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Introduction

The specialists know that modern electronics is based on the digital methods of transfer and simulation of any electronic information. The essence of this method is in the fact that the ordinates of the function of any changing process are converted into the numbers. In this form, the information being described by such function is transferred to the receiver that converts the number being obtained into functional dependence again.

It is natural that computer programs have been worked out and are used in order to realize the processes being described. Accuracy of the information being obtained in such a way depends on quantity of the ordinates being measured within the time unit. This quantity can be hundred thousands per second and more. As a result, modern computer programs can determine an area under the functionality curve and a value of the average ordinate with any accuracy being necessary for practical results. Thus, a problem of processing of the oscillograms of any form is solved on the highest level. 

The above-mentioned method of information signal processing is used for processing of the oscillograms of voltage and current. Modern oscilloscopes are compatible with the computers. It facilitates and accelerates the process of scientific investigations. 

But under actual conditions, sometimes it becomes necessary to compare the instrument readings with the results of the oscilloscopeic records. Here, the problems arise that should be analysed. 

When the measurement process of energy consumed by the cell of the water electric generator of heat was analysed, we found that the transformation of the standard pulses of rectified current with frequency of 100 Hz and duration of 0.01 s into the pulses with frequency of 137.9 Hz and duration of 0.00007 s resulted in conflicting readings of the instruments, including the oscilloscopes arranged before the pulse generators and after it. The difference in the readings of the instruments can be of thousands of percents [1]. The purpose of this investigation is an identification of the causes of the above-mentioned contradictions and a search of such method of manual processing of the oscillograms that could give the equivalent results being obtained when using computer programs of ocsillogram processing with any form of pulses of voltage and current. 

1. Analysis of the Oscillogram Processing Methods

In order to understand the essence of the above-mentioned contradictions, we should start from the analysis of the oscillogram processing methods. Let us see how to determine a value of average voltage being supplied to a consumer in the form of the rectangular pulses (Fig. 1). 
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Fig. 1. Diagram of rectangular voltage pulses

In Fig. 1, 
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 is pulse repetition period, s; 
[image: image3.wmf]t

is pulse duration, s. Pulse ratio is determined according to the formula
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Pulse ratio can be determined by means of division of the whole area corresponding to pulse repetition period by pulse area (Fig. 1). 
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There exists a notion of filling ratio 
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 that gives an opportunity to take into account a pulse form. If the pulses are rectangular ones, pulse form ratio 
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and duty ratio 
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 are determined according to the formula
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If the pulses are triangular ones, 
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Let us pay attention to the fact that pulse ratio of triangular pulses will be 
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If current is direct, 
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. Average voltage being supplied to a consumer is equal to voltage
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If voltage is supplied in the form of rectangular pulses (Fig. 1), a value of average voltage is 
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 determined according to the formula
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If the pulses have triangular form
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The above-mentioned procedure of processing of the oscillograms for the determination of average value of voltage 
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 is called a manual processing method. Such method is used seldom now, because there are the computer oscillogram processing programs, which automatically determine average value of voltage 
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 in the oscillogram record process. 

The computer programs are made in such a way that they determine a sum of the ordinates in the interval of pulse repetition period and divide this sum by quantity of the ordinates (Fig. 1). Let us assume that the program is composed in such a way that in time period of 0.1 s it measures 10000 ordinates, sums their values and divides the obtained sum by quantity of the ordinates. As the pulses are rectangular ones, the sum of all ordinates being measured in the time interval being equal to 
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 pulse repetition period will be 220x10000+0x10000=2200000. Total quantity of the ordinates being measured will be 10000+10000=20000. Average value of voltage is determined according to the formula
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Pulse ratio results from it
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Thus, manual processing and computer processing of rectangular pulse oscillograms give one and the same result. It is natural that current oscillograms are processed in the same way. If we assume that current rectangular pulse amplitude is
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 and current pulse ratio is the same as voltage pulse ratio (
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It is natural that average power realized by a load is determined according to the formula 
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If voltage pulses and current pulses had triangular form (4), it would be:
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Certainly, the possibilities of manual processing of the oscillograms are limited. It can be used if the pulses have similar period and their form resembles rectangular or triangular form. In the rest cases, manual processing of the oscillograms is a time-consuming thing, that's why it is substituted by computer processing.

