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1. 

My invention relates to electromagnetic type 
of control devices and particularly to devices of 
this general type having electrical signal outputs 
and employing magnetic fluids as a portion of a 
magnetic circuit. 
The use of magnetic fluids in control devices 

is a relatively recent advancement in Science 
Which has heretofore been applied primarily to 
the field of clutches and similar devices wherein 
the magnetic properties of the magnetic fiuid 
alone have been utilized. In the present inven 
tion not only the magnetic properties of the fluid 
are utilized but also its property of electrical con 
ductivity. This new magnetic device comprises 
a magnetic COre Structure having a plurality of 
air gaps therein within one of which is located 
a quantity of magnetic fluid. The fluid therein 
is connected in a Series relationship with a load 
circuit Supplied by a signal for energizing the 
Same. A control or energizing winding on the 
core Structure selectively and variably magnetizes 
the core structure and the fluid in the gap mak 
ing it conductive to amplify, modulate, or other 
Wise modify the signal Supplied to the load cir 
cuit. 

It is therefore an object of this invention to 
provide a new and novel electromagnetic control 
device utilizing the variable resistance properties 
of a magnetic fluid for varying an electrical sig 
nal output of the device, 

It is also an object of this invention to provide 
a device of the magnetic fluid type which is ca 
pable of modulating, amplifying or otherwise 
modifying electrical signals. 
Another object of this invention is to provide : 

in a device of this type a means for retaining the 
magnetic fluid in an air gap of a magnetic core 
Structure. 
A further object of this invention is to provide 

a device of this type with an improved means for 
holding the magnetic fluid distributed in the air 
gap of the magnetic core structure of the device. 

till another object of this invention is to pro 
Wide in a device of this type means for Substan 
tially eliminating residual magnetism in the core 
structure and its effect upon the magnetic fluid 
in the air gap. 

It is further an object of this invention to 
provide in a device of this type a means for in 
serting a bias or saturating flux in the core struc 
ture of the device to increase its sensitivity. 
These and other objects of this invention Will 

become apparent from a reading of the attached 
description together with the drawings where 
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Figure 1 is a Scheinatic discloSure of the mag 

netic control device of the subject invention. 
shown as a modulator for a D. C. Signal in a load 
circuit connected to the device, 

Figure 1A ShoWs in Section another arrange 
ment of a container to be positioned in the air 
gap of the core Structure of the device shown 
in Figure 1 the container positioning a magnetic 
fluid in the respective air gap of the core Struc 
ture of the device, 

Figures 2, 3 and 4 aire Schematic disclosures of 
the Sane Inagnetic control device utilizing dif 
ferent arrangements of controlling and load Sig 
inals connected to the device, and 

Figure 5 is another modification of the mag 
netic control device which discloses the use of 
a biasing magnet in the magnetic circuit of the 
device. 
My invention, which is shown Schematically 

in the drawings, comprises a magnetic core struc 
ture ) having a plurality of air gaps , 2 
therein. For simplicity, the core structure is 
ShoWn as a pair of U-shaped core members 3 
and of magnetic material positioned with their 
bifurcated extremities in near abutting relation 
ship to define the gaps , 2 therebetween. A 
frame 20 of nonmagnetic and nonelectrically con 
ductive material holds the core members 3, 4 
in a SSembled and Spaced relationship. It is to 
be understood that this structure is intended 
to be illustrative only and that the shape and 
arrangement of the core members 3, 4 and the 
frame 2 together with the location of the gaps 

and 2 may be varied within the Scope of the 
teaching and Operation of this device as Will be 
come apparent as this disclosure proceeds. 
The core members 3, 4 at air gap may be 

Separated by a block of electrical insulating na 
terial, the block being indicated at 2, which 
block will aid in the spacing of the core mem 
bers and will also prohibit an electric circuit be 
tWeen the nembers at this point. However, the 
air gap alone may be employed as an elec 
trical insulator when the core members 3, 
are Spaced apart by means of the frame 23. 
Within gap 2 formed by core members 3, 4 

