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1 Claim. (Cl. 274-23). 

This invention relates to a tone arm and par 
ticularly to "a tones arm assembly, in a record 
playing device in which the principal function of 
the tone arm is to provide a movable holder to 
carry the translating means and needle-acroSS 5 
the record. 
Among the - objects - of the invention is º to "pro 

vide s-a movable - extension arm - which will effect -- 
stable support for an apparatus capable of trans 
lating, a forced vibration into a fluctuating selec-10 
tric current; further to provide -a - tone i armªin : 
which ... the cartridge housing 5 the "translating::. 
means is set at an angle to the arm to allow the 
needle to cross the record approximately. On a ". 
radius and the cartridge be as nearly tangent to 5 
each record groove as possible; still further to: 
provide a tone arm that willfunction with a low-r 
needle pressure and Supply sufficient momentum ; ; 
and inertia, to allow the needle to reproduce a '. 
broad range of frequencies with high-fidelity; 20 
yet further, the feature of providing a novel tone: 
arm in which the center: of gravity of the car..." 
tridge and arm is near the needle point; the fur 
ther feature of providing a tone arm in which: 
the arm and cartridge are free to rotate in vers. 
tical planes. and horizontal planes, but no fur. 
ther motion; also...to provide a tone armi compris..." 
ing a framework Or arms made of thin Wall tub. '" 
ing and so constructed and arranged as to pre 
vent any wobbling of the cartridge; further the 30 
provision of a movable vibration damper that cani . 
be: Selectively fastened to one of the arm-men--- 
bers at any point where a vibration position night. 
occur at low frequencies, and to preventor-ma. 
terially reduce any natural resonant: frequen 
that might occur in the tubes of the tone arm; . 
also: to place the connecting wires inside of the 
tubing to shield them from any outside magnetic. 
or electrostatic fields; to provide small surface. 
area, which reduces practically to zero any Sound:40 
ing board effect that might be caused: by any. 
forced vibrations that might, get into the car. 
tridge; also to provide weights for the cartridge. 
So as to locate the center of gravity of the arm. ... 
and cartridge near the needle, and yet have low 45 
needle preSSure, and a light-Weight arm con 
pared to the Weight of the cartridge, so that thes, 
moment of inertia of the arm and . cartridge, . 
about its horizontal pivotal. Support, will be as: ri 
great as possible for its total weight and needle 50 

2 
pressure; and to provide a heavy. base element O 
which the supported end of the arm is pivoted; 
to-produce a high moment of inertia with a light 
weight arm, that can rotate thorizontally with 
the arm and provide ari extra amount of horizon 
talstability for the cartridge. - . 

Further-objects, advantages and capabilities 
inherently possessed by my invention will later 
more fully become apparent. 
Myinvention further resides in the combina 

tion, construction and arrangement of parts il 
lustrated in the accompanying drawings, and 
while I have shown therein preferred embodi 
ments I wish it understood that the same are 
susceptible "of modification and change without 
departing from the spirit of my invention. 

In the drawings: - 
Fig.1 is a side edge elevation of a tone arm embodying-my invention and showing-a, records 

table and recordin dottedlines. 
Fig. 2 is a top plan view of the tone arm as: 

sembly of Fig. 1: . - - - — -- -*- . . . . . 

Fig. 3 is a vertical transverse section on the line 3-3-of-Fig.2 looking in the direction of the 
arrowsic -: ? ? ? 's ... ..., 

Fig. 4 is a view similar to that of Fig.1 but: 
showing a modified form of my invention. 
Fig-5 is a top plan view of the tone arm as 

sembly shown in Fig. 4.'' 
Fig. 6 is a vertical transverse section on the line, 6-6 of Fig.: 5 looking in the direction of 

the arrows. - - - - - - 

Referring more in detail to the drawings my 
preferred form of the invention is shown in Figs. 1-3 and comprises a pair of spaced apart 
angularly arranged arm-elements and 2 as 
shown in Fig.2 and rigidly connected together. 
at their forward ends by a connecting arm 3 and 
at their rear ends by a curved U-shaped mem: 
ber 4. The rear ends of the arm-elements are rigidly secured to the U-shaped member 4 by 
any suitable means to rigidly hold these parts 
together as a unit, the rear ends of the U-shaped 
members each having a hole 5 to receive a pi 
6 secured one at each side in the rotor 7 so that the tone arm designated generally at T may have 
a vertical swinging movement about pins 6 as 
latérmóre fully described í - - - 

