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ELECTROMAGNETIC TRANSDUCER HEAD
Marvin Camras, Chicago, Iil., assignor to Armour Re-
search Foundation of Iilinocis Institute of Technology,

Chicago, ., a corporation of Hlincis
Triled Feb. 23, 1954, Ser. No. 411,608
13 Claims, (Cl. 179—1093.2)

This invention relates to an electromagnetic transducer
device and particularly to such a device for reproducing
a signal recorded on a magnetic record medium,

It is an object of the present invention to provide a
novel electromagnetic transducer head.

It is an additional object of the present invention fo
provide a transducer head capable of responding to D.-C.
flux, infinite wavelengths, or zero speed of a magnetic
record medium,

It is a further object of the present invention to provide
a transducer head with an efficient magnetic circuit for
maximum sensitivity.

1t is another object of the present invention to provide
a transducer assembly that is relatively insensitive to stray
fields and is easily shielded.

It is still another object of the present invention to
provide a compact unitary transducer structure requiring
little or no additional amplification to operate a speaker
or an indicating instrument.

It is yet another object of the present invention to pro-
vide a transducer head of high stability with respect to
operating voltages, aging and the like.

It is a still further object of the present invention to
provide a fransducer head having a non-linear response
characteristic such as a logarithmic response.

It is another and still further object of the present in-
vention to provide a head having both transducing and
amplifying properties.

Other and further important objects of this invention
will be apparent from the disclosures in the specification
and the accompanying drawings.

On the drawings:

FIGURE 1 is a somewhat diagrammatic longitudinal
sectional view of an electromagnetic transducer head ac-
cording to the present invention;

FIGURE 2 is a somewhat diagrammatic longitudinal
sectional view of the structure of FIGURE 1 but taken
in a plane at right angles thereto;

FIGURE 3 is a transverse sectional view taken sub-
stantially along the line III-—III of FIG. 1;

FIGURE 4 is a diagrammatic transverse sectional view
of the transducer head of FIG. 1, but illustrating diagram-
matically a modified pole piece configuration for provid-
ing a logarithmic characteristic response;

FIGURE 5 is an end elevational view of the structure
of FIG. 2;

FIGURE 6 is a diagrammatic side elevational view
of a modified pole piece configuration for improving the
efficiency of beam deflection;

FIGURE 7 is a diagrammatic side elevational view
indicating the stream of electrons between the target
anodes in the absence of an applied magnetic field;

FIGURE 8 is a diagrammatic view similar to FIG. 7,
but illustrating the beam under the influence of a high
play-back magnetic field;

FIGURE 9 is a diagrammatic view similar to FIG. 7,
but illustrating the situation with converging target anodes;

FIGURE 10 is a diagrammatic view similar to FIG. 7
and illustrating the case of a divergent stream of electrons
between the target anodes;

FIGURE 11 illustrates a push-pull type circuit suitable
for sensing the effect of a magnetic signal on the stream
of electrons between the target anodes;
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FIGURE 12 illustrates a single-ended circuit for sens-
ing the effect of the signal flux on the stream of electrons;

FIGURE 13 illustrates a circuit for the transducer-
amplifier head of the present invention;

FIGURE 14 illustrates a high frequency equalizer cir-
cuit connected between the transducer head and the first
amplifier stage in accordance with the present invention;

FIGURE 15 is a somewhat diagrammatic longitudinal
sectional view illustrating a first form of a short type
electronic transducer head according to the present in-
vention;

FIGURE 16 is a diagrammatic end elevational view
of the head of FIGURE 15;

FIGURE 17 is a diagrammatic side elevational view
of washer type pole pieces suitable for use with the head
of FIGURE 15;

FIGURE 18 is a diagrammatic front elevational view
of a modified form of pole structure and indicating the
manner in which recording windings may be applied to
the pole pieces, the pole pieces being adapted for play-
back from a wide channel tape record member;

FIGURE 19 is a diagrammatic top plan view of the
structure of FIGURE 18;

FIGURE 20 is a diagrammatic side elevational view
of the structure of FIGURE 18;

FIGURE 21 is a diagrammatic front elevational view
of a third form of pole piece structure utilizing overlap-
ping pole pieces;

FIGURE 22 is a diagrammatic plan view of the struc-
ture of FIGURE 21;

FIGURE 23 is a diagrammatic side elevational view of
the structure of FIGURE 21;

FIGURE 24 is a diagrammatic vertical sectional view
illustrating a half of a pole mounting structure constructed
by resin embedding and adapted for mounting the poles
of FIGS. 18-20;

FIGURE 25 is a transverse sectional view of the
structure of FIGURE 24;

FIGURE 26 is a diagrammatic longitudinal sectional
view illustrating a short type electron-cloud transducer
head provided with a shield or baffle element for pro-
tecting the anodes from stray beam currents;

FIGURE 27 is a diagrammatic illustration of a circuit
for use with an electronic transducer head similar to that
of FIGURE 1, but having the pole pieces of FIGURE 17;

FIGURE 28 is a plot of output as a function of input
for the head of FIGURE 27 and indicating the wide
range of linearity of the head construction;

FIGURE 29 is a plot of relative output as a function
of the position of the pole pieces along the capillary
throat of the tube of FIGURE 27;

FIGURE 30 is a frequency response curve for the head
of FIGURE 27; .

