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The effect of high pressures on the magnetic properties of 

ferromagnetics has so far been little studied; for example, the ef

fect of uniform compression on the saturated magnetization of pure 

metals has only been considered in two experimental investigat-

ions /1, 2/. The authors of these papers directly determined the 

effect (the change in the magnetic flux ••••• through the ferro-

magnetic, see formula (2)) due to uniform compression. The change 

inn the saturated magnetization was calculated from the formula 

••••• R.p. 419 

where ••••• and ••••• are respectively the saturated magnetization IKK 

of unit mass and the m. magnetic flux at pressure Po' while ••••• 

and ••••. are the same quantities at a pressure p, and ••••• is the 

compressibility. 

i/e see from Table 1 that the numerical values of the eff ect as 

given in the papers cited differ both in absolute magnitude and 

sign j according to /1/ the latter is negative, and according to 

/2/ it may be either negative or positive. We are therefore here 
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primarily concerned with establishing the sign of the effect mo~e 

reliably. 

----------------~~-------.-.--.--~. -- - ... ---~ 
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Furthermore, the work described in / 1, 2/ was carried out~at 

room temperature, whereas low temperatures are preferable in order 

to eliminate the influence of the para process, etc., on the ef-

fect in question. We therefore carried out our own experiments 

at liquid-nitroge~ temperature (-196°C), as well as at room temp

erature (200
). The magnetic field was H = 1800 to 2000 Oe, which 

was ad equate for the saturation of Armco iron. The compressing 

medium was a gas not solid~fying at 77°K and 2000 atm. Oil was 

used for this purpose in / 1, 2/. 

The arrangement of the apparatus is shown in Fig . 1. The 

s ample under test, 1, a machined Armco i ron rod 57Q rom long and 

5 .75 rom i n diam~r * , lies freely in the chamber 3 (the gap between ~ 

* The sample is annealed in hydrogen a t 1340
0

C f or 15 min, 

heated in vacuum to 900°C, and cooled in the furnace, 
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Fig. 1. Arrangement of apparatus f or studying the effect of 

uniform compression on xx. saturated magnetization at low temp

eratures. 1) Sample, 2) measuring coil, 3) compression chamber 

made of nonferromagnetic bronze, BrAZhH, 4 ) magnetizing coil, 5) 

Dewar vessel, 6) reducer, 7) upper tube, 8) gas-inlet va lve, 9) 

compression cylinder, 10) ma nometer, 11) T joint, 12) lower tube, 
pensat 

13 / compxKBx~ng coil, 14) hydrocompressor, 15) transformer o~l, 

17) valve. 

~y 

1) Pressure drop 

2) Gas from cylinder 

rod and inner walls of the chamber is about 0. 2 mm) ; this enables 

the rod to be compressed on all sides. The high pressure in the 

chamber is achieved by r educing the original volume of the gas in 

the inside of the apparatus by forcing the transformer oil 16 into 

the compression cylinder 9 through the tube 12 by means of the hyd-

rocompressor 14. The chamber containing the sample and the meas-

uring coil &m (2) fitting over the chamber · · are placed in a Dewar 

vessel 5 filled with liquid nitrogen. 

Pfinctple. 
The maXKx£xtxKi% of the electrical-measuring circuit appears 

in Fig. 2. The magnetizing field H inside the magnetizing sole-

noid 'H is created by a steady current of up to i max = 20 A 

• The measuring coil was placed ins ide the chamber in / 2/. 
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H = Ki = 24~0 Oe. max max 

The measuring circuit consists of G , C, ,R ,and Fl (flux
In l! sh 

meter), as shown in Fig. 2. 
~ 

Coils C and C are connected in op-m c 

position so as to removeiinterference asso'ciated with changes in ~ 

field due to fluctuations of the current in CH. 

rheostat Rsh serves to adjust the compensation. 

