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This invention relates to calculating devices of the
slide rule type having relatively movable members carry-
ing graduated scales and, as onme of its objects, provides
a novel form of slide rule usable for a quick and easy
solution of certain mathematical problems in the field of
electricity, and particularly in radio electronics, which
heretofore could be solved by the use of a slide rule
only with great difficulty and with doubtful accuracy
in the result. The expression “slide rule” as used here-
in is intended to include devices comprising relatively
arcuately movable members, as well as devices com-
prising relatively longitudinally movable members.

Another object is to provide a novel slide rule hav-
ing graduated scales and associated indicia of such form
that mathematical problems can be readily solved with-
out need for conversion from one uait of measure to
another for the values being handled.

A further object is fo provide a novel slide rule hav-
ing graduated scales and associated indicia of such form
that an accurate determination of the correct decimal
point location is obtainable immediately and directly in
the solution obtained of the problem being worked.

Still another object is to provide a novel slide rule
having relatively movable members carrying graduated
scales and associated indicia and wherein the indicia com-
prises symbols and numbers, the symbols being conven-
tionally recognized as representative of different unit
values of certain electrical properties and the numbers
being representative of different muitiples of such unit
values.

Other objects and advantages of this invention will be
apparent in the following detailed description and in
the accompanying drawings forming a patt of this spec-
ification and in which,

FIG. 1 is a partial plan view of one side of a slide
rule of the construction provided by this invention;

FIG. 2 is a partial plan view showing a modified form
of the slide rule; and

FIGS. 3, 4 and 5 are partial plan views illustrating
the use of the slide rule of FIG. 1 in the solution of
typical problems in the field of radio electronics; FIG.
3 representing the solution of a problem in which the
frequency of oscillation of a resonant circuit is the value
to be determined; FIG. 4 representing the solution of a
problem in which the value of capacitance needed in a
given resonant circuit is to be determined; and FIG. 5
representing the solution of a problem in which the
value of capacitive reactance is to be determined.

As representing a practical embodiment of the pres-
ent invention, FIG. 1 shows a slide rule 1@ having grad-
uated scales and associated indicia thereon, as will be
pointed out and described in detail hereinafter, and in-
tended for the mathematical solution of certain problems
in the electrical field and particularly in the portion of
the electrical field which relates to radio electronics. The
slide rule 10 comprises, in general, a body 11, a slide
member 12, and a movable indicator 13,

The body 11 is here shown as comprising a pair of
flat parallel bars or body members 14 and 15 spaced
apart so as to provide a longitudinal guideway 16 there-
between and which body members appear, in FIG. 1,
in a relation such that the body member 14 is the upper
member and the body member 15 is the lower member.
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The body members 14 and 15 are secured together in
the spaced and parallel relation just described by suitable
transverse connecting means, such as connecting bars
or brackets 18 located at the ends of the body 1 and
which rigidly connect the body members without ob-
structing the guideway 186.

The slide member 12 is here shown as being in the
form of a flat bar slidable longitudinally in the guide-
way 16 and being of a width to fill the guideway so
that the co-operating edges of the slide member and
the body members 14 and 15 will lie in a close fitting
relation, as is conventional and desirable in slide rules,
and which provides for registering cooperation between
the graduated scales of the members as will be described
hereinafier,

The indicator or cursor 13 can be of a conventional
form and includes a transparent body or panel 19 carry-
ing a hairline 20. The indicator 13 is mounted on the
body 11 for sliding movement longitudinally therealong
in opposite directions and is disposed with the hairline
20 extending transversely across the slide member 12 and
across the body members 14 and 15.

The slide rule 19 carries graduated scales 22 and 23,
which are located on the upper and lower body mem-
bers 14 and 15 and exiend along the edge portions of
these members which are presented to the guideway 16,
and indicia also located on these body members and as-
sociated with the graduated scales thereof as will be de-
scribed hereinafter, The slide rule 16 further includes
two graduated scales 24 and 25 carried by the slide mem-
ber 12 and extending along longitudinal portions there-
of, and certain indicia associated with these gradnated
scales as will be described hereinafter. The scales 24
and 25 of the slide member 12 extend along the edge
portion of this member which is presented toward the
upper body member 14. Additionally, the slide rule 19
carries groups of transversely extending indicator marks
27 and 28, preferably arrows, located on the slide mem-
ber 12 at spaced points therealong and having their apices
located at the edge of this member which is presented
toward the lower body member 15,

In the accompanying drawings the graduated scales
22, 23, 24 and 25, the indicia associated with these
scales, and the indicator marks 27 and 28 are shown as
occupying only a portion of the surface of the slide rule
18 and, if desired, these designations may comprise all
or the major portion of the data intended to be carried
by the slide rule. Usually, however, and as shown in
FIG. 1, this data will occupy only a portion of the
surface of the slide rule so that various cther portions,
such as the surface portions 29 and 3§ which are here
shown as having been left blank, can be used for var-
ious other data. The reverse side of the slide rule 18
will usually also be provided with other data including
desired scales and indicia.

