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To all whom it may concern.

Be it known that I, Joux Seary Epwarp
TowxsEND, a subject of the King of Great
Britain, residing at 20 Merton street, Ox-
ford, England, have invented a new and
useful Improvement in Variometers, of
which the following is a specification.

The object of this invention is to provide
a variometer with one fixed and one mova-
ble coil to give two ranges of inductance in
simple relation to each other so that when
used with a fixed condenser to form a wave
meter two ranges of wave lengths are given
by the same graduations on one scale. Also
the arrangement may be extended so as to
obtain an instrument where three ranges of
wave lengths are given by the same gradua-
tions on one scale.

My invention is illustrated by the accom-
panying drawings, in which Figure 1 is a
front view of an instrument constructed in
accordance therewith; Fig, 2 is a horizontal
section on the line 2—2; F'ig. 8 is a rear view
of the fixed frame with its winding; Fig. 4
is a section of the fixed frame on the line
4—4: Fig. 5 is a view of the movable frame;
Fig. 6 is a section- thereof on the line 66,
Fig. 2; and Figs. 7 and 8 are diagrams of
the connections. :

A is a box in the front cf which is an
aperture A! adapted to receive a dial B
mounted on a spindle € journaled in a bear-
ing D' in the front of a stationary frame
D. Secured to the inner end of the spin-
dle by a clip E* is a frame & the rear of
which is supported by a stud C* mounted in
the back of the frame D. :

In recesses in the frame D are fixed corner
pieces D? of insulating material, and in

‘screw threads cut in these is wound a coil F

the ends of which are soldered to tags F* on
ebonite pieces D? screwed to the back of the
frame D. The tags are connected, as shown
in Fig. 7, by wires F2, F3, to terminals F'¢, F®,
and If®, which protrude through the front of
the box A.

Wound upon corner pieces E? fixed ta the
frame E is a coil G, the self inductanee of
which is equal to that of the coil . The
ends of this coil are soldered to tags G*
which are connected by wires G2, G, pass-
ing out through holes bored through the
length of the stud C* to segments G*, G,
mounted on the front of the box A.

The inner frame E being smaller than
the outer frame D, a coil wound on it would

have a smaller inductance than a coil simi-
larly wound on the outer frame. It isof the
essence of this invention that these two in-
ductances be equal, and this effect is ob-
tained by winding the turns of the inner
coil G more closely than the turns of the
outer coil F, or by making the inner coil of
a larger number of turns than the outer.
Thus with the frames shown the inner coil
may contain 61 turns at a distance of ;th
of a centimeter apart, while the outer coil
contains 51 turns at a distance of ;th of
centimeter apart. ,

Pivoted at the center of the segments is
an insulating switch handle H carrying two
spring brushes H*, H?.  As shown in Fig. 1,
the switch is in a neutral position, but when
it is turned clockwise the brush H* will con-
nect the terminal F* to the segment G4, and
the brush H? will connect the terminal F¢
to the segment G°, and thus the coils ¥, G,
will be in parallel; when, however, the
switch is turned anti-clockwise from the
neutral position, the brush H! will conneci
the terminal F° to the segment G* and the
brush H? will connect an idle stud F? (simi-
lar to the terminals F*, F* and F¢) to the
segment G° and thus the coils F, G, will be
in series.

From theoretical considerations it may
be shown that when two coils, the self in-
ductance of which is equal, are thus mount-
ed and are connected in parallel, the divided
circuit behaves toward alternating currents
of high frequency as a single coil having an
inductance equal to one quarter of the total
inductance of the t{wo coils connected in
series; that is to say, that in any position of
the frame E the total inductance of the twe
coils' F, G, with the switch H in the series
position, is four times their inductance with
the switch in the parallel position. Or,
while the switch is in the parallel position, a
range of inductances is obtained by turning
the inner frame from one position to a sec-
ond, and by changing the switch over to the
series position another range is obtained of
four times those inductances by turning the
inner frame again from the first position
to the second.

This variometer is very suitable for meas-
uring the lengths of waves employed in
wireless telegraphy, and I can, with the coils
F, G, in series, get a range of wave lengths
double those with the coils in parallel.

On the dial B therefore 1 provide one
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The remaining
eqmred for measuri 7
only shown diagrammatica ﬂy in

they are m_orcﬂna ry construction and there-

fore it is unnecessary fo show them in de-
tail, Kis a cm:mlemsesr° L famp, M a bat-
tery, N a choke coil, G & buzzer and I a

switch by which the la mo and choke coil
may be connected to ¢he s:eﬁ when it is de-
sired to have a visnal signa na@ the circuit
¥, G, is in resonancs w V\' e waves o
be measurﬂd and by which

be connec’md when it is Q@SU‘Ld to have an
audible signal thereox.
‘The battery and choke coil are so ar-

ranged that the filament is heated aimost to
incandescence and thus is in a critical siate
at which it will readily indicate when the
circult is in tune.

