3,120,342

D. L. GEIGER
SLIDE RULE

, 1964

Feb. 4

ArTeRANE YS

o 4 ﬂ
&

b Z LS 9
[0] = E
& N3
3 252 _ ZN
3 : e = = { -M i oF U__

= Y 001 1o} QI i o , — -
n K24 g to.M\I/ohMM __ooom, wwwm_o 100 _.J 1o ._..%n_. oh%. Aoog cooba . Ty «I.%\\ M

~— @00b0l Q00! ool ol 1 0 10000 Lo = 1
« L M AT A S S S it A W ® 22 BB - <
L o A L =R R W I
b%&J\ 00001 000] 001 O ~ | [0 100 100'D 10000 E s ie 28 sl DA 6. 0

i 1 \II.OOOG. oool ©ol ol 1 1o 10°0 100°0 1000°0 2. \\Ba\t\ﬂ\ {: N |
g ! 2 .w%m\.ooo.o_ ool 00l Of | o |00 St ydy Jain I 6 P
4 { | | | | | { | | | { { |——4L AR 64
p _o._ _ “ o__ n_: oon_: ooo_.o_ _ ! ! ! ! _v ” e, P
(] ‘o o] £0,
924\ s nse 1o T8 1Tl w e engt oy oy Fo T
gt S e poe 2744 TPE

2/ i e —o— ] \
&\ w

Fa/

[4) s/
£ 2 ) - Lot oIty 17

v R ; e == Ly . 7 GE 44 _— =t (7] 58E]

: e _— M\\“\\\V\\ \WUMM..hV(oooE@ € 200012 £ zo00i @ € uo_\w g 2 1 hr\, um.lwm.m.

: _—_ T 28 /5981 %29 g oo vo ro 1 o ool 0001 00061 000004 /57 xZG8E

% — 982) 15y =12/ Tee EEET N e e Ve | ¢ Te 10 TOSn” X HE

7 7 -
Usorp 565 ) 085) 1 ok ggleagyoncsp | (o o |i [ ulobpls yoxbmsz 66wk, owofygeary=are

K 1_ ~£G doi 000’l” 00l ol 1 _.o______o.uln a0 i) | =-00001 000l _oO1 o1 1 ro 100 1000,72 CPl - o 52Y
% ___ « 5 goo'oi cod’l ool ol 1 O 1070 100°0 19000 1= ywyT T |ie 7 m.wr\ <= 00001 0009 _©Ol. Ol [ 7o 100 1000w DX} RET
A({ =00 o 1 10 00 100%0 10000 100000 \|\. = Yr oty i 2 q9E? £~ 0000 0004 00l Ol 1 - cd 27
R {N\\xq&ﬂ_.m_u_m.u_m_m_mwf..__w_n_«.:m_«_mm;.mm_\\\\ 1 \_m“m_\_w“w_ww“wﬂ_ww“%m_ww“m_u__m_u_m._w_wv..w wg?
s W.Bm..“ sz == %Nh..\GN.h.\ ! N.M%‘LV_Qowmm_. 45 % %01 %or® Soott docion Mm.mNmmJ 28 */«.m N.W.N\\\VWW\W\U "y
. i pa———_ m\l\ \\\\ U.m. - [\ jo0g'o 100'0 1000 'O ] o1 7 00l ‘00t ooolol CE Yy 7 —gp€
> fe—=— R / |7 o Z 1l /7.~ 10000°0 1000°0 100°0 100 IO 1 01 001 Y7047 5
g [ l||\|\|é;a| T \ yd e Y ppa0gp ey jour3g Souswosay pus soveppedy ) . =/ .V
e p) 7 7 — 7 ———— — 1 A A
[0 7 {
K 62 7 o7 &/ g5F L 5F 95 &/ pVE VE
I,



