SIMPLE AND COMPLEX WAVEFORMS

For frequencies above around 100 kHz, the protocol would use simple alternating pulses as described above. However to achieve effective delivery of frequencies in the range of 40 kHz or less, it is proposed to employ a high frequency carrier which incorporates the low frequency information using superimposition of the two frequencies. The scheme is described in detail in the next section. The 40% pulse duty cycle and the outer gating layer would be retained.

One issue when we consider applying frequencies in the audio range to a water medium is that an applied field always creates a “counter-ion current” (Faraday current). In a low frequency electric field, anions flow one way and cations flow the other way. This ion current tends to cancel out the applied field. In some systems ion currents can be the basis of biological effects (e.g. on ion channel behaviour), but these are ignored for the purposes of the discussion. The ion current effect occurs in less than 1 millisecond, so it would affect frequencies of 1000 Hz a lot, frequencies of 10 kHz would be partly affected. The approximate threshold frequency for ion motion is 40 kHz (Warburg Limit). Frequencies of 100 kHz would be unaffected by counter-ion current because the ions have too much inertia to physically move at such a high rate of field alternation.
There is also a practical problem that low frequency electric fields tend to not be able to cross the cell membrane into cells. The cellular biological system is modelled as a “high-pass filter”, where lower frequencies cannot cross the membrane. The lipid bilayer plasma membrane is non-conductive and acts as a capacitor. So to inject a low frequency inside a cell requires either a magnetic field, or an RF carrier that contains a low frequency component. This discussion is of course also relevant to the clinical situation where tissue penetration is required.

In the case of a capacitative coupling device with insulated electrodes, if we apply low frequencies, all the e-field potential falls off suddenly at the electrode interface. For the rest of the depth of the liquid media, the field value is zero. At RF frequencies this problem would not occur, and the field would be uniform. It appears that it is not possible to deliver low frequency e-fields to suspended bacteria in these types of devices. However if a superimposition waveform is applied that incorporates an RF frequency, there is no lower limit to the second superimposed frequency that can be applied (see below).

ADDITIVELY SUPERIMPOSED WAVEFORMS

Additive superimposition is a simple way to combine frequencies. Take sine frequency A and add it on top of sine frequency B. Consider the two frequencies 13 MHz as the “RF carrier” and a low frequency of 100 kHz as the “applied resonant frequency”. Let the two frequencies be of equal amplitude. When we add the waves on top of each other, the result is an interference pattern (See Fig. 6). When we can sketch on paper what happens when we ADD THE WAVES to each other, the result can be described as an “offset modulated” waveform. 
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Fig. 6  Additive superimposition of an RF carrier frequency and a lower frequency wave creates a novel type of “offset modulated” waveform. The RF carrier is forced to undergo alternating offset. This in turn allows it to “carry” low frequency information.

Normally the sine RF wave might oscillate equally 1 V/m above and below the earth or zero potential value. The behaviour of the RF waveform changes somewhat when another low frequency B is additively superimposed.

To understand how superimposition works, consider a capacitative coupling device with liquid media between two parallel electrode plates (see Fig.7). The right electrode is connected to the RF source. The left electrode is connected to a low frequency source. 
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Fig. 7   An offset modulated electric field exists between the electrodes suspended in liquid media

One way to get a charged macromolecular system to mechanically oscillate is to apply superimposed waves using offset modulation using a capacitative coupling cuvette (see Fig. 8).
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Fig. 8   Analysis of forces affected a test charge electron (e-) in the liquid medium in a capacitative coupling cuvette. An RF carrier of 13 MHz is applied to the right electrode. A lower frequency of 100 kHz is applied to the left electrode. For a low frequency of 100 kHz, the integration of forces from time t = 0 to t = 0.1 microseconds is unidirectional toward the left electrode. This corresponds to the peak negative potential at the left electrode. Similarly, the integration of forces 0.5 microseconds later, when the left electrode is at peak positive potential, gives an opposite unidirectional force. Taken together, the test charge will oscillate at 100 kHz.

The influence of the low frequency component forces the RF “carrier wave” to experience an alternating offset pattern. I have coined the term “offset modulation” for this type of additively superimposed waveform.

