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1

My invention relates to testing devices for the
determination of B-H curves of a magnetic me-
diun.

The performance of a magnetic medium de-
pends to a large degree on the B-H curve of the
medium under the cperating conditions encoun-
tered in the apparatus in which it is used. In
the case of magnetic recorders and like eguip-
ment involving small quantities of medium, these
characteristics, if available at all, have been de-
termined only at the price of using large, slow,
expensive apparatus that is difficult to operate
and requires expert control, particularly if
measurements are desired at high values of mag-
netomotive forece or “H.” Furthermore, small
errors in positioning of the samples in such equip-
ment have been the source of substantial errors
in measurement. Moreover, measurements of
small samples have heretofore required the use
of standardizing or-calibrating samples to fix the
instrument scales relative to the desired units
of flux density (B8) and magnetomotive force
(H). B8uch standardizing samples always intro-
duce the possihility of error because of the un.-
predictable changes in magnetic characteristics
thereof with time and use. In accordance with
the present invention, these difficulties are elimi~
nated 59 that measurements of small samples of
magnetic material, such as the fine wire or tape
used for magnetic recording, may be made quick-
1y and accurately even at high magnetomotive
force values without reference to calibrating
samples or the use of delicate equipment.

It is accordingly a general object of my inven-
tion to provide an improved B-H curve tracer
capable of accurately and quickly determining
the B-H curve of a small sample of magnetic
medium at high magnetomotive force values and
without use of reference or calibrating samples.

It -is -an objeet of my invention to provide
an improved B-H curve tracer, having a built-in
calibration system based on fundamental elec-
trical and magnetic quantities so as to avoid
need for a standard or reference sample.

Further; it is an object of my invention to pro-
vide an improved B-H curve tracer wherein the
sample may be readily positioned for testing,
and errors in positioning the samples do not
cause errors in measurement.

It is yet another object of my invention to
provide an improved B-H curve tracer capable of
subjecting a small sample of magnetic media fo
large values of magneto-motive force.

It is still another object of my invention to
provide an improved B-H curve tracer suitable
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for use at a relatively low frequency, stich as 60
cycles, so as to eliminate difficulties due to stray
magnetic and electric fields together with the
phase shift and power losses associated with
high frequency currents and facilitate obtaining
the power necessary to operate the equipment.

Still another object of my invention is to pro-
vide an improved integrating network to gen-
erate a voltage determined by the integral of
another voltage, and which has features of high
oubtput voltage and low phase shift while at the
same time involving a simple circuit.

Yet another object of my invention is to pro-
vide an improved device to indicate the instan-
taneous value of alternating current flow in an
electrical circuit.

The novel feature which I believe to be char-
acteristic of my invention are set forth with
particularity in the appended claims. My in-
vention itself, however, both as to its organiza-

tion and method of operation, together with fur-

ther objects and advantages thereof, may best
he understood by reference to the following de-
seription taken in connection with the accom-
panying drawings.

On the drawings:

Figure 1 is a somewhat diagrammatic view
showing a solenoid structure, test unit, and oseil-
loscope and the connections therebetween for
tracing B-H curves in accord with my invention;

Figures 2 and 3 are side elevational and top
plan views respectively of the solenoid strue-
tures used in the system of Figure 1;

Figures 4 and 5 are enlarged side elevational
and top plan views respectively of the sample
holder portion of the solenoid structure of Fig-
ures 1, 2, and 3;

Figure 6 is a schematic circuit diagram of the
B-H curve tracer;

Figure 7 is a more detailed circuit diagram
showing the improved integrator circuit of this
invention and the impedance elements affecting
the operation thereof.

Figure 8 shows the variations in field strength
along the length or axis of the exciting solenoid
used to establish a magnetic field within the
sample of magnetic medium; and

Figures 9 and 10 are curves showing the pey-
{formance of my improved integrator.

As shown on the drawings:

The principal component elements of the B-H
curve fracing mechanism of this invention are
shown in Figure 1. It is the purpose of the sole-
noid structure 26 to hold the sampls under test
and to subject that sample to the desired mag-
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netomotive force. Exciting current for this
structure is derived from test unit 22 which is
also receiving output voltage from the various
coils of solenoid system. 20 to produce a voltage
determined by the magnetic flux density in the
sample. This voltage is applied to a cathode
ray oscilloscope 24 to deflect the ray beam there-
of in the vertical direction in accord with the
flux density in the sample. Test unit 22 also
supplies the oscilloscope 24 with a voltage deter-
mined by the magnetic fleld strength to which
the sample is subjected, which voltage controls
the horizontal deflection of the ray beam there-
of. Inasmuch as the vertical deflection of the

ray beam of oscilloscope 24 corresponds to the

magnetic flux density (B) within the sample and
the horizontal deflection is determined by the
magnetic field intensity (H) of the sample, a
trace appears upon the screen of oscilloscope 24
as these values are varied with time. The shape
of this trace corresponds with the B-H charac-
teristics of the sample.