FIGURE 31 is a diagrammatic lopgitudinal sectional
view of a flat face type electron-cloud transducer head
according to the present invention;

FIGURE 32 is a diagrammatic cross sectional view
taken substantially along the line XXXU—XXXII of
FIG. 31;

FIGURE 33 is a diagrammatic view of the pole pieces
utilized in the embodiment of FIGURE 31;

FIGURE 34 is a diagrammatic cross sectional view
similar to FIGURE 32, but illustrating the use of half
round anodes instead of the rectangular anodes shown in
FIGURE 32;

FIGURE 35 is a diagrammatic longitudinal sectional
view of a further type of electron-cloud transducer head
having a constricted portion for receiving the pole piece
construction;

FIGURE 36 illustrates a still further modified form of
transducer head construction;
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“FIGURE 37 is-a diagrammatic illustration of a micro-
phone design using an- electron-cloud tube as the trans-
ducing element;

FIGURE 38 is a diagrammatic end elevational view
-of - the: structure of FIGURE 37;

FIGURE 39'is a diagrammatic. illustration of a device
-employing an electron-cloud tube as the fransducing ele-
ment and suitable as a phonograph pick-up, vibration
“pick-up, or the like;

‘FIGURE ‘40 is a-diagrammatic horizontal sectional
“view of ‘a: reflection type electron-cloud transducer head
raccording' to the present invention;

‘FIGURE 41 is a diagrammatic vertical sectional view
-of the structure of FIGURE 40 and illustrating the man-
ner in which the magnetic field is applied to the reflected
“stréam- of electrons; .

FIGURE 42 is a diagrammatic horizontal - sectional
“view: simhilar-to FIGURE 40 but illustrating a modified
.form “of ‘pole “piece ‘construction and - illustrating the re-
flected stream of electrons as being deflected toward one
“of the:anodes;

:FIGURE 43 'is a diagrammatic end elevational view
tjllustrating  the cooperation of the pole piece structure of
-EIGURE 42 with the capillary portion of the tube; and

FIGURE 44 is a  diagrammatic horizontal sectional
~view of a further form of reflected type transducer head
wherein the “reflected” stream of electrons is produced
“by secondary emission.

As shown on the drawings:

‘A magnetic transducer device according to the present
-invention: has been illustrated in FIGURES 1 and 2 as
comprising an evacuated envelope 16 having an electron
~gun-structure 11 for establishing a stieam of electrons
in a restricted capillary section 12 of the tube. By 'way
-of example, the ‘electron gun structure may include a
filament 14, cathode 15, first grid and heat shield ‘16,

acceleratmg grids .18 and focusing grid 9.

A pair of target electrodes 21 and 22 preferably extend
-along. the:length ‘of the capillary section 12 of the tube
on opposite sides thereof and serve as target anodes for
-the electron beam. The closed end of the tube 23 may
have a phosphor indicating coating .24 thereon and an
‘aperture 25, FIGURE 2, for observing the beam and thus
-facilitating -adjustments thereof. The electrodes 21 -and
22 'may .comprise non-magnetic hollow 'semi-cylinders
generally in the form of troughs. Suitable materials for
the electrodes are copper, tantalum, molybdenum and
the like. The troughs 21 and 22 may be coated with car-
bon black to reduce secondary emission. o

+For defining a magnetic field transverse to the stream
of -electrons flowing ‘between the electrodes 21 and 22,

a core 30 is provided which has-a pair of:pole pieces 31
and 32-extending: on the exterior of the capillary section
12 '6f the envelope -and generally on opposite sides of the
electrodes 21 and 22. For applying a signal flux to’ the
‘pole pieces. 31 -and 32, the core may be provided with a
non-magnetic gap 33 adapted to receive-a magnetized
record -mémber 34 thereacross moving in the ‘direction of
the ‘arrow 35. The reluctance of the gap 33 is selected
to be of the order of 'ma’gnitude, of the reluctance of the
:gap between' the pole; pieces 31 and 32, FIGURE 2.
“For example, the capillary. portion of the tube 16 may
have an outside diameter of 2 millimeters or ‘80 mils
(1 mil=0.001 "inch). ~The length of the caplllary sec-
“tion may be approximately 1500 mils, ‘while the gap 33
may be 0.5 mil. On this basis, the reluctance of the gap
‘may ‘be 0:00125, while the reluctance of the path between
the.pole pieces 31 and 32 in comparable units may be
0.000667. The pole pieces may be of a Mumetal from 5
to- 15 mils thick, or may comprise laminations -made from
thinner-stock or a suitable ferrite core may berused, de-
pending on the upper frequency response desired.

