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19 Claims. (Cl. 291-—64)

This invention relates to an electrical resistor and to
a method of producing electrical resistors en masse. It
is an object of the invention to provide an improved
resistor and an improved method of that character.

At the present time, resistors are generally produced
by mass production methods but most if not all opera-
tions are performed seriatim on individual resistors or
partially formed resistors. It is another object of the
invention to provide an improved method of producing
electrical resistors wherein a plurality of resistors are
manufactured in a single body, each resistor being com-
plete with leads when severed from the others.

Resistors constructed in accordance with the prior art
are commonly uninsulated, and where resistors have been
insulated, the insulation has conventionally been .applied
to the resistors individually. Also, resistors constructed
in accordance with the prior art have dissipated their heat
either directly to the atmosphere or along a substantial
length of the resistance material to the resistor leads.

It is an object of the present invention to provide an
improved resistor which is completely or partially in-
sulated. Tt is ancther object of the invention to provide
an improved method by which such resistors may be
produced en masse.

It is another object of the invention to provide an im-
proved resistor in which the resistor leads are arranged
closely adjacent at least the major portion of the re-
sistance element whereby heat generated in the resistance
element may be readily dissipated along the resistor lead.
It is another object of the invention to provide an im-
proved method for producing such resistors en masse.

This invention, together with further objects and ad-
vantages thereof, will best be understood by reference
to the following description taken in connection with the
accompanying drawings, and its scope will be pointed out
in the appended claims.

In the drawings in which like parts are designated by
like reference numerals,

Fig. 1 is a perspective view of a resistor constructed
in accordance with one embodiment of the invention;

Fig. 2 is a plan view of the same resistor; .

Fig. 3 is a cross-sectional plan view of the same re-
sistor taken along the line 3—3 of Fig. 1;

Fig. 4 is a cross-sectional view of the same resistor
taken along the line 4—4 of Fig. 2;

Fig. 5 is an end view of the same resistor;

Fig. 6 is a cross-sectional view of the resistor taken
along the line 6—6 of Fig. 4;

Fig. 7 is a cross-sectional view of the same resistor
taken along the line 7—7 of Fig. 4;

Fig. 8 is a cross-sectional view of the same resistor
taken along the line 8—8 of Fig. 4;

Fig. 9 is a plan view of a plurality of resistors pro-
duced en masse, each resistor being the same as that dis-
closed in the preceding figures;

Fig. 10 is an exploded view of certain elements of the
same resistor;
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Fig. 11 is a cross-sectional view of the same resistor
elements shown in Fig. 10, assembled for heat and pres-
sure treatment;

] Fig. 12 is a plan view of a resistor illustrating a varia-
‘;10{11 of the embodiment of the invention shown in Figs.
b

Fig. 13 is a longitudinal cross-sectional view of a re-
sistor illustrating another variation of the embodiment of
the invention shown in Figs. 1-11;

Fig. 14 is a partial plan view of a bank of resistors
partially assembled, illustrating another embodiment of
the invention;

Fig. 15 is a cross-sectional view taken along the line
15—15 of Fig. 14;

Fig. 16 is a cross-sectional view similar to Fig. 15 but
showing the resistor bank in a later stage of assembly;

Fig. 17 is a partial bottom plan view of the same bank
of resistors in a still later stage of assembly;

Fig. 18 is a cross-sectional view of the same bank of
resistors taken along the line 18—18 of Fig. 17 and illus-
trating its condition immediately prior .to the last assembly
operation;

Fig. 19 is an enlarged detail view of a variation of the
embodiment of the invention shown in Figs. 14-18;

Fig. 20 is a cross-sectional view taken along the line
20—20 of Fig. 19; and

Fig. 21 is a cross-sectional view taken along the line
2121 of Fig. 19.

