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This invention relates to scanning mechanism 
and more particularly to electromagnetic means 
for OScillating a pivotally mounted mirror. 

In television Scanning Systems, OScillographs, 
and the like, it is often necessary to periodically 
produce an angular deviation of a mirror in re 
Sponse to electrical impulses. The results are 
often times obtained through the use of a mag 
netically permeable armature connected to an 
Oscillatable mirror, or through the use of a prop 
erly designed rotating can and follower mecha 
aism. Suitably connected to the mirror. 
Moving armatures oscillated by the intermit 

tent electrical impulses have the disadvantage of 
having relatively great Weight and the attend 
ant disadvantage of being unable to respond to 
high frequency electrical impulses because of the 
inertia of the moving parts. Cams have proven 
Satisfactory as a driving medium but they are 
Subject to the disadvantage that they are rela 
tively expensive to fabricate and the motion pro 
duced is limited strictly by the design of the can. 
Furthermore, such cams are exposed to Wear, 
they must be rotated at constant speed, and they 
operate with relatively high inertia. 
In the present invention it is proposed to uti 

lize the flexibility of the electrical Wave-form to 
obtain any desired mechanical Wave form. 
The objects, therefore, of the present inven 

tion are: to provide an improved Scanning mech 
anism operable by electrical impulses; to provide 
in Such a mechanism mirror-OScillating means 
having a minimum inertia to motion; to provide 
in such mechanism means comprising a moving 
coil for reaction with the electrical impulses; to 
provide improved means for flexibly connecting 
the moving coil with the mirror; and to provide 
means for minimizing chattering of the device 
at operating frequencies. These and other ob 
jects will become more readily apparent from the 
following description in conjunction with the ap 
pended drawings showing one form of scanning 
mechanism incorporating the present invention. 
In the drawings: 
Fig. 1 is a vertical sectional view taken through 

the improved Scanning mechanism; 
Fig. 2 is a sectional view taken on the line 

2-2 of Fig. 1;. 
Fig. 3 is a detail Sectional view taken. On the 

line 3-3 of Fig. 2; and 
Fig. 4 is a view of a modified form of mirror 

connecting means. 
Briefly, the invention comprises a magnet and 

coil construction of a type similar to that em 
ployed with dynamic loudspeakers. A magnet 

M generates magnetic lines of force across an air 
gap, preferably of annular shape, and a moving 
coil C assembly corresponding in design with the 
voice coil of a dynamic loudspeaker is located 
Within the annular gap So as to intercept the 
magnetic lines of force. A connecting link T. ex 
tends from the moving coil assembly to a pivot 
ally mounted mirror assembly P in Such a way 
that movement of the coil imparts an angular 
motion to the mirror about the axis of the pivotal 
mounting. 

Referring now in greater detail to the draw 
ings, the magnet M comprises a permanently 

iO. 

