APPARATUS FOR FEEDI NG AN ELECTRI CAL LOAD 5 The . nventi onyr el af@%.§ 0 an
apparatué for feeding an electrical |oad having a predeterni ned nesai nal
vol - tage, conprising an input for connection to a supply -voltage source
and an output for connection to the |oad, and conprising a needle pul se
shaper applying a 10 train of needle pulses to the output connected to
the I'oad. Feeding of an electrical |load with direct current and feedi ng of
an electrical load with alternating current 15 each invol ve advant ages
and di sadvantages. Attenpts have been made specifically with i ncandescent
bul bs and other illum nation devices to obtain an increased |umnosity

factor or |ight yiel dagpdidirds GrdieFREEENG Ay CRLEQPRECAT DoAPr OVi Ng the
efficiency. 20 For feeding electrical Toads it is known in particular also

Wi th stepping notors or the like to apply a pul se-shaped supply voltage to
the load, with the duty

The invention relates to an apparatus for feeding an
electrical load having a predetermined nominal wvol-

10 tage, comprising an input for comnection 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 circuilt 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 enexrgy in order to
control for example the brightness of an incandescent
bulb from 0 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 altermating 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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cycle of the pulse train, i.e. the ratio of pulse 25 wi dth to pul se
spating of interval, deternining the power supplied to the load fromO to
100 per cent. In the extrene case of such pul se-shaped feeding, pure direct
current is fed to the load. The pulse width then is 100 per cent, whereas
the interval is 0 per 30 cent, corresp@wing to a duty cycle
(pulsé/interval) of infinity. The voltage anplitude of the voltage pul ses
must in each ¢ EpeEapohRactert Iy nbightal Yieldadawish thegived. elec2- An

apparatus of theriyde powbsptey fhpibeiRyteré &8rkaONR-{Iom US-A-5 130 608.
In the known apparatus, an alternaﬁlng voltage with a voltage anplitude of

100 Vis applied to the input, and the output has an incan- 5 descent
bul b connect edrot s ingWhlebtrisalfdadwi 8 is known in particular
5 also with stepping motors or the 1like to apply a

pulse-shaped supply voltage to the load, with the duty
cycle of the pulse train, i.e. the ratic of pulse
width to pulse spacing or interval, determining the
power supplied to the load from 0 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 0 per
cent, corresponding to a auty 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 1load 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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pul ses with a voltage anplitude of 100 V and very short duration. The
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circuit com prising:

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,
it is known that there is an almost proportional re-
lationéhip 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.
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 1light
yield becomes clearly lower. However, with decreasing
efficiency, the useful 1life increases at the same
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
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-
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.
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(a) a capacitor adapted to be charged by a constant current source, 30
(b)- a voltage divider fornmed with two resistors and serving to produce a
ref erence voltage; (c) a unijunction transistor connected to the re-
ference voltage and to the capacitor voltgge and firing as soon as the
capaci tor vol tage becones 35 slig%rly greater than the reference

vol tage; This i Wté eeatccordl?h (dy Zﬁge glltlgnanstﬁéor

whi ch is connecte to gh I'Junction (ransist of |r|ng ‘of “said
uni - junction Guansicyete Pf swia heeediet pulle cehdat- t énoﬁfatéb??‘éF t he

durati on of ong needifs il orrugdnds dounede 051 OF ﬁuf@e 28u847i60 £eed an
pulse spacing or interval of, for instance, 3 to 10.

It has turned out that when feeding for instance an
incandescent bulb, the same 1light 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 0.3 in the present
case. The corresponding ratio of supply voltage ampli-
35 tude to nominal voltage then is approx. 1.7 (square
root of 3). In case of voltage ratios (pulse ampli-
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cent bulb with rectangular pulses having a voltage anpl
nom nal voltage. The ratio of the voltage anplitude of

| tude above the
t he rectangul ar

pul ses to the 10 nom nal voltage is outside the range according to the
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of more than 3, and particularly preferred are values
of more than 5. The nominal voltage of the load should
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 (UZ_ . = UB/SQR (tp/tI))’

om
For obtaining, with short pulses, high switching
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. Possgible therefore are for instance field
effect transistors (FETs) or bipolar transistors. When
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-
polar transistor, respectively, and to obtain high
switching speeds.

The use of needle pulses with high voltage amplitude
necesgitates measures for avoiding a negative effect
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
said pulses, but at the same time prevents a retro-
action on the voltage source.
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be taken that the supply voltage fed to the load is by 30 no neans
substantially greater than the nom nal voltage. However, it is known
that there is an al nost proportional relationship between the quotient of
supply vol tage and. nom nal voltage on the one hand and the efficiency of
the consuner (= brightness of an 35 i-fcandescent bul b) and the useful
life- of the consunmer on the other hand. For exanple, when a bulb with a
-4- nom nal voltage of 100 volts is fed with a voltage of only 90 or even
just 80 volts,Fidwe bﬁbkm@flcysnéeggrlfr@ﬁatm load tihe tth@haly-eeltdolmecorres

clearly | ower. wth d eff] n 5
i ncreases at t ¥ %Y%%%% ??%nsuaﬁgﬁ ?ﬁ %% Fougggtgée |s$FﬁE§Ee op ggite
manner i ncreaseitulan 1oy on eaeerQQOfWQWtblochengfﬁhgdencypvecéedunprhe
present gase té@%eam 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; : t 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 wvoltage 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 sifen 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 pe fed to the transducer. It is necessary to adapt the
chracteristic output impedance of the final stage of

umiii‘ﬁiilfﬁﬁ‘ i



light yield, is inprbved, but the useful life deteri- orates
correspondi ngly. Wen the supply voltage is 10 consi derably hi gher than

the nom nal voltage, e.g.. by a factor of 1.5, the load will be destroyed
within a short period of tinme. By the neasure according to the invention,
t he useful 15 life of the load is defirfditely not affected nega- tively,

but rather is e t ended e to t he fact th t he needl e pulse Llied to
the | oad are ofthéxt PEPLHEAP*shbEP B%?aI%TFF ?@@Idﬂg tgehohoé tr%B not
even when the valusage cﬁné:h&xmﬂ]seesldsaeeky far higher 20 than the noni nal
voltage of the load. Wth the apparatus according to the invention, the
duty cycle of the needle pulse is preferably at the nost about 0.3, which
corresponds to The aelecbfopiutseizén achemting to flleselnwgrtiony oom-

interval of, I&ﬁr 1dd¥ aStr?élaQﬁeb:}trdPséogeﬂérat@z?rtW{‘gﬁi Oyiatgﬁt e!‘QEEréged' ng
for instance an | ncandescent t he same i el d can
nic switch of the final stage, connects the electro-
aCOU.Sth transducer to a voltage source, in part:.cu—

lar a battery.

10
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30 achi eved when according to the invention, instead of the usual
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

for feeding an electrical load,

shows a pulse diagram of a real needle pulse
similar to the ideal Dirac needle pulse,

shows a train of needle pulses,

shows a basic circuit diagram of the apparatus
for feeding an electrical load, which is de-
picted only schematically in Fig. 1,

shows a detailed circuit sketch of the genera-
tor for real needle pulses (NIG) shown as a
block in Fig. 4,

shows a circuit arrangement for feeding an
incandescent bulb from an alternating voltage
gource with the aid of a rectifier {conven-
tional} and a needle pulse generatocr NIG
(according to the invention), respectively,

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,

needl e pul ses are supplied having a voltage anplitude
vol tage of the bulb, and

to

the needl e pul ses may be



tremely narrow with a relatively high voltage anpli- tude. They are as a
rule direct current pulses, i.e. pulses having the sane polarity. 15
Regul.ation of the |oad control <can take place in sinple nanner by
correspondi ng el ongation of the pulse intervals. At the highest possible
power in the load, the duty cycle (pulse ddration/pulse interval) is set to

the greatest p | blge Vv, ' sent : C h
correspondi ng ??fﬁ'o 8of %J%gﬁ ;./J v%f%a%%%ér:gff%&t%et l%%]ﬁi na%:%%-l a%vést hen
is approx. 1.7 (square frsm Wie Pnengy eured v thHge Feadosilpusteaanyl i -

tude/ noninal vol tage ofcddienyogdd hinkawghtrwahye diraQat edf Lt sedy
achi eved any nore, although e energé£§§§%0|tatlon achieved is stil

he 25
better as com pared with q3rk B dbearttbrem er the ratio of pulse
anplitudesto the nomnal voltage of the |load, the better the effect

bt ai ned. This j, I ' A s
par i ol ar 30" FLByal e G CLREh SLaRATLERE GHHHE PblSr e S o

nic siren.

