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1

This invention relates to oscillographs and more
particularly to galvanometer structures there-
for.

Cne of the objects of my invention is to pro=
duce a galvanomieter of the smallest possible
size so that when employed in a multi-channel
bank arrangement the overall width thereof can
be considerably less than existing arrangements
having like number of channels.

A further object is to produce an improved
self-contained dual suspension galvanometer
having its own magnetic field.

A still further object is to produce a unitary
dual suspension galvanometer which will have
such' a design that it can be individually usable
or usable with other like units, and when so
used will produce a multi-channel bank ar-
rangement having a small overall width for the

_units employed. )

Another object is to produce a dual oscillo-
graph unit in which a magnetic structure is so
employed that two fields are produced in close
proximity to each other.

Yet another object is to produce a dual oscil-
lograph in which structures are provided for
producing two fields adaptable for permitting
either bifilar or coil type suspension.

Still another object is to produce two fields for
a- dual suspensicn oscillograph by using one mag-«
niet structure having one polarity and linking
stich to two other magnetic structures of oppo-
site nolarity and thereby establishing the two
fields at right angles to each other and in close

A further object is to produce a dual suspen-
sion oscillograph in which the two mirrors of
the suspensions are at right angles to each other
and each mirror is in the plane of the direction
of the lines of force.

A further object is to produce an improved
galvanometer in which both a suspended and
stationary refiecting mirror is employed and so
related that the beam reflected from the sus-
pended mirror will be dirécted to the stationary
mirror and then therefrom back to the suspended
mirror.

A further object is to produce a galvanometer
Ly the use of suspended and stationary mirrors
that the sensitivity of the suspended mirror will
be doubled. .

Yet a further object is to produce a galva-
nometer having both .a suspended or vibrating

mirror and a stationary mirror and provide for-

such adjustment cof the stationary mirror that
light spots can be adjusted both horizontally and

5

10

15

20

25

35

40

45

50

&5

vertically without disturbance of the suspension
of the suspended mirror.

A still further object is to construct a unitary
dual suspension galvanometer having separate
fields so related for the suspension of mirrors
and to provide therefor adjustment for the en-
tire unit which will permit the unit to be moved
about the centers of both suspended mirrors dur-
ing adjustment.

Ancther objéct is to produce a dual suspen-
sion oscillograph that can be economically man-
ufactured, efficient in operation, easily adjusted
and of superior, compact construction.

"Referring to the drawings:

Figure 1 is a side view of a dual suspension
oscillograph embodying my invention, with parts
thereof broken away and in section to show de-
tails, said oscillograph having coil type of sus-
pensions for the vibrating mirrors;

Pigure 2 is a front view of the unit shown in
Figure 1;

Figure 3 is a top view;

PFigures 4, 5, 6 and T are cross sectional views
of the unit, respectively, on the lines 4—4, 5—8§,
6—6 and T—7 of Figure 1; '

Figure 6A is an enlarged view similar to Fig-
ure 6 showing the two light paths;

Figure 8 is a view showing details of the

‘mounting of a stationary mirror on a cover plate

and its manner of adjustment;

Figure 9 is a view of another unit embodying
my invention, but being adapted for a bifilar type
of suspension, said view being a side view simi-
lar to that of Figure 1; and

Figures 10, 11, 12, 13 and 14 are cross sectional
views of the structure shown in Figure 9, said
views being taken respectively on the lines {0—18,
fil—tt, 12—142, 13—13 and (4—i4 of Figure 9.