The method which constitutes one feature of the in-
vention is particularly adapted to the manufacture of a
large number of resistors en masse. In the embodiments
of this method disclosed in Figs. 1-13, an elongated strip
of insulating material 11 is painted along its edges with a
metallic or another conducting paint which, after drying or
hardening, provides electrically conducting strips 12, 13
and 14 along both longitudinal edges of the sheet 11.
These conducting strips serve to conduct current between
the resistor leads 15 and a resistance film 16 which is
subsequently applied to one surface of the sheet 11. In
the drawings the thickness of the strips 12, 13 and 14, and
others to be described subsequently, are greatly exag-
gerated in the interest of clarity.

Preferably, the insulating sheet 11 is of cured thermo-
setting plastic in order that it may aid in maintaining the
desired shape and contour of the ultimate resistor or re-
sistors' during various steps in the manufacture of the
same. The conducting paint which forms the strips 12,
13 and 14 comprises metallic or other conducting par-
ticles in a thermosetting carrier. The strips 12 are pref-
erably applied first, one along each longitudinal edge of
the sheet, after which the sheet 11, along with the strips
12, is subjected to heat to cause thermal setting of these
strips. )

Subsequent to the setting of the conducting strips 12,
the conducting strips 13 and 14 are applied and per-
mitted to dry in their uncured state. At the same time
an uncured sheet of thermosetting plastic 17 is painted
along its longitudinal edges with the same form of con-
ducting paint to form conducting strips 18, which are
also permitted to dry in their uncured state.

The resistor leads 15 are swaged or flattened over a
substantial length at the resistor engaging ends thereof
so that they form flat blades, as best seen in Figs. 3 and
4. The elements so far described are assembled with the
leads 15 lying against the lower surface of the sheet 11
and contacting the conducting strips 14. The sheet 17
is then .placed against the leads 15 with the conducting
strips 18 contacting the leads. Additional sheets 19 and
20 of uncured thermosetting plastic and a final sheet 21
of a cured thermosetting plastic are next applied, all as
best seen in Figs. 10 and 11. The entire assembly is
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then subjected to heat and pressure to cure or set the
plastic members and to bond all the elements firmly to-
gether as a unit.

If the sheets 11 and 21 are precured, as suggested
above, an adhesive is preferably employed to assure a
firm bond between these and adjoining sheets. The ad-
hesive is, of course, so applied as not to interfere with
the desired electrical contact between such elements as
the leads 15 and the conducting strips 12 and 14. -

During the last-mentioned curing step, the shect 17
flows around the leads 15 to assume a shape, in the region
of the leads 15, similar to that iHlustrated in Fig. 4. The
conducting strips 18 also flow around the leads 15 and
assume the shape illustrated in Figs. 5 and 6. The sheet
11 retains its original flat shape since it was cured prior
to the assembly of the varigus elements of the resistor.
Similarly the bottom sheet 21 having been cured prior
to the final assembly serves to retain the desired countour
of the lower surface of the resistor.

The conducting strips 14, which, as noted above, are
not cured prior to the final assembly, tend to flow over
the upper surfaces of the leads 15, while the conducting
strips 18, following the flow of the sheet 17, flow around
the respective leads 15 and join the corresponding con-
ducting strips 14 adjacent the leads to form single con-
ducting elements which surround the leads 15 and make

<
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secure mechanical bond and electrical connection there-

with.

At each end of the resistor the single electrical con-
ducting means formed by the conducting strips 14 and 18
is also bonded mechanically and electrically with the

conducting strip 13 and hence with the conducting strip.