Of core Structure 3 is positioned a quantity of a 
magnetic fluid indicated at 23, the magnetic fluid 
being composed of a plurality cf nagnetic par 
ticles Suspended in a liquid having an oil base. 
The fluid 23 ray be positioned or held in gap 3 
by any Suitabie means but the magnetic or iron 
particles Within the gap 3 inust be the only 
electrical conductor across the gap between the 
core members 3, 3. I have found that con 
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tainers such as is shown at 25 and 26 in Figure 
1 and 1A respectively are highly advantageous 
for housing the magnetic fluid and spacing the 
core members 3, 4. 
Container 25 which is shown in Figure 1 is 

formed of a plastic or insulating tube 2: into the 
ends of which copper or iron or other electrical 
or magnetic material end plates 28 are threaded. 
Tube 27 has a shoulder or ridge portion 33 on its 
inner Surface which spaces the end plate 28 
with respect to the tube 2. The magnetic fluid 
23 is added to the container 25 before assembly 
of the plates 28 on the tube 2 is completed. The 
container is so positioned between the extremi 
ties of core members 3, 3 forming the gap 2 
that the end plates a but the core members and 
are in magnetic and electrical contact there 
with. When iron is used as the material in the 
end plates 28, these end plates act as a mere 
continuation of the core members which abut 
the container 25. Copper or other electrical or 
nonmagnetic materials are used in the end plates 
28 to cut down the effect of residual magnetism 
in the core structure in a Well known manner. 

Container 28 which is shown in Figure 1A is 
Similar to the container 25 disclosed in Figure 1. 
and either may be substituted in the core stuc 
ture shown in Figure 1 or in any of the core 
Structures in the figures later to be described. 
The container 26 differs fron container 25 in 
that a plurality of layers of cloth 3 or other 
woven or fibrous nonmagnetic and nonelec 
trically conductive material is placed in the 
spacing or opening within the container and in 
contact with the magnetic fluid 23. This cloth 
or fabric acts as a wick and tends to distribute 
the magnetic fluid uniformly within the opening 
of the container 26 and between the end plates 
28 thereof. Such an arrangement tends to 
guard against Settling of the magnetic particles 
within the fluid which under ideal circunstances 
remains in Suspension in the oil base at all times. 
As noted above, the magnetic fluid 23 in gap 

2 is also utilized as an electrical conductor con 
necting the core members 3, 4 forning the 
gap in an electrica circuit AS to be described be 
low. Connected to the core members 3, 4 ad 
jacent the air gap 2 are a pair of conductors 4 
and 42 which lead to the electrical circuit is and 
Which is adapted to be connected to an external 
load, this circuit also being adapted to be ener 
gized by a signal source of variable magnitude 
and phase as will become evident as this disclo 
Sure proceeds. In Figure 1, the load or electrical 
circuit 49 includes the magnetic fuid 23 in gap 
2, conductor A, a wiper 3 of a potential di 

vider apparatus the winding Á5 of which is coin 
nected in a Series relationship With a D. C. bat 
tery source 46. This electrical load circuit is 
completed fron winding 45 through a load re 
sistor 37 and conductor 42 to the fluid 23 in gap 
2. A pair of output terminalis 5 are connected 

across the load resistor f to Supply the external 
load (not shown) with the Voltage drop across 
the resistor 4. Depending upon the type of 
load employed, the load resistor i Inay or may 
not be included in the load circuit 48. Varia 
tions in the signal impressed on load circuit 45 
may be had by varying the position of wiper 4. 
on Winding 35. 