"As indicated in FIGURE 3, the poles 31 and 32 may
‘be shaped to -give a more uniform field by ‘turning the
longitudinal edges of the | poles inwardly slightly to.coun-
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teract for the fall of the flux at the edges due to fringing.
The configuration of- the poles can be varied in -accord
with the response characteristics desired. For example,
a logarithmic characteristic response is obtained by a
shape of the poles such as indicated in FIGURE 4 at
31’ and 32’. The pole pieces can also be shaped in the
longitudinal direction, for example as indicated in FIG-
URE 6 at 31" to give best efficiency of beam deflection.

‘For isolating the tube 1§ from external fields, a shield
of magnetic material 40 may be provided. The enlarged
portion 42 of the tube extends in close fitting relation to
one end of the shield, and the shield has an aperture 43

- through which the end of the core 30 having the gap 33

15

25

30

35

40

45

50

60

65

70

75

5 device is, therefore; very stable.

projects for-contact with the record member 34. The
pole pieces 31 and -32 are preferably separated from the

~envelope 10 and independently supported and ‘damped to

prevent microphonics, damping material 45 being pro-
vided-for this' purpcse along with the non-magnetic ‘pole

‘piece ‘support filler 46. The electron tube envelope 10
20°

may-be separated from the poles and shield for replace-
ment and may be secured with the shield by means of a
sleeve 48, indicated in FIGURE 2 as being locked' into
the-shield 49-to retain the envelope with the shield.
FIGURES 7 and 8 illustrate the principle of opera-
tion of the illustrated embodiment. - As indicated in FIG-
URE7, when no field is applied to the pole pieces 31, 32
the cloud of elecirons between the anodes 21 and 22 is

-generally evenly distributed between the two electrodes;
‘however, -as indicated in FIGURE 8, with the application

of a field from the magnetic. pole pieces, the cloud of
electrons has a net drift to one or the other of the anodes,
here to anode 21. Sensitivity is -greater when -a lower

-voltage is applied to the anodes than to the accelerating

grids 18. 1In this case, a decelerating action is-provided
creating slower moving electrons in the region of ‘defiec-

‘tion.

As illustrated-in FIGURE-9 at 21’, 22’ the anodes

-can be converging within limits, without seriously affecting

the operation; similarly, the anodes can also be diverging.
The reference numeral 49 indicates baffle plates for con-
‘trolling the non-deflected position of the beam in the re-

‘gion between converging electrodes 21", 22",

Alternatively, as illustrated in FIGURE 10, a souice 50
of a divergent beam of electrons indicated at 51, may be
utilized with the electrodes 21 and 22. "It can be shown
that the change caused by a deflection of a diveérgent beam
is independent of the angle-of divergence, giving excellent
stability. ‘The diverging-beam “gives stability at the ex-
pense of sensitivity, but sensitivity is more than ample with
this type head in most applications. "It can also be shown
that the -angle of the electrodes, within limits, will not
change the sensitivity as Iciig as the electrodes intercept
the ‘beam, and the beam does not deflect on or off com-
pletely during operation. The sensitivity of the illustrated
"Some factors controlling
sensitivity are the sharpness of the cone of the beam, the
‘amount' of beam current, accelerating ‘voitage in the ‘de-
flection region (before deflection), and the degree .of con-
centration ‘of the field in the most effective region for
‘deflection.

In FIGURE 11 is illustrated a push-pull circuit for re-
ceiving ‘the ‘output from the elecirodes 21 -and 22. In
this case, the various grid voltages are taken from a volt-
age divider*6¢ with the anode voltages applied to the elec-
trodes 21 -and 22 through resistors 61 and 62, so as to be
less than the accelerating voltage on grids18. The output
from the electrodes 21 and 22'is fed into-the push-pull
circuit 63 and the resultant output is taken. from the sec-
ondary of transformer 4. In some cases because of
secondary emission effects it may be desirable to operate
electrodes 21 and 22 above the potential of 18. This is
readily accomplished by feeding 61 and 62 from a separate
source of higher B-}- than the supply used for 18.

In FIGURE 12, is illustrated a single ‘ended circuit
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wherein the unused target electrode 21 is kept at 20 or
more volts negative with respect to the target electrode 22
for reduction of secondary emission effects. This is ac-
complisked by means of the potential divider 76 in co-
operation with the movable contacts 71 and 72 connecting
with the two electrodes 21 and 22. The output from
anode 22 is applied to the single ended amplifier circuit
74. The circuit may be balanced by initially directing the
beam so as to favor electrode 21, for example by tilting
the gun, or by auxiliary electrodes, or by magnetic deflec-
tion, or by bending or curving the capillary.

FIGURE ‘13 illustrates a circuit including a stage of
amplification built into the head tube 80, which is other-
wise similar to the tube 10. Here, the high voltage from
B+ is supplied through the resistor 108 to the target elec-
trode 22 and variations in the flow of electrons to the
electrode 22 is transmitted through the condenser 161 to
the grid 102 of the amplifying stage within the tube. The
electrode 21 is conmected directly to B+ through the
conductor 163. The cathode 104 supplies electrons both
for the capillary end of the tube and for the amplifying
stage including the grid 162 and plate 108 which is sup-
plied with voltage from the B4~ supply through a resistor
189. The output is taken through a condenser 118. The
accelerating and focusing voltages are taken off the voltage
divider 111, similarly to the previous circuits. As pre-
viously described the supply voltage to resistor 100 may be
from a higher B4 than the other electrodes, so as to op-
erate anode 22 at an equal or higher voltage than anode 21.

