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"of ylelding all of the steps of the arithmetic

18 Claims.

This invention relates to standard impedance
boxes and more particularly to adjustable imped-
ance standards of the plub box type.

During recent years technological develop-
ments have required that high resistance meas-
urements be made to a much higher degree of
precision than heretofore. This trend has estab-
lished more stringent requirements on the ac-
curacy and precision of the resistance stand-
ards used and have also necessitated devising
such standards having their resistances some-
what more nearly comparable in magnitude to
the values of the resistances being measured.
This has presented the inherent problem of se-~
curing certification of the accuracy of the high
resistance standard. Heretofore it was not un-
common to construct the high resistance standard
up to a total of one megohm, usually comprising g,
plurality of series-connected units which may

- be strapped out of circuit to secure various steps
of resistance. The degree of flexibility as to
variety of resistance values with this arrange-
ment is quite lmited and greater flexibility is
desired, not only to secure ga greater variety
of standard values but also to achieve a higher
degree of accuracy and also to permit the same
structure to be employed as an adjustable con-
ductance standard. A very desirable arrange-
ment is to provide an adjustable standard having
an arithmetic series of decimal fraction steps
from 0.1 to 1 and the arithmetic whole number
series from 1 to 10, inclusive, which series is avail-
able both on a resistance and on a conductance
basis. To make such a standard really practi-
cable it is also essential that means be provided

for obtaining the various steps conveniently and.

expeditiously. It is also necessary that the con-
struction should be such as to avoid undesirable
leakage paths which will effect the accuracy of
the standard unit.

Many of the principles employed in constrict-
ing a standard for one type of impedance ele-
ment can very often be employed for construct-
ing other types. For example, capacitance stand-
ards can be built employing substantially the
same plug-box construction as that employed
for resistance or conductance standards.

It is an object of this invention to provide an
adjustable standard containing only ten equal
valued circuit elements and which is capable
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series from 0.1 to 1 and from 1 to 10, inclusive.

It is & further object of this invention to pro-
vide an adjusting means for this standard capa-
ble of providing the above stated series of stand-
ard values expeditiously and with ease and with-
out introducing undesirable errors due to spuri-
ous leakage paths.

A still further object is to provide an adjust-
able standard having a plurality of standard
units which can easily be checked against each
other and which can be calibrated at a lower
standard value with an effective improvement
in precision.

The foregoing objects are attained by this in-
vention by providing an adjustable standard hav-
ing a plurality of equal valued standard circuit
elements. electrically isolated from each other, a
pair of main conductors to which they may be
connected, a connecting means adapted to con-
nect said elements together and to the main con-
ductors in various series and parallel network
combinations, thereby providing a large number
of different standard values with a limited num-
ber of standard elements.

The invention may be better understood by
referring to the accompanying drawings in which:

Pig. 1 shows a plan view of the panel of g
standard made in accordance with this inven-
tion;

Fig. 2 is an elevation view of the standard
shown in Fig, 1; . '

Figs. 3 and 4 are two views of a preferred con-
nector especially adapted for deriving the de-
sired networks from the standard of this in-
vention;

Figs. 5 and 6 show two views of a single-prong
connector to be used in conjunction with the
double-prong connector of Figs. 3 and 4 for pro-
viding additiona} networks:

Fig. 7 is a perspective view showing how the
double-prong connectors of Figs. 3 and 4 may
be used in combination with the single-prong
connector of Figs. 5 and 6;

" Pig. 8 shows a special flexible connector for
providing additional networks; and

Figs. 9 to 13, inclusive, show various network
combinations typical of those provided by the
apparatus of this invention.

