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UNITED STATES PATENT OFFICE 
2,590,627 

DEVICE FOR MINIMIZING THE EFFECTS OF 
TORSION WHEN REPRODUCING A MAG 
.NETICRECORD WIRE 

-Bernard E. Lenehan, Bloomfield, N. J., assignor 
to Westinghouse Electric Corporation, East 
Pittsburgh, Pa., a corporation of Pennsylvania 
Application April 29, 1948, Serial No. 24,038 

(C. 179-100.2) 6. Claims. 

This invention relates to the reproduction of 
signals and it has particular relation to the re 
production of a magnetic signal transversely dis 
posed in an elongated magnetic member or wire. 
In accordance with the invention, a pair of 

tion of its axis. 

travel past the pickups. 

cbe. 

ber. 

aforesaid angle. 
It is also an object of the invention to pro 

vide an improved method for reproducing a 
transverse signal carried by an elongated mem 
er. . . . is 

2 
Other objects of the invention will be appar 

ent from the following description taken in con 
junction with the accompanying drawing, in 
which: 

Figure 1 is a view in side elevation with parts 

Alter 

A coil 5C 

5 
pickups is disposed adjacent a point on the path broken away of a prior art system for mag 
of travel of an elongated member having a signal netically recording and reproducing signals, 
transversely carried thereby. The elongated Fig.2 is a view in perspective with parts broken 

: member may be in the form of a magnetic wire away showing a modified structure for mag 
which is mounted for movement in the direc- 0 netically recording and reproducing signals, 

The two pickups are disposed Fig. 3 is a schematic view with parts in perspec 
at an angle relative to each other about the axis tive and parts broken away of a signal-reproduc 
of the wire. The signal components derived from ing system embodying the invention, 
the pickups are shifted in time phase relative to Figs. 4, 5, 6 and 7 are vector diagrams show 
each other through an angle substantially equal 15 ing vector relationships present in the system 
to the space angle between the pickups, and the Of Fig. 3, and 
phase-shifted components are added to provide Fig. 8 is a view in elevation of a modified pickup 
a resultant signal which is substantially inde- head which may be employed in the system of 
pendent of the orientation of the wire during its Fig. 3. 

20 Referring to the drawing. Fig. 1 shows an elon 
It is, therefore, an object of the invention to gated member which is mounted for movement 

provide an improved system for reproducing a in the direction of its length, as shown by an 
transverse signal carried by an elongated mem- arrow 3, past the poles of an electromagnet 5. 

The elongated member may vary appreciably 
It is a further object of the invention to pro- 25 in composition and structure. It may take the 

vide a system for reproducing a transverse signal form of a ribbon having a rectangular croSS Sec 
carried by an elongated member mounted for tion. Alternatively the elongated member may 
movement in the direction of its length, wherein represent a round or oval wire. If desired, the 
a pair of pickups is located adjacent the path member may be constructed of a material or 
of travel of the member and are angularly dis- 3) alloy having hard magnetic properties. 
placed about the path of travel to produce out- natively, the member may have a non-magnetic 
puts or signal components in time phase with core, such as a brass, paper or plastic core, which 
the signal but having magnitudes varying as carries a layer or coating of hard magnetic inla 
functions of the orientation of the member with terial. Such members which are capable of re 
respect to the pickups and wherein a combiner 35 ceiving and storing a magnetic record are well 
is included for shifting the phases of the com- known in the art. 
ponents relative to each other and adding the The electromagnet 5 is illustrated as complis 
shifted components for producing a resultant ing a Soft magnetic ring-shaped core 5a, which 
signal for application to translating means hav- has a gap 5b defining pole pieces located adjacent 
ing a magnitude which is substantially inde- 40 the path of travel of the member . 
pendent of the orientation of the elongated mem- Surrounds a portion of the core 5a. 

