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LOW FREQUENCY EXCITATION CIRCUIT FOR 

BARKHAUSEN-NOISE STUDIES 
William A. Geyger, Takoma Park, Md., assignor t0 the 

United States of America as represented by the Secre 
tary of the Navy 

Filed Apr. 7, 1964, Ser. No. 358,129 
3 Claims. (Cl. 324--34) 

The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay 
ment of any royalties thereon or therefor. 

This invention relates to an apparatus for producing a 
low frequency voltage and more particularly to an ap 
paratus for producing voltage having frequencies as low 
as 1%; cycle per second for use in studying Barkhausen 
noises in magnetic materials. 

In 1919 it was discovered by H. Barkhausen, that in 
magnetizing iron or other ferromagnetic substances, the 
magnetization level changed in a series of minute jumps 
or steps. When a coil in addition to the magnetizing coil 
is placed on a ferromagnetic specimen and connected to 
an oscillograph or an audio ampli?er, a succession of 
small voltage peaks may be detected on an oscillograph 
and clicking noises may be heard from a speaker or 
phone connected to the output of the audio ampli?er. 

In the study of saturable core materials it is desirable 
to provide a convenient means for energizing the mag 
netic or saturable core materials with a very low fre 
quency voltage so that the Barkhausen effect for a partic 
ular core material may be analyzed. Ideally, a very low 
frequency voltage application will produce voltage changes 
which are more readily observable as the voltage peaks 
occur less rapidly than with normal frequency A.-C. 
power supply. 
With the apparatus of the present invention, it is pos 

sible to provide voltages having frequencies as low as 14 
‘cycle per second. The shaft of an A.-C. motor is me 
chanically connected to a synchro control transformer 
through a gear train. The speed of the AC. motor is 
varied by varying the voltage supplied to the motor. With 
such an arrangement, the shaft of the synchro control 
transformer may be rotated at speeds ranging from 1%; 
revolution per second to 4 revolutions per second in an 
exemplary embodiment of this invention. The rotor 
windings of the control transformer are connected to a 
source of A.-C. voltage and the stator windings are con 
nected to a ring diode type demodulator. The output of 
the demodulator is fed through ?lter, phase shift and am 
pli?er circuits to an air core coil which surrounds a 
toroidal core material to be tested. A winding on the 
toroidal core is connected to an oscilloscope or other in 
dicator means such as an audio ampli?er and speaker or 
earphone. 
An object of this invention is to provide an apparatus 

for the study of Barkhausen noises in ferromagnetic 
materials. 

Another object of this invention is to provide an A.-C. 
voltage source having a frequency as low as 1A cycle per 
second. 
A further object of this invention is to provide a very 

low frequency voltage source for testing ferromagnetic 
core materials. 

It is a still further object of this invention to provide 
apparatus for studying Barkhausen noise voltages in ferro 
magnetic materials in which a low frequency A.-C. volt 
age is used to supply a saturating ?eld flux for the ferro 
magnetic material to be tested. 

Other objects and many of the attendant advantages of 
this invention will be readily appreciated as the same be 
comes better understood by reference to the following de 
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tailed description when considered in connection with the 
accompanying drawing wherein: 
The single ?gure of this invention illustrates a preferred 

embodiment of the low frequency excitation circuit of 
this invention. 

Referring now to the drawing, an A.-C. power source 
11 is shown connected to power lines 13 and 15. Source 
11 may be a llO-volt, 60-cycle power source, for example. 
A motor 17 is equipped with windings 19 and 21, Wind 
ing 19 is connected to lines 13 and 15 through capacitor 
23. Winding 21 is connected to lines 13 and 15 through 
single winding transformer 25 having movable tap 27. A 
voltmeter 22 is connected across Winding 21 to indicate 
the voltage applied therethrough. The shaft of motor 
17 is connected mechanically to the shaft of synchro 
control transformer 29 as indicated by dotted line 31. 
A gear train may be part of the mechanical connection 
such that the range of speed of the shaft of the synchro 
control transformer 29 may range from about 1A to 4 
revolutions per second, for example. Other gear trains 
or speed reduction units may be employed in the me 
chanical connection 31 between motor 17 and synchro 
control transformer 29 to obtain a desired speed. Rotor 
terminals 33 and 35 of synchro control transformer 29 
are connected to A.-C. lines 13 and 15 through trans 
former 37 having primary winding 39 and secondary wind 
ing 41. Transformer 37 operates to reduce the line volt 
age from 120 volts to 48 volts, for example. A stator 
winding of synchro control transformer 29 is connected 
to primary winding 43 of transformer 45 through stator 
terminals 47 and 49. The secondary winding 51 of trans 
former 45 is connected to terminals 53 and 55 of ring-type 
demodulator 57. Demodulator 57 is comprised of diodes 
49, 61, 63 and 65, and resistors 67, 69, 71 and 73. A 
reference voltage is supplied to ring-type demodulator 
57 by transformer 75. Primary winding 77 of trans 
former 75 is connected to lines 13 and 15 and the sec 
ondary winding 79 is connected to terminals 81 and 83 of 
the ring demodulator circuit. The output of the ring 
demodulator is taken from center tap 85 of transformer 
45 and center tap 87 of transformer 75. The output of 
the ring demodulator is connected to a ?lter circuit com 
prising capacitor 89, inductor 91 and resistor 93. The 
output of the ?lter circuit is connected to a phase shift 
circuit comprising capacitor 95 and resistor 97, and to 
terminals 99 and 101 which are connected to horizontal 
de?ection input terminals 103 and 105 of oscilloscope 
107. The output of the phase shift circuit is connected 
to input terminals 109 and 111 of an ampli?er 113. Out 
put terminals 115 and 117 of ampli?er 113 are connected 
to air core coil or winding 119. A toroidal saturable 
core 121 to be tested is placed within air core coil 119. 
An output winding 123 on core 121 is connected to the 
vertical de?ection input terminals 125 and 127 of oscil 
loscope 107. 

