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                      ON THE WAY TO PULSE POWER ENGINEERING
                                                Ph. M. Kanarev
E-mail: kanphil@mail.ru              http://Kanarev.innoplaza.net
Abstract: The direct experiment results are presented. They show falseness of a determination of average power consumed in the form of regular pulses by means of a single record of duty ratio of pulses of voltage and current. Average power of regular pulses of voltage and current is determined by means of multiplication of amplitude values of voltage and current and division of the result by square of duty ratio.
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1. Introduction

It is stipulated in modern electrical engineering, in the textbook on pulse engineering as well as in numerous scientific articles that if electric energy is consumed as regular pulses of voltage and current, average power is determined by means of division of amplitude multiplications of voltage and current by their duty ratio. In this case, processing results of oscillograms of  voltage and current coincide with the readings of the devices being installed before the pulse generator and prove the energy conservation law when energy is consumed by pulses. It is considered that it is enough to ignore contradictions in the readings of the measuring devices as well as a number of vivid physical contradictions. 

Now we’ll show that it is impossible to leave this problem as it is, because it restrains development of other tasks of pulse power engineering. As an example in order to analyse the problem, let us consider the experimental results being obtained with the participation of the independent experts.

2. Control Test Protocol
The representatives of the company SITIS (the city of Sarov) have expressed their wish to carry out the joint tests of  the cell of the water electric generator of heat (Fig.1).

The test was carried out on 27 February, 2004, at the Kuban State Agrarian University (KSAU), city of Krasnodar. The independent experts observed the experiments, registered the measurement results of all values; after these results were processed, they made their conclusion, which is given below.
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Fig. 1. The photo of the cell of the water electric generator of heat

The diagram of the experimental installation  is given in Fig. 2. The diagram of electric energy supply to the cell of the water electric generator elaborated by the authors remains unchanged. The measuring part of the diagram is supplemented by PCS-500 digital memory oscilloscope arranged in parallel to ACK-2022 Aktakom standard oscilloscope and PX120 multimeter, which is not shown in the diagram (see Fig. 3). 
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    Fig. 2. Diagram of the experimental installation: 1 – tank for solution; 2 – thermometer; 
3 - electronic scales; 4 – solution feed duct; 5 - rotameter; 6 – solution feed regulator; 7 – the cell of water electric generator of heat (is being patented); 8 – thermometer; 9- heated solution discharge; 10- tank
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Fig. 3. Metering equipment connection diagram: 1- cell of the water electric generator of heat; 2- pulse generator; 3- ACK-2022 oscilloscope;  4- PCS-500 oscilloscope; 
5 - P-3 Wheatstone bridge

Instruments and equipment used during the experiment

The special experimental cell of the water electric generator of heat (Fig. 1). The electronic scales with scale division value of 2.0 g. A stop watch with scale division value of 0.1 s. Thermometers with the scale division of 1 degree. Voltage and current at the input of  the cell of the water electric generator of heat  were determined wit the help of four sets of devices: M2004 voltmeter of accuracy class of 0.2 (GOST 8711-78); M20015 ammeter of accuracy class of 0.2 (GOST 8711-60); ACK-2022 and PCS-500A oscilloscopes as well as PX120 electronic multimeter, which measured voltage, current and cell input power at the same time. It is not shown in the diagram (Fig. 3). This instrument measures effective value of alternating voltage of 500 mV to 600 V, alternating current of 10 mA to 10 A, direct current of 10 mA to 10 A, direct voltage power of 6 kW, alternating voltage power of 6 kW, reactive power of alternating voltage of 6 kW and gross power of alternating voltage of 6 kW.

For the sake of clarity, we should note that the voltage measurement range switch of M2004 voltmeter corresponded to maximal voltage value of 30 V: the switch of M20015 ammeter corresponded to maximal current value of 1.5 A (Fig. 3). The amplitudes of pulses of these values were 300 V and 50 A, respectively. It appears from this that it has been correct to PX120 multimeter, which is not shown in the diagram (Fig. 3). 

