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The invention refers to a device for determining the
resultant of series or paralle! complex resistances in
arbitrary combinations:

In such calculations in which each time a series con-
nection of a resistance and a reactance is transferred into
a parallel connection and vice versa, it is known to use
circle-diagrams provided in a rectangular coordinate sys-
tem in which on the x-axis circles are drawn for resist-
ance values and on the y-axis circles for the reactances
(positive and negative).

Each circle is tangent to the y-axis or the x-axis respec-
tively at the origin and its centre lies on the x-axis or the
y-axis respectively.

Such graphs are indicated e. g. in “Die Komplexe
Berechnung von Wechselstromschaltungen” of Dr. H. H.
Meinke, Berlin, 1949, pp. 79 and 80. (Ed. Walter de
Gruyter & Co.)

In said diagrams said ecireles pass through the origin

~and the terminal point of the impedance vector drawn
from the origin said vector being the resultant of the
series-elements Rs and Xs. The circle drawn on the re-
sistance axis then cuts said axis at the point which forms
the end of the vector Rp whereas the other circle cuts the
reactance-axis at a point; indicating the value Xp so that
from this the equivalent values of the elements of the
parallel arrangement are found.

In a similar way an admittance-diagram can be used in
which one starts from a paralle] arrangement and in which
the equivalent values of a series arrangement are found.
In said diagrams the conductance values are drawn on the
x-axis and the susceptance values on the y-axis.

A difficulty of said system is, that the complete dia-
grams are not clear because of the large number of circles,
whereas the range is fairly small as a result of the linear
graduation.

If the scales are drawn logarithmically the circles
change into logarithmic curves, which can be drawn on
paper.

An advantage is, that on a paper sheet of certain dimen-
sions a much larger range can be comprised. Such
logarithmic diagrams however are very confusing as a
result of the large number of curves so that the use
is strongly hampered, the more so as two systems of curves
are present, each of which must be provided with an
index. .

An example of such a diagram is published in “Elec-
tronics,” December 1941, “Polar rectangular and rec-
tangular-reciprocal vector charts,” by Paul W. Klipsch.

The invention simplifies the use of such diagrams and
is based on the fact that both systems of curves consist
of congruent curves so that in each system any arbitrary
curve can be found by shifting an existing curve along a
diagonal through the origin, said diagonal, if the gradua-
tions along the horizontal axis and along the vertical axis
are equal, making an angle of 45° with both axes. Fur-
thermore, the curves of each system are reflected images
with respect to said diagonal of the curves of the other
system.
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The device constructed according to the invention sub-
stantially consists of a base having a logarithmically
graduated axis-system for drawing the values of Xs and
Rs, said base also including a line passing through the
origin and the points for which Xs=Rs, and of one or
more stencils, provided with one or more curves, which
are the locus of all values of Rp constant and Xp variable
in which when the stencil curve is displaced parallel to
itself along said line to pass through the point determined
by Xs and Rs the point of intersection of the curve with
said line going through the origin determines the values
of Xp and Rp (in which Xs and Rs are the reactance
and thé resistance respectively of the series elements and
Xp and Rp the values of the elements of the equivalent
parallel arrangement).

The invention now will be discussed with reference to
the drawing wherein:

Fig. 1 is a plan view of an embodiment of the device;

Fig. 2 is a diagram to elucidate the operation;

Fig. 3 is a plan view of a further embodiment.

As shown in Fig. 1, a diagram carrier or base 1, consists
of a sheet of paper or other suitable material having
logarithmically divided mutually perpendicular axes, the
horizontal axis of which is the Rs-axis and the vertical the
Xs-axis. The logarithmic graduations along both axes
are equal. In the diagram a diagonal 2, passing through
the origin is indicated, said diagonal making an angle
of 45° with both axes.

A distinct value of Rp and Xp respectively belongs to
each curve. The diagonal 2 passes through the points of
intersection of curve systems for which Rp=X» in ohms.
At said points of intersection of the diagonal said values
can be entered in such a way that on the diagonal a
logarithmic scale is obtained. The points of the diagonal
correspond to the double values of the corresponding
Rs and X;s respectively. For the calculation of parallel
arrangements in each point of the diagonal also the
reciprocal value of the number is indicated. A system
of stencils 3, 4 cooperates with said diagram carrier 1,
one for the Rp- and one for the Xp-values, said stencils
having the shape of logarithmic curves according to the
publication of Klipsch, mentioned above.

According to the embodiment the base for the dia-
gram carrier or paper sheet 1 is provided with two parallel
guides 5, 6 between which the stencils 3, 4 fit so that if
the sheet of paper 1 is provided on the base in such a
way that the diagonal 2 is parallel to the guides 5, 6
the stencils 3, 4 can be displaced along the diagonal
parallel to themselves,

In each position of the stencils 3 and 4 the circam-
ference of the curved rim of the stencil will be the locus
of all values of Rp-constant at Xp-variable, and of Xp-
constant at Rp-variable respectively.

The stencils being each other’s reflected image, it will be
sufficient to have a single stencil, which can be placed
right side up between the guides 5, 6 or turned upside
down by rotation through 180° around the diagonal 2 as
an axis.

The use of the device according to the invention now
will be discussed in respect with Fig. 2.

Supposed that one has a series arrangement of r, and
x, of which the values of the equivalent parallel arrange-
ment are to be determined, then on both axes the values
r, and x, are drawn, which together determine the point P.
If now the stencil 4, the curve of which indicates the
values of Xp is laid with the corve through the point P,
the intersection point B of the curve with the diagonal 2
indicates directly the corresponding value of x,. If the
stencil is turned upside down to correspond to stencil 3
and is shifted in such a way that its curve passes through
P the intersection point C of the curve with the diagonal
2 indjcates the value of r, so that the data of the equiv-
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alent parallel arrangement are directly readable. For
said second reading it is possible to use the second stencil
3, whereas if one wishes to use only one single stencil,
said stencil after the first reading must be turned upside
down around the diagonal.