magnetized core structure of steel, nickel-iron 
alloy or other suitable material having high per 
meability and rententivity. The core Structure 
l, as shown in the drawing, comprises an annu 
lar shell 2 having a centrally located pole-piece 
3 mounted to a bridging top plate 4. An an 
nular base plate 5 is secured to the shell 2 so 
as to complete the magnetic path with the bot 
ton of the pole-piece 3 through an intermediate 
air-gap 6 preferably of annular shape. The base 
plate 5 is relatively thick and its central aper 
ture is dimensioned. So as to be but slightly larger 
than the diameter of the pole-piece 3 so that 
the annular magnetic path formed comprises a 
deep Space with but a narrow gap between the 
adjoining parts So as to provide an intense ra 
dial magnetic field in the air gap. A tubular 
dome f of non-magnetic material Such as card 
board, fiber, or the like extends within the air 
gap closely about the pole-piece 3 and is pro 
vided with a winding of Small insulated Wire 
about its outer periphery, the terminals f 9 of 
which extend downwardly from the dome 7 for 
connection with a Source of electrical impulses. 
The dome 7 is Supported by a diaphragm 2 of 
paper or the like preferably provided with a se 
ries of annular corrugations, which diaphragm 
permits the coil to move in an axial direction but 
inhibits its motion transversely. The diaphragm 
2 is Secured directly against the base plate 5 
by means of a clamping ring 22. The novable 
coil C comprising the done and the winding 
f8 is joined with the pivotally mounted mirror P 
by means of the connecting link L. comprising a 
stem 23 secured at the base of the dome. T by 
means of a machine Screw 24 and reinforcing 
Washers 25. The stem is slidably mounted With 
in a bushing 26 disposed axially about the stem 
in Spaced relation to the dome 7. The bushing 
is firmly Secured within a Support 27 extending 
from the base plate 5. 
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sheet of reflecting material such as polished 
metal, silvered glass, or the like firmly Secured 
to a spindle 30, having axially located Sockets 3 
at the respective extremities thereof. A pair of 
pivot mounting blocks 32 are Secured to a base 
member 33 as by Screws 34. PivotS 35 preferably 
comprising threaded rods having hardened coni 
cal points 36 extend through the blocks 32 into 
the respective sockets 3 at each end of the Spin 
dle 30. The pivotS 35 are adjusted until the Spin 
dle pivots freely without lost motion, at Which 
time locknuts 37 are tightened to hold the pivotS 
in the adjusted position. A radius arm or pivot 
ing link 38 is tightly secured to the Spindle 30 as 
by means of a locking screw 39. The radius arm 
38 connects with the sten 23 through a resilient 
link preferably comprising a thin Strip of ten 
pered spring steel secured in any convenient 
manner at its opposite ends to the Stern 23 and 
the arm 38. The magnet M is Supported in fixed 
relation to the base member 33 by a plurality 
of legs 42. 
The device operates as a Scanning mechanism 

by projecting a beam of light upon the pivotally 
mounted mirror P and attaching the terminals 9 
to the source of electrical impulses. Presuming 
for example that the electrical impulses comprise 
intermittent surges of electric current as an al 
ternating current sine-wave, the current passing 
through the winding 8 exerts alternating in 
pulses in the highly concentrated magnetic field 
in the air-gap 6 with the effect that the now 
able coil C is subjected to an oscillating motion 
along the axis of the stem 23. ihis notion is 
imparted through a resilient link É to the radius 
arm 38 causing the pivotally nounted mirror P 
to oscillate angularly, thus imparting the desired 
scanning motion to the reflected light bean. 
With an exciting impulse of Sine-Wave Shape, the 
miror is oscillated Substantially according to Sin 
ple harmonic motion. As the arm 38 pivotS from 
the horizontal position shown in Fig. 1 itS lateral 
distance from the stem 23 decreases. This m0 
tion is of such small magnitude, however, that 
it is compensated for by flexing of the link 4. 
At the same time the tendency for the flexible 
link to return to a straight position maintains the 
parts under a slight tension and Operates to min 
imize chattering when the device is in operation. 

In Fig. 4 a slight modification of the connecting 
link I, is shown. Instead of the resilient link 4 
use is made of a flexible cable, cord, or chain 43 
which is operative to lift the radius arm 33 
Whenever the stem 23 is raised, and a helical ten 
sion spring 44 is secured to the arm 38 So as to 
return the airn to the lower position. Whenever 
such motion is permitted by a corresponding low 
ering of the stem 23. With the modified ar 
rangement there is less tendency for a sideways 
force to be exerted against the stem 23 as might 
be exercised by a resilient link 4, which pres 
Sure may increase the friction betWeen the Sten 
23 and the bushing 26 if the angular motion is 
excessive. 