When an alternating Signal which, for ex 
It is a still further object of the invention to ample, may represent speech, is applied to the 

provide a combiner for two in-phase signal com- coil 5c (a high-frequency alternating-current 
ponents having magnitudes which vary as func- 45 bias also may be simultaneously applied to the 
tions of a variable angle, wherein a system is coil ic in accordance with conventional prac 
provided for changing the time phase of the tive), the member in its travel past the electro 
signal components relative to each other and magnet 5 is magnetized to store the signal there 
adding the resulting components to provide a in. The direction of the magnetic field in the 
resultant signal which is independent of the 50 member is Substantially parallel to the axis of 

the member, as indicated by the arrows . 
in Older to reproduce the Signal Stored in the 

member , the member again may be guided in 
the same direction past the electromagnet 5. If 
the coil 5c is connected through a suitable am 
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plifier to translating means such as a loud Speak 
er, the speech recorded in the wire is reproduced 
by the loud speaker. 

It should be noted that the reproduction of 
the signal is independent of the orientation of 
the member about its path of travel. Regard 
less of the rotation of the member about its 
axis, the signal stored therein remains Substain 
tially parallel to the axis of the member. Con 
sequently, the system of reproduction represented 
in Fig. 1 may be employed for substantially any 
shape in cross Section of the member . It should 
be noted that the plane of the electromagnet 5 
in Fig. 1 is parallel to the axis or path of travel 
of the member . ... " 

In Fig. 2, the member f is shown located be 
tween the pole faces of the electromagnet 5. The 
electromagnet 5 now is in a plane SubStantially 
transverse to the axis or length of the member . 
When a signal is applied to the coil 5c, a mag 
netic field as represented by the arrows 9 is pro 
duced in the magnetic member which is Sub 
stantially transverse to the axis or length of the 
member . Consequently, the signal may be Said 
to be transversely stored in the magnetic men 
ber . 
When the signal stored in the member of 

Fig. 2 is to be reproduced, it again may be passed 
in the same direction represented by the arrow 3 
between the pole faces of the electromagnet 5. 
If the orientation of the magnetic member re 
mains similar to that prevailing during the re 
cording operation, a loud Speaker Connected 
through an amplifier to the coil 5c will repro 
duce the signal or speech stored in the member 1. 
However, if the orientation of the member 
should change, the signal may not be satisfac 
torily reproduced. 

Let it be assumed that during its travel be 
tween the pole faces of the electromagnet 5 dur 
ing a reproducing operation, the member to 
gether with the signals stored therein is rotated 
90° from the position illustrated in Fig. 2. Under 
such circumstances, the direction of the arrows, 
9 which now represent the Stored signal is par 
allel to the pole faces of the electromagnet 5 and 
the coil 5c is completely deenergized. 

If the magnetic member is a round wire such 
as the 4 mill or 6 mill wire commonly employed 
in magnetic sound recorders and reproducers, it 
is impracticable to maintain a desired orienta 
tion of the wire during its movement adjacent 
the aSSociated pickup. For this reason when 
transverse recording and reproduction have been 
employed in the prior art in the manner dis 
cussed with reference to Fig. 2, it has been the 
practice to employ a magnetic member in a form 
of a tape or ribbon which can be maintained in 
the desired orientation during both recording 
and reproduction operations. 
In accordance with the invention, a signal 

transversely disposed in the member is satis 
factorily reproduced. As shown in Fig. 3, a pair 
of pickups and 3 is disclosed which include 
magnetic cores d. and f3a having associated 
therewith, respectively, coils b and 3b. These 
pickups and 3 are disposed adjacent a prede 
termined point in the path of travel of the mem 
ber but are displaced angularly relative to each 
other about the axis or path of travel of the 
member . Preferably, the angle of displace 
ment is 90 but some variation in the angle is 
permissible With reasonably satisfactory results. 
The pickups and 3 may be similar to that 

illustrated in Fig. 2. However, in Fig. 3, the 

() 
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4. 
pickups it and 3 are shown having cores which 
are in the shape of rods extending from the 
member for a distance sufficient that the mag 
netic fields adjacent the remote ends of the cores 
are substantially uniform. The pole faces of the 
cores adjacent the member f have a diameter or 
size which is dictated in part by the size or diam 
eter of the magnetic member f. When two cores 
are employed, as illustrated in Fig. 3, knots or 
splices in the member pass readily thereover. 

