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Abstract. We present a derivation of the equation describing the current flow in a circuit with self-inductance based on Newton’s second law plus the Weber force or, alternatively, plus the Lorentz or Li´enard–Schwarzschild force. In Weber’s approach the self-inductance can be treated as a measure of the effective average inertial mass of the conduction electrons.



Resumo. Apresentamos uma deriva¸ca˜ o da equa¸ca˜ o descrevendo o fluxo de corrente num circuito contendo auto-indutˆancia a partir da segunda lei de Newton mais a for¸ca de Weber ou, alternativamente, mais a for¸ca de Lorentz ou de Li´enard–Schwarzschild. No enfoque de Weber a auto-indutˆancia pode ser tratada como uma medida da massa inercial m´edia efetiva dos el´etrons de condu¸ca˜ o.



1. Introduction



Essentially we will derive the current equation from a microscopic theory of conduction. We begin by deriving Ohm’s law V = RI or JE = g EE for steady currents. Here JE is the volume current density, g is the conductivity of the wire and EE is the applied electric field. We consider a thin wire of total length ` and uniform cross section of area A with √ A  `, made of a homogeneous material. That these two forms of Ohm’s law are equivalent to one another is a well known fact [2]. To prove the equivalence we ˆ where `ˆ is the unit need to utilize EE = E `ˆ and JE = J `, vector parallel to the circuit in each point. We also need to utilize the fact that



The equation describing the flow of current in an electric circuit containing self-inductance L and resistance R in series and subject to an applied electromotive force V (t) satisfies the equation L



dI + RI = V (t), dt



(1)



where I = dQ/dt is the current. This equation is identical in form (with I being replaced by v = dx/dt) to Newton’s second law when a mass m is subject to a damping force −bv proportional to its velocity, b being the constant of friction, and to an external applied force F (t): m



d2 x dx +b = F (t). dt 2 dt



(2)



In this work we show that this identity in form is not a coincidence. As a matter of fact, we show how to derive equation (1) from Newton’s second law of motion applied to the conduction electrons. The main difficulty is how to derive the self-inductance of the circuit which is known to have no relation with the electron’s mass but only with the geometry of the circuit. To this end we can employ the Weber force ([1]) or, alternatively, the Lorentz force in the Li´enard–Schwarzschild form. † E-mail address: [email protected] ‡ Also Collaborating Professor at the Department of Applied
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V = E`,



(3)



I = J A = ρAv,



(4)



and R = `/gA. In equation (4) ρ (and ρ− = −ρ) is the positive (and negative) volume charge density of the neutral wire. Ohm’s law is easily derived from Newton’s second law FE = mE a applied to an electron of mass m = 9.1×10−31 kg, [3]. To this end we only need to suppose an electric force q EE due to the battery or applied electromotive force EMF and an average frictional force −bE v due to the collisions of the electron with the lattice of the wire. We then obtain q EE − bE v = mE a. As q = −e, with e = 1.6 × 10−19 C, JE = J `ˆ = ρ− vE = −ρ vE, vE = −v `ˆ and aE = −a `ˆ this yields eE = bv + ma.
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We recover Ohm’s law from equation (5) in steady state (a = 0) supposing b=



eρA eρ = R. g `



(6)



If we were dealing with a current flowing longitudinally over a surface of length ` across the uniform side s the same reasoning might be applied by replacing I = Ks = σ vs,



(7)



eσ s R, `



(8)



and b=



where KE = σ− vE = −σ vE is the surface charge density (σ and σ− = −σ being the positive and negative surface charge densities of the neutral wire). The development presented up to here is not a new one and can be found in many textbooks. However, all microscopic theories of conduction stop here. We might now try to derive equation (1) considering (5) with the acceleration term and a time-dependent electromotive force V (t). From (4) we can write dI = ρAa. dt



(9)



In equation (5) multiplied by `/e this yields, with (3), (4), (6) and (9), V (t) = RI +



m` dI . eρA dt



(10)