The solenoid structure 20 supports the sample
under. test, subjects that sample to predeter-

mined magnetomotive force, and provides means .

to pick up voltages proportional to the flux density
within the sample. Furthermore, solenoid
structure 20 provides means to calibrate the sys-
tem so that the values corresponding to pre-

determined deflections of the ray beam of oscil- .

loscope 24 may be determined. As shown in
Figures 2 and 3, the solenoid structure 20 com-
prises an inner or exciting solenoid 26 about
which are mounted a plurality of outer mutual
inductors 28, 36, 32, 34, 36 and 38. As will be
evident from examination of Figure 3, the mu-
tual inductors are mounted at equal angular in-
crements about a common radius R from the
center of the exciting solenoid 26, so that cur-
rent flow in the solenoid 26 produces a common
value of total magnetic flux through each of the
mutual inductors. As will be described in de-
tail hereafter, a pickup coil 50 is mounted with-
in solenoid 25 to produce an electromotive force
proportional to the time rate of change of flux
therein. The sample to be tested, 51, is disposed
within tube 48 which is positioned by supports
42, 44 and 46 so as to be within both the pickup
coil 50 and the solenoid 26.

Each of the six mutual inductors 28, 30, 32,
34, 36 and 38 consists of a primary winding and
a secondary winding mounted in coaxial rela-
tion so as to provide mutual inductance between
the two windings. These are connected in three
groups of adjacent coil pairs. One group, coils
28 and 30 constitutes the balancing mutual in-
ductors to eliminate the effect of flux in the
pickup coil 58 associated with the air flux in
solenoid 26 existing in the absence of a sample.
The second set, coils 32 and 34, are calibrat-
ing mutual inductors, to calibrate the B or flux
density scale of the viewing screem of oscillo-
scope 24. The third set of mutual inductors.
coils 36 and 38, are the H or magnetic field
measuring mutual inductors to measure the mag-
netic field intensity to which the sample is sub-
jected and calibrate the corresponding scale of
the viewing screen of oscilloscope 24.

Fine adjustment in the mutual inductance be-
tween the adjacent pairs of each group of mu-
tual inductors is achieved by altering the angu-
lar spacing between the fwo coils without alter-
ing their radial distance R. The windings of
each pair of mutual inductors are electrically
connected so that the vertical field components
associated with the two coils are opposite in
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direction so that when current fows there-
through no magnetic field is produced in the cen-
ter of the exciting solenoid 26 and no voltage is
picked up in coil §8. Moreover, since the mutual
inductors are mounted at equal radius about ex-
citing solenoid 26 and their axes are parallel to
the axis of that solenoid, current flow in solenoid
26 produces no voltage in any pair of mutual in-
ductors since the voltage induced in one coil of
each pair is equal and opposite the voltage in-
duced in the other coil.

It is the purpose of the pickup coil 50, shown
most clearly in Figures 4 and 5, to generafe a
voltage determined by the time rate of flux
change within the sample under test. In the
views of Figures 4 and 5, the sample holder, indi-
cated generally at 40, is shown without the excit-
ing coil 26. As will be evident from these views,
sample holder 48 consists of three supports 42,
44 and 48 surrounding at equal angles to the sam-
ple holding tube 48. In addition to positioning
exciting coil 26, the supports 42, 44 and 46 sus-
tain the pickup coil 58 in position on the axis
of the exciting coil 26 and at the center thereof.
Mutual resistance coils 52 and 54 are also mount-
ed on supports 42, 44 and 46.

In the illustrative construction of the sample
holder of Figures 4 and 5, the tube 48 is a Pyrex
guide tube and supports 42, 44 and 46 are of
wood. It will be apparent to those skilled in the
art, however, that any non-magnetic materials
having suitable mechanical characteristics may
be used for this purpose. The diameter of tube
48 is chosen so as to enable insertion of a group
of magnetizable wires or paper tapes of the type
used in magnetic recording and reproducing de-
vices.

