and a needle pulse generator NIG 

(according to the invention), respectively, 

Fig. 7 shows a comparative representation of the 

signal shapes and spectrograms of an ideal 

harmonic oscillation and four different 

pulses, of which the pulses shown in the two 

uppermost rows (Figs. 7(A) and 7{B)) cor­

respond to the preferred needle pulses (Ni) , 

and the pulses according to Fig. 7(C) and Fig. 

7(D) are still usable as needle pulses as 

well, 
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Fig. 8 shows a schematic view of typical energy flows 

from the energy source via the load, illustra­

ted by the fundamentally different efficiency 

of each of the three loads. 

Fig. 9 shows a block diagram for feeding an electro­

nic siren. 

According to Fig. 1, a voltage source 2 having a bat-

10 tery voltage UB has a load L with a nominal voltage 

UZnom connected thereto via a switching means 6. 

The voltage source 2 may be a battery or a conventio­

nal rectifier arrangement delivering a direct voltage 

15 UB from a mains alternating voltage of e.g. 220 V with 

the aid of a transformer, a rectifier and a smoothing 

capacitor. 

The load L in the instant case specifically is an 

20 ohmic load, in particular an electric incandescent 

bulb. The embodiments described herein are also sui­

table for inductive and capacitive loads or complex 

loads (loads of a combination of ohmic, inductive and 

capacitive elements) . However, the invention is used 

25 in particular with ohmic, inductive and capacitive 

loads with low efficiency, such as incandescent bulbs, 

electro-acoustic and piezoelectric transformers and 

the like. 

30 As an example of the application in an electroacoustic 

transducer as load, an electronic siren will be de­

scribed further below, which constitutes a good 

example of the excellent energy exploitation. 
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As indicated in Fig 1, the battery voltage UB accor­

ding to the invention is by far greater than the nomi­

nal voltage UZnom of the load L. 

5 In the switching means 6, a train of needle pulses 

(similar to the Dirac pulses) is produced from the 

battery voltage UB by means of circuit technology 

measures described in more detail below, with the vol­

tage amplitude of the individual pulses corresponding 

10 to the battery voltage UB and the duty cycle (pulse 

duration/pulse interval) being adjustable and being 

not greater than 0.3. 

As shown in Fig. 3, the needle pulses depicted there 

15 have a peak amplitude corresponding to the battery 

voltage UB which is greater than the load nominal vol­

tage UZnom by approx. the factor 4. In the embodiment 

shown, the ratio of the pulse duration tI to the pulse 

interval tp is approx. 1 : 16. The "period duration" of 

20 the individual pulses is T, except for the first 

period, To, for which the inequality To > T holds. 

This is caused by circuit technology. 

Fig. 2 shows an individual stable needle pulse in an 

25 enlarged view. This needle pulse constitutes an appro­

ximation to the (ideal) Dirac pulse. The overall pulse 

duration proper is tI. This pulse duration tI comprises 

a rise time tL of less than 100 nanoseconds, a "holding 

time" tD of about 100 (at the most 200) nanoseconds and 

30 a decay time tT of less than 500 nanoseconds. The bat­

tery voltage UB is between 10 and 1000 V. 

Fig. 4 is a detailed representation of the switching 

means 6 depic~ed only schematically in Fig. l. Shown 

35 to the left is the input of the switching means, which 
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receives the battery voltage UB, and shown to the 

right ·in Fig. 4 is the output to which the load L is 

connected, having a nominal voltage UZnom· At the input 

of the switching means there is provided an LC filter 

5 consisting of a coil 62 and a capacitor 64. 

An electronic switch 66, designed as self-blocking FET 

in the present example, is controlled at its gate ter­

minal G by a needle pulse generator NIG 68 with im-

10 pressed voltage. Through the terminal, the switch 66 

signalizes an ON or OFF state to the needle pulse ge­

nerator. At the output, a diode D2 is provided anti­

parallel to the load. Between the output and the elec­

tronic switch 66 there is located a reverse flow 

15 blocking diode Dl. 