This would be equation (1) provided L = m`/(eρA). However, the self-inductance L is known to be independent of the electron’s mass m and to depend only on the geometry of the circuit. Moreover, for a typical copper wire of length ` = √ 1 m and 1 mm diameter we have L ≈ (µ0 `/2π)ln(`/ A) ≈ 10−6 H, while m`/(eρA) ≈ 10−16 H as ρ ≈ 1010 C m−3 . There is apparently a problem with this derivation of the current equation from Newton’s second law of motion as the value of L and of m`/(eρA) differ by ten orders of magnitude. In the next sections we show how to deal with this problem, considering appropriately all the relevant forces acting on the conduction electrons. This is the main contribution of this work. 2. Circuit theory from Weber’s force We now consider the same problem as above but taking into account all forces acting on the conduction electrons. We have already considered the force due to the battery or applied electromotive force V (t) and the frictional force due to the collisions of the electrons with the wire. However, we did not include the electromagnetic force exerted by the positive lattice on our test electron, nor the force exerted by all other conduction electrons on our test electron.



In Weber electrodynamics the force exerted by the infinitesimal charge dq2 on q1 is given by ([1], chapter 3):   q1 dq2 rˆ r r¨ r˙ 2 q1 q2 rˆ dFE = + 1 − = 4π ε0 r 2 2c2 c2 4π ε0 r 2    1 3 × 1 + 2 vE12 · vE12 − (ˆr · vE12 )2 + rE · aE12 , c 2 (11) where ε0 = 8.85 × 10−12 C2 N−1 m−2 is the permittivity of vacuum, c = 3 × 108 m s−1 , rE = rE1 − rE2 , vE12 = dEr /dt = vE1 − vE2 , aE12 = d2 rE/dt 2 = aE1 − aE2 , r = |Er |, r˙ = dr/dt, r¨ = d2 r/dt 2 and rˆ = rE/r is the unit vector pointing from 2 to 1. This force is completely relational, depending only on the distance, radial velocity and radial acceleration between the interacting charges. As we are considering neutral conductors, the Coulombian contribution of this force exerted by the positive lattice and by all other conduction electrons on the test electron goes to zero. The typical velocity of the electrons is their drifting velocity, of the order of millimetres per second. This means that we can neglect the velocity terms of equation (11) as they will be of second order in v/c, that is, v 2 /c2 ≈ 10−22  1. The only relevant terms which will remain are the acceleration terms. For slowly varying currents we can consider that all electrons are accelerated together. This means that on average r˙ = 0 and r¨ = for any pair of electrons. So the only Weberian force which we still need to consider is the force exerted by the positive stationary lattice on the accelerated test electron. This force is obtained from equation (11) and can be put in the form (utilizing that 1/ε0 c2 = µ0 , where µ0 = 4π × 10−7 kg m C−2 ): µ0 q1 dq2 rˆ (ˆr · aE1 ). (12) 4π r We will calculate this force acting on a typical conduction electron in four different situations represented in figures 1–4. The typical or representative test electron on which we will calculate the force will always be considered in the middle of the circuit. In figure 1 we choose a cylindrical coordinate system with its origin at the centre of the straight wire with radius r and with the z-axis along the length ` of the wire. The test electron q1 = −e is considered to be at the origin, rE1 = 0, with axial acceleration aE = a zˆ . An infinitesimal charge element dq2 of the lattice is located at rE2 = r2 cos ϕ2 xˆ +r2 sin ϕ2 yˆ +z2 zˆ . Substituting ρ dV2 = ρr2 dϕ2 dr2 dz2 for dq2 in equation (12) and integrating in ϕ2 from 0 to 2π, in r2 from 0 to the radius r of the wire and in z2 from −`/2 to `/2 yields  r µ0 eρ `2 FE = ` r2 + 4 4 p  2 + `2 /4 + `/2 `2 r − −r 2 ln p aE . (13) 2 r 2 + `2 /4 − `/2 dFE =
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Figure 1. The uniform volume current density JE = J zˆ flowing over the cross section of a cylindrical wire of length ` and radius r  `.