Referring now more particularly to Fig. 1, in
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which reference numeral | designates a panel of
high quality insulating material having mount-
ed thereon four rows of jacks, 2, 3, 4 and 5, re-
spectively. The jacks in row 2 are all strapped
together by bus bar 20 to terminal 6. Jack rows
3 and 4 have connected therebetween a plu-
rality of standard circuit elements 8, each iso-
lated from the other. TFor illustrative purposes
these circuit elements are shown as resistors
which are exactly equal to each other to within
very close limits. While resistors are used to
illustrate the invention it is to be understood
that capacitors may also be used. The jacks
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turn as jacks for other plugs for more complex
plug combinations, The plug parts ti and 2

. are secured to a heavy conductor {5 by means of
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in row 5 are like those in row 2 in that a bus -

bar 21 interconnects them and ties them to a
terminal 1.
nection to ground and is normally connected
within the standard enclosure to the shield which
is not shown. . ST
It should be noted that the horizontal and ver-
tical distances between adjacent jack centers are
. all equal. This arrangement is preferable in the
practice of this invention, as it enables a very
rapid interconnection of the various jack rows by
double-prong plugs 10, one of which is shown in-
serted in the left end of jack row 8. Of course,
the particular position of the double-prong plug
10 as shown in jack row 5 makes no useful con-
nection hut in the description to follow it will
be seen how these plugs are used to form a great
variety of useful network combinations. =
Fig. 2 shows the elevation view for the panel of
Pig. 1. Here it will be seen how the jacks, as
for example those of row &, are assembled.
These jacks are commercially . available and

while they are believed ideal for this purpose,

other jacks providing substantially equivalent
features can he substituted without departing
from the invention. The particular jack illus-
trated comprises.a hollow, hexagonally headed
brass bolt, the hollow part being substantially
tubular and is designated by reference numeral
- 16 in row 2 of Fig. 1. These bolts are secured in
holes in panel | by running a nut 5A on their
threaded portions 5B, as shown for one of the
jacks in row 5 in Fig. 2. The terminals §, T and
8 are similarly mounted and the bus bars or
main conductors 20, 21 are soldered to the
threaded parts of the jacks and terminals.

The standard resistance units 9 used to illus-
trate the invention are shown schematically in
‘Fig. 1. In Fig. 2 their end view shows them to be
of the cartridge type but obviously other forms
can be used. Where an inequality exists sub-
stantially exact equality between these standard
elements 9 may be secured by connecting them
to the jacks in rows 3 and 4 through padding re-
sistors such as resistor 8A. These padding re-
sistors may be capable of some adjustment in
their construction. 'This technique is.. well
known in ‘laboratory practice and requires no
further detailed description.  As most . resistor
materials show & slight increase in resistance due
to aging, the padded resistors comprising re-~
sistors 8 and . padding resistors 9A are made
slightly less than the nominal value. A record
padding resistor 8B is used to bring the.unif to
substantial equality with the nominal value.
This second padding resistor may be removed or
replaced after aging has taken place.

Figs. 3 and 4 show two views of the two-prong-
ed plug 8. Here it. will' be seen that the
plug parts i1 and {2 have resilient ends 18 and
19, respectively, and that like the jacks, they
have hollow upper portions #7 which serve in

Terminal 8 is provided foria con-

nuts 13 and 14 in a manner substantially iden-
tical with that described for the jacks in panel .
It should be understood that the center-to-cen-
ter distance between the two prongs 18 and 19

is equal to the horizontal and vertical distances

bhetween adjacent jacks in panel | as shown in
Fig. 1. This permits the insertion of this two-
prong plug into any two adjacent vertical or
horizontal . jacks, thereby interconnecting them.

After having once inserted a double-prong

- plug into a particular pair of jacks, it is occasion-

ally necessary to.connect one of these jacks to

- another vertical or horizontal adjacent jack.
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This is done by first inserting one of the single-

_prong plugs 22 shown in Figs. 5 and 6 into that

adjacent jack. Then another double-prong as-
sembly 19 can be made to complete the connec-
tion. ‘This is shown more clearly by the perspec-
tive view of Fig. 7 wherein is shown a plug as-
sembly {6 inserted into two adjacent jacks in row
3, thereby connecting two of the resistors § to-
gether. Then a single-prong plug assembly 22 is
inserted into a jack in row 4 so that a second
double-prong plug assembly 18 can connect the
first one to the jack in row 4.

