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ALFRED NORTON QOLDSIITH, OF NEW YORK, N. Y., ASSIGN'OB, BY IESNE ASSIGN 
MENTS, TO RADIO CORPORATION 01‘ AMERICA, A CORPORATION OI‘ DELAWARE. ‘ 

APPARATUS FOR CHANGING IH-RADIOSIGNALIITG. 

Application ?led July 31,1919. Serial a. 314,470. 

To all whom it may concern.’ 
Be it known that I, ALFRED N. Gomsm'rn, 

a citizen of the United States, and a resi 
dent of the borough of Manhattan, city, 
county, and State of New York, have in 

' vented certain new and useful Improve 
ments in Apparatus for Wave Changing in 
Radiosignaling, of which the following is 
a specification accompanied by drawings. 
This invention relates to radio signaling, 

but more particularly to a method and ap 
paratus for wave changing. 
The primary object of the invention is to 

provide a ready- means of changing the in 
ductance of the desired circuits conveniently 
and continuously, especially applicable for 
?ne tuning or coarse tuning of antennae and 
secondary circuits, to produce simple trans 
mitting and receiving wave changers ‘ in 
which the variable elements may be con 
trolled if desired, by the manipulation of a 
single operating handle or other controlling 
device, thus forming a uni-control transmit 
ter or receiver, without multiplication of 
parts. 

I have found that an inductance in the 
?eld of which a conducting shield forming 
a short circuited secondary is adapted to be 
moved in one direction or an0t_her,-or pe 
riodically introduced and Withdrawn, forms 
an efficient and satisfactory means for chang 
ing wave length. The variable inductance 
elements and the usual variable capacities 
may be so connected together mechanically 
that one operating movement only is neces 
sary for changing wave length. If desired, 
the usual bi-control or multi-control set may 
be provided in which two or more movements 
are necessary depending upon the operative 
mechanical connections provided° Obvious 
ly, my invention contemplates relative move 
ment between a coil or coils and a shield or 
shields however this may be accomplished. 

Preferred forms. of apparatus for practic 
ing my method of wave changing are illus 
trated in the accompanying drawings in 

‘ which : 

Fig. 1 is a diagrammatic representation 
partly in perspective of circuits and appa 
ratus showing a receiving station provided 
with a variable shield inductance; 

Fig. 2 is a similar view of a modi?ed 
form of vvariable loading inductance; 

Figs. 3 and 4 views of further modi?ca 
tions of shield inductances; '- ' - . 

Fig. 5 is a diagrammatic view partly- in 
section showing a modi?ed form of induc- . 
tance; 

Fig. .6 is a diagrammatic view illustrating 
a constructional detail of one form of shield; 

Fig._7 is a ‘diagrammatic view showing a 
modi?ed form of shield inductance; 

Fig. 8 is a detail side view of a modi?ed 
form of shield; . ' 

Fig. 9 is a diagrammatic view partly in 
section showing a modi?ed form of induc 
tance; . 

Fig. 10'is a diagrammatic View showing 
another form of shield inductance; 

Fig. 11 is a diagrammatic view partly in 
perspective showing a variable loading in 
ductance and a variable coupling. 

Referring to the drawings and at ?rst 
more particularly to Fig. 1, A represents an 
antenna grounded at B and rovided with 
the coupling coil G coupled tlirough coil D 
to suitable receiver circuits having the vari 
able condenser F, detector G, and the tele 
phones H. The usual variable condenser J 
is shown in the antenna A, and K represents 
a simple form of shield inductance compris'— 
ing a loading coil L and a shield O which 
may be in the form of a disk of conducting 
material as copper, and may be of any suit 
able con?guration. ‘ 
In Fig. 1 the shield O is so arranged rela 

tive to the coil L that the magnetic lines of 
force of the self-?eld of the inductance coil 
pass in part through said shield, and varia 