Figure 2. The uniform surface current density KE = K zˆ flowing over the surface of a straight strip of length ` and side d  `.



Figure 3. The uniform surface current density KE = K zˆ flowing longitudinally over the surface of a cylindrical conductor of length ` and radius r  `.



Figure 4. The uniform surface current density KE = K ϕˆ flowing along the poloidal direction ϕˆ over the surface of a cylindrical conductor of length ` and radius r  `.



For `  r this yields   µ0 eρr 2 ` FE = − ln aE . 2 r



(14)



For the situation of figures 2–4 we have a bidimensional current flowing over a surface. We then replace in equation (12) σ ds2 for dq2 , where ds2 represents an infinitesimal element of area. In figure 2 we choose a Cartesian coordinate system with its origin at the centre of the circuit with the x-axis



243 along the greatest side ` and with the y-axis along the shortest side d. The test electron is located at rE1 = 0 with acceleration aE = a zˆ . An infinitesimal element ˆ of charge of the lattice is located at rE2 = x2 xˆ + y2 y. Integrating equation (12) in y2 from −d/2 to d/2, and in x2 from −`/2 to `/2 yields, in the approximation `  d,   ` µ0 eσ d ln aE . (15) FE = − 2π d In figures 3 and 4 we choose a cylindrical coordinate system with its origin at the centre of the cylinder and with the z-axis along the length ` of the cylinder of ˆ An radius r. The test electron is chosen at rE1 = r x. element of charge of the lattice dq2 = ρr2 dϕ2 dz2 is located at rE2 = r cos ϕ2 xˆ + r sin ϕ2 yˆ + z2 zˆ . For the case of figure 3 the axial acceleration of the conduction electrons is given by aE = a zˆ . Integrating equation (12) in ϕ2 from 0 to 2π and in z2 from −`/2 to `/2 and utilizing `  r yields   ` aE . (16) FE = − µ0 eσ r ln r For the case of figure 4 we integrate equation (12) in the same limits and utilize the same approximation. But now the electrons have tangential accelerations given by aE = a ϕˆ = −a sin ϕ xˆ + a cos ϕ y. ˆ This means that the tangential acceleration of our test electron located ˆ ϕ = 0 is then given by aE = a y. ˆ The final at rE1 = r x, result of the integration is  µ 0 eσ r aE . (17) FE = − 2 We can write equations (14)–(17) as FE = mW aE ,



(18)



where mW is a Weberian electromagnetic mass having a different value in each geometry. For figure 1 we have mW = −(µ0 eρr 2 ln(`/r))/2, for figure 2 we have mW = −(µ0 eσ d ln(`/d))/(2π ), for figure 3 we have mW = −µ0 eσ r ln(`/r) while for figure 4 we have mW = −(µ0 eσ r)/2. Newton’s second law taking into account an applied E electric field E(t) (which will give rise to the applied EMF V (t)), the frictional force −bE v (which will give rise to Ohm’s resistive term RI ) and the Weber force E − in the form of equations (12) and (18) yields q E(t) a . Considering q = −e and all vectorial bE v + mW aE = mE terms parallel at each point to the unit direction `ˆ of ˆ vE = −v `ˆ and aE = −a `) ˆ yields an the wire (EE = E `, analogous equation (5), namely eE(t) = bv + (m − mW )a = bv + meff a,



(19)



where meff = m − mW is the effective inertial mass of the electron. For typical copper wires like those of figures 1–4 with ` ≈ 1 m and r ≈ 1 mm or d ≈ 1 mm we have |mW | ≈ 10−20 kg. As m = 9 × 10−31 kg we have |mW |  m, so that meff ≈ −mW . This means that we can neglect the usual mass of the electron in this
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problem. Multiplying this equation by `/e and utilizing equations (3)–(9) yields (10) but now with meff replacing m: meff ` dI V (t) = RI + . (20) eρA dt However, this is indeed equation (1) observing that the self-inductance of the circuits of figures 1 and 3 with `  r is given approximately by ([4], p 35): µ0 ` ` ln . 2π r For figure 2 with `  d we have ([5]) L≈