12. Accordingly, the various conducting strips 12, 13,
14 and 18, and the resistor lead 15 are all electrically
connected, while all of the elements so far described are
mechanically bonded together in a strong and permanent
unitary structure.

oo
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]

A film or strip of resistance material such as granular

carbon mixed with a suitable carrier is applied to the
upper surface of the insulating sheet 11 and permitted
to dry or harden. The film is arranged to make electrical

40

contact with the conducting strip 12 at each end of the _

resistor. It will now be apparent that a conducting path
is provided between the two resistor leads 15—15. This
path may be traced from one resistor lead to the two
conducting strips 14 and 18, through the strips 13 and 12,
across the resistance film 16 to the other end of the
resistor and through the conducting strips 12, 13, 14 and
18 to the other resistor lead. The resistance of the film
16 may, of course, be made of any desired value by con-
trolling the length, width, thickness and nature of the
film.

In accordance with one embodiment of the invention
another conducting strip 22 is arranged near the center
of the resistor. Where this strip is employed, it is pref-
erably applied to the insulating sheet 11 at the same time
as the conducting strips 12 and is cured at the same time
as the latter strips. The resistance film 1% makes elec-
trical contact with the conducting strip 22 as it doss
with the conducting strips 12. The resistance film may
or may not overlie the conducting strin 22, even as it
may overlie the strips 12, but the effective length of the
resistance film is the combined distznce from the inner
edges of the strips 12 to the adjacent or facing edges of
the center strip 22. Stated otherwise the conducting strip
22 short-circuits the centralmost portion of the resistance

45

60

[
(%18

film even though the latter may be a continuous film ex- -

tending over the top of the strip 22.

With the arrangement of elements thus far described
the great majority of the heat generated by the current
passing through the resistance film 16 is dissipated
through the conductors 15 rather than being transmitted
directly to the surrounding atmosphere. The thermal
conductance between the resistance film and the resistor
leads is increased several fold by the flattening or swaging
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of the ends of the leads since this greatly-increases the
area of each lead. By extending these leads substan-
tially to the center of the resistor, the flattened surfaces
thereof are made to lie closely adjacent all portions cf
the resistance film except that portion which may lie at
the center of the resistor. If compensation for this
irregularity were not provided, it is apparent that the
centralmost portion of the resistor would be the hottest
and would thereby be the limiting factor in the power-
rating of the resistor. It is for this reason that the con-
ducting strip 22 is preferably empleyed, this strip over-
lying the gap between the ends of the resistor leads 15 and
substantially eliminating the generation of heat in that
area. The power-rating of the resistor is then determined
by the temperature rise of the main body of the resistance
film rather than being limited by one local hot spot.

Over the top of the resistance film 16 and the con-
ducting strips 12 and 22, there is preferably applied a
layer of insulating material 23 to protect these elements
against damage and to insure that they will be electrically
insulated from any electrical conductor which they may
contact when in use, particularly when they are used in
the crowded chassis of a radic or television set. This
sheet of insulating material may be of thermosetting
plastic material and, optionally, may be applied, along
with the resistance film 16, prior to the final curing op-
eration of the lower portion of the resistor unit.

Another embodiment of the invention is shown in Fig.
12 in which the leads 15’ are arranged out of alignment
with each other. Fach of the leads in this arrangement
may extend substantially the entire length of the resistor.
The need of the conducting strip 22 in the first described
embodiment is eliminated since there is no longitudinal
gap between the leads. This arrangement also provides a
substantially uniform lateral disposition of the heat con-
ducting means, namely the resistor leads. Other than in
the arrangement of the leads, the resistor shown in Fig,
12 may be identical to that shown in the other figures.

As indicated above the resistor and its method of manu-
facture: are particularly adapted to the construction of
a large number of resistors en masse. 'The various sheets
of insulating material 11, 17, 19, 28, 21 and 23 may
be clongated, with pairs of leads 15 for the individual
resistors arranged to extend laterally thereof, all as clearly
seen in Fig. 9. 1t is preferable that the various nomn-
insulative elements, inciuding the resistance film 16, be
interrupted between the various individual resistors. Tn
Fig. 9, it will be noted, for example, that the resistance
film. 16 is not a continuous sirip but is in the form of
rectangles which are individual to the various resistors.
Similarly, the conducting strip 22 can be seen in Fig. ©
as being interrupted, each segment of the strip  being
substantially coextensive with the rectangles of resistance
material 16 in a direction lateral to the individual re-
sistors.  8till further, the conducting strips 12, i3, 14
and 18 all are interrupted between the individual re-
sistors.