According to Fig. 1, a voltage source 2 having a bat-
10 tery voltage UB has a load L with a nominal wvoltage

UZ, ., 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 lcads 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-
gscribed further below,  which constitutes a good
example of the excellent energy exploitation.



val ues of nore than 5. The nom nal voltage of the | oad should not be |ess
than the anplitude of the needle pul ses divided by the square root of the
pul se inter- val normalized to the pul se duration [ERR] 35 [err] - 6-
For obtaining, with short pulses, high sw{ching speeds, electronic

swi tches nmust be enpl oyed. Thus, according’to the invention an electronic
rapid switch i g prs 'q%g: tyeerithe i t ofrd h -

appar at us. Po?%lﬁ%?% ere p%g gﬁé ?drq?%%tgﬁg%é??eﬁélggﬁgnU%r%%é?gtors
(FETs) or bi pokdng: tendihe dryveniiam s dy dirrEareatenpikpn viie powbnt r ol
wth anim prg@geqdw@ab@ggm;gkegfpﬁﬁgeloéa gase a bipolar tran- sistor is

used, a current control taked®Blace in order 10 to pay regard to the
hi gh-ohm ¢ i nput resistance of
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 wvoltage 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 UZ_ __ by approx. the factor 4. In the embodiment
shown, the ratio of the pulse duration t, to the pulse
interval £ 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 t; . This pulse duration t, comprises
a rise time t; of less than 100 nanoseconds, a "holding
time" t, of about 100 (at the most 200) nanoseconds and

30 a decay time t, of less than 500 nanoseconds. The bat-
tery voltége UB is between 10 and 1000 V.

Fig. 4 is a detailed representation of the switching
means 6 depicted only schematically in Fig. 1. Shown
35 to the left is the input of the switching means, which



the FET or the |l ow ohm c input resistance of the bi- polar transistor,
respectively, and to obtain high switching speeds. 15 The use of needle
pul ses with high voltage anplitude necessitates neasures for avoiding a
negative effect on.the environnment, and in particular on the supply voltage
source. According to the invention, the-idput of the apparatus nay have an

LC filter conn h hi p fi r | es .t ener
is avail abl e fg(régg Fd%‘er%%ee%ﬁlée S{Jafq%%sr%—nggékggre es the Asrgtg Sg)'lgﬁgt yé?)f r%%ﬁ d v
pul ses, but atrigbtsdme Rigwe $révelibe autputod ivaien the tokdade Bdurce.

25 Flow back,ghegR8HIY nhkafy! BenbRddahNvbieadkr 691 on Aoverds {hig supply

vol tage source i s prevented in"par- ticular by a reyé?%é f1 ow bl ocki ng
di ode connect egfufhesiswidatemg Heeapparkere b8t pyevided anTHE Hiktage

anpl i tudg of thgnhpeadiagpulksasched 62 bhe hoadphzikelakad to the duty cycle
of the needle pulse train. According to the invention, the value of the

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 1s located a reverse flow

15 blocking diode D1.

The needle pulse generator 68 has a potentiometer 70
connected therete, 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 interwval.
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.



nom nal voltage is related to voltage anplitude of the needle pul ses by way
of--cal cul ati on of the square root 35 of the duty cycle. Wth a duty
cycle of [err] of 1 : 10 and a given nom nal voltage, the voltage anpli-
-7- tude of the needle pul ses nust not be higher than approx. three tines
the noninal voltage. Thus, with a predetemned | evel of the voltage pul ses
(battery voltage), the nom nal voltage may be smaller than the 5 battery
voltage at the nost by the factor corres- ponding to the square root of the
?uty cycle. ThFdigcomdiils cn deisaibel®d vbewhefptaeeeesilicee gulate tdendmmd i n
act receives | / t t he L.hal. : S d
receive the saggg'rg%gr rggyggjsqqlﬁp%ﬁ{nq él]gg E(/eﬁglglgﬁalupn%\rﬁcﬁl n:L a gcific
appl i cati on of cekdoabdwe-draidned] 39 i @-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 T1
opens this transistor Tl. The transistor Tl operates
as a constant current source and, depending on the

25 dimensioning of a resistor R1 located at the emitter
of T1, 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 R13 and R1l4,
so that a reference voltage Ur 1is 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



ciple of load control, the invention provides that the load is an

el ectronic horn or siren. 15 Electronic sirens are known. An electronic
transducer (Il oudspeaker) is driven by nmeans of a nodul ati on stage via an
anplifier final stage. The node of operatjion of this known electronic siren
I s basically anal og. When 20 connDnIy'}%quired | oudnesses are to be

achi eved (e.qg. | S caof 3 C | .d t be
fed to the traré%g}:%%&#ﬁsaigé n%%@sggf yw?(g)hg%g& Q{é%ee ﬁ#gi(‘: e%g’)%\é? cggfjifput
i npedance of tmedtathitastthp evlientenprs fTerand the bapedaficB5obeing | oad.

This 25  caus@snrfeteddlerabtgel @388 ctbhe SH 6F3 I OREC 19nGeR AN dpBg 10
the invention com prises a, needl.e pul se generator iggtro-

which,_ via , e
nic switch of MRRtIAIAE BYE, CTUhiET &2 nof o 2eRFE5Ees T3 abb Big
transduces to ahel tielge sefiecencen viodithigeu-Ud arthebd@elocks a cur-

rent flow across resistors R9 and R10.

As soon as the capacitor voltage has a value that is
approx. S5 per cent greater than the reference voltage
10 Ur, the leading edge of a needle pulse (t, in Fig. 2)
begins to rise. By firing UJT, current flows across
resistors R9 and R10, 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 50. A current then also flows through diode 60
and resistors R7 and R8. The potential increase at the
base of T2 opens this transistor T2, whereby tran-
sistor T1 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 tj 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, R10 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 discharged. 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 t, in Fig. 2.



Enbodi ments of the invention shall now be elucidated in nore 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
pul se di agram of a.real needle pulse siml|ar to the ideal Dirac needle
pul se, 10 Fig. 3 shows a train of nedfle pulses Fig. 4 shows a basic

circuit diagr h aratus f I h

de- picted on?ﬁlgch& SP8§§ EQE a%%ng%E%B Mﬁg%%té tafﬁﬁgc 'S

circuit sketchveﬂtiheagem@parannsffmrréabdn@edﬁﬁlp@hgggdéﬁFQytsﬁnﬂﬁJas a

bl ock in Fig. fbigad of & e 6 o1 Wend® £hdCHh! 2RPE#RYERER I Hin geec‘iﬂ ng an

I ncandescent bu rom an ternatlng voltage source wth the ard of a
rectifier (Cont&%ﬂ invention on the oth

b

er hand

A 220 V alternating voltage network has two trans-
formers TR1l and TR2 connected thereto. On the secon-
dary side of TR1 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 control 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.



tional) and a needle pul se generator NIG (according to the invention),
respectively, 25 Fig. 7 shows a conparative representation of the
signal shapes and spectrogranms of an ideal harnonic oscillation and
f our di fferent pul ses, of which the pul§es shown in the two 30
uppernost rows (Figs. 7(A) and 7(B)) cor- respond to the preferred

needie pul ses tkinepndeLhs iLACInAGERIYENd LR e (kAL I (D) are

still usable as need e pul ses as wel shows sC enatlc
view of typi calaBnERGFIM vV % efEeeher gﬁ%w%@nml%f t A8 [FRFEHI ustra-

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 mits 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 ratiocs between
1 : 7.2 to 1 : 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 wmore
easily. The period T is also illustrated as one full
circle revolution, i.e. 2 ® {xrad) or 360°.

