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Aim of this work Is to explore the shapeof the
hysteresis loop of systems of bistable wires, as
dependent on

- mutual position of the wires,

- applied tensile stress.

Overview:

-problem with the wire-wire interaction,
-conditions of the bistability,

-numerical results on the hysteresis loops.



Basic componenta ferromagnetic bistable wire
Composition Fe, B;:St ¢

LengthL = 10 cm

Diameter D = 120-125mm

MagnetizatiorM = 0.7 T /my = 5.6*10° A/m

Consequence of the
magnetoelastic E
coupling: "

tensile stress dependence
of the switching field.
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Central problem herédhe wire-wire interaction

A seqguence of switching for two parallel wires in a distance about 1 m
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can lead to a hysteresis loop like t
(Krupinska et al. 2003)
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with the interaction field abo@ A/m. ...
Other measurements git@ A/m.

applied field [A/m]
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Other data: about A/m when the wires of diameter of 18In
touch each other (Velazquez and Vazquez, 2002).
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For microwires in distance 20m the interaction field is abo@bt A/m
(Sampaio et al. 2000)



The stray field- how to calculate it?

- from the dipolar interaction : H — MV/(4 pl’3)

But it varies with distance too sharply (Velazquez et al. 2003) ...
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Distance between wires (mm)

... and it is 5000 times larger than the experimental value.



Alternative approach- uniform magnetization
- thin wires,D << L,
- Interwire distance >> D

point magnetic chargesQ at the ends
(Velazquez et al., 2003)

Q = pMD?%4 = 0.0062 A m



However: The field from the neighboring

wire end is horizontal ...

... and therefore it does not
alter the switching field...




...while the field from the other end of the wire (Sampaio et al. 2000)
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IS 20 times smaller than the experimental value.

Note: the above formula was used to investigate the stray
field of microwires as dependent on the wire length. There,
its value is 50 times smaller than the experimental value.
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There is an experimental evidence, that the hysteresis loop of the
Interacting wires is1ot a direct measure of the stray field
(Gawronski et al. 2005):

Stress dependence of the
Interaction field for wires of
diameter 12%m >

and for cold-drawn wires of

diameter of 50m \
The stray field varies with the/

applied stress, and this cannot be

reduced to the variation of the _—

magnetization.



THE DOMAIN STRUCTURE NEAR THE WIRE ENDS



Area where the
domain wall is

Magnetic charge nucleated
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Magnetic fieldH

Field componenH,
along the wire
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Assuming, that the domain is nucleated at the wire end and its size
D, we get

~ MD?
[l _16(r2+D2)3/2

what gives about A/m for our wires, anc00 A/mfor microwires.

/ /

reasonable 20 times too large...

A conclusion from this point: for interwire distance comparable
to the wire diameter the point charge approximation fails. In this

region, we should recommend the approach of Velazquez et al.
(2003) as a starting point.



Other conclusions from this point:

1. Once the interwire distance r >> D, the
approximation of the point charge is
acceptable.

2. Except the case of parallel wires, we can
assume that the domain wall is nucleated at
the wire end.



The bistability condition:H 1 I O along the wire.

For two parallel wires and fdi=0, the condition reduces to

(2 = (z+1)?(z- D) - (z- D*(z+1)*"
— (z+1)2" - (z- )?°

where(r,z) are in cyllindrical
coordinates, with the source :
wire of length 2 at the centre.

For other spatial configurations of the
wire, the condition is to be solved
numerically.The effective field is
equal to the switching fielH™. ,
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Conclusions:

The wire stray field can be approximated by the figkhted by two point
magnetic charges, if the wire-wire distance is at leastander of
magnitude larger than the wire diameter.

The characteristic plateau of the hysteresis Isamwt only a measure of the
stray field, but it also depends on the state efwires

For some spatial configurations of the wires, trstdhility is removed by
the wire-wire interaction.

Variations of the mutual positions of the wires &mel applied stress give a
rich set of shapes of the hysteresis loops.

Thank you
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