Referring first to Figures 1 to 8, inclusive, a
dual suspension oscillograph unit is disclosed
embodying my inverition and being of the type
in- which coil suspensions -are employed. The
gtructure shown has a casing C formed of non-
magnetic material and comprising front and rear
walls 20 and 24, top and bottom walls 22 and
23 and detachable side walls 24 and 25 formed
by plates also of non-magnetic material. In suit-
ably forined openings in the front wall are mount-
ed spaced Upper and lower permanent magnetic
members 26 and 27, said members being braised
in the openings and projecting on each side of
the Wall. In slots on the sides of the rear wall
are mounted four other permanent magnets 28,
29, 30 and 31 arranged in pairs and extending
of both sides of the wall. The upper mag-
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nets 28 and 26 have their inner ends arranged
at angles to the body and cooperate with the
upper front magnet 26 to produce two magnetic
fields at the gaps since the inner end of mag-
net 26 will be of opposite polarity to the inner
ends of the magnets 28 and 29. The lower mag-
nets 32 and 31 are mounted in the rear wall 2{
s0 as to cooperate with the lower permanent mag-
net 27 in the front wall to thereby establish two
other magnetic fields.
be said to be two bifurcated fields in parallel
planes. The branches of each bifurcated field
are to be at right angles to each other. One
branch of each bifurcated field will be longitudi-
nally spaced in the casing with respect to a simi-
lar branch of the other bifurcated field.

To provide magnetic paths between the outside
ends of the companion magnets establishing the
bifurcated fields, there is attached to the top part
of the front wall a magnet 32, to the top wall
a soft iron plate 32 and to the top part of the
rear wall parallel magnets 38 and 35. The poles
of these magnets are so arranged that there will
be established the desired magnetic paths. Simi-
larly, for the magnets 27, 30 and 31, there is at-
tached to the lower part of the front wall a mag-
net 38, to the bottom wall a soft iron base 37 and
to the lower part of the rear wall parallel mag-
nets 38 and 39. .

Like branch fields of the two bifurcated fields
will have suspended therein vibratory elements.
In the fields established between magnets 26 and
23 and between magnets 27 and 30 there is placed
the coil 42 which will be suspended by ribbons
41 between a top holding clamp 42 and a lower
grommet 42. Similarly, in the field established
between magnets 26 and 29 and between mag-
nets 27 and 31, there is a coil 44 which will be
suspended by ribbons 45 between a top holding
clamp 4% and a lower grommet 41. The top
clamps 42 and 46 are mounted on an insulating
block 48 suitably attached by a bolt 49 to the
rear casing wall 2. Both grommets are mounted

- for adjustment to thus tension the suspension
ribbons. Grommet 43 is mounted on a spring
type lever 52 which can be adjusted by a set
screw 3¢ threaded in rear wall 21 so as to be ac-
cessible from the exterior of the casing and grom-
met 47 is mounted on a spring type lever 52 ad-
justable from the exterior of the casing by a set
screw 53. The levers are pivotally mounted on a
support block 54.

In the rear wall are four electrical terminal
posts 55, 56, 57 and 58. Two posts such as 55 and
57 are connected by wires 59 and 60 to the ends

of the suspended coil 40 and the other two posts *

56 and 58 are connected by wires 6{ and 62 to the
suspended ends of the other coil 44. To the posts
can be connected the detachable electrical plug
63 having wire to connect the coils in circuits so
as to receive electrical impulses of which a wave
trace is to be recorded. When current flows
through a coil, the coil will be deflected from its
normal position which will be in the plane of the
direction of the field in which it is situated. The
current will be varying and thus the coil will oscil-
late or vibrate.

To record the vibrations of each suspension,
coil 49 will have mounted thereon at its center
a mirror 84 and coil 44 will have mounted thereon
at its center a mirror 65. These mirrors will
thus be between the two bifurcated fields and in
order that they may receive rays from a source
of radiation as a lamp, the front wall between the
permanent magnets 26 and 27 has an opening

In this manner there can
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or window 66 provided with a lens 67. Each mir-
ror is mounted on its coil so its reflecting surface
will be in a plane closely parallel to the plane of
the coil and facing toward the window. This
positioning will result in the reflecting surfaces
of the mirrors being at right angles to each other
and each at forty-five degrees (45°) to light rays
entering the window from a single source. Con-
sequently these light rays will be reflected by the
mirrors in opposite directions and toward the
side walls of the casing.