The device as described also can be used for the deter-
mination of further data.

On the stencil to be used also a further curve 7 (Fig. 2)
can be provided, said curve being the locus of the points
with equal absolute value of the impedance, If said
curve is arranged through point P the intersection point
of said curve with the diagonal 2 will indicate the

value Z~/2.
To find the value Z the value as indicated by the curve

is to be divided by \/2. If on the stencil along the line,
coinciding with the with the diagonal 2 from the inter-
section-point with the Z-curve 7 a line 8 is provided in
the direction of the origin of the axis system, the length

of which being similar to a division by /2 according to
the concerning logarithmic scale, the end of said line 8
in the diagonal will indicate on the two scales along
the diagonal the value of Z and of its reciprocal respec-
tively. As

X,
tangent 1[/-——-Q-——R‘
the lines on the paper sheet for Q=constant will be
lines parallel to the diagonal 2. = So the line through the
point P directly indicates the value of Q and said value
corresponds to the number on the Xs-axis in the inter-
section point of the Q-line with said axis. On the paper
sheet 1, or in the base-line of the stencil, or along the curve
of said stencil the values of Q can be indicated so that
also these values are directly readable.

The sheet of paper 1 can be replaced by a photographic
print or a sheet of metal on which the necessary gradua-
tions are provided. If it is desired for certain electric
circuits to draw the curves or a part thereof it is possible
to cover the sheet 1 which a sheet of translucent material.

In case the device only is used for the determination
of the values of the data to be determined the device can
have a more simple shape and it can be made in the
shape of the known slide-rule, Fig. 3 being an example
thereof.

According to said figure the base 1 is arranged length-
wise the slide in such a way that its diagonal 2 is parallel
to the length direction of the slide. The values of Rp
and Xy are provided laterally of the graduations indicat-
ing the values of Rs and Xo.

The curves 3, 4 and 7 are provided on a slider so that
each point on the diagram can be reached by shifting the
slider, which at the same time locates a corresponding
point on the diagonal 2 of the diagram. The width of the
diagram can be such that the frequently occurring and
practicai values can be found on it.

As the graduations along the diagonal are difficult to
read off as a consequence of the logarithmic division, a
scale or graduation is provided separately on the slide-
rule outside the diagram itself. Said scale is indicated
along the lower margin of the base 1 and the division
can be the same as that of the diagonal 2 of Fig. 1. In
line with the point where the curves 3 and 4 intersect
the diagonal 2 and over the scale an index 10, 19’ is
provided on the slider. }

For the /2 value of the curve 7, i. e. the point 8, an
index 11 is provided on the slider. By shifting the slider
also the curves 3 and 4 can be used successively.
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A more simple construction can be obtained if one is
willing to give up the separate scales R and X and to
make use of the fact that for all values Xs>Rs, Xp will
be <Rp and that for Xs<Rp, Xp will be >Rp. From
the symmetry of e. g. Fig. 3 it appears that the values
to be read off for Rp and Xp at given values of Rs and Xs
will be the same as those for Xp and Ry, if the value of
Rs should be pegged out on the X-axis and the value of
Xs on the Rs-axis.

For this reason it will be possible to halve the diagram-
carrier 1 (Fig. 3) by taking the diagonal as the limit.

In a similar way an embodiment can be used which
is based on the admiitance-circles instead of the im-
pedance-circles, whereas also a combination of both em-
bodiments can be used.

Jt is not necessary that both logarithmic scales are
equal nor that the appertaining axis system is perpen-
dicular. In this case the “diagonal” becomes a straight
line, connecting the points for which Rs==Xs. It is
obvious that the shape of the curves in this case will
change.

1 claim:

1. A device for determining the resultant of series or
parallel complex resistances in arbitrary combinations
comprising a base having a logarithmically graduated co-
ordinate system including Xs and Rs axes and a diagonal
line passing through points defined by Xs=Rs, and a
member displaceable parallel to itself along said diagonal
line, said member having a curve that cooperates with
the coordinate system and that is the locus of Rp=con-
stant with Xs and Rs variable wherein Xs is the series
reactive impedance, Rs is the series resistance, and Rp
is the equivalent parallel resistance.

2. A device according to claim 1 in which the diagonal
line is graduated, the values of the graduations being twice
the value of the corresponding axes graduations.

3. A device according to claim 1 in which the diagonal
line has two sets of graduations, one of which is the re-
ciprocal of the other.

4. A device according to claim 1, having a second
member which has a curve that is the locus of Xp con-
stant with Rs and Xs variable.

5. A device according to claim 1 in which the member
has two curves one of which is the locus of Rp constant
with Rs and X variable and the other the locus of Xp
constant with Rs and X variable.

6. A device according to claim 5 in which the member
is inverted to provide the second curve.

7. A device according to claim I in which one edge
of the member constitutes the curve.

8. A device according to claim 1 having guides parallel
to the diagonal line and adapted to restrict the member
to movement along the line.

9. A device according to claim 2 in which the member
has a second curve that is the locus of the absolute value
of Z equal to a constant with Xs and Rs variable.

10. A device according to claim 9 .in which the mem-
ber has an index displaced from the second curve along
the diagonal line at a distance to indicate a graduation
having half the value of the graduation intercepted by
the second curve.
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