In the enlarged view of Figures 4 and 5 the
samples to be tested, 51, are shown in position
within tube 48. These samples are preferably
of a length at least half the length of solenoid
26 and are centrally disposed along the axis of
solenoid 26. 'The variation in magnetic field in-
tensity along the axis of coil 26 as a function of
the distance from the center thereof is shown
in Figure 8. This figure shows clearly that the
sample is subjected to a substantially constant
field intensity in the region of the pickup coil
and the induced voltage within that ceoil due to
the presence of the sample corresponds to a uni-
form degree of magnetization therein.

The operating features of this invention may
bhest be understood by the consideration of the
schematic circuit diagram of Figure 6, together
with the physical structures above described with
reference to Figures 1 to 5. In Figure 6, the vari-
ous mutual inductors, exciting solenoids, and the
like are shown diagrammatically and identified
with numerals corresponding to numerals uti-
lized in the above description with reference to
the actual physical structure of the coils. In ad-
dition the diagram is divided by dotted lines into
units constituting the component portions of the
complete system of Figure 1 and corresponding to
numerals of identification applied thereto.

Energizing current flow for exciting solenoid
26 is derived from a source of alternating voltage
connected to terminals 56 and 58. This current
flows through adjustable auto transformer 69,
fuse 62, solenoid 25, the primary windings of
mutual inductors 36, 38, 36, 28, 34 and 32, and
back to terminal 58 through series resistance 64.
When the current flows through energizing sole-
noid 26, voltage is induced in pickup coil 59, this
voltage being determined by the time rate of
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change of magnetic flux within coil 26. Likewise,
exciting current fiow through the primary wind-
ings of mutual inductors 28 and 30 causes voltage
to be induced in the secondary windings thereof
determined by the time rate of change of current
flow in the two separate mutual inducters, there-
by producing a voltage proportional to the in-
duced voltage in pickup coil 59 when a sample
is not contained in the unit.

The secondary windings of mutual inductors
28 and 30 are connected in series so that the
total induced voltage therein is the sum of the
two separate induced voltages together with the
mutually induced voltages therebetween. These
inductors are connected in series opposition with
pickup coil 50 by low capacity transmission Iline
§6. Sinee the induced voltage in the mutual in-
ductors 28 and 30 is proportional to the induced
voltage in pickup coil 50 when no sample is con-
tained in the unuit, it is only necessary properly
to proportion mutual inductors 28 and 39 rela-
tive to pickup coil 88 to reduce to zero the effec-
tive voltage applied to transmission line 8§ when
there is no sample in the unit. Final changes
in this adjustment may be made by adjusting the
spacing between the mutual inductors 2§ and 38
s0 as to vary the total mutual inductance there-
between.

‘While the mutual inductors 28 and 32 provida
nearly complete balancing of the induced voltage
in coil §8 when no sample is located in solencid
26, there is a slight voltage that cannot be elimi-
nated. This voltage results from eddy currents
in the winding conductors, clamping bolts, and
other conductors located in the fields of these
coils and is in phase with the current flow in ex-
citing coil 26. Adjustments of the mutual in-
ductance between mutual inductors 28 and 239 is
ineffective to equalize these in-phase voltage
components.

It is the function of mutual resistance coils
52 and 54 to compensate for the in-phase com-
ponents of voltage applied to transmission line
88 because of the unequal in-phase voltages in
pickup coil §9 and mutual inductors 22 and 34.
These coils are wound in a common direction at
each end of pickup coil 50, as will be evident
from Figure 4, and are connected by transmis-
sion line 10 to variable resistance 12. As the vaiue
of variable resistance 72 is relatively great com~
pared with the inductive reactance of coeils 52
and 54, the current flow therein is substantially
in-phase with the induced voltage. Thus mutual
resistance coils 52 and 54 alter the induced voltage
in coil 58 in a manner similar to bolts and other
conducting objects in the field thereof. By ap-
propriately adjusting resistance 72 the influence
of the mutual resistance coils 52 and .54 on the
voltage in pickup coil 59 may be equalized with
the effect of the clamping bolts and other con-
ductors in mutual inductors 28 and 30, thereby
reducing to zerc the voltage applied to transmis-
sion line 68 in the absence of a sample.

It is the purpose of electron discharge device 16
to amplify the voltage of transmission line 68.
To this end, potentiometer 14 is connected to the
end of that line opposite coil 53 and the moving
arm connected to the control electrode of electron
discharge device 16. Resistance 18 is connected

in the cathode circuit of device 7§ to provide a 7

degree of inverse feedback so ag to improve the
stability and fidelity of amplification. Unidirec~
tional cathode-anode space path voliage for de-
vice 16 is derived from the power supply indicated
generally at 80 through resistance 82, across
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which is developed a voltage varying in accord
with the space current flow in device 15.