It will be understood that the member in 
Fig. 3 is moved in the direction of its length or 
axis as represented by the arrow 3 at a uniform 
rate. Mechanism for this purpose is Well known 
in the art and is represented in Fig. 3 by a 
capstan or pulley 5 which is rotated uniformly 
for the purpose of advancing the member . As 
One example of a prior art "wire' recorder refer 
ence may be made to Patent 2,351,005, issued 
June 13, 1944. 
The voltages or signal components induced in 

the coils b and 3b depend on the Orientation 
of the member. adjacent the pickups. Let it be 
assumed that the axes of the cores fla and 3a 
fall along the lines d. and 3d. of Fig. 4. These 
lines are perpendicular to each other. I.et, the 
direction of the vector S in Fig. 4 represent at 
some instant the direction of magnetism of the 
signal stored in the member at a point adja 
cent the pickups and 3. In Fig. 4, this di 
rection is such that the vector or signal S is dis 
placed by a space angle 6. from the line lid. 
Under these circumstances the magnitudes of 
the components of the signal S effective for in 
ducing voltages in the coils. b and 3b may be 
represented by vectors fle and 3e. . . . 

It should be understood clearly that the vec 
tors le, 3e and S are all in time phase with 
each other. The vector diagram of Fig. 4 is a 
space diagram wherein the vectors, indicate the 
direction in space of the signal S and the com 
ponents fle and 3e of the signal which are ef 
fective for inducing voltages in the pickup coils. 
By inspection of Fig. 4, it will be observed that 

the magnitudes of the voltages induced in the 
coils b and 3b depend on the angle 6 or on 
the orientation of the signal S with respect to 
the pickups. The vector fle is equal to Scosine 
0 (or S cos (), whereas the vector 3e is equal to 
S sin 0 (or S sin 0). 
The sum of these two quantities (S cos 0--S 

sin 0), is dependent on the value of the angle 0. 
Consequently, the resultant signal obtained by 
the direct addition of the outputs of the pickup 
coils if b and 3b would not provide a directly 
useful resultant signal representative of the sig 
nal stored in the member f. Such a resultant 
signal would have a magnitude which varies with 
the orientation of the member about its axis 
or path of travel adjacent the pickups. 
In order to obtain a directly useful resultant 

signal, one of the signal components from the 
pickups is shifted in time phase relative to the 
remaining signal component through an angle 
substantially equal to the space angle between 
the pickups. To this end, the signal components 
derived from the pickup coils if b and 13b are 
applied, respectively, through amplifiers 7 and 
f9 and transformers 2 and 23 to a combiner 25. 
In order to facilitate adjustment of the balance 
between the signal components applied to the 
combiner, the secondary windings of the trans 
formers 2 f and 23 may be connected in series 
acroSS a resistor 27. This resistor has an ad 
justable tap 29 connected to the common lead 
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3 extending between terminals of the secondary 
windings. By manipulation of the tap 29 the 

rtion of the resistor 27 connected across each of the secondary windings may be adjusted 
for the best condition of balance. 
The outputs of the transformers 2 and 23 

comprise two signal components which are 
always in time phase agreement or time phase 
opposition. However, the magnitudes of these 
components are dependent on the orientation of 
the member about its axis or path of travel ad 
jacent the pickups and 3. - 
The output of the transformer 2 is connected 

across a resistor Ri which may have a resistor 
R2 connected in series therewith. The voltage 
drop across the resistor Rf is in phase with the 
current traversing the resistor and with the volt 
age across the secondary winding of the trans 
former 2. 
The desired phase shift is effected by shifting 

the phase of the output of the transformer 23 
through an angle of substantially 90°. To this 
end a series circuit is connected across the sec 
ondary winding of the transformer 23 through 
conductors 33 and 35 which includes a capacitor 
Ci. It will be understood that the voltage across the capacitor lags the current therethrough by 
an angle of 90°. However, this voltage has a 
magnitude which is dependent on frequency. If 
a signal of only one frequency were stored in 

0. 

15 

6 
ly, at this frequency the parallel resonant cir 
cuit draws substantially no current. As the 
frequency deviates from the geometric mean 
the parallel resonant circuit draws current 
through the capacitor C and the inductance coil 
L2 to produce an auxiliary voltage drop which 
compensates for the variation in magnitude 
which otherwise would result from a change in 
frequency. . . . . 

