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1

This invention is an inductance unit having
substantially fixed resonant frequency charac-
teristics and a method of making the same.

The inductance unit of the present invention
is rendered substantially self~compensating in re-
spect to ambient temperature changes by so cor-
relating the temperature coefficient of dielectric
constant of the material of which the coil form
is made to the temperature coefficient of expan-
sion thereof, that the increase of inductance with
increasing temperature is substantially compen-
sated for by the decrease in interturn capacity.

One object of the invention is to provide an
inductance unit of the character described which
will have substantially fixed resonant frequency
characteristics and accurate re-trace character-
istics. ]

Another object of the invention is to provide
an inductance unit of the character described
comprising a coil form made from ceramic ma-
terial having a negative temperature coefficient
of dielectric constant such as rutile, various
ceramic titanate combinations including magne-
sium, calcium, and strontium titanates, and the
like.

Another ohject of the invention is to provide
an inductance unit having a coil form of ceramic
material with a negative temperature coefficient
of dielectric constant, which form is provided
with a spiral conductor receiving groove so that
a continuous conductor may be deposited within
the groove to insure that substantially all of the
interturn capacity of the coil is through the ma-
terial of the coil form.

Another object of the invention is to bond the
coil of an inductance unit of the character de-
scribed to the ceramic coil form so that the coil
and the coil form move together during expan-
sion and contraction due to temperature changes.

These and other objects of the invention will
become apparent from the following specifica-
tion read in connection with the accompanying
drawings wherein preferred forms of the inven-
tion have been illustrated.

In the accompanying drawings:

Fig. 1 is a diagrammatic view of a circuit show-
ing the inductance unit of the present invention
incorporated therein,

Fig. 2 is a view partly in section showing a pre-
ferred form of the invention, and

Fig. 3 is a similar view showing a modified form
of the invention,

Fig. 4 is a top plan view of a flat type spiral
coil form of inductance unit made in accordance
with the present invention,
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Fig. 5 is a sectional view taken on the line 5—6§
of Fig. 4, and

Fig. 6 is a sectional view similar to that of Fig.
5 but of a modified form of flat coil form having
8 groove in which the conductor is deposited.

In describing the present invention, it is con-
venient to refer to a resonant circuit such as
shown in Fig. 1 which includes an inductance Lo
having distributed capacity Cq, and a capacity
Co. For a circuit such as represented in Fig. 1
and in which the total inductance may be repre-
sented by L, and the total capacity by Cr, the

resonant frequency may be expressed as follows:
15

()

The total differential of F'is

oF

dLs+ 25 dCr

— 1 dLr__ 1 dCr

- 4xyJLsCy Lr 4nJIsCyp Cr

FdLy FdC

AF=—g i3 —c,-T—T (3)
In general, both Ct and Lz will be functions of

temperature, that is they are subject to change

(2)

.due to changes in ambient temperature, and

hence the rate of change of the resonant fre-
quency F with respect to temperature may be
derived from (3) thus:

dF __F dLy/Lr_F dCr/Cr
a2 dt

it "3 4)

For the resonant frequency F to be independ-
ent of temperature, it follows that

dF
?E—O (5)
Hence, substituting in (4) there results
dLy _ dCr

Loldi  Cridt (6)

Assuming that substantially all the inductance
of the circuit is localized in the coil, a consid-
eration of the last given formula shows that

ALy

Lp/dt
is the temperature coefficient of inductance of
the coil and

dCyp
Crldt
is the temperature coefficient of capacitance of
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the total capacity of Cr of the resonant circuit
shown in Fig. 1. It therefore follows that in or-
der for the resonant circuit of Fig. 1 to be inde-

pendent of ambient temperature, the tempera-
ture coefficient of capacitance must be equal to
the negative of the temperature coefficient of
inductance.

It can be shewn that for a certain class of
ceramic materials such as rutile, and various
combinations of titanates such as magnesium,
strontium, and calcium titanates, and the like,
there is a simple relationship between the tem-

perature coefficient of inductance of a coil wound
on a coil form of such ceramic matberial and the .

coefficient of linear expansion of the coil form.