In Fig. 2, a current oscillogram with chaotically changing amplitude and pulse form is given with average value of current being equal to nearly 3.25 A. Now we know how average value of current has been obtained. Computer program measured 10000 ordinates in the interval of 0.1 s. Then it added their values and divided by quantity of the ordinates (9). It is natural that average value of voltage was determined in the same way. It is not shown in Fig. 3. Average power (Fig. 4) was determined with the help of the computer program according to the formula (12)
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Fig. 2. Current change oscillogram in power supply circuit

It is clear (Fig. 2) that chaotic change of the current pulse amplitude and form excludes the possibility to determine their pulse ratio. That's why the ordinate method of  processing of such oscillograms is the only acceptable method. 
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Fig. 3. Voltage change oscillogram in power supply net of the plasma electrolytic reactor
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Fig. 4. Power change oscillogram in power supply circuit of the plasma-electrolytic reactor

Oscillograms  of current (Fig. 2), of voltage (Fig.3), and power (Fig. 4) have been obtained by us together with the specialists of St.-Petersburg firm “Algorithm”. The measurements were carried out with the help of the electron oscilloscope “Handyscope-2”, which registered 10000 ordinates in 0.1 range; it provided high accuracy of the measurements. The measurements were carried out at the same time in three ways: with the help of the voltmeter and the ammeter, the electric meter and the electron oscilloscope. The following readings were registered in the protocol of control experiments during the experiment (300 s) given for one hour of the reactor operation:  Voltmeter and ammeter – 587 W;  Electron oscilloscope – 716 W;  Electric meter – 720 W.

Let us pay attention to the fact that the oscilloscope has automatically drawn a line of current average value (Fig. 2). It is equal to nearly 716/220=3.25 A. 

As during such chaotic pulses the ammeter's pointer deviated from the average position regularly, current average value according to the ammeter readings was determined with the help of statistic method. For this purpose, the ammeter pointer readings were recorded manually every 5 seconds, then an average value of the readings was determined. It was 587/220=2.67 A. 

Power alteration regularity (Fig. 4) in the supply circuit of the plasma electrolytic reactor is similar to current strength alteration. Peak power reaches eight kilowatts though its average value is only 720 W. 

            The commission has made the conclusion that the measurements of the electric power consumed by the plasma electrolytic reactor made with the help of the electric meter  are the correct ones.

We can add that the processing computer program of such complicated oscillograms of voltage and current replicates correctly the electric meter readings; that’s' why the results of computer processing of any oscillogram deserve confidence. 

Thus, the ordinate method of oscillogram processing, on which the computer processing programs are based, can be considered a universal method. Let us note the main feature of the manual and computer processing of the oscillograms being considered by us. It is characterized by the fact that the oscilloscope manufacturers calibrate them in such a way that the ordinate method of oscillogram processing can be used with any form of voltage pulses. 

2. The First Experiment

It should be noted that there is a voltage pulse generator in the power supply circuit. As we have already noted, it causes drastic contradictions in the readings of the instruments arranged before the pulse generator and after it. Let us analyse these contradictions using a concrete example of the measurement results of voltage, current and power of the cell of the water electric generator of heat (Fig. 5). The diagram of the experimental installation is given in Fig. 6. 
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Fig. 5. Photo of the cell of the heat generator
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Fig. 6. Diagram of the experimental installation: 1 – tank for solution; 2 – thermometer; 3 - electronic balance; 4 – solution feed duct; 5 - rotameter; 6 – solution fedd regulator; 7 – the sell of water electric generator of heat; 8 – thermometer; 9- heated solution discharge; 10- inlet tank

The results of the reference experiment being carried out together with the specialists of the joint-stock company SITIS  (city of Sarov) are given below. Persons being present: from KSAU – Ph.M. Kanarev, A.I. Tlishev, D.A. Bebko, Yu. A. Drobot; from the joint-stock company SITIS – Yu.G. Kataev, V.F. Tyutin.
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. 7). 
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Fig. 7. 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 Being Used during the Experiment