The needle pulse generator 68 has a potentiometer 70 

connected thereto, arranged in series with a main 

switch HS, by means of which the spacing or interval 

20 duration is adjustable from a minimum to an infinite 

interval value. The infinite interval is adjusted by 

opening of the main switch, which corresponds to 

switching off of the needle pulse generator 68. 

Further adjusting members, omitted here for the sake 

25 of simplification, permit in addition an adjustment of 

the pulse duration, blocking and unblocking of the 

needle pulse generator, the external synchronization 

and modulation of the pulse and, separately therefrom, 

of the pulse interval. 

30 

The operating current of the needle pulse generator 68 

flows via the connection between the source terminal S 

of the FET switch 66 and the needle pulse generator 68 

and the connection between the needle pulse generator 

35 68 and the common lower busbar of the apparatus accor­

ding to Fig. 4. 
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Fig. 5 is a detailed view of the needle pulse genera­

tor 68 according to Fig. 4, which in practical appli­

cation is designed as a one-piece module of small di-

5 mensions (10 x 20 x 30 mm) . It is designed for battery 

voltages UB between 5 and 100 V. Somewhat larger mo­

dules for battery voltages UB between 10 and 1000 v 
and up to 20 W are possible with presently available 

components. The future development of the electronic 

10 components will render possible needle pulse ampli­

tudes of voltages in the range of many thousands of 

volts. 

The greatest preset duty cycle in the present example 

15 is 1 : 9. A hermetic enclosure, not shown here in more 

detail, ensures a stable temperature operating range 

between minus 20 and plus 60° C. 

Between the two terminals H and L, there is provided a 

20 series connection of a resistor R2 and two diodes 10 

and 20. Upon application of a voltage, the then in­

creased potential at the base of the transistor Tl 

opens this transistor Tl. The transistor Tl operates 

as a constant current source and, depending on the 

25 dimensioning of a resistor Rl located at the emitter 

of Tl, supplies a constant current to the resistor R2 

and the diode 20, charging the capacitor C shown at 

the upper left in Fig. 5. 

30 To the right in Fig. 5, a current flows at the same 

time across the voltage divider resistors Rl3 and R14, 

so that a reference voltage Ur is adjusted between 

said these resistors. When capacitor C is completely 

charged, the capacitor voltage Uc is about 1.05 times 

35 the reference voltage Ur. This is provided for by a 

unijunction transistor UJT formed of two individual 
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transistors T3 and TS, with the base of T3 being con­

nected to the collector of TS and the base of TS being 

connected to the collector of T3. As long as the po­

tential at the emitter E2 of transistor T3 is higher 

5 than the reference voltage Ur, the UJT blocks a cur­

rent flow across resistors R9 and RlO. 

As soon as the capacitor voltage has a value that is 

approx. s per cent greater than the reference voltage 

10 Ur, the leading edge of a needle pulse (tL in Fig. 2) 

begins to rise. By firing UJT, current flows across 

resistors R9 and RlO, with the transistor T4 opening 

suddenly, due to the rapid decrease of its base poten­

tial as compared to its emitter. A needle pulse NI 

15 (similar to a Dirac needle pulse) is issued via diodes 

40 and so. A current then also flows through diode 60 

and resistors R7 and RS. The potential increase at the 

base of T2 opens this transistor T2, whereby tran­

sistor Tl blocks instantaneously. Charging of capaci-

20 tor C is interrupted thereby. The energy stored in 

capacitor C is passed via transistor T4 and diodes 40 

and 50 to outputs 1' and 2'. The time duration tD in 

Fig. 2 is defined in the circuit according to Fig. 5 

by the path of discharge of the capacitor, which is 

25 constituted by UJT, RlO and the parallel connection of 

resistor R9 and the base to emitter path of transistor 

T4 inclusive of resistor R6. 