It has been established that the inductance of a
single layer solenoid having N furns wound .on
a coil form, the diameter of which is D and the
. length of which is lis:

L=fN2D
where f is a function of the ratic
D

1
Sinee hoth the diameter and the length of the
coil change with temperature in accordance with
their coefficients .of linear expansion; f is seem-~
inely a funetion of temperature. Thus

=1:(2)

Ceramic materials such as titanates, rutile, and
the like, have temperature coefficients of expan-~
sion which are linear over a wide range of tem-~
peratures falling generally within the range of
—60° C. to +85° C. Thus, over this range of
linearity, f may be expressed as

_ [ Do(lkat)_ _@]:,
=1 =17

.where Do and Jo are the diameter and length of
the coil measured -at the same temperature and
¢ is the temperature .coefficient of egpansion;
¢ is the change in temperature measured from
the temperature at which Do and lo are meas-

(D

(8)

It is seen from (9) that f is a parameter inde-
pendent of temperature and hence the induct-
anceLiin (7) of a coil having a given length and

(9) .
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a given number of turns is a function of its di-

ameter only. From (7) and (9) it follows that
L=fN2D. )

dL dD
TN

dL/di_ dD/dt
L D

or
4L _dD _
Ligt Dldt™
That is, the temperature coefficient of inductance
of . single layer solencid coil on a coil form of
the ceramic materials described, is equal to the

a (10)

B85

40

85

temperature coefficient of expansion of its diam- '

eter. As assumed in (9) this is true only when
the diameter and length-of the coil have the same
temperature coefficient of expansion a.
From (6) and (10) is follows that
=_9Cr
Cr/dt
—TC .of Cp (11)

Thus, in.order for the resonant frequengy of the

0

a5
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circuit of Fig. 1, to be independent of tempera-
ture change the temperature coefficient of linear
expansion of the coil form must be equal to the
negative of the coefficient of capacitance of the
total capacity (Ct) associated with the total in-
ductance (L) in said circuit.

At this point, due consideration must be given
to the fact that in the previous derivations, the
value Ct is composed of Co and Ca. Since

Cr=Co+Ca 12)
it follows that

dCr_dC

Tat - dt

aCr dCs

T = dC00a
dCx/Gr 1 _dCyCo 1

At CoCd—- dt C’dC’T+ dt

ICOCdCT+TCdCTCO

acs
di

dCq
dt/CrCyC4
dCq4/Ca 1
CrCo

l
Terges™

_ro (G Ca
70r=T0(E)+7¢a(g)

_ From this it is seen that the temperature co-
efﬁclents of capacitances.of bhoth the expernal ea-
pamtor Co and the dlstnbuted capacitance Cd
of the coil are addltlve in the proportions that
Co and Ca are to the tofal capacu:y, Cr,

From (11) and (13 a convenlent design for-
‘mula may.be obtained such as

&)

a==[10:(§)+704

If the inductance coil or unit Lo .of Fig. 1 is
used by itself without the external capamtor Qo,
then the Formula 14 hecomes

a=—TCq

and
(18)

(14)

(15)

For practically all materials suitable for coil
forms, except ceramic materials of the classhere-
inhefore -referred -to, namely rubile .and various
combma’mons of titanates, be |
be positive values and the conditions represented
by (15) cannot be satisfied, when materials are
-employed.which give positive values for these two
& Cerarmc materlals of the class herem

efﬁclents of dlelectnc constant ef negatlve Values
-and these values can be varied over a wide range
by varying :the composition of the cramie mix-

ture. At the Same time, the temperature coeﬁi—
cient of expansion of these materials is posmve
and substantially constant over a wide range of
temperatures falhng general]y between —60° L.
and -+85° C. The temperature. coefﬁment of ca=
pacltance is likewise constant .over a w1de tem-
perature range whlch for the most part .over-
laps the temperature range of . constant tempera-
fure coefﬁc:lent of expansion. Hence it is .evi-
dent that if .a coil or 1nductance umt is made
havmg a .coil form of ceramic - matema] chosen
from the group of ceramic matenals herein
noted, of which -the temperature coefficient of
capacitance is egual o but oppesite in sign to
the temperature coefﬁcxent of expansion and .the
conductor of the unit of the coil is assomated
with the form in a manner such that the eon-~
ductor is made to follow substantlally the ex-
pansion and contractlon movements of the .coil
form and also to have substantlally all of its
interturn .capacity occur through the material
of the form, the condition represented by the
Formula 15 can be satlsﬁeq In order to make
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the electric conductor follow the coil form in
expansion and contraction movements thereof
and in order to confine the interturn capacity
of the unit to the material of the coil form, the
coil form is preferably formed with a spiral
groove in its surface and the conductor is de-
posited in the groove preferably on the bottom
wall thereof, and is bonded to the coil form so
as to of necessity follow the coil form in its ex-
pansion and contraction movements.