Special experimental cell of the water electric generator of heat (Fig. 5); M2004 voltmeter of the highest accuracy class (accuracy class of 0.2, GOST 9711-78); M20015 ammeter of the highest accuracy class (accuracy class of 0.2, GOST 9711-78); electronic scale with scale division value of 2.0 g; stop watch with scale division value of 0.1 s; ACK-2022 and PCS-500 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. 7). 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 distinctness we should note that the switch of the voltage measurement range by M2004 voltmeter corresponded to maximal value of voltage of 30 V, and the switch of M20015 ammeter corresponded to maximal value of current of 1.5 A (Fig. 7). The amplitudes of pulses of these values were 300 V and 50 A, respectively. It results in correctness of the use of PX120 multimeter, which is not given in the diagram (Fig. 7). 

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. Table 1 of measurement results and calculations was made for each set of the instruments. 

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 - reading of voltmeter 
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, V
	6.0
	6.0
	6.0

	6’ - readings of oscilloscope  ACK-2002   
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’, V
	2.94
	2.94
	2.94

	6’’ - readings of oscilloscope PCS500A 
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’’, V
	3.73
	3.73
	3.73

	7 - reading of ammeter 
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, A
	0.47
	0.47
	0.47

	7’ - readings of oscilloscope  ACK-2002  
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’, A
	0.33
	0.33
	0.33

	7’’ - readings of oscilloscope  PCS500A 
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’’, A
	0.26
	0.26
	0.26

	8 - electric power consumption according to the readings of voltmeter and ammeter, 
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	0.85
	0.85

	8’ - electric power consumption according to the readings of oscilloscope  ACK-2002 , 
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	8’’ - electric power consumption according to the readings of oscilloscope PCS500A, 
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	0.45
	0.45
	0.45

	8’’’ - electric power consumption according to the readings of oscilloscope PCS500A without the taken into account  average voltage value, kJ
	36.11
	35.98
	35.42

	9 – heated solution energy   
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	31.84
	30.00
	30.76

	10 - COP of the sell  according to the readings of voltmeter and ammeter, 
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	37.46
	35.30
	36.19

	10’ - COP of the sell according to the readings of oscilloscope ACK-2002   , 
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	109.8
	108.6
	106.1

	10’’-- COP of the sell according to the readings of oscilloscope  PCS500A without the taken into account  average voltage value
	0.88
	0.83
	0.87

	10’’’ - COP of the sell according to the readings of oscilloscope  PCS500A , 
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	70.75
	70.00
	68.36


          Notes:  PX120 multimeter, which is not given in the diagram according to the client’s demand,  showed a changing value of voltage in the interval of 1 to 5 V, a value of current in the interval of 0.1 to 0.6 A and a value 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. 

But the values of voltage, current and power being shown by the multimeter perplexed the representatives of the joint-stock company SITIS, and they refused to register these readings in the test protocol. 

The voltage pulse oscillograms are given in Figs 8 and 9. An oscillogram of one voltage pulse is given in Fig. 10. The current oscillograms are given in Figs 11, 12 and 13. 
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Fig. 8. Voltage
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Fig. 9. Voltage
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Fig. 10. Voltage pulse in (s range
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Fig. 11. Current
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Fig. 12. Current
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Fig. 13. Current


Pulse scale is equal to 10. Average amplitude of voltage (Figs 8, 9 and 10): 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 11, 12 and 13) 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. 10). 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. Relative 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 oscillograms of pulses, current and power being obtained with the help of  PCS500A oscilloscope are given in Figs 14, 15 and 16. Scale on horizontal is 50 (s/div.
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Fig. 14. Voltage pulse
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Fig. 15. Current pulse
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Fig. 16. Power pulse

According to the processing results of these oscillograms, the representatives of the joint-stock company SITIS reduced the form of the pulses of voltage, current and power to a rectangular form. Pulse duration turned out to be equal to 0.00007 s,  pulse repetition period was 0.00725 s, pulse frequency  was 1000/7.25=137.9, pulse voltage amplitude was 300 V, current pulse amplitude was 50 A and power pulse amplitude was 15 kW. 