The opening time of UJT lasts until capacitor C is al-

30 most completely discha~ged. This capacitor C was com­

pletely empty only before firing of the first needle 

pulse, which is the reason why the first time period 

To is relatively long. Closure of UJT takes place in 

the period tT in Fig. 2. 

35 
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Fig. 6 shows a circuit arrangement illustrating a con­

ventional apparatus for feeding an incandescent bulb 

as load on the one hand and an apparatus according to 

the invention on the other hand. 

A 220 V alternating voltage network has two trans­

formers TRl and TR2 connected thereto. On the secon­

dary side of TRl a 15 V alternating voltage is recti­

fied by a full-wave rectifier and fed to an output 

10 jack terminal for a 12 V incandescent bulb GB. At the 

output there are provided a current meter and a volt­

meter. This consumer circuit can be controlled by 

means of the mechanical main switch HS. 

15 The secondary coil of TR2 delivers an alternating vol­

tage of 48 V to a full-wave rectifier. A battery vol­

tage of approx. 60 V direct voltage is thus available 

at capacitor CE. 

20 The needle pulse generator produces therefrom a needle 

pulse train in the manner described hereinbefore in 

conjunction with Fig. 5. The needle pulses are fed to 

the output to which the 12 V bulb is connected as 

load. A jack plug HS has a potentiometer installed 

25 therein so that this device serves as a co~trol member 

of the needle pulse intervals and thus renders pos­

sible full control of the respective circuit in the 

easiest way. 

30 A circuit arrangement designed according to Fig. 6 has 

revealed in operation that the feeding apparatus in 

the lower part, i.e. the feeding apparatus designed 

according to the present invention, provided the same 

brightness of the bulb GB with only half of the 

35 average power consumption. 
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Further tests with inductive loads have revealed simi­

lar energy savings effects, for example, an electro­

acoustic transformer with a pressure chamber (a 

powerful loudspeaker) was fed as inductive load by 

5 means of the ·apparatus according to the invention. 

Here too, considerable energy savings as compared to 

conventional arrangements were achieved. 

The demonstration arrangement according to Fig. 6 per-

10 mi ts a comparison between the conventional and the 

inventive type of feeding of an ohmic load of poor 

efficiency (incandescent bulb) on a comparative basis. 

The left part of Fig. 7 shows functions of an ideal 

15 harmonic oscillation HS and of four pulse trains with 

widely different pulse/pulse interval ratios between 

l : 7. 2 to l : 180. The period T of all oscillation 

functions is deliberately tuned to a duration of 20 

milliseconds, which is exactly the repetition fre-

20 quency of 50 Hz in case of the HS function located in 

the lower left part in the drawing. All five oscil­

lation functions have (deliberately) an identical am­

plitude A. 

25 The beginning and the end of the period duration T 

start at the peak of the positive half-wave of the 

harmonic oscillation, to the lower left in Fig. 7(E), 

or exactly in the middle of the pulses in the four 

pulse trains so as to be able to depict the Fourier 

30 series for respective oscillation functions more 

easily. The period T is also illustrated as one full 

circle revolution, i.e. 2 ~ (rad) or 360°. 

The time duration of the respective pulses is indi-

35 cated both by their half "opening angle 11 p and by 

their half time duration. 
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In accordance with the Fourier analysis, all oscil­

lation functions can be described by way of appro­

priate Fourier series so that they represent a speci-

5 f ic calculable and measurable number of pure harmonic 

oscillations of defined frequencies and associated 

amplitudes as an equivalent. When putting the harmonic 

functions together, one obtains the basic function. 

10 The voltages of the respective five oscillation func­

tions to the left in Fig. 7 have the spectrums indi­

cated to the right in Fig. 7. It is to be noted that 

the spectrum amplitudes of the harmonic components for 

the four pulse trains are not drawn to scale (the 

15 drawing shows the spectral lines for the needle pulse 

trains in exaggerated manner) . 

As can be seen, the amplitude A of the harmonic oscil­

lation in the spectrum according to Fig. 7 (E) cor-

20 responds exactly to the amplitude in the range of time 

given. 