Referring to Pig. 2 of the drawings, there is
shown a coil form 20 made of ceramic material
such as rutile, or various combinations of titan-
ates, and the like, the coil form being substan-
tially cylindrical in form and hollow. The ex~-
terior cylindrical surface of the form is provided
with a spiral groove or thread 21, on the bottom
wall of which is deposited a continuous coating
of conductor 22 such as silver, copper, or the
like, The coating is precferably bonded or me-
chanieally locked to the surface of the form 20,
on the bottom wall of the groove 2i in order to
insure that the conductor 22 will follow the form
in movement due to expansion and contraction.
The spiral groove or thread 21 is preferably di-
mensioned in respect to depth so that the con-
ductor 22 is confined substantially to the groove
and has no- substantial part thereof projecting
above the external surface of the form whereby
to insure that substantially all of the interturn
capacity between adjacent convolutions of the
conductor is through the material of the form.
The metal conductor 22 may be deposited on and
bonded to the bottom wall of the spiral groove
21 by any suitable means or method such as
electroplating, a Schoop’s gun, or the like.

Although the form of the invention shown in
Fig. 2 is preferred because of the enhanced tem-
perature compensation realized by confining the
metal coating or conductor within the spiral
groove as shown, it is also possible to deposit
the conductor film in the form of a spiral rib~
bon 23 directly upon the cylindrical outer sur-
face of a coil form 24 as shown in Fig. 3. In this
form of the invention, it is also preferable to
mechanically bond or otherwise secure the spiral
ribbon 23 to the outer surface of the form 24
in order that the conductor 23 will follow sub-
stantially the expansion and contraction move-
ments of the coil form 24. Due to the fact that
some of the interturn capacity of adjacent con-
volutions of the ribbon 23 in that form of the
invention shown in Fig. 3 is through the air, or
other surrcunding medium, the compensating
effect due to variations of temperature will not
be as compiete in this form of the invention as
in the form of the invention shown in Fig. 1.
However, the compensation will be substantial
and in many instances fully adeguate to mest
specifications.

From the foregoing it is apparent thag the
inductance unit Io can be made self-compen -~
sating when used by itself in a circuit without
an external capacitor such as Cy of Fig. 1. If,
however, the coil is to be used in a cireuit with
an external capacitor as Co and wherein the
temperature coeficient of capacitance of the
external capacitor is zero, then (14) becomes

- 10,)

This requirement can be satisfied by provid-
ing a coil form made of ceramic material within
the teaching of the present invention and con-
structed in the manner hereinafter referred to.

(16)
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6
However, it should be noted that under these
circumstances the temperature coefficient of di-
electric constant of the coil form must needs
be greater in the ratio

Cr

Cq
to compensate for the added capacity Co even
though the latter has a zero temperature coef-
ficient dielectric constant TC.

If the inductance I is used in a circuit in-
cluding an external capacitor such as Ce¢ which
has a temperature coefficient of dielectric con-
stant greater than or less than zere, the value
of the temperature coefficient of dielectric con-
stant of the coil form required may be calcu-
lated from (14). For this purpose (14) may be
written thus:

which gives rise to three possible conditions:

(17)

1) (a>——TCoC,g9> in which T'Cy of (17) will be
T

negative and realizable by using a coil form within
the teaching of the present invention,

@) If a=—TC, (%) than TCy of (17) will have
T

to be zero, and as taught in Ehlers Patent 2,398,088
of April 9, 1946, ceramic material mixtures may be
readily formed which have zero temperature coeffi-
cients of dielectric constant.

(3) If o< — T'CY aq’-) TC,4 of (17) will have to be
T

positive and a ceramie coil form of the type described
herein will serve no purpose.