The time duration of the respective pulses is indi-
35 cated both by their half "opening angle" p and by
their half time duration.



ted by the fundanentally different efficiency of each of the three loads. 5
Fig. 9 shows a block diagramfor 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 nom nal voltage [err] connected thereto via a switching neans
6. The voltage source 2 may be a battery ©f” a conventio- nal rectifier
arrangenent delivering a direct voltage 15 UB froma mains alternating

voltage of e.g. 220 V with the aid of a transformer, a rectifier and a
smoot hi ng capadit oRSCqr@angad with Ehe Fesrder casalyséei f iaddl | 9s¢dlan 20

ohm c load, itArtisuhacidhsel®REl rbe ddsandescenty bldp. oEneagpbadi ments
descri bed herein ,are also sui- taple fortgnducaive and capacitive | pads or

conpl ex | oads BTFEFE FHOU IHHFFLFDNSBf LORN ERNFRRESAEHN P c3BRTTTi ve
el enents)s Howdier ,cdlrmuliabvbnt and meéagtedble 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 wvoltages 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 1 : 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-



25 in particular with ohmc, inductive and capacitive |oads with | ow

ef ficiency, such as incandescent bul bs, electro-acoustic and piezoelectric
transforners and the like. 30 As an exanple of the application in an

el ectroacoustic transducer as |load, an electronic siren will be de- scribed
further below, which constitutes a good‘éianple of the excellent energy

expl oi tation. - =, As_ i ndi ed J L g hat t accor -
ding to the inggﬁfﬁégyrscg?ﬂgég rggig?ﬁ%hgﬁﬂFﬁgﬁﬁgﬁiEf%éfygéﬁﬁgge err] of
the load L. 5 Figln7the swi tching neans 6, a train of needle pul ses
(simlar to the Dirac pulses) is produced fromthe battery voltage UB by

means of circuit technol ogy neasures described in npre_detail below, wth
t he vol - The two spectrums shown at the top in Fig. 7 consti-

5 tute a particularly advantageous spectrum for the pur-
poses accorxrding 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 wvalue, 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
1 : 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° = 0.028 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



tage anplitude of the individual pulses corresponding 10 to the battery
vol tage UB and the duty cycle (pul se duration/pulse interval) being

adj ustabl e and being not greater than 0.3. As shown in Fig. 3, the needle
pul ses depicted there 15 have a peak %gplltude corresponding to the
Battery voltage UB which is greater than*the | oad nom nal vol- tage [err]

y approx. the I §-c€ t sEhouw ul se
duration [err]f%Pg%%éa%%?sgu%h ervé%g%%gg] jcfs app r%gﬁ %ﬂiég%ﬁéThe p'Eerlod
duration” of Zgronig¢heomppuentdual pulses is T, except for the first
period, [err] for which the inequality To > T holds This I s caused by
circuit technology. Fig. .2 shows, gn_ individu eedl e pulse.in an 25
enl arged vi ew. hﬁlErﬁ%%GF%gpGPgélgﬁﬁgFFPBFegﬁHﬁ § Wo gﬁ n§$1 tﬁglfhe
<(:| i deal ) Eh[ rac]@a;tsen Bie oevaldaypdwsendaBaki pulsepefors fesding Thins pul se

uration [err se tinme_t a

"hol di ng ti ne" ?%$$1 a&BBﬁYeioﬁanFl#ﬁgen8§t%?gﬁﬁeﬁa gégb%% g&gﬁ%%

to the lnventlon 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. 8, 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 1light,



30

a decay

time [err] 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 nmeans 6 depicted only schematically in Fig. 1. Shown 35

the left is t

vol tage UB, and shown to the right
load L is conngebedashateNGramidmimal 950

swi t chi ng nean the |s rqvi ded ,an LC f I
and a capaci toi eﬁt £ §(ﬁiﬁc rﬁ%tt chl &% mﬁ@@?ﬁﬁeggggraélpggﬁlo ct%}erclgl FET

to

he input of the sw tching nggns, which receives the battery

in Fig- 4 is the output to which the
Gdiitf ldre GbnlRetedUintd the

62
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Irgna PPeSYan Stat e t's
At the output, a diode D2 is provided anti -

The above considerations apply mainly to ohmic loads.
However, the invention is equally applicable for in-
ductive, capacitive or alsc complex loads. Although
one cannot speak of active energy with such loads,
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.

The apparatus illustrated in Fig. 1 and Fig. 4 pro-
vides furthermore specific advantages which are not
achieved in the presently used switching devices:

a) Upon turning on of the load, a voltage of 0 Volt
is present at the circuit, depending on the re-
spective circuit arrangement chosen.

b) It is possible to perform.an infinitely variable
regulation from 0 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-
nected to the final stage 104 of an amplifier circuit
that is of no closer interest here. The schematically

e need?e pul se



parallel to the | oad. Between the output and the elec- tronic switch 66
there is |located a reverse flow 15 bl ocki ng di ode D1. The needl e pul se
generator 68 has a potentioneter 70 connected thereto, arranged in series
with a main swtch.HS, by neans of which jhe spacing or interval 20
duration is adjustable froma mninumto @n infinite interval value. The

infinite interyabyns Afust e&’f by ; QRENigRGgaf i(ﬁ? NRhcBWHhChheaiteh is
corresponds to switching off of t he nﬁedl e pul sed%enerator 68. Further

adj usti ng menb8FOVigRc: tidy the fPHR Pheds SeEisen C('):Prsﬁﬂﬂﬁan iq orS
permt in addi topfrallad usy mentngddiidiepplbee ghiterdty, NODGKIINg 1o,

modul ati on of PHEMTEe EATCREIAAR S THAAR ATTCTH R0l S AV va
30 The offer ati ng2cierieryt 40 the (eedbe puhst:gdher aﬁlmstG&afztmcn@st he
connection bet W@ﬁﬂaﬂ:ﬁ%mﬁ?u%ﬁ.&herégr'@sp%nds to the nominal fregquency
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 igs 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 1is of
purely digital nature.

20 An essential advantage of the siren shown in Fig. 9 is
the fact that wvirtually no quiescent current flows.
When no needle pulse is applied to the final stage,
the switch constituted by the final stage is wvirtually
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
sxploitation of the known per se "masking effect" in
35 particularly advantageous manner. This effect is
achieved by generation of two frequencies which are



of the FET switch 66 and the needl e pul se generator 68 and the connection

bet ween the needl e pul se generator 35 68 and the common | ower busbar of
t he apparatus accor- ding to Fig. 4. -12 - Fig. 5is a detailed view of
the needl e pul se genera- tor 68 accordln to Fig. 4, which in practical

appli- cation is de5|gned as a orie- pi ece ﬁDduIe of small di- 5 mensi ons

(10 x 20 x 30 Bszei jltifc%rg@edbﬁer @@éta@xm@ltteageswﬁf@@éﬂ@erh%uand 100
V. Somewhat | ar es. for batterﬁ voltgaes U betmeeg %%.and 1000 V
nt

e
and up to 20 V?g?é BS??HM%?@M?ﬁth8§€ﬁ Riedy &Y oBF e LREREGA CtRfe future
devel opnent ofwibk BLgCtpopirevifling aanpddeRtisnaill tNIGerIderlmow' g sheedl e

pul se apl i - tydes gL vellagesdn JSd ANYeeT FREY LhousRigs erdld s
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,



The greatest preset duty cycle in the present exanple 15 isl: 9 A

hernetic encl osure, not shown here in nore detail, ensures a stable
t enperature operating range between mnus 20 and plus [err] Between the two
termnals Hand L, .there is provided a 20 series connection of a

resistor R2 and two diodes 10 and 20. Upoff application of a voltage, the

then in- Creas%fg:hﬁ@fé’nii%tl@t a.trrﬁe 195L5 941 1 BEa5E2AYSt Y mbstOREHSchLS
transi stor T1. “The transisfor TL operafes as a constant current source and,
dependi ng on tFREES is d¢eRPENeRi dd ofhasr eifateyr Revegthed®ss tRROBnitter

of T1, suppliegd MR Mn GHe eird0 16, resdsd ofs R angrimhetgdiodecto,
charging the capacitor C shown at the upper left in Fig. 5. 30 To the

right in Fig. $0% FTEHAT SERA"SHE same time across the vol t age

di vider rgesistors R13 and R14, so that a reference voltage U is adjusted

between sai d t;tgge%rsﬂéaorépe\lﬂ_@gget%?@gétgac&hingow et Vi£9ahgedn the

capacitor volt s~ abou
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.