The arm elements and 2 are extended for: 
Wardly beyond the cross member 3 and bent an 
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gularly a small amount as indicated at 8 and 9, 
these extendung emas beling inserted into holes im 
the rear end of the cartridge J and Secured 
therein by set screws or tine like or any other 
suitable Iastening means to hold the cartidge Se 
Curely and farmly to the arm elements and 2. 

ihe translating or needle element 2 prefer 
ably consists of a Small plastic moulding having 
a larger flag portion 3 Which is held in the car 
tridge by any suitable number of screws í 4, or 
other suitable fastening means, as seen in FigS. 1 
and 2. The Smaller eXtension portion or Vibra 
tory arm of tilis translating element holds the 
needle point or stylus 5. The Vibratory arm is 
of insulating material, as polystyrene, and at 
least one surface has a strain-sensitive coating, 
as of colloidal graphite, whereby flexure of the 
arm varies the reslistance of the c0ating and pro 
Wides the desired electrical variations. Trans 
lating elements of this type are shown, for ex 
ample, in Germeshausen. Patent 2,329,526. The 
end of this vibratory arm must be free to follow 
the record groove, and the Vibration of the needle 
point, and the bending of the needle arm, should 
not be transmitted to the cartridge or any other 
part of the whole tone arm. To accomplish this 
the cartridge E, the tone arm T and the rotor 1 
must provide a sufficient amount of inertia and 
stay within the desired low limits of needle pres 
sure. It is desirable that the center of gravity of 
the cartridge and arm T should be as near the 
needle point and as low as poSSiole in position 
and weight. To facilitate this, weight-elements 
S are provided in the cartridge near its forward 

end. In the particular arm and cartridge aSSemi 
bly here being described, the center of gravity of 
the combination is slightly forward of the rear 
end of the cartridge; and it is preferably not more 
than one-third of the distance from the needle to 
the mounting point in any construction. 
The arm T and cartridge must be free to rotate 

in vertical planes about an axis passing through 
the axis of the fulcrum pins 6 and through the 
center of rotation of the rotor 7, which rotor 
rotates in a horizontal plane about its vertical 
axis. This vertical and horizontal movement of 
the arm T must be accomplished freely without 
any other motion. The rotor T is relatively heavy 
and has comparatively large mass distributed 
more or less similarly to a fly wheel, in order to 
provide the greatest amount of inertia for the 
weight actually used. For convenience the full 
crum points between the rear ends of the arm 
elements and 2 and the rotor are indicated at 
A and B which points are preferably from two to : 
three inches apart. This assembly of rotor , 
arm i and cartridge 9 provides an amount of 
inertia in the plane indicated by the points AB 5, 
which holds the flag 3 of the needle in sufficient 
equilibrium while the needle vibrates. The con 
struction of the rotor and the supporting parts 
later described should be such that the plane 
ABf5 is either parallel to or at a Small angle to 
the Surface of the record T for this inertia to be 
most effective. 
The Support for the tone arm comprises the 

rotor above referred to, the ball-type thrust 
bearing 8, the stator 9 and the damper 23 hav 
ing a central opening 2. The stator has a cen 
tral opening 22 screw threaded to receive comple 
mental threads on the lower end of the tubular 
pivot pin 23 which is rigidly mounted in the 
stator to project upwardly therefrom through 
complemental central openings in the thrust 
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4. 
mounted upon tube 23 but without any looseness 
that might allow vibration in the rotor. The 
thrust bearing 8 is provided with an annularly 
arranged series of openings 26 receiving the anti 
friction balls 25. The damper element 20 is of 
any suitable material to absorb any vibration 
that might be Set up in the tone arm as a Whole 
and to prevent any vibration being transferred 
from the support to the tone arm. 

Longitudinally movable along either One or 
both of the arm-elements and 2 is a vibra 
tion damper 26 which is a mass of any suitable 
material that can be Selectively fastened to the 
arm-element at any point where a vibration po 
sition might occur at low frequencies, and the 
function of which is to interfere with any na 
tural resonant frequency that might occur in the 
arm-elements and to reduce or prevent Such Wi 
brations from occurring. The arm-elements 
and 2 are purposely made of thin-Walled, Small 
diameter, metal tubing which is grounded. The 
wires to the needle are placed inside of these 
tubes which shield them from any outside mag 
netic or electrostatic fields. The Small surface 
area, reduces practically to Zero any Sounding 
board effect that might be caused by any forced 
vibration that might get into arm T from the 
cartridge. The surface of the arm T, the car 
tridge () and the rotor 7 may be covered with 
some soft material, as a Sprayed plastic coating, 
that will interfere with the transmission of any 
vibration to the air. 
As will be understood the rotatable record 