However, the spectrums . of the pulse trains yield a 

quantity of several harmonic components. This quantity 

25 is the greater the narrower the pulses are. 

According to the invention, needle pulses with a duty 

cycle of l : 3 are used, which are as narrow as pos­

sible, approx. like the needle pulses according to 

30 Fig. 7 (A) , Fig. 7 (B) and Fig. 7 ( C) , but still accor­

ding to Fig. 7(D) as well. 

The pulses according to Fig. 7(D} each have a spectrum 

in which the individual spectral lines are very non-

35 uniform. The amplitudes may be dimensioned very dif-
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ferently, contrary to the schematic illustration of 

Fig. 7. 

The two spectrums shown at the top in Fig. 7 consti-

5 tute a particularly advantageous spectrum for the pur­

poses according to the invention. The virtually ideal 

spectrum is realized by the pulse train shown in Fig. 

7(A), which, with respect to the order of magnitude, 

can be realized in practical application with cur-

10 rently available circuit means. The individual compo­

nents of the spectrum are virtually all of the same 

size and each have a very low amplitude value, which 

is considerably smaller than illustrated in Fig. 7(A). 

15 The spectrum shown to the right in Fig. 7(A) is parti­

cularly advantageous since, due to the small ampli­

tudes and the short time duration of these individual 

signal components, good stability of the circuit fed 

with this signal is achieved. 

20 
When a needle pulse generator is used for the appara­

tus according to the invention, which produces the 

needle pulses shown in Fig. 7(A} with a duty cycle of 

l : 180, a very large number of harmonic components is 

25 obtained, with the amplitudes thereof each being rela­

tively small and resulting from the opening angle 

p = 1° = o. 02 a rad. The mutually alike amplitudes in 

the present example can each be calculated as being 

somewhat less than 1 per cent of the pulse amplitude. 

30 

The above considerations hold for the range of 

validity of Ohm's law. The validity of Ohm's law defi­

nitely exists when the period duration T (cf. Fig. 3) 

is greater than 100 nanoseconds. Shorter period dura-

35 tions can hardly be realized at present and in the 
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foreseeable future because of the non-existing elec­

tronic components. 

The preceding considerations thus show that the utili-

5 zation of very narrow needle pulses for feeding an 

ohmic, inductive, capacitive or complex load according 

to the invention always yields a high stability of the 

operation of the circuit. It is known that, when con­

necting a load to a voltage source, in particular an 

10 alternating voltage source, transients may occur, re­

quiring complex measures in terms of circuit techno­

logy for avoiding them. Such problems are excluded 

from the very beginning by using needle pulses accor­

ding to the invention. 

15 

Fig. 8 schematically shows three cases of energy flow. 

Loss-free energy flow does not exist in practical ap­

plication. 

20 The case depicted to the left in Fig. 8 is ideal. 100 

per cent energy flow from a source Q to a consumer V 

where the entire energy is converted to work, i.e. no 

"waste energy" whatsoever is created. 

25 Case 2 shown in the middle of Fig. 8 illustrates the 

situation occurring frequently in practical · appli­

cation, in which the major part of the energy (80 per 

cent here) is converted in the consumer into useful 

work and only 20 per cent are lost. 

30 
To the right in Fig. a, case 3 is shown in which only 

5 per cent of the energy supplied are converted to 

useful work, while the remainder constitutes waste 

energy. This case corresponds quite exactly to an in-

35 candescent bulb in which approx. 5 per cent of the 

electrical energy supplied are converted into light, 
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whereas the remaining 95 per cent are converted into 

(mostly undesired) heat. The measure according to the 

invention provides an improvement of the charac­

teristic situation outlined by case 3 towards case 2. 

The above considerations apply mainly to ohmic loads. 

However, the invention is equally applicable for in­

ductive, capacitive or also complex loads. Although 

one cannot speak of active energy with such loads, 

10 considerations of the apparent energy flow (in case of 

an inductive or capacitive load) show that the appara­

tus according to the invention does not only achieve 

an improved efficiency, but also an enhanced stabi­

lity. 