It is also to be understood that Where the core 
structure is is supplied with only one air gap 
then the conductors to the electrical circuit aire 
to be placed directly in contact with the mag 
netic fluid, such as being located Within the Con 
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4. 
tainer holding the same and electrically in 
sulated from the core structure. In this manner 
the electric circuit can be only completed 
through the magnetic fluid. 
The core structure ) also includes a Con 

trolling winding 52 which widing is positioned 
on the core structure to be coinnon to both of 
the magnetic members 3, 4 such that when 
the winding is energized the portions of the 
members 3, 4 adjacent gap 2 Will be energized 
with opposite magnetic polarities. In Figure 1, 
an A. C. energizing Source is adapted to be con 
nected to the winding 52 which acts as a con 
trolling or magnetizing winding for the core 
Structure 3. The alternating fiux Set up in core 
Structure due to the energization of coil is 
from the A. C. Source magnetizes the core nei 
bers 3, 4 and hence the magnetic fluid 23 in 
gap 2 with alternating ninagnetic polarities 
thereby causing the magnetic particles in the 
fluid to align and disalign with each 'eversed 
or alternation of current fioW providing simul 
taneously an electrical conductor across the gap 
f2. As the particles in the fluid align under the 
influence of the magnetic field the resistance of 
the conductor formed thereby decreases permit 
ting increased current flow in the load circuit 
A connected in Series therewith. In this man 
ner a chopped or pulsed or modulated direct cur 
rent signal will flow into the load circuit $3 and 
the voltage drop across the resistor 4 takes on 
a modulated wave for in which will be impressed 
across the output terminals 53. 
In Figure 2 is shown another embodiment of 

the invention utilizing the same core structure 
0 as that employed in connection with Figure 1. 
and discussed above. For simplicity the details 
of the core structure 0 and the frame 2 which 
positions the same are omitted in the discussion 
and in the drawings but it is to be understood 
that they are to be included with this embodi 
ment. In Figure 2 there is shown the core mem 
bers 3, 4 with the air gaps and 2 formed 
therebetween, the controlling winding 52 mount 
ed on the core structure 0 and the container 25 
positioned in air gap 2 to house the magnetic 
fluid 23. This embodiment utilizes a somewhat 
different type of D. C. signal supply which is 
adapted to be connected to the load circuit 48 
and in Series with the fluid 23 in gap 2. This 
D. C. Signal Source comprises a bridge type of 
Supply which includes a tapped resistor 55 con 
nected to the conductor 4 and in parallel with 
the potentiometer winding 45 whose wiper A4 is 
connected to the load resistor 47. The D. C. 
battery source 46 is connected across the input 
diagonal to the bridge, and the conductors 4 , 
42 through load resistor 47 to the output diago 
inals of the bridge. With this arrangement, the 
load signal across the gap is reversible in polarity 
and variable in magnitude depending upon the 
position of wiper 44 with respect to the tap of 
resistor 55. Energizing winding 52 is similarly 
adapted to be connected to an A. C. source but 
a half Wave rectifier 69 is included in this ener 
gization circuit to modify the controlling current 
in a manner to be later described. The pulsed 
A. C. Supplied to the energizing winding due to 
the half Wave rectifier 60 causes a pulsed unidi 
rectional flux flow in the magnetic core structure 

and variable unidirectional magnetic polar 
ities across the gap 2. This pulsed magnetiza 
tion similarly magnetizes the particles in the 
magnetic fluid 23 to make and break the load 
circuit at the air gap 2. The output across the 
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load resistor 47 or at the terminals 59 will there 
by be a modulated D. C. of the same frequency 
as the frequency of the A.C. input to coil 52. 
The disclosure of Figure 3 also employs the 

same magnetic core structure as that shown in 
the device of Figure 1, hence the details of that 
portion of the circuit will be omitted here. The 
load circuit 79 connected in series with gap f 2 
and across the load terminals 50 is substantially 
the same as the load circuit. A employed in coin 
nection with Figure 2 except that the signal 
Source is energized by an alternating current 
Source of power. Similarly the energizing or 
controlling Winding 52 on the core structure it is 
adapted to be energized by a selectively variable 
D. C. source of power. The output of this cir 
cuit is an amplification of the A. C. Supply or 
signal impressed on the load circuit 40 depend 
ing upon the variation in magnitude of the ener 
gizing current supplied to Winding 52. 