FIGURE 14 indicates a high frequency equalizer cir-
cuit in the input stage from the electrode 22, the B+ sup-
ply being furnished through a resistor 120 and the output
being taken through a single ended circuit similar to that
of FIGURE 12, but including a resistor 121 having a con-
denser 122 in parallel therewith and fed into a resistor
123 for boosting the high frequency output from the tube.
1t is desirable to have the high frequency equalization be-
fore electronic amplification to improve the signal to noise
ratio at high frequencies. The fall-off at high frequencies
is caused by gap effects, reduced capability of the tape to
retain high frequencies, and the like. The head of the
present invention is directly responsive to flux, rather than
to the rate of change of flux, as in induction type pick-up
devices.

In FIGURES 15, 16 and 17 a short type electron-cloud
transducer head is illustrated. The head is generally of
the size of a postage stamp and comprises an enlarged
cylindrical envelope portion 135 and a flattened capillary
portion 136 enclosed in the Mumetal shield 138 in a man-
ner similar to the head of FIGURE 2. The electron gun
structure comprises a filament 139, cathode 140, first grid
structure 141, second grid structure 142 and converging
anodes 144 and 145. As indicated in FIGURE 16, the
anodes 144 and 145 are very thin in conformance with the
capillary portion 136 of the envelope.

For defining a magnetic field in the capillary portion
of the tube for inter-action with the stream of electrons,
a thin washer-like pole piece structure 158 is provided
which is secured at 131 to the shicld 138. The shield is,
of course, provided with a non-magnetic opening for re-
ceiving the pole structure 156 so that the pole structure is
magnetically isolated from the shield. As best seen in
FIGURE 17, the pole structure 150¢ comprises a pair of
pole pieces 153 and 154 having closely spaced pole por-
tions 155 and 156 for extending on opposite sides of the
flattened capillary 136 of the tube, and have more widely
spaced portions 137 and 158 terminating in the tape re-
ceiving extremities closely spaced to define a pick-up gap
160. As will hereafter be discussed, the pole piece struc-
ture 150 is preferably placed at the base of the capillary
portion as indicated in FIGURE 15 for best control of the
clectron stream. As in the embodiment of FIGURE 2,
the shield and the pole structure is preferably separate
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6
from the tube, so that the tube is removable for replace-
ment.

FIGURES 18, 19 and 20 illustrate a modified pole
piece configuration adapted for cooperation with a wide
channel recording and comprising pole pieces 165 and
166 having closely spaced pole portions 167 and 168
for fitting on opposite sides of the capillary portion of the
tube and having wide pole faces such as 169 in FIGURE
20 defining an extended pick-up gap 170. As indicated
in FIGURE 18, the pole pieces 165 and 166 may be
tapered as at 165¢ and have a non-magnetic spacer 171
defining a non-magnetic gap. The head may be provided
with windings 172 to allow use of the head as a record
or even an erase head. The pole piece configuration
of FIGURE 17 could also be provided with such record-
ing windings if desired.

FIGURES 21, 22 and 23 illustrate a further modified
form of pole piece construction wherein the pole pieces
173 and 174 have closely spaced portions 175 and 176
for fitting over the tube capillary as usual; however the
pole pieces have overlapping pole portions 177 and 178
defining an extended gap 179 for accommodating a rela-
tively wide tape indicated diagrammatically at 181.

FIGURES 24 and 25 illustrate a pole mounting struc-
ture for the poles of FIGURES 18, 19 and 20 wherein
each pole piece such as the pole piece 165 is embedded
in a resin material 185 which is cut away as indicated at
186 to accommodate the capillary portion of the tube
such as the portion 136 in FIGURE 15. It will be un-
derstood that a half of the assembly such as shown in
FIGURE 24 is placed on each side of the capillary sec-
tion 136 in FIGURE 15 to provide a pole piece configura-
tion similar to that indicated in FIGURE 18.

FIGURE 26 illustrates a tube comprising an enlarged
envelope portion 198, and a capillary portion 191 for
receiving a pole piece construction such as 150. The
tube has a filament 182, cathode 193, first grid struc-
ture 194, and second grid structure 195, However, in
this embodiment, the anodes 196 and 197 follow a some-
what devious course and include elongated parallel por-
tions 198 and 199 in the capillary section 191. The
anodes are of the thin construction such as indicated in
FIGURE 16. For protecting the anodes 196 and 197
from stray beam currents, a shield or baffle element 260
is provided at the potential of the first grid and interposed
between the grid structure and the adjacent portions of
the anodés.