It is the purpose of the integrator indicated
generally at 84 fo produce a voltage proportional
to the integrated value of the voltage wave ap-
pearing across resistance 82. This integrator in-
cludes capacitor 98 connected from the anode of
device 16 to ground, together with capacitors (48
and (82 connected in series between the anode
of device 76 and ground and variable resistance
194 shunting capacitor 180. The operation of
this ecircuit is described in further detail here-
after.

Electron discharge device 98 acts as a cathode
follower type amplifier, deriving cathode-anode
space path voltage from the unidirectional volt-
age source indicated generally at 80, through
cathode resistance 92. Voltage developed across
this resistance is applied through transmission
line 94 to oscilloscops 24. Capacitance 3% and
resistance §8 act as grid capacitor and grid leak
respectively for device 80. As is well known in
the art, the cathode follower type amplifier in-
cluding electron discharge device 98, has an ex-
tremely high input impedance so that it has slight
effect on the operation of the integrator circuit
indicated generally at 84. TFurthermore, the out-
put impedance of cathode follower amplifier in-
cluding electron discharge device 90 is relatively
low and may be used to feed a low impedance
input circuit in oscilloscope 24.

From the above description it is evident that
electron discharge device 76 amplifies the induced
voltage in pickup coil associated with the presence
of the sample within the exciting coil 26, and pro-
duces a veltage across resistance 82 having wave
shape corresponding to that induced voltage.
This wave is integrated in integrator 84, and ap-
plied to cathode follower electron discharge de-
vice 99 to supply to oscilloscope 24 a voltage de~
termined by the integral of the induced voltage in
coil 50. Since the induced voltage in coil 59 that
is not balanced by coils 28 and 38 is determined
by the tiine rate of change of the magnetic flux
within coil 50 due to the sample, and integrator
84 converts this time varying voltage to a voltage
having value determined by the integral of the
time varying voltage, the oufput voltage from
integrator §4 is proportional to the magnetic
flux intensity within the sample and the ray beam
of oscilloscope 24 is deflected in accord with the
magnetic flux in the sample.

Oscilloscope 24 may be any one of many types
well known in the art. In general, it will include
a cathode ray device with electric or magnetic
ray deflecting elements, together with the ampli-
fiers and other equipment necessary to convert
small applied voltages to values sufiicient to pro-
vide an appropriate degree of beam deflection.
In the equipment described herein, for example,
the elements of oscilloscope 24 connected to the
end of transmission line 94 might include, for ex-
ample, a series of amplifiers to increase the volt-
age therein to a value sufficient to provide the
desired degree of deflection of the cathode ray
beam. The output voltage of these amplifiers,
for example, might be connected to the vertical
deflecting plates of the cathode ray device so as
to cause the ray beam thereof to assume a vertical
position corresponding to the intensity of the
applied voltage and hence the intensity of the
magnetic flux within the sample.

Simultaneously with the application of voltage
proportional to the magnetic flux within the
sample to the vertical deflecting plates of oscillo~
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scope 24, a voltage corresponding to the current
flow in coil 26 is applied to oscilloscope 24 by rea-
son of a transmission line 86, which has one end
connected across resistance 64 and the other end
connected to oscilloscope 24. In one form of o8-
cilloscope 24, for example, the voltage of trans-
mission line 95 is amplified to increase the value
thereof t6 an amount sufficient for application to
the horizontal ray deflecting plates of the cath-
ode ray device. This voltage is applied to these
plates so that the horizontal position of the ray
beam is determined by the instantaneous value
of the voltage across resistance 64 and hence the
current flow in exciting coil 26.

Since the horizontal position of the cathode
ray beam is determined by the current flow in
coil 26, and hence the magnetic field intensity,
H, to which the sample is subjected, and the ver-
tical position of the cathiode ray beam is deter-
nmined by the magnetic flux within the sample,
and hence the magnetic flux density, B, of the
sample, a curve is traced on the viewing screen
of the cathode ray device corresponding to the
B-H curve of the magnetic sample, this curve
having, for example, the shape shown at 98, Fig-
ure 6.

The performance of the integrator shown gen-
erally at 84, Figure 6, can best be understood by
reference to Figure 7 which shows an enlarged
circuit diagram, together with a series resist-
ance 106 representing the output impedance of
the amplifier stage comprising electron discharge
device 16.