Relative pulse duration will be equal to S=0.00725/0.00007=103.6. If the pulse form is considered to be a rectangular one, duty ratio will be equal to Z=1/103.6=0.01. The authors of this calculation have assumed that the voltage pulse value is equal to 300 V and current pulse value is 50 A. 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.
Discussion of the results 
According to the representatives of the joint-stock company SITIS, energy consumed by the cells should be determined in the following way (p. 8”, Table 1). 

First of all, energy in one pulse of 0.87 J is calculated. Then quantity of pulses per experiment (300 s) is determined: 41400. Taking this into consideration, energy consumed by the cell is 0.87x41400=35.98 kJ. According to them, duty ratio of pulses 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. 10”, Table 1). 

At once, it is clear that the method being suggested differs from the standard method being considered by us, that is why its validization is required. It is known that a main arbiter in the calculation correction estimation is the International System of Units (SI system). Energy of the heated solution (Table 1) is determined in SI system. That’s why the readings of all instruments should be reduced to this system. In SI system, 1 second is accepted as time unit. Watt is power when work equal to 1 J is performed within 1 second [4].

Energy of one pulse of 0.87 J is produced by current and voltage not within 1 second, but within 0.00007 s. It means that power of one pulse of 300x50=15000 W should not be taken as power measurement unit, because its value does not correspond to SI system. In order to make power of one pulse correspond to SI system, it is necessary to divide the amplitudes of voltage and current of one pulse by a value equal to 1/0.00007=14285.7. Then we’ll have voltage and current of one pulse, which correspond to 1 second: 300/14285.7=0.021 V and 50/14285.7=0.0035 A. Power of one pulse, which corresponds to SI system, will be equal to 0.021x0.0035=0.000073 W. Power of all 41400 pulses will be equal to 0.000073x41400=3.02 W. Taking into consideration the fact that these pulses have operated within 300 s, we’ll get a value of power consumed by the cell during the experiment: 3.02x300=0.91 J. In this case, cell energy efficiency index will be 31.0/0.91=34.66.

But it is necessary to consider a calculation method, which takes into account larger quantity of pulses, to be more exact. For example, pulse quantity, which corresponds to one second and is equal to pulse frequency of 137.9. In this case, voltage value, which corresponds to one second, will be equal to 300x0.00007x137.9=2.896, and current value will be 50x0.00007x139.7=0.48 A. Power corresponding to SI system will be equal to 2.896x0.48=1.39 W. Energy consumed by the cell within 300 seconds will be equal to 1.39x300=0.42 kJ. It corresponds to the readings of all instruments, including PX120 multimeter. 

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 300x50x0.01x300=45.0 kJ. In this case, energy efficiency of the cell will be less than unit as well. 

The same approach to a determination of energy consumed in the form of pulses is available in the textbook “Pulse information systems” [5], [7]. 

Let us consider physical sense of this method. Time period, within which energy is supplied into the cell, is equal to 0.00007x41400=2.99=3.0 s. Thus, during the whole experiment time being equal to 300 s 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. 17). 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. 
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Fig. 17. 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. 17, b). The instruments register nothing of the sort. 

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. 

We should mention an interesting fact that belongs to the measurement process of energy generated in the form of pulses. An American scientist was among the laureates of the first Russian prize “Global energy” in the year of 2003. He received the prize for the fact that in his laboratory he managed to form an electric pulse, which power was equal to power of all electric power plants of the world. (It should be noted that he did not consume energy of all electric power plants of the world). As Russia produces nearly 6% of electric energy of the world, in accordance of the method of the specialists of the joint-stock company SITIS it means that energy of such pulse will be enough for power supply of all consumers of electricity in  Russia during twenty days.

But a calculation method, which takes into account quantity of pulses corresponding to one second and being equal to pulse frequency of 137.9, should be considered to be more exact. In this case, voltage value corresponding to one second will be 300x0.00007x137.9=2.896 V and current value will be 50x0.00007x139.7=0.48 A. Power corresponding to SI system will be 2.896x0.48=1.39 W. Energy consumed by the cell during 300 s will be 1.39x300=0.42 kJ. It corresponds to the readings of all instruments including PX120 multimeter. Coefficient of performance of the cells will be 31.0/0.42=73.8. 