FIGURE 27 illustrates a suitable circuit for an elec-
tron-cloud transducer tube 230 having an envelope 235
with a reduced cross section elongated capillary portion
236 and a filament 239, cathode 249, first grid 241, sec-
ond grid 242, and anodes 244 and 245. Typical operat-
ing values for the circuit of FIGURE 27 are as follows:
Filament voltage, 9 volts; cathode, zero volts; first grid,
2.9 volts; second grid, 100 volts, anode 244, 39 volts;
anode 245, 41 volts; condensers C; and C,, 0.1 micro-
farad; resistors Ry and R,, 600,000 ohms. With these
values the anode currents from anodes 244 and 245 were
each 110 microamperes. Resistors R, or R, or both may
be variable to adjust for balance, although the system
works well with as much as a 2 to 1 unbalance in anode
currents. The system is also not critical with respect
to operating grid and anode voltages; for example, drop-
ping the anode voltage to about 3 volts reduced the anode
current to 46 microamperes, but still gave good sensi-
tivity (at reduced power handling capacity). Grid volt-
ages can be changed by a factor of 2 to 1 or more with-
out serious harm. If the filament is operated from an
alternating current source hum may be reduced by operat-
ing the center tap of the filament about 25 volis positive
with respect to the cathode.

Operation of the anodes below 100 volts, and pref-
erably below 50 volts is advantageous because secondary
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.emission  effects are reduced, deflection sensitivity is in-

creased, and the noise level is lower.

-For-response to D.C., condensers C; and C, may be
omitted, anode :245 tapped directly at operating potential
and anode-244- directly coupled to the D.C. amplifier cir-
cuits, or better- still push-pull direct coupled output from
-anodes-244 and 245 may be employed. Transverse re-
cording:is- desirable- if extremely long wavelengths are to
be sensed. It has been-found that great -sensitivity- can
be obtained by thin pole pieces -such as ‘15@ illustrated
in FIGURE 17, as close to the base 258 of the capillary
236 as possible, An important. feature of the invention
is-to-have the electron control elements at a positive
potential to attain -and direct the electron stream in

conjunction with the magnetic deflection ‘means, and

anode elements at a lower positive potential than the most
positive control element. A -further important feature
of .the -inventicn *is -the provision of-a transducer tube
with.an anode voltage below 100 volts and preferably
below 50 volts. For example, one tube according to the
present. invention- operated in an optimum manner -at
an-anode -voltage of -about 35 -volts,

To illustrate the stability of the tube, the following
readings ‘were-taken with filament voltage and signal in-
put constant:

Supply voltage Output in db

150 ——— - 29
125 — e e 29
11 e 29.2
100 e~ 28.6
S SV 27.2

B0 e 24.2

YInall-forms it is important to baffle and isolate the fila- g5

ment ‘and. cathode emission in such a - way that only the
beam coming through the aperture strikes the anode elec-
trodes. Hum, noise, unbalance, -and insensitivity will
result from:unwanted stray emission. The heater should
be: non-inductively wound, with-the leads and connections
closely spaced. A high voltage low current heater should
be -used, ‘thus -allowing sufficient wattage -at low heater
current, and reducing fields due to heater current.

It is desirable:to cover the glass capillary portion or

end of:the ‘tube with ‘Aquadag and lampblack, for low -

secondary emission:and for- electrostatic - shielding pur-
poses. ‘The same effect can be. obtained with a conduc-
tive electrode properly coated and positioned.

“FIGURE . 28 represents ‘a plot of output in db from
anode 244 (taking zero db at one miilivolt) as a function
of input in db at 1000 cycles.

“FIGURE 29 is a plot ‘of the relative output in'db as a
function:of the distance of the pole pieces structure 159
from:the base 250 of the capillary portion 236. The plot
illustrates the décrease in sensitivity-as the pole piece struc-
ture'is ‘moved-along: the capillary portion 236 away from
the:enlarged-envelope- portion 235. “The plot thus shows
the desirability ‘of having: the pole piece structure 15¢ as
close to the-base of the capillary portion as possible.

-In FIGURE 30 is illustrated a frequency response curve
of -relative ouitput in db -as a function of frequency in
cycles per-second. The curve-is taken:for a 0.014 inch
thick Mumetal head-similar to that in FIGURE 27. The
fall-off .of response at high frequency is due to core loss.
Heads of ferrite material would insure a response to the
megacycle range.

.Jn FIGURES 31, .32 and 33 is illustrated a flat face
type electron-cloud " transducer- head having a generally
cylindrical envelope 210 with the usual filament 211,
cathode 212, first and second grids 213 and 214, and with
generally Tectangular anodes 216 and 217 on the flat ‘end
face 218 of the tube. The pole piece configuration 219
is disposed against the exterior face of the end 218, and
the*electron-stream is influenced by the fringing field be-
tweenthe pole pieces 221-and 222, which field is suffi-
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-cient to cause deflection: of the electron cloud in the: tube
shown and to produce an output from the tube. As in-
dicated in' FIGURE 33, the pole structure 219 includes-a
non-magnetic gap 223 for receiving a:record member
thereacross to induce the signal field across the poles 221
and 222.

FIGURE 34 illustrates an alternative. configuration. of
the anodes wherein the anodes comprise half round plates
225 and 226 at the end of the tube 2186.