It Will be noted that the magnetic forces of 
the moving parts are obtained without the use 
of an iron armature or its equivalent, and the 
weight of the moving parts has been maintained 
at a minimum. The repulsion and attraction is 
obtained through the use of a light-Weight mov 
ing coil which provides for accurate response 
even at comparatively high frequencies of the 
electrical impulses, as the moving parts do not 
possess the high inertia of an iron armature. 
Furthermore, the elimination of iron from the 
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moving parts eliminates hysteresis as a factor 
limiting the frequency of operation. Since the 
design incorporates features of the dynamic loud 
Speaker the limiting operating frequency may be 
estimated roughly as the highest pitch note to 
which such type of speaker responds, as the in 
ertia of the Oscillating mirror and the connecting 
link does not differ materially from the mechan 
ical inertia of the usual paper COne. A dynamic 
Speaker may be converted to use in the improved 
scanner by removing the COne from the unit, and 
by suitably connecting the mirror to the moving 
coil aSSembly. 
In practice we have found that at all Ordinary 

television frane-Scanning frequencies, this device 
readily reproduces mechanically the wave-form 
of the exciting current, irrespective of its Shape. 
For example double, and even Single SaWtOOth 
Wave-forms are faithfully reproduced, 

It will be appreciated, of course, that while a, 
magnet of the permanently magnetized type has 
been shown, electromagnetic units for generating 
the annular filux field may be employed equally 
Well. 
The corrugated diaphragm 2f herein described 

exerts a steadying influence on the notion of the 
coil assembly. The inertia of this diaphragm 
may be lessened by forming lightening holes 
therein, Or the diaphragm may be formed as a 
Spider having radial Supporting arms Sinihilar to 
the Support 2. In some cases the diaphragm 
may be eliminated entirely, rendering the device 
nore Sensitive at high frequencies. 

Obviously, the Connection between the mirroir 
and the moving coil may be of any suitable de 
Sign. The dome disclosed is desirable in that 
it provides a rigid connection having light weight. 

Various other changes Will Suggest themselves 
to one skilled in the art without departing from 
the Scope of the invention or sacrificing any of 
itS advantages. 
We claim: 
1. In combination a dynamic unit having a 

Coii nowable in an annular magnetic field and 
responsive to electrical impulses, a member con- . 
nected for movement axially with said coil, a 
pivotally movable Scanning mirror, and means 
Connecting the Said member and mirror to os 
Cillate the latter and compensating for the arcu 
ate movement of the mirror in translating the 
linear movement to oscillating motion. 

2. In combination a dynamic unit having a 
Coil movable in an annular magnetic field and 
responsive to electrical impulses, a member con 
nected for movement axially with said coil, a 
pivotally movable Scanning mirror, and flexible 
means connecting the Said member and mirror 
to OSciliate the latter and compensating for the 
arcuate movement of the mirror in translating 
the linear movement to oscillating motion. 

3. In combination a dynamic unit having a 
coil movable in an annular magnetic field and 
responsive to electrical impulses, a member con 
nected for movement axially with said coil, a 
pivotally movable Scanning mirror, and resilient 
means Connecting the Said member and mirror 
to OScillate the latter and compensating for the 
arcuate movement of the mirror in translating 
the linear movement to oscillating motion. 

4. In combination a dynamic unit having a 
Coil Inovable in an annular magnetic field and 
responsive to electrical impulses, a member con 
nected for movement axially with said coil, a 
pivotally movable Scanning mirror, and leaf 
Spring means connecting the said member and 
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mirror to OScillate the latter and compensating 
for the arcuate movement of the mirror in 
translating the linear movement to Oscillating 
motion. 

5. In combination a dynamic unit having a 
coil movable in an annular magnetic field and 
responsive to electrical impulses, a member Con 
nected for movement axially with Said coil, a 

pivotally movable Scanning mirror, and means 
connecting the Said member and mirror to OS 
cillate the latter and compensating for the arcu 
ate movement of the mirror in translating the 
linear movement to Oscillating motion and ten 
sion means assisting the oscillatory movement. 

STEWART L. CLOTHIER. 
HAROLD C. HOGENCAMP. 