One measure of performance of the improved
integrating network of this invention in produc-
ing a voltage across the output terminals propor-
tional to the integral of the voltage across the
input terminals is the phase error in the output
voltaege relative to an output voltage compris-
ing a true integration of the input voltage and
the attenuation of the output voltage relative
to that voltage corresponding to true integra-
tion of the input voltage. If there is no phase
error or variation in attenuation over a frequency
range sufficiently wide to include all the signifi-
cant components of the input voltage, the wave
shape of the output voltage corresponds identi-
cally with the wave shape of a true infegral of
the input voltage. Any deviation from this frue
integral is determined by magnitude of the phase
error, or the variations in attenuation.

It can be shown that the angle of phase shift,
g, with the integrating network of Figure 7 is de-
termined by the following formula:

(wCRm)Z (
1+ (wCRn)?

1+(7-UCR104)2%@ R
wCR 104"——9——]—04'1' prat
1 + ( ’UJ‘CZRMMZ R104

Rlﬂﬁ

14+ —R—m

f=tan™!

where:

w is the frequency in radians per second

C is the common value of capacitors 98, 190, and
{082 in farads

Rioe is the resistance of resistance {84 in ohms

Rus is the resistance of resistance {06 in ohms

The value of this phase error or phase shift
over a relatively large range of frequencies and
typical values of the circuit components and
equal values of capacitors 98, 100 and {02 is
shown in Figure 9, the phase errors being shown
in degrees lag and lead over the voltage that
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would be produced at the output terminals in
the event of true integrator action.

In the application of the integrator circuit of
Figure 7 to the B-H curve tracer, it is desirable
to reduce the phase error to zero at the frequency
of the source voltage applied to terminals 56 and
58, Figure 6, since this is the principal compo-
nent of the output voltage. Thus, in one embodi-
ment of my invention wCRies is 2.04 at the 60
cycle frequency applied to terminals 56 and 58,
Figure 6, and

B
R104

is 2.23. From Figure 9 it will be evident that this
combination provides zero phase shift at the 60
cycle frequency. Moreover, since it is relatively
easy to provide a sinusoidal voltage across ter-
minals 56 and 58, Figure 6, the third harmonic
of this voltage is the principal harmonic in. the
voltage applied to the integrating network. Rei-
erence to Figure 9 will show at this point wCR1os
is 6.12, and phase error of about —0.28° takes
place, an error causing insignificant error in the
B-H curve values. : ’

A further criterion of the performance of the
integrating network is the relation of the magni-
tude of actual cutput voltage with the voltage
corresponding to true integration. A measure of
this ratio, expressed in terms of decibels attenu-
ation, is:
(2)
db attenuation —20 logowCRips=

1+ (OB
104 | 94108
14+ (wCRy)? ' Ry

where w, C, Rios, and Rios have the same signifi-
cance as in Equation 1.

If this quantity is a constant value over the
range of frequencies encountered, the frequency
components of the actual integrated wave will
have the same relative magnitudes as in a per-
fectly integrated wave.

A curve showing the various values of atten-
uation derived from Equation 2 for different
values of circuit parameters for the particular
case wherein capacitors 98, 1008, and 182 are of
equal value is shown in Figure 10. -For the above
described particular case where wCRios is 2.04
and

20 log 10

izt

R104
is 2.23, it will be observed that the third and
higher harmonics are attenuated approximately
0.3 decibel or 3.5% more than they should be.
Actual errors in the deflection are smaller than
this percentage since the fundamental is the
strongest frequency component present, and
since the harmonics tend to oppose each other
in creating error.

As compared with a conventional integrating
network comprising a series resistance and ca-
pacitor combination, the improved integrator of
this invention is very effective. If, for example,
a conventional resistance-capacitor integrating
network is designated to have one-half degree
phase error at the lowest or fundamenta] fre-
quency of operation, the output voltage is less
than one per cent of the input voltage at that
f;equency. With the integrator of this inven-
tion, designed to produce zero phase efror at
the fundamental frequency of operation and 0.3
degree phase error at the third harmonie, the
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fundamental frequency output. voltage is six
per cent of the fundamental frequency input
voltage. Moreover, with the conventional inte-
grating network the greatest phase error ig at
the fundamental frequency where it has maxi-
mum tendency to distort the results whereas in
the improved integrator the phase error can be
made zero at this frequency.

It will be apparent to those skilled in the art
that my improved integrating network differs
from the conventional RC integrator in provid-
ing impedances further to modify the imiper-
fectly integrated voltage appearing acress the ca-
pacitor of the RC network. In the particular
arrangement of elements I have described in
detail these elements include capacitors (88 and
102, each having value equal capacitor 98. It
is not essential, however, that this equality of
capacitance exist inasmuch as sdtisfactory op-
eration can be achieved with other proporticns
of the circuit components.