35 the reference voltage U . This is provided for by a unijunction
transi stor UJT fornmed of two individual -13 - transistors T3 and TS,
with the base of T3 being con- nected to the collector of T5 and the base
of T5 being connected to the collector of_T3. As long as the po- tentlal at

the emtter E2 of transistor T3 is highe|23 t han thﬁsmﬁaﬂﬁen ctdge
U, the WIT blocks a cur- rent flow across resistors oon as
the capacitor voltage has a value that is approx. 5 pe than
the reference voltage 10 U, the | eading edge of a n pu se Lin

Fig. 2) begins to rise. By firing WT, current flows across resistors R9
and R10, with the transistor T4 opeging suggenli, due to the rapid decrease
of its base poten- tial as conpare er. A needle pulse N

5

1. An apparatus for feeding an electrical load (L)
),
comprising an input for connection to a supply

having a predetermined nominal voltage (UZ .
10 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.
15
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.
20
3. An apparatus according to claim 2,
characterized in that the duty cycle (tI/tp) is
from slightly above "0" to 0.3, wherein t, is the
constant pulse duration and tP is the wvariable

25 pulse interval.

4. An apparatus according to any one of claims 1
to 3,
characterized in that the voltage amplitude of the
30 needle pulses (NI) is greater than the nominal
voltage at least by a factor of 1.7.

5. An apparatus according to any one of claims 1

to 4,

HIIIIII l IIIlI |l||| Il IIII



15 (simlar to a Dirac needle pulse) is issued via diodes
current then also flows through diode 60 and resistors R7 an
potential increase at the base of T2 opens this transistor T2 |wml

tran- sistor T1 blocks instantaneously. Charging of capaci-
interrupted thereby. The energy stored incapacitor Cis passed Vi a

transistor T4 and @H&*&%ﬁ@%ﬁ%&éfihtehQHtQWESﬁbedﬁgiBulsJBedfé“hdhuatlon
[err] in Fig. 2 is defined in the cjrcuit accordiggﬁto Fi the path

of discharge of thECHFaGWFHERERESSS 25-© t Bfed BAD and
the parallel conneqardryaf resistor RO and the base to emtter path of
transistor T4 inclusive of resistor R6. The opening tinme of WT lasts until
capacitor Cis al- 30 nost conpl etely discharged. This capacitor C was
com pletely efptyronl gppatatesfiadegrding héd i asy rwesll efputdaimshilkh is
the reason why thefJ I5St time period To is relatively long. Cosure of WT

takes place in the peri‘od [err] in Fi 2.
characterized in that a diode (D2) is connected

antiparallel to the locad (L).

|laced

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,
characterized in that the input has an LC filter
(62, 64) connected thereto.

9. An apparatus according to any one of claims 1
20 to 8,
characterized in that the output has a reverse
flow blocking diode (D1) 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 appératus according to claim 10,
characterized in that the load is an incandescent
bulb.

12. An apparatus according to any one of claims 1
35 to 11,

| III\\ \\I\I \\ \II\



35 -14 - Fig. 6 shows a circuit arrangenent illustrati sSheetGhsBeen
venti onal apparatus for feeding an incandescent bulb as |o
t

hand .and an apparatus according to the invention on the o !@i&ZO
V alternating voltage network has two traps- formers TRl an co n
thereto. On the secon- dary side of TRL a 15 V alternating voltage IS

recti- fied by a fuHavemeeresdd figr t@q@.‘ﬂ: ftﬁﬁétﬁoﬁﬂn@yt wutage off agke
termnal for a 12 i ncandescent bu A&‘& utp éhere are ovi ded
a current neter and®%olte M&%er S coh Fr cBFPosh bR co\?\é‘?ol | ed

by neans of the nechwpilicaideraiaf sthCméBiléS puls'l'dfre sdvddedr ybgoi thef TR2
delivers an alternaédd}&_evokbot of the pulse interval normalized to
5 the pulse duration (UZ___ = UB/SQR (tp/tI)) .

13. An apparatus according to any one of claims 1
to 12,
characterized in that the needle pulses have an
10 overall duration of at wmost 1000 ns, preferably at
most 700 ns. |

14. An apparatus according to any one of claims 1

to 13,
15 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,

20 characterized in that the needle pulses have a
duration (t;} of at most 200 ns, preferably at
most 100 ns, which ‘is determined by the functio-
nal course.

25 16. 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.

30 17. 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. 100 ns.

35 18. An apparatus according to claim 10,

R ) )



tage of 48 Vto a full-wave rectifier. A battery vol- tage of approx. 60 V
direct voltage is thus available at capacitor CE 20 The needl e pul se
generator produces therefroma needle pulse train in the manner descri bed
her ei nbefore in conjunction with Fig. 5. ,JThe needle pulses are fed to the
output to which the 12 V bulb is connect’€? as load. A jack plug HS has a

potentioneter inst Q&ﬂ%&%rlzéc!‘e&ﬁ' st TPRL R deyi g8 SeINeerssid
control nenber of the need pu se intervals and thus renders pos- sible

full control of the¥%petki®%e- circuit in the easiest way. 30 Acircuit
arrangenment designed according to Fig. 6 has revealed in operation that the

accor ding. Lo ¢ RS prBs GRPTIRIGH: | THECTHIW ditl SIS br! ghtness of the.

bulb GB With only haldraitdiieze3d in atkatgen pmsedliconpullpei oyenerator
(102) controls an amplifier final stage (104) con-
necting a current source (108) to an electro-
acoustic transducer (106} of the siren (100).

10

nn\im‘iiitfﬂfi‘ i

||I||||l I lllll i II llll



- 15 - Further tests with inductive | oads have revealed sim- |ar energy
savings effects, for exanple, an electro- acoustic transforner with a
pressure chanber (a powerful |oudspeaker) was fed as inductive |oad by 5
means of the apparatus according to the ijgvention. Here too, considerable
energy savings as conpared to conventioﬁgl'arrangenents wer e achi eved. The
denohstration arrangenent according to Fig. 6 per- 10 mts a conparison
bet ween the conventional and the inventive type of feeding of an ohm c | oad
of poor efficiency (incandescent bulb) on a conparative basis. The |eft
part of Fig. 7 shows functions of an ing@apatéy harnmoni ¢ oscillation HS
and of four pulse trains with widely different pul se/pulse interval ratios
between 1 : 7.2 to 1 : 180. The period T of all oscillation functions is

del i beratsel y tuned t oapplitadiisoFcdf Féeding an Electrical Load

For feeding an ohmic, inductive or capacitive load,
needle pulse trains are employed, with the needle
pulses thereof having a duration of less than 1 milli-
10 . second. Due to pulse amplitudes which are by far
higher in relation to the nominal voltage of the load,
considerable increases in efficiency can be achieved,
however, without damaging the load or impairing its
useful life. The needle pulses are of constant ampli-
15 tude and the same polarity. The ratio between pulse
voltage and nominal voltage is always higher than 1.7.