FIGURE 35 illustrates a still further modified form of
the electron-cloud transducer head of the present inven-
tion having a suitable electron beam structure 260 for
directing a stream of electrons through the constricted
neck portion 261 of the envelope 262, the anode. portion
of the tube 264 having ancdes 265 and 266 along opposite
sides thereof. A pole piece structure 267 similar to 150
in FIGURE 17 defiects the electron beam.in accordance
with a recorded signal as in the previous embodiments.

FIGURE 36 illustrates a short capillary design with
the pole pieces 270 and 271 defining a field for interaction
with “the stream of. electrons and having.a .gap 272 for
cooperation with a record member traveling thereacross.
The envelope 273 is provided with a short capillary por-
tion 274 receiving the pole pieces 270 and 271 and has
any suitable electron gun structure 275, and anodes such
as 276.

In FIGURES 37 and 38 is illustrated a.microphone
utilizing an electron-cloud tube as the transducing element
wherein the reference numeral 286 designates a diaphragm
of magnetic material to be set in vibration relative to a
magnet structure 281 by means of a sound wave to vary
the magnetic field a a gap 282 in the magnetic circuit of
the device. An elongated. capiflary.portion -283 . of the
electron-clond tube .284 extends into the gap 282 for
sensing the varying magnetic field and to convert the same
into an electrical signal at the anodes. 285 and 286 as in
the previous embodiments.

Similarly as.indicated in FIGURE 39, the electron-
cloud tube of the present invention is suitable for use as
a phonograph pick-up, vibration pick-up and the like,
the tube 297 being substituted for the conventional. coil,
and sensing "any' unbalance -between the magnetic field
produced by the upper poles 298,.299 of the upper mag-
netic circuit including series aiding permanent magnets
301, 302 and gap 303, and the field produced by the
lower .poles 385, 306 of the lower -magnetic circuit in-
cluding : series. aiding “permanent ‘magnets 308, 309 and
non-magnetic gap 318. These magnetic circuits may be
spaced from each:other longitudinally of the beam, so
that the ‘beam is deflected first one way by one circuit,
and then the opposite way by the second circuit. The
upper and lower magnetic ‘circuits may be initially bal-
anced to produce equal and opposite magnetic fields with
respect to the transducer 297 so that the electron stream
will be evenly distributed between the anodes 312 ‘and
313 thereof. The magnetic fields may be unbalanced by
movement of the magnetic member 315 controlling the
reluctance of the gap.310, and it will be understood that
the-member 315 may be vibrated by a phonograph needle
or other similar vibration pick-up device. In a modified
form of this pick-up, pole pieces 298, 299, 385, 306 would
be bent or shaped so that gaps 363 and 310 were on
opposite sides of member 315, thus eliminating any un-
balanced forces on the vibrating element 315. Thus the
electron-cloud transducer tube of the present invention
can be uséd wherever a magnetic type pick-np is appli-
cable, by substituting a gap and capillary for the conven-
tional coil.

“In FIGURE -40 is illustrated -a reflection type.trans-
ducer head wherein an electron stream indicated at 320
is directed into a capillary portion 321 of a tube 322 by
means of an-electron gun structure 323, and is reflected
from the capillary portion by means of a surface 325-at
the -end- of the- capillary -at cathode potential or slightly
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negative with respect to the cathode. The surface 325
may be provided by an Aquadag coating on the capillary
wall, or the capillary wall itself may be maintained at
cathode potential under suitable conditions. The capillary
section 321 thus constitutes a low wvelocity region, the
electrons traveling from this region in the reverse direc-
tion to the anodes 327 and 328 along paths such as in-
dicated at 329,

As indicated in FIGURE 40 and 41, a magnetic field
may be applied to the capillary section 321 to deflect the
returning electron beam 329 by means of a magnetic pole
structure indicated at 331, the pole structure comprising
a pair of poles 332 and 333 on opposite sides of the cap-
illary portion 321 and having a non-magnetic gap 335
for receiving a record member 336 thereacross in the di-
rection of the arrow 337 in FIGURE 41. As in the
previous embodiments, the presence of a magnetic field
between the poles 332 and 333 causes electron flow to
one of the anodes 327 or 328 to predominate to pro-
duce an eleciric potential between the anodes. The
electron gun construction and the circuit connections pre-
viously described, such as in FIGURES 11, 12 and 27
are directly applicable to the modified tubes of FIGURES
40 and 41, with the addition, if necessary of a grounding
or biasing connection to surface 325. A magnetic shield
349 is indicated which may be similar to the shield shown
in FIGURE 2. It will be appreciated that the pole struc-
ture 331 serves to shield the capillary portion of the tube
from stray magnetic fields.

It will be understood that the path of the reflected beam
indicated diagrammatically in FIGURE 40 is merely for
illustration and that different paths wiil be followed de-
pending on operating conditions and magnetic pole con-
figuration.

Instead of the anodes 327 and 328, the input of an elec-
tron multiplier can be substituted and the transducer ouf-
put taken from the output of the multiplier. This elimi-
nates Johnson noise and other effects that would result
from ordinary amplification of the anode output. If the
multiplier input is partially shaded from the net return
beam, a single multiplier section will respond to variations
in positon of the return beam.

