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Readers of the paper “Should Newton’s Laws be Questioned?” (a title selected by the Editors of the Journal) must have been frustrated by the presentation of results, rather than an explanation of the operational details of Dup-Drive “Model No. 47”. Susan Custers noted in the Editorial “10 Years On!” that the average reader wants “short sharp bites (bytes) of information …”, rather than lengthy papers. Readers reacted with a request for the finest detail, which is understandable, given the controversial nature of this propulsion mechanism. It should also be noted that we are attempting to find an explanation within the Laws of Newton – it is not possible to prove Newton wrong, since one will have to use non-existent laws outside Newton to do so! A number of readers have reacted: Prof. Wikus van Niekerk (Mechanical Engineering, US) raised questions about (i) the reliability of the KENTRON load cell tests (is the measuring equipment missing pulses?), (ii) an aerodynamical effect and (iii) the elasticity of the collisions. Bernard Lessing analysed the friction between the wheels and surface, given such unequal pulses. Reader James C. Giglio from Wheaton, Maryland (USA) referred us to the test proposed by the well-known Science Fiction writer Jerry Pournelle (see http://www.jerrypournelle.com/science/dean.html):

“If anyone does have a candidate device for producing reactionless acceleration -- that is, linear acceleration without throwing mass overboard and without reacting with a medium such as air or water -- the first test is to suspend it on two wires attached so that the plane of the two wires is normal to the direction of thrust-- that is, make a swing and put your gadget on it facing in the normal direction of travel of the swing. Now turn it on. If it will hang non-vertically, get interested. Now cover it with a plastic garbage bag and see if it will still hang non-vertically. If it will still do so, turn it off, and if it settles to a vertical angle, and you can do this repeatedly, and it hasn't lost any mass during the experiments, call your local physics professor. Or call me. I'll take care of notifying the Swedish Academy. But until it will do that, I don't need to look at it…”


Now this is a challenge! Rather than attempting to defend the results of Paper I in detail, the Inventor decided to build a bigger and better Dup-Drive, now called “Model 48”. Eventually all questions should be answered, but the results for Model 48 are quite interesting, as presented below. In the rundown of results, we will attempt to give some explanations, as space allows:

Testing Model 48 on KENTRON’s High Bandwidth Load Cells

Model 47 had a total mass of 2.55 kg, whereas the total mass of Model 48 is 3.68 kg. Its 0.5 kg perspex master cylinder (the piston movement with 28 cm maximum stroke length on the inside can now be seen on video) has an inner diameter of 3 cm, which is double that of Model 47. The new piston mass is 1.0 kg. The working is the same as for Model 47, except that the collision of the master cylinder at the car front stopper is via elastic rubber (to conserve energy), rather than O-rings (for which some energy may be lost). Pressure is again regulated between the front and back of the piston via a 5-port, 2-way valve, which results in a forced simple harmonic motion for the master cylinder, whereas the slave cylinder (Figure 1 of Paper I) again provides attraction between the car and master cylinder at critical times, but decoupled from the car at other times of the total cycle of oscillation.


KENTRON was once again contracted to measure the force versus time (as discussed in Paper I). The only collision on the car is between the master cylinder and front stopper, as shown at high resolution in Figure 1 of this paper. Note the repeatability between collisions and differences between Models 47 and 48. The latter model is much more powerful, given the new parameters. The full time history is shown in Figure 2. The much smaller negative forces are the result of frictional forces between the forced harmonic oscillator (master cylinder) and the car, the slow (compared to the bandwidth of the load cell) reaction force of the slave cylinder and the switching effects from the internal 5-port, 2-way valve (which also obeys Newton’s Laws!). Whereas Model 47 (as shown on Carte Blanche) measured a net force around 1 N, Model 48 now measures a net force of about 4.1 N – about four times larger (derived from the graph of impulse vs. time for several oscillations shown in Figure 2). 
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Figure 1: The “sharp” collisions redrawn for Model 47 (from Paper I) at a resolution of 0.00025 s, showing in fact a smooth single well-resolved broad peak (duration 0.02 s) and the corresponding collision for the new Model 48 (this Paper) at a resolution of 0.001 s. Two independent collisions per Model are shown to demonstrate consistency between collisions. Model 48 reveals two pulses per collision. 
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Model 48 as a Pendulum – Jerry Pournelle’s Test