It is the function of the mutual indguctors 36
and 388, Figure 6, together with meter 110, to in-
dicate the peak magnetic field intensity to which
the sample is subjected. To this end, the sec-
ondary windings of inductors 36 and 38 are con-
nected in series and théir free terminals con-
nected to the coaxidl transmission line (08.
Meter (10 is connected to the opposite end -of
transmission line 108. This meter includes bridge
rectifier 107 with D’Arsornival ammeter {63 con-
nected to the D.-C. side. Multiplier 11t is se-
lectively placed in series with rectifier 107 by
switch 112 so as to permit accurate reading over
a large range of current values. A voltage is
induced in the secondaries of inductors 36 and
38 in proportion to the time rate of current
change in exciting solenoid 28. It can be shown
that if the periodic current flow in the primary
windings of mutual inductors 36 and 88 has equal
positive and negative peak values, positive slope
between the negative peaks and the positive
peaks and negative slope between the positive
peaks and the negative peaks, the average value
of rectified voltage, and hence the reading of
the meter {10 is proportional to the peak current
value. As the current flow in the primary wind-
ings of mutual inductors 3§ and 38 fulfills thess
conditions, the deflection of meter 18 is propor-
tional to the peak value of current flow in ex-
citing solenoid 26.

From the foregoing description it will be evi-
dent that the ammeter {19 provides a direct
reading of the peak current flow in exciting sole-
noid 26 and hence the peak valiue of the magnetic
fleld to which the sample is subjected. This
measurement is- accurate even though current
flow in solenoid 26 deviates from 4 sine wave
shape since presence of limited harmotics in the
wave do not alter the accuracy of the instru-
ment.

It can be shown that for a long thin solenoid,
such as exciting coil 26, the field strength at the
center thereof is given by the following rela-
tionship:

3)

~where: ‘ ,
H is the field strength at the center of the sole-
noid.
k is a factor determined by the solenoid dimen-
sions.
N is the number of turns per unit length of the
_, solenoid. :
{ is the current flow in the solenoid.

H=E 0.4 » Ni
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A curve showing actual measured values of
field strength along the axis of the solenoid is
shown in Figure 8. This curve shows clearly that
the field strength at the center of the solenoid
is nearly constant -so that the value computed
from Equation 3 is an accurate evaluation of the
field to which the sample is subjected despite
small deviations of the sample from the central
position. The peak current value ohtained from
meter 1i8§ accordingly measures the peak field
strength to which the sample is subjected and
hence the H value corresponding to the maxi-
mum horizontal travel of the eathicde ray bheam
of oscilloscope 24,

It is the function of calibrating mutual in-
ductors 32 and 34 to calibrate the testing system
with respect to the fiux density indications repre-
sented by vertical deflections of the ray bsam of
oscilloscope 24. To this end, the secondaries of
inductors 32 and 34 are connected in series and
their free ends connected to transmission line
{14 and voltage divider resistance (16, Switch
124 selectively applies to potentiometer 74 voltage
ifrom pickup coil §0 or voltage from any one of
the three taps of resistance 116.

Current flowing in the exciting solenoid 28 and
the primary windings of mutual inductors 32, 34,
36 and 38, causes voitage in the secondary wind-
ings of mutual inductors 32 and 34 in accord
with the time rate of current change. With
switch 124 in positions 2, 3 or 4, this causes a cor-
responding voltage to be applied to potentiometer
14 and the control electrode of device 16. After
this wave is amplified by device 75 it is integrated
in the integrator 84 and applied through device
50 to oscilloscope 24 where it deflects the ray
beam in the vertical direction. Since the voltage
applied to potentiometer 74 is proportional to
the time rate of change of current, and this volt-
age is integrated in integrator 84, the deflection
of the ray beam. is proportional to the current.

The B or flux density calibrating system oper-
ates through the joint use of calibrating mutual
inductors 32 and 34 and the ammeter {13, With
a particular current flow in exciting solenoid 26,
and switch 124 in position 2, 3 or 4, the ray beam
is deflected a measurable distance in the vertical
direction while at the same time meter 110 may
be read. Since meter 1) gives the peak current
value, corresponding to the limits of vertical
travel of the ray beam, the beam travel is related
to the peak current. As the magnetic permea-
bility of air is unity, this enables direct calcula-
tion of the flux density values by use of Equation
3, together with the proportionality constants
determined by the construction of the equipment.
By varying the peak current during calibration,
the ray deflection may be established for as many
flux density values as required.