I# T desire to obtain a still lavger range
of inductance I can treat the two parts of
both windings as separate coils, and con-
nect the ends of the four coils to a switch or

" gwitches by means of which they can be con-
nected all in parallel or partly in series and

partly in parailel or aH in series, so that
For any one position of the movable fmme
by altering the switch or switches I get
three different inductances in the ratio

. 1:4:16. I can therefore use a single scale

on the dial B to show waves of the lengths
marked upon the scale and of double those
Eencrths and of four times those lengths.
Fig. 8 shows diagrammatically this arrange-
ment. There are three switches S?, 87, S,
olmlnr in type to that shown in bw 7, but
having -either three studs com'ebpondmf“ to
each segment, two of which studs arg con-
nected towether, or else an elongated stud in
the one position.  The switches 8! and S?
may be mounted one behind the other with
the brushes on the same spindle so that both
switches are -operated simultaneously.
When the handle 1s in the position to con-
nect the segments to the studs 1, 1, ¢! is in
parallel with ¢ and ¢* in parallei with ¢
When the handle is in the position to con-
nect the segments to the studs 2, 2, or 3, 3,
¢ is in series with ¢* and ¢® in series with
¢t. The switch S% is used to change the
connections of ¢! and ¢ considered as one

4
the b uzzZer may-

parts of
red emi‘ are of egual self induction,
and the two 'izm‘: of the movable 00%1 are
ziso of equal zelf induction, buc all the four
inductances are not the same. 1If may be
shown by the ieozy or by experiment ‘ﬂ;h‘v‘&
the three i 1&1 tances of the variometer wit
the coils and switches arranged as desbrmeo{
are in the simple proporticns 1:4:186.
' 731% I claim is—

in g variometer, tﬂe combination of
m,eﬁ Imneq a rotatable J_urne, a coil wound
upon each’ x.»mme, the self induction of said
coils being equ‘u, and a sw 1&911 adapted to
connecx uhe coils in series or in paraliel.

2. An a variometer, the combination of a
fixed frame, a second frame rotatable with-
in the first, & coil Wound upon each frames
the self induction of said coils being equal,
and a switch adapted to connect the coils in
series or in pfzmllel

3. In a variometer, L he combination of a
fixed frame, a second frame situated within
the first and wtamole abolt an axt 2 coil
wound upon each frame, each turn of each
coil lying substantially in a plane pam!id
to the axis and the self induction of ssid
coils being equal, and a switch adapted
connect the coils in series or in parailel.

4, In a variometer, the combination of a
fixed frame, a rotatable frame, & coil wound
upen each frame, the self induction of said
coils. being eoml. a switch adapted to con-
nect the coils in series or im parallel, a
scale and an index, one of the latter being
rotatable with the second frame.

5. In a variometer, the combination of
a fixed frame, a second frame rotatable
within the ﬁlst a coil wound upon each
frame, the self induction of said coils being
equal, a switch adapted to connect the coils
n serles or in parallel, a scale and an index,
one of the latter being rotatable with the
second frame,

6. In a variometer, the combination of
a fixed frame, a second frame situated
within the first and. rotatable shout an
axis, g coil wound upon each frame, each
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surn of each coil lying substantially in &

plane parallel to the axis and the gelf in-

ducsion of sald coils beirg equal, a switch

adapted to connect the coils in series or
5 in parallel, & scale and an indexz, one of the
latter being rotatable with the second frame.

7. In a variometer, the combination of
» fixed frame, two coils having equal self
induction, wound upon it, a rotatable frame,
$wo coils, having equal self induction, wound
upon this sscond Irame, the self induetion
of the two latter coils connected in series
being equal to the self induction of the two
former coils comnected in series, and a
7iteh adapted to comnect the coils all in
risg or partly in series and parily in par-
I or all in paraliel.
In a-variometer, the combination of a
fized frame, two coils having equal self in-
duetion, wound upon it, a second frame rota-
table Wwithin the first, $wo coils having equsl
induction, wound upon this second
5, the self induction of the two latter
connected in series being equal to the
inction of the two former coils con-
:2d in series, and a switeh adapied fe
nect the coils all in series or partly in
end partly in parallel or all in par-
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ser, the combination of
oils having egual self in-
i%, & sscond frame sif-
, two coils, having egual self indue-
- wound upon this second frame, the
sei? induction of the two lalter coils con-
nected in series being equal to the self in-
uction of the two former colls connected

=/ - . .
and each turn of each coil lying

to connsct the coilg

the combination of

b2 248T,
d frame, two coils having equal self
, wound. upon it, a second frame

| st and rotatable aboué
on azis, two coils having equal self inéuc-

$ion, wound upon this second

56 self induction of the two laiber

in ssries bsing egual to ©

Tuctior “he two Tormer coils
in saries ané each turn of each coil lying
tially in o plane parallel to the axis,
55 iteh adaptec : coilg all
i i argly in

4 frame.