The foregoing derivation of formulae proceed-
ing from Formula 7 pertain to an inductance
unit of cylindrical form and including a single
layer helical or solenoid form of coil. However,
the same advantages emphasized in respect to
the cylindrical form of inductance may be real-
ized with a flat coil form having a spiral coil
mounted thereon as shown in Figs. 4, 5, and 6.
Thus, as shown in Fig, 4, the unit may comprise
a substantiaily flat, co~-planar base 25 of ceramic
material having a negative temperature coeffi-
cient of dielectric constant as previously re-
ferred to herein, which base may be round,
square, or any other desired contour, and on
which is deposited a flat spiral coil 26 in the
form of a thin metallic ribbon. The ribbon coil
26 is bonded to the surface of the base 25 by
electro-deposition, Schoop’s gun, or the like, to
insure that the ribbon follows the hase in its
movement of expansicn and contraction, due to
changes in ambient temperature, Preferably
the upper surface of the base 25 is provided with
2 spiral groove 27 in which the ribbon 2§ is
deposited and bonded to the hottom wall thereof,
the groove 2§ being of a depth sufficient to com-
pletely house the ribben as shown in Fig, 6. If
desired, the groove 28 may be substantially
deeper than the thickness of the ribbon, so that
the upper surface of the ribbon lies below the
upper surface of the form similar to the manner
shown in connection with the cylindrical form
of coil, in Fig. 2.

It can be shown that flat spiral inductors made
by bonding a metallic conductor, in the same
manner and to the same class of ceramic hodies
as hereinbefore described, onto the surface of
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a2 ceramic plate will behaye in identically the
_same manner as the hehcal tyoe descrrbed before

forrnulae developed for the hellcal coxl w111 also
apply to the spiral.

Thus from the text “Inductance Calculations,”
Frederick W. Grover, D. Van Nostrand Co., Inc.
{page 167) we have the following formula for

the 1nductance of a ﬁat SBis 1:
L=.001N?aP— 004X Na (Gi+H1)

(1a)
where

N=no. of turns

a=mean diameter

B=the thickness of the conducting layer

C=the width of one convolution
p=the distance between .centers of adjacent con-

volutions

-+ <

R?‘—’f<2a>
"B

a=1(%")

1=f 2
' B C
H,= (N,—,—

1 f ‘pp

Formula 1a ean be written as

1;Nza[.norp.— 004z (G1+Hl)] (2a)

3Fhen the expression within the brackets of (2a)
4s examined it is observed that, with the excep-
tion of N which is @ constant for a given . coil,
P, Gy, and H; are functions of the ratios of the

sum of one or more linear dimensions of the ¢

spiral.

The method of constructing a spiral of the
type being described, produces a thin conductor
such that the B dimensijon is usnally.in.the order
of 5o the C dimension. Consequently, in the ex-
pressmns for G1 and Hr, namely

a=1(%5")
g%, 55)

it can be seen, that since C=0r>20B, the param-
eter B is small enough to neglect and Gr and Hi
canbe rewritten as:

@=1(;)
m=i(~,2)

Now, due to the coefiicient of- lmear expansmn

(3a)

(4a)

(ba)

(6a)

is bonded the Spll‘al Wlll change dnnensmns w1th
change in amblent temperature ‘In generdl, any
dimension, I, on the plate will behave according
1o the followmg well known law for materlals
havmg a linear coefﬁc1ent of expanswn, a:

L=l (I+at) (1a)

where lo is the dimension at reference tempera-
ture, and It is the dlmenswn after a change in
temperature, i

All the parameters in the brackets of (2a)
wh1ch are functions of temperature may be re-

wrltten as follows:
_ A CN_, Co(itat)
P=7 (%) =l 3a+at) 2ds(1+at) =f (2(10)

b Q)1 S4B (2)

5
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20
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_ Coltat) _
me 1, $)=, perean =/ (VB

from which it appears that the variable, £, drops

=N

out of the p ran_1 P, G1 _and Ha.
thy 2a) may be Wr1tten as
L=fiN?aq (8a)

where f1 s not a function of temperature, ¢
Thus it will be observed that (8e) is identi ally
the same m form as . Consequently, the for‘-
mulae and conclusmns developed for the hth
th 1.

I. thanzum dzorzde and tztanate combznatzon
Per cent

30

80

70

Propert1es of eoil form composed as above
9‘ TC———30 parts per mllllon .per degree

centigre
s1on =7 8><1()—6 per °C
II. Titanate combination
Per cent

Magnesium titanate. )
Strontmm t1tanate__

K=17; TC=—43. Temperature coefﬁc1ent of
expans1on—8 L ><10—6 per °C.

