DISCUSSION ON MECHANISMS
The current proposal is built on a hypothetical mechanism of resonance in macromolecules, e.g. in bacterial cell walls. The proposed exposure protocols might apply to spring-like motion, damped pendulum motion and other single-frequency resonance phenomena. There are also physical resonance phenomena that have been exploited in other published work. Two examples from the published literature are given here. 
Shashlov reported that in Russian studies, bacteria were killed by resonances near 50 GHz at a low power level of 1 mW/sq cm. 
http://www.rife.org/otherresearch/shashlovreport.html . The apparatus was probably a shallow Petrie dish placed near the mouth of one or two waveguides. The waveform was probably continuous wave. The effective frequency window was very narrow. The author speculated an “acousto-electric” mechanism, i.e. that the EM radiation caused acoustic waves. In my opinion, it may be that the activity of protein assemblies within the plasma membrane, such as “proton-driven pumps” were affected. 
Tsen et al reported that virus were killed by a mechanism involving Impulsive Forward Raman Scattering (IFRS). Viral capsid assemblies were disrupted athermally using 100 femtosecond pulses of visible laser with a repetition rate at 80 MHz. (TK Tsen et al). http://lib.bioinfo.pl/auth:Tsen,KT . In the case of the Tobacco Mosaic Virus, mathematical modelling predicted that the cylindrical packing of capsid components was disrupted. Normal limits to the distance of molecular vibration from the average equilibrium point were increased by the IFRS mechanism. A threshold of input energy was found, suggesting that a certain atypical distance of vibrational movement caused irreparable disruption to the molecular packing geometry. Preliminary studies recently also showed promising success with the HIV virus.
Both of the above methods have a disadvantage that 50 GHz and light frequencies cannot penetrate tissue, whereas RF frequencies will penetrate tissue quite effectively. Both authors argue a transduction of EM radiation to acoustic vibration. This type of mechanism may be different to the mechanism invokes by low frequencies. In the latter case the coupling of the low frequency field to the induced mechanical motion is likely to be direct.
I note here that some useful biological effects might also occur in response to pulsed or Amplitude Modulated RF radiation. For example, there is video evidence that unicellular eukaryotes such as Paramecia, Blepharisma and Blue-green algae have been stunned or killed or induced to apoptosis by the application of square wave AM output from a 27.7 MHz plasma tube device. These experiments were not peer reviewed but the visual evidence is compelling. I speculate that the biological mechanism was a stimulation to release stored calcium from the Endoplasmic Reticulum, which rapidly set up apoptotic effector signalling such as proteolytic cascades and mitochondrial membrane pore transition. The biophysical mechanism may have originated with induced diffusion of Calcium through channels that are normally closed, or by induced opening of Voltage- Dependant ion channels. The effectiveness of the latter AM devices was reported to be enhanced by what I have called “harmonic re-inforcement”. The primary low frequency was combined with its 11th harmonic. The combined waveform was then Amplitude Modulated onto a sine 27.7 MHz carrier, and then firing a gas plasma tube via a conventional impedance matching tuner, with a return path current (see Fig. 14). Interestingly, the waveform is roughly analogous to the suggested outer gating layer in the present proposal.
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Fig. 14  Harmonic re-enforcement scheme

The AM plasma devices (Rife/Bare or R/B devices) typically employ a balun winding incorporated within an MFJ impedance matching tuner. The output of the R/B devices tend to have stronger current in one lead and weaker current in the other lead. It may be that this presence of offset in the output could contribute to the observed biological effects on unicellular eukaryotes. It may be possible to use capacitative coupling cuvette systems to compare to replicated R/B experiments. Parameters such as zero offset, partial unidirectional offset (as above), and alternating offset (superimposition) could be directly compared using the established eukaryote models, modulation frequencies, and harmonic reinforcement schemes. 

In another published study, capacitative coupling from insulated parallel wires was used to deliver IF frequencies from 200 kHz to 300 kHz to cancer cells in vitro and to tumor transplants in mice (Cancer Research 64, 3288). The results showed a significant number of dividing cells with the mitotic spindles aligned in the field direction. This was attributed to dielectrophoresis due to inhomogeneous e-field geometry within the cells. Many of these cells went into mitotic arrest. Tumor growth was significantly inhibited in the mice. It may be that effective delivery of IF frequencies for clinical applications might be achieved using appropriate capacitative coupling designs such as a large parallel plate booth or bed, or for primary tumors using smaller applicator plates, or a combination of one small plate and one earthed lower bed plate or waterbed as used in the Oncotherm design (see Fig. ) (See Appendix for more details ). The application of 200 kHz– 300 kHz using a superimposition scheme with a higher frequency carrier (compared to the use of a single frequency) may be worthy of investigation.
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Fig. 15  Suggested clinical capacitative coupling devices. The Oncotherm device uses an earthed water bed. The treated area is a conical shape.