The above described double and single-prong
plugs I8 and. 22 together with the jack arrange-
ment and main conductors or bus bars provided

. all the necessary connections for the complete
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arithmetic series of decimal fraction and whole
valued standard resistances  previously men-
tioned. As. will be heréinafter more fully de-
scribed, this same structure will also provide a
complete arithmetic decimal fraction and whole
valued series of conductance standards. In ad-
dition to these most desirable standard values a
very large number of other values of resistance
and conductance can be provided by using these

very simple single and double-prong plugs.

In addition to the large number of plug combi-
nations which can be derived from the use of the
single-prong. and double-prong plugs described
above, a large number of additional combina-
tions providing standard resistance and standard
conductance values may be obtained by using the
flexible two-pronged plug assembly shown in Fig.
8. Each of the plug parts 28 of this flexible as-
sembly corresponds with the similar parts it and
{2 of Fig. 4 and is also hollow to form a jack
similar to that shown at {7.in Fig. 3. These flex-
ible plugs differ from the double-prong plugs
of Figs. 3 and 4 primarily in that the solid con-
ductor 15 of Figs. 3 and 4 is replaced by a flexi-
ble one 3i as shown in Pig. 8. The insulated
flexible conductor 3f passes through holes in
spacers 30 which may be of insulating material
and the bared ends of this flexible conductor are
connected to plugs 28 by inserting them in holes
and securing them with set screws 29 in an ob-
viously conventional manner. It is preferable
to have spacers 30 made of insulating material
to eliminate the possibility of a short-circuit
should two of them from different plug assem-

" plies be inserted in adjacent jacks on panel 1.
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These flexible assemblies are easily used but are
not quite so convenient as the solid assemblies of
Figs. 4 and 6. Morecver, they are not needed to
provide the very desirable resistance and con-
ductance values listed in the tables below which
are.based upon a standard containing ten of the
resistor elements 9, each assumed to be of 1
megohm resistance value:
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Table I

}’}ug combi-

Resistance, megohms nation

Table 11

Conductance, micromhos P l':lgafi%rgb'
Ol e 10
0.2 T 5
0.3 ...} 3812
0.4. .| 6P5
0.5 ]2
06-_ .. __ .| 18(1P2)
0.7 e 5p2
0.8 LT 1S
0.9_ -} 181%
1... 1
2.__ 12
S 13

The symbols used in the foregoing tables are
easily followed. Any number appearing in the
columns headed “plug combination” without a
superscript like an exponent denotes a network
of that number of one-megohm units connected
in series. The superscripts denote that number
of networks of resistance equal to the base nu-
meral which are connected in parallel (the base
number in the tables above have been selected to
be always equal to one). The letters S and P de-
note series and parallel respectively and indicate
that the series and parallel networks indicated
by their adjacent numbers are to be so connected.
A network indicated in parentheses denotes this
network should first be set up before completing
the other indicated operations. If no parenthe-
sis appears, it indicates that it is immaterial in
what order the networks are set up. By way of
example the numeral 3 indicates a, series network
of three resistors each of one-megohm resistance
making a network resistance of three megohmes:
The numeral 13 denotes that three resistor units
each of one-megohm resistance are connected in
parallel making a network resistance of one-
third megohm. The symbol 3P{3 as in Table I
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denotes that the three series connected resistor -

units are paralleled with the three parallel con-
nected units making a total network resistance of
0.3 megohm. Taking the 0.6 micromho plug
combination in Table II as another example, the
network in parentheses should first he set up hy
connecting two one-megohm resistor units in se-
ries. then connecting this series combination in
parallel with a one-megohm unit making a net-
work resistance of two-thirds megohm (or con-
" ductance of three-havles micromhaes). Then
this two-thirds micromho network should be con-
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nected in seriss with a one-megohm resistor unit
as indicated making a total of one and two-thirds
megohms or five-thirds megohm resistance.
This, of course, is 0.6 micromho, the required
value. From these examples the other symbols
are very easily understood.