` µ0 ` ln . 2π d while for figure 4 with `  r we have L≈



(21)



(22)



µ0 πr 2 . (23) ` That is, we derived the equation describing the flow of current in a RL circuit from Newton’s second law of motion together with the Weber force. The selfinductance L has been shown to be directly proportional to the Weberian or effective inertial mass of the electron, namely L≈



meff = eρ



A L, `



(24)



for a circuit of length ` and area of cross section A  `2 . For figure 1 we had A = πr 2 . For a current flowing along the length ` of a surface with side s we obtained s meff = eσ L. (25) ` For figure 2 we had s = d, for figure 3 we had s = 2πr while for figure 4 the tangential current flowed over the length 2πr crossing the side s = `. We can then say that the self-inductance of a circuit can be treated as a measure of the average effective inertial mass of the conduction electrons. 3. Circuit theory from the ´ Lienard–Schwarzschild force We now perform the same calculations as above but E This utilizing the Lorentz force FE = q EE + q vE × B. force does not depend on the acceleration of the test charge q. From the analysis in the previous section we might imagine that we would not be able to derive the self-induction due to this fact (we could only derive it from Weber electrodynamics utilizing the fact that the Weber force depends on the acceleration of the test charge). As a matter of fact we will see that even with the Lorentz force we will derive the same term. In the Lorentz force vE is the velocity of the test charge q relative to an inertial frame of reference, EE and BE are the electric and magnetic fields generated by the source charges. These fields can be written in terms of



the retarded scalar potential φ and the retarded vector E We can also utilize the Li´enard–Wiechert potential A. potentials. Expanding the retarded time tr = t − r/c around the present time t, including radiation effects and relativistic corrections, yields the force exerted by the infinitesimal charge element dq2 localized at rE2 (t) on the point charge q1 localized at rE1 (t) as ([6–8]):     dq2 1 vE2 · vE2 (ˆr · vE2 )2 rE · aE dFE = q1 r ˆ 1 + − − 4π ε0 r 2 2c2 c2 2c2    r aE2 dq2 1 vE2 × rˆ − 2 + q1 vE1 × . (26) 2c 4π ε0 r 2 c2 This force is the correct relativistic expression valid up to second order in v/c. All terms on the right-hand side of equation (26) are to be calculated and measured at the present time t. As with the Weber force, the Coulombian component of this force can be neglected due to the charge neutrality of the wire. The components of this force depending on the velocity can also be neglected as they are of second order in v/c. The only relevant terms which will remain are the acceleration terms of the form µ0 q1 dq2 1 (27) [(ˆr · aE2 )ˆr + aE2 ]. dFE = − 8π r We perform the same calculations as above in the situations of figures 1–4. As the positive ions are fixed in the lattice, they do not have any acceleration, aE2+ = 0. This means that their net force (27) on the test electron is zero, in contrast to what happened with the Weber force. We only need to compute the force exerted on the test electron by all other conduction electrons. With the Weber force this was zero because r˙ = 0 and r¨ = 0 for any two electrons, but the Lorentz force depends only on the acceleration of the test charge aE2 and not on aE1 − aE2 . This means that the acceleration of all other conduction electrons will yield a net force on the test electron according to the Lorentz force even when this test electron is being accelerated together with all other electrons, as we are considering here for slowly varying currents. For figures 1–4 we will replace in equation (27) ρ− dV2 = −ρ dV2 or σ− ds2 = −σ ds2 for dq2 , where dV2 and ds2 are volume or area elements, respectively. For figures 1–3 we have aE2 = a2 zˆ , while for figure 4 ˆ Utilizing the aE2 = a2 ϕˆ2 = −a2 sin ϕ2 xˆ + a2 cos ϕ2 y. same coordinate systems as in the previous section and integrating for the same limits, equation (27) yields, for figure 1 ! p r 2 + `2 /4 + `/2 µ0 2 E . (28) F = − eρr aE2 ln 2 r For `  r this yields   ` µ0 eρr 2 ln aE2 . (29) FE = − 2 r For figures 2 and 3 we get (with `  d and `  r, respectively):   ` µ0 eσ d ln aE2 , (30) FE = − 2π d