The power supply system shown generally at
80 is of conventional construction and includes
transformer 125 having its primary winding con-
nected to terminals 53 and 58 a plurality of sec-
ondaries to supply heater and space path voltages
for the various electron discharge devices used in
the system. The high voltage center tapped sec-
ondary {27 is connected to full wave rectifier 128
and the filter system comprising condensers (3§
and inductor 132. The secondary terminsals z—=z
of transformer {25 are connected to the filament
terminals z—x of electron discharge device 134,
so that the cathode-anode space of that device
is in series with the current path from inductor
132 to electron discharge devices 76 and 89. The
effective space path resistance of device i34 is
controlled by electron discharge device 13§, bat-
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tery 138, and resistances 140 and {42, in accord
with the voltage across filter condenser {44, this
control being in direction to tend to maintain
constant the voltage across condenser (44 so as
to apply to electron discharge devices 76 and 99
a constant voltage despite variations in the volt-
age applied to terminals 56 and 58 or the current
flow in electron discharge devices 76 and 90.
This regulating action is highly desirable because
of the very low minimum frequency of operation
of the amplifiers utilizing devices 16 and 90, to-
gether with the low cut-off frequency of the am-
plifiers in oscilloscope 24.

Tt will be apparent to those skilled in the art,
that I have provided improved B-H curve tracer
having good accuracy and in which calibration
is achieved by reference to fundamental elec-
trical and magnetic quantities, namely the per-
meability of air and the physical dimensions of

the equipment, thereby eliminating the use of o

calibrating samples and the like. Furthermore,
the error associated with the air flux surround-
ing a passage through the various coils is elim-
inated, so as to measure directly the contribu-
tion of the sample tested to the total flux.
Moreover, solenoid 26 is positioned where there
‘are no immediately adjacent parts so that the
consequent good ‘heat conduction permits high
values of current flow therein and correspond-
ingly high magnetic field intensities without
overheating, In addition, my improved B-H
curve tracer may be operated at a relatively low
exciting frequency, such as 60 cycles per second,
so that the power required to energize solenoid
26 is readily available and errors due to stray
fields are minimized.

While T have shown a particular embodiment
of my invention, it will, of course, ke under-
stood that I do not wish to be limited theretc,
since many modifications hoth to circuit arrange-
ments and in the structures disclosed may be
made without departing from the spirit and
scope thereof. I, of course, contemplate by the
appending claims to. cover any ‘such modifica~

tions as fall within the true spirit and scope of

my invention.

T claim a$§ my invention:

1. A device for determining the magnetic
characteristics of ‘a sample including the combi-~
nation of an exciting solenoid disposed near said
sample, means to cause current flow having an
alternating component in said sclenoid so as to
subject said sample to a magnetic field, a pickup
coil disposed within the field of said sclenoid
t0 produce a voltage determined by the time
rate of change of the magnetic flux within said
solenoid, and elements to compensate for the
magnetic flux passing through said solenoid in
the absence of said sample, said elements in-
cluding a mutual inductor having a first coil and
a second coil, means connecting said first coil
to carry current proportional to the current in
said exciting solenoid and said second -coil to
said pickup coil so that the voltage therein is in
opposition to the voltage of said pickup coil, said
mutual inductor being so proportioned relative
to said pickup coil that the electromotive force
in said pickup coil in the absence of a sample
tends to be balanced out, a coil disposed in in-
ductive relation with said pickup coil or said
mutual inductor, and means to short circuit said
last coil through a resistance of value to equalize
the in-phase components of voltage induced in
said pickup coil and said second coil, whereby
the total voltage across said pickup coil and said
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second coil is determined solely by the time varla-
tions of magnetic flux in said ‘sample.: :

2. A device for determining the magnetic
characteristics of a sample including in combi-
nation an exciting solenoid ‘disposed hear said
sample, means to cause an alternating compo-
nent of current flow in said solenoid so ‘as to
produce an alternating magnetic field about said
sample, a pickup coil inductively: coupled with
said solenoid to produce a voltage determined by
the time rate of change of the magnetic field
within said solenoid, and elements to compénsate
for magnetic flux passing through said solenoid
in the absence of the said sample, said elements
including a mutual inductor Having a pair of
mutually coupled coils, means to cause a cur-
rent flow in one of said coils proportional to
current flow in said exciting solenoid; and means
connecting the other of said coils in series op-
position to said pickup coil; -said mutual in-
ductors being disposed so that the electromotive
force induced in said other coil is independent
of the magnetic field about said solenoid, and a
compensating coil in mutual inductive relation-
ship with said pickup solenoid or said mutual
inductor and short circuited through a resistance,
said last coil being short circuited through a re-
sistive impedance of value to cause the in-phase
component of voltage in said pickup coil to equal
the in-phase component of voltage in said com-
pensating coil, whereby the voltage induced in
said pickup coil in the absence of said sample
may be compensated by adjusting the value of
said resistance and the mutual inductance of
said mutual inductors,