In accordance with one feature of my dual sus-
pension oscillograph, these reflected rays will be
arranged to be reflected back to the mirrors on
the suspensions by the employment of stationary
mirrors. These two stationary mirrors are indi-
cated by the numerals 68 and 65, mirror 68 re-
ceiving the rays reflected from suspended mirror
64 and mirror 69 receiving the rays reflected from
suspended mirror 65. Both stationary mirrors
are mounted in like manner and arranged to be
adjustable. This mounting and adjusting strue-
ture is shown in detail in Figure 8.

On the inside of each of the side wall plates
24 and 25 will be secured spaced blocks 70 and
11, the latter being at the top and projecting
through a slot at the side of the top wall and
top soft iron plate 33. Mounted in these blocks
will be a tubular rod 12 projecting out of the
top block which will place this end so as to be
accessible from the exterior. The lower block
is provided with a threaded hole fto receive
threads 13 on the tube. This will permit the tube
to be adjusted longitudinally and also rotated to
different angular positions by a screw driver co-
operating with the slots 74 in the top of the tube.
The lower end of the tubular rod has a flat ex-
tension T5 on the lower end of which will be
mounted the stationary mirror 68 or 69. The
flat extension is flexible with respect to the tubu-
lar rod and adjacent the tube it has a projection
16 positioned below the bottom end of the tubu-
lar rod. In the tubular rod is a second rod 77
mounted by threads 78 and arranged to have its
lower end engage the projection 76. The upper
end of the rod 1T is accessible from the exterior
and by a suitable tool can be turned. This turn-

-ing will result in a swinging of the extension 7%
~and a change in the relationship of the plane in
-which the stationary mirror is positioned with

respect to its companion suspended mirror. Thus,
each mirror 68 or 6§ can be adjusted about two
axes at right angles to each other.

By proper positioning of the stationary mirrors
the rays reflected from the suspended mirrors can
be reflected back to the suspended mirrors and
then out through the window in a path which will
be close to the incident ray coming from the
source of light. This is all illustrated in Pig-
ures 6A.

The casing C is arranged to be mounted on a
base member 79 which will be fixed in a suitable
box or other container for a single unit or a plu-
rality of units in side by side relation. The
mounting on the base member is made to permit
adjustment. The base magnet 37 is extended be-~
yond the rear of the casing C and its lower sur-
face is curved and rests on a curved top surface
of the base member 19. The curvatures of both
curved surfaces are the same and the axis about
which the curved surface on the base magnet 31
will be formed will coincide with a line passing
through points on the two suspended mirrors 64
and 65 at which the light rays from the source
will be reflected. Thus, the whole casing can be
adjusted as desired and the incident rays coming
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from the source will be reflected from the sus-
pended mirrors at the same points. In order to
clamp the casing in adjusted position on the base
member 79, the base magnet 37 has a slot 80 and
there is a hand operated clamyp bolt 81 extending
therethrough and threaded into the base member
19 as shown. -

The casing C is intended to be constructed to be
fluaid tight so it can be filled with a liguid to pro-
vide damping for the suspended coils. In order
to introduece fluid into the interior of the casing,
the top wall 22 will be provided with an opening
82 gnd there will be an aligned opening 83 in the
top magnetic plate which will be closed by a plug
84, this plug being made of soft iron so as not
to interfere with the magnetic path.

In the unit shown in Figures 1 to 8, coils are
suspended in the magnetic fields. If it should be
desired to use bifilar suspensions in the unit, such
can be done with only small modifications in the
structure. A bifilar suspension is shown in Fig-
ures 9 to 14. In place of the block 48 in the top
of the casing for holding the clamps for the coil
suspension, there is substituted a block 48’ at-
tached by a bolt 48’. As best shown in Figures
9, 10 and 11, this block will have mounted thereon
four holding clamps for the suspension, as indi-
cated by the numerals 85, 85, 87 and 88. 'The
holding clamps are arranged in pairs with two
positicned on each side of the block. On one side
of the block there will be a long and short clamp,
with the long clamp at the top and on the other
side there will also be a long and short clamp, but
the long clamp will be at the bottom. This will
insure separation of the upper ends of each for
each suspension.