The measurement intervals of voltage (1 to 5 V) and current (0.1 to 0.6 A) shown by  PX120 multimeter confirm that the instrument registers pulse ratio of both voltage and current. It is natural that the power alteration interval (0.1 to 3.0 W) corresponds to the registration of pulse ratio and voltage and current by this instrument and power calculation according to the formula (15). 

Nevertheless, as we have already noted, other method of oscillogram processing is suggested in the pulse engineering manual [5], [7]. It is recommended to determine power, which is realized by a consumer, 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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Thus, the formula (18) gives a result, according to which current of 5 A circulates in the pulse generator-consumer electric circuit. It is 10fold as large as the readings of the ammeter installed after the pulse generator before the consumer (Table 1). If we assume that coefficient of performance of the pulse generator is close or equal to a unit, current of 5 A will be in the whole circuit, and the electric meter installed before the pulse generator should give value of energy corresponding to circuit voltage of 220 V and current of 5 A. As it is clear, power should be equal to P=22x5=1100 W. Within an hour of performance it will be 1100 Wh. It is known that 1 kWh corresponds to 600 rotations of the meter disk. By 1.1 kWh, it will make 660 rotations, It corresponds to 660/12=55 rotations during the experiment (60 minutes/5 minutes=12). 

SITIS specialists did not want to register the readings of the electric meter installed before the pulse generator. But we made those measurements both before their arrival and after their departure, and we found out that the electric meter disk makes 6 or 7 rotations within 5 minutes. Thus, the power calculation method being suggested by SITIS specialists overstates power consumption by 55/6.5=8.5fold minimum if we take into consideration current value being determined in the wrong way (5 A). If we take into account voltage value being determined in the wrong way (30 V), the method being suggested by SITIS specialists overstates power consumption nearly 70fold. If we take into consideration the coefficient of performance of the pulse generator, the above-mentioned differences will be even more. 

The electric meter readings give the opportunity to determine current value in the supply circuit and to compare it with the ammeter readings. Power at the system input is determined simply: by multiplication of quantity of the meter disk rotations during the experiment by the value of 3600/600=6. In this case, it is equal to 6x6.5=39.0 kJ. If we divide this value by experiment duration of 300 s and by circuit voltage of 220 V, we have a value of average current 39000/300x220=0.59 A. The ammeter 
[image: image68.wmf]2

A

 (Fig. 18) showed current of 0.6 A. SITIS specialists' method gives the result that it almost 10fold greater.

Thus, we have got conclusive evidence that M20015 permanent-magnet ammeter with accuracy class of 0.2 (GOST 8711-60) averages the current pulses satisfactorily. It is natural that M2004 permanent-magnet ammeter with accuracy class of 0.2 (GOST 8711-60) averages the current pulses satisfactorily. The oscilloscopes confirm this fact displaying close values of voltage and current in case of correct processing of their oscillograms.

Other evidences of falseness of the point of view of SITIS specialists are not required. The detailed analysis of the measurement process of energy consumed in the form of pulses is given by us in the articles [2], [6]. 

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. 18) 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 
[image: image69.wmf]2
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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. 18, 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 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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Fig. 18. Block diagram of measurement of electrical quantities: 1- cell; 2 – electronic oscilloscope; 3 – pulse generator

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). 

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
[image: image78.wmf]2

A

 installed before the pulse generator shows 
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I

=0.6 A, and voltmeter shows 
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=220 V (Fig. 18). As a result, power realized by the pulse generator (3) and the cell (1) will be 
[image: image81.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).

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 
[image: image82.wmf]2

V

 installed before the pulse generator (3) are considerably greater than the readings of oscilloscope 2 and voltmeter 
[image: image83.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. 18. 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). 

Now we can start to find an answer to the question: is it possible to realize the produced effectiveness of the cells of the water electric generator of heat under the industrial and household conditions in order to save energy?

As electric mains is a closed system, current of 0.6 A will flow in this system (with voltage of 220 V) via all electric meters up to an electric power station generator turbine. As a result, all meters will register power that is realized by the pulse generator (3) and the cell (1) together, i.e. 132 W. Such are the properties of electric circuits. We'll get no energy conservation. 