TI. Ozide combination

Per cent

Titanium dioxide- o ____
Rare earth ox1des___ S

expansmn——g 0 10-° per °C.
IV. Titanium dioxide combination

Per cent
Titanium dioxide_-

K .vlz TC_—15 Temperature coeﬁiment of
expansion=6.2x10-¢ per °C.

Rutile, hereinbefore referred to, is the well
l(nown mineral consisting of titanium dioxide.

It is apparent from the foregoing that a fem-
perature compensated induetance unit may be
provided by utlhzmg a coil form made from
ceramic material having a negative temperature
coefﬁment of dielectric constant and equal to but
oppos1te in sign to the temperature coefficient of
expansion of the coil form when the conductor
formlng the c011 is .deposited thereon in a man-
ner to constrain the conductor to follow expan-
sxon and contractlon movements of the coil form
and to conﬁne the interturn capac1ty of adja-
cent convolutions of the coil substantially to the

.maferial of the 0011 form It.is further apparent

from the present invention that an inductance
unit made in accordance with the present inven-
tlon may be made self- compensatmg per se or
may he designed so that when used in circuit with
an external capacltor of known but unspemﬁed



2,654,861

9

temperature variation, will provide a circuit of
substantially fixed resonant frequency in the
face of ambient temperature changes.

Iclaim:

1. A self-compensating inductance coil com-
prising a substantially cylindrical coil form of
ceramic material having a negative temperature
coefficient of dielectric constant substantially
equal in value to but of opposite sign to its tem-

perature coefficient of expansion and a conduc- ]

tor disposed spirally about said coil form and
anchored to the coil form to cause the conductor
and coil form to move together during move-
ments of expansion and contraction due to tem-
perature changes.

2. A self-compensating inductance coil com-
prising a substantially cylindrical coil form of
ceramic material having a negative temperature
coeflicient of dielectric constant substantially

equal in value to but of cpposite sign to its tem- ¢

Dberature coefficient of expansion, a spiral groove
formed in the surface of said coil form, a con-
tinuous conductor deposited within said groove
with all portions thereof disposed within the con-
fines of said groove whereby substantially all of
the interturn capacity of adjacent convolutions
of the conductor is through the material of the
coil form and means for anchoring the conduc-
tor to the coil form to cause the coil and coil

form to move together during movements of ex- :

pansion and contraction in response to tempera-
ture changes.

3. A self-compensating inductance coil com-
prising a coil form of ceramic material having a

negative temperature coefficient of dielectric :

constant substantially equal in value to, but of
opposite sign to, its temperature coeficient, of ex-
pansion and a conductor disposed spirally upon
said coil form and fixed thereto to cause the con-
ductor and coil form to move together during
expansion and contraction due to temperature
changes.

4. A self-compensating inductance coil com-
prising a coil form of ceramic material having a
negative temperature coefficient of dielectric
constant substantially equal in value to but of
opposite sign to its temperature coefficient of ex-
pansion, a spiral groove formed in the surface
of said coil form, a continuous conductor de-
posited within said groove and fixed to the coil
form to cause the conductor and the coil form
to move together during expansion and contrac-
tion due to temperature changes all portions of
said conductor being disposed within the con-

fines of said groove whereby substantially all of :

the interturn capacity of adjacent convolutions
of the conductor is through the material of the
-coil form.

5. A self-compensating inductance coil com-~
prising a flat, co-planar coil form of ceramic ma-
terial having a negative temperature coefficient
of dielectric constant substantially equal in value
to but of opposite sign to its temperature coeffi-
cient of expansion, a spiral groove formed in one
flat surface of said coil form, a continuous con-
ductor deposited within said groove and fixed to
the coil form to cause the conductor and coil
form to move together during expansion and
contraction due to temperature changes, all por-
tions of said conductor being disposed within the
confines of said groove whereby substantially all
of the interturn capacity of adjacent convolu-
tions of the conductor is through the material
of the coil form.

6. A self-compensating inductance coil com-
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10

prising a substantially flat-co-planar coil form
of ceramic material having a negative tempera-
ture co-efficient of dielectric constant substan-
tially equal in value to but of opposite sign to
its temperature coefficient of expansion and a
conductor disposed spiraily upcn one flat surface
of said form and anchored thereto to cause the
conductor and coil form to move together during
expansion and contraction due to temperature
changes.

