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Proponents of perpetual motion have long been captivated A mg sin 6 2 £ o ef T il tested it . 1Ft>utt|ng our fc_)rce. law (5) Into Egs. (1) and (2), we obtain the
by magnets, presumably because magnetic attraction seems Fig. 3: Geometry. At top, gravity (blue) needs to be cCalse IS TOTCe Taw 15 S0 Critital, We TESIEd 1T EXPET- orce constraints:
to offer an infinite source of invisible and hence apparently stronger than the upward component of magnetic | mentally using a neodymium disk magnet, three ferro- mg > kd™" sin 6 (6)
“free” work. A simple example was proposed by medieval force (red). But at bottom, magnetic force (red) needs m‘g magnetic steel balls of radii 3.2 mm, 4.8 mm and 6.4 mm, k(nd)™ > mgsin @ (7)
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physician Pierre de Maricourt in 1269. Maricourt’s book was o RS rongdeorwnwardeaclgLngpfhnee?arzpg(rba:\ljne; 322 daasg]rr?;)rtth Eéer\)g%cl)arsr?afemhﬁ Vx'tsh gesdhsihc}e%rr(;(c):\é? ; :; | rzt,o\éve Combining these two results and eliminating the ratio of
plagiarized by the Jesuit scholar Jean Taisner in 1572 [1] and _ _ the ball bei P led 1 | tgh P ot 240 f J forces kd™P /mg, we obtain a constraint on the ramp length
the idea was popularized by English bishop John Wilkins in To evaluate the constraints (1)-(3), we need an expression ¢ ball beihg puticd towards e magnet a rames per n in terms of inclination 6 only:

1691 (Fig. 1), so it is sometimes known as the “Taisnerius for the force F,,(z) of a permanent magnet on a ferro- second (Fig. 4). We then used the free software package nPsinZg < 1 (8)
. [P i i is di Tracker to manually rotoscope position vs. time data on a

enoine” or “Wilkins ramn” 121, A vermanent maenet pulls an magnetic (steel/iron) sphere, where z Is dlstance_ from the | | | _ B _ _ _
irogn ball up a ramp. At trf)e tE)p] of tlae ramp, it fallgs thrIc))ugh a center of the magnet along its symmetry axis (Fig. 3). computer (Fig. 5). Finally, we used Excel to gerive speed Withp = 7. th!s bognd places " e>_<tr_eme_|y tl-ght constraint
hole to the bottom Of the ramp and repeats’the |00p ad In generaL force is the gradient of potentiaL SO ﬁ — _VU and acceleration from these pOSition datavia v = AZ/At and Ohn ttl;]e ramp (Flg 7) 11":0r ?]ny rr?a“Sth I-nCIIn?tIOR (>f10 der?)
infinitum. Of course, due to friction and demagnetiz’ation, or F = —dU /dz in this case. The ball acts like a compass a = Av/At, and calculated F = ma with m the mass of the ﬁnz noetttct)rr;rc]: iﬂe teOncl) |tair5t he;r;[j ?: Slef ;L)rc\,ezu?;taerraéonggufd
this motion could never continue perpetually (Second Law needle (a magnetic dipole) with a moment p in the external patl, W could then plot f" as a function of z and fit the data WO?k in practice T?]Ie reason boils down to the high villue of
complete circuits? A youtube clip purports to show a real- The dipole moment of a solid sphere in a field that is close r Rle sult zitret_shown i 5 Ig | 6’dV\;chl_Ch3C0nIg[n1Szo|i|J r t7he_|c_) y strength of magnetic and gravitational forces can change
life Taisnerius engine making many successful round trips to uniform (i.e., on scales comparable to radius r) is [4] ctical xpectations. p = /.U ant k = 3 x m. WO aopreciably relative to each other
[3]. Is it a hoax, or digital animation? We decided to 1 caveats apply: first, these values depend somewhat on the ppreciably _ - o _
i nv'e stigate the ’ Jestion | 3 = (,u >r3 B ~ r3B (4) range of data considered. We rejected data beyond a “cutoff Putting Eq. (5) into Eq. (3)_and Integrating gives a third

J | | u+t2 distance” of 7.7 cm from the magnet. Adjusting this cutoff constraint based on energy. With p = 7, this imposes a lower

n for strongly ferromagnetic materials like iron, with u > 1. (within the range 7.4 — 8.1 cm) produces a broader range of limit on inclination:

T epr o _ o _ Hence potential U = —r3B - B = —r3B2. The fact that B is best-fit values, p = 7.7 £ 0.8. Smaller cutoffs do not leave nd > n(n® — Dk(nd)~’ (9)
The situation Is depicted in Fig. 3. Qne can think of at least squared is important; it arises because both the external field us with enough data, while longer ones take us into the non- 6(n — Dmg
two dynamical (force) requirements: (1) At the top, grav_lty and induced dipole contribute to the interaction energy. At magnetic regime where the signal is dominated by noise. At the point of closest approach to the magnet, there must be
must be stronger than the upward component of magnetic distances greater than the magnet size, the field is that of a Second, our use of F = ma ignores the effects of friction enough potential energy left to convert into kinetic energy
force, and (2) at the bottom, magnetic force must be stronger dipole so B(z) « z~3 along the axis. Hence we expect: and rolling. If the ball rolls without slipping, then a given and return the ball to its starting point.
than the component of gravity along the ramp. In addition, E(2) = kz-P (5) acceleration a implies a larger force F,, because the magnet Combining Eq. (9) with Eq. (7) and simplifying, we
one could apply an energy requirement: (3) the gain in gravi- m must not only pull the magnet but also overcome static obtain a constraint on ramp length alone:
tational potential energy mgh as the ball climbs the ramp with k = const and p =7. This is much steeper than the friction f, = u,mg with ps =0.4-0.5 for steel on plexiglass . '
must exceed Its drop In magnetic potential energy AUy, as It Newtonian force between masses or the Coulomb force and g = 9.8 m/s2. Newton’s Second Law then gives F,, = 6(n —1) > ”(n -1 _ (10) o
approaches the magnet. Mathematically, we could write: between charges. It imposes severe limitations on our m(a + u.g) ~ usmg since g > a over most of the range. Eq. (10) has no positive real solutions (other than the trivial

mg > F,, (d)sin 8 (1) design. If the magnet attracts the ball with a force of (3.921_ Our data are inconsistent with this and show strong depend- one, n = 1, which means a ramp of zero length). This

E. (nd) > mg sin 0 (2) mN at a distance of 10 cm, for example, then k = 10712 in ence on distance, implying that the effects of friction and suggests that |t_ IS Impossible to_satlsfy_ bot_h the force and

_ L S| units so the force at 1 cm will be 100 N. It is difficult to i lativelv uni energy constraints, even for a single circuit.
dmah > AU AU = —W = — [ F - db); _ rolling are relatively unimportant.

ahdmg m, OF (USINg AU = = )’ imagine changing the setup in such a way as to weaken this Acknowledament
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