Before proceeding further with the detailed description
of the scales 22, 23, 24 and 23 and their associated indicia,
an explanation can advantageously be given of the field
of use for which this slide rule is intended and the type
of problems to which it is intended to be applied. As
has already been indicated above in a general way, the
slide rule 1§ is usable to advantage in the electrical field
and particularly in the portion of that field having to do
with radio electronics. Radio technicians, engineers and
others are frequently confronted with mathematical prob-
lems concerning the oscillation frequency of a resonant
circuit and concerning the mathematical values of various
electrical properties of such a circuit or of the components
thereof, such as resistance, capacity, inductive reactance
and capaciiive reactance.

To further illustrate the kind of mathematical problems
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encountered by radio. technicians, and others, and for the
solution of which the slide rule 18 has been designed,
three equations are given as follows as being representative
of those problems:

fe 1
—ZNEE

in which f is oscillation frequency in cycles per second;
1. is inductance in kenrys; and C is capacitance in farads.

_ 1
~2xfC

in which X¢ is capacitive reactance; f is oscillation fre-
quency in cycles per second; and C is capacitance in farads.
(Equation 3) xL=2nfL

in which Xy, is inductive reactance; f is oscillation fre-
quency in cycles per second; and L is inductance in henrys.

In the three equations given just above it will be ob-
served that each equation contains three unknown quanti-
ties. It will therefore be recognized that in the solutions
of these equations for the unknown quantities thereof
there will be a possible total of nine different problems
to be solved.

In the usual solution of mathematical problems of the
kind represented by the above equations, it is necessary
to convert one or more of the various values from one
unit of measure to another. Thus, for example, the value
of capacitance can be expressed in farads, microfarads,
or micromicrofarads. Likewise the value of inductance
may be expressed in henrys, millihenrys or microhenries.
The value of oscillation frequency may be expressed in
cycles per second, kilocycles per second or megacycles
per second, and similarly, the values of reactance may
be expressed in ohms or megohms.

One of the important advantages of the slide rule 19,
as will be explained in detail hereinafter, is that this
conversion from one unit of measure to another which
has heretofore been unavoidable in the solution of prob-
lems in radio electronics, now becomes unnecessary.

Tt has been conventional in the field of electricity and
radio electronics to designate units of measure, used for
various different electrical properties of the kind mentioned
just above, by different symbois. Since a number of
these conventional symbols appear in the indicia uwsed on
the slide rule 10, various ones of these conventional
symbols and the recognized meanings thereof are given
herecunder.

(Equation 1)

Te

(Equation 2)

C,;. means capacity in microforads.

C,,s, means capacity in micromicrofarads.

I, means inductance in henrys.

Lyn, means inductance in miilihenrys.

L,». means inductance in microhenrys.

f means oscillation frequency in cycles per second.

fre. means oscillation frequency in kilocycles per second.
fme, Mmeans oscillation frequency in megacycles per second.
X0 means capacitance reactance in ochms.

XM means capacitance reactance in megohms.

X0 means inductive reactance in ohms.

X1 M€ means inductive reactance in megohms.

In dealing with electrical properties and values in prob-
lems of the kind referred to above, very large and very
small values will be encountered. This makes the solu-
tion of the problems on a conventional slide rule very
difficult, particularly with respect to the correct location
of the decimal point. Another important advantage of
the slide rule 1@ is that the correct location of the decimal
point is easily and correctly determined direcily from the
scales and indicia provided on the slide rule, as will be
further explained hereinafter.

To further point out the difficulty presented by the
above-indicated problems with respect to the decimal point
location, it is pointed out that when capacitance is referred
to as being in microfarads, it will be expressed by a
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numerical value in millionths of a farad, or decimal-wise,
by a numerical value of 1076, Likewise, when the value
of capacitance is expressed in micromicrofarads, it will
be expressed decimal-wise by a numerical value of 10712,
Simiiarly, an inductance in millibenrys will be expressed
numerically in thousands of hearys, or decimal-wise, by
a numerical value of 1073 and microkenrys will be ex-
pressed decimal-wise by a numerical value of 1075, With
respect to oscillation frequencies, a -designation in kilo-
cycles represents thousands of cycles, and when expressed
in megacycles means millions of cycles per second. In
the case of reactance, the value thereof expressed in meg-
ohms would be in millions of ohms. From the range of
values indicated just above, the seriousness and difficulty
of the decimal point location is readily apparent when
the solution of a.problem involving such numerical values
is attempted on a slide rule.

