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2,441,651 

PHONOGRAPHRECORDING HEAD 
Lincoln Thompson, New Haven, Conn., assignor 
to The Soundscriber Corporation, New Haven, 
Conn., a corporation of Connecticut 

Application December 27, 1945, Serial No. 637,36 
3 Claims. 

This invention relates to improvements in 
phonographic recording apparatus, and more 
particularly to an improved electromagnetic 
sound recording head in which a stylus-carrying 
armature is pivotally mounted to vibrate with 
respect to a fixed solenoid which is electrically 
energized in accordance with the sound vibra 
tions to be recorded. - 
The present invention is an improvement over 

that disclosed in applicant's prior Patent No. 
2,222,342, issued November 19, 1940, and entitled 
“Electromagnetic sound recorder.' - 
In the present invention the sound recording 

head has a pair of pole pieces which embrace a 
two-piece armature formed of two vertically 
aligned sections, the upper section being Sta 
tionary and surrounded by a short energizing 
coil, and the lower section being movable, and 
carrying the recording stylus-said armature 
sections being spaced from each other by a Small 
air gap. 
One object of the present invention is to pro 

vide a recording head of the above nature in 
which the lower stylus-carrying Section of the 
armature is provided with an integral horizon 
tal rearwardly-extending bearing shaft which is 
resiliently secured to the head frame, the stylus 
being free to oscillate within a rubber-like block 
which dampens the vibrations thereof. 
A further object is to provide a recording head 

of the above nature having side gaps between 
the upper stationary armature Section and the 
pole pieces, which gaps are filled with non-mag 
netic material, and are larger than the Corre 
sponding side air gaps between the movable bot 
tom armature and the pole pieces, so as to pro 
duce a greater magnetic flux through the bot 
tom than the top gaps. 
A further object of this invention is to provide 

an improved electromagnetic Sound recording 
head of the above nature which will be relatively 
simple in construction, inexpensive to manufac 
ture, compact, ornamental in appearance, and 
very efficient and durable in use. 
With these and other objects in view, which 

will appear as this description proceeds, there 
has been illustrated on the accompanying draw 
ing one form in which the invention may conven 
iently be embodied in practice, 

In the drawing, 
Fig. 1 is a schematic view of a sound record 

ing apparatus embodying the invention. 
Fig. 2 is a longitudinal sectional view of the 

recording head of such apparatus. ... - 
Fig. 3 is a transverse sectional view, taken 
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along the line 3-3 of Fig. 2, looking in the di 
rection of the arrows. 

Fig. 4 is a transverse sectional view taken along 
the line 4-4 of Fig. 2, looking in the direction 
of the arrows. : 

Fig. 5 is a bottom view of the recording head 
With the base plate and casing removed to show 
the interior parts. 

Referring now to the drawing in which like . 
reference numerals denote corresponding parts 
throughout the several views, the numeral Oin 
dicates a vertical lower angular movable arma 
ture Section of magnetic material, said lower 
armature Section to having a horizontal rear 
Wardly-extending flat section f f, the ends of 
which have a pair of horizontal opposed stiff tor 
Sional pins 2, 3 provided with a pair of front 
and rear Squared blocks f4, 5 integral there 
With. The blocks 4, 5 are rigidly secured, as by soldering, in a non-magnetic elliptical ring 
plate 6, preferably of brass. 
The movable armature section O is provided 

With a square depending leg f 7 having a hollow 
Socket f8 for receiving the shank of an inclined 
diamond-tipped recording stylus 9 which is 
adapted to indent sound grooves 20 in a disk 
record 2 mounted on a turntable 22. 
The lower movable armature section ?o coop 

erates With an upper stationary flat armature 
Section 23 Spaced vertically therefrom by a small 
air gap 24. The armature sections 0 and 23 
are embraced by a U-shaped magnet including 
a pair of fixed L-shaped magnetic pole pieces 
25, 26, between the front of which is a rectangu 
lar upper aperture 27 enclosing a relatively short 
Solenoid coil 28 which surrounds the upper arma 
ture section 23. Above the coil 28, the pole 
pieces 25, 26 have inturned arms 29, 30, and 
below Said coil inturned arms 3, 32 are provided. 
The coil 28 is energized from an amplifier 33 