       In order to reduce heat losses, which were not taken into account in the experiment, temperature difference of the solution was kept small prior to its heating in the cell and after heating
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Determination of electrical energy, which is consumed by the cell, with the help of the voltmeter and the ammeter and ACK-2022 oscilliscope

The voltage pulse oscillograms are given in Figs 4 and 5. An oscillogram of one voltage pulse is given in Fig. 6. The current oscillograms are given in Figs 7, 8 and 9. 
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Fig. 4. Voltage                                   
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            Fig. 5. Voltage
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Fig. 6. Voltage pulse in (s range       
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            Fig. 7. Current
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Fig. 8. Current                                    
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                Fig. 9. Current




Pulse scale is equal to 10. Average amplitude of voltage (Figs 4, 5 and 6): Uacp = (29 + 31 + 8 + 33+ 32+40+40)x10/7 = 304.3 V. Current value was determined as voltage drop across the resistor with resistance of 0.1 Ohm. Taking this into account, average current amplitude (Figs 7, 8 and 9) is equal to Iаср = (1.7+0.8+1.7+2.1+3.2+0.7+2.1+1.3+2.4+1.4+1.4) x 0.2x10/(11x0.1) = 34.18 А. Pulse repetition period is Т = 7.25 ms. 

Pulse duration was determined according to an oscillogram in the microsecond range (Fig. 6). The pulse form was reduced to a triangular form in such a way that the area of the triangle was equal nearly to the area circumscribed by a complex form of the pulse curve. In this case, pulse duration is equal nearly to tp=0.14 ms. Pulse frequency  f = 1000/7.25 = 137.9 Hz. Pulse duration S = 7.25/0.14 = 51.78. 

If we accept a triangular form of the pulse (0.5), we’ll get a value of duty ratio Z = 0.5/51.78 = 0.01. Average value of pulse voltage Ucр = 304.3 x 0.01 = 3.04 V. Average value of current in pulses Iср = 0.01 x 34.18 = 0.34 A.

Average values of voltage and current can be determined as values of voltage and current corresponding to one second. Taking into account the triangular form of pulses (0.5), duration of one pulse (0.00014 s) and pulse frequency (137.9), we’ll have  Ucр = 304.3 x 0.5 x 0.00014 x 137.9=2.94 V, Iср = 34.0 x 0.5 x 0.00014 x 137.9 = 0.33 A. Let us pay attention to the fact that the values of average voltage and current being determined with the help of ACK-2022 oscilloscope are less than the values being determined with the help of the voltmeter and the ammeter.  The experimental results being obtained with the help of the voltmeter, the ammeter and ACK-2022 oscilloscope are given in Table 1.

Determination of electrical energy, which is consumed by the cell, with the help of PCS500A oscilloscope
The oscillograms of pulses, current and power being obtained with the help of PCS500A oscilloscope are given in Figs 10, 11 and 12. Scale on horizontal is 50 (s/div.
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Fig. 10. Voltage pulse

[image: image13.jpg]0
&
El





Fig. 11. Current pulse
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Fig. 12. Power pulse

It can be seen (Figs 10, 11 and 12) that the form of the pulses of voltage, current and power can be reduced to a rectangular form. Pulse duration will be equal to 0.00007 s,  pulse repetition period will be 0.00725 s, pulse frequency  will be 1000/7.25=137.9, pulse voltage amplitude will 300 V, current pulse amplitude will be 50 A and power pulse amplitude will 15 kW. 

Duty ratio will be equal to S=0.00725/0.00007=103.6. If the pulse form is considered to be a rectangular one, duty factor will be equal to Z=1/103.6=0.01. Taking it into consideration, average voltage value will be 300x0.01=3 V, and average current value will be 50x0.01=0.5 A.

             Let us pay attention to the fact that average values of voltage and current being determined with the help of the voltmeter and the ammeter as well as with the help of both oscilloscopes have close values. The experimental results being obtained with the help of the voltmeter and the ammeter and ACK-2022 and PCS500A oscilloscopes are given in Table 1.

Table 1.

