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his invention relates to phonograph repro 
ducers and the object of the invention is a high 
quality reproducer of the hill and dale type which 
is capable of faithfully reproducing an original 
recording without injury to the grooves, 
It is often very desirable to playback an origi 

nal recording immediately after cutting to de 
termine whether it is satisfactory or whether 
another record must be made. Original record 
ings are usually made in Soft materials such as 
Wax, which can not withstand the high pressures 
required to vibrate reproducers of the types or 
dinarily used on commercial pressings. If the 
preSSure required is greatly in excess of the 
strength of the recording material, the stylus cuts 
into the groove and the record is then useless 
for processing purposes. But even when the 
preSSure is reduced to a point where it causes 
no serious permanent deformation of the groove, 
it is found with the structures of the prior art 
that a temporary deformation, due to the re 
siliency of the material, occurs during reproduc 
tion. This causes a distortion in the wave form 
reproduced which is particularly noticeable for 
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the higher frequencies. In either case the use 
of Such a playback fails to give a true indication 
of the quality of the recording. It has been pro 
posed heretofore to build reproducers for play 
back purposes with very small mechanical im 
pedance at the needlepoint so that they will be 
operable by forces which the groove contours can 
withstand. In general, however, it has been 
found very difficult to reduce the mass and stiff 
neSS of the known types of reproducer moving 
System sufficiently to avoid both of the above 
kinds of groove deformation and at the same 
time to obtain a practical mechanical structure 
Which is satisfactory in other respects. For 
good results with the usual recording waxes it is 
found that the stylus pressure should not be in 
excess of 5 grams and, from the standpoint of 
imporary deformation, it is preferably much 
eSS, 
In the present invention the impedance of the 

5 moving System is reduced to a new order of mag 
nitude by simplifying the structure, omitting 
Some of the usual component parts and making 
the parts used of very low mass and stiffness, 
More specifically the stylus is mounted directly 
upon two parallel supporting members fixed at 
one end to permit the stylus to vibrate vertically. 
One (or both) of these members is disposed in the 
gaps of a magnetic circuit and constitutes a dy 
namic generating element as well as a stylus Sup 
port. 
In the preferred embodiment, the Supporting 

members are stamped out of thin sheet material, 
the upper one being V-shaped to provide suff 
cient space for a central pole piece. The lower: 

60 member is used only as, a stylus support and is 

(C. 179-100.4) 

of somewhat lower lateral stiffness to facilitate 
the tracking of the stylus point in the groove. A 
reproducer of this type is capable of uniform re 
sponse over the high quality music range and 
can be operated with a record pressure of 2 grams 
or eSS. A thin Washer of rubber or other Suit 
able material around the stylus protects the mag 
netic gap from dirt and adds a little stabilizing 
damping to the System. 
These and other features of the invention will 

be more clearly understood from the following 
detailed specification and the drawing in which: 

Fig. is a Side view of a reproducer according 
to this invention; 

Fig. 2 is a bottom view of the reproducer; and 
Fig. 3 is a section taken as indibated to show 

particularly the combination stylus support and 
generating element, 
The reproducer consists essentially of a perma 

nent magnet 11, pole pieces 12 and 13, a stylus 14, 
and stylus supporting members 15 and 16, the lat 
ter of which is also the generating element as will 
be more fully explained. 
The pole piece 13 has an upwardly extending . 

portion 17, the face of which is ground flat to 
make good contact with one of the poles of the 
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magnet, and an L-shaped portion 18 at its other. 
end terminating in a V-shaped pole face (Fig. 3) 
and forming the central pole piece between the 
arms of the stylus support 16. The non-nag 
netic member 19 has a recess 20 into which is fit 
ted the rubber washer 21 for preventing dust 
and other foreign matter from collecting in the 
air gap. Dust is prevented from entering the gap 
from above by a block 33 of rubber or other Suit 
able material held in place by a screw 34. The 
member 19 is soldered to the end portion 8 of the 
pole piece 13 and supports the pole piece 12 which 
is in contact with the other pole of the magnet 11 
and has a V-shaped pole face opposite the pole 
face of member 18 as shown in Fig. 3. 
This assembly is secured by set screws 23, 23 

and the magnet by set screw 24 to the brass block 
22. The brass block 25 is secured to block 22 by 
set screws 26 but insulated therefrom by a sheet 
of insulating material 27 and a similar sheet 28 
insulates both blocks from the pole face 13. The 
screws 23 are suitably insulated from the pole 
piece. 13 by flat washers 29 and tubular washers 
30, 31 and screws 26 are similarly insulated from 
the block 25 as shown in Fig. 2. 
The member 16 has broad end pieces 32 which 

are clamped between the insulating sheet 28 and 
the blocks 22 and 25, respectively. From Fig. 2 it 
is evident that these blocks project beyond the 
magnet on either side and they are therefore well 
adapted to serve as plug contacts for mechanical 
ly and electrically connecting the reproducer to 
the supporting arm, in addition to their function 
of a framework on which the rest of the repro 
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2 
ducer is asserabled. The stylus 4 is preferably of 
sapphire or other suitable permanent stylus mate 
rici and herefore Slates the member 6 front 
the Renber 5 2nd the pole piece 13. The men 
er 5 is held in place by One of the ScreWS 23 aS 

shown and is preferably in the form of a single 
ara of relatively low lateral stiffness as compared 
With the member 16 so that the point of the stylus 
Inay more readily folioW the groove. 
The moving systern Coirprising the nexnbars 
5 and 16 and the stylus 34 should be proportioned 

in accordance with the general Enery of regro 
ducer design set forth ira & copeiading aggleation 
of A. C. 3eller, Serie, No. 302,123 filed October 
24, 3929, in which it is shown that he ful radarinesis 
tal requirement for good tracking is that th:3 force 
exerted by the stylus on the record sial 2A3Vere 
less than the product of the vibratory waiccity of 
the stylus and the mechanicai inp2dayace of the 
iiaowing system. in equation for G. Sais aay is 
tyi'iteia: w 

2F-Sg2.72 
Where 

S is the effective stiffness of the System in dyneS 
per centimeter 

Q is the initial displacement of the noviing Sys 
ten in centiretters produced when the re 
producer is placed on the record 

W is the maximum vioratory velocity of the sys 
ten in centimeters per Second, and 

Z is the impedance of the Systein in mechanica 
ohms, all of which are referred to the stylus 
point. 

