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On the dynamic susceptibility of the bulging 
domain wall model of polycrystalline 
magnetic oxides 
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The static initial magnetic susceptibility due to domain wall motion in a polycrystalline 
magnetic oxide has been explained by Globus et al. [3] using a model of a bulging domain 
wall inside grains of uniform diameter, D. The present work deals with the dynamic 
response of this model by solving the equation of motion of such a wall. The resultant 
solution reproduces Globus' relation for the static case and further shows that the dis- 
persion frequency is ~D  -a for small grainsizes and ~D-= for large grain sizes. 

1. I n t r o d u c t i o n  
Rado, Wright, and Emerson [2] were the first to  
point out the contribution of  domain wall mot ion 
to the susceptibility o f  magnetic oxides. Since 
then Brown and Gravel [3] and in particular 
Globus [4] have done extensive work on the 
domain wall motion. Using a simple model of  a 
polycrystalline material consisting o f  spherical 
grains of uniform diameter, D, inside which there 
is only one 180 ~ domain wall pinned to the grain 
boundary, Globus has calculated the grain-size 
dependence of  the static initial magnetic suscep- 
tibility [1] and the relaxation frequency [4]. In 
this work we examine the dynamic response of  
this model by solving the equation of  motion of  
such a domain wall (see Fig. 1). 

The equation of  motion]" can be written as 

~2z + 3z 
m ~t-- S /3~- t = 7V=z + 2MsHx ei~~ (1) 

where 

z (r, t) = displacement o f  the plane domain wall 
perpendicular to its plane, 

7 = domain wall energy per unit area, 
= a damping constant, which includes 

damping due to eddy current and spin 
rotation, 

m = effective mass of  the domain wall, 
Ms = the saturation magnetization, 
Hx = comPonent of  the magnetic field along 

the magnetization in the bulging half of  
the grain, 

and co = the angular frequency of  the applied 
magnetic field 

The boundary condition to be satisfied is 

D 

Figure 1 Globus' model of a 180 ~ domain wall inside a 
grain, which bulges under a magnetic field. 

*Permanent address: IBM Thomas J. Watson Research Center, Yorktown Heights, New York 10598, USA. 
t Equation 1 does not account for the free pole formation due to the bulging domain wall. 
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z(D/2, t) = 0 (2) 

and a solution to Equation 1 can be written as 

z = Tk(t)Jk(Pkr/D) (3) 

2M~D 1--  .-7~ 

(9) 

where Jks are Bessel functions. 
Combining Equations 1 and 3; 

4p~ 7 
D2 Tk(t) + (31"k(t) + mTk(t) - 

4Mr-Ix eiWt 

(4) 
Solution to Equation 4 has been given by Rossel 
[7] andz(r, t) can be obtained as 

MslJx D3 exp [ i ( c o t - - S k ) ] J o ( ~ )  

z(r,t) = r~ 002 \2 

\,coc  ] l 
(s) 

where 
= {41a~7~ in 

= resonant frequency when 13 = 0 

4.~,,/ 
Cock -- ~D  2 

= relaxation frequency when m = 0, 

and tan 5k = (co~cock)~(1 -- Co2/wzrk). 
The volume swept by the bulging of a wall is 

given by 

~z(r=O) 

V =  Jo m'2dz 

= rrD2 ~. Jl(la___~)Tk(t) (6) 
2 k=l Pk 

and the magnetic susceptibility is 

12MsV 
X -  7rD3 H (7) 

Since the direction of magnetization inside a 
domain is randomly oriented with respect to the 
applied magnetic field inside a polycrystalline 
material 

IHx[ = �89 (8) 

Combining Equations 5, 6, and 8 the real (X') and 
imaginary (X") parts of the susceptibility can be 
written as 

• ~ ~r 

2. Static initial magnetic susceptibility 
Under static or low frequency conditions, co -+ O, 
and Equations 9 and 10 reduce to 

X' = P ' - - 1  

_ M2sD o~ 2 M2sD 
= (11) 

7 = 3'  

X" -= P" 

M•I3COD a ~ 1 M~I3COD' 
72 k=l~ 2P 6 = a: 72 (12) 

The sums in Equations 11 and 12 are rapidly 
converging; al = 0.052 anda: = 0.00254. Equation 
11 is essentially the same as the one derived by 
Globus et al. [1] except for the numerical factor, 
a l ,  which in their case was three times the value 
obtained in the present calculation. This arises 
from the averaging procedure we have used (see 
Equation 8). 

It may be of interest to note that a grain-size 
distribution or presence of multidomain grains (as 
happens in practice) does not affect Equation 11 
except for the factor, a l ,  since X' ~ D .  But X" or 
magnetic losses due to the domain wall motion at 
low motion at low frequencies is a relatively strong 
function of grain size distribution since X" ~D3 
and is heavily weighed by the largest grain size 
rather than by the average grain size. 