In Figure 4 there is shown another embodi 
Inent of this device in which the core structure 
is similar to the embodiments described above. 
For this reason the details of the Core Structure 
are omitted here. 
acts as a mixer or modifier of alternating load 
signals. The load resistor 4 and magnetic fluid 
23 are connected in Series with an alternating 
current source of power omitting any bridge ar 
rangement. This arrangement provides an out 
put circuit Which includes the conductor 4 con 
nected to the alternating Source, core member 
3, the magnetic fluid 23 in gap 2, core member 
4, conductor 42, and load resistor 4 to a ground 

connection 6 for the return side of the A. C. : 
source. The output terminals or load terminals 
50 are as before connected across the load resis 
tor 47 but the load resistor 47 may be omitted if 
desired. The alternating signal impressed on 
this load circuit 8) and across the resistor 4 
will be modified by the frequency of the A. C. 
Supply energizing coil 52 mounted on core struc 
ture f 9. As is apparent from the drawing, the 
alternating magnetization of core structure 
due to the magnetization of the magnetic par 
ticles of fluid 23 makes or breaks the electrical 
conductor formed at the air gap 2 permitting 
current to flow in the load circuit 89 only dur 
ing periods when the load circuit is completed. 
The disclosure of Figure 5 is another embodi 

ment Substantially the same as that disclosed 
in Figure 2 employing a bridge type D. C. Signal 
load circuit 40 and a lectified controlling input 
to the Winding 52 nounted on core Structure 

2. 
of Figure 2 in that it includes a U-shaped per 
manent magnet 65 the extremities of which are 
positioned adjacent the core members 3, 4 
bridging the gap 2 in which the magnetic fluid 
23 is located. A magnetic flux created by the 
permanent magnet 65 overcomes the initial 
permeability of the magnetic circuit formed by 
core structure 0 and magnetic fluid 23 tending 
to saturate this portion of the magnetic circuit 
and increase the Sensitivity of the device. The 
pulsating current flow in coil 52 is in such a di 
rection as to be additive With the permanent 
magnet flux in aligning the particles of the mag 
netic fluid. The permanent magnet also serves 
an additional purpose in that its strength is 
chosen to keep the magnetic particles partially 
aligned in the air gap 2 thereby aiding in keep 
ing the particles distributed in the air gap and 
in Suspension in the fluid. 
Magnet 65 further operates in the same man 

This particular embodiment i 

This disclosure Varies from the disclosure : 

10 

6 
ner as rectifier 6 in that its unidirectional flux 
aids and opposes the alternating flux from an 
unrectified A. C. input to coil 52 such that the 
load Current Will have the same frequency as the 
controlling input signal. Therefore magnet 65 
may Sometimes be used to replace rectifier 60. 
Numerous objects and advantages of my inven 

tion have been set forth above in the foregoing 
description together with details of structure and 
function of the invention and the novel features 
thereof, are pointed out in the appended claims. 
These disclosures, however, are intended to be 
illustrative Only and I may make changes in de 
tails (especially in matters of shape, size and ar 
rangement of parts) within the principle of the 
invention to the full extent indicated by the broad 
general meaning of the terms in which the ap 
pended claims are expressed. 
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I claim as my invention: 
1. In a device of the class described, a mag 

netic core structure having a pair of fixed air 
gaps therein, a container of electrically insulat 
ing material having electrically conductive end 
plates positioned in one of said air gaps with 
Said end plates abutting said core structure a 
plurality of magnetic particles suspended in a 
fiuid and positioned in said container, means in 
cluded in Said container adapted to hold said 
magnetic particles in a dispersed relationship, 
electrical circuit means adapted to be energized 
from an adjustable source of power and includ 
ing an output circuit, said electrical circuit 
means being connected in series with said one of 
Said air gaps, and means for magnetizing said 
magnetic core structure such that portions of 
Said structure on either side of said one of said 
air gaps are polarized with magnetic polarities 
of Varying magnitudes. 