Reverting now to FIG. 1 of the drawings, the charac-
teristics of the graduated scales, the indicia and indicator
marks will now be desoribed, The scales 22, 23, 24 and
25 all are graduated lineal scales, that is, scales in which
the graduation marks of each scale are spaced apart at
substantially equal distances therealong. In the case of
the scales 22, 24 and 25, the graduation marks 32 thereof
are spaced apart by the same equal distances. These
three scales are here shown as being of the same iden-
tical length and have ihe same number of graduations.

In the scales 22, 24 and 25 the graduations comprise
main graduation marks 322 and intermediate or second-
ary - graduation marks 32, Two of the intermediate grad-
uation :marks 32 are located at spaced points between
each pair of main graduation marks 32 so as to divide
the distance between each such pair of main graduoation
marks into three spaces whose lengths relative to each
other are represented by the integers 3, 4 and 3 which
have a total value of ‘10.  The end spaces corresponding
in value with the integers 3 are of equal length and the
center space corresponding with the integer 4 is relatively
longer.

The graduated scale 23 of the lower body member 15
comprises main graduation marks 33 and. intermediate
graduation marks 332, In this case the spaces between
each pair of main graduation marks 33 is divided into
two intermediate spaces of equal length which is accom-
plished by the use of a single intermediate graduation
mark 33® between each such pair of main graduation
marks. ‘The intermediate graduation marks 332 are each
provided with the numeral 3. The numerical designa-
tions for the intermediate graduation marks -33% are. osnly
approximate as to the division of the distances between
the main graduation marks 33 but is appropriate and
suitable for the uses of the slide rule 19.

Reference has been made hereinabove to indicia pro-
vided on the slide rule 1¢ and associated with the gradu-
ated scales 22, 23, 24 and 25. This indicia will now be
described and comprises symbols. or groups of symbols
and numbers or rows of numbers. In the case of the
graduated scale 22 the symbol portion of the indicia com-
prises a symbol group 34 located adjacent the left-hand
end of this graduated scale. This symbol group com-
prises three symbol rows 342, 34» and 34¢, The numerical
portion of the associated indicia comprises three number
rows 358, 35% and 35¢, The associated indicia also com-
prises groups of directional arrows 36 associated with
the number rows 352, 35> and 35¢ and preferably located
at-the ends of, and in alignment with, these rows.

The symbols of the row 342 of the symbol group 34
comprise two symbcls written as the alternative expres-
sion C,, or Ly. This symbol row 342 is aligned with
the number row 352 and indicates that the numerical
values of this number row represent different values of
the electrical properties designated by the symbols Cs.
and Ly, or, in other words, values of capacity in micro-
farads or values of inductance in henrys. The numbers
appearing in the number row 35% cover a range of deci-
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mal-scale numerical values appropriate for the values of
capacitance which are likely to be encountered in the solu-
tion of the problems when the capacitance is expressed
in microfarads, and likewise, are appropriate for the
values of inductance to be encountered when the induct-
ance is expressed in henrys,

The intermediate symbol row 34 contains only the
single symbel Ly, which represents inductance in milli-
henrys and the number row 35 aligned with this symbol
provides decimal-scale numerical values appropriate for
the problems to be encountered for expressing inductance
in the units indicated by the associated symbol, namely,
millihenrys.

The symbol row 34¢ is similar to the symbol row 342
but comprises two symbols in the alternative expression
Cyus. or Ly, and which symbols signify that the numeri-
cal values of the aligned number row 35¢ are to be read
as values of capacitance in micromicrofarads or wvalues
of inductance in microhenrys.

The directional arrows 36 are provided to visually indi-
cate the direction of increasing values for the number
rows 382, 35 and 35¢. All of the artows 36 associated
with these number rows point toward the left to indicate
that the values of the numbers appearing in these rows
increase along the rows progressively toward the left.
The arrows 36 thus provide a quick visual designation of
the direction along the number rows 352, 35 and 35¢
in which the hairline 20, or the scale 24, should be moved
for associating the same with numbers of successively
increasing numeral value.

It should also be pointed out with respect to the num-
bers of the number rows 352, 35 and 35¢ that the num-
bers of these rows are located opposite main gradnation
marks 32 of the scale 22, and that the numerical values
represented by the numbers of the respsctive rows are
decimal-scale values. It will also be observed that the
numbers 2 and 5 designating the intermediate graduation
marks 32 of the scale 22 represent proportional values
in the number rows for values falling between the num-
bers actually shown in the respective number rows, It
can now also be explained that the numbers 2 and 5 assoc-
ciated with the intermediate graduations of the scale 22
are shown as increasing in value toward the left because
the numbers of all of the number rows 352, 35° and 35¢
increase in value in that direction.