	                               Indices
	      1
	     2
	     3

	1 – mass of the solution, which has passed through the generator 
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,  kg.
	0.798
	0.376
	0.257

	2 - temperature of solution at the input of the generator  
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, degrees
	20
	20
	20

	3 - temperature of the solution at the output of the generator 
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, degrees
	30
	41
	50

	4 - temperature difference of the solution 
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, degrees
	10
	21
	30

	5 - durability of the experiment  
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, s
	300
	300
	300

	6 – KOH solution heat capacity with density of 1020 kg/m3, kJ/kg/degree*
	3.99
	3.99
	3.99

	7 – energy of heated solution 
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, kJ
	31.84
	30.00
	30.76

	8 - reading of voltmeter 
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, V
	6.0
	6.0
	6.0

	8’ - readings of ACK-2022 oscilloscope  
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, V
	2.94
	2.94
	2.94

	8’’ - readings of PCS500A oscilloscope 
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, V
	3.00
	3.00
	3.00

	9 - reading of ammeter 
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	0.47
	0.47
	0.47

	9’ - readings of ACK-2022 oscilloscope    
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	0.33
	0.33
	0.33

	9’’ - readings of PCS500A oscilloscope  
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	0.50
	0.50
	0.50

	10 - electric power consumption according to the readings of voltmeter and ammeter,  
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	10’ - electric power consumption according to the readings of ACK-2022 oscilloscope , 
[image: image28.wmf]t

D

×

×

=

'

'

'

1

V

I

E

, kJ
	0.29
	0.29
	0.29

	10’’ - electric power consumption according to the readings of PCS500A oscilloscope, 
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	0.45
	0.45
	0.45

	10’’’ - electric power consumption for the total quantity of pulses (41400) per experiment (without taking into account pulse duty ratio), kJ
	36.11
	35.98
	35.42

	11 - COP of the cell  according to the readings of voltmeter and ammeter, 
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	37.46
	37.06
	36.19

	11’ - COP of the cell according to the readings of ACK-2022 oscilloscope, 
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	109.8
	108.6
	106.1

	11’’- COP of the cell according to the readings of PCS500A oscilloscope  taking into account pulse duty ratio
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	70.75
	70.00
	68.36

	11’’’ - COP of the cell according to the readings of PCS500A oscilloscope  without taking into account pulse duty ratio
	0.88
	0.83
	0.87


* Spravochnik chimika, izd. Chimia, M., L., 1964

Notes:  PX120 multimeter, which is not given in the diagram (Fig. 3), according to the client’s demand,  indicated the figures of the changing values of voltage in the interval of 1 to 5 V, the values of current in the interval of 0.1 to 0.6 A and the values of power in the interval of 0.1-3.0 W. They were approximately the same values that originated from the readings of the voltmeter, the ammeter and two oscilloscopes.

Discussion of the Results

According to the representatives of the joint-stock company SITIS, power consumed by the cells should be determined in the following way. According to them, power of one pulse is equal to 300x50x0.00007=1.05 J. They have processed the oscillograms of several pulses with the help of a computer program, and they have got, as they think, more exact result of 0.87 J. Then quantity of pulses per experiment is determined: 300x139.7(41400. Taking this into consideration, power consumed by the cell during 300 s is 0.87x41400=35.98 kJ (p. 10’’’ of Table 1). According to them, pulse duty ratio should not be taken into consideration. It is natural that in this case energy effectiveness of the cell will be less than unit: 0.87 (p. 11’’’ of Table 1). 

Besides the analysed cell efficiency calculation version, SITIS specialists have suggested one more. According to this version, pulse duty ratio should be taken into account only once. Then energy consumed by the cells will be 300x50x300/100=45.0 kJ. In this case, energy efficiency of the cell will be less than unit as well. 

Let us consider physical sense of this method. Time period, within which energy is supplied into the cell, is equal to 0.00007x41400=3.0 s; the total time of its operation is 300 s. Thus, the cell received energy during 3 s, and it operated within 297 s receiving no energy. Taking it into account, it is possible to present the diagrams of the maximal and average values of current and voltage (Fig. 13). As it is clear, total time, within which the maximal values of voltage of 300 V and current of 50 A operated, is equal to 3 s. Their average values of 3 V and 0.5 A operated within 300 s. 

[image: image33.png]200v]

- au

soa [—---

| A

2000





Fig. 13. Operation time diagram of the maximal (300 V, 50A) and average (3.0 V, 0.5 A) values of voltage and current

The average values of voltage of 3.0 V and current of 0.5 A have been obtained as a result of division of their maximal values of 300 V and 50 A on pulse duty ratio 100. If we divide only voltage by duty ratio, and current is not divided, it means that when the average value of voltage is 3 V, the value of current will be 50 A within 300 s (Fig. 13, b). The instruments register nothing of the sort. This is the first apparent contradiction, which cannot be ignored. 

