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The maﬂnetlc Arrows

“JAnton Khvalyuk



Formulation of the problem@

Place two suspended magnetic arrahsse

to each other After a short time they will reach
the equilibrium where the opposite poles are
aligned together. Deflect one of the arrows by

somesmall angleand release it. Both arrows wil
start to oscillatelnvestigate andexplain the

character of theoupled oscillationsof the
magnetic arrows
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Qualitative explanation




Appearance of oscillations@




Dependence of angle on tin@
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Different modes of oscillation.1°
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Influence of distance @
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Full theoretical model

d2B =

EullSimplify[Cross[{x—xn, v - R[f] §in[f], z - R[f] Cos[£]}, {0, DIR[£] Sin[f], £1, D[R[£f] Cos[£], f]}]/

3
((¥y-RIf]I Sin[£])7 + (x-x0)? + (z +R[£] Cos[f])z}fl :

E

]
L

= (d_'ZB;'. {R[f] .

= (d.'ZB;’. {R[f] >

=, R'[£f] -.D[
{n£]

1

L _‘D[Cos[f]

1
, RI£] +D[ ——,
Sin[f]

1 1

FollSimpli
-, £1 ¢/ Full
£1 // Fullsi

B=Re[(Bp/.x0=+1) - (Bp /. x0 +-1}1;
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. f]}] // FallSimplify:

f] }] /7 FullSimplify;

. f]}] // Fa

VectorPlot3D[B /. {a +0.005, b +0.005, 1 +0.02}, {x, -0.05, 0.05}, {x, -0.05, 0.05},
_0.01. D.01}1

{fv. -0.01. 0.01%. {=z.




Main principles @

v The distance between
the ends of the
arrows Is very small

v The angles of
deflection are very

small
Close to each
other, small angle



Magnetic field of the arrow@




Magnetic field of the arrow@

Honestly calculateg Our approximatio