In addition to the tracking equirement, the 
impedance must be kept very low so that the re 
producer will operate at very low record pres 
Sures. This is attained by naking the Stylus and 
its supporting members very light in weight and 
the stiffness of the members as low as possible 
fron a tracking standpoint. It has been found, 
for example, that very good results are obtained 
with a structure having a total effective mass of 
1.5 milligranS and air effective Stifiaass of 
35X10-6 dynes per centirineter. 
From the standpoint of efficiency it may be 

desirable to form the member 16 from round wire 
of bronze or other Suitable material of about 4. 
mils diameter so that the length of the air gap 
can be a minimum. Such a structure, howeyer, is 
difficult to assemble accurately and hence thin 
flat material of relatively greater width than 
depth such as 6 mils X 4 mils is sometimes prefer. 
able. With either the wire or flat (raateriai so 
proportioned that the noving system has con 
Stants of the order of those given above, the re 
producer will track satisfactorily with a pressure 
of 2 grams or less and may be used to play back 
Original Softwaxes repeatedly without appreciably 
affecting the quality of the record. 
The operation of the reproducer wit be readily 

understood from the foregoing description of the 
Structure. When suitably supported on a re 
producer arm aS by spring clips contacting the 
Sides of blocks 22 and 25, and properly counter 
weighted the stylus will exert a, pressure on the 
record of the Order of 2 grains and Inaabers 
15 and 16 will be deflected to provide the ec 
&SSaiy restoring force to ?aintair contact, writi 
the groove. The undulations of a nili and daie 
grooye Will vibrate the stylus vertically grid 
inenber 16 will cut the fux passing between the 
pole piece 12 and the end polition i8 of the pole 
piece 13. The member 6 is therefore affectively 
a coil COraprising a partial turn and the electro 

1,960,00? 
notive forces generated in the two portions of 
the member are additive. 
While the invention has been described With 

reference to a, single embodiment it will be under 
stood that various changes may be inade within 
the Scope of the following claign.S. 
What is clained is: 

... In a phonograph reproducer the combina 
tion with a frame and a magnetic circuit mounted 
on the frame and having an air gap, of a stylus 
and a Supporting member therefor disposed in 
the gap connected directly to the stylus and the 
irarae and constituting the generating element 
of the reproducer. 

2. a a phonograph reproducer the combina 
CE. With a frame and a magnetic circuit having 

3, Central pole piece and a gap on either side 
of tha poie piece, of a stylus and spaced parallel 
33.8iS of iOW TaaSS and Stiffness xed at One. 

and to the frame and connected directly to the 
Siyus, OOne of said inerribers being located in the 
gasp and constituting the generating element of 
the reproducer. 

3. In a playback reproducer for reproducing 
Original recordings the combination with a frame 
and a, Anagnetic circuit raounted on the frame 
and having an air gap, of a noving System coin 
prising a, Stylus and a connoined stylus support 
ing and generating element disposed in the air 
gap and connecting the stylus to the frame, the 
effective needlepoint mass of the system being 
of the order of .5 railiigrains and the effective 
Zaeedlepoint stiffness being of the order of 
.35X106 dynes per centimeter. 

4. In a phonograph reproducer a combination 
stylus support and dynamic generating element 
congprising a W-shaped member adapted to be 
fixed at One end to the reproducer structure and 
to be vibrated by a stylus secured to the other 
eld. 

5. A low impedance moving system for phono 
graph reproducers comprising a stylus, a lower 
Supporting member for the stylus and an upper 
Supporting neinber comprising a partial turn 
dynamic generating element. 
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6. In a phonograph reproducer a non-magnetic 

framework comprising two portions insulated 
iron each other, a magnet and pole pieces form 
ing a W-shaped gap secured to the framework, 
2. Stylus and Supporting means therefor compris 
ing a generating element in the gap connected 
to the portions of the framework. 

7. In a phonograph reproducer, a frame, a 
magnetic System having a gap mounted on the 
frane and a moving System comprising a stylus 
and upper and lower supporting elements there 
for, the lower element being of relatively low 
lateral stiffness and the upper element being of 
relatively high lateral stiffness disposed in the 
gap and constituting the generating element of 
the reproducer. 

8. A playback reproducer comprising a frame, 
a magnet extension having a gap mounted on 
the frame, and a moving system comprising a 
Stylus, a lower Supporting element and a partial 
turn coil Supported by the frame disposed in 
the ga. 2) and connected directly to the sty's. 

9. I'll B, phonograph reproducer, the ornia 
iion with a magnetic circuit having an air gap, 
a styllis and a combined stylus support and gen 
erating element disposed in the gap, of resilient 
incterial Surrounding the stylus for excluding 
dust froin the gap and damping the vibrations 
of the Stylus. 

BitNRY C. HARRISON. 
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