head T will be driven by any suitable means 
within a cabinet or other suitable housing, the 
surface of which is indicated at 27, the support 
7, 8, 9 and 20 also resting upon surface 27 at a 
point adjacent the edge of the rotating record 
holding table 7, the record being indicated in 
dotted lines at 28. 
The form of my invention shown in FigS. 4-6 

is in general the same as that shown in Figs. 1-3 
except for detailed structural differences. The 
support for the tone arm consists of the rotor 
37, stator 38, and Soft vibration damping base 
39, the rotor 37 being rotatably mounted on the 
stator 38 by means of a pin 40 threaded into the 
stator and having at its upper end a head 4 
between which head and the bottom surface 42 
of the depression 43 is mounted a spring 44 to 
yieldably hold the rotor against the stator, the 
rotor being rotatable about pin 40 with a close 
rotatable fit in order to prevent any vibration 
between these parts. Formed on the lower face 
of the rotor is an annular flange 45 provided 
with a flat bottom face to have rotatably sliding 
movement upon the upper face 46 of the stator 
so as to decrease the friction between these parts 
and enable an easy but vibrationless rotation 
therebetween. This flange 45 should be of sub 
stantial diameter for stability, but not so large 
as the rotor 37, to minimize frictional resistance. 
The tone arm indicated generally at T in Fig. 

5, comprises the arm-elements 47 and 48 which 
may be of any desired small cross section, these 
arms being preferably made of very thin metal 
tubing through which the wires from the needle 
extend. The rear end of the tone arm is pivot 
ally mounted to the rotor by the fulcrum pins 
49, the axis of which when extended intersects 
the axis of rotation of the rotor. The holes in 
the rear ends of arm elements 47, 48, through 
Which the fulcrum pins extend, are of a close 
rotating fit so as to prevent rotation between 

bearing and the rotor, the rotor being rotatably is these parts, the fulcrum pins 49 being threaded 



5 
into the rotor and screwed inwardly So as to 
permit free rotation but prevent any looseness 
or vibration. The cartridge is rigidly attached 
to the front ends of the arm-elements 47, 48, in 
the position shown in Fig. 5, this form of car 
tridge also having weight elements 50 in the 
forward end similar to the elements is in Fig. 2. 
The arm-elements 47, A8 are connected together 
at their respective ends by cross braces 5f and 
52 which are held rigidly but longitudinally ad 
justably to these arm-elements by tightening the 
screws 53 and 54. Vibrational damping material 
will be positioned around the transverse cross 
brace 52 to function in a manner similar to that 
described above in connection with the vibration 
damper 26. Cross braces 5 and 52 also contain 
wood cross supports e and f(preferably soft wood 
with the grain longitudinally of the arm) which 
serves well as vibration dampeners and can be 
shifted to find an anti-nodal point. Cross braces 
5 and 52, as will be understood, also give added 
rigidity to the tone arm T'as a whole. Damping 
material will also be positioned around the full 
crum pins 9 to further prevent vibration. 
The forms of my invention described above 

give very desirable resilience and flexibility to 
the tone arm. It is important to note that the 
small surface area of the arm-elements of my 
novel tone arm reduces the effect of forced vibra 
tion, and that the damping reduces vibration 
from the cartridge to the arm and allows a slight 
flexibility which means better tracking. Also the 
center of gravity of the arm and cartridge con 
bination is kept as near the needle point as pos 
sible, and my constiruction as described is Suchi 
that it tends to have as high a moment of inertia, 
about the pivot as is possible with its Weight 
which is kept low by light weight construction 
and Which in effect causes the motion of the arm 
and cartridge combination to simulate that of a simple pendulum. 
The tone arm and cartridge of the present in 

vention is such that the needle will track better 
and follow record warping or other irregularities 
better and with less needle pressure than any 
tone arms heretofore known. In the present 
construction I have made possible a very light 