It will be noted that the resistors R2 and R3 
Substantially balance the input circuits to the 
combiner from the standpoint of resistance. A 
substantially complete balance may be and pref 
erably is provided by including a parallel reso 
nant circuit comprising a capacitor C3 and an 
inductance coil L4 connected across the secondary 

... winding of the transformer 23. The two parallel 

20 

25 

30 
the member 1, the capacitor C alone might suf 
fice in the combiner to produce the desired phase 
shift. However, in order to permit utilization 
of the combiner with signals having a substan 
tial range of frequency, such as a range suitable 
for speech, an inductance coil L is connected in 
the series circuit including the capacitor C. 
Further improvement may be obtained by includ 
ing a resistor R3 in this series circuit. 
The inductance coil Li has mutually coupled 

thereto a second inductance coil L2. The in 
ductance coil L2 is connected in series with the 
capacitor C and the resistor R across the output 
conductors 37 and 39 of the combiner. 
The coil L2 has induced therein a voltage which 

is substantially in phase with the voltage across 
the capacitor C. but which varies oppositely in 
magnitude in response to a change in frequency 
of the input to the combiner. Consequently, the 
magnitude of the resultant output of the capaci 
tor C? and the inductance coil L2 in series may 
be made substantially independent of frequency 
over a substantial range. 

Conveniently, the capacitor Cl and the induct 
ance introduced by the coil I, across the sec 
ondary winding of the transformer 23 may be 
resonated to a frequency which is substantially 
the geometric mean of the frequency range for 
which the combiner is designed. As the frequency 
deviates from the geometric mean, the magni 
tude of the voltage output of the capacitor C 
and the inductance coil L2 in series may change 
somewhat. If this change is objectionable, it may 

henries. The coils may have 

40 

have been found suitable for a combiner designed 

resonant circuits may be of similar construction. 
As representative of suitable values for the 

components of the combiner, the following values 

for a frequency range of 150 to 4000 cycles per 
second. This is adequate for transmission of 
speech signals. - 

Rf=428 ohms 
R2 =4000 ohms 
R3=4000 ohms 
C = 1 microfarad 
C2=.0067 microfarad 
C3=.006.7 microfarad 
L =.040 henry 
L2=.040 henry 
L3=6 henries 
L4=6 henries 

Mutual inductance between coils Li and L2. ils Li and L.2s.O4 
a Q of 18 mea red at 1000 cycles per second. 

The output conductors 37 and 39 of the com 
biner may be connected to suitable translating 
means 43, the type of which depends on the 

4) 

55 

nature of the signal stored in the member. 
If the signal stored in the member represents 
speech, the translating device 43 may be a trans 
ducer such as a loudspeaker which is connected 
to the output of a suitable amplifier 45: The 
input to the amplifier is derived from the con 
ductors 37 and 39. 
The operation of the combiner may be con 

sidered by assuming first that an alternating 
signal stored in the member is represented by 
the conventional expression. A sin ot' wherein A 
is a constant, w is the frequency of the signal 
multiplied by 2it, and it represents time. 

It will be recalled that the outputs of the pick 
up coils fib and 3b are related to the stored 
signal in accordance with the expressions coso 

60 

and sin (). Consequently, it may be assumed for 
the purpose of discussion that the voltage applied 
across the resistor Rt of the combiner is repre sented by the expression Acos a sin ot. It may 
be assumed further that the voltage applied 

be substantially eliminated over the desired range 
by means of a parallel resonant circuit compris 
ing a capacitor C2 and an inductance coil L3. 
'This parallel resonant circuit is connected be 
tween the conductor 39 and the conductor 4t 
which extends from the upper terminals of the 
resistor R2 to the upper terminal of the sec- 7 
ondary winding of the transformer 2f 
in Fig. 3. The parallel resonant circ 
nated to a frequenav which is 
the penmetric means of the freguen 
for which the combiner is designed. C. . . .41. 