Circuit theory in Weber electrodynamics   ` FE = − µ0 eσ r ln aE2 . r



(31)



For the case of figure 4 with `  r we get:  µ 0 ˆ (32) eσ r a2 y. FE = − 2 It should be observed that the acceleration which appears in equations (29)–(32) is that of the source electrons and not that of the test electron. But for the slowly varying currents being considered here, the test electron is supposed to have the same magnitude of acceleration as the source ones. In the situations of figures 1–3 the acceleration of the test electron is aE = a2 zˆ . In figure 4 its tangential acceleration is ˆ as ϕ1 = 0 because we are supposing rE1 = r x. ˆ aE = a2 y, We can then write equations (29)–(32) as equation (18). This means that we will also derive (1) from the Lorentz or Li´enard–Schwarzschild force. 4. Discussion and conclusions We have shown before that in Weber electrodynamics a test charge behaves as having an effective inertial mass depending on its electrostatic potential energy [9, 10]. Let us discuss this relation for the cases discussed in this paper. We consider the electrostatic potential energy dU between point charge q1 and an infinitesimal charge element dq2 separated by a distance r as given by dU =



q1 dq2 1 . 4πε0 r



(33)



Considering q1 = −e = −1.6×10−19 C, dq2 = ρ dV2 or dq2 = σ ds2 being an element of positive charge in the lattice and integrating this energy for the test electron interacting with the stationary lattice with the previous approximations and locations of the test electron yields U = mW c2 ,



(34)



for the situations of figures 1–3 and ` (35) U = 2 ln mW c2 , r for the situation of figure 4, with the appropriate Weberian mass obtained above for each figure. We can then say once more that the order of magnitude of the Weberian mass mW is usually U/c2 . Comparing figures 3 and 4 we find that, for the same electron, when we try to accelerate it in the radial direction we get mW = U c2 , while when we try to accelerate it tangengially in the poloidal direction we find mW = U/(c2 2 ln(`/r)). This anisotropy in the effective inertial mass of a test charge had already been noticed before [1, 10]. That is, mW behaves like a tensor and not like a scalar quantity. We were able to derive equation (1) with the Weber and Lorentz forces, although with a completely different interpretation. According to Weber electrodynamics, when we accelerate electrons relative to the lattice there is no average force of one electron on any



245 other. However, the positive lattice exerts a force on the conduction electrons opposing their acceleration, see equation (18), remembering that in the situations analysed in this work we obtained mW < 0. That is, when an external applied EMF tries to accelerate the conduction electrons in one direction the positive lattice tries to hold them according to Weber electrodynamics. With the Lorentz or Li´enard–Schwarzschild force the explanation for the same effect is completely different. Now according to equation (27) the positive lattice exerts no force on the conduction electrons (no matter their acceleration) because the lattice is considered at rest in the laboratory, which means aE2+ = 0. On the other hand, all other accelerated conduction electrons will exert a force on our test electron (no matter what its acceleration aE1 ) in the opposite direction of their own acceleration, as also given by equation (18). That is, suppose we have two electrons 1 and 2 along the x-axis with x1 < x2 . When we accelerate 2 to the right with an acceleration a2 due to an external force, q2 will exert an electric force on q1 pointing to the left and proportional to a2 , no matter the acceleration of q1 . According to Li´enard–Schwarzschild’s expression, this electric force will act on q1 even when a1 = a2 . That the Weber and Li´enard–Schwarzschild forces are different from one another is easily seen by comparing equations (11) and (26), or (12) and (27). Even the integrated result is different, as can be seen by comparing equations (13) and (28). However, the average approximate result obtained here is essentially the same for both models, namely, equation (18). For the situations analysed in this work these two completely opposite explanations yield the same final result, equation (1). This means that they cannot be distinguished here. Possible experimental tests of a force law depending on the acceleration of the test charge have been published elsewhere, [11, 12]. Only after performing experiments of this kind can we decide which one of these explanations for the self-inductance L is the most suitable one. In any case, the Weberian interpretation presented here for the self-inductance as a measure of the effective inertial mass of the conduction electrons by L = `meff /(eρA) offers a new insight to the microscopic theory of conduction. References [1] Assis A K T 1994 Weber’s Electrodynamics (Dordrecht: Kluwer) [2] Heald M A and Marion J B 1995 Classical Electromagnetic Radiation 3rd edn (Fort Worth: Saunders) p 41, problem 1–34 [3] Reitz J R, Milford F J and Christy R W 1980 Foundations of Electromagnetic Theory 3rd edn (Reading, MA: Addison-Wesley) section 7.7 [4] Grover F W 1946 Inductance Calculations—Working Formulas and Tables (New York: Van Nostrand) p 35 [5] Bueno M A and Assis A K T 1995 A new method for inductance calculations J. Phys. D: Appl. Phys. 28 1802–6



