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To all whom it may concern:

Be it known that I, EDWIN I, NORTHRUP, a
citizen of the United States, residing at Phila-
delphia, in the county of Philadelphia and

5 State of Pennsylvania, have invented certain
new and useful Improvements in Resistance
Sets, of which the following is a specification.

The objects of this invention are to provide
means whereby a comparatively large num-

1o ber of regularly-increasing values of resist-
ance may be obtained from a small number
of resistances and to provide means for sim-
plifying and expediting the obtaining of these
values by the user.

15  To these ends the said invention consists
in the novel combination and arrangement
of parts herein described, and more particu-
larly pointed out in the accompanying claims.

Referring to the accompanying drawings,

2o Figure 1 is a diagram illustrating the princi-
ple of the invention; Fig. 2, a top plan view
of a resistance-box or rheostat embodying
this invention; Fig. 3, a top plan view of a
circular theostat embodying this invention,

25 and Fig. 4 is a detail sectional view taken
through a portion of the top of the resistance-
box shown in Fig. 2.

In carrying out the form of my invention
herein shown I employ only four resistances,

30 from which Iobtain ten regularly-increasing
resistance values, nine of which—that is, zero
to the ninth value, inclusive—are obtained
by short-circuiting the resistances independ-
ently and in combinations, while the tenth

35 valueis obtained by merely connecting all of
theresistances in series without short-cireuit-
ing any of them. Xach of the short circuits
so established gives a different value of re-
sistance and is formed by connecting two

40 points only at a time in the circuit of said re-
sistances by means of a single contact-maker.
The principle of the form of my invention
herein deseribed is best illustrated in the dia-
gram Fig. 1, where ¢/, V', ¢/, and d’ represent

45 four resistances connected in series between
the points 1', 2/, 3, 4/, and 5'. In the case

illustrated these resistances have the values
‘of one ohm, three ohms, three ohms, and two
ohms, respectively,and from these resistances
50 I may obtain ten values—that is, I may ob-
tain naught, one, two, three, four, five, six,
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seven, and eight ohms by interconnecting the
points 1, 2', 3,4/, and 5’ in certain combina-
tions and nine ohms by allowing the current

to pass directly through the resistances in 5g
series. Thus for naught ohms, or in case no
resistanceis required, points 1’ and 5’ are con-
nected; for one ohm, points 2’ and 5'; for
two ohms, points 1’ and 4'; for three ohms,
points 2" and 4'; for four ohwms, points 8’ and 6o
5'; for five ohms, points 1’ and 8'; for six
ohms, points 2'and3’; forseven ohms, points

4" and 5'; for eight ohms, points 2' and 1/,
and for nine ohms the current simply passes
through all of the resistances in series and 65
no points are eonnected.

From the foregoing it will be seen that the
respective resistance values are obtained by
establishing short circuits around the end re-.
sistances in the series independently and in 70
combination with the intermediate resist-
ancesand around the intermediate resistances
alone, each of said short cireuits givinga dif-
ferent value of resistance. Obviously, then,
if I connect the contacts 0 to the points 1' 5, 75
contacts 1 to points 2' 5, contacts 2 to points
1" 4/, contacts 8 to points 2’ 4/, contacis 4 to
the points 3’ 5, and so on in the same combi-
nations as set forth above by simply con-
necting together the pairs of contacts .0 we So

.obtain naught ohms, by connecting together

the pair 1 we get one ohm, and so on through
the series, and by connecting together none
of the contacts 0 to 8 the current simply flows
through all the resistances in series, when we 85
get nine ohms. .

To illustrate, suppose six ohms are re-
quired. In this case the contacts indicated
6 should be electrically connected. Then if
current enters at the point 1, which we will go
assume is the positive-terminal binding-post,
the current will pass through the one-ohm re-.
sistance a’, thence to the point 2/, through the
contacts 6 tothe point3’, and then through the
three-ohm and two-ohm coils ¢" and d’ to the g5
negative terminal 5', passing through a total
of six ohms of resistance.