65 signal 

cross the capacitor C? and the coil Lt in series 
is represented by the expression A sin a sin ot. 
The sum of these two expressions would give a 

(1) 

By inspection of the equation it will be observed 
that the signal S' is dependent in magnitude on 

S'=A cost sin ot+A sin a sin ot 
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the pickups or 90°. This is effected by employing 
the voltage across the capacitor C and the coil 
I2 in series which under the assumed conditions 
has a value equal to Asin 0 cos wi. Consequently, 
the sum of the voltages across the resistor Rf, 
the capacitor C? and the coil L2 which is applied 
across the conductors 37 and 39 represents a re 
sultant signal 
RS=A eós 9 sin ot-I-A sin . . . & e6s wi-A sini (asi-i-ty) (2) 
inspection reveals that the magnitude of the re 
stiltant signal RS is independent of the angle d 
6f the orientation of the member 1. The effect 
of the angle 6 is to control the phase of the sig 
ial. Chiariges in the orientation of the membér 
under the usual conditionis encountered in re 

corders and reproducers 6ccur very slowly. eori 
sequently, changes in phase represented by the 
angle 6 in Equation 2 have substantially no effect 
ön the output of the transducer 43: . - 
The operation of the combiner also may be 

eónsidered with reference to Figs. 5, 6 and 7. Let 
it be assumed first in Fig. 5 that the orieritation 
6f the member is suchi that the secondary volt-, 
ages of the transformers 2 and 23 are repre 
sented by two vectors W and V2 which are in 
time phase agreement and which are equal in 
magnitude. The effect of the combiner is to 
shift the phase of the vector V2 through an angle 
of 90° to provide a vector V3 which is added vec 
torially to the vector V to provide the resultant 
signal R.S. 

In Fig. 6 it is assumed that the orientation of 
the member carrying the same signal is such 
that the outputs of the transformers 2 and 23 
are represented by the vectors V3 and V4 which 
are equal in magnitude but opposed in time 
phase. The combiner again shifts the phase 
of the vector V4 through an angle of 90° to pro 
wide a vector W5 which is added vectorially to the 
vector W3 to provide the resultant signal RS'. 

Finally, in Fig. 7 the Orientation of the member 
carrying the same signal is assumed to be such 

that the outputs of the transformer 2 and 23 . 
are represented by the vectors W6 and W7 which 
are in time phase agreement but which are sub 
stantially different in magnitude. The combiner 
shifts the phase of the vector W7 to provide a vec 
tor W8 lagging the vector WT by 90°. The vectors : 
V6 and W8 add vectorially to provide the re 
Sultant signal RS'. 

All of the resultant signals RS, RS' and RS' 
are equal in magnitude but displaced in time 
phase from each other. Since the transducer is 
responsive substantially only to the magnitude 
of the resultant signal, the orientation of the 
member has substantially no effect on the out 
put of the transducer. As previously pointed out, 
the changes in phase encountered in conventional 
recorder and reproducer magnetic members is ex 
tremely gradual and slow. 
The pickups and 3 may be replaced by 

other pickups which are displaced in phase 90° 
about the axis or path of travel of the member f. 
For example, in Fig. 8 a pickup structure is dis 
closed which includes a continuous annular or 
rectangular perimetric portion 5f. The peri 
metric portion has four pole pieces 5 a., 5 lb, 5 fc 
and 5d. projecting inwardly to establish a cen 
tral gap through which the member may be 
guided. The aligned pole pieces 5 a. and 5 fc 
have windings - B thereabout which are con 
nected in series to replace the pickup coil 1 lb of 
Fig. 3. The remaining pole pieces have windings 

5 

it) 

20 

2 5 

3) 

55 

30 

5 

s 

8 - 

3B connected in series to replace the pickup coil 
f3b of Fig. 3. In order to permit passage of knots 
or Splices in the member 1, two of the pole pieces 
5a and 5b may be made shorter than the re 
maining pole pieces. It will be understood that 
the pole pieces and the perimetric portion 5 all 
are constructed of a soft magnetic material such 
as soft iron. w 
Although the invention has been described 

yith referenice to certain specific embodiments 
thereof, numérdus modifications falling within 
the spirit and scope of the invention are possible. 