15 

The apparatus illustrated in Fig. 1 and Fig. 4 pro­

vides furthermore specific advantages which are not 

achieved in the presently used switching devices: 

20 a) Upon turning on of the load, a voltage of o Volt 

25 

30 

b) 

is present at the circuit, depending on the re­

spective circuit arrangement chosen. 

It is possible to perform.an infinitely variable 

regulation from O to a maximum value, without re­

quiring specific measures in terms of circuit 

technology therefor. The pulse generators used for 

producing the needle pulses (NI) are of such con­

struction that they permit an alteration of the 

pulse intervals without specific expenditure. 

Fig. 9 shows the structure of an electronic siren 100 

by way of a block diagram. An electroacoustic trans­

ducer 106 provided with an exponential horn is con-

35 nected to the final stage 104 of an amplifier circuit 

that is of no closer interest here. The schematically 
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shown switch of final stage 104, which in reality is 

provided in the form of a semiconductor component, is 

controlled by a needle pulse generator (NIG I) 102, 

with the frequency of the Dirac needle pulses from NIG 

5 102 being 420 Hz (to be exact: the first harmonic os­

cillation), which corresponds to the nominal frequency 

of the siren. The switch in final stage 104 connects 

the electroacoustic transducer 106 to a battery 108 

via an LC filter 105 (coil and capacitor) . The NIG 102 

10 is controlled by a control means 112 which may be a 

program control that is known per se and commonly used 

in electronic sirens. In practical application, the 

final stage 104 may consist in essence only of the 

afore-mentioned switch. 

15 

Contrary to the known electronic sirens, the mode of 

operation of the siren according to Fig. 9 is of 

purely digital nature. 

20 An essential advantage of the siren shown in Fig. 9 is 

the fact that virtually no quiescent current flows. 

When no needle pulse is applied to the final stage, 

the switch constituted by the final stage is virtually 

open. The internal resistance of the final stage out-

25 put is virtually zero, allowing operation virtually 

without losses. 

Due to the nature of the needle pulses employed here, 

numerous harmonic oscillations are present here in 

30 addition to the working frequency of 420 Hz, which in 

total provides a full siren sound. 

The siren according to Fig. 9 renders possible the 

-exploitation of the known per se "masking effect" in 

35 particularly advantageous manner. This effect is 

achieved by generation of two frequencies which are 
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closely adjacent, but are definitely different from 

each o·ther and not correlated by an integral factor, 

with Fig. 9 providing an additional NIG II 110 to this 

end. The frequency of said NIG II is slightly detuned 

5 with respect to that of NIG I. By way of such a con­

trol mode, a siren sound is created which for 

psychoacoustic reasons - is felt by the listener to be 

much louder than a sound produced by two identical 

sound sources of equal strength. As an alternative, it 

10 is possible to provide for said NIG II a separate, 

further final stage and to connect the electroacoustic 

transducer to the two final stages. It is pointed out 

furthermore that a plurality of electroacoustic trans­

ducers may be connected in parallel, in series or in 

15 mixed form to the final stage 104 or said final stage 

pair. 

In a practical embodiment that is not shown in the 

drawings, a plurality of sirens of the type shown in 

20 Fig. 9 are arranged in a siren tower, with the expo­

nential horns of each electroacoustic transducer being 

disposed at different heights and with different ra­

diation angles with respect to a vertical axis of this 

tower. 

25 

The NIG I 102 and the NIG II 110 are designed like the 

NIG 68 described hereinbefore (Fig. 5). 

Practical tests show that an electronic siren 100 

30 according to the invention can produce the acoustic 

power of a conventional electronic siren with only 

about one third of the electric power. It can thus be 

built with electronic parts of lower price. 