The resistance film and the various conductors can
readily be so arranged by any one of several well-known
Perhaps the most practical of these is the
comunoen practice known as screening, similar to stenciling,
In this process, a screen is arranged over the insulating
sheet 11, for example, when it is desired to apply the
conducting strips 12 and 22 to the upper surface therecf.
By properly selecting the openings in the screen through
which the conducting material for the strips 32 and 22
is applied to the surface of the insulating sheet 21, and
by properly aligning the screen, it is possible to control
accurately the width, length, and position of the indi-
vidual conducting strips. A similar process and scresns
may be employed to control the size and vosition of the
resistance films 16 and the conducting strips 13, 4 and
18.

Since each of the noninsulative elements referred to
above is interrupted between individual resistors in the
assembly shown in Fig. 9, when the individual resistors
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are ultimately separated as by cutting with a very fine
saw through the channels indicated by the letter A in
Fig. 9, none of these noninsulative elements will extend
to the edges of the resistor. In this manner four sur-
faces of the completed individual resistors will be in-
sulated, namely the top and bottom surfaces and the
two longitudinal edges. This represents a substantial
improvement over the conventional resistor since it elimi-
nates the possibility of a short-circuit which might other-
wise result if the resistor were to come into contact with
another conductor in a crowded electrical device such
as a radio or television receiver.

The two ends of the resistors so far described are not
insulated since the surface of the conducting strip 13
is exposed at each end of the resistor. In many ap-
plications, it is not to great interest that these surfaces
of the resistors be insulated since they are relatively small
and in any event lie closely adjacent the resistor leads
15 which are normally uninsulated and hence must be
spaced clear of any other conducting elements of a differ-
ent potential. However, in Fig. 13 there is shown a
variation of the resistors so far described which is in-
sulated on all surfaces. In this construction, the insulat-
ing sheets 21’ and 23’ are wider than the remainder of
the sheets making up the body of the resistor and both
are of uncured plastic. The resistor is otherwise the
same as that shown in the preceding figures. During
the final thermal setting of the resistor assembly the
ends of these sheets lap over the ends of the resistor
body as shown in Fig. 13 and insulate the ends of the
resistors. By this method, resistors are obtained which
are insulated on all six surfaces.

In accordance with another variation of the resistors
so far described, the various conducting strips 12, 13,
14 and 18 at the ends of the resistor may be elimjinated
and the resistance film 16 arranged to extend down over
the edges of the sheet 11 to make electrical contact with
the leads 15. This is, of course, a simpler construction
but has the disadvantage that local hot spots may be
produced in the resistance film adjacent the leads 185,
where the current may be concentrated. Furthermore,
the total resistance value of the resistor is less easily
predetermined or controlled than in the resistors pre-
viously described wherein there is employed. a resistance
film of accurately controlled length and cross-section.
This variation, in which the various conducting strips at
the ends of the resistors are eliminated, may be desirable,
however, where low cost is the predominating require-
ment. In this same variation, it is possible, of course,
to insulate the ends of the resistor as well as the longi-
tudinally extending surfaces by the means disclosed in
Fig. 13 and described above.

In accordance with still another variation, not illus-
trated in the drawings, a second resistance film may be
applied to the lower surface of the insulating sheet 17,
the ends of this resistance film being connected to the
conducting strip 18 and hence to the two resistor leads
15 by conducting strips corresponding to the strips 12
and 13. In such a resistor, it would be preferable, but
not necessary, that both of the insulating sheets 11 and
17 be uncured until after the final assembly. This same
construction could also be employed where the resistance
films are brought over the edges of the sheets 11 and 17
thereby eliminating the necessity of the various con-
ducting strips at the ends of the resistors. Similarly the
ends of such resistors might be insulated in the manner
disclosed in Fig. 13.