There are two contradictory results: undeniable energy efficiency of the cell of the water electric generator of heat exceeds more than 5000% and electric mains is unable to accept this efficiency for energy conservation. The main cause of this contradiction is in the fact that the cell consumes energy in the form of short pulses of voltage and current, and there are no such pulses in the electric mains. 

What will happen if we reject the pulse generator and work out an electric power generator that will generate voltage in the form of pulses similar to those that are consumed by the cell (Fig. 8-13)?  Such generator should have no electric connection with the whole electric mains. In this case, power of 1.50 W realized by the cell will be on the shaft of such generator. If we make this shaft a common one with the shaft of the electric motor driving the generator, the common shaft of the electric motor and the generator will give 1.50 W to the cell. Power taken by the electric motor from the common mains will be nearly the same (taking losses into consideration). 

If we had funding, we would make such generator long ago, and all disputes concerning the contradictions being analysed would be solved, but we have no such possibility as yet. 

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. 19). 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: image84.wmf]1

V

), accuracy class 0.2 (GOST 8711-78), and M20015 ammeter (
[image: image85.wmf]1

A

), accuracy class 0.2 (GOST 8711-60), and ACK-2022 electronic oscilloscope (2). Voltage (
[image: image86.wmf]2

V

) before the diode was measures with the help of the multimeter. Current (
[image: image87.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. 19. 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 
[image: image90.wmf]2

A

 – ammeters: 
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 and 
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  – voltmeters

                                                                                                                  Table 2

	Instruments and parameters
	Without pulses
	With pulses, 50 Hz

	1- voltmeter  
[image: image93.wmf]1

V

, V
	-
	100

	2- ammeter 
[image: image94.wmf]1

A

, A
	-
	0.23

	3- power 
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 , W
	-
	23.0

	4- voltmeter 
[image: image96.wmf]2

V

, V
	220
	220

	5- ammeter 
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A

, A
	0.455
	0.23

	6- power 
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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, resistance of the lamp is 
[image: image99.wmf]R

 = 220/0.455=483.5 Ohm, and illumination formed by it is 2200 lux (Table 2). 

If the lamp is installed after the diode (3) (Fig. 19), illumination formed by will be reduced up to 600 lux. Voltmeter 
[image: image100.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: image104.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: image105.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: image106.wmf]1

V

), accuracy grade 0.2 (GOST 8711-78), and M20015 ammeter (
[image: image107.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 20 and 21, the oscillograms of voltage and current, which have been registered collaterally to the readings of the pointer instruments 
[image: image108.wmf]1
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 and 
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, are given (Fig. 19). 

Let us see what oscilligram processing methods (Figs 20 and 21) 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. 20) is 
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U

=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. 21) is 
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 =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.

If we allow some error, we accept a triangular form of pulses (
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). Duty ratio will be Z=0.5/2.0=0.25. Average value of pulse voltage is 
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U

=350x0.25=87.50 V. Average value of current in pulses is 
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U

=1.1x0.25=0.275 A. 
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Fig. 20. Tention
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Fig. 21. Current


Let us pay attention to the fact that 
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 is pulse ratio corresponding to the rectangular form of pulses. In this case, pulse ratio of triangular pulses is 
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 (5). Taking it into account, average value of voltage will be 
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 (13), and average value of current will be 
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(14). Power realized by the lamp will be (15)


[image: image123.wmf]W

S

I

U

P

IC

IC

08

.

24

16

1

.

1

350

2

=

×

=

×

=

.                                          (19)

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 realized by the lamp should be decreased fourfold. As we see the instruments indicate such results, that is why we must consider that formula (19) is  correct, but formula (16) is not correct.

Certainly, there is more accurate oscillogram processing method by means of decomposition of sinusoidal dependence into Fourier series. The use of this method will increase calculation accuracy that will be less than the divergence in the readings of the instruments installed before the diode and after it. 

We should note the main thing: the calculation method of the values of voltage and current being described is equivalent to processing of these oscillograms with the use of the ordinate method. This equivalency is stipulate by the similar procedure of the record of pulse ratio of voltage and 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. 

