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THE LAW OF ELECTRIC CIRCUIT
                                                Ph. M. Kanarev
E-mail: kanphil@mail.ru              http://Kanarev.innoplaza.net
INTRODUCTION

In modern electrical engineering and pulse engineering, the following rules of power determination in the electrical circuits of continuous and pulse energy consumption have been established [2-4]: 

1- during continuous consumption of electric energy its power 
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 is determined by the dependence:
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  is average voltage magnitude, [image: image4.wmf]C
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 is average current magnitude.

2 - during pulse consumption of electric energy its power  is determined by other dependence
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 is average amplitude voltage magnitude (Fig. 1); [image: image7.wmf]IC
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  is average amplitude current  magnitude (Fig. 1); [image: image8.wmf]S

 is pulse duty ratio.

It is known that an electromagnetic voltmeter and an ammeter average the regular pulses of voltage and current satisfactorily. Average magnitudes of voltage [image: image9.wmf]C
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 being indicated by these instruments appear to be equal to the readings of an oscilloscope if they are calculated according to the formulas:
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It appears from this that power should be determined according to the formula [1]
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But the calculation according to this formula results to the violation of the law of conservation of energy. In some cases while heating, for example, of alkali liquor more thermal energy is released than electric energy, which is calculated according to the formula, is consumed (5). In order to do away with this contradiction, they decided to take duty ratio [image: image14.wmf]S

 into account once (2). They explained it by the fact that voltage and current are changed simultaneously and synchronously (Fig. 1). A situation took place when the formula (2) was considered to be correct, and the formula (5) was considered to be erroneous. The contradictions in the instrument readings were ignored. For example, if a voltage pulse amplitude is equal to [image: image15.wmf]IC
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=1000 V, a current pulse amplitude is [image: image16.wmf]IC

I

=50 A and a pulse duty ratio magnitude is [image: image17.wmf]S

=100, the formulas (3) and (4) give the following results: [image: image18.wmf]C
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=10 V and [image: image19.wmf]C
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=0.5 A. These magnitudes are indicated by the moving-coil instruments. If we take formula (2) as a basic one, we’ll get
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The moving coil instruments indicate nothing of the sort. Besides, it appears from the formula (2) that in case of a single division by pulse ratio only one magnitude out of two values is changed. For example, when voltage is changed, it becomes equal to [image: image22.wmf]C
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=1000/100=10 V. Current magnitude 
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 remains unchanged, and it should be registered by the instruments. But none of them indicates such value. 

In order to eliminate these contradictions, it was necessary to carry out an experiment, in which a source, which had no galvanic coupling with the whole circuit, would generate such voltage pulses. 

Experimental part

The cell of the water electric generator of heat 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 (Fig. 1). 
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Fig.1. Sample of an oscillogram of voltage and current generated by the magnetic inductor

Voltage pulses were rectified and corrected. The magnetic inductor was rotated with the help of on-phase electric motor energized from mains (Fig. 2). A domestic electric power meter was used in order to determine power consumed by the electric motor. The readings of the electric power meter 5 were doubled by the readings of the voltmeter 
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  and the ammeter 
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  arranged before the cell 1 as well as the readings of the oscilloscope 6 (Tektronix TDS 2014, Fig. 2). Energy of the heated solution was determined in a standard way.
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Fig. 2. 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 (Fig. 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 
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, ammeter 
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 and oscilloscope 6.

Certainly, the magnetic inductor does not generate such voltage pulses, which provide significant energy effect. 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 
[image: image32.wmf]3.9

ms

t

»

 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. 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. 

The experimental results are given in Table 1. 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 
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 and the ammeter 
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 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 1. 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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 = (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 (5). Only such power value will correspond to reality. 
Now let us see what results can be obtained if electron pulse generator 2 (Fig. 3) is used instead of motor 2 and magneto 3 (Fig. 2). The readings of voltmeter  
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 and ammeter  
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 as well as the readings of oscilloscope 6 are not changed if the pulse parameters are the same. Meter 5 will indicate a different value, and we cannot predict it. An average value of current indicated by ammeter 
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 is nearly 0.4 A. Ammeter  
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 will indicate a value of nearly 0.6 A. Naturally, voltmeter  
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 will indicate mains voltage of  220V. Power
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, which is registered by ammeter  
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 and voltmeter 
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, is as follows:. 
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. Meter 5 will indicate the same value.
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Fig. 3. Electrical diagram of the system: 1- cell; 2 – electron pulse generator;

 5 – electric power meter; 6 – oscilloscope
Thus, if the electron pulse generator is used instead of the motor and the magneto, power consumed by the cell from mains is changed by 
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fold. It appears from it that power of 132 W is fictitious power, which is not consumed by the cell. The cell consumes 4.0W; it is proved by the measurement  results given in Table 1. That’s why we have every reason to call the difference of powers  
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a fictitious power. 

It appears from the analysis that average power in each section of the electric circuit is equal to a product of average voltage, which is applied across this section, by average value of current. It is the law of electric circuit.

For example, average voltage of 10 V is applied in the section of the electric circuit before the cell (Fig. 3); average value of current existing in this section is equal to 0.4 A. If we consider it, we’ll see that the value of power in this section of the electric circuit will be 10 x 0.4= 4 W. Let us make a vertical section on the diagram (Fig. 3) before meter 5. Average value of voltage in this section is equal to mains voltage of 220 V. If average value of current in this part of mains is equal to 0.6 A, average power in this section of the electric circuit will be 220 x 0.6= 132 W. It is the law of electric circuit, which has been checked with the help of many experiments being carried out by us. 

We do not know if there is an enunciation of this law in modern electrical engineering, but without this law it is impossible to make a correct analysis of power engineering of  mixed systems where energy is transferred and consumed continuously and by pulses.

Thus, in order to determine average power consumed by the cell, it is necessary to multiply average values of voltage and current indicated by voltmeter  
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 and ammeter  
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 or to take a product of average amplitude values of pulses of voltage and current indicated by the oscilloscope and to divide them by duty ration do not to once (as it is mentioned in the textbooks), but twice. Only in this case the results will correspond to average power actually consumed by the cell. 
CONCLUSION

The law of electric circuit: average power in each section of electric circuit is equal to a product of average voltage, which is applied across this section, by average value of current.
The law of electric circuit sent the law of conservation of energy in its modern enunciation to the science history section. 
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