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Possibility to suppress the “cross-talk” from an excitation coil to a sensing (search) coil due to their proximity, while 
magnetizing a long (wire-like) samples, is discussed. It can be of interest especially on MDL where the voltage induced in a search 
coil is caused not only due to the elastic wave propagating along the line but also as a result of direct magnetic field-induced 
changes of the sample magnetization under the sensing coil caused by current pulse in the excitation coil.  
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1 INTRODUCTION 

 
 
 
 
 

In various magnetostrictive delay line (MDL) structures, 
the excitation by a pulsed or steady state alternating current 
applied to a winding placed around the wire or tape (designed 
to transmit the elastic waves) and the sensing of induced 
voltage by a distanced search coil (due to inverse magneto-
strictive effect) are essential. Although usually the distance 
between the excitation and search coil is not critical, in 
some cases - and particularly in experiments aimed to 
study the transmission line properties – this is of certain 
relevance. 

It should be stressed that on MDL in general, the 
voltage induced in a search coil is due to two different 
effects that are always more or less superimposed. Since 
the magnetic field intensity due to the excitation current, 
is non-zero also outside the volume lying directly under 
the driving coil, these portions of the wire will be 
magnetized as well, and especially for coils short 
relatively to their diameter the magnetized region may 
extend far beyond the coil edges. Not only this, as shown 
eg in [1] in case of toroidal or elongated samples the 
magnetization also of the volume not directly under the 
driving coil can be considerable even if the applied field 
intensity is relatively weak. 

Further, it can be shown [2] that the magnetic flux 
coupled by the search coil in configuration like at a MDL 
line is:  
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where S  is the cross section of the wire (or the coil, if 
wound around tight enough)  x0 - is the centre of the 
search coil and W(x-x0) is the weight function − a search 
coil sensitivity to the individual magnetic moments J(x) as 
distributed along the wire. This function has shape and 
magnitude exactly of magnetic field intensity that would 
by generated by a search coil carrying current I = 1 A. 
Hence, the search coil will “see” all magnetic moments 
along the wire, and the proximity of both (excitation and 
search) coils may result in a “direct inductive cross-talk” 
besides the voltage induced due to the travelling elastic 
wave. 

This, sometimes unwanted contribution to the induced 
voltage - caused by the changes of magnetic stage under 
the search coil due to the extending field of the excitation 
coil – as will be shown here – can be eliminated to a 
certain extent by using contra-winding sections (pro-
ducing magnetic field of opposite direction) on coils. One 
can consider designing such an excitation coil that will 
produce the magnetic field restricted to a certain volume 
and with abrupt decrease outside of this. The search coil 
should be of the same type since the weight function 
W(x−x0) is identical with the field that would be produced 
by the search coil (if energized by current flow). 

 
 
 
 
 
 

2 PRELIMINARY CONSIDERATIONS  
 
 
 
 
 

Results of numerical solution (using MathCad) for a 
case of long pure Fe wire excited by a solenoidal coil 
without or with a contra-winding are shown in Fig. 1. 
Tangential components are shown there only; while a 
single 4 mm long excitation “main coil” (centrally placed) 
was equipped with a short 1 mm contra-winding on the 
right side, see the shaded areas. Instead of adjusting the 
length (or number of turns) of the contra coil, the 
excitation current trough the main coil was shunted to 
change the current ratio in the respective windings iC/i. 

 
 
 

 

 
 
 
 
 

Fig.1. Comparison of applied field intensity H and magnetic 
polarization  J  (tangential components along the wire axis 
only) using contra-winding coil (at the right side) as based on a 
numerical solution for  iC = 0, and  iC/i = −1.1 A, for pure iron. 
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One can see the difference if no current is let through 
the contra coil and if this current exceeds the main coil 
current by 10%. Applied (external) field intensity is HA, 
while H is the actual (internal) field intensity, taking the 
demagnetizing effect into account, and J stands for 
resulting magnetic polarization in axial direction of the 
long sample: B = μ0[HA - HD(J)]+J.  

By a proper adjustment (current-shunting) the excited 
sample region can be confined to a reasonably sharp-
limited central part of about 5 mm providing the contra-
coils are used on both sides. 

 

 

From Fig. 2 it is seen, how the weighted integral (1) 
will be affected by the ratio of current in contra-winding 
to the current in the main coil iC/i. The cross-talk due to a 
considerable coupled magnetic flux is relatively high for 
iC = 0, while this can be much lower for iC/i <−1. Of 
course, greater negative values would lead to another type 
of error. 

 
 
 
 

3 EXPERIMENTS AND DISCUSSION 
 
 
 

Experimentally it was observed that the cross-talks on 
a Fe70Si7B15 wire excited by rectangular pulses with rise

and fall-off times below 1 μs were not negligible, even on 
a distance greater than the length of the excitation coil, as 
is demonstrated in Fig. 3. How can be this effect sup-
pressed using a contra-coil, is shown in Fig. 4. 