(Fig. 1)}
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mlliseconds, which is exactly the repetition fre- 20 gquency of 50 Hz in
case of the HS function located in the lower left part in the drawing. Al
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 harnonic oscillation, to the |ower
left in Fig. 7(E), or exactly in the mddle of the pulses in the four pul se

trains so as to be able to depict the Fourier 30 series for respective
oscillation functions nore easily. The erlod Tis also illustrated as
one full circle revolution, i.e. 2 [er ] rad) or [err] The tinme duration

of the respective pul ses is i ndi - cated both by their half "opening
angle"” p and by their half tinme duratlon
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- 16 - In accordance with the Fourier analysis, all oscil- lation functions
can be described by way of appro- priate Fourier series so that they
repr.esent a speci- 5 fic cal cul abl e and neasurabl e nunber of pure
harmoni ¢ oscillations of defined frequencies and associ ated anplitudes as
an equi val ent. Wen putting the harnonic functions together, one obtains
t he ‘basic function. 10 The voltageszof the respective five oscillation
func- tions to the left in Fig. 7 have"the spectruns indi- cated to the
right in Fig. 7. It is to be noted that the spectrum anplitudes of the
har nmoni ¢ conponents for the four pul se F&i%?ﬁ are not drawn to scale (the

t

15 drawi ng shows the spectral |ines e needle pulse trains in
exaggerated nmanner). As can be seen, the anplitude A of the harnonic oscil-
| ati on in the spectrunraccordrmg to Frg 7(E—Ccor=-—20 responds exactily
to the amMitudFiuﬁthe range of time given. B <1kV
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However, the spectruns of the pulse trains yield a quantity of several

hartoni ¢ conponents. This quantity 25 Is the greater the narrower the
pul ses are. According to the invention, needle pulses with a duty cycl e of
1 : 3 are used, whi.ch are as narrow as pos- sible, approx. like the needle

pul ses according to 30 Fig. 7(A), Fig. B) and Fig. 7(C, but still
accor- ding to Fig. 7(D) as well. The pul ses according to Fig. 7(D) each

have a spectrumin which the individual spectral |ines are very non- 35
uniform The anplitudes may be di nensi oned very dif- -17 - ferently,
contrary to the schematic |Ilustrat|og& Slg 7. The two spectruns shown
at the top in Fig. 7 consti- t ut rticularl y advant ageous spectrum
for the pur - S T R B e T L C PR DTN
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poses according to the invention. The virtually ideal spectrumis realized
by the pulse train shown in Fig. 7(A), which, with respect to the order of
magni tude, can be realized in practical application with cur- 10 rently
avai lable circuit neans. The individual conmpo- nents of the spectrumare
virtually all of the same size and each have a very | ow anplitude val ue,
whi ¢ch 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 anpli- tudes and*the short tine duration of these
I ndi vi dual signal conponents, good stability of the circuit fed with this
signal is achieved. 20 Wien a needl e pul se generator-is used for the
appara- tus according to the inventi_og;’ﬁh'ych produces the needl e pul ses
shown in Fig. 7(A) with a duty cycle dfi@€.# 180, a very |arge nunber of
har noni ¢ conponents is 25 obt ai ned, with the anplitudes thereof each
being rel a-

" ‘ zmrcgd);ss:%a jT ZT7F- Zﬂgr&s:m T ;i %fl” 3 ”[T .715.]
" ' p=T o . N|=05ms-»= y LFIHJ,
" p-5 o m13ms ' 1“ fii
o T

s X FIL5TEH

0 05 1 5 M(ms)  Spectograms

100%

100%

Source  load Waste {Source  load Waste [|Source  load  Waste
CASET CASE 2 CASE3




13

tively small and resulting fromthe opening angle p = [err] = 0.028 rad.
The-nmutually alike anplitudes in the present exanple can each be cal cul ated
as being sonmewhat |ess than 1 per cent of the pulse anplitude. 30 The above
considerations hold for the range ofgvalidity of Chms law. The validity of
Ohms |aw 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 pfesent and in the -18 - foreseeabl e future because of

t he non-existing elec- tronic conponents. The precedi ng consi derations thus
show that the utili- 5 zation of very narrow needl e pul ses for feeding

an ohm c, inductive, capacitive or conplex |oad according
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to the 'C?‘tﬁ:aén? CER\SPEESSel ds S& high stability of the operatiofdf the
circui té 'm i’ﬁﬁ RAE%Ghat-; toeged con- | necting a load to a voltage source, in
. <3 o :

partict Paggyds. é‘Tr nantpaggi V@il hge source, transients may occur, re-
qui ring
them f ----------

m_t ge_very begi nni ng by usi ng needl e
pul ses IBALE, GFdREQEnur.t__h.(.a___‘l__nvent ion.y 15°Fig. 8 schematically shows three
cases of energy T oW EOR St e

plication. 20 The cas Tﬂd ct ed. gﬁ%x&é (}\weggg(?#]ﬁt e)I('|81§"i)sl Pdg;??t ilggl pZP_

cent energy flow froma source Qto a consumer V V\/nere the entire energy is
converted to work, i.e. no "waste energy" whatsoever is created. 25 Case
2 shown 5 n thehel détverfidd greBatébusbr alresagtieraddsiatben f@@au.h@f rsgah
frequent Ly | noREREhEal PRI~ B8y o TS QhnRRLY Glor D

tage, comprising an input for connection to a supply

voltage source and an output for connection to the
load, and comprising a needle pulse shaper applying a

10 train of needle pulses to the output connected to the
load.

Feeding of an electrical load with direct current and
feeding of an electrical load with alternating current
15 each involve advantages and disadvantages. Attempts
have been made specifically with incandescent bulbs
and other illumination devices to obtain an increased
luminosity factor or light yield (with a given elec-
trical power) by improving the efficiency.
20
For feeding electrical loads it is known in particular
also with stepping motors or the 1like to apply a
pulse-shaped supply voltage to the load, with the duty
cycle of the pulse train, i.e. the ratio of pulse
25 width to pulse spacing or interval, determining the
power supplied to the load from 0 to 100 per cent. In
the extreme case of such pulse-shaped feeding, pure
direct current is fed to the locad. The pulse width
then is 100 per cent, whereas the interval is 0 per
30 cent, corresponding to a duty cycle (pulse/interval)
of infinity. The voltage amplitude of the voltage
pulses must in each case correspond to the nominal
voltage of the load.
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cent here) is converted in the consuner into useful work and only 20 per
cent are lost. 30 To the right in Fig. 8 case 3 is shown in which only 5
per cent of the energy supplied are converted to useful work, while the
remai nder 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,"2- 19 - whereas the renaining 95

er cent are c e ' S Si ) at . _The ,neasure _accordi ng
Fo t he inventig%y %ﬁagglrégég (aJnP t{:irlr%rg %en{fg%?gke?%ealcﬁtﬁeacgugg?Esﬁ'sc
situation outl ifrewpyfrageUs-Rohaldd Edfe Zn Stidecknbenecappasiadesat ieons

apply mainly togpfud-gat §3¢Svoltage with a voltage amplitude of 100 V
is applied to the input, and the output has an incan-
5 descent bulb connected thereto which is fed with
pulses with a voltage amplitude of 100 V and very
short duration.

The present invention aims at achieving a considerably
10 higher efficiency in feeding an electrical load as

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
15 exploitation of electrical energy.

According to a first aspect of the invention, the
apparatus is characterized in that the voltage ampli-
tude of the needle pulses is greater than the nominal

20 voltage at least by the factor of 1.7, but at the most
by the factor *"square root of the duration of the
pulse interval divided by the pulse duration®.