The change intervals of voltage (1-5 V), current (0.1-0.6 A) and power (0.1-3.0 W) being indicated by the multimeter confirm the fact that this instrument registers pulse duty ratio, voltage and current. It is the second contradiction.

It is suggested in the textbook on pulse power engineering to determine power, which is consumed by the consumer in the form of pulses, according to the formula
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It appears from this that average values of voltage and current should be determined according to the formulas:
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But the voltmeter being arranged before the cell indicated 
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and the ammeter indicated 
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. It is the third apparent contradiction that cannot be ignored. 

Thus, maybe we are the first to come to an indefiniteness, which has been evaded by the investigators. The fact that power is a function of two variables (voltage and current) was ignored in order to get a result, which would match the law of conservation of energy. The readings of all instruments, which have been used by us in this experiment, are at variance with an unfounded requirement to take into account a change of one parameter (current or voltage) when determining electric energy consumed in the form of pulses.

In order to facilitate the process of analysis of the causes of different readings of the instruments installed before the pulse generator and after it, let us consider the diagram (Fig. 14) where there are the pulse forms 4 of rectified voltage and the pulse forms 5 sent by the pulse generator to the cell supply circuit. Voltage 
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 and current 
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 before the pulse generator 3 were registered during the experiment in addition to the data specified in Table 1. Voltage before the pulse generator was equal to circuit voltage. i.e. 220 V. The alternating current value was 
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I

=0.60 A. 

As it is shown in Fig. 10, average amplitude of voltage pulses was 300 V with the average value of voltage of 3.0 V, and the average amplitude of current pulses (Fig. 11) was 50 A by the average value of current of 0.5 A. Pulse duration was 
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=0.00007 s with pulse ratio of  
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=100 and duty ratio 
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=0.01.

In accordance with the readings of the voltmeter, ammeter and both oscilloscopes, power at the input of the cell of the water electric generator of heat is 
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=3x0.5=1.50 W on the average. Power consumption for solution heating is  
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. Taking it into account, effectiveness is as follows: 31.0/0.45=68.9 (Table 1). 

[image: image47.png]2200

0,000070

s0a

S

w1 |lo





Fig. 14. Block diagram of measurement of electrical quantities: 1- cell;
 2 – electronic oscilloscope; 3 – pulse generator

A question comes on: can the existing instruments installed before the pulse generator confirm this effectiveness?

Let us pay attention to the fact that ammeter
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A

 installed before the pulse generator indicates 
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=0.6 A, and voltmeter indicates 
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=220 V (Fig. 13). As a result, power realized by the pulse generator (3) and the cell (1) will be 
[image: image51.wmf]1

P

=220x0.60=132 W. In this case, energy effectiveness of the cell of the water electric generator of heat will be less than a unit (31000/300=103.3)/132=0.78 taking into account energy of the heated solution (Table 1, p.11’’’).

Thus, even if coefficient of performance of the pulse generator (3) is equal to a unit, the readings of the instruments installed before the pulse generator and after it vary nearly 132/1.5(90fold. A question comes on: what instruments give a result that corresponds to an actual energy consumption of the cell of the water electric generator of heat? The instruments installed before the pulse generator (3) or the instruments installed after it? Where is the essence of physics in the difference of these readings?

In order to give an answer to this question, let us examine physical processes that take place when voltage and current are measured before the pulse generator (3). 

The readings of voltmeter 
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 installed before the pulse generator (3) are considerably greater than the readings of oscilloscope 2 and voltmeter 
[image: image53.wmf]1
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 installed before the cell (1). It takes place, because voltage before the pulse generator is always equal to circuit voltage of 220 V. 

Let us pay attention to the fact that the pulses (4) of rectified voltage with total duration of 0.01 s are shown before the pulse generator (3) in Fig. 14. Here, the pulse (5) of voltage with duration of 0.00007 s is shown. The pulse generator separates it from the whole pulse and sends it to the cell. Strictly speaking, the remaining area under the curve of rectified pulse with voltage of 220 V should be decreased by a value corresponding to the area of the pulse being sent to the cell (1) and should become equal to voltage of 220-3=217 V. But this difference is compensated immediately by mains, and the above-mentioned area of the pulse with duration of 0.01 s is kept corresponding to voltage of 220 V.