In any of the variations of the resistors so far de-
scribed, any or all of the thermosetting portions of the
resistors may be left uncured until the final assembly.
A somewhat better bond may thereby be obtained be-
tween the various elements of the resistors. More spe-
cifically, where all of the insulating sheets are cured or
thermally set after the final assembly, there is no need
for the use of an adhesive and accordingly, the final
resistor construction is less vulnerable to severe condi-
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6
tions of humidity and temperature changes. The curing
of the insulating sheets 11 and 21 prior to the final as-
sembly, as suggested above, has certain compensating
advantages previously explained.

The embodiment of the invention and variations there-
of shown in Figs. 14 to 21 are characterized by the use
of staples 30 for temporarily holding resistor leads 31
to a sheet of uncured thermosetting plastic 32 and for
conducting current from the leads 31 to a resistance film
33. It will be noted in Fig. 14 that the leads 31 are
arranged in pairs extending transversely of the elongated
sheet 32, similar to the arrangement shown in Fig. 9.
With the leads 31 properly positioned with respect to
the sheet 32, the staples 30 are driven through the sheet
adjacent the edges thereof to secure the leads 31 thereto.
A second sheet 34 of uncured thermosetiting plastic is
then applied to the surface of the sheet 32 to which the
leads 31 are secured, as shown in Fig. 16.

The assembly shown in Fig. 16 is next subjected to
heat and pressure whereby the sheets are cured and
firmly bonded together. During this operation the crowns
of ithe staples 30 are forced into the sheet 32 and become
flush with lower surface thereof.

The resistance films 33 are then applied to the surface
of the sheet 32 opposite the leads 31, and are arranged
to extend between and to contact corresponding pairs of
staples 30. Each staple then may conduct current from.
one lead 31 through the sheet 32 to one end of a resistance
film 33.  With this arrangement the leads may extend for
substantially the entire length of the resistance film while
being electrically insulated therefrom except at the ends
thereof. The leads thereby serve as thermal conductors
for carrying heat from the resistance film. If desired, a
conducting strip similar to the strip 22, employed in the
previously described embodiment, may be used to elimi-
nate the possibility of a local hot spot at the center of
the resistance film.

Finally, a third sheet 35 of uncured thermosetting plastic
is applied to that surface of the sheet 32 upon which
the resistance films are laid, as may be seen in Fig. 18.
The entire assembly is then subjected to heat and pressure
to cure the sheet 35 and to bond it to the sheet 32, an
adhesive preferably being employed to improve such bond-
ing. Alternatively, the three sheets 32, 34 and 35 may
all be cured in the final curing operation.

As in the case of the embodiment previously described,
the conducting elements of the resistors, and the resistance
films 33 are interrupted longitudinally in the mass as-
sembly. Accordingly, the assembly may be cut, as by a
fine saw, along the lines designated A to separate the re-
sistors, and each will be completely insulated along its
longitudinal edges since none of the conducting elements
extends to the lines A. The top and boitom surfaces
are, of course, entirely insulated by the uninterrupted
sheets 34 and 35. The ends of the individual resistors
are also completely insulated since no electrically conduct-
ing elements extend to the edges of the sheets other than
the resistor leads 31.

The staples 30 may be driven through the center sheet
32 in ecither direction. That is, either the legs or the
crowns of the staples may be arranged to contact the lead
31. It is believed to be preferable that the ends of the
staples engage the leads, as shown in the drawings, since
this leaves the uninterrupted head portion of each staple
to carry current to the end of a resistance film 33 through-
out the width thereof. It will be noted that the staples
employed in this embodiment of the invention serve the
same function as the conducting strips 12, 13, 14 and 18
of the embodiment disclosed in Figs. 1 to 12. Specifically,
they conduct electricity from the resistor leads on one
side of an insulating sheet to the resistance element on
the other side of that sheet. This permits the ends of
the leads to extend substantially to the center of the re-
sistor in close proximity to the actual resistor element in
order that they may serve as thermal conductors.