- tions of current in the coil induce eddy cur 
rents in the shield as well understood, so that 
the shield constitutes a short circuited sec 
ondary to the coil, which maybe regarded 
as its primary. The effect of the shield O 
is in general to reduce the inductance of coil 
L as measured between its terminals. If the 
shield is moved or rotated in such a way 
relatively to or about any axis 0’, as to 
change the interlinkage of magnetic ?ux 
from the coil passing through the shield, its 
reaction on the coil- will be changed and the 
effective inductance of the coil will be 
altered. ' 

Theory and practice agree in indicating 
that the greatest reduction in the inductance 
of coil L occurs when the couplin between 
the coil and the eddy current at s set up 
in the shield O is unity. \Vhi e unity cou 
pling cannot be realized, sufficiently close 
couplings can be obtained to cause extremely 
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marked changes in the inductance of coil _L. 
For example, in theimodi?cation shown in‘ 
Fig. 3, which will be'referred to in detail, 
the inductance of a coil; may be reduced'to 
less than one twenty-?fth'of its maximum 
value by the presence of two shields. '__ 
The shield inductance ‘K, comprising elements L and O, and the variable con="‘ 

denser J, form tunable circuit elements and 
obviousl they may be .so mechanically con 
nected‘that both may be controlled by ma 
nipulation of one operating handle ‘or mem 
ber, just as in Fig. 3 two shields O are 
shown mechanically connected to'be moved 
together. The shield inductance K and va 
riable ‘condenser J may also be connected 
if desired in the receiver circuits E in any 
suitable manner and thus form an ordinary 
tuned secondary. If the range of induct 
ance variation in such a tuned circuit is 
twenty to one,'and range of capacity Varia 
tion of the ‘variable condenser in such cir 
cult is also twenty to one, the circuit in ques 
tion will have a range of frequency varia~ 
tion of twenty to‘ one as well. By this 
means a tuning element covering a substan 
tially long range of 'frequenciesor ’ Wave 
lengths wlth a single control handle if de 
sired may be obtained. _ I ' ' 

In Fig. 1 I have disclosed a method where 
by the self-inductance of a'coil can be al 
tered‘ continuously by the motion in the 
magnetic?eld of said coil of a'shield or mass 
of conductin material. 

'In Fig. 2, have shown the coils R and S 
connected in series in the antenna so that 
their ?elds assist each other. The self-?eld 
of coil R in part-passes through the shield 
O, as also will a part of the self-?eld of 
coil S. In addition, a portion of the mutual 
?eld of both coils» will pass through the 

‘ shield O. >The introductlonof the shield 
_ between the coils will therefore not onlsy 

45 diminish_the ‘inductance of coils R and , 
but will 1n addition, diminish their mutual . 
and assisting inductance,- so that the induct-. 

- ance between the terminals of the'coils will. 
be. markedly reduced. 'The motionfof the.’v 
shield as before described will give'rise to" 
a continuous variation _, in the inductance. 

_ This construction shown in Fig. 2 is a com- I 

- I It is'pos's‘ible to eonstructta variable in-i, 
55, 

bined shield-inductance and ‘variable shield 
mutual‘ inductance. _ .5’ 

ductance the variation Ifof which is substan 
tially entirely due variatien" in the mutual 
?eld between the ‘separate portions of :this . 
inductance. Thus, if .in"-Fig.' 2‘ coils'R and 
S are so far a artvthatfthe shield, O‘doesy. 
not markedly c ange their self inductances 
‘on its introduction; et it may substantially ' 
eliminate thelassistlngjamutual inductance. 
Therefore,‘ in accordanceswith well known 
theory, the lntroductionjof ‘the shield 0 will ' 

, reduce the ._ total inductance between termi-l .7 

I 

nals of the coils R and S by twice the mu 
tual inductance which it has eliminated. 