I elaini as my invention: 1. In a system for reproducing an alternatirig 
signal having maximum and minimum frequeii. 
cies which de?irie a frequency range from an 
elongated magnetic movable member which is transversely magnetizable along its length to 
thereby produce a recording in accordance with the signal, means for guiding the magnetic mov 
able member in the direction of its length along 
a predetermined path, said member being sub 
ject to rotational movement while influenced by 
said guiding means, a pair of pickup elements 
adjacent a predetermined point on the path, said 
pickup elements being angularly spaced about 
the path to pickup signal components which vary 
in magnitude as a function of the rotational 
orientation of the transverse magnetization of 
the member, and which have frequencies subs 
stantially equal to the signal frequencies, and 
cornbining means having terminals for receiving 
two inputs, said combining means including 
phase-shifting means for shifting the phase of 
one of the inputs relative to the other of the in 
puts by an angle substantially equal to the angu 
lar spacing of the pickup elements, means includ 
ing connections for Supplying the two signal comi 
ponents respectively from said pickup elements 
as inputs to the combining means, said phase 
shifting means comprising a resistor connected 
to receive a first one of said inputs, a capacitor 
and a first coil connected in a series circuit for 
energization in accordance with a second one of 
Said inputs, and a second coil mutually coupled 
to said first coil, translating means, and con 
nections to Said translating means for energizing 
the translating means in accordance with the 
voltage across said resistor, said capacitor and 
Said Second coil in series. 

2, A System as claimed in claim 1, Wherein the 
capacitance valve of said capacitor and the in 
ductance valve introduced by said first coil are 
chosen to be substantially resonant at a frequency 
which is substantially the geometric mean of the 
frequency range represented by said maximum 
and minimum frequencies. 

3. A system as claimed in claim 1, in combina 
tion with a second resistor, and a parallel reSO 
nant circuit connected through said Second re 
sistor across the first-named resistor, the capaci 
tor and the second coil, said parallel resonant cir 
cuit being substantially resonant to the geometric 
mean of the frequency range represented by said 
maximum and minimum frequencies. 

4. A system as claimed in claim 1, in combina 
tion with balancing means including resonant 
circuits for substantially balancing the imped 
ances of the circuits energized by said inputS rel 
ative to said terminals for receiving the inputS. 

5. A system as claimed in claim 1, wherein Said 
series circuit includes a resistor in series with 
said capacitor and said first coil. - 

6. In a system for reproducing an alternating 
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Signal having maximum and minimum frequen 
cies which define a frequency range from an 
elongated magnetic movable member Which is 
adapted to be transversely magnetized along its 
length in accordance with said signal, means for 
guiding the magnetic movable member in the di 
rection of its length along a predetermined path, 
Said guiding means allowing rotational movement 
of said member, a pair of pickup elements adja 
cent a predetermined point on the path, Said 
pickup elements being angularly spaced about the 
path to pick up respective signal components 
which vary in magnitude as a function of the ro 
tational orientation of the transverse magnetiza 
tion of the member, and which have frequencies 
Substantially equal to the signal frequencies, and 
combining means having terminals for receiving 
first and second inputs, connections for Supply 
ing the two signal components respectively as said 
first and Second inputs, Said combining means 
including means for directly shifting the phase 
of said first input to produce a first output shifted 
in phase relative to the first input by an angle 
Substantially equal to the angular Spacing of the 

5 

O 

20 

O 
pickup elements, said second input providing a 
Second Output Substantially in phase agreement 
With the second input, and adding means for 
adding Said outputs to provide a resultant output 
having Substantially the same frequencies as the 
inputS, and translating means responsive to the 
resultant output of said combining means, said 
frequency range being sufficient in scope for the 
transmission of intelligible speech. 

BERNARD E. LENEHAN. 

REFERENCES CITED 

The following references are of record in the 
file of this patent: 

UNITED STATES PATENTS 

Number Nanne Date 
2,458,315 Sunstein ------------ Jan. 4, 1949 
2,471,251. Tompkins ---------- May 24, 1949 
2,476,110 Neufeld ------------ July 12, 1949 

OHER REFERENCES 

Journal of the Society of Motion Picture En 
gineers, November 1948, page 469. 