According to a second aspect of the invention, the

25 apparatus is characterized in that the needle pulse
shaper is composed with an electronic circuit com-
prising:

(a) a capacitor adapted to be charged by a constant
current source,

30 (b) a voltage divider formed with two resistors and
serving to produce a reference voltage;

(c) a wunijunction transistor connected to the re-
ference voltage and to the capacitor voltage and
firing as soon as the capacitor voltage becomes

35 slightly greater than the reference voltage;
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Fbmever, the invention is equally applicable for in- ductive, capacitive or
al so conpl ex | oads. Although one cannot speak of active energy with such

| oads, 10 consi derations of the apparent energy flow (in case of an

i nductive or capacitive |oad) show that the appara- tus according to the
invention does not only achieve an inproved efficiency, but also an
enhanced stabi- lity. 15 The apparatus ifPastrated in Fig. 1 and Fig. 4
pro- vides furthgr p 'ficlggvg it ' e ieved in the
presently used (Ei\?vi tc (ifné e_\%llages: g}&%%s 'x%lp% ?%r rcll_:g%‘e%gﬂg?&%et?%adz a
vol tage of 0 Volt i#prezentonttyaesesteniand depentingnorof heatd-ushective
ci rpuiblt a;gangeﬁentj&ﬁwf&%_ Q}a?!sist%rpoi.%' %b&_tfh%eaerj{r&rdn@ﬂ? Ih@&tl@ﬂrntée' y
vari abl e regul ation_from 0 a paxi nuym val ue, W t hou -
quiring specific neta’sYlge%t??let%?%t}?J? %#%‘i&?ntgr%? FFeEherRibFe - The

pul se gen®rators used for

It is known from DE-A-39 20 847 to feed an incandes-
cent bulb with rectangular pulses having a voltage
amplitude above the nominal voltage. The ratio of the
voltage amplitude of the rectangular pulses to the

10 nominal voltage is outside the range according to the
invention. Moreover, no importance is attached to
needle-pulse-like narrow pulses.

In the ideal case, the needle pulses of the apparatus

15 according to the invention are Dirac surges, i.e.
pulses with an extremely high amplitude and an ex-
tremely short, but stable pulse duration.

The amplitude of the needle pulses fed to the load is
20 limited by the presently available electronic circuit
means for producing the pulses. With presently avail-
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
25 are greater than the nominal voltage of the load by a
factor in the range of one or two orders of magnitude.

With a conventional direct current circuit, care must
be taken that the supply voltage fed to the load is by
30 no means substantially greater than the nominal
voltage. However, it is known that there is an almost
proportional relationship between the quotient of
supply voltage and nominal voltage on the one hand and
the efficiency of the consumer (= brightness of an
35 incandescent bulb) and the useful life of the consumer
on the other hand. For example, when a bulb with a

This is the reptacement shest
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producing the needl e pulses (N) are of such con- struction that they
permt an alteration of the 30 pul se intervals w thout specific
expenditure. Fig. 9 shows the structure of an electronic siren 100 by way
of a block diagram An el ectroacoustic trans- ducer 106 provided with an
exponential horn is con- 35 nected to the final stage 104 of an
anplifier circuit that is of no closer inferest here. The schematically

20 of O SEERG S Velflagl 208 200 LS N gLl 1 s (e
generat or (N Gonlyl02, om tévemejtseqaenoplas,t heDieffti mgadtye @etees-from
NG5S 102 B2ho@sd20 K. (LRcher apaCt oikha N Slndd” MRRLG195 -1 Shdd ation),
whi ch corresponds to the nomnal frequency o e siren. e‘swichin
final stage 10Ho¥WBNREet With decreasing efficiency, the useful life
5 increases at the same time. When the supply voltage is
in the opposite manner increased to 110 or even 120
volts, the efficiency, i.e. in the present case the
light yield, is improved, but the useful life deteri-
orates correspondingly. When the supply voltage is
10 considerably higher 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
15 life of the load is definitely not affected nega-

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
20 than the nominal voltage of the load.

With the apparatus according to the invention, the
duty cycle of the needle pulse is preferably at the
most about 0.3, which corresponds to a ratio of pulse

25 duration to pulse spacing or interval of, for in-
stance, 3 to 10.

It has turned out that when feeding for instance an

incandescent bulb, the same light vyield can be
30 achieved when according to the invention, instead of

the wusual alternating voltage, needle pulses are

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
35 the power consumed earlier.
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Da® 15 JuL 1009 -



the el ectroacoustic transducer 106 to a battery 108 via an LC filter 105
(coil and capacitor). The NIG 102 10 Is controlled by a control neans
112 which may be a programcontrol 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-nentioned switch. 15 Contrary to the
known el ectronic sirens, the node of opef&tion of the siren according to

Fig. 9 is of Py ely |taI nat re An essential advantage of the
siren shown in é 1§°%§n?h€tf t?%‘?c"?ﬁ?“ﬂ 13 RoTR6i 88€8/t Eu
fl ows. \Wen notmpédbétyubﬁehammilclsed:aho peheekinnalnl4t a@mpdrféi‘xt%MaIx@

constituted by, Eﬂgufné{ial Jzét ac@?e'sé 'crttrli%lally ]?8§ er-(l)-z?eaclf %W% 3()reskl tance

of the final stage o |s virtual p
virtual ly withégadsosded e PQI‘BBle’ natdm:o'fe tdre gestkénpulrsks: tdms oyed

her e, 5 components, a diocde can be connected antiparallel to
the load. The effect achieved thereby is that possible
reactive energy is returned to the load.

According to the invention, the needle pulses may be

10 of constant pulse width, but at the same time are ex-
tremely narrow with a relatively high voltage ampli-
tude. They are as a rule direct current pulses, i.e.
pulses having the same polarity.

15 Regulation of the load control can take place in
simple manner by corresponding elongation of the pulse
intervals. At the highest possible power in the load,
the duty cycle (pulse duration/pulse interval) is set
to the greatest possible value of 0.3 in the present

20 case. The corresponding ratio of supply voltage ampli-
tude to nominal voltage then is approx. 1.7 (square
root:'of 3). In case of voltage ratios (pulse ampli-
tude/nominal voltage of the load) of lower wvalue, no
good effects are achieved any more, although the

25 energy exploitation achieved is still better as com-
pared with the prior art. The higher the ratio of
pulse amplitude to the nominal voltage of the load,
the better the effect obtained. This is why voltage
ratios of more than 1.7 are employed; in particular

30 values of more than 3, and particularly preferred are
values of more than 5. The nominal voltage of the load
should not be less than the amplitude of the needle
pulses divided by the square root of the pulse inter-
val normalized to the pulse duration (UZ = UB/SQR

35 (t,/tL)).

nom
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‘nunmerous harnonic 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

I s achi eved by generation of two frequencies which are

-21- closely adjacent, but are definitery‘different fromeach ot her and not
|

correlated b i r.al. factor.,.,wth Fi.g. 9 providing.an additional N G
Il 110 to th%/gggnd.%ﬁ%eﬁtlrnggue&clythof Srl};ﬁ]agNl%lfslesf's HHrPht | SV HEF RS 5

W th respect

sound i s creahgdowhis
listener to be nuch | duder_ than a soun roduce
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Al +d AnPSYAPERERUA! bE 1938M0Sm d Sdeld By; dde
1s provided between the iggut and e%e output of the
apparatus. Possible therefore are for instance field
effect transistors (FETs) or bipolar transistors. When
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-
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
on the environment, and in particular on the supply
voltage source. According to the invention, the input
of the apparatus may have an LC filter connected
thereto. This low pass filter enables that energy is
available for the needle pulses and ensures the sta-
bility of said pulses, but at the same time prevents a
retroaction on the voltage source.

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-
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
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; : t, of

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

This is the reptacement sheet
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sound sources of equal strength. As an alternative, it 10 I's possible to
provide for said NNG Il a separate, further final stage and to connect the
el ectroacousti ¢ 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 m xed formto the final stage
104 or said final stage pair. In a practidal enbodi nent that is not shown

i n the draw ngs plwalily 0 ens,of the type shown in 20 ig. 9
are arranged i nmé&%i roelg}l géernéev\nﬁt% Eﬁéégfpo@u_ nfi°x RSr _rﬁ'l%feréagg‘ag
el ect r oacoust i cappadxdutbredetagedi $hesevbwimadi f¥aiteage heTlghs s ahdhwiat h

different ra- diakd | r esgec o] [ C ' LS.t ower .
25 The NIG | 1 %‘?}%@?ﬁgﬂh}g% Y%é‘}fllo o gkel%i gﬁ%iﬁéie?{%%GqégEggsgri bed
her ei nbefore (FYgitaye) prhBei Bamipadt yodha@e may de efwelteni shanr 88100

5 battery voltage at the most by the factor corres-
ponding to the square root of the duty cycle. This
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-

10 ventional manner.

