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The development of spontaneous magnetization in a weak
ferromagnet (Mn formate ZHrO) was studied in detail around
T^, (3.686K) under very weak external magnetic field H^-
ldwer than l0moe by the use of SQUID magnetometer. ThA
rather complicated but reproducible signals were found in
the course of sweeping the temPerature down and up through
Tn. It was revealed that the memory of magnetization
pilocess was learnt in ordered region below T^, and kept -,even for two hours j-n some higher temperatur'ds ($-=1119 ';
than T-, The memory was lost when the sample warmed uP to

=5 rloN 2.

l. Introduction - Development of spontaneous magnetization

We studied in detail the develoP-
ment of spontaneous magnetization M.
under very weak external field H-- 6y
the use of SQUID magnetometer. TIie 4

crystal we investigated, i-s Mn formate
2Hr0 which is an antiferromagnet wit.h
veiy weak canting ferromagnetic moment. -r

I^Ihen the external field was reduced
to lower than 10m0e, Ishizuka detected
the development of M^ with irregular 2

fluctuation just aroind Tn at 3.686K,
as shovm in Fig. 1, in thii course of
sweep from higher to lower temperature I
across T*,. The phenomena might be
attributrJd to the development of
ferromagnetic clusters under nearly o

zero external field. tr^Ie guess the
analogy of the phenomena with the
development of the droplets ln zero -1

gravitational space.
We studied the phenomena with

very precise control of temperature -2

and external field, and tried to
detect any reproducibility in the
course of cooling down and warming up,
even though how irregular it is.

Fig. I
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2. Learning and Forgetting, how?

In the following figures, we give M^ (arbitrary unit) as a function of
€ =(T-TN)/T,o, left hand side is in paramEgnetic region, the dotted lines ar
about c?intet indicates the positlon of T,, and right hand side is in ordered
reglon. We start_the sweeping of tempertture from to, and stop the cooling
at about € =-ZxLO-'. H^- gives the very weak external field value (not giving
absolute but relative v5tue , for instance in the case of Fig. 3, absolute
zero field is somewhere between 4.56 and 3.99mQe.)

Now, in Eig. 2, we start from €^=1.1x10-' in every run of @^A. I,1_

repeated almost the same to each othei under the same H =6.04m0e. Theyolearn
the features of M-. To forget them,_r^Tarming up to e^>=BTg*fO-', i" ,r""""".ry
and perhaps suffiSient ." "I.r, 

trom@ s

Fig, 3 shows the effect of changing H^-- on changing the memory once
o.btained,, No substantial change r^ras not o66erved between @ and @ when t^ was

=1.1x10'in each run. However, the drastic qhange of the memory was obsErved
between @ and @ when t. was changed to 5r10-z after @. As M^ developed
towards just the other direction, absolute zero field would bE just between
4 .56 atd 3.99uroe.
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3. Learning and Forgetting, where?

From these studies, we could have a guess the crystal learntthe ways of
the development of M. and Bot the memory of them in the long range order region
lower than Tn, and tEey did not forget it in some short range order region, i-f
the temperatiire of the crystal did not rise up to so high, sayta5rl0-".

Figr 4 shows the very existence of the boundary of the region where the
learning of M. would start. The first run @ shows that M^ goes upwards under
H^--=6.84m0e. "And the second run@suggests that if tt^_- sBifts to 0.00moe in
p8lamagnetic region. M^ will go ao*.,ilra". 

-i"." 
lf-Ef;e remperature of this

shift approaches much closer to T^, in short range order region, as shown in
O-O, M" Boes sti11 downwards. Stlrprizing enough, M" in@keeps going upwards
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if the shift from 6.84 to 0.OOmOe is given just after crossing T,,line.
This is a defj-nite indication that the directi.on of the dev8lopment of

spontaneous magnetization and the building up of memory would be assumed just
after the starting of long range order array below T*.
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4. The memory, its reproducibility

The last Fig. 5 shows the trace of M_ in the course of cooling dor,m and
warming up under the same H for each ruf;. The memories or features of M
are reproduced exactly, as Exwhole, in amplitude and also in its position 8f
bending on temperature sca1e. Some details are not reproduced suggestlng
that there are a kj-nd of hierarchy in thernselves. The details of experimen-
ta1 methods and results will be published shortly elsewhere.
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