FIGURES 42 and 43 indicate a transducer tube sub-
stantially identical to that shown in FIGURES 40 and 41
and the same reference nmumerals have been applied to
corresponding parts. However, in this case a pole struc-
ture 350 is utilized having a relatively broad gap 351,
FIGURE 43, disposed radially outwardly of the tube
rather than at the end face thereof as in FIGURE 41.
The pole structure has relatively wide pole faces 352 and
3583 for defining a magnetic field for influencing the re-
flected stream of electrons 356, and in FIGURE 42, it is
assumed that a magnetic field exists between the poles
352 and 353 so that flow of reflected electrons is pre-
dominately to the anode 328. Here again the diagram-
matically illustrated electron flow path is merely by way
of illustration.

In FIGURE 44 is illustrated a further form of a re-
flected type transducer head wherein an envelope 3606 has
a capillary portion 361 with a stream of electrons 362
directed by an eleciron gun structure 363 against a target
365 which is a good secondary emitter. The operation is
similar to the embodiment of FIGURE 40, and a similar
pole structure may be used for deflecting the secondary
stream of electrons 367 for example to anode 370 as
indicated.

Those skilled in the art will appreciate that electric
circuits such as illustrated in FIGURES 11 and 12 may
be utilized to sense electron flow variation at the anodes
of any of the illustrated embodiments.

It will be understood that modifications and variations
may be effected without departing from the scope of the
novel concepts of the present invention.

I claim as my invention:

1. An electromagnetic transducer device comprising
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an envelope, magnetic pole means defining a magnetic
field extending into a region of said envelope, means for
directing a stream of electrons into said region, a surface
in said region at a potential to reject said stream of elec-
trons, an electrode spaced from said surface and at a po-
tential to attract said electrons in a generally reverse di-
rection, and means for sensing the effect of said mag-
netic field on said reverse flow of electrons.

2. A magnetic transducer device comprising an en-
velope, means for establishing a stream of electrons within
said envelope, means entirely external of said envelope
disposed to establish a magnetic field for interaction with
said stream of electrons, means for varying said mag-
netic field in accordance with an intelligence signal, means
for obtaining an eleciric output varying in accordance
with said field, and means whereby said stream of elec-
trons has a reversal of direction of movement in the
region of interaction with said magnetic field.

3. In combination, a magnetic record medium having
a signal recorded thereon and a device for electrically
reproducing the signal recorded on said record medium
comprising an envelope, means for producing a stream of
electrical charges in said envelope, said envelope having
a constricted portion providing an external wall surface in
close proximity to said stream of electrical charges, means
defining a magnetic flux path for the magnetic signal flux
of the record medium extending from the record medium
through said external wall surface and into the path of
said stream of electrical charges in said envelope, and
means for retarding the velocity of said stream of elec-
trical charges in the region of intersection thereof with
said magnetic flux path.

4. In combination, a magnetic record medium having
a signal recorded thereon and a device for electrically re-
producmcr the signal recorded on said record medium
comprising an envelope means for producing a stream
of electrical charges in said envelope, said envelope hav-
ing a constricted portion providing an external wall sur-
face in close proximity to said stream of electrical charges,
means defining a magnetic flux path for the magnetic
signal flux of the record medium extending from the rec-
ord medium through said external wall surface and into
the path of said stream of electrical charges in said en-
velope, and means for retarding the velocity of said stream
of electrical charges in the region of intersection there-
of with said magnetic flux path, said retarding means
comprising a control surface within said envelope toward
which said stream of electrical charges is directed and
which is maintained at a potential to repel said stream
of electrical charges to cause a reversal in the direction
of movement of said siream of electrical charges near
where said magnetic flux path intersects said stream.

5. In combination, a magnetic record medium having
a signal recorded thereon and a device for electrically
reproducmo the signal recorded on said record medium
comprising an envelope means for producing a stream
of electrical charges in said envelope, said envelope hav-
ing a constricted portion providing an external wall sur-
face in close proximity to said stream of electrical charges,
means defining a magnetic flux path for the magnetic
signal flux of the record medium extending from the rec-
ord medium through said external wall surface and into
the path of said stream of electrical charges in said en-
velope, and means for retarding the velocity of said stream
of electrical charges in the region of intersection thereof
with said magnetic flux path, said stream producing
means comprising a cathode for emitting a stream of elec-
trons and focusing and accelerating means for directing
said stream along a path adjacent said external wall sur-
face, and said retarding means comprising a control sur-
face within said envelope toward which said stream of
electrons is directed and which is maintained in the neigh-
borhood of cathode potential.

6. A magnetic transducer device comprising an enve-
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lope -having:.an-end portion -with flat exterior side wall
surfaces which -are very closely spaced in comparison
with - other- external dimensions. of said envelope, means
for-directing ‘a stream of electrical charges into said end
portion of said envelope, and means defining: a magnetic
flux -path for a magaetic signal flux extending : through
said: flat-exterior -side wall:surfaces. of said envelope and
intersecting the ‘path of said stream of electrical charges,
-anid ‘means for reversing-the direction. of movement of
said stream- of electiical charges in said end portion of
said envelope.