           There is another variant of obtainment of average values of voltage and current. Its essence is in the determination of average values of voltage and current corresponding to the notion of power accepted in SI system [4]. As one second is accepted as the main unit of time duration in SI system, average value of voltage and current will correspond to SI system only in case if pulse frequency is used in their calculation, i.e. pulse quantity per second. For this purpose, let us take maximal amplitude of voltage pulse of 350 V, multiply it by 
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 (it corresponds to the triangular form of pulses), then multiply by duration of one pulse 
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0.01 s, by pulse quantity per second 
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50, i.e. by frequency. As a result, we’ll have a value of average voltage

[image: image133.wmf]C

U

=350х0.5х0.01х50=87.5 V.                                             (20)

Let us determine an average value of current 
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=1.1х0.5х0.01х50=0.275 А.                                             (21)

Then power will be

       
[image: image135.wmf]11
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=87.5х0.275=24.0 W.                                                    (22)
This result coincides completely with the obtained previous result taking into account the pulse ratio. 

Let us pay attention to the fact that in the formulas (20) and (21) the duty ratio is available, which takes into account the form and pulse ratio
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Thus, the oscilloscope (
[image: image137.wmf]11

P

=24 W) replicates the readings of the voltmeter and the ammeter satisfactorily (
[image: image138.wmf]1

P

= 23 W). 

Again, let us pay attention to the fact that the described methods of acquisition of the average values of voltage and current are equivalent to their acquisition by means of processing of these oscillograms with the help of the ordinate method, on which the computer programs of oscillogram processing are based. 

4. Method of Manual Processing  of the Oscillograms of Voltage and Current

    Thus, all above-mentioned contradictions in the oscillogram processing methods and the instrument readings are eliminated if manual processing of the oscillograms is carried out with the help of the method that would correspond to the universal ordinate method. As time duration being equal to one second is a time unit in SI system, the values of average voltage and current should be such that they act in the time interval being equal to one second. Analysis of various variants of such calculation, which are stipulated here, shows that the best accuracy is obtained when pulse frequency is used. 

In this case, it is necessary to have pulse frequency 
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, average values of pulse amplitudes of voltage 
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 and current 
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, pulse duration 
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, and coefficient that takes into account pulse form, which is equal to 
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 if pulse form is reduced to the rectangular form and 
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 if the pulse form is reduced to the triangular form. The formulas for the calculation of the average values of voltage 
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 and current 
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In this case, a value of average power 
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 will be determined according to the formula


[image: image150.wmf]W

I

U

P

C

C

C

,

×

=

 .                                                        (26)

The above-mentioned facts give the possibility to make the following generalizing conclusion. 
Conclusion
If the oscilloscope is arranged before the pulse generator, the calculation of average values of voltage and current according to the formulas (24) and (25) gives the results, which accord with the readings of the instruments installed before the pulse generators, and with the results of computer processing of such oscillograms. 

If the oscilloscope is arranged after the pulse generator, the calculation of the average values of voltage and current according to the formulas (24) and (25) gives the results, which accord with the readings of the instruments installed after the pulse generator and with the computer processing results of such oscillograms. 

The differences in the readings of all instruments are within the limits of their error and within the limits of error of the oscillogram processing methods.

All instruments installed before the generator of non-standard (non-circuit) pulses overstate energy consumption by the consumer arranged after the pulse generator. Divergences in the readings of the instruments, including the oscilloscopes arranged before the pulse generators and after them, are increased with the increase of pulse ratio. The cause of these divergences does not depend on the oscillogram processing method. It is stipulated by metrological incompatibility of the readings of any instruments arranged before the pulse generators and after them. 

The cause of metrological incompatibility is in the fact that the pulse generator divides electric power mains by two parts with different average voltage and approximately with one and the same current. It is natural that the instruments installed before the pulse generator and after it will register different voltage by almost one and the same current. As a result, they will indicate different energy consumption for the consumer’s power supply. 

When processing the oscillograms of voltage, current and power, it is necessary to use the formulas (24), (25) and (26), respectively. 

The contradictions between the computer programs for processing of voltage, current and power and the methods of their manual processing  are eliminated only when the formulas (24), (25) and (26) are used. 

Electric energy is converted by the cell of the water electric generator of heat into heat energy with the energy efficiency index of more than 50. The law of conservation of energy does not operate [1].
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