Pournelle’s prescription is perfectly correct: In Physics terms this means that we are isolating the system and measuring a net force. What should we expect from the Dup-Drive, if suspended from vertical wire(s)? Assuming that the KENTRON results are correct, we can simulate the expected displacement vs. time for Model 48, assuming that it is attached to four parallel vertical wires (one at each corner.) The advantage of this approach is that the shifting of the piston and/or master cylinder on the base of the car, i.e. the center-of-mass (CoM), does not significantly change the rest position of the car with respect to a marker (our ruler) on the ground. The reason for this is because the tension in the two wires at the front (say T1 – measured in newtons) will change with respect to the tension (say T2) in the two wires suspended to the back of the car. If there is a net force from the Dup-Drive, its time averaged value <FDUP> should equal 2(T1+T2)sin((), whereas the weight W=Mg of the body (with total mass M=3.68 kg) is given by W=2(T1+T2)cos((), with T1 and T2 changing continuously to compensate for the change in center of mass due to the oscillating components. We do not need to know these two tensions individually, since the steady state equation for outswing reduces to <FDUP>=W tan((). Since the expected horizontal displacement x from the rest position (wires at vertical position – independent of the position of the CoM, as discussed above) is small relative to the length L (=4 meter) of each wire (i.e. sin(()(tan(()(((x/L), the general time-dependent equation of motion is given by 

Md2x/dt2 ( FDUP(t) – Mg x/L –2 a M (g/L)½ dx/dt


(1)

The numerical solution of this second order differential equation for a time dependent Dup-Drive force FDUP(t) (assuming the KENTRON measurements as input), restoring force – Mg x/L due to gravity and pendulum damping force proportional to the velocity dx/dt (depending on the constant a) is simple. Both the measured force FDUP(t) and expected displacement x (for a=0.3) versus time are shown in Figure 2. We see that each force spike (as shown in Figure 1) is followed by a positive displacement. The displacement is smooth due to the restoring gravity force. The effect of pendulum damping is also seen – most notably when the energy source is switched off, resulting in a damped oscillation to zero. 


The Dup-Drive was then suspended from four such 4 meter (parallel) wires, with the high pressure pipe (as energy source) also suspended vertically from the 4 meter roof, but hanging at the back side of the Dup-Drive. The high-pressure pipe terminates with a pressure regulator (which can swivel), from which a 0.5meter (5mm diameter) high-pressure pipe enters the Dup-Drive. This pipe does not offer any measurable resistance to the pendulum. The air from the master cylinder is vented vertically downwards, whereas air from the slave cylinder is vented towards the front. The air thrust alone, even at maximum pressure, does not result in an observable displacement to any side (see also Paper I). The observed change in the zero position was much less than 1 cm when shifting the CoM to opposite extreme positions (consistent with our theoretical argument above). The horizontal displacement of the Dup-Drive (and its oscillating units) was recorded with a digital camera at a 0.0833 s resolution per frame. The Dup-Drive was switched on – starting from the zero position, with displacement versus time shown in Figure 3. It was switched off after 40 seconds, resulting in a return to zero, with consequent pendulum damping as predicted by Figure 2. Note that the displacement is almost always positive, but the amplitude thereof is about 5 times smaller than predicted from the KENTRON results, which may be explained as a “fall-back” effect, i.e. the (low-mass) base of the car and master cylinder move differently relative to each other compared to the “infinite mass” case implied by the KENTRON setup. If this “fall-back” (which can be seen from Figure 5) effect offers the correct explanation, practical application would require a large mass ratio between the car and piston/cylinder, or, multiple such drives operated with phase shifts. 


The power spectrum (Fourier power versus frequency) calculated from the first 40 seconds in Figure 3 is shown in Figure 4, showing the steady f=0.835 Hz fundamental frequency (the oscillation frequency of the Dup-Drive), as well as power at low frequencies due to the 4 meter pendulum swing, modulated by damping. Epoch folding the 40 s data stream at this 0.835 Hz frequency results in the average pulse profile (Figure 5) for the entire system (marked (1)), the position of the master cylinder relative to the car (marked (2)) and the position of the piston relative to the master cylinder (marked (3)). Note that the average pendulum displacement is always positive. Splitting the data into two 20 s intervals give exactly the same result with respect to phase and amplitude. It is clear that the CoM oscillated consistently around a new position, about 10 cm displaced from the rest position.

Conclusions

Unfortunately space does not allow us to explain the full working in detail, but the question is: Should we call Jerry Pournelle? Maybe not yet – at least not until we have replaced the pneumatic system with an electromagnetic system, so that one can seal a garbage bag over it. If we do the latter with the present system, we have to make a hole somewhere to let the air escape. Where should the hole be to satisfy the Scientist/Engineer (front, top, side, bottom or diffuse holes all around the bag?)
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Figure 5: (1) Displacement of Dup-Drive relative to the rest position; (2) Displacement of the master cylinder relative to the car; (3) Displacement of the piston relative to the master cylinder. All results averaged over 33 oscillations, with gaussian errors at the 67% level (employing the Central Limit Theorem.)

Figure 2: (1) The measured load cell (KENTRON) force in newtons (divided by 10); (2) The impulse (time integrated force in N.s); (3) Calculated horizontal pendulum displacement for a 4 meter wire from the given equation of motion – see text.








Figure 3: Observed displacement of the Dup-Drive with time (see text for details) – courtesy INTECH Services, Klerksdorp.








Figure 4: Power spectrum calculated from Figure 3, with FDUP and FP indicating respectively the 0.835 Hz Dup-Drive frequency and pendulum oscillation.