%6  In Figs, 19, 20 and 21, there is disclosed a variation of
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‘the embodiment of the invention employing staples. In
‘those figures there is shown an opening 36 through the
sheet 32 at the point of intersection of each lead 31 and
the corresponding staple 38. When the staple is applied
a substantial pressure is employed which bends the lead
31 or the staple 39, or both, to such an extent that the
crown of the staple engages the lead 31 through the
‘opening 36 as is illustrated in Figs. 20 and 21. This pro-
vides a more secure electricai connection between the re-
sistor lead and the corresponding staple, and at the same
time provides a firmer mechanical bond beiween the
various elements of the completed resistor. The opening
36 is shown in the c’rawmgs as having a diameter Iarger
than the diameter of the lead 31. This, however, is not
necessary especially where the sheet 32 is thm relative to
the diameter of the resistor leads.

‘The processes ‘described have the particular advantage
that a plurality of resistors may be produced en masse and
subsequently separated, each resistor so produced being
complefeiy insulated if desired. Fach opvra'cion per-
formed in the construction of one resistor is readily ap-
plied simultaneously to the construction of many addi-
tional resistors. For example, the resistance material 16
or 33 and the varicus conducting sirips or staples each
may be applied simultaneously thrﬂughout the entire
length of the plurality of resistors shown in Figs. 9 and
14, or may be applied in a single continuous operation
effective over the length of the nesistor assembly. - Simi-
larly the various insulating sheets’ employed may each
be applied as a single shest for an entire group of re-
sistors. This economy of operation may extend right on
through the construction of the resistors from beginning
to end, including the color coding and testing of the re-
sistors. A smgle stroke of a color coding wheel or brush
may be employed to celor code the entire assembly of a
plurality of resistors shown in Figs. 9 and 18.

The method described and the product shown and de-
scribed are such that no eperations are required on the
individual resistors after they have been separated from
each other. After separation, the resistors are complete
and insulated.

Still further, the methsd is well adapted to the produc-
tion of resistors which are parallelepipeds in form. = This
is believed to be the most desirable form for a resistor
in most applications, particularly where there are space
limitations.

Individual resistors constructed in accordance with the
‘preferred embodiment of the invention are believed to be
superior to pricr resistors on several counts. The two
leads of each resistor, in combination, extend over sub-
stantially the entire length of the resistance material and
in close proximity thereto, whereby they are in a position
to dissipate heat rapidly from substantially all portions
of the resistance material. The swaging of the end DOT-
tions of the leads increases the surface thereof and honce
increases the ability to assimilate heat given off by the
Tesistance material. The use of the conducting strip 22
opposite the gap formed between the ends of the leads 15
prevents the generation of heat at this one spot which is
farther removed from the heat removing means, namely
the leads 15, than any other portion of the resistance mate-
rial. This eliminates a hot spot which might otherwise
be the Iimiti*lg factor in the power-rating of the resistor.
The swaging of the end portion of the leads also strength-
ens the bond between the leads 15 and the body of the
resistor.

The use of the conducting strips 32, 13, 74 and 13 or
the staples 30 at each end of the resistor brmgls the current
from the relatively small {eads 15 to'a broad line of condact
with the resistance material 18, this line extending over
substantially the entire width of the resister. The current
is thereby evenly distributed over the width of the re-
sistance element whereby hot spots are eliminated which
might otherwise *develop at pomts of current concentra-
tion. s : - - :
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At least two embodiments of the invention and ni-
merous variations thereof have been disclosed in the draw-
mgs and described above and it will be apparent that the
various features of the invention thus disclosed may be