which is adapted to receive audio-frequency cur 
rents from a microphone 34. The ring plate 6 
is Secured to the lower pole piece arms 3 ?, 32 by 
a pair of Screws 35, 36. 
The upper fixed armature section 23 is spaced 

from the pole piece arms 29, 30 by a pair of 
relatively large side gaps 37, 38 which are filled 
by a pair of non-magnetic spacer blocks 39, 40 
as shown in Figs. 3 and 4, said blocks being sol 
dered in position. The lower movable armature 
Section 0 is Spaced from the pole piece sections 
3f, 32 by a pair of relatively small side open air 
gaps 4, 42. By means of this construction, the 
steady magnetic flux passing through the mov 
able stylus-carrying armature section to will be 
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greatly enhanced, causing the sensitivity of the 
recording head to be at the maximum and result 
ing in a Superior performance thereof. 

It has been found that the sensitivity of the 
recording head Will reach a maximum when the 
upper Side gaps 3, 33 are about fifty per cent 
greater than the lower side air gaps 4f, 42. If 
the upper side gaps are made larger than this, 
however, the sensitivity of the recording head 
will start to diminish because of the introduction 
of too much reluctance to the flow of the alter 
nating magnetic flux. It has been found that 
if the upper side gaps 37, 38 are made larger with 
respect to the lower gaps 44, 42 more of the 
steady flux due to the permanent magnets will 
flow through the lower gaps 4, 42, than throug 
Said upper gaps. 

It has also been found that there is an optimum 
relationship between the upper gaps 37, 38 and 
the lower gaps 4, 42 for maximum efficiency of 
the recording head. Thus, if the upper gaps 3, 
38 are made too large, however, a critical point 
will be reached where the reluctance of said 
upper gaps will reduce the flux in the entire mag 
netic circuit. This is illustrated by the following 
table which give the results of tests made with a 
recording head embodying the present invention 
and using signals at 400 cycles. The size of the 
upper and lower gaps is expressed in inches and 
the power of sensitivity is expressed in decibels 
of the signals reproduced from the groove gen 
erated by the recording head. This table shows 
the effect" upon the sensitivity of the recording 
head of variations in the upper gaps, while hold 
ing the lower gaps constant. 

Power sonsi Upper gaps flower'gaps tivity 

Inches Inches Db, 
.007 . GO '- 

- .010 .007 -2 
012 ..)07 4. 
.04 007 O 
.027 .007 O 

It will be noted from this table that the peak 
sensitivity is obtained when the upper gaps are 
.012 inch, and that for larger upper gaps the 
sensitivity levels off due to the increase in the 
reluctance of the magnetic circuit, 
The recording head is provided with a protec 

tive casing:43 within which is secured a rear block 
4 of permanently magnetized material, said 

block being held within the sides of the L-shaped 
pole pieces 25, 26 by a horizontal elongated 
screw 5. 

In order to dampen undesired resonant vibra 
tions of the movable armature section fo, pro 
vision is made of a thick rectangular block 46 of 
soft yieldable resilient rubber-like material hav 
ing a square central aperture 4 which is fitted 
tightly about the depending leg of the lower 
movable armature and preferably cemented 
thereto. The block 46 is held in place in a rec 
tangular recess 48 of a non-magnetic base plate 
49, detachably secured to the pole-pieces. 25, 26 
by means of small screws 50, 5. The block 46 
has a pair of side bottom ribs 52, 53 which engage 
the base plate 49 and serve to space, the central 
part of said block therefrom. - 

It will be understood that the damping block 
46 may also be: composed of any of the commercial 
materials generally known as "elastomers,' such 
as “printers roll,' etc., within the 'spirit and scope 
of the present invention. The damping power of 
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4. 
Such materials is due to the fact that they are 
somewhat plastic and have a high internal 
molecular resistance to flow-requiring work to 
alter their shapes, 
The coil 28 is connected to the amplifier 33 by 

means of a pair of conductors 54, 55 which pass 
out of the casing in a groove 56 in the top of the 
base plate 49. 
The recording head is connected by a flexible 

leaf spring 57 to a horizontal recording arm 58 
which is power-driven by means of a vertical 
shaft 59 passing through a chassis 60 above which 
is located the turntable 22 which is driven by a 
shaft 6. 