The connecting together of the contacts
constituting the pairs 0 to 8 may be effected
in any desired manner--as, for example, by 100
a plug or by a brush—and these contacts may

- obviously be disposed in any suitable man-
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ner, whether in a straight line, as shown,.or
in a eircle or.semicirele or otherwise.

I'rom the foregoing it will be seen that
only four-tenths as many resistances are em-
ployed as there are regularly-increasing val-
ues and that these values are obtained by the
operator by simply connecting a series of con-
tacts, which may be done by a single con-
tacting member, and, further, that each pair
of contacts that he conneets represents a defi-
nite quantity and may be so indicated.
Therefore no thought or work on the part of
the person using the resistances is required
to effect the combinations of resistances to
give a required value. Moreover, when it is
considered that in making resistance sets
each resistance has 1o be very accurately ad-
justed and tested the vast amount of saving
in time, labor, and expense accomplished by
this invention in so greatly reducing the
number of resistances required will at once
be apparent to any one familiar with this class
of devices.

The illustrative case given above deals
with ten values only; but the invention is by
no means confined to this quantity nor to the
specific values given the resistances in the
case illustrated. For example, by the same
method of connecting as above described I
may use five resistances and obtain eleven
values or seven resistances and obtain fifteen
values. Resistancesof one, three, three, two,
and one ohms, respectively, when connected
in series in the order set forth may by the
method of connecting above described be
made to give eleven values, and likewise
other values of five resistances may be made
to give eleven values, and resistances of one,
one, three, one, three, three, and two ohms
connected together in series in the order
given may be made to give fifteen regularly-
increasing values. In this manner I mayin-
crease the values almost indefinitely and
never use more than fifty per cent. as many
resistances as there are values obtained.

One other combination of resistances by
which ten regularly-increasing values may be
gotten with four resistances only by connect-
ing two points at a time, as herein described,
is the combination of one ohm, one ohm, four
ohms, and three ohms connected in series in
the order set forth.

In Fig. 2 1 have shown my invention as
applied to a decade resistance-box or rheo-
stat, whereabecd, a' b ¢ d', a" 0" " d", o
e @, and o' b " d"' represent the
resistances, and the five vertical double rows
of contacts e represent contacts for short-
circuiting the resistances corresponding to
the contacts 1 to 8 of Fig. 1. InFig. 2 these
contacts are shown as adapted to be connect-
ed together by plugs, and f f represent sock-
ets to receive the plugs when not inserted be-
tween the above-mentioned contacts.

For each double row of contacts e may
be obtained ten values of resistance. In the

case illustrated the resistances a, b, ¢, and d
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of the first double row of contacts ¢ on the
right are of .1, .3, .3, and .2 of an ohm, re-
spectively; the resistances o/, v, ¢, and d' of
one, three, three, and two ohms; the resist-
ances @' 0" ¢” d'" of ten, thirty, thirty, and
twenty ohms; the resistances o', b, ¢,
and d'"' of one hundred, three hundred, three
hundred, and two hundred ohms, and the re-
sistances &', b, ¢"", and d"" are of one
thousand, three thousand, three thousand,
and two thousand ohns, respectively. There-
fore from the first vertical double row of con-
tacts e on the right may be gotten values
from 0 to .9 of an ohm by steps of .1 of an
ohm; from the next row, naught to nine
ohms by steps of one ohm; from the next
row, naught to ninety ohms by steps of ten
ohms; from the next row, naught to nine
hundred ohms by steps of one hundred
ohms, and from the nextrow, naught to nine
thousand ohms by steps of one thousand
ohms. The several resistances of each of
said rows of contacts e are connected in se-
ries and to the several contacts e upon the
same principle as illustrated in Fig. 1; but
by the manner of effecting the connections
in Fig. 2 many of the wires shown in Fig. 1
are eliminated. ’

The several rows of contacts e are connect-
ed in series, as by conductors ¢, while the
uppermost outside of these contacts are con-
nected to the binding-posts h.