Thus, any measuring instruments installed before the pulse generator (3) will register power nearly 90fold greater than the instruments installed before the cell (1). Now we know why. It is so, because the instruments before the pulse generator (3) refer current of 0.60 A not to average value of pulse voltage (3 V), but to the total voltage of the mains (220 V). This phenomenon can be observed in other experiments. 
3. The Second Experiment

In order to simplify the experiment and its interpretation, let us take a diode as a pulse generator. It generates half-wave pulses of rectified current with frequency of 50 Hz and duration of 0.01 s. An incandescent lamp of 100 W was used as an energy consumer. 

In order to facilitate the process of analysis, let us show voltage pulses before the diode and after it in the diagram (Fig. 15). Let us call the diagram a block diagram. 

Voltage and current before the lamp (1) were determined with the help of two sets of instruments. Permanent-magnet instruments: M2004 voltmeter  (
[image: image54.wmf]1

V

), accuracy class 0.2 (GOST 8711-78), and M20015 ammeter (
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A

), accuracy class 0.2 (GOST 8711-60), and ACK-2022 electronic oscilloscope (2). Voltage (
[image: image56.wmf]2

V

) before the diode was measures with the help of the multimeter. Current (
[image: image57.wmf]2

A

) was measured with the help of ACT-No. 88866 electromagnetic ammeter, accuracy class 0.5 (GOST 1845-52). Energy consumption was determined with the help of СО-И446 electric meter (GOST 6570-75). The measurement results are given in Table 2. 
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Fig. 15. Block diagram of measurement of energy consumed by lamp 1: 2 – oscilloscope;    3 – diode; 4 – voltage sinusoidal pulse form before the diode; 5 – voltage pulse form after the diode; 
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 and 
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 – ammeters: 
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V

 and 
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  – voltmeters
 Table 2

	Instruments and parameters
	Without pulses
	With pulses, 50 Hz

	1- voltmeter  
[image: image63.wmf]1

V

, V
	-
	100

	2- ammeter 
[image: image64.wmf]1

A

, A
	-
	0.23

	3- power 
[image: image65.wmf]1

P

 , W
	-
	23.0

	             4- voltmeter 
[image: image66.wmf]2

V

, V
	220
	220

	5- ammeter 
[image: image67.wmf]2

A

, A
	0.455
	0.23

	6- power 
[image: image68.wmf]2

P

, W
	100
	50.6

	7- luxmeter, lux 
	2200
	600

	8- electric meter, W
	100
	51.3


If circuit voltage established with the help of a laboratory-scale autoconnected transformer is 200 V and power of the lamp is 100 W, current is 0.455 A, and illumination formed by it is 2200 lux (Table 2). 

If the lamp is installed after the diode (3) (Fig. 15), illumination formed by it will be reduced up to 600 lux. Voltmeter 
[image: image69.wmf]1

V

 installed before the lamp (1) after the diode (3) will indicated 100 V, and ammeter 
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A

 will indicate current 0.23 A. At the same time, voltmeter 
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 installed before the diode will indicate mains voltage of 220 V, and ammeter 
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 will indicate current 0.23 A. 

Thus, according to the readings of the instruments installed before the lamp power realized by it is 
[image: image73.wmf]1

P

=100x0.23=23.0 W. At the same time, the instruments installed before the diode will register power realized by the lamp and the diode 
[image: image74.wmf]2

P

=220x0.23=50.6 W. What is the actual consumption of energy by the lamp?

It is possible to dispute the competence of the use of the permanent-magnet instruments: M2004 voltmeter  (
[image: image75.wmf]1

V

), accuracy grade 0.2 (GOST 8711-78), and M20015 ammeter (
[image: image76.wmf]1

A

), accuracy grade 0.2 (GOST 8711-60). That’s why let us replicate the readings of the above-mentioned instruments with the help of the readings of ACK-2022 electronic oscilloscope. In Figs 16 and 17, the oscillograms of voltage and current, which have been registered collaterally to the readings of the pointer instruments 
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 and 
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, are given (Fig. 15). 