2. In a device of the class described, a magnetic 
Core structure having a pair of fixed air gaps 
therein, a container of electrically insulating ma 
terial having electrically conductive end plates 
positioned in one of said air gaps with said end 
plates abutting Said core structure, a plurality of 
layers of nonmagnetic and nonelectrically con 
ductive fibrous material positioned in said con 
tainer, a plurality of magnetic particles sus 
pended in a fluid and positioned in said container 
being held in a dispersed relationship by said 
fibrous means, electrical circuit means adapted to 
be energized from an adjustable source of power 
and including an output circuit, said electrical 
circuit means being connected in series with said 
One of Said air gaps and means for magnetizing 
Said magnetic core structure such that portions 
of Said structure on either side of said one of said 
air gaps are polarized with magnetic polarities of 
Varying magnitudes. 

3. In a device of the class described, a mag 
netic core Structure having a plurality of fixed 
air gaps therein, a plurality of magnetic particles 
Suspended in a fluid and positioned in one of 
Said air gaps, electrical circuit means connected 
in a series relationship with said one of said air 
gaps and having output terminals adapted to be 
connected to an external load, means mounted on 
Said core structure for magnetizing said core 
structure Such that portions of said structure on 
either side of Said one of said air gaps are p0 
larized with magnetic polarities of varying mag 
nitudes, and a magnetic biasing means of prede 
termined polarity and magnitude positioned ad 
jacent Said portions of said core Structure form 
ing said one of said air gaps. 

4. In a device of the class described, a mag 
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netic core structure having a plurality of fixed 
air gaps therein, a plurality of magnetic particles 
suspended in a fluid and positioned in one of Said 
air gaps, electrical circuit means connected in 
series relationship with said one of said air gaps 
and having output terminals adapted to be con 
nected to an external load, means mounted on 
said core structure for magnetizing said core 
structure such that portions of Said structure On 
either side of said one of Said air gaps are po 
larized with magnetic polarities of varying mag 
nitudes, and a U-shaped permanent magnet of 
fixed polarity and magnitude positioned adjacent 
said portions of said core structure forming said 
one of Said air gaps. 

5. In a device of the class described, a mag 
netic core structure having a plurality of fixed 
air gaps therein, a plurality of magnetic par 
ticles suspended in a fluid and positioned in one 
of said air gaps, electrical circuit means con- 9 
nected in a series relationship with said one of 
said air gaps and having output terminals 
adapted to be connected to an external load, 
means mounted on said core structure for mag 
netizing said core structure such that portions 
of said structure on either side of Said one of 
said air gaps are polarized with magnetic 
polarities of varying magnitudes, and a perma 
nent magnet with opposite polarity extremities 
abutting said portion of said core structure ad 
jacent Said one of Said air gaps. 

6. In a device of the class described, a mag 
netic core structure having at least one air gap 
therein, a plurality of magnetic particles sus 
pended in a fluid positioned in said air gap, elec 
trical circuit means including an output resistor 
adapted to be energized from an adjustable 
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Source of power, said circuit being connected to 
Said magnetic particles in said air gap, means 
mounted on Said core structure adapted to ener 
gize said core structure and thereby magnetize 
said particles in Said air gap, and a magnetic 
biasing means of predetermined polarity and 
magnitude positioned adjacent to portions of 
Said core structure forming Said air gap. 

7. In a device of the class described, a mag 
netic Core structure having a pair of air gaps 
therein, a container of electrically insulating 
material having electrically conductive end 
plates positioned in one of said air gaps with 
Said end plates abutting said core structure, a 
plurality of magnetic particles suspended in a 
fluid and positioned in said container, electric 
circuit means adapted to be energized from an 
adjustable source of power and including an 
Output circuit, said electrical circuit means being 
connected in Series with said one of said air 
gaps, Winding means mounted on said core struc 
ture adapted to be energized by a rectified alter 
nating current signal, and a U-shaped perma 
nent magnet of fixed plurality and magnitude 
positioned adjacent said portions of said core 
Structure forming Said one of said air gaps. 

JERRY HAGEN. 
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