To more clearly indicate how these connections
are so easily and quickly made with the appara-
tus of this invention, reference is made to Pigs. 9
to 13, inclusive, where it is again assumed for
Hllustrative purposes that each of the - resistor
units 9 has a resistance of one megohm, This
corresponds. with the value assumed for the re-
sistor units in Tables I and II. The reference
numerals are those previously employed. Fig. 9
shows a simple series connection of three units
providing a resistance of three megohms. In
Fig. 10 a simple parallel connection of three of
the resistor units is shown which provides a con-
ductance of three micromhos.  In Fig. 11 the
plug combination provides a resistance of 0.6
megohm. In Fig. 12 the combination necessary
to provide a resistance of 0.7 megohm is shown.
Fig. 13 shows & plug combination for a conduct-
ance of 0.6 micromho.

Some structures of the prior art will provide
many of these combinations but not all of them
with so simple an arrangement of parts. For ex-
ample, the combinations shown in Figs, 11 and
13 are impossible with any known prior art stand-
ard resistor or conductance plug-box  structure.
By reason of the simple addition of the two bus
bars 20.and 21, they are both possible with this
invention. These bus bars permit the first se-
ries or parallel networks and thejr series net-
work combinations to be set up on the two mid-
dle rows of jacks 3, 4 and their final parallel
connections to be made to the bus bars 20, 21
through their jacks in rows 2 and 5. External
connections are then made to the bus bhar ter-
minals § and T as previously indicated.

In addition to the most desjrable values shown
in Tahles I and II, a very large number of other
valuahble comhinations are possible. Examples of
some of the more interesting of these for resist-
ances are 0.125 megohm derived by plug combi-
nation f8, 0.25 megohm derived by plug combina-
tion #4,0,3333 . . . megohms by plug combination
13, 0.375 meghom by plug combination 3IP3PIZ,
0.6666 . . . meghom by .combination 2P{, 0.75
megohm by combination 3P1, 0.875 megohm by
combination TP{, and 1.25 megohm by combina-
tion (2SI)P(2S1%) or by the mare simple com-
bination 1S4 From these examples it is obvious
how other ones are derived. It will also be ap-
parent that many of the resistance and conduct-
ance values can be derived in different ways from
the limited number of ten equal resistors. For
the standard in the example above, one megohm
can be derived by various plug combinations such
at 22, 33, 4P4P2. Also two megohms can be de-
rived from plug combinations 42 and 6P3, and 0.6
megohm may he derived from. plug combinations
6P2P! and 3P3P2P2 or 32p2: These various
combinations, which. are substantial identities
and provide equal resistance values, are a ready
means for further checking the standard resistor
units 9 against themselves to detect errors.

Standards Jaboratories have been hesitant to
certify resistance standards having resistances
exceeding one megohm in value. ‘The accuracy
certified is better for 1ower resistance values, for
example, resistance values of the order of 0.1
megohm or 0.01 megohm. By the peculiar con-
struction afforded by this invention it is possible
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to take advantage of these lower resistance ranges’

for high resistance standards thereby securing

for the high resistance standard an effective cer-

tification substantially equivalent to that secured’

for the lower. resistance ranges. Consequently,
where this invention is embodied in the construc-
tion of a high resistance standard exceeding a
maximum value in the order of one megohm is
arranged for calibration at a lower resistance
value. - It should; of course, be understood that
the practice of this invention is not lirited to
any particular range of resistance values.
example, the standard may have a maximum re-
sistance of . only one megohm which may be
secured by combining in series ten 0.1 megohm
resistors so that calibration may be made with
the resistors in parallel producing a resistance of
only 0.01 megohm. For these lower resistance
standards the same advantages of increased
accuracy -may be realized. :

Other important advantages of constructing
a standard in. the manner illustrated by this in-
vention are that by reason of having the sep-
arate resistor elements isolated from each other
it is possible to make insulation resistaince meas-
urements between the separate elements either
to insure that its effect may be neglected or to
evaluate its effect if not negligible. This con-
struction also makes it possible to make a com-
parison' of any one resistor element with any
other one in the standard thereby insuring that

the individual resistors will remain  precisely.