If coils R and S in Fig. 2 were so wound 
that their ?elds opposed (instead of assist~ 
ing as previously) the e?'ect of introducing 
the shield 0 will be a; lower their self in~ 
ductances and to their‘ (subtrac 
tive) mutual inductance. ‘In the absence of 
further speci?cations, it is not possible to 
decide how the inductance between the coil 
terminals would vary in this case; since 
the insertionof the shield tends to dimin 
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'ish this total inductance so far as the re- . 
duction of the self inductances of the coils is 
concerned, but, on the other hand, tends to 
increase the total inductance between the 
coil terminalsiby cutting down the oppos 
ing or subtractive mutual inductance. I 
am well aware of the nature and use of this 
sEbcial _ disposition of inductances and 
s ‘ields, and regard it a“ special case com~ 
ing under my broad claims hereunto an 
nexed. _’ ' 

It is to be understood that the shield O 
in the ?gures so far described may be moved 
or manipulated by any suitable form of 
operative mechanical means (not shown), 
and the outline or contour of the shield, 
and its conductivity are determinable at 
will, so that practically any desired'law of 
inductance variation with a given series of 
settings - of the shield may be obtained. 
Furthermore, practicallyany known law of 
mutual inductance variation can be similar 
ly obtained by the proper ‘choice of the same 
conditions. " . , a 

Fig. 4 illustrates another ‘practically use 
fulform of the invention in which the spi 
ral T lies between two shields O and’p‘refer 
ably in' contact or nearly in contact with 
them. Under these conditions practically 
‘the entire self-?ux of the magnetic lines of 
force of theooil Twill pass through the two 
shields and a reductioninv inductance will 
be caused by the presence of the said two 
shields.‘ These shlelds may be slid into or 
out‘ of the ?eld by means of the handle T’ 
and will give rise to a continuous variation 
of inductance between the limits obtainable 
withthis device. " -' 

In Fig. 4 the shield O’ is provided with a 
lug a through’ which passes the shaft I) 
having the handle a for rotating the shield 
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about" the axis ofthe ‘shaft b to and from. ‘ 
the coil T. In ‘so doing‘, the inter-linkage of 
vuntgn'etic ?ux due to coil T with the shield 
_O', will be continuously varied, thereby vary 
mg the. inductance of the coil. 

120_ 

Fig." 5 shows an arrangement wherein ‘ 
.?at spiral'coils g, h, j, and It, are provided. 
The "shields o, p, and g, may consist of ?at 
plates‘ adapted" to he slid into and out of 
cooperative relation with the coils. 
coils-‘g and h are preferably arranged so 

The‘ 

that ‘their ?elde assist, as are also c0ils__ 
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' y’ vand 70. Furthermore, ‘coils g and j are 
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preferably arranged so that. their ?elds 
assist, as are also coils in and It‘. All four 
'coils'are preferably connected in series as 
shown. When the shields 0, p, and g are 
slid opposite the coils as indicated in the 
?gure, not only the self-?elds but the mutual 
?elds are short circuited by the inductance 
shields. Thus,.both. their self and mutual 
inductances are, to a very considerable ex 
tent, eliminated. Such sets of coils may 
be constructed with an unusually high maxi 
mum to minimum inductance on shielding, 
under practical operating conditions. Ob‘ 
viously, more than four coils can be used 
in this way, and the two piles of coils may 
be extended into several piles ‘ of a very 
considerable number of coils vvertically. 
Theentrant edge or advancing contour of 

the shield of conducting ‘ material which 
passes over or into the inductance is of im 
portance in that it determines, in part, the 
law connecting the motion of the shield and 
the inductance of the coil which is being 
shielded. In Fig. 6 the shield 1' which is 
advancing over or intothe coil 8 has an ap 
proximately semi-ci-rcular edge t, because I 