As thus far deseribed the maximum re-
sistance of the set is 9999.9 ohms; but obvi-
ously the set may be extended either way—
that is to say, other rows of contacts may be
added with resistances of smaller values than
1 of an ohm, and likewise others may be
added with resistances higher than ten thou-
sand ohms. If desired, I may add a ten-
thonsand-ohm coil between contacts e¢,when
the capacity of the set will be raised to
19,999.9 ohms.

By inserting a plug in the contacts e’ and
by inserting plugs in all contacts across the
horizontal rows of contacts e opposite the
naught on the left the current will enter at
the positive binding-post and pass out at the
negative without traversing any appreciable
resistance. Then if all of the plugs are re-
moved current from the positive binding-
post will traverse 19,999.9 ohms.

Suppose we wish to get 3,950.6 ohms. For
the three thousand ohms place a plug in the
contacts of the thousands row opposite the
number ¢“3.” FFor the nine hundred ohms re-
move the plug entirely from the contacts of
the hundreds row and place it in the socket
<«g” of that row. For the fifty ohms place a
plug in the contacts of the tens row opposite
the number ““3,” and for the .6 of an ohm place
a plug in the contacts of the tenths row op-
posite the number “6.” As there happened
to be no units in the number required, a plug
should be placed in the contacts of the units
row opposite the ¢0.” A plugis suppoesed to
remain between the contacts €' unless ten
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thousand or more ohms are required. With
the contacts plugged as indicated the current
enteringat the plus binding-post will traverse
3,950.6 ohms, taking the course indicated by
the arrow-heads, by which it may be readily
traced. _ .
The ease with which a given value may be

- obfained will be at once apparent, requiring
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no time whatever in thinking out the various
resistances to be added together to give the
required value. The numbers making up
the required value of resistance are readily
gotten from the vertical row of ordinals on
the left, while the decimal places are indi-
cated at the top of each vertical double row
Moreover, it will also be read-
ily seen that the number of values obtainable
vastly exceeds the number of resistance-coils.
In the case illustrated all values between
naught and 19,999.9 ohms may be obtained
with only twenty-one separate resistances or
values between naught and 9,999.9 ohms with
only twenty coils. Of course this means all
values between those limits whieh do not in-
volve fractional parts smaller than .1 of an
ohm.

The ten-thousand-ohm resistance - coil
shown between the contacts ¢ may or may
not be used, as desired, and does not consti-
tute an essential part of my invention,

The contacts e are preferably mounted on
a plate ¢, of hard rubber or other insulating
material, and may be secured thereto, as
shown in Fig. 4; by the bolts j 4/ and nuts &k %',
In this figure I have shown also one of the
eonnectmg-pluws el.

The resistances may be in the form of coils,
as indicated by the coil m, and when of this
character may be conveniently mounted on
the bolt j/, which is made long to aceommao-
date the coil. The platezis preferably made
to form the cover of a box #, in which the
coils and connections are 1neIOsed

Instead of arranging the contacts ¢ in ver-
tical rows and connecting them by plugs I
may arrange these in circles and connect
them successively by a rotatable contact-
maker, as shown in Fig. 3, where ¢® repre-
sents the contacts corresponding to contacts
e, and e®a rotary contact-maker adapted to
pass over and make contact successively with
the segments forming the contacts 2. The
segment ¢! corresponds to sockets f—that is
to say, when the brush e rests upon that seg-
ment all of the resistances are supposed to
be in circuit.

While I have selected as a specifie applica-
tion of my invention the rheostat shown in
TFig. 2,1 do not wish to be understood as con-
ﬁmnrr my invention to this single applica-
tion, since the principle thereof is applicable
to mauy sorts of electrical apparatus-—such,
for example, as Wheatstone bridges, poten-
tiometers, and a variety of other instruments.
Moreover, the system of connections herein
shown and deseribed inay be used also for
connecting up standard coils of self-induc-

tion by simply substituting for the ochmic re-
sistance-coils shown standard coils of self-in-
duection. I therefore do not eonfine my in-
vention to ohmie resistances alone.