The differences between offset modulation, AM, pulse modulation and the Hoyland Beam Rays heterodyning scheme are illustrated in Fig. 16.
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Fig. 16  The difference between various waveforms as seen on an oscilloscope.

While acoustic transduction, ion manipulation and dielectrophoresis are acknowledged as promising modalities for research and clinical applications, it may be that other mechanisms can also be exploited, such as the mechanical induction hypothesis in the current proposal.
The type of macromolecular structures that might be influenced by radiofrequency, intermediate frequency (IF), or audio frequency might be relatively large, and might require significant net electrical charge. On the other hand, it is known that many enzyme systems process molecules of substrate at audio and IF frequencies (known as the “turnover rate”). Some studies have demonstrated that enzyme activity was enhanced by applying alternating electric fields at or close to the natural turnover rate of an enzyme system (Electro-Conformational Coupling). Similarly, ion channels and proton-driven pumps in the plasma membranes of bacteria might also be affected by specific frequencies of alternating electric fields.
AUTHORS COMMENTS ON THE EVOLUTION OF RIFE PLASMA DESIGNS
In the above sections I described how a plasma tube can be used to mix two frequencies to achieve additive superimposition of the two waves to generate a novel modulation which I call “offset modulation”. Over the last 20 years, nearly all the modern Rife plasma tube devices have used a different principle of Amplitude Modulation (AM). An audio square wave was used to AM modulate (or pulse modulate) an RF carrier, usually 27.7 MHz. This approach was based on misinformation from one of Rife’s collaborators. None of these AM devices has been able to kill prokaryotes (true bacteria). However some encouraging results were achieved in killing single celled eukaryotes as mentioned earlier. In 2007-2008 a Canadian Rife Research group made some breakthroughs in interpretation of archival photographs of Rife’s equipment. Rife’s early designs used off-the-shelf Kennedy regenerative circuits as variable stable sine wave oscillators. Two Kennedy oscillators are shown together with a bank of 5 triodes as 5 successive stages of amplification. One of the plasma tube electrodes was probably connected to earth. It is thought that the output wires from two Kennedy oscillators could be joined together prior to the 5-stage amplifier. This would give additive superimposition. There is some disagreement about whether Rife used single frequencies (without an RF carrier) for much of his work. My opinion is that earlier research was done with single frequencies, and later the use of the superimposed RF carrier was incorporated for all bacteria exposures. In some cases two lower frequencies were simultaneously added to the RF carrier. Some of the quotes from Rife support this interpretation. However he tended to confuse the wording, sometimes using “amplitude modulation” instead of “modulation”, and sometimes “superregenerative” instead of “regenerative”. In the 1940’s Rife found partners who developed AM designs. This might also contribute to the confusion.
Around 1934 Rife commissioned Phillip Hoyland to modernise his plasma devices using newer types of power oscillators (using two Hartley oscillators, each with single final valves). The first of these designs (Hoyland Research model or Mk I) had many banks of different tuned circuits to allow a wide selection of frequencies. The second design (Hoyland Clinical model or Mk II) only retained a few banks considered to be useful for clinical exposures. These were used by Dr Millbank Johnson and others. In my opinion the operating principle was to fire a lower frequency into the left electrode and an RF carrier into the right electrode. However the archival information on these designs is incomplete. The third design was produced in 1936-37 (Beam Rays Instrument, or Mk III). We have very good archival evidence and schematics for this design, which was re-engineered recently. The construction is relatively simple, with two power oscillators plus one gating oscillator. The re-engineered versions use 14 kHz square wave gating with 50% duty cycle driven by a solid state circuit. No impedance matching circuitry was required. See http://rife.org/john%20marsh/rifeinstrumenthistory.pdf 