- have found that the law of inductance 

30 
variation of the coil is more desirable with 
such an'edge than with a straight edge. 
The drop of inductance with the curved 
edgexis more gradual and extends more 
nearly evenly over the entire range of mo 
tion of the shield. Another even more im 
portant advantage is'that the increase in 
resistance, during ‘shield insertion, as well as 
the terminal resistance is considerably less. 
This is to be ascribed to the nature of the 
eddy current paths in the vshield 1', which be 
comes clear upon a detailed examination of 
them. 
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.It is sometimes convenient to use a shield 
a; which swings over a spiral inductance as 
shown in Fig. 7, instead of sliding'lineally 
over the spiral. The shield 'v of which there 
‘may be several as desired, is pivoted as u‘, 
and the inductance is a minimum when the 
shield is swung entirely over thecoil and 
a maximum in the position indicated in the 
?gure. In Fig. 8 is shown a generally 
preferable contour for a swinging shield 
'0’, which outline gives a more gradual drop 
of inductance of the coil T as against 
angular rotation of the shield, and in ad 
-dit1on,. ives a smaller increase in. the effec 
tive resistance of the coil when operatively 
shielded, as explained in connection with 

' Fig.‘ 6. . 

60 
In Fig. 9 is shown a way in which double 

?at spiral coils a: and 3/ may be connected 
for use as a shield inductance. The inner 
terminals of the two spirals a: and 3/ are 
preferably connected at '2 and the spirals 

' should preferably be wound so that their' 
‘?elds, will assist, with the arrangement 

I one anot 

shown. Shields 2' and 3 are adapted to 
slide or rotate over the spirals in one of 
the‘ ways illustrated herein. The advan 
tages of the connection of the double spiral 
shown are that there is a minimum in 
crease of e?ective resistance for positions of 
partial shielding and both terminals of the 
double spiral are conveniently located on the 
outside of the shields. 
In Fig. 10 are shown two ?at spirals 4. 

and 5 connected in series with their ?elds 
adding as in the case of Fig. 5. The shield 
6 pivoted at 7 is adapted to swing through 
an angle of approximately 180° over both 
these spirals 4 and 5. By this means the 
inductance of both coils ft and 5 will be 
greatly reduced and the effective inductance 
continuously diminished as the shield is 
swung through an. arc of 180° from the posi 
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tion shown. The advantages of the arrange-' B5 
ment indicated in Fig. 10. are that it enables 
ordinary (or slightly altered) plates of a 
variable condenser to be used as shields of 
the inductance with a very e?gective utiliza 
tion of the supporting/space for the coils, 
which gives a large variable inductance 
within a limited volume and area. -A pile 
of such units shown in Fig. 10 may be as 
sembled to advantage as in Fig. 5. The 
modi?cation of Fig. 8 will merely consist 
in providing rotating or swinging shields 
instead of lineally sliding shields, which 
modi?cation was referred to in describing 
Fig. 5. 
In Fig. 11 is shown an extension of the 
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form of apparatus indicated in Fig. 7. In ' 
Fig. 11, in addition to the shield inductance 
formed by the coil T and shield 'v, I‘ have 
illustrated a combined arrangement of shield 
inductances for the coupling coils 8 and 9 
vwhich is also a variable shield mutual in 
ductance, because the primary coil 8 which 
is variable by means of the shields, is cou 
pled to the similarly variable secondary 9 
through a variable shield mutual induc 
tance. _ , 

In this instance the shields 10, 11, and 12, 
are arranged adjacent and between the coils 
8 and 9 as indicated ‘and adjustably mount 
ed by means of set screws 13 on a common 
operating shaft adapted to vbe manipulated 
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by the handle 15 to swing the shields into and _ 
out of shieldin position. The shields 10, 
11, and 12ne not necessarily be on one 
operatingl shaft, but may ‘be independent of 

er or else mntuall interconnected 
in any desired manner. . he_construction '_ 
shown forms a uni-control variable cou ler 

and variable inductance combined. In 11, I have illustrated an aperiodic secon - 

ary 9v across which in this instance is con 
nected the detector G and. ?xed condenser 
16, the telephones H being connected as 
shown across the condenser 16. If desired 
the shaft 10 ‘of the shield 'v forthe loading 