equal to each other within very close limits. By
reason of this high degree of equality together
with the precise knowledge of the magnitude of
the insulation resistance it is possible to certify
the series connection of all of the equal resistors
to the same degree of brecision as for their paral-
lel connection. The certification of the parallel
connection is, therefore, effectively used to. certify
the series connection which is one hundred times
the resistance of the parallel connection. where
ten resistors are Used. This will be recognized
by those skilled in this art to be a distinct advan-
tage in the construction, maintenance and certifi-
cation of resistance and conductance standards.

A preferred method of constructing and cali-
brating the resistor units of this invention is to
first select as stable resistor material as possible

with ‘the least resistance temperature and ther- :
The several .

mal electromotive force coefficients.
resistor units 9 are then made near to but slightly
less than the required nominal value. Following
this they are run through temperature cycles to
deterinine their temperature coefficients and
aging characteristics. The relative values of the
component resistors are measured at a known
temperature so the necessary padding resistors
9A can be connected to make them all equal to
within very close limits say, for example, twenty
parts per million. It should here be stated that
it has been found much easier to pad these units
to be equal to within very close limits than to try
to adjust them all to be exactly equal to some
specified value. The ten padded resistors may

For
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then be connected in parallel to form a nominal

resistance of one-tenth the unit value and the
absolute resistance determined at the. known
temperature on a precision Wheatstone bridge to
an accuracy of 0.005 per cent or better. It will
thus be seen that the absolute value of each com-
~ ponent resistor unit 9 will be substantially equal
to ten times this determined parallel-connected
value and to the same order of accuracy. Also
this same accuracy is realized by any combina-
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tion of one or more of the ten padded resistor
units. .

As g high degree of precision is increasingly
more difficult to achieve for the higher valued
resistance standards the practical advantage of
this invention is best realized for the resistance
standards of higher resistance value. From the
foregoing description it is clear that in order to
practice the teaching of this invention it is nec-
essary that the resistance standard be construct-
ed with a plurality of resistor elements all of
which are isolated from each other, that the
individual resistor elements must all be equal to
within very close limits and that it must be pos-
sible to connect all of the separate resistor units
in parallel for calibration purposes. Then in
order to derive the benefits of great flexibility as
taught by this invention it must be possible for
these individual resistor elements to be connected
in a great variety of series and parallel networks.
This latter feature is provided in a very easy and
convenient manner by the structure of this
invention.

This invention has been described using re-
sistors as the standard circuit elements. If is
obvious that a practical capacitance standard may
be constructed in accordance with this invention
by merely substituting high quality standard ca-
pacitors for the resistors 9. Padding is accom-
plished by shunting these capacitors with suit-
able padding capacitors to perform a function
analogous to that of the padding resistors 9A.
Calibration is effected by connecting the capaci-
tors all in series to secure a low value. Where
ten capacitors are used the parallel connection
then provides a capacitance one hundred times
as large as the series connection but to the same
degree of accuracy. It will, therefore, be seen
that the same advantages of flexibility in secur-
ing large numbers of standard values as well as
the advantages of easy use and accuracy are all
achieved for the capacitance standard in the
same way as for the resistance standard.

What is claimed is:

1. An adjustable standard for electrical meas-
urements comprising a plurality of standard cir-
cuit elements electrically isolated from each
other, two main conductors isolated from each
other and from the standard element, a pair of
main terminals, cne of the main terminals being
permanently connected to one of said main con-
ductors and the other main terminal to the other
main conductor, a plurality of connectors for con-.
necting said standard circuit elements together
in various combinations of series and parallel
networks, some of said connectors also connect-
ing said series and parallel networks in series or
parallel to said two main condictors, whereby
adjustments providing a large number of stand-
ard values may be derived from a limited num-
ber of standard circuit elements.

