
length to diameter ratio is 2-4:1. For such cas
es, the low-frequency inductance of a single-layer 
coil enclosing a permeable core and haying a fill
ing factor of unity is given approximately by 
(15) : 

L = 
2 

kpnA 
-,-t- (1) 

where k is a constant, n is the number of turns 
per unit length, A is the cross-sectional area of 
the coil, and i is its length. The thing of spe
cial interest to us in equation (1) is that L is 
directly proportional to p. 

For ferromagnetic samples, p, and hence L, is 
a function of the magnetic field strength, H. 
This variation of L with H is related to the shape 
of the B-H hysteresis loop since the flux density, 
or magnetic induction, is given by B = pH. The 
relationship is shown graphically in Fig.lO. 

As a ferromagnetic sample is heated through 
the Curie point, its permeability changes from a 
large to a small and nearly constant value of 
about unity. The measured inductance thus exhib
its a large drop followed by a flat response, and 
the transition should be sharp. 

The experimental arrangeme~t is similar to 
that for compressibility measurements. The cur
rent in the coil is adjusted fOT a suitable value 
of L. For work below about 200 C, the coil can 
be wound directly on the core. Above this tem
perature the formvar insulation on the copper wire 
fails, and the coil should be wound with bare wire 
on an insulating sleeve. This introduces a simple 
filling factor correction in equation (1), but 
this in no way influences the discussion here. 
Skin-depth effects are not considered because they 
do not influence the transition point. 

To illustrate the response of the technique, 
data on two materials are presented. Fig.ll shows 
the inductance versus temperature curve of a 26-
turn coil wound on a thin sleeve of pyrophyllite 
enclosing a nickel core. The Ni core (0.400 in. 
long x 0.250 in. dial was machined from commercial 
rod and had an a"tmospheric Curie point of 340 C. 
The data were taken at 35 kbars and a frequency 
of 1 kc/sec. Temperature was measured with a Pt
Pt 13 pct Rh thermocouple, but no correction for 
pressure effect on emf was made. The transition 
is sharp and reversible. 

Fig.12 shows the inductance of a coil enclos
ing a 70 pct Fe-30 pct Ni core as a function of 
ram pressure at room temperature. The alloy was 
prepared from commercial powders, and the experi
mental set-up was identical to that for Ni. Al
though the transition is not as sharp as in the 
case of Ni, it is, nevertheless, quite distinct. 
It is taken as the intersection of the straight 
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Fig.12 Determination of the Curie point of a 
70 percent Fe - 30 percent Ni alloy from induct
ance and secondary voltage versus ram pressure 
data. The two techniques give identical results. 
The transition pressure corresponds to 27 kbars 

line segments of the curve as indicated. The 
transition pressure is 27 kbars and is in good 
agreement with hydrostatic data obtained using 
different techniques (16). This corresponds to a 
decrease in the Curie point of -5 deg C/kbar. 

We have earlier used a different technique to 
measure the effect of pressure on the Curie pOint 
of ferromagnetic substances (10). This consists 
of winding two concentric coils (a primary and 
secondary) on the sample core. A small constant 
alternating current is passed through the primary 
coil and the induced voltage in the secondary is 
measured as a function of temperature and pres
sure. Patrick (!I) used a similar method in ear
lier work using a hydrostatic apparatus. His sam
ple was used as the core of a transformer. A 
typical example of our data on 70 pct Fe-30 pct Ni 
is shown in Fig.12. The shift of the Curie point 
is identical to that obtained using the inductive 
method. 

The sensitivities of the Single and double
coil techniques are about the same. The simplic
ity of the design and operation of the Single 
COil, or inductive, method makes its usage advan
tageous. A further advantage, important from the 
standpoint of the pressure experiment, is the fact 
that only two electrical leads (or one coax) are 
needed. 

Saturation Magnetization 
The coil methods mentioned can be used for 
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Circuit diagram used for displaying ferromagnetic 
hysteresis loops on oscilloscope screen 

studying the effects of pressure and temperature 
on the magnetization, or B-H, curve of a ferro
magnetic material. However, precision measure
ments cannot be made on isolated open-ended rod 
specimens because of the nonuniformity of the mag
netizing field along the length of the sample. 
A permeameter can be used to help produce a uni
form field, but this complicates the design of the 
pressure experiment. Ring-shaped samples are the 
simplest, from the magnetic point of view, for use 
in studying magnetization curves. The field 
strength, H, is calculated directly from the ex
citing current in the primary winding, and, since 
there are no joints in the magnetic circuit, the 
flux density, B, is uniform at every point. 5 

By far, the simplest way to study the satura
tion magnetization of a sample is to obtain an 
oscilloscope display of the hysteresis loop. The 
circuitry for doing this is conventional and is 
shown in Fig .13 . The exc ita tion current in the 
primary, ip (amp), establishes in the core a field 
given by: 

O.41TN i 

H (oersteds) = --l..,.....aP---L.P (2) 

where i is the length of the flux path in the core 
(cm) and Np is the number of turns in the primary 
winding. By applying to the X-axis of the scope 
the voltage drop ex' produced by the current ip 
in a noninductive resistor Rl' one obtains a hor
izontal deflection proportional to the instantane
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Fig.14 Relative change in saturation magnetization versus 
pressure for 70 percent Fe - 30 percent Ni alloy at room tem
perature comparing results obtained in hydrostatic and hexa
hedral anvil apparatuses 

Winding. This voltage is amplified, integrated by 
the R2C circuit, and applied to the Y-axiS of the 
scope. By making R2» l/wC, where w is the radi
an frequency of the fundamental component of es ' 
we have 

( 4) 

Hence we have a vertical deflection proportional 
to the instantaneous flux density B in the core, 
and the scope display will be a plot of B versus 
H. 

The technique provides adequate sensitivity 
except when very small changes in magnetization 
are to be measured. In such cases, the same sam
ple arrangement can be used with a standard bal
listic galvanometer technique (18), and a point 
by point determination of the magnetization curve 
is made. 

In the high-pressure experiment one is often 
limited by the size of samp~e and hence the number ous field intensity H. 

The flux ~, in the core induces in the secon- ' of turns and size of wire that can be used for the 
dary winding a voltage es given by 

e 
s 

(3 ) 

where ~ = EA, A is the cross-sectional area of the 
core, and Ns the number of turns on the secondary 

~iS is almost true for narrow rings; i.e., id 
and od not too different. For wide rings B will 
vary some in the radial direction. 
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windings. The size of wire of course determines 
the amount of current that can be passed through 
the primary. For many materials, enough primary 
turns can be wound on a small sample to produce 
saturation fields without causing excessive heat
ing of the wire. If higher fields are needed, an 
electronic gating circuit can be used to produce 
high current pulses for short duration. Such a 
circuit can be designed to supply the primary with 
a single cycle of current from the a-c line. Each 