In operation, A.-C. voltage source 11 supplies energy 
to transformers 25, 37, 75 and to winding 19 of motor 
17, through lines 13 and 15. A.-C. voltage source 11 
may be a 120-volt, 60-cycle source, for example. Wind 
ing 21 of motor 17 is energized through single winding 
transformer 25. The speed of motor 17, which is con 
trolled by the setting of movable tap 27, determines the 
frequency of the output voltage. That is, the speed of 
motor 17 will control the shaft speed of the synchro con 
trol transformer which in turn determines the frequency 
of the voltage applied to demodulator 57. The output 
voltage from the synchro transformer is modulated volt 
age which is a mixture of the 60-cycle AC. voltage ap 
plied to the rotor terminal 33 of the synchro control 
transformer 29 and the low frequency amplitude varia 
tions caused by the rotation of the rotor windings of 
control transformer 29. The 60-cycle componentof the 
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modulated voltage is removed by demodulator 57 and 
only the low frequency variations in amplitude due to the 
rotation of the rotor of control transformer is applied to 
center taps 85 and 87. The low frequency voltage thus 
formed is then applied to a ?lter circuit comprising capac 
itor 89, inductor 91 and resistor 93. This ?lter circuit 
acts to ?lter out 60-cycle frequency components which 
pass through demodulator 57. The low frequency voltage 
is then applied through terminals 99 and 101 to hori 
zontal de?ection input terminals 103 and 105 of oscillo 
scope 107. This voltage is also applied to a phase shift 
circuit comprising capacitor 95 and resistor 97. The 
phase shift circuit operates to shift the phase of the low 
frequency voltage applied to ampli?er 113 90 degrees. 
The voltage at the output terminals 115 and 117 is ap 
plied to coil 119 to energize the coil and provide a low 
frequency magnetic ?eld for alternately saturating core 
121. Winding 123 is connected to vertical de?ection 
input terminals 125 and 127 to provide an indication of 
the Barkhausen noise activity taking place within core 
121 as it is alternately saturated by the magnetic ?eld 
surrounding the core, Coil 123 may also be connected 
to a transducer device such as a speaker or earphone to 
produce audible indications of the Barkhausen noises as 
the core is being alternately saturated at a very low fre 
quency as provided by the low frequency voltage applied 
to coil 119 from ampli?er 113. 

In a preferred embodiment of this invention a two 
phase motor was used to drive the shaft of synchro con 
trol transformer through a gear train. A speed range of 
1A to 4 revolutions per second of the synchro control 
transformer shaft was provided. This range may be ex 
tended, if desired, to lower or higher speeds by chang 
ing gear ratios in the gear train or the speed range of the 
motor or both. The reference voltage applied to the sec 
ondary winding 41 may be 48 volts. Diodes 59, 61, 63 
and 65 may be silicon diodes. The black diodes 59 and 
61 indicate current ?ow for a particular half-cycle of 
energy, such as positive half-cycles for example and the 
white diodes 63 and 65 indicate current ?ow for par 
ticular alternate half-cycles such as negative half-cycles, 
for example. Resistors 67, 69, 71 and 73 may have a 
value of 5,000 ohms each. Capacitor 89 may have a 
value of 20 microfarads. Inductor 91 may have a value 
of 100 henries, and resistor 93 may have a value of 8,000 
ohms. Capacitor 95 may have a value of 40 microfarads 
and resistor 97 may have a value of 500 ohms. Ampli 
?er 113 may be a D.-C. ampli?er, for example. The low 
frequency excitation winding or coil 119 may be made 
of 10,000 turns of No. 36 wire having a total resistance 
of 1,800 ohms. The core 121 may be an ultra-thin tape 
bobbin core made from 80 Wraps of 1A; mil, 1A; inch tape 
with an inside diameter of 0.5 inch. 