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.

15
Electronic sirens are known. An electronic transducer
(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

20 commonly required loudnesses are to be achieved (e.g.
115 dB at a distance of 32 m), considerable power must
be fed to the transducer. It is necessary to adapt the
chracteristic output impedance of the final stage of
the amplifier to the impedance of the load. This

25 causes considerable losgses.

The electronic siren according to the invention com-
prises a needle pulse generator which, via an electro-
nic switch of the final stage, connects the electro-

30 acoustic transducer to a voltage source, in particu-
lar a battery.

This is the raplacement shest
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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 |ower price. 35 Due
to the fact that, when siren 100 is not switched on, virtually no qui escent
current flows in NNG | 102, - 22 - in NNG Il 110 and in final stage 104,

al nost no cur- rent is consunmed in this state. Neverthel ess, upon sw tching
on the siren 100, there is a "warmstart” of the electronic conmponents. 5
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 nmeans
of the apparatus according to

Patent Claims

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

having a predetermined nominal voltage (UZ, p) -

comprising an input for connection to a supply
10 voltage source and an output for connection to the

load (L}, and comprising a needle pulse shaper (6,

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

output connected to the load, -

characterized in that the voltage amplitude (UB)
15 of the needle pulses (NI) is greater than the no-

minal voltage (UZ__ ) at least by the factor of

nom
1.7, but at the most by the factor "square root of
the duration of the pulse interval divided by the
pulse duration" (UB s UZ, . ° SQR (tp/tI)).
20
2. An apparatus for feeding an electrical locad (L)
having a predetermined nominal voltage (UZ_ )
comprising an input for connection to a supply
voltage source and an output for connection to the
25 load (L), and comprising a needle pulse shaper (6,
68) applying a train of needle pulses (NI) to the
output connected to the load,
characterized in that the needle pulse shaper (6,
_ 58) is composed with an electronic circuit com-
30 prising:
(a} a capacitor (C) adapted to be charged by a
constant current source (T1);
(b} a voltage divider formed with two resistors
(R13, R14) and serving to produce a reference
35 voltage (U.);
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‘the invention to produce a rotating field for opera- ting alternating
current electric notors, with consi- derabl e energy saviTyksshad Has Been eﬂlaced

sinplifications in synchro- nization being achieved as co

conventio- 15 nal notor controls. -23 - Patent C ai

apparatus for feeding an electrical load (L) having a pre n nom nal
vol tage [err] corrpri sing an input for c@dnection to a supply 10

vol t age source and n out ut fo ,connection to t nd conpri sing
a needl e pul se shajdr (6% %335“‘5 5PV &g‘ad”‘ﬁlrsdi‘ﬁf OR%ﬁggdl‘é‘gB%i?EE§g( N9 to the
out put connected to tHhéel oesfecsmacactvelicage i (Uihatnthecovokhagecasey! i t ude

(UB)

citor voltage (U,} and firing as soon as the
capacitor  voltage (u,) becomes slightly
5 greater than the reference voltage (Ur);

(d) and a final transistor (T4) which is connected
to the unijunction transistor (UJT) and to the
capacitor (C) and, by firing of said uni-
junction transistor (UJT), 1is switched into

10 the conductive state for the duration of one
needle pulse (NI}.

3. An apparatus according to c¢laim 2,
characterized in that the voltage amplitude (UB)
15 of the needle pulses (NI) is greater than the no-
minal voltage (UZ__.) at least by a factor of 1.7.

4. An apparatus according to claim 2 or 3,
characterized in that the voltage amplitude (UB)
20 of the needle pulses (NI) is greater than the no-
minal voltage (UZ .} at the most by the £factor

"square root of the duration of the pulse interval

divided by the pulse duration® (UB =< UZ_ .. - SOR
(t,/tg)) .
25
5. An apparatus according to any one of claims 1
to 4,
characterized in that the needle pulses (NI) each
are of constant pulse width {t;} and only the in-
30 terval (tp) between two adjacent needle pulses
(NI) is wvariable.
6. An apparatus according to c¢laim 5,
characterized in that the duty cycle (tI/tp) is
35 from slightly above "0" to 0.3, wherein t; is the
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'i5 of the needle pulses (NI) is greater than the no-- m nal- vol tage
[err] at |east by the factor of 1.7, but at the nobst by t

factaor Sana
root of the duration of the pulse interval divided by the |
[err] 20 2. An apparatus for feeding an electrical load (L lﬁ
predeterm ned nom nal voltage [err] conprising an input for [

supply vol tage source and an output for-@dnnection to the 25

e 5 BB e A2 SR B 000 TSR,

needl e pul ses (NI)

| oad

Sed

a

that the needl e pupsgsshapeer¢81.58) is conposed with an electronic circuit

com 30

constant current source (T1); (b) a voltage divider formed with two

resistors
5

10

15

20

25

30

35

7.

11.

12,

13.

An apparatus according to any one of claims 1
to 6,

characterized in that the needle pulses (NI) are
constant current pulses, i.e. pulses of the same
polarity.

An apparatus according to any one of claims 1
to 7,

characterized in that a diode (D2) is connected
antiparallel to the load (L).

An apparatus according to any one of claims 1
to 8,

characterized in that the apparatus comprises an
electronic rapid switch (66).

An apparatus according to claim 7,
characterized in that the input has an LC filter
(62, 64) connected thereto.

An apparatus according to any one of claims 1
to 10, |

characterized in that the output has a reverse
flow blocking diode (D1) connected upstream there-
of.

An apparatus according to any one of claims 1
to 10,

characterized in that the load is a mainly ohmic,
inductive or capacitive load.

An apparatus according to.claim 12,

prising: (a) a capacitor (C) adapted to be charged by a

This is ithe replacement shest
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(R13, R14) and serving to produce a reference 35 voltage [err]

- 24 - (c) a unijunction transistor (UT) connected to tH&is Replaced
voltage [err] and to the capa- citor voltage [err] and flru u
t he capacitor vol t age [err] becones slightly great

reference voltage [err] (d) and a final transistor (T4) which is connected
to the unijunction transistor (UUT) and- ®-t he capaci tor .(C% dapd, byh
firing of sai d L= ] | ansi.st qr (LUI%,. IS_swtc into the
conductive state fg$é¥%%y§%%%§|o%ﬁogggﬁe%$§aﬂ%? Lﬂ%eaTNF?9a§8esﬁﬁng _
appar at us accor di ngutl-.claim 2, characterized in that the voltage anplitude
(UB)

14. An apparatus according to any one of claims 1
5 to 13,
characterized in that the needle pulses (NI) have
an overall duration of at most 1000 ns, preferably
at most 700 ns.

10 15. An apparatus according to any one of claims 1
to 14,

characterized in that the needle pulses (NI) have
a rise time of at most 100 ns.

15 16. An apparatus according to any one of claims 1
to 15,

characterized in that the needle pulses (NI} have
a duration {(t;) of at most 200 ns, preferably at

most 100 ns, which is determined by the functio-
20 nal course.

17. An apparatus according to any one of claims 1

to 16,
characterized in that the needle pulses (NI) have
25 a decay time of at most 500 ns.

18. An apparatus according to any one of claims 1
to 17,
characterized in that the smallest period duration
30 (T} of the needle pulses is approx. 100 ns.

19. An apparatus according to any one of claims 1
to 12 and 14 to 18,
characterized in that the load is an electronic
35 siren (100).