9. An adjustable standard for electrical meas-
urements comprising a plurality of equal valued
standard circuit elements electrically isolated
from each other, two main conductors isolated
from each other and from the standard element,
a pair of main terminals, one of the main ter-
minals being permanently connected to one of
said main conductors and the other main ter-
minal to the other main conductor, & plurality
of connectors for connecting said standard cir-
cuit elements together in various combinations of
series and parallel networks, some of said con-
nectors also connecting said series and parallel
networks in series or parallel to said two main



2,373,158

conductors, whereby adjustments providing a
large number of ‘standard values may be derived
from a limited number of standard circuit ele-
ments. : -
. 3. An adjustable standard for electrical meas-
urements comprising a plurality of standard cir-
cuit-elements electrically isolated from each other,
two main conductors isolated from each other
and from the standard elements, a pair of main
terminals one of the main terminais being per-
manently connected to one of said main con-
ductors and the other main terminal to the other
main conductor, two connecting terminals for
each standard circuit element, a plurality of sim-
ilar connecting terminals for each of said main
conductors, and a plurality of connectors for
connecting said connecting terminals together to
form various combinations of networks, whereby
adjustments providing a large riumber of stand.-
ard values may be.derived from a limited num-
ber of standard circuit elements. o g
4. An adjustable standard for electrical meas-
urements comprising a plurality of equal valued
standard circuit elements electrically isolated
from each other, two main conductors’ isolated
from each other and from the standard elements,
a pair of main terminals, one of the main ter-
minals being permanently connected to. one of
said main conductors and the other main ter-

minal to the other main conductor, twd connect-- -

ing terminals for each standard circuit element,
a plurality of similar connecting terminals for
each of said main conductors, and g plurality of
connectors for connecting said connecting ter-

minals together to form various combinations of -

networks, whereby adjustments providing a large
number of standard values may be derived from
‘a imited number of standard circuit elements.

5. An adjustable standard for electrical meags-
urements comprising a plurality of standard cir-
cuit elements electrically isolated from each
other, two main conductors isolated from each
other and from the standard elements, a pair

of main terminals, one of the .main terminals-

being permanently connected to one of said main
conductors and the other main terminal to the
other main conductor, two connecting terminals
for each standard circuit element, a plurality of
similar connecting terminals for each of said
main conductors, each of said connecting ter-
minals being disposed equidistant from its adja-
cent connecting terminals, and a plurality of con-
nectors for connecting any of said adjacent con-
necting terminals together to form various com-
binations of networks, whereby adjustments pro-
viding a large number of standard values may be
derived from a limited number of standard cir-
cuit elements,

6. An adjustable standard for electrical meas-
urement comprising a plurality of equal valued
standard circuit elements electrically isolated
from each other, two main conductors isolated
from each other and from the standard elements,
a pair of main terminals, one of the mair ter-
minals being permanently connected to one of
said main conductors and the other main ter-
minal to the other main conductor, two connect-
ing terminals for each standard circuit element,
a plurality of similar connecting terminals for
each of said main conductors, each of said con-
necting terminals being disposed equidistant from
its adjacent connecting terminals, and a plurality
of connectors for connecting any of said adjacent
connecting terminals together to form various
combinations of networks, whereby adjustments
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providing a large number. of standard values may
be derived from a limited number of ‘standard
circuit elements. - SR :

7. A combined adjustable resistance and con-
ductance standard for electrical measurements
comprising a plurality of standard resistance ele-
ments electrically isolated from each other, two
main conductors isolated from each other and
from the standard elements, a pair of main ter-
minals one of the main terminals being perma-
nently connected to one of said main conduc-

‘tors and the other main terminal to the other

main - conductor, a plurality of connectors for
connecting said resistance elements together in
various combinations of series and parallel net-
works, some of said connectors also for connect-
ing said series and parallel networks in series or
parallel to said two main conductors, whereby
adjustments providing a large number of stand-
ard resistance and conductance values may be
derived from a limited number of standard ele-
ments.