246



A K T Assis



[6] O’Rahilly A 1965 Electromagnetic Theory—A Critical Examination of Fundamentals (New York: Dover) pp 215–23 [7] Pearson J M and Kilambi A 1974 Velocity-dependent nuclear forces and Weber’s electrodynamics Am. J. Phys. 42 971–5 [8] Edwards W F, Kenyon C S and Lemon D K 1976 Continuing investigation into possible electric fields arising from steady conduction currents Phys. Rev. D



14 922–38 [9] Assis A K T 1989 Weber’s law and mass variation Phys. Lett. 136A 277–80 [10] Assis A K T and Caluzi J J 1991 A limitation of Weber’s law Phys. Lett. 160A 25–30 [11] Assis A K T 1992 Centrifugal electrical force Commun. Theor. Phys. 18 475–8 [12] Assis A K T 1993 Changing the inertial mass of a charged particle J. Phys. Soc. Japan 62 1418–22



























des documents recommandant







[image: alt]





Circuit Analysis Theory And Practice 

unit meaning â€œmicromicrofaradsâ€�. You need a replacement capacitor of equal value. Consulting Table 1â€“6, what would 39 â€œmicromicrofaradsâ€� be equivalent to?










 


[image: alt]





Circuit Analysis Theory And Practice 

equivalent to? 43. A radio signal travels at 299 792.458 km/s and a telephone signal at 150 ...... FIGURE 2â€“14 Typical variation of capacity versus temperature for a Ni-Cad battery. 1.5 V. 1.5 V ...... It is left as an exercise for the stu- dent to










 


[image: alt]





Electrical Circuit Theory and Technology 

Further problems on units associated with basic electrical quantities. 9 ........................... 2 An introduction to electric ...... Measurement of power in three- phase systems. 306 ..... Speed control of d. c. motors. 377 ...... To download th










 


[image: alt]





weber 

représentant du service client de votre région en vous référant aux coordonnées ...... Weber-Stephen Deutschland GmbH. For Baltic states, please contact:.










 


[image: alt]





weber 

12 juil. 2018 - Portobello. 10 à 15 minutes chaleur moyenne directe. Oignons coupés en deux. 35 à 40 minutes chaleur moyenne indirecte tranches de 12,7 ...










 


[image: alt]





General Classical Electrodynamics 

that the electric field and the magnetic field are both static. ... circuits C and C , in order to determine the force, FC, acting on C: ..... fields that fall off in magnitude by r. Since far ...... frared radiation caused by friction, emitted by ma










 


[image: alt]





chapter 20 - FEC - Unicamp 

20.1 INTRODUCTION .... General Principle of Design of Free Cantilever Sheet Piling .... The solution of the fourth degree_equation is quite laborious and the ...Missing:










 


[image: alt]





chapter 20 - FEC - Unicamp 

River bank protection. 4. ... Since the piles are fixed only at the bottom and are free at the top, they are called ... General Principle of Design of Free Cantilever Sheet Piling ...... third to one-half of H (where H is depth to the bottom of the d










 


[image: alt]





Weber Q 140 - Weber Grills 

... designs and features originally created by Robert DeMars of Original Ideas, Inc. ...... obrigação ou responsabilidade ligada à venda, instalação, utilização, ...