Let us see what oscilligram processing methods (Figs 16 and 17) are closer to the readings of the voltmeter and the ammeter installed before the lamp. For this purpose, first of all let us determine parameters of one pulse gradually. 

Pulse scale is 10. Average amplitude of voltage pulses (Fig. 16) is 
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=7x5x10=350 V. Current magnitude was determined as voltage drop across the resistor with resistance of 0.3 Ohm. Taking it into consideration, average current amplitude (Fig. 17) is 
[image: image80.wmf]IC

I

 =6.6x0.005x10/0.3=1.1 A. Pulse repetition period is T=20 ms. Pulse duration is 
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= 10 ms. Pulse frequency is 
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=1000/20=50 Hz. Pulse ratio determined as a rate of pulse repetition period T to pulse duration is S=20/10=2.0.
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Fig. 16. Voltage                              
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Fig. 17. Current




If we allow some error, we accept a triangular form of pulses (
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). Duty factor will be Z=0.5/2.0=0.25. Average value of pulse voltage is 
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=350x0.25=87.50 V. Average value of current in pulses is 
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=1.1x0.25=0.275 A. 

Let us pay attention to the fact that 
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 is pulse ratio corresponding to the triangular form of pulses. In this case, duty ratio of triangular pulses is 
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 (4). Taking it into account, average value of voltage will be 
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, and average value of current will be 
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Thus, voltage and current of the lamp arranged after the diode became twice as little, illumination was decreased (2200/600) = 3.7fold. That's why power consumed by the lamp should be decreased fourfold, it is confirmed by the formula (4). Double reduction of voltage and current with duty ratio equal to 2 means that when we determine average value of power, we should divide the product of the amplitude values of voltage and current twice by duty ratio as it is done in the formula (4). It will be actual power consumed by the lamp. The instruments being installed before the diode but will indicate twice greater power not because it is consumed by the lamp, but because in this part of network voltage (of network) is twice as much than voltage being supplied to the lamp; they have almost the same current. 

Let us pay attention to the divergence between the readings of the voltmeter 
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V

=100 V and the readings of the oscilloscope 
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=87.50 V and the readings of the ammeter 
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=0.23 A and 
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=0.275 A according to the readings of the oscilloscope. These divergences are stipulated by the deviation of the voltage pulse form from the triangular form. The computer program based on the ordinate method would give more exact result. Nevertheless, power realized by the lamp will be 
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P

=87.50x0.275=24.0 W according to the oscilloscope readings. This value will be 
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=23.0 W according to the readings of the ammeter and the voltmeter installed before the lamp.

Not we can start searching a reply to the question: is it possible to realize the obtained efficiency of the cell of the water electric generator of heat or the lamp under the industrial and domestic conditions in order to save power?

As power grid is a closed system, current of 0.5 A of the cell (Fig. 14) or current of 0.23 A of the lamp (Fig. 15) will flow in this system (with voltage of 220 V) via all electric meters to a turbine of the generator of the power station. As a result, all meters register power consumed by the pulse generator (3) and the cell (1) jointly, i.e. 220x0.6=132 W (Fig. 14) or the lamp and the diode 220x0.23=50.6 W (Fig. 15). These are the properties of electric circuits. We’ll get no power saving. 

Thus, there are two contradictory results: indisputable power efficiency of the cell of the water electric generator of heat or the lamp and inability of power grid to accept this efficiency in order to save power. The main cause of this contradiction is in the fact that the cell or the lamp consume power in the form of the short-term pulses of voltage and current. There are no such pulses in power grid. 

What will happen if we reject the electron generator of pulses and work out an electric power generator, which will generate voltage in the form of pulses similar to those that are consumed by the cell (Fig. 4-9) or the lamp (Fig. 16, 17)? Certainly, such generator should have no electrical connection with the whole power grid. In this case, the powers being realized by the cell of 1.50 W or the lamp of 23.0 W will be on a shaft of such generator. If we connect this shaft with the shaft of an electric motor, which energizes the generator, the common shaft of the electric motor and the generator will give 1.50 W to the cell or 23 W to the lamp. Power consumed by the electric motor from the common grid, will be approximately the same (without taking the losses into consideration). 