8. A combined adjustable resistance and con-
ductance standard for electrical measurements

5 comprising & plurality of equal valued standard

resistance elements electrically isolated from each
other, two main' conductors isolated from each
other and from the standard elements, a pair of
main terminals one of the main terminals being
permanently connected to one of said main con-
ductors and the other main terminal to the other
main conductor, a plurality of connectors for con-
necting said resistance elements together in
various combinations of series and parallel net-
works, some of said connectors also for connecting
said series and parallel networks in series or
parallel to said two main conductors, whereby gd-
justments providing a large number of standard
resistance and conductance values may be derived
from a limited number of standarg elements.

9. A combined adjustable resistance - and
conductance standard for electrical measure-
ments comprising a plurality of standard re-
sistance elements electrically isolated from each
other, two main conductors isolated from each
other and from the standard elements, a pair of
main terminals one of the main terminals being
bermanently connected to one of said main con-
ductors and the other main terminal to the other
main’ conductor, two connecting terminals for
each resistor, a plurality of similar connecting
terminals for each of said main conductors, and
a plurality of connectors for connecting said
connecting terminals together to form various
combinations of networks, whereby adjustments
providing a large number of standard resistance
and conductance values may be derived from a
limited number of standard elements.

10. A combined adjustable resistance and con-
ductance standard for electrical measurements
comprising a plurality of equal valued standard
resistance elements electrically isolated from each
other, two main conductors isolated from each
other and from the standard elements, a pair of
main terminals one of the main terminals being
permanently connected to one of said main con-
ductors and the other main terminal to the other
main conductor, two connecting terminals for
each resistor, a plurality of similar connecting
terminals for each of said main conductors, and
a plurality of connectors for connecting said con-
necting terminalg together to form various com-
binations of networks, whereby adjustments pro-
viding a large number of standard resistance and
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conductance values may be derived from s limited
number of standard elements. = .

11. A combined adjustable resistance and con-
ductance standard for electrical measurements
comprising a plurality of standard resistance.eie-
ments electrically isolated from each other, two
main conductors isolated from each other and
from the standard elements, a pair of main ter-
minalg one of the main terminals being perma-
nently connected to one of said main conductors
and the other main terminal to the other main
conductor, two connecting terminals for each re-
sistor, a plurality of similar connecting terminals
for each of said main conductors, each of said
connecting terminals being disposed equidistant
from its adjacent connecting terminals, and a plu-
rality of connectors for connecting any of said ad-
jacent connecting terminals together to form
various combinations of networks, whereby ad-
justments providing a large number of standard
resistance and conductance values may be-derived
from a limited number of standard elements.

12. A combined adjustable resistance and con-
ductance standard for electrical measurements
comprising a plurality of equal valued standard
resistance elements electrically isolated from each
other, two main conductors isolated from each
other and from the standard elements, a pair
of main terminals one of the main terminals being
permanently connected to one of said main con-
ductors and the other main terminal to the other

2,878,156

main conductor, two connecting terminals for
esch resistor, a plurality of similar connecting
terminals for each of said main conductors, each
of said connecting terminals being disposed equi-
distant from its adjacent connecting terminals,
and a plurality of connectors for connecting any
of said adjacent connecting terminals together
to form various combinations of networks, where-

" py adjustments providing a large number of
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standard resistance and conductance values may
be derived from a limited number of standard
elements. .

13. The combination in accordance with claim

1 wherein the standard circuit elements com-
prise standard electrical capacitors. )

- 14, The combination in accordance with claim
2 wherein the standard circuit elements comprise
standard electrical capacitors. ) L

15. The combination in accordance with claim
3 wherein the standard circuit elements comprise
standard electrical capacitors. o

16. The combination in accordance with claim 4
wherein the standard circuit elements comprise
standard electrical capacitors. )

17. The combination in accordance with claim

5, wherein the standard circuit elements comprise
standard electrical capacitors.

18. The combination in accordance with claim
6 wherein the standard circuit elements comprise

30 standgrd -electrical capacitors.

HENRY T. WILHELM.