This is the rechicrmen; shoeg!
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of the needle pulses (NI) is greater than the no- mnal voltage [err] at

| east by a factor of 1.7. 4. An apparatus according to claim2 or 3,
characterizedin that the voltage anplitude (UB) of the needle pulses (N)
is greater than the no- mnal voltage [err] at the nost by the factor
"square root of the duration of the pulse interval divided by the pul se
duration® [err] [err] 5. An appar at us 24ccording to any one of claims 1
to 4 characterized_in that the duty cycle [err] is smaller than 0.3,

preferably smafPer AhFRERBELSHRE ing dfercim difal | er than 0. 006,
wherein [err] is thtapuerdystion aﬂﬂaferd]nleédtltée pelse ifdRIVAlor 25

6. An appar at us &%czqrdl rﬁg&rotlos %r}}/ amp 1 1er aélnall stage (104) con-

necting a current source (108) to an electro-
5 acoustic transducer (106) of the siren (100).

s Sheet Has Been Re;

i |I|Il| |||I
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fo 5, characterized in that the needle pulses (NI) each are of constant
pul se wdth [err] and only the in- terval [err] between two adjacent

needl e pulses (NI) is variable. 7. An apparatus according to claimé,
characterized in that the duty cycle [err] is fromslightly above "0" to
0.3, wherein [err] is the constant pulse duraion and [err] is the

vari able pulse interval. 8. An appararﬁ%.according to any one clains 1 to
7, characterized in that the needle pulses (NI) are constant current

pul ses, i.e. pulses of the sane polarity. 9. An apparatus according to any
one of claims 1 to 8, characterized in that a diode (D2) is connected
antiparallel to the load (L). ABSTRACT

S Apparatus for Feeding an Electrical Load

For fzeding an onmic, inductive or capacitive load,
needle pulse trains are emploved, with the needle
pulses ther=of having a duration of less than 1 milli-
10 second. Due to pulse amplitudes which are by far
higher in relation to the nominal voltage of the load
considerable increases in efficiency can be achieved,
however, without damaging the locad or impairing its

useful life. The nesdie pulses are of constant ampli

pma
tn

tude and the same polarxity. The ratio bketwesn pulse

voltage and nominal voltage is always higher than 1.7.

(Fig. 1)
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ROSOFI 1 WD

10. An apparatus according to any one of clains 1 to 9, characterized in
that the apparatus conprises an electronic rapid swich (66). 11. An
apparatus according to claim@8, characterized in that the input has an LC
filter (62, 64) connected thereto. 26 12. An apparatus according to any
one of clainms 1 to 11, characterized in that the output has a reverse flow
bl ocki ng di ode (D1l) connected upstream.ifere- of. 13. An apparatus
according to any one of clains 1 to 11, characterized in that the load is

a mainly ohmc,

““I“J |||||L| I“Jl "llsl I |"|  |_DATE OF RECEIPT ....M¢...

[(¥Y]

>

(c) 2 unijunction transistor (UJT) connected o
the reference voltage (U.) and to ths capa-
citor wvoltage (U,) and firing &s socn as the
capacitoxr  voltage (U} pecomes slightly
grzater than the reference vecltage (U));

{d) and a final transistor (T4) which is connec
To the unijuncticon transistor (TJ7) and Lo the
capacitexr (C) and, by Efiring cZ

s
junction transistor (UJT), is switchad inod
o)

An apraratus according to claim 2,

charactzerizad in that the wvoltage ampl

I
o

itude (UB)

¢ the nesedls pulses (NI) is ¢gr

--
aTtar cnan the n

(D

0

minal veltage (U2, ) at least by a Zactor o

th

L.7.

An apparatus according to claim 2 oxr 3,
characterized in that the wvoltage amplitude (UB)
of the needle pulses (NI) is greatar than the no-
minal voltage (UZ_ )} at the most by the factor
"square root of the duration of the pulse interval
divided by the pulse duration" (UB s UZ__ - SQOR
(e /eg))

An apparatus according to any one of claims 1 to 4
characterized in that the duty cycle (t,/t;) is smaller
than 0.3, preferably smaller than 0.01, and most
preferably smaller than 0.006, wherein t; is the pulse

duration and t, is the pulse interval.

REPLACEMENT SHEETS SG
0 Description : paged ..... to paged .....
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I nductive or capacitive |oad. 14. An apparatus according to claim13,
characterized in that the load is an incandescent bulb. 15. An appar at us
according to any one of claims 1 to 14, characterized in that the needle
pul ses (NI') have an overall duratioB5of at nost 1000 ns, preferably at nost
700 ns. 16.. An apparatus according to any one of clains 1 to 15,
characterized in at e_nee NL) hav rlse-tl of at, nost
100 ns. 17. An apﬁ“granttgsg“%‘g‘é%r cﬁcz;g:tso é;gyl:%))near(‘){fa %F‘a“l -1 $oo1%; 1

characterized in that5.t he needl e pulses (NI) have a duratlon
nost 200 ns,

nal course.

[err] of at
prefenablycatipmst 00 ws WM CReb&rdepergbaed 3y tdigf unctio-

arz cf constant pulse width (g;) and only the in-
taxrval (:p) batwasn two adiacsnt

(NI} is wvariabla.

X
7 An apparatus according to claim 6,
. 5 . X
crharacterizad in that the duty cycle ({t. ./t is

- - -_— -~
~ che varxiao.2
P
. -
pu.lse 1loc=2IrIval
8 An  appraratus accgeriing td o any ¢na CcI cilalms L
te 7,
havasTayrd ~ad » mprza= tha raas" s ~uigs (NZ) zr=
clarxacTexlzag e Chiac wra' 198 — A~ — :.«L._::._S A BT (=
: 1 z -
constant CUrXrYsant pulsess, L.& SLu.sSes CI Tiie sane

9, An apparatus acccriding tc any cne cf claims L
Lo 8r
charactari

10. An apparatus acccrdiag to any cne cf claims :

11. An apparatus according to claim .8,

b - & o -
characrarizad in that the input has an LC £ilter

Hllllll mlﬂ ] Hlll H Illl This s fhe epiacement
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18., An apparatus according to any one of clainms 1 to 17, characterized in
that the needle pulses (NI) have a gfcay time of at nost 500 ns. 27 19.
An apparatus according to any one of"clains 1 to 18, characterized in that
the smal | est period duration (T) of the needle pulses is approx. 100 ns.

20. An apparatyus, according to any one of claims 1 to 13 and 15 :to 19,
characterized.in tifht 2PRE*PEHE | ACGRATEFREt rShi BRY| r¥nS ( /0) Slgimspnl

appar at us accordi ng t 81¢l ai m 20, characterized in that a needl e pul se

generator (102) CO&J%&&I&M' Y eEh;J: n%lhestgggp&%Oﬂascog- reverse

flow blocking diode (D1l) connectad upstream theve-
of.

13. An apparatus accoxding to anv one of claims 1
co 11,
e
characterized in that the load is a mainly ohmic,
inductive or capacitive load.

14. An apparatus according to claim 13,

charactarized in that the load is an incandescant

bulb.
N\
15. an agraratus according to anyv one cf claims 1
to 14,°
charactarizad in that the rpeedle pulsas (NI) have
an cverall duraticn cf at most 1000 ns, pra=fsrably
at most 700 ns.
16. An apparatus according to any one of claims 1
to 15,
characterizaed in that the needle pulses (NI} have
a rise time of at most 100 ns.
W, 17. an apparatus acccrding to any cne of claims 1
Lo 16!
charactarized in that the needle pulses (NI) have
a duration (g} of at mest 200 ns, preferably at

most 100 'ms, which 1is determined by the functio-
nal course.

18. An apparatus according to any one of claims 1
 to 17,
characterized in that the needle pulses (NiI) have
a decay time of at most 500 ns.

e This is the replacement sheet
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necting,a current source (108) to an el ectro- acoustic transducer (106) of
the siren (100).

27

19. An apparatus according to any one of claims 1
to 18,°¢

characterized in that the smallest period duration

(T) of the needle pulses 1s approx. 100 ns.

20. An apparatus according to any one of claims 1
to 13 and 15 to 19/ -

characcerizaed in that the load is an electronic
siran (100).

21. An apparatus accorxding to claim 20,
o characterized in that a needle pulse generator
(102) controls an amplifier firnal stage (104) con-

necting a curreant source (108) tc an elsctro-

acoustic transducer (106} of the siran (100).
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