As can be seen from the different views, a rib- -

bon 89 for one suspension will extend from hold-
ing clamp 86 down through the magnetic fields
established between the magnets 26 and 29 and
between the magnets 27 and 31, around the grom-
met 47 and then back up through said fields to
the short holding clamp 88 below the holding
clamp 86. 'This ribbon will have mounted there-
on the mirror 85 and such mirror will have its
reflecting surface in a plane extending in the
same direction as the field in which the ribbon
is situated.

In a similar rmanner a ribbon 99 will extend

from the short holding clamp 85 down through _

the magnetic fields, between the magnets 26 and
28 and between the magnets 21 and 38, around
the. grommet 43 and then hack up through said
fields to the long holding clamp 87 on the same
side as-the short holding clamp 85.. On this rib-
bon will be mounted the: mirror. 64’, said mirror
having its reflecting surface in a plane extending
in-the same direction. as the. field in which the
ribbon is situated. The terminal posts §5; 58, 57
and 58 will be connected by suitable conductors
with the upper ends of the ribbons to place the
U-shaped bifilar suspensions in- circuits. 'The
two grommets 23 and 47 will be mounted on spring
type adjusting levers 5%’ and 52’ and are ten-
siened by the two set screws Ef and 53 in the
same manner as the coil suspension ribbons are
tensioned. In-erder that each of the ribbons will
have-their legs in proper parallel position.in the
fields,-there is provided bridge plate retainers 81
and. 92 above and below the permanent magnets
establishing the bifurcated fields: The plate re-
tainer 90 is shown:in- Figure 12 and, as can. be
seen: therefrom, it is. made from insulating mate-
' rial.with an opening 9% therein; said.opening hav-
ing such a cenfiguration that the two portions of
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6
the ribbon 89 passing through one set of fields
will be maintained parallel and the two portions
of the ribben 90 passing through the other set of
fields will be maintained parallel. The other
plate retainer 82 will be similarly constructed so.
that the ribbons at the lower ends of the fields
will also be maintained parallel. Al the rest of
the structure in the unit, shown in Figures 9 to
14, having the bifilar suspension will be the same
as that of the unit shown in Figures 1 to'8 and,
therefore, the like parts are designated by the
same reference numerals., Rays of light coming
from the source will pass through the window, will
ke reflected in opposite directions by the sus-
pended mirrors §4’ and 85, to the surfaces of the
stationary mirrors and by them reflected back to
the suspended mirrors-and then out through the
window in a path close te the incident rays com-
ing from the source of light.

In making coil suspensions and bifilar suspen-
sions in the unit, it is necessary that different gap
lengths be provided between the permanent mag-
nets establishing the fields. To provide for ad-
justment of these gaps to take care of either type
of suspension, the magnets 28, 29, 3§ and 31 will
be attached to the rear wall of the casing C by
screws 84. These screws, as can best be seen in
Figures 5 and 13, will pass through over-size holes
85 in the magnets. Thus, each magnet can be
shifted slightly towards or away from the mag-
net in the front wall of the casing and conse~
quently change the length gap of the field to make
it proper for the particular suspension which is
going 1o be employed. If, after this proper gap is

o established, it is desired to make such perma-

nent, the magnets 28, 29, 20 and &1 can be braised
to the rear wall of the casing.