- 'What I elaim as my invention is—

1. The combination with a plurality of se-
ries-connected electrical resistances,of circuit
connections and means for short-cireniting
the end resistances in the series independ-
ently and in combination with the interme-
diate resistances, and for short-circuiting in-
termediate resistances alone, whereby a dif-
ferent value of resistance is obtained foreach
short circuit so established. ,

2. The eombination with a plurality of se-
ries-counected electrical resistances, of means
for obtaining from said resistances a series of
regularly-increasing resistance valuesgreater
innumberthan theresistancesemployed,com-
prising circuit connections and means for es-
tablishing short circuits around the .end re-
sistances independently and in combination
with theintermediate resistances, and around
intermediate resistances alone, each of said
short circuits so established giving a different
value of resistance.

3. The combination with a plurality of se-
ries-connected electrical resistances,of circuit
connections and means for short- cueultmcr
the end resistancesindependently and in com-
bination with the intermediate resistances,
and for short-cireuiting intermediate resist-
ances alone, by conneetln g, for each short cir-
cuit, two points only at a time, in the circuit
of said resistances, whereby a different value
of resistance is obtained for each short cir-
cuit so established.

4. The combination with a plurality of se-
ries-connected electrical resistan 1ces, of a plu-
rality of conduecting contact- pleces, cirenit
connections adapted to operate in conjunc-
tion with said eontact-pieces to short-circuit
the end resistances in the series independ-
ently and in combination with the interme-
diate resistances, and to short-circuit inter-
mediate resistances alone, and means for con-
necting said contact-pieces together two at a
time in establishing each of sald short cir-

cuits:

5. The combination with a plurality of se-
ries-connected electrieal resxstanees, of aden-
ble row of conduecting contact- -pieces, circuit
connections adapted to operate in conjunc-
tion with said contact-pieces to short-cireuit
the end resistances in the series independ-
ently and in combination with the interme-
diate resistances, and to short-circuit inter-
mediate resmtance& alone, and a single con-
tact-maker for connecting said contact- -pieces

together two at a timein estabhshm" each of

sald short circuits, whereby a series of re-
sistance values may be obtained greater in
number than the resistances employed

6. In a decade resistance set, the combina-
tion with a plurality of double rows of con-
ducting contact-pieces, a double row for each
decade, of a set of series-connected resist-
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ances for each double row of contacts and dec-
ade, the number of resistances in each sef
being less in number than the decade values
derived therefrom, circuit connections be-
tween each set of resistances and its corre-
sponding double row of contacts and adapted
to operate in conjunetion with said contacts
to short-circnit the end resistances in each
respective set independently and in combi-
nation with the intermediate resistances, and
to short - circuit intermediate resistances
alone, a single contact-maker for each dou-
ble row of contact-pieces for connecting said
contact-pieces of the respective double rows
together, two at a time, for each of said short
circuits so established, and terminal con-
nections for connecting all of said resistances
in series, substantially as described.

7. Tnaresistance set, the combination with
four electrical resistances, of circuit connec-
tions and means whereby nine successive re-
sistance values may be obtained from said
four resistances.

8. Inaresistance set, the combination with
four electrical resistances, of circuit connec-
tions and means for electrically connecting
together two points at a time in the circuit of
said resistances in nine combinations where-
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by nine successive resistance values may be
obtained from the four resistances employed,
each final resistance value corresponding to
a different combination of two connected
points.

9, Ina resistance set, the combination with
fourseries-connected electrical resistances, of
¢ircuit connections and means whereby nine
successive values of resistance may be ob-
tained by short - circuiting the said resist-
ances in predetermined order.

10. In a resistance set, the combination
with four series-connected electrical resist-
ances, of a plurality of conduecting contact-
pieces connected to said resistances, and
means for connecting together two of said
contact-piecesat a time in nine combinations,
and circuit connections between said con-
tact-pieces and resistances whereby a differ-
ent resistance value is obtained from each
combination of contacts so connected.

In testimony whereof I affix my signature
in presence of two witnesses.

EDWIN F. NORTHRUP.

Witnesses:
FRANK G. GRIER,
WALTER H. FENIMORE.
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