 


[image: alt]





Electrical Circuit Theory and Technology - Guy Williams 

A catalogue record for this book is available from the British Library. ISBN 0 7506 ...... comprising a permanent magnet and soft iron pole pieces so that a strong.










 


[image: alt]





Crisis in Economic Theory 

colleagues at other central banks have indicated. .... are those based on axiomatic â€œfirst principlesâ€� (basically, the building blocks of an ..... The theory behind the practices that had led to the crash however, survived and this has been.










 


[image: alt]





Investigation of Weber's Electrodynamics - Exvacuo 

A battery-powered relaxation oscillator consisting of a 5000 pF capacitor that charged slowly through a 2 megohm resistor and discharged suddenly through a ...










 


[image: alt]





On Electrodynamics of uniform moving charges.pdf - Exvacuo 

Jul 21, 2000 - Introduction. The electrodynamics of moving bodies has motivated EINSTEIN [3] to formulate the theory of special relativity. He recognizes the ...










 


[image: alt]





Topics in Interface Theory - CiteSeerX 

Dec 8, 2010 - Chicago: Chicago. University Press. Inkelas, Sharon & Draga Zec 1995. Syntax-phonology Interface. The Handbook of. Phonological Theory ...










 


[image: alt]





Comparison between Weber's electrodynamics and classical 

In the last chapter of his book Maxwell discusses Weber's electrodynamics and ..... [5] W F Edwards, C S Kenyon and D K Lemon, Phys. Rev. ... V Art. XIV. The value of his researches, both experimental and theoretical, renders the study of his ...










 


[image: alt]





Concave Programming in Control Theory 

As it plays a central role in robust control theory, many researchers in .... algorithm descriptions the notation X k is used to designate the -th iterate of the variable.










 


[image: alt]





weber poultry roaster 178714 

that has been in contact with raw meat, .... parts that prove defective under normal use and service and which ... no olvide de agregar sus especies preferidas.










 


[image: alt]





la nouvelle briquette Weber 

12 mai 2016 - Agence de presse Weber-Stephen Suisse: Agentur Paroli AG. Oliver Suter. Tél.: +41 (0)44 258 41 43. E-mail: [email protected].










 


[image: alt]





WEBER POULTRY ROASTER 178714 

Pour the apple juice into the Base Cup at the center of the Base. Place the Infuser over the Base Cup. Hold the chicken with the opening of the body cavity.










 


[image: alt]





weber poultry roaster 178714 

that has been in contact with raw meat, .... parts that prove defective under normal use and service and which ... no olvide de agregar sus especies preferidas.










 


[image: alt]





RT12864J-1 - Matthieu Weber 

Module Size(WÃ—HÃ—T). 93.0Ã—70.0Ã—14.0. GND(0V) ... KS0108 or Eqv. DC/DC. Converter. LCD PANEL. 128X64 dots. KS0107 or Eqv. KS0108 or Eqv. 64 SEG.










 


[image: alt]





master-touch - Weber 

Page 1 ... 2. Master-Touch®_wGBS™_XV_EU_053014. 19. 18. 21. 20. 16. 17. 14. 15 ... 20. Enjoliveur de roue. 21. Triangle. 22. Doseur à charbon de bois. 23.










 


[image: alt]





670 - Weber Grills 

“kantelsensor” aan of uit. Schakel voor gebruik overdag de sensor uit door op de aan/uit-knop te drukken (a). Zie de gebruikershandleiding voor de volledige.










 


[image: alt]





smokey joe® premium - Weber 

Read owner's guide before using the barbecue. Lisez le guide d'utilisation avant d'utiliser le barbecue. Bitte lesen Sie das Benutzerhandbuch, bevor Sie den ...
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