From the foregoing description of my improved
dual suspension oscillograph, it is seen that there
has been produced a unitary structure in which
two fields and suspensicns are provided in close
proximity to each other. The proximity is closer
than where the fields are parallel. Each unit
can be used alone or in banks for multi-channel
applications as each unit will have non-magnetic
side wall covers.. When banks are used, more
channels can be employed in a given space than
by any previous structures. The unit permits
either the ecoil or bifilar type of suspension, as
desired, with only slight alterations required. In
both types of suspension the vibrating mirrors
will be so mounted that their reflecting surfaces
are at right angles to the direction of the mag-
netic fields. The stationary mirror arrangement
is an important feature of the invention. By its
use whereby a beam is reflected from the vibrat-
ing mirror and then back thereto, the sensitivity

-of the instrument will be doubled. Also, by hav-

ing a stationary mirror that is adjustable in two
different directions at right angles to each other,
the light spots to be recorded can be adjusted both
horizentally and vertically without disturbing the
vibratory element. The torsion of the suspen-
sion, and therefore the natural frequency, will
not be affected when light spot adjustment is
made in the improved instrument. All adjust-
ments are made outside of the casing containing
the suspension.. When it is desired to adjust the
entire unit, including the suspension, the sus-~
pension is- not disturbed, yet there will be no
change in the point-that the incident beam strikes
the suspended mirror, as adjustment is made
about the point as a cenier or axis. By having
spaced bifurcated fields with the mirrors between
the two flelds; the suspensions will be better bal-
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anced than if the mirror were above the coil, as
is done with a single field. .

Being aware of the possibility of modifications
and the substitutions of equivalent means in the
structures shown without departing from the
fundamental principles of my invention, I desire
that it be understood that the scope of my in-
vention is not to be limited in any manner other
than as seb forth in the appended claims.

What is claimed is:

1. In a dual oscillograph, means comprising a
single magnet and two opposed magnets for es-
tablishing two magnetic fields in angular rela-
tion, a current carrying vibratory element sus-
pended in each field, a mirror carried by each
suspended element, said mirrors having a right
angular relation such that radiations from a
single source can be reflected by the mirrors in
opposite directions, and stationary mirrors for
reflecting the radiations back to the suspended
mirrors.

2. In a dual oscillograph, means including
three magnetic members for establishing bifur-
cated magnetic flelds at right angles to each
other with an air gap between the pole members
forming the spaced ends, a current carrying vi-
brating element suspended in each field, and &
mirrer mounted on each vibratory element, said
mirrors arranged tc have their reflecting sur-
faces at right angles to each other and each in
a plane extending in the direction of the field in
which its vibratory element is positioned, said
mirrors also having such positions with respect
to each other that a ray from a single source
will be reflected from the mirrors in opposed di-
rections, and stationary mirrors for reflecting the
rays back to the mirrers.

3. In a dual oscillograph, a casing means hav-
ing an opening through which rays from a single
source can be received and reflected, means com-
prising three magnetic merbers for establishing
branched magnetic fields having right angular
relationship to each other with an air gap be-
tween the ends of the fields, a current carrying
vibratory element suspended in each fleld, a
mirror associated with each suspension and posi-
tioned to have its reflecting surface in 2 plane
extending in the same direction as the field and
to receive and reflect rays from the single source,
and a2 stationary mirror for each suspended mir-
ror so positioned as to receive rays reflected from
a suspended mirror and refiect it back thereto.

4, In a dual oscillograph, a closed casing
means having an opening closed by transparent
material through which rays from a single source
can he received and reflected, means corapris-
ing three magnetic members for establishing
pranched magnetic fields having right angular
relationships to each other and with an air gap
between the spaced ends of the fields, a current
carrying vibratory element suspended in each
field, & mirvor associated with each suspension
and positionsd to have its reflecting surface in
a plane extending in the same direction as the

eld and to receive and reflect rays from the
single source, a stationary mirror for each sus-
pended mirror so positioned inside and laterally
of the suspended mirror as to receive rays re-
flected from a suspended mirror and reflect it
back thereto, and means accessible from the ex-
terior of the top of the casing for adjusting the
stationary mirror from the exterior of the casing
means.