3. A device to determine the magnetic proper-
ties of a sample including in combination, a sole-
noid disposed in proximity to said sample, a pick-
up coil disposed near said solenoid, means to
cause an alternating component of current flow
in said solenoid, a first mutual inductor having
a pair of coaxially mounted coils, a second mutual
inductor having a pair of coaxially mounted coils,
the coils of said first inductor being substantially
identical with the coils of said second inductor,
means to cause current flow proportional to the
current flow in said solenoid in one coil of each
of said inductors, means to support said induc-
tors on a common plane perpendicular to the
axis of said solenoid with their axes parallel to
the axis of said solenoid and spaced at common
radial distance therefrom, means connecting the
other coils of said mutual inductors so that the
total voltage thereacross is. independent of the
magnetic field in said solenocid, said mutual in-
ductors being so proportioned and spaced rela-
tive to each other that the total voltage induced
in said other coils is equal to the voltage induced
in said pickup coil in the absence of said sample,
and means interconnecting said pickup coil and
said other coils so as to produce a voltage de-
pendent only on the time variation of magnetic
flux in said sample.

4. A device to deternune the magnetlc proper-
ties of a sample comprising an-exciting solenoid,
means to support a sample in said solenoid, a
pickup coil mounted in inductive relation with
said solenoid, a plurality of mutual inductors
each comprising a pair of coaxially mounted
coils, means to support said inductors in a plane
perpendicular to the axis of said solenoid with
their axes parallel to the axis of said solenocid
and spaced therefrom at a common radial dis-
tance, said mutual inductors being in pairs and
wound in opposite direction so that the net elec-
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tromotive force induced in any pair is inde-
pendent of the field about said execiting solenoid.

5. A device to measure the magnetic charac-
teristics of a sample including a solenoid dis-
posed near said sample, means to cause an alter-
nating component of current flow in said solenoid
so as to subject said sample to an alternating
magnetic field, a pickup coil disposed in inductive
relation with said solenoid so that a voltage pro-
portional to the time rate of change of the mag-
netic flux in said solenoid is induced therein, a
mutual inductor having a first coil and a second
coil, means to cause current flow in said first coil
proportional to the current flow in said solenoid,
means connecting said second coil to said pickup
coil so that the voltage induced in said second
coil is in opposition to the voltage in said pickup
coil, said second coil being proportioned so that
the total voltage of said pickup coil and said sec~-
ond coil is zero in the absence of said sample,
means to integrate said total voltage, a cathode
ray device having a viewing screen and a ray
beam, means to deflect said beam in one direc~
tion in accord with the output voltage of said
last means, means to deflect said heam in direc-
tion transverse to said one direction in accord
with the current fiow in said solenoid, means se-
lectively operable to deflect said ray beam in said
one direction in accord with the current flow in
said solenoid, and a calibrating device to measure
the peak value of current flow in said solenoid, so
as to enable determination of both the magnetic
field intensity and the flux density corresponding
to the deflections of said ray.

6. A device for determining the magnetic char-
acteristics of a sample including the combina- *

tion of an exciting solenoid disposed near said
sample, means to cause current flow having an
alternating component in said solenoid so as to
subject said sample to a varying magnetic field,
a pickup coil disposed completely within said ex-
citing solenoid to produce a voltage determined
by the time rate of change of the magnetic flux
within said solenoid, and elements to compensate
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for the magnetic flux passing through said sole-
noid in the absence of said sample, said elements
including a mutual inductor having a first coil
and a second coil, said first coil being energized
in series with the means causing current flow in
said solenoid, means connecting said second coil
to said pickup coil so that the voltage induced in
said second coil is in opposition to the voltage
in said pickup coil, said mutual inductor being
located completely outside of said exciting sole-
noid, and being so proportioned relative to said
pickup coil that the electromotive force in said
pickup coil in the absence of a sample is bal-
anced out, whereby the voltage produced across
the series combination of said second coil and
said pickup coil is determined solely by the time
rate of change of magnetic flux in said sample.
DAVID E. WIEGAND.
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