The shunting 

The effect in 

question is measured by reference to the deflecti~n of the light 

spot of t~e fluxmeter Fl. iihen the pressure i~removed slowly, 

in addition to the change in magnetic flux asso,ciated with the fall 

in pressure, there is also a certain amount of , II creep" in the light 

spot of the fluxmeter., mainly due to the torqional moment of the 

suspension fiber. An allowance for the r'cret9pll of the light spot 

is made by ordinary calibration of the fluxmeter, but in addition 

to this the flux varies smoothly, at a definite velocity. *%XR@XXK~ 

Different measuring coils (n1 = 3960 and n2 = 6240 turns respect

ively) are used at 20 and -196°C 50 that the res~ance in the flux

meter circuit should be x~ (under 30 1\. ). while maintaining a 

large enough number of turns in CM• * 

* The measurements are made in the followi~g order: 1) Gas 

from the supply cylinder is introduced into the apparatus through 

the valve 8 up to a pressure of p = 150 atm ; the valve 17 is o 

closed. 2)Oil 16 is forced into the compression cylinder 9 to a 

pressure of about 2000 atm. 3) There is a 10-min delay in order to 

establish the temperature. 4) With the fluxmeter switched on, the 

solenoid is connected to the dc supply. Using rheostats R (Fig.2), 
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a current sufficient to produce a field of 2000 Oe is established. 5} 

Fl is switched on ; using RSh ' the change in external magnetic 

field due to the artificial change of current in the magnetizing 

solenoid is compensated. 6) By slow rotation of the handle of 

valve 17, oil is allowed to run smoothly out of the compression 

cylinder until reaching a pressure po. The pressur~2¥ills uniformly 

at a rate of 1000 atm/min. With this rate of fall we m~y' neglect 

the change in the temperature of the massive sample. The change 

in the magnetic flux through the sample is measured by reference 

to the deflection of the light spot of the fluxmeter. 



· . 
6 

Fig. 2. Arrangement of the electrical part of the apparatus . 

CH is the magnetizing coil (open solenoid with natural air cool

ing) ; the solenoid constant K is 122 OelA ; the internal aam diam-

eter, length, and region of homogeneous field of the solenoid are 

60, 670, and 200 mm respectively. Cm is the measuring coil (length 

of winding 160 rom) ; Cc is the compensating coil ; RSh is a rheo-

stat shunting C c 
Fl is a fluxmeter of the Grassot type with a 

flux constant of c~ = 380~5 Mx/ division and a permissible external 

r esistance of Rext 30..rt. Distance to the scale abput 3 m. 

Key 

1) V 

2) Sample 

3) CH 
4) HI 

5) C m 
6) C 

c 
7) RSh 

The value of the effect under consideration is calcu~ed 

from the formula 
••••• R.p. 421 

where •••.• , n is the number of turns in Cm' ~ is the deflection 
Sc.~le 

of the fluxmeter inLdivisions, and ••••• (atm). 

For the iron sample studied, I = 1690 G and S = 0 .26 s 
2 cm • 

From the 22 measurements made we found ••••• ; from this, according 

to (2): 

••.•• R.p. 421 
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and finally, from (1 ) : . . . .. . 
Let us compare the value obtained from (1 ) with t hat calcul-

ated from the formula for the atomic magnetic moment of pure 

ferromagnetic metals given in / 3/ 

•••.• H.p. 421 

whwre mo = nd - 2, nd = the number of unpaired d electrons in 

the imiated atom. For iron ••••• and K2 = 3 . 85 magnetons/kxu, d1 

and d2 aX are the distances between the atom and ii~ ne arest and 

next-nearest neighbors respectively ( for iron d1 = 2 .478 kxu 

and d2 = 2.86 kxu), and D is an empirical constant characteristic 

of the particular transition metal, being 2.73 kxu for iron. The 

nagative sign in front of the ±kr±« third term is (3) is taken 

if d2 ••••• D (as it is for iron). Putting the numerica l va lues 

f or iron i n to (3), we find that m = 2.23 magnetons (experiment 

gives 2 .22). Formula ( 3 ) leads ' to the conclusion: For uniform 

compression (d1 and d2 become s maller), m must f a ll, and for unif-

orm expansion it must increase. 

It is well known that t his conclusion is confirmed qualitat-

i vely by~xperiment /1, 2, 4/. For a quantitative estimate of the 

effect we differentiate ( 3 ). We obtain 

••••• R.p. 422 

In (4) it is supposed that •••••• Pu t ting the numerical 

(see above ) (4), obtain ••••• atm -1 whi ch values for.iron into we , 

agr ees satisfactorily with our ovro data at the temperature of 

liquid nitrogen (lines 4 and 5 in Table 1) , but dis a grees cons i d-

erably with /1/ (lines 1 and 5 in Table 1) • 

(3) 
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