7. The method of forming an inductance unit
which is self-compensating in respect to tem-
perature changes which comprises selecting and
proportioning the ingredients of a ceramic mix

3 including at least one compound having a nega-

tive coefficient of dielectric constant chosen from
the group consisting of magnesium titanate, cal-
cium titanabe, and strontium titanate, and ti-
tanium dioxide, which mix will provide in a coil
form made therefrom a negative temperature co-~
efficient of dielectric constant and a positive
temperature coefficient of expansion that are nu-
merically equal but of opposite sign, mixing the
chosen ingredients, forming a ceramic coil form
ifrom said ceramic mix, depositing on the coil
form an electrical coil the interturn capacity of
which is restricted to the material of the eoil
form, and honding said electrical coil to the coil
form substantially throughout the length of said
coil so that the coil and coil form move together
as the result of expansion and contraction due
to ambient temperature changes.

8. The method of forming an inductance unit
which is self-compensating in respect to tem-
perature changes which comprises forming a
ceramic mix including at least one compound
having a negative temperature coefficient of di-
electric constant chosen from the group consist-
ing of magnesium titanate, calcium titanate, and
strontium titanate, and titanium dioxide, said
compound being present in an amount to provide
in a coil form made from said mix a negative co-
efficient of dielectric constant substantially equal
to but of opposite sign to its temperature coeffi-
cient of expansion, making a ceramic coil form
having said characteristics from said mix, de-
positing on said coil form a continuous conductor
in the form of a coil, confining the interturn
capacity of adjacent convolutions of said coil
substantially to the material of the coil form, and
constraining the conductor coil, substantially
throughout its length, and the coil form to move
together in their movements of expansion and
contraction under ambient temperature changes.

9. The method of forming an inductance unit
which is self-compensating with respeet to tem-
perature changes which comprises forming a
ceramic mix including at least one compound
having a negative temperature coefficient of di-
electric constant chosen from the group consist-
ing of magnesium titanate, calcium titanate, and
strontium titanate, and titanium dioxide, said
compound keing present in an amount to pro-
vide in a coil form made from said mix a nega-
tive temperature coefficient of dielectric con-
stant substantially equal to but of opposite sign
to its temperature coefficient of expansion, mak-
ing a generally flat, spirally grooved ceramic
coil form having said characteristics from said
mix, depositing on said coil form within said
groove a continuous conductive layer in the form
of a coil, confining said coil substantially with-
in sald groove, so that substantially alli of the
interturn capacity of adjacent convolutions of
said coil will be through the material of the coil



out.rts length to the cbil form so they move to=
gether in their moveéments of expansion afid éon-
traction due to ambient temperature changes
10.. The method of forming an 1nouctance unit
which is self- compensatlng with lespect to tem-
perature changes which comprlses formlng a
ceramlc mix 1nclu€hng at least one compound
having 3 neégative temperatire coefficiént of di-
electric constant chosen from the group consnst—

perature coeﬁc1ent of dielectric constant sub~
stantlally _equal fo but of opp051te sign fo its tem=
perature coefﬁcgent of expansmn makmg a cyhn-

ing sald characterr ics from said mix, wmdlng
0011 form w1th1n sald groove a contint

i y w1th1n said groove, so that
substant1all i the mterturn nar*lty of ad-
Jacent convolutmns of sald coil will be through
the_material of the, coil form, and bonding the
c011 substantlally throughout its length to the
coﬂ form so. they move, together in their move-
ments of expansmn and contractlon due to am-~
bient temperature changes .

11, A self- compensatlng mductance umt of the
character descrlbed in cla1m 2 Whereln the con—
ductor is bonded to the bottom surface of the
spiral groove. whereby“ton ,ﬁpllow the movements
of the coil form in its expansion and contraction
due, to temperature Varlatlons

as descrlbed m clalm 1 whereln the conductor
is. bonded substantlally throughout 1ts length to
the  coil form whereby the conductor is  con-
stramed to move with the 0011 form as the latter
expands and contracts due to temperature varia-
tions. .

13. in combmatlon w1th a capacrtor of pre—
determined value; a te_mperature compensated in-
ductance unit operatively. connected thereto and
comprising a coil form of ceramic material hav-
ing a conduetor. coil mounted thereon and fixed
thereto. so. as: to move, therewith substantially
throughout its length during movements of ex-
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ponded substantlally thiolg
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dué to temperature variations.
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