Geometrical interpretation of power
Content of exercise 
1. Give definition of parameters of electric Power

2. Check experimentally, if it is possible to define active and reactive power basing on the characteristics of electromagnetic object in coordinate systems: current-equivalent magnetic flux and current-voltage.
3. Write conclusions

Auxiliary materials

Definition and parameters of electric power
Electric power is the product of instantaneous values of voltage (u) and current  (i).
p= u i




(1)
There are three parameters of electric power: active power, reactive power and apparent power. From these parameters only active power is defined for any periodic waveforms of voltage and current.
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(2)
where T is period of voltage and current signal.
In particular case, when signals of voltage and current are sinusoidal power could be described by such formula:
P=U I cosϕ



(3)

where U, I are rms values of voltage and current, ϕ is the phase angle.

Other parameters of electric power were defined in that way to create with active power right triangle (Fig.1.):

· reactive power  
Q=U I cosϕ



(4)
· apparent power
S=U I




(5)
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Fig1. Triangle of power

For non-sinusoidal signals there is no possibility to create similar model, but there are still trials to build ones.

Hysteresis loop

Equation (2), which describes active power, is possible to rewrite in other forms:
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(6)
or
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(7)

where
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- equivalent magnetic flux
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- electric charge

From equations (6) and (7) outcome, that geometrical view of active power is closed loop (hysteresis loop) in coordinates i,𝜓 or u,q. Area of this loop gives the value of active power (Fig.2a and 2b).  Hysteresis loops in different coordinate systems have other shape, but area stays the same. 
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Fig.2. Hysteresis loop nonlinear receiver a) in i,𝜓 coordinates b) in u,q coordinates
If to receiver, which hysteresis loop is given on Fig.2a, is connected no energy dissipating parallel capacitor, the shape of hysteresis loop would be changed like on Fig.3., but area would stay the same.
Formulas (6) and (7) are correct for non-periodic signals. Counterpart for period then will be time of closed cycle transformation energy. Amount of electrical energy transformed to work and heat in the object will be known after closing the cycle.
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Fig.3. Hysteresis loop of nonlinear object with parallel capacitor.
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Fig.4. Example of hysteresis loop in DC case.
Example of hysteresis loop for DC is shown in Fig.4.. At first step voltage with negative polarization is enabled. When current reach constant level polarization of voltage is changed. Voltage with positive polarization is working for some longer time and after that is switched off. After switching off the voltage (Fig.4.) loop may not be closed, when in receiver generated was real flux in ferromagnetic core.
Processed energy (work and heat) is equal to area of loop, but in case, when relaxation processes underway too short in comparison to time of switched on DC voltage, then area of loop maybe calculated as product:

W=φI=UIT



(8) 
Then active power DC current is equal to:

P=UI




(9)

Loop in coordinates i,u

Suppose, that energy accumulated in receiver in electric and magnetic field is shown as closed loop in coordinates iI,u and area of this loop is proportional to power of these fields.
For sinusoidal waveforms of voltage and current
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Loop in coordinates i,u is ellipse, which area is equal to:
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(10)
Reactive power for sinusoidal signals is described by formula (4) Q=U I cosϕ

This power is proportional to area of ellipse A. For non-sinusoidal signals it is possible to define reactive power using area of loop in coordinates i,u by adopting 2π as normalizing factor.
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Fig.5. Loops in coordinates i,u a)nonlinear receiver b)nonlinear receiver with parallel resistor
Fig.5a. shows loop in coordinates i,u for nonlinear receiver. If this is reactive power loop, connecting of parallel resistor should not change the are of this loop. Fig.5b prove that.
If there is connected parallel capacitor, loop become multiple (Fig.6.) Whole area of loop decreased, because of partial areas are rounded with different directions. They must be treated as oriented and according to the direction take sign plus or minus. Changing capacity of capacitor may lead to case, when sum of partial areas is zero. In such way reactive power of receiver maybe compensated. It does not mean, that between receiver and system there is no exchange of energy of magnetic and electric field. Using linear capacitor does not possible to make zero of sum of partial areas, when the receiver is nonlinear.

Apparent power is symbolic parameter. It is the biggest value of active power, which may be taken from the system due to voltage and current level. Apparent power does not fulfill the balance condition (it is not additive). If it is determined for individual elements of receiver, then generally apparent power for whole receiver is not equal sum of power determined for  its individual elements.
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Fig.6. Loop in coordinates i,u nonlinear receiver with parallel capacitor