In order to supply power to operate the ampli 
fier 33 and the turntable motor (not shown), pro 
vision is made of a power plug 62 connected by a 
pair of conductors 63, 64 to said amplifier. The 
microphone 34 is likewise connected to the ampli 
fier 33 by means of a pair of conductors 65, 66. 

Operation 
In operation, a flux of steady magnetic lines of 

force will pass across the upper side gaps 3,38, 
the lower air gaps -4, 42, and through the upper 
and lower armature sections 28 and 0, respec 
tively- the magnetic circuit being completed 
through the pole pieces 25, 26 and the magnet 
block 44. The stylus 9 will be caused to vibrate 
laterally around the axis of the piras 2, 3 in 
response to the electrical oscillations Supplied 
to the coil 28 from the microphone 34through the 
amplifier. 
One advantage of the present invention is that 

the end blocks 4, 5 connected to the torsional 
pins 2, 3 of the movable armature section to 
are rigidly mounted in the ring-plate 16, which 
in turn is rigidly secured to the pole pieces 25, 26. 
This construction causes the lower armature. Sec 
tion to be inflexible Vertically, and insures that 
the air gap 24 between the upper and lower arma 
ture sections 23 and f O. will not be diminished by 
the pressure of the stylus i9 upon the disk 
record 2. 
A still further advantage due to the novel stiff 

relatively inflexible mounting of the movable 
armature - in the recording head, is that ex 
tremely accurate groove spacing will be main 
tained throughout the entire recording. This Will 
prevent undesired displacements of the record 
ing stylus under the impact. Of external shocks 
Which frequently occur when flexibly mounted 
recording styluses are employed. 
A still further advantage of the rigid mounting 

of the Innovable al'mature is that it results in 
a high rattural period of vibration of said arma 
ture. This assists in accentuating the higher 
frequencies of the sound waves being recorded 
and in attenuating tine lower frequencies there 
of, the desirability of which is indicated in the 
prior Patent No. 2,239;042 to Kleber et al. of 
April 22, 1941, entitled “Wave recording and 
reproduction.' This stiff construction also 
avoids “over cutting' which sometimes occurs 
When recording at slow groove speeds, by the 
apparatus disclosed in my prior Reissue Patent 
No. 22,183, issued September 22, 1942 (original 
No. 2,200,866 of May 4, 1940), entitled 'Appa 
ratus for recording, sound on thin disks.' 
While there has been disclosed in this Speci 

fication one form in which the invention may be 
embodied, it is to be understood that this form 
is shown for the purpose of illustration only, and 
that the invention is not to belinited to the spe 
cific disclosure, but may be modified and em 
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bodied in various other forms without depart 
ing from its spirit. In short, the invention in 
cludes all the modifications and embodiments 
coming within the scope of the following claims. 

Having thus fully described the invention, 
what is claimed as new, and for which it is de 
sired to secure Letters Patent, is: 

1. In a phonographic sound recording head, a 
movable lower stylus-holding armature section of 
magnetic material, a stationary upper armature 
section of similar material arranged in substan 
tial alignment with said movable armature Sec 
tion leaving a horizontal air gap therebetween, a 
permanent magnet embracing both of said arma 
ture sections leaving two pairs of upper and low 
er vertical side gaps therebetween, the upper 
side gaps being substantially larger than the low 
er side gaps to produce a greater magnetic flux 
through the lower movable armature section than 
the magnetic flux through the upper fixed arma 
ture section. 

2. The invention defined in claim 1, in which 
said upper side gaps are filled with vertical blocks 
of non-magnetic material. 

3. In a phonographic sound recording head, a 
movable lower stylus-holding armature section 
of magnetic material having a pair of front and 
rear cylindrical torsion rods integral therewith, 
a pair of squared end blocks rigidly secured to 
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said rods, a stationary upper armature section of 
similar material arranged in substantial align 
ment with said movable armature section leav- , 
ing a horizontal air gap therebetween, a per 
manent magnet embracing both of said armature 
sections leaving two pairs of upper and lower 
vertical side gaps therebetween, the upper side 
gaps being substantially larger than the lower 
side gaps...to produce a greater magnetic flux 
through the lower movable armature section that 
the magnetic flux through the upper fixed arma 
ture section, and an Open ring plate secured to 
said magnet and rigidly secured to said end 
blocks. LINCOLN THOMPSON. 
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