The Beam Rays (Mk III) design used a completely new operating principle, which Rife objected to. Rife used the term “Mortal Oscillatory Rate”, or MOR, for any natural resonant frequency which could stun or kill bacteria, or cause them to alter their morphology. Normally Rife applied the MOR as a single frequency, or in combination with a superimposed RF carrier. Instead, the Beam Rays device exploited the principle of heterodyning. When two frequencies F1 and F2 exist together, new heterodyned frequencies F3 (the”difference frequency”) and F4 (“the sum frequency”) are also produced. Hoyland used a fixed carrier at approx. 4.65 MHz to fire the left electrode. The right electrode was fired with a variable RF frequency which was slightly lower. A difference heterodyned frequency F3 was also produced. Hoyland’s innovation was to select a value for the variable RF frequency such that the device would produce any desired low frequency MOR as a difference frequency F3. To produce an MOR of 100 kHz, Hoyland could combine the fixed carrier with a carefully tuned variable frequency. The difference frequency F3 here is 100 kHz. It is unclear whether this design was ever tested with bacteria or on patients. Some testing was referred to in the archives, but I suspect that this was spectrum analysis testing to find the correct new dial setting and to ensure that the new difference heterodyned frequencies were closely matched to known MORs measured off the earlier devices. 
An analysis of the waveform produced as two nearby frequencies undergo interference shows a sinusoidal envelope waveform that looks similar in many ways to an AM envelope (see Fig. 17). 
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Fig. 17  Hoyland Beam Rays innovation uses two nearby RF carriers to produce an interference pattern. The waveform probably has similar biological effects to Amplitude Modulated RF.

The signal amplitude is zero at the point of destructive interference. The amplitude is at its maximum when there is fully constructive interference. The influence of this type of waveform on a test charge would be similar to AM in the sense that the alternation of e-field is very rapid. If you integrate over a period of time, the forces sum to zero. A large macromolecular system with a low frequency resonance  might not be affected. However the acousto-electrical phenomena seen with other AM or pulse modulated waveforms might occur. The main point emphasised here is that the Beam Rays (Mk III) scheme is NOT an additive superimposition scheme.

It may be possible to modify the Beam Rays circuit by using a lower frequency oscillator at the left electrode. Assuming it could be made to operate with available valves without the need for impedance matching, the modified circuit could be a useful research tool in parallel studies comparing to capacitative coupling devices. A great practical disadvantage of plasma tube devices is that they cause radiofrequency interference and would require shielded rooms to operate legally. Because they put out many different frequencies across the spectrum, their output is different to simpler “two frequency” schemes. However it may be that the presence of multiple harmonics is useful to make the delivery of applied resonant frequencies more effective.

APPENDIX A 

ONCOTHERM DEVICE

A variant design for RF diathermy has been used in Europe (www.oncotherm.de). The Oncotherm device delivers pulse modulated 13.56 MHz e-fields in a capacitative coupling output, e.g. using one small applicator on the abdomen and an earthed waterbed below. (Other Oncotherm designs include whole-body treatment and catheter applicator designs). One rationale of pulsing in diathermy protocols is to allow delivery of higher peak e-field values while keeping average thermal load within tolerable levels. The small plate and bed apparatus delivers a conical section of treated tissue from the small applicator plate to an earthed waterbed. Prof. Andras Szasz claims that thermal deposition in tumors is higher than for normal tissue. He claims that aside from thermal load, there is an effect on osmotic pressure across the membrane (which probably fluctuates with the pulse repetition rate). He argues that ideally the best therapeutic outcome is to avoid upregulation of cytoplasmic HSP70, which in some studies induces drug resistance and transiently inhibits apoptosis. This might be achieved by only allowing mild bulk heating. He argues that a superior immunogenic outcome would involve cell surface expression of HSPs as opposed to cytoplasmic expression. However no evidence is offered in support of the latter claims. The protocol at the Gisund Klinik in Vienna uses combined chemotherapy and Oncotherm exposure. 
The emphasis of the method of Dr John Holt in Australia, on the other hand, is to use microwave diathermy as an adjunct treatment immediately prior to X-ray exposure to enhance the cellular response to X-ray therapy in cancer cells. It may be that the innovation of pulsed diathermy could be investigated in the latter context. It is well established that cancer cell killing is initiated at 43 degrees C; However Holt claimed that some of the effects of microwave were athermal effects. There is some evidence to support Holt’s hypothesis from recent in vitro studies. Caraglia et al reported increased rates of apoptosis in cultured epidermoid cells after athermal microwave exposure (Journal of Cellular Physiology (2005)  204 (2) 539 - 548). 