 
 
 
 

  (a) 

  (b) 
 
 
 
 
 

Fig. 4. Suppression of the cross-talks using a contra wound 
coil of 1 mm in length “added in touch” to 4 mm excitation 
coil: (a) − optimally compensated, (b) – over-compensated.  

 
 
 
 
 
 

In this case the excitation coil, contra coil and the search 
coil were all close to each other (at “zero” distance), the first 
being 4 mm in length, the last two each long about 1 mm. 
The compensation was done by letting different currents iC 

and i flow through the main and contra windings of the 
excitation coil. Using such small hand-wound coils − due to 
their uneven shape, one can hardly expect better compen-
sation results than shown above. 

 

 

 

 
 
 
 
 

Fig. 2. To estimation of the cross-talk given by (1) 
depending on the ratio of current in contra-coil to the main 
coil current:  iC/i.  
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Fig. 3. Experimentally observed cross-talks on Fe70Si7B15 wire core (diameter 0.4 mm) with the excitation and search coils long 4 
and 1 mm respectively, wound directly on the sample from a Cu wire of 0.12 mm in diameter; vertical scale: 1 V per division. 
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The result in Fig. 4(a) is to be compared with un-
compensated case at zero distance in Fig. 3, (middle of the 
upper row).  Another instance of compensating the excitation 
coils at a less steep rise and fall times and in more detail is 
shown in Fig. 5. 

 
 

 
 
 

Fig. 6. Theoretical limit of ideally shaped excited region Ji(x) and 
the weighting function Wi(x-x0) as compared with the real ones 

 
 
 
 

There is of course no chance to reach total compensation 
since we cannot provide absolutely sharp border between 
adjacent differently magnetized portions of a wire, see Ji(x) 
in Fig. 6. However, as well as making the change of magne-
tization along the sample steeper (using a contra coil winding 
as described above) – also approaching to ideal weighting 
function Wi(x-x0) is worth to attempt. In other words one can 
“localize” the search coil sensitivity. Especially, if we realize 
that the same means (contra-winding) should be used again 
to do this. In an experiment we simply mutually exchanged 
the excitation and search coil configuration, see Fig. 7. 

 

In this case, instead of shunting the current in one of 
(main or contra) coil the appropriate gain (A, B) is set to 
tailor the contra-coil. This again, with some limitations can 
be considered as equivalent of changing the size and/or 
number of the winding turns. 

 
 

 

 

 
 
 

Fig. 5. (a) – voltage induced in search coil if only the main excitation coil was used to drive, (b) –  voltage induced in search coil if only 
the contra coil was used to drive , (c) –  voltage induced in search coil if both coils (main and contra winding together) were active 

 
 

 
 
 
 
 
 
 

Fig. 8. (a) – under-compensated: A<<B, (b) –  probably a proper compensation , (c) –  over-compensated: B>>A
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Fig. 7. Alternative use of  contra-wound coil: (a) − for excitation 
with shunting the main coil current i to control the ratio iC /i ;  
(b) – for sensing (as a double search coil) with properly adjusting 
the gain (A, B) instead.
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Figure 8 (a), (b), and (c) shows the cases of under-
compensation, probably proper compensation and over-
compensation. Note the behavior of resulting signal in the 
middle (the difference of upper and lower induced voltages). 
As a proper compensation (gains A, B) the limit case of the 
highest B with no negative resulting values at the beginning 
of the middle waveform can be  taken. 

 
 
 
 
 
 
 
 
 

4 CONCLUSIONS 
 
Figure 9 shows the possibility to highly compensate the 

cross-talk by using properly adjusted contra-coil, while a 
magneto-elastic wave, initiated due to a short excitation 
pulse, is propagating along the MDL. In Figure 10, the 
output voltage, as recorded from a consecutively displaced 
single search coil (with no contra winding) is represented. 
While the “tail” waveforms show clearly the character of a 
propagating wave, at the beginning the still part of signal 
(not moving on the screen as the search coil is displaced) 
represents the disturbing “cross-talk”. This, as it comes out 
from the comparison in Fig. 9 is rather suppressed due to the 
excitation coil provided with a well tailored contra winding. 

As a result, one may get with the search coil much closer 
(in our experiments this was few millimeters) to the exci-
tation coil while observing the propagating waves. It is 
believed that using the contra-winding also for the search 
coil may even enhance this benefit. Besides, there are other 
(software) possibilities to be utilized instead of somewhat 
tedious double-winding the small search coil; this however 
exceeds the scope of the present paper. 
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Fig. 9. (a) – voltage induced in search coil if only the main excitation coil is used to drive, (b) –  voltage induced in search coil if 
only the contra coil is used to drive , (c) –  voltage induced in search coil if both coils (main and contra winding together) are 
active. Unlike in Fig. 5, here the magneto-elastic wave, initiated by a short pulse (around 1 μs), is propagating along the MDL 

 
 
 

 
 
 

Fig. 10.  For excitation at 5 kHz, 50% duty cycle - relatively with slow rise and fall-off, short contra-coil used as discussed 
above; sensing by single moving search coil. The MDL line core was Fe70Si7B15 wire, thickness about 0.4 mm. 

 
 
 