-employed in numercus other embodiments. For ‘example,

instead of employing a flat sheet 11 or 32 (see Figs. 4

-and 14) a molded sheet may be employed which provides
‘recesses for receiving the leads or the resistance material,
-or both. - The principal ‘features of the invention have

cen specifically set out above and while particular em-
bodiments of the invention have been shown, it will be
understood, of course, that the invention is not limited
thereto since many meodifications niay be made, and it is,
therefore, contemplated to cover by the appended claims

‘any such modifications as fall within the true spirit and

scope of the invention. ) ]

The invention having. thus been described, what is
claimed and desired to be secured by Letters Patent is:

1. The method of meaking electrical resistors which
coemprises connecting a plurality of pairs of opposed and
aligned electrical conducters to one side of a sheet of
insulating material by means of electrically conducting
staples extending through sz2id sheet, secarhg a pl"“ahty
of resistance elements to the other side of said sheet in
spaced-apart-position with each element making electrical
contact with two of said ‘staples asscciated with a pair
of said aligned electrical cenductors, and severing said
sheet between said resistance elements.

2. The method of making electrical resistors which
comprises forming a plurality of holes through an elon-
gated sheet of insulating material adjacent the longitu-
dinal edges thereof, securing a plurality of pairs of op-
posed and substantially aligned electrical conductors to

‘one side of said sheet by means of electrically conducting

staples with said conductors and said staples intersecting
over said holes, securing a plurality of resistence elements
to the other side of said sheet in spaced-apart position
with each element making electrical contact with two of
said staples associated with a pair of said opposed elec-
trical conductors, and severing said sheet between adjacent
resistance elements.

3. A resistor comprising a resistor element, and a pair

of conductors electrically connected respectively to op-

posed edges of said element, said conductors having por-
tions extending outwardly of said element to form leads,
said- conductors also having heat conducting porticns ex-
tending inwardly of said edges closely adjacent but insu-
lated from said element, said heat conducting portions

extending, in combination, over the major portion of the

distance between said edges

4. A resistor comprising o resister element, and a pair

of conductors electrically con'mcted respectively (o op-

posed edges of said element, said conductors having por-
tions extending outwardly of said element to form Ie"eds,
said conductors also havmg heat conducting pertions ex-

tending inwardly of said edges closely adjacent but insu-

lated from said element, said heat condusting portions
extending, in combination, over the major portion of the
distance between said edges, at least part of said heat
conducting portions being flattened.

5. The method of making electrical resisters which
comprises securing a resistance film to a preformed sheet
of insulating material, securing a second preformed sheet
of insulating material face-to-face to said first-mentioned
sheet with end portions of a pair of leads disposed there-
between, said leads being arranged to electrically contact

opposite ends of said resistance film, and to extend in

combination over the major portion of the distance be-
tween said opposite ends of said resistance film.

6. The combination comprising, 2 sheet of insulating
material, a plurality of independent resistance films ad-
hering to one surface of said shect, a second sheet of
insulating material adhering face-to-face to said first-
mentioned sheet, and a plurality of pairs of leads having
end portions secured between said sheets, each pair of

said-leads being electrically connecied respectively to op-
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posite ends of one of said resistance films, and the end
portions of said pair of leads secured between said sheets
extending in combination over the major portion of the
distance between said opposite ends of said one resistance
film.

7. A resistor comprising a pair of insulated sheets se-
cured in face-to-face relationship, a pair of leads having
one end portion each secured between said sheets, and a
resistance film adhering to at least one principal surface
of at least one of sdid sheets, said leads being electrically
connected to spaced points ¢n said resistance film.

8. A resistor comprising a pair of insulated sheets se-
cured in face-to-face relationship, a pair of leads having
one end portion each secured between said sheets, and a
resistance film and two spaced-apart films of conducting
material adhering to at least one principal surface of at
least one of said sheets, said resistance film extending be-
tween and being electrically connected to said two con-
ducting films, and said leads being electrically connected
one each to said conducting films.