80 1 & variomster, th .
s fized frame, o second frame within the
smes bsing so mounied

T of rotation with respeci
her, & coil wound @ sach frame,

induction of gaid ol

<

Lwa)

paraliel to the axig,

the-

the coil wound on the inner frame having
a larger number of furns than that wound
on the outer frame, means for connecting
the coils in series or in parallel, a scale and
an index, one of the lafter being rotatable
with the rotatable frame.

19. In a variometer, the combination of
a fixed frame, a second frame within ihe
first, one of the frames being so mounted
that it is capable of rotation with respect
to the other, a coil wound upon each frame,
the self induction of said coils being equal,
the coil wound upon the inner frame having
a larger number of turns per centimeter
than the coil wound upon ‘the outer frame,
means for connecting the coils in series or
in paraliel, a scale and an index, one of the
latter being rotatable with the rotatable
frame.

18. A variometer comprising a frame hav-
ing @ coil wound thereon, a second frame
also having 2 coil wound thereon, the self-
induction of said coils beimg egual, means
for connecting said coils either in series or
parallel, and means for producing & rela~
tive movement between said coils.

14. In a variometer, the combination of
5 fixed frame, a plurality of coils, having
equal self induction, wound upon saic
frame, a movable frame, a plurality of
coils, having equal self induction, wound
upon said second frame, the self indue-
tion of said last-mentioned coils all com-
nected in series being equal to the self in-
duction of said firsi-mentioned coils con-
nected in series, and a switch adapted to
connect the coils all in series or partly in
series and partly in parallel or all in par-
allel. N 4

15. A variometer comprising @ coil, & sec-
ond eoil, means for connecting said coils in

" series or in parallel, said coils having squal
self-induction whereby the self-induction of
the two coils connected in series will be four
times the self-inductance of the two colls
connected in parallel, and the responsive
wave length of the {wo coils connected in
series will be equal to two times the respon-
sive wave length of the coils connected in
parallel, and means 1
tive movement between sald colls when con-

nected either in series or paraliel to vary
the self-inductance bebween the MINIMUINR

and maximnm lmis.

16. 5 variometer, the combination of 1
5 fixed frame, s second smaller frame rota-
table within the firsi, a coll wound upon each
frame, ths self induction of each coil being
‘he same, o switch adapted to conneet i

-

coils in series or in
scals with one s
two ranges of

1:4, an index, and

tation of the smaller frame causes relative
movemeny between the scale and the indez.

arallel, a direct reading
raduations to give the

inductance in the proporiion

for producing & reis- :
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17. In a variometer, the combination of -
a fixed frame, a second smaller frame rota-

table within the first, 2 coil wound upon each
frame, the self induction of each coil being
the samd, a switch adapted to connect the
coils in series or in parallel, a fized con-
denser connected to the terminals of the
variometer, a direct reading scale with one
set of graduations to give the two ranges of
wave length in the proportion 1:2, an in-
dex, and means whereby the rotation of the
smaller frame causes relative movement be-
tween the scale and the index.

18. In a variometer, the combination of

a fizxed frame,. two coils, each having the

same self induction, wound upon it, a sec-

ond smaller frame situated within the first
and rotatable about an axis, two coils, each
having the same self induction, wound upon
this second frame, the self induction of the
two latter coils connected in series being
equal to the self induction of the two former
coils connected in series and each turn of
each coil lying substantially in a plane pae-

allel to the axis, a switch adapted to connect

the coilg all in series or partly in series and
partly in parallel or all in parallel, a scale,

1,378,502

an index and means whereby the rotation of
the smaller frame causes relative movement
between the scale and the index.

19. In a variometer, the combination of
a fixed frame, two coils, each having the
same self induction, wound upon it, a second
smaller frame situated within the first and
rotatable about an axis, two coils, each hav-
ing the same self induction, wound upon
this second frame, the self induction of the

two latter coils connected in series being

equal to. the self induction of the two former
coils connected in series and each turn of
each coil lying substantially in a plane par-
allel to the axis, a switch adapted to con-
nect the coils all in series or partly in series
and partly in parallel or all in parallel, a
fixed condenser connected to the terminals
of the variometer; & scale, an index, and
means whereby the rotation of the smaller
frame causes relative movement between the
scale and the index. N

In testimony that I claim the foregoing
as my invention, I have signed my name
this 18th day of March, 1918, '

JOHEN SEALY EDWARD TOUWNSEND.
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