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To <leternrine the resolving pover of the therrnal riethod of recording optical images on

thin ferromagnetic f ihs (TFF) with str ip domains [ l ] ,  tne fol lowing experiment vas per-

forme<l: An inrage in the form of long l ight str ips, 60 u vide, vas proJected on a perrnal loy

t i tn (82/" Ni - l :}a, l 'e) of t tr ickness h = B00o I on r glass substrate. A rotat ing rnagn9bic
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tteld 57J lower than the starting value [2]

vas aoplied in the plane of the film at an

angle !0o to the init ial  i lomain orientat ion.

A magnetic colloid vas coated on the surface

of the f i lm to make the recorded irnage visi-

ble. The observation vas mad.e in vhite light

at the angle of diffraction of green light by

povder fi.gures duplicating the domain struc-

ture of the f i l rn on i . ts surface [: '  tr ] .  The

role of the optical image vas playecl by a

ruby-laser bean passed through a nultiple-

s l i t  s t e n c i l .

Figure 1(2) strows a nicrophotograph of

the image obtained after illwti.nating a

ferromagnetic film by a pulse of 30 nsec

duration (pulse enerry 0.02 J). Such an

exposure satisf ies the condit ion for at l ia-

bati.e heating of the i-nage elements (light

bands ) and the resolution does not clepend on

the thernal relaxation. The vidth of the

band.s on the image is cfose to the initial

value 50 u. The resolving power, which is

governed in thi.s car.;e only by the structural properties of the film, reaches a value on the

ord.er of 10-3 cn. In the case of longer exposure, a spreading of the tenperature waves takes

plaee as a result of the dif fusion of t t ie 'heat ' through the f i ln and substrate, and the higher

spatial hanroni-cs of the i.mage are suppressed. fhe distortions due to this effect can be

estinated with the aid of the formulas presented betor.r.

We represent the speeif ic power of radiant heating q (W/cnJ), averaged over the f i lm

thickness, in the form of the series

9 -(r-Brr- .-A't ! 9n cos39,, ,o > f ,, ,
r - O  u  t - l

where D is the dimension of the f i lm in the direct ion of the x axis and D/n is the periocl of

the n-th harnonic of the image. The fj.ln is in thermal contact with a bulky glass substrate,

and is also cooled by the surrounding air, with a heat-exchange coeffLcient 1( . The illwri-

nation is produced by a pulse vhose t ime plot has a bel l-shapecl foro f(t)  = exp(- Brt) -

exp( -B. t ) ;  8 . ,  6 , ;  t  >  0 .  l {eg lec t lng  the  thermal  res is tnace o f  the  f iLn  in  the  d i iec t ion  o f- 4 - t r '

i ts thickness (z axis), we obtain the solut ion of the systen of heat-cond.uction equations ani l

the tenperature di.stribution function in the filn:

Distance,  u

I 1 g .  r

v(x, t) =# i,.1,, (-t)' ' ' en "*-8"'of 
*)"
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( 1 )

shere the coefficients are given by

theoretical result is confirsed' ex-

perimentally. The image vas dupli--

cated on a region of the filrn vhich

was specially obscured in the first

experiment using a laser Pulse du-

ration 1 msec, which is much larger

than Th (puke energY 0.5 J) .  on

the corresponcling rnicrophotograph of

r ig .  1(r ) ,  the l ines are "smeared" to

a vidth tu150 u, in accord vith Eq.

(f). Figure 2 shovs an interference

pattern recorded on a thin magnetic

f2

4t? c l  v lo,  ?zn t  rn hc,  v1
* t

? -  r .  h c . v . l

-2

\ 2 )

|  " ' l

( t + )

.  _  D 2  ,  ( l )
l n ,2a  4 ' . 2n2o  t , z

\1t \2. d.enslty, Cl, c,. specific heat, 11, tr2 - thertal-contluctivity coefflcients, and

or, o" - temperature conductivities of the film and substrate, respective\r'

The solut ion ( r ) .  ( : )  determines the fo l lov ing character is t ic  t i r res:  I ) ,2 , ,  = ( t ,e ,v , )2*

(crfrfr)-l - for the diffusion of the heat fron the fiLn to the interior of the substrate;

rhen h = 5OOO A re have Trr, = 2 Usec. Z)rZn for the diffusion of heat in the x-axis direc-

tion, primarily through the substrate,vhen D/n > 2 xIO-'cn. 3) Trn - for the combined re-

laxation of the tenperature vaves in tlte x direction through the fils and through the sub-

strate when 2 x 1O-2 >D/n> 5 x l0-3 cn. !].rn - for the prectoninant relaxation in the x

clirection inside the fiLm vhen D/n < 5 x 10-J cm. Putting D/n = :-'2 x 10-' cnt ve eet Trr, =

O.l+ nsec. Consequently, i l lunination vith a mill iseconcl pulse suppresses the higher harmpnics

strongly, and the resolving power does not exceecl a value on the order of l'x 10-c cm' This
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filrn with tbe aid of a Fresnel biprisn, using illumination with a 3O-nsec pulse of a ruby
l a se r .

t r l

t a  l
L ' J

The width of the fringes on the interference pattern, vhich equals the width of the

of the stenci l  in the preceding experiment, is 60 u.
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