35 Due to the fact that, when siren 100 is not switched 

on, virtually no quiescent current flows in NIG I 102, 
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in NIG II 110 and in final stage 104, almost no cur­

rent is consumed in this state. Nevertheless, upon 

switching on the siren 100, there is a "warm start" of 

the electronic components. 

If desired, the siren 100 according to the invention 

may be operated at very high supply voltages, e.g. up 

to 400 V. 

10 It is possible by means of the apparatus according to 

the invention to produce a rotating field for opera­

ting alternating current electric motors, with consi­

derable energy savings and simplifications in synchro­

nization being achieved as compared to the conventio-

15 nal motor controls. 
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Patent Claims 

1. An apparatus for feeding an electrical load (L) 

having a predetermined nominal voltage (UZnom> , 

comprising an input for connection to a supply 

voltage source and an output for connection to the 

load (L) , 

characterized by a needle pulse shaper (6, 68) 

applying a train of needle pulses (NI) to the out­

put connected to the load. 

2. An apparatus according to claim 1, 

characterized in that the needle pulses each are 

of constant pulse width and only the interval 

between two adjacent needle pulses is variable. 

3. An apparatus according to claim 2, 

characterized in that the duty cycle (tI/tP) is 

from slightly above 11 0 11 to 0.3, wherein tI is the 

constant pulse duration and tp is the variable 

pulse interval. 

4 . An apparatus according to any one of claims 1 

to 3, 

characterized in that the voltage amplitude of the 

needle pulses (NI) is greater than the nominal 

voltage at least by a factor of 1.7. 

s . An apparatus according to any one of claims 1 

to 4, 

I llllllJ lllllJ 111111111111 Jiii 
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characterized in that the needle pulses are con­

stant current pulses, i.e. pulses of the same po­

larity. 

5 6. An apparatus according to any one of claims 1 

to 5, 

characterized in that a diode (D2} is connected 

antiparallel to the load (L) . 

10 7. An apparatus according to any one of claims 1 

to 6, 

characterized in that the apparatus comprises an 

electronic rapid switch (66) . 

15 8. An apparatus according to claim 7, 

20 

characterized in that the input has an LC filter 

{62, 64) connected thereto. 

9. An apparatus according to any one of claims 1 

to 8, 

characterized in that the output has a reverse 

flow blocking diode {Dl} connected upstream there­

of. 

25 10. An apparatus according to any one of claims 1 

to 9, 

characterized in that the load is a mainly ohmic, 

inductive or capacitive load. 

30 11. An apparatus according to claim 10, 

35 

characterized in that the load is an incandescent 

bulb. 

12 . An apparatus according to any one of claims l 

to 11, 

------·--· 
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characterized in that the nominal voltage of the 

load is not sma.ller than the product of the 

amplitude of the needle pulses divided by the 

square root of the pulse interval normalized to 

the pulse duration (UZnom ~ UB/SQR (tp/tI}). 

13. An apparatus according to any one of claims 1 

to 12, 

characterized in that the needle pulses have an 

overall duration of at most 1000 ns, preferably at 

most 700 ns. 

14 . An apparatus according to any one of claims l 

to 13, 

characterized in that the needle pulses have a 

rise time of at most 100 ns. 

15. An apparatus according to any one of claims 1 

to 14, 

16. 

17. 

characterized in that the needle pulses have a 

duration (tD) of at most 200 ns, preferably at 

most 100 ns, which'is determined by the functio­

nal course. 

An apparatus according to any one of claims 1 

to 15, 

characterized in that the needle pulses have a 

decay time of at most 500 ns. 

An apparatus according to any one of claims 1. 

to 16, 

characterized in that the smallest period duration 

(T} of the needle pulses is approx. 1.00 ns. 

35 18. An apparatus according to claim 10, 

1111m111111111111111111111111 
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characterized in that the load is an electronic 

siren {100) . 

19. An apparatus according to claim 18, 

5 characterized in that a needle pulse generator 

(102) controls an amplifier final stage (104} con­

necting a current source (108) to an electro­

acoustic transducer (106} of the siren {100) . 

10 

liililif 
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