R6 - 



in 

20 

25 

30 

35 

40 

50 

4 . 

coil T may be operatively connected to the 
shaft 14‘ of the shields 10, 11, and .12 by 
.any suitable means as the belt or chain 16, 
so that a completely uni-control device is 
produced. As the wave length is increased 
by increasing the inductance of all the coils 
T, 8 and 9, the coupling between coils 8 and 
9 will also be automatically increased by the 
proper ‘amount. It is to be understood that 
the design of Fig. 11 is merely illustrative 
vand the arrangement and shape of the vari 
ous shields, shield inductances, and variable 
shield mutual inductances may be varied in 
accordance -with any of the modi?cations 
herein disclosed, or changed in various par 
ticulars in accordance with the principles 
of my invention, without departing from the 
spirit of the invention as claimed by me in 
the claims forming part of this speci?ca 
tion. . - 

While I have shown various special forms 
of application of a shield inductance to uni 
control or multi-control receivers and trans 
mitters of various types, I am not to be re 
stricted to the particular forms shown, but 
desire to be understood as including within 
my invention, shield inductances, or combi-v 
nations of shield .inductances and shield 
couplers in di?'erent forms in any receiver 
or transmitter to which they are appli— 
cable. The application of this principle 
as applied to vary the coupling in" any re 
ceiver or transmitter is made the subject 
matter of my copending application Serial 
No.‘ 314,480. 
I claim and desire to obtain by Letters‘ 

Patent the followinv: , 
1. A variable inductance for high fre 

quency currents comprising, 7 a‘ pair of 
spaced coaxial parallel air core coils con 
nected together and a ?at shield of ‘conduct 
ing material located between said coils, said 
coils and shield being slidable relative to 
each other in a direction transverse to the 
axis of the coils. ' 

2. A variable inductance .for high fre 
quency currents comprising an air core coil 
and a ?at shield of conducting material in 
the magnetic ?eld of said coil, said coil and 
shield being slidable relative to each other 

1,571,405 

in a direction transverse to the axis ofsaid, 
coil., . 

3. A variable inductance for high fre 
quency currents comprising a ?at air core 
coil and a ?at shield of conducting material . 
substantially parallel thereto and slidable 
relative to each other in a direction trans 
verse to the axis of said coil. 

4. A' variable inductance for high fre 
quency currents comprising a ?at a'ir core 
coil and a ?at shield of conducting‘ material 
substantially parallel thereto, said shield 
being adjustable in a direction transverse to 
the axis of said coil to cover various sec 
tions of the surface of the coil. 

5. A variable inductance for‘ high fre 
quency currents comprising a ?at air core 
coil and a ?at shield of conducting material 
substantially parallel thereto, said conduct 
ing body being slidable about an eccentric 
axis in a direction transverse to the axis of 
said coils. 

6. A variable inductance for high fre 
quency currents comprising a ?at air core 

7 coil and 'a ?at shield of conducting material 
substantially parallel and in close proxim 
ity thereto, said coil and shield being slid 
able relative to each other in a direction 
transverse to the axis of said coil to cover 
various sections of the surface of the coil. 

7. A variable inductance for high, fre 
quency currents comprising a pair of adja 
cent ?at substantially parallel air core coils 
connected together and in close proximity 
and a?at shield of conducting material in 
termediate to the coils, said coils and shield 
being slidable relative to each other in a di 
rection transverse to the axis of said coils to 
cover various sections of the surface of said 
coils. . 

8. A variable inductance for high fre 
quency currents comprising a pair of ad 
jacent ?at substantially parallel air core 
‘coils connected together and in close prox 

mate-v imity and a flat shield of conductin 
rial slidable between the coils in a direction 
transverse to the axis of said coils. 
In testimony whereof I have signed this 

speci?cation. . 

ALFRED NORTON GOLDSMITH. 
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