5. In a dual oscillograph, a casing structure
provided with a front wall having an opening

&

10

20

25

30

35

49

50

60

70

75

8
through which rays can pass and a back wall,
two permanent magnets of like polarity mounted
in the front wall longitudinally spaced on oppo-
site sides of the opening, two pair of permanent
magnets each of the opposite polarity mounted
in the rear wall in longitudinally spaced relation,
each one of a2 pair being laterally spaced apart
with an air gap therebetween and so associated
with a front wall magnet that there will be gaps
establishing bifurcated magnetic fields above and
pelow the front wall opening, magnetic material
carried by the casing for establishing a magnetic
path between each front wall magnet and the
pair of magnets associated therewith, a single
current carrying vibratory element suspended in
like magnetic flelds of the bifurcated fields, and
a mirror mounted on each suspended element
and positioned to receive rays passing through
the opening and reflect same in different direc-
tions.

6. In a dual oscillograph, an independent
unitary means comprising a single magnetic
member of one polarity and two opposed mag-
netic members of an opposite polarity with an
air gap between for establishing in close prox-
imity two masgnetic fields in right angular rela-
tion, a current carrying vibratory element sus-
pended in each field, and a mirror carried by
each suspended element, said mirrors having a
right angular relation such that when the vibra-
tory elements are in rest positions radiations from
a single source can be reflected by the mirrors
in opposite directions.

7. In 2 dual oscillograph, an independent
unitary structure comprising bifurcated magnetic
fields in close proximity and with an air gap be-
tween the spaced ends thereof, said fields being
in right angle relation and established by a
single magnet of one polarity and two magnets
of opposite polarity, a current carrying vibratory
element suspended in each field, a mirror mount-
ed on each suscended element, said mirrors being
positioned so as to have their reflecting surfaces
in planes extending in the direction of the field
in which its vibratory element is suspended and
s0 positioned that when the elements are in rest
positions both can receive radiations from a
single source and reflect such radiations in op-
posite directions, and means for reflecting the
reflected radiations back to the mirror from
which it was first reflected.

8. In an oscillograph, an independent unitary
structure comprising an elongated casing means,
a permanent magnetic member of one polarity
mounted on one wall of the casing, two other
permanent magnetic members each of an opposite
polarity mounted on an opposite wall with an
air gap between and being provided with angu-
lar ends so arranged in spaced relation with the
first named member as to establish two magnetic
fields in close proximity and at right angles to
each other, means establishing by magnetic ma-
terial magnetic paths between the ends of the
magnetic members remote from their spaced
ends, a current carrying vibratory element sus-
pended in each magnetic field, a mirror mounted
on each vibratory element so that when the
elements are at rest they will reflect radiations
from a single source in opposite directions, and
means for adjusting the magnetic members hav-
ing like opposite polarity relatively to the other
member and in parallel planes so that the space
between magnets in which the vibratory elements
are suspended can be varied to permit coil or
hifilar suspension.

e e — e
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9. In a dual oscillograph, a unitary struc-
ture comprising a casing means having a single
cpening on one side of the casing through which
rays from a single source can be received and
reflected, means for establishing magnetic fields
at right angles to each other, said means in-
cluding three magnets with one being on the
same side of the casing as the opening and the
others on the opposite side of the casing, a cur-
rent carrying vibratory element suspended in
each field, a mirror associated with each sus-
pension and positioned to receive and reflect rays
from the single source, said mirrors being so posi-
tioned that the reflected rays from each will be
in opposite directions, and a stationary mirror
for each suspended mirror so positioned as to
receive rays reflected from a suspended mirror
and reflect such back thereto and then through
the single opening.

10. In a dual oscillograph, an independent uni-
tary structure comprising a casing means, three
permanent magnet means carried by the cas-
ing for establishing two magnetic fields in bi-
furcated relation and common to one magnet,
a current carrying vibratory element suspended
in each field, a mirror mounted on each suspended
element and being so related as to receive light
from a single source and reflect it in opposite
directions when the elements are at rest, and
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means including a cylindrical seat and a cylindri-
cal surface on the casing structure for adjusting
the casing as a unit and with it the magnet
means, vibratory elements and mirrors about an
axis which is so positioned as to pass through
the points of refiection of both mirrors, said seat
constituting the sole support for the casing struc-
ture.
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