3. Dynamic susceptibility and resonance 
As the frequency of applied magnetic field is in= 
creased, various modes of vibration of the circular 
doman wall play increasingly important roles. As 
the resonance (or relaxation) frequency of each 
mode is approached the contribution of that mode 
to the real and imaginary parts of the magnetic 
susceptibility increases. The real and imaginary 
parts of the susceptibility can be written as sums 
of various modes of vibrations (see Equations 9 
and 10). 
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Figure 2 Variation of real (x') and 
imaginary (X") parts of the mag- 
netic susceptibility with fre- 
quency. 

' ~ ' (13) X = Xk 
k = l  

X ''= ~ X~ (14) 
k = l  

Fig. 2 shows the frequency spectrum of the real 
and imaginary parts of the magnetic susceptibility 
of a nickel ferrite with 5/Jm grain size. It can be 

f t t  seen the Xl and Xl Substantially determine the 
value of the sums in Equations 13 and 14. The 
higher modes of vibration slightly modify the 
high frequency tail of the susceptibility spectra. 
Hence we assume it to be sufficient to treat the 

P t! 
behaviour of X1 and Xa to describe the dynamic 
magnetic susceptibility. 

The peak in the imaginery part of the magnetic 
susceptibility gives the frequency of maximum 
magnetic loss. Let that frequency befr(eOr = 2zrfr). 
Then setting 

- - o  
{x2 = O ) y  

leads to the equation 

6m 2 wr2 
- -  = ~7- 1 +~/(1 - 2 ~ + 4 r / 2 )  (16) 

where 

and 

= ~ / D  ~ 

8/1~ 7m 
~ -  ~2 , 

an intrinsic parameter determined by the property 
of the material. For small mass and large grain 
sizes, when r/-+ O,fr is given by 

2#~ 3' we1 
fr - rr/3D 2 - 2zr (17) 

and for small grain sizes, when ~/-+ o% fr is given 
by 

1 / (,U~__~_) OOrl (18) 
f r - r r ~ 9  = 27r 

It can be seen that for large grain sizes fr ~D-2 
and for small grain sizes fr '~D-1. Globus [7] ob- 
served that fr  ~ D -~ (these observations are con- 
sistent with our results as they were taken on 
materials with a relatively large grain size i.e. 
>8/2m) whereas Turk [8] observed that fr "~D-1 
(grain sizes used by Turk were less than lO#m). 

The effective mass, m, and the damping con- 
stant, 3, for a magnetic oxide are given by [6]. 

#07 (19) 
m - 2v2A 
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2rrpoTX 
13 - v2 A (20) 

where v = gyromagnetic constant, 3. = relaxation 
frequency in the Landau-Liftshitz equation, and 
A = exchange constant. 

Substituting Equations 19 and 20 in Equation 

16. 

fr  = X[{ {7/-- 1 + X/(1 -- 277 + 4r/2)}11,2 

= XF(n) (2 I) 

Fig. 3 gives the variation of F(r/) with grain size 
for various values of ~. 

4. Resonances or relaxation 
It has~ been argued by Globus [4] that in nickel 
terdte mere is no resonance but only relaxation 
due to domain wall motion if the grain size is 
uniform. His conclusion was based on his obser- 
vation that there was no peak in the real part of 
susceptibility spectra. However, he observed a 
peak in the real part of susceptibility spectra if the 
grain-size distribution was wide. It is pertinent to 
calculate the frequency, f,n, at which a peak in X' 
spectra will occur. This is given by, 

It can be seen that if ~Orl/eoel/> 1, there will 
be no peak in the X' spectra. However, minima in 
the X' spectra will occur at a frequency given by 

It can be shown that below a certain grain size, D e, 
bOrl/bgel < 1 and a resonance peak is observed in 
the magnetic susceptibility spectra. Above this 
grain size no maximum in the real part of magnetic 
susceptibility is expected although a minimum is 
observed. This critical grain size is given by 

D d = J ( ~ )  (24) 

For nickel ferrite this critical grain size can be cal- 
culated to be 8pm. Since Globus material con- 
tained grains with sizes larger than 8 pro, no peak 
in the X' spectra is expected and this is in agree- 
ment with his data. When the grain size distri- 
bution is wide, we explain the peak' in the X' 
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Figure 3 Variation of F01) with grain size. 

spectra by involving the presence of grains of size 
less than the critical grain size. 

,5. Summary 
The results of the present calculation can be sum- 
marized as follows: 

(1) The static initial magnetic susceptibility of a 
polycrystalline magnetic oxide ~M~D]"(. 

(2) The dispersion frequency of the domain 
wall motion ~ D  -2 for large grain sizes and ~ D  -1 
for small grain sizes. 

(3) There is a critical grain size below which a 
resonance behaviour and above which a relaxation 
behaviour is expected. 
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