4. The Third (Direct) Experiment

The cell of the water electric generator of heat (Fig. 1) was used in order to carry out this experiment. The magnetic inductor 1302.3728 (GOST 3940-84) with the changed coil was used as a voltage pulse source. Voltage pulses were rectified and corrected. The magnetic inductor was rotated with the help of on-phase electric motor energized from mains. A domestic electric power meter was used in order to determine power consumed by the electric motor. Energy of the heated solution was determined in a standard way. The readings of the electric power meter 5 were doubled by the readings of the voltmeter 
[image: image99.wmf]V

and the ammeter 
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 arranged before the cell 1 as well as the readings of the oscilloscope 6 (Fig. 18).
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Fig. 18. Electric diagram of the system: 1- cell: 2- electric motor; 3 – generator (magnetic inductor); 4 – coupling connecting the motor shaft with the generator shaft;
 5 – electric power meter; 6 – oscilloscope

The electric motor shaft 2 is connected with the magnetic inductor shaft 3 with the help of coupling 4. Total power consumption is registered by electric power meter 5. Power consumed by the cell is registered with the help of voltmeter V, ammeter A and oscilloscope 6 (Fig. 18).

Certainly, the magnetic inductor does not generate such voltage pulses (Fig. 19), which provide significant energy effect (Figs 4…9). The magnetic inductor was adjusted in such a way that it generated voltage pulses, which average amplitude was equal to 
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instead of 900…1000 V. Average amplitude of current pulse was equal to 
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 instead of 80…100 A. Pulse duration 
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 was instead of 100 (s. Pulse duty ratio
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 was instead of 80…100. Besides, a pulse form differed from the necessary on (Fig. 19). Nevertheless, energy effect was registered.

The experimental method is simple. Solution consumption by the cell is determined. The electric motor, which makes the magnetic inductor rotate, is connected to the mains; it registers power consumed by the electric motor – magnetic inductor – cell system as well as the readings of the test instruments being arranged before the cell. Then the cell, which plays the role of a load, is de-energized. Energy consumption is registered during idle run of the electric motor- magnetic inductor system. A difference between these readings is equal to energy being consumed by the cell. Simultaneously, solution consumption and a change of its temperature are registered. In order to facilitate the analysis, consumed energy has been converted into power. 
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Fig. 19. Sample of an oscillogram of voltage and current generated by the magnetic inductor

The experimental results are given in Table 3. Here
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 is power consumed by the cell from the mains. It is equal to a difference between the readings of the electric power meter when the load (the cell)  is energized and de-energized. 
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  is heat power of the heated solution. 
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 is power being indicated by the voltmeter and the ammeter arranged before the cell. 
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 is power being indicated by the oscilloscope and determined manually. 
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 is an index of efficiency of the solution heating process.

Table 3. Indices of the direct experiment

	Experiment No.
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	1
	2
	4
	5
	6
	7

	1
	9.40
	3.10
	4.32
	3.80
	3.10

	2
	9.80
	3.53
	4.45
	-
	2.77

	3
	10.20
	3.10
	4.40
	4.30
	3.34

	4
	11.30
	4.80
	5.10
	4.80
	2.35

	5
	13.28
	4.00
	5.00
	5.30
	3.32


As it is clear, average power of 
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P

 = (4.3 …5.1) W being determined in accordance with the average values of current and voltage is close to power value of 
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= (3.1….4.8) W on the electric motor shaft when the cell is energized (without taking power for idle run into consideration) and power of 
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 = (3.8….5.3)W being obtained while oscillogram processing. If we multiply power value 
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 being indicated by the voltmeter and the ammeter by duty ratio 
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=

, it will correspond to a single registration of duty ratio, which is described in all textbook on power engineering and pulse engineering. In this case, the readings of the voltmeter, the ammeter and the oscilloscope will exceed the readings of the electric power meter
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 4.7 fold. It does not correspond to reality. It appears from this that when average power is determined according to an oscillogram, the amplitude values of voltage and current should be divided by duty ratio not once as it is mentioned in the textbooks, but twice as it is shown in the formula (4). Only such power value will correspond to reality. 
CONCLUSION

We dare say that it is the first time when the such results (Table 3) are published. They will lay a foundation to carrying out similar experiments that will result in new pulse engineering. Vital parts of all living organisms consume electric power by pulses. It is the most saving way of the use of electric power. 
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