9. A resistor comprising a pair of insulated sheets se-
cured in face-to-face relationship, a pair of leads having
one deformed end portion each secured between said
sheets, and a resistance film and two spaced-apart films
of conducting material adhering to at least one principal
surface of at least one of said sheets, said resistance film
extending between and being electrically connected to said
two conducting films, and said leads being electrically
connected one each to said conducting films.

10. A resistor comprising a pair of insulated sheets se-
cured in face-to-face relationship, a pair of leads having
one end portion each secured between said sheets, and a
resistance film and two spaced-apart films of conducting
material adhering to at least one principal surface of at
least one of said sheets, said films of conducting material
being located closely adjacent opposed edges of said one
of said sheets, said resistance film extending between and
being electrically connected to said two conducting films,
and said leads being electrically connected one each to
said conducting films.

11. A resistor comprising a pair of insulated sheets, a
resistance element adhering to one principal surface of
one of said sheets, and a pair of conductors electrically
connected respectively to spaced points on said resistor
element, said conductors having portions extending out-
wardly of said sheets to form leads, said conductors also
having heat conducting portions extending inwardly be-
tween said sheets closely adjacent but insulated from said
clement, said heat conducting portions extending, in com-
bination, over the major portion of the distance between
said spaced points.

12. A resistor comprising a pair of insulated sheets, a
resistance element adhering to one principal surface of
one of said sheets, and a pair of conductors electrically
connected respectively to spaced points on said resistor
element, said conductors having portions extending out-
wardly of said sheets to form leads, said conductors also
having heat conducting portions arranged between said
sheets closely adjacent but electrically insulated from said
element.

13. A resistor comprising a pair of insulated sheets
secured in face-to-face relationship, a pair of wire leads
having one end portion each secured between said sheets,
and a resistance film adhering to at least one principal
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surface of at least one of said sheets, said leads being
electrically connected to spaced points on said resistance
film.

14. A resistor comprising a pair of insulated sheets
secured in face-to-face relationship, a pair of wire leads
having one end portion each secured between said sheets,
and a resistance film and two spaced-apart films of con-
ducting material adhering to at least one principal sur-
face of at least one of said sheets, said resistance film
extending between and being electrically connected to said
two conducting films, and said leads being electrically
connected one each to said conducting films.

15. A resistor comprising a pair of insulated sheets se-
cured in face-to-face relationship, a pair of wire leads
having one deformed end portion each secured between
said sheets, and a resistance film and two spaced-apart
films of conducting material adhering to at least one
principal surface of at least one of said sheets, said re-
sistance film extending between and being electrically
connected to said two conducting films, and said leads
being electrically connected one each to said conduct-
ing films.

16. A resistor construction comprising a pair of elon-
gated insulated strips secured in face-to-face relationship,
a plurality of pairs of leads, each lead having one end
portion secured between said strips, each of said pairs
of leads extending out from between said strips on oppo-
site elongated sides thereof, and a plurality of resistance
films adhering to at least one principal surface of one
of said strips, each of said pairs of leads being electrically
connected to spaced points on one of said resistance
films.

17. A resistor construction comprising a pair of elon-
gated insulated strips secured in face-to-face relationship,
a plurality of pairs of wire leads, each lead having one
end portion secured between said strips, each of said pairs
of leads extending out from between said strips on oppo-
site elongated sides thereof, and a plurality of resistance
films adhering to at least one principal surface of one
of said strips, each of said pairs of leads being electrically
connected to spaced points on one of said resistance films.

18. A resistor comprising the elements of claim 7 in
which a mass of insulating material is arranged between
said sheets, firmly adhering to said leads and said sheets
and filling the space between said sheets resulting from
the presence of said leads therebetween.

19. ‘A resistor comprising the elements of claim 7 in
which said sheets provide recesses for receiving said
end portions of said leads.
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