The indicia associated with the graduated scale 33 of
the lower body member 15 comprises a symbol group 38
located adjacent the left end of this scale and number
rows 392, 3%t and 39°¢ exteading longitudinally along the
scale. The symbol group 38 comprises three rows of
symbols 382, 38 and 38¢ located opposite the number
rows 392, 3%% and 39¢ respectively. In this case the
symbol rows consist of only one symbol each, the row
382 containing the symbol X, the row 38P containing the
symbol Xy, and the row 38¢ containing the symbol .

The numbers of the number rows 392, 38b and 35¢
are in the dscimal scale and the numerical values of the
numbers of the respective number rows are appropriate
for the electrical properties represented by the symbols
of the appurtenant symbol group 38.. Thus, the numeri-
cal values of the number row 39® are appropriate to
designate different decimal-scale values of capacitive re-
aciance, as represented by the symbol X of the symboil
row 382, Similarly the numerical values of the number
row 39° represent different decimal-scale values of in-
ductive reactance, as indicated by the symbol X, of the
symbol row 38, and the numerical values of the number
row 39¢ represent different decimal-scale values of oscil-
lation frequency as indicated by the symbol f of the
symbol row 38e,

The numbers of the number rows 3%2 and 35 are lo-
cated opposite the main graduations of the scale 23. The
numbers shown in the number row 39¢ comprise main
numbers 49 in multiples of 10 located opposite the main
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G
graduations and secondary numbers 2, 3 and 6 located
opposite the intermediate graduations and representing
proportionate parts of the main numbers between which
these secondary numbers appear.

The indicia associated with the graduated scale 23 also
includes directional arrows associated with the number
rows 39%, 390 and 39¢. In this case, two groups 41 of such
arrows are provided and are located at the ends of the
number rows. The arrows 412 and 41c located adjacent
the number rows 3%% and 39¢ point toward the right to
indicate that the numerical values of the numbers of
these number rows increase in value progressively toward
the right along these number rows. Similarly, the arrows
41k at the ends of the number row 39% point toward the
lefi to indicate that the numerical values represented by
the numbers of this row increase progressively toward
the left along the row.

The graduated scale 24 of the slide member 12 is pro-
vided with graduation marks of the same number and
spacing as the graduation marks of the graduated scale
22, and the intermediate graduation marks 325 are also
provided with numbers 2 and 5. The numbers 2 and 5
serve the same purpose as was described above for the
scale 22 but, in the case of the scale 24, they are arranged
so that the numerical values represented by the intermedi-
ate graduations increase in amount toward the right along
the scale to agree with the direction of value increase for
the majority of the number rows described hereinafter
as being associated with this scale, The graduated scale
24 is of the same length as the scale 22 and, accordingly,
its graduations will register exactly with the graduations of
the Iatter scale when the slide member 12 is positioned in
the guideway 16 at the location shown in FIG. 1.

The indicia provided on the slide member 12 and associ-
ated with the graduated scale 24 comprises a symbol
group 42 and number rows 432, 43" and 43¢ extending
along this graduated scale. The symbol group 42 com-
prises three rows of symbols 422, 420 and 42¢ located in
a longitudinally aligned relation with the respective num-
ber rows 432, 430 and 43¢,

The symbol rows 422, 429 and 42¢ consist of one sym-
bol each; the row 422 containing the symbol fp, 5. desig-
nating oscillation frequency in cycles per second; the sym-
bol row 420 containing the symbol fi, designating oscilla-
tion frequency in kilocycles per second; and the symbol
row 42° containing the symbol fn,. designating oscillation
frequency in megacycles per second. The number rows
43, 43 and 43¢ comprise numbers representing decimal-

cale numerical values likely to be encountered in the
solution of the above problems for elecirical properties
designated by the symbols opposite which these number
rows are located. The numbers of the number rows 432,
43» and 43¢ are located opposite the main graduations 322
of the graduated scale 24.

The indicia associated with the graduated scale 24 also
includes groups of directicnal arrows 43 located adjacent
the number of rows 432, 43b and 43¢, in this case adjacent
the ends of these number rows. All of the arrows 45
point toward the right io indicate that the numerical values
represented by the numbers of the number rows 432, 430
and 43¢ increase in value toward the right along these
TOWS.

The indicator marks 27, referred to above as being pro-
vided on the slide member 12, are associated with the
graduated scale 24 and are used for taking readings from
the graduated scale 23 or for co-operation with the latter
scale to indicate a desired setting of the slide member 12.
These indicator marks are here shown as being of the
arrow type and disposed with the apex of the arrow point-
ing toward the graduated scale 23 and located at the ex-
treme lower edge of the slide member. In the slide rule
18, the indicator marks 27 are used specifically for read-
ing or setting values of reactance on the scale 23 and,
accordingly, indicia is provided adjaceni these indicator





