Obviously many modi?cations and variations of the 
present invention are possible in the light of the above 
teachings. It is therefore to be understood, that within 
the scope of the appended claims, the invention may be 
practiced otherwise than as speci?cally described, 
What is claimed as new and desired to be secured by 

Letters Patent of the United States is: 
1. Apparatus for studying Barkhausen noises in ferro 

magnetic materials comprising, 
an A.-C. voltage source, 
an electric motor connected to said A.-C. voltage source 

through a variable speed control means whereby the 
speed of said motor may be varied, 

a control transformer having a stator with stator wind 
ing means, a rotor with rotor winding means, a shaft 
on said rotor, 

gear train means connecting said motor shaft to said 
control transformer shaft whereby said rotor of said 
control transformer may be rotated at a speed of 
less than one revolution per second, 

?rst transformer means connecting said rotor winding 
means to said A.-C. voltage source, 
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4 
a ring diode demodulator circuit having a ?rst diode, 

a second diode, a third diode and a fourth diode, 
means serially connecting said ?rst diode and said sec 

ond diode with a ?rst junction therebetween, 
means serially connecting said second diode and said 

third diode with a second junction therebetween, 
means serially connecting said third and fourth diodes 

with a third junction therebetween, 
means serially connecting said third diode and said 

?rst diode with a fourth junction therebetween, 
second transformer means having a primary winding 

and a secondary winding, said secondary winding 
having a center tap thereon, 

third transformer means having a primary winding 
and a secondary winding, said secondary winding 
having a center tap thereon, 

means connecting the primary winding of said second 
transformer means to said A.-C. voltage source, 

means connecting the secondary winding of said sec 
ond transformer means to said ?rst and third junc 
tions of said demodulator, 

means connecting the primary winding of said third 
transformer to the stator winding means of said con 
trol transformer, 

means connecting the secondary winding of said third 
transformer means to said second and fourth junc 
tions of said demodulator, 

means connecting said center tap of said second trans 
former means to a ?rst input terminal of a ?lter 
circuit, 

means connecting said center tap of said third trans 
former means to a second input terminal of said ?lter 
circuit, 

means connecting a ?rst output terminal of said ?lter 
circuit to a ?rst horizontal de?ection terminal of a 
cathode-ray oscilloscope, 

means connecting a second output terminal of said ?l 
ter circuit to a second horizontal de?ection circuit 
of said oscilloscope, 

a phase shifter having an input circuit and an output 
circuit, 

means connecting said ?rst and second output termi 
nals of said ?lter circuit to said input circuit of said 
phase shift means, 

an ampli?er having an input circuit and an output 
circuit, 

means connecting the output circuit of said phase means 
to the input of said ampli?er, 

a cylindrical coil means, 
means connecting the output circuit of said ampli?er 

to said coil means, 
a saturable toroidal test core disposed within said coil 

means, 
a winding on said core, 
means connecting said winding to vertical de?ection 

input terminals of said oscilloscope whereby Bark 
hausen noises of said core may be observed when 
said core is saturated slowly by a low frequency volt 
age applied to said coil from the output circuit of 
said ampli?er. 

2. A low frequency excitation circuit for the study of 
Barkhausen noises in ferromagnetic materials comprising, 

an A.-C. voltage source, 
a synchro control transformer having a rotor winding 
means and a stator winding means, said rotor Wind 
ing means, being mounted on a rotatable shaft, 

means connected to said shaft to rotate said shaft at 
speeds from less than one revolution per second to 
greater than one revolution per second whereby a 
low frequency A.-C. voltage having a frequency from 
less than one cycle per second to greater than one 
cycle per second may be produced, 

means connecting said rotor winding means to said 
A.-C. voltage source, 
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means connecting said stator winding means to input 
terminals of a demodulator circuit whereby said 
A.-C. voltage source component may be removed 
from the voltage across said stator windings, 

means connecting output terminals of said demodulator 
circuit to input terminals of a ?lter circuit, 

means connecting output terminals of said ?lter circuit 
to input terminals of phase shift means, 

means connecting output terminals of said phase shift 
means to input terminals of an ampli?er, 

means connecting output terminals of said ampli?er 
to a cylindrical coil, 

means connecting the output terminals of said ?lter 
circuit to horizontal de?ection input terminals of a 
cathode ray oscilloscope, 

a toroidal saturable test core disposed Within said 
coil, 

a winding on said core, 
means connecting said winding to vertical de?ection 

input terminals whereby Barkhausen noise voltages 
may be observed on said oscilloscope as a low fre 
quency voltage provides a slowly increasing and de 
creasing ?ux around said core. 

3. Apparatus for observing Barkhausen noise voltages 
in a ferromagnetic material comprising, 

a low frequency A.-C. voltage source having a fre 
quency ranging from less than one cycle per second 
to greater than one cycle per second, 

10 

20 

6 
an oscilloscope having horizontal de?ection input ter 

minals and vertical de?ection input terminals, 
a cylindrical coil, 
a saturable toroidal test core disposed within said coil, 
means applying said low frequency A.-C. voltage source 

to the horizontal de?ection input terminals of said 
oscilloscope, 

means applying said low frequency AC. voltage source 
to a phase shifter to shift the phase of said low 
frequency AC. voltage source by 90 degrees, 

means connecting said phase shifter to an ampli?er, 
means connecting said ampli?er to said coil whereby 

said core may be saturated and desaturated at a low 
frequency, 

a winding on said core, 
means connecting said winding to the vertical de?ec 

tion input terminals of said oscilloscope whereby 
Barkhausen noise voltages from said core may be 
applied to said oscilloscope. 
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