- needle pressure, for example between A and one 
ounce, and preferably in the neighborhood of 
from 4 to 34 ounce, in connection with which 
it is important to note, as stated above, that the 
center of gravity is near the needle and that 
counterbalancing has been entirely eliminated. 
This device will operate efficiently at very low 
needle pressures. I have provided a very solid 
cartridge that can clamp the needle rigidly for 
the best results and vibration of the needle is 
permitted Without creating undesirable vibra 
tions in the other parts, it being noted in Figs. 
1 and 2 that sufficient space is provided for 
around the needle portion 2, while at the same 
time firmly clamping the flag 3 in the cartridge 
and firmly connecting the cartridge to the front 
end of the arm-elements. 
The cartridge is formed with thin construc 

tion in order to reduce its weight and still main 
tain its strength, it being noted that the height 
of the cartridge has been kept low. The balance 
point of the arm is quite close to the rear end 
of the cartridge, and this sets up a high moment 
of inertia considering its total weight, to resist 
any rotational disturbances in a horizontal plane 
Which is the direction from which outside dis 
turbances Would come. 
respond Simultaneously with the disturbances 

This inertia, effect in list 
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6. 
and will do so if the moment of inertia is as high 
as possible. If desired, the cartrid ? - ? ? ? ? ? ?? - ¬ 
ported from the tubing of the tone armby 
of some damping material to further eliminat 
a transfer of vibration. ” 
The small surface area of the tubular. arm 

elements reduces vibration transmitted to the air. and prevents the tone arm from having action 
like a sounding board." The entire tone arm has 
a flexibility that very materially...increases the 
life of the records. The cartridge should be 
comparatively flat and not top, heavy in order. 
to help minimize a twisting type of vibration that. 
might occur especially in the cartridge in a ver 
tical plane at right angles to the line passing 
through the point of the needle and the center 
of rotation of the rotor 7. The extra width be 
tween the points AB at the rear end of the tone 
arm helps reduce the objectionable vibration just 
referred to. The tone arm tubing serves as a 
shield for the wires which will run through it 
as stated above and the use of small tubing helps 
cause the bulk of the weight to be in the cartridge. 
Needle pressüres between % and öne ounöe âre 
preferable, the lower values being used when 
Sufficient tracking on the record is obtained. 
In order to have the greatest possible vibration 

response in the needle and the least amount 
in the cartridge and tone arm, the metal needle 
tip in its plastic mould is made as light as possible 
and the tone arm relatively heavy. In tone arms 
prior to the present invention this latter weight 
is Supplied by a heavy tone arm haVing a con 
siderable amount of distributed weight, and in 
Some tone arms the arm extends back beyond the 
pivotal point so as to carry a counterweight which 
is ample to control the needle pressure, while in 
Some instances the arm extends back beyond the 
pivoted point So that a variable spring can be 
attached to control the needle pressure. The 
effect of such prior tone arm is to make the 
natural motions of the entire arm about a ver 
tical axis in the base and support similar to that 
of the compound pendulum and thus slow and 
Sluggish. Such compound pendulum effect also 
Slows any tone arm motions around the hori 
ZOntal axis in the support. These tone arm 
motions need to take place to allow the needle 
to track on warped or eccentric records and to 
move it as it follows the groove. The tone arm 
of my present invention has no compound 
pendulum effect but noves quickly and efficiently 
similar to the motions of a short simple pendulum 
and this allows it to trace any record irregularity 
in a much surer and positive manner. 
In Order to have the greatest possible vibration 

in the needle and the least in the cartridge and 
tone arm the moment of inertia of the assembly 
should be as great as possible consistent with its 
total Weight, needle pressure and necessary de 
Sign limitation. This relatively large moment 
of inertia is obtained by keeping the weight of 
the tone arm low and the weight of the cartridge 
as high as a limited needle pressure will permit. 
Also the center of percussion should be in the 
front end of the moulding that holds the metal 
needle. The cartridge should be kept reasonably 
Small and as compact as possible. 

Having thus described my invention, I claim: 
A tone arm comprising a light-weight rigid 

arm having Small surface area, said riigid arm 
comprising two spaced tubes of small diameter 
rigidly held for movement as a unit, a cartridge 
rigidly carried near one end of said arm, said 
cartridge carrying weights on the outer end there 
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of to locate the center of gravity of the arm and 
cartridge nearer the cartridge than the other 
end of the arm, a Support of relatively large 
mass compared to the mass of the rigid arm com 
prising a rotor and a stator, the rotor being 
rotatable on the stator in a horizontal plane, 
and means for mounting the other end of said 
tubes On opposite Sides of said rotor for rotation 
thereWith in the same direction and for pivotal 
movement in vertical planes, the points of pivotal 
mounting on opposite sides of said rotor being 
Spaced Substantially farther apart than the width 
Of Said cartridge. 

ROBERT S. JOHN. 
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