7. -A-magnetic transducer device comprising an enve-
ope, means for producing a stream of electrical charges
in-said envelope, means for coupling to a magnetic record
medium ‘defining ‘a magnetic flux path for a magnetic
-§ignal flux from the record medium intersecting a region
of the path of said stream of electrical charges, and means
for retarding the magnitude of the velocity of said stream
of électrical charges in said region of the path thereof.

-8, ‘A magnetic transducer: device comprising an enve-
lope,-means-for -producing a stream of electrical charges
in said ‘envelope, means defining a magnetic flux path for
a magnetic-signal-flux intersecting a region of the path of
said stream of electrical charges, and means for retarding
‘the velocity of said stream- at said region of the path there-
of, said.retarding means comprising a control surface in
said-envelope toward which said stream is directed -and
which' is-maintained at a potential to repel said electrical
charges.

9. A magnetic transducer device comprising an enve-

lope, ‘means for-producing-a stream of electrical charges
in said envelope, means for coupling to a magnetic record
medium and defining a ‘magnetic flux ‘path for a mag-
‘netic 'signal fiux from the record medium intersecting a
region of ‘the path "of-said stream of electrical .charges,
means for reversing the direction-of movement of ‘said
‘stream. of electrical charges near said-region-of the-path
of 'said 'stream, and means for électrically sensing the
éffect of said signal flux- from the record medium-on said
stream-of - elecirical charges.
- *10, ‘A  magnetic transducer device comprising an-enve-
{ope, means for producing a stream of “electrical charges
in-said ‘envelope, means ‘defining a magnetic*fiux path for
a ‘magnetic signal fiux intersecting a region- of the: path
of-said:stream of electrical charges, and means for retard-
ing' the-magnitude of the velocity- of -said" stream -at said
region of the path thereof, said stream producing means
comprising ‘a cathode for emitting a stream of -electrons
and focusing and -accelerating ‘means for ‘directing said
stream-along -its path within said-envelope, and-said re-
tarding-means comprising a ‘control surface adjacent said
region of 'said- path and which is-maintained in"the neigh-
borhood of cathode potential.

“11. ‘A -magnetic ‘playback ‘head for electrically :repro-
ducing ‘a-magnetic signal comprising -an envelope, a sur-
face in said-envelope, means for directing a stream-of-elec-
trical ‘charges toward. said surface ‘comprising -accelerat-
jng means-having -an -accelerating voltage of a - value-to
accelerate -said -electrical charges ‘toward -said “suiface,
‘means ‘for -applying ‘a retarding voltage to said suiface
which ‘is ‘less than -said ‘accelerating voltage, means where-
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by said surface.is eperative to:retard:the acceleration. of
said .electrical -charges to <create a ‘cloud -of electrical
charges.in a region of said.envelope when said retarding
voltage is applied to said-surface, means for -applying a
magnetic signal field to.said ¢loud. of electrical charges
directly at said region, and means for electrically sensing
the -effect of said magnetic signal fiéld on said electrical
charges.

“12..A magnetic playback heat for electrically reproduc-
ing a magnetic signal .comprising an envelope, a surface
in said envelope, means for directing a stream- of electri-
cal - charges:toward : said “surface comprising accelerating
means having an accelerating voltage of a value to ac-
celerate said electrical charges toward said surface,
means for:applying a retarding voltage to said surface
which is less.than said accelerating voltage, means where-
by -said - surface is operative .to retard the acceleration
of said electrical -charges to create a cloud of electrical
charges ina region:of said envelope when said retarding
voltage is applied to -said surface, means for applying
a magnétic signal field to said.cloud of electrical charges
directly at said .region, and ;means for electrically sens-
ing the effect of said magnetic signal-field on said electrical
charges, said magnetic._signal field applying means com-
prising a magnetic core.entirely: external of.said envelope
defining ‘a magnetic flux path having its shortest length
within .said envelope -extending directly through said
region and being -entirély - in:space within:said envelope,
and the interior of said envelope being entirely free of
magnetic: material “in said tegion.

"13. -A:magnetic . playback ‘head for electrically . repro-
ducing a magnetic-signal-comprising an envelope, a sur-
face in said envelope,:means for directing a stream of
electrical charges toward said surface comprising accel-
erating means having an' accelerating-voltage of a value
to -accelerate said .electrical ¢harges.toward said surface,
means for applying a retarding voltage to said surface
which is less than said accelerating voltage, means where-
by said surface with said retarding: voltage applied there-
to is-operative to create a cloud of electrical charges
having .a substantially minimum velocity amplituds in
a region of said envelope remote from said accelerating
means, means for-applying a magnetic signal field to
said -cloud of electrical :charges with the maximum of
the -signal field. in the envelope directly intersecting said
region where said electrical charges .have substantially
their minimum velocity, and means for electrically sens-
ing the effect of said magnetic signal field on said electrical
charges.
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