Feb. 4, 1964 D. L. GEIGER 3,120,342
SLIDE RULE

Filed Oct. 16, 1958 2 Sheets-Sheet 2

770 FIND RESONANT F@sausﬂc y oF d0mb wire O.03uf:
SET 0-03 ONSCALE Cuf 0pposITE — JO oN SCALE ety
WAL 2o~ 5%
34‘1 = L_55 N Peaclonce and. onanced?a}m//?:/hz‘lacaz‘or =
- Cutor dh o o el
wioréh 100 10 1 O.w 0.6l 0.001 000000000 —3.
L rrify— 10000 1000 100 | 10 | O @Ol 0.00)

10000 1,000 100 J 10 | X
2l PRI FRIP2ZrF215%]5%]
LI E 1 5558 56 25
0.0 | C.} -7t 10 100.4‘\.53@ l”l

b 52_5@2&% - .oooolo.ooo%
AR Lmp -~ 0.000| aool ool O
10000 C‘,,,,for?h——o.m ol to oo 100010,
I MC |l osarance Problems) Zéﬁikc i
21 s-T 1 I 3 T 31 5132 3.1 1%
Xe %801 %001 },so.l 21 %1% 00 l,(‘:oo/lo,r'am:,ooo
X4 - i0pBoolo000 1000 1co o | .4 0.0l 0.00i
F ws 1228 1023 6002 36100023 19090

z (h === -~ AN T

ol B (206 7 20%7 1 N......87
THEN OPPOSITE ARROWIRC READ SKC oN SCALEL. | JEP S T
ﬁ G 3 OR OppoSITE ARROW feps READ 5000 CP5 ON SCALEF

70 FND C REQUIRED WITH 35016 To RESONATE AT 200KC:

TITLS15E 1440
Q.

%o 1000 1G000 |
e

f
gyl feps e

7 daeaths_opoairs 200 s et 20
1 T
' i 35¢ =
ik A N J = 22
[ \ 10,000 000 | 00 10 i
TIPEITNE ]S 2| G471 T2 1S %G
STETTERTZ LT AT Y FT LT i-20
1 00 4[‘\3.01—\53a_l|;‘ 12

||[|I“|| N [ ]|l l

K\'\ Zgé\’.;fkc Mgz \\\ (L i

T3 l:@\ I ?1 I{T_‘i_ Y
— 6/~ \\ '60 :

— 100% 31 6 1,060
' ]

[76.4

TOFAIND REACTANCE OF O-006yF4ar 3mce:

orpasiTe 0.005 0 ScAE Cyl SET J on scase fime. a
e == 20 f35
—_— ., T ‘ j J—
Cuforth = ‘€I | c.0) ool e
L = 66 =T
wloruh) 53122 122152127123 (221922
[ sléé]éslz‘él_%'\éjzg éIlcéélz”sHs
’;}i',‘ i i 270. AN 43 | 24 i /2
f |i]!|I ;A‘:rcc P ool o.0l f o.l\ﬁ\x\c nlo/ 100 ,u'il 1000 16,000
T 1 1 1 1 i) T T
= Xc I35 | 36;\ 3 /l//a/alo 3 |olo)3 [ ]? 3 L—
= £ ¢ 69~ |67 = = 2
o oy INVENTOR.
o o oo o DARRELL L. GEIGER

THEN OPPOSITEARROWN XG .2 READ 1002 ON SCALEXG
1G.5 | BY& 'i‘::f gz“?"ézs S
. "/ 1
@1/ 2/ , - idz Eé v259

ArroRNEYS



United States Patent O ce

3,120,342

Patenled Feb. 4, 1364

o
i

3,128,342
SLIDE RULE
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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 one 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
eleciricity, 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 fo
another for the values being handled.

A further object is to provide a novel slide rule hav-
ing graduated scales and associated indicia of such form
that an accurate defermination 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 elecirical properties and the numbers
being representative of different multiples 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 part 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 19 having grad-
nated 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 11 and
which rigidly connect the body members without ob-
structing the guideway 16.

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
29 extending transversely across the slide member 12 and
across the body members 14 and 15.

The slide rule 1§ carries graduated scales 22 and 23,
which are located on the upper and lower body mem-
bers 14 and 15 and extend 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 19 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 graduated
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 gradunated 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 22 and 30 which are here
shown as having been left blank, can be used for var-
ious other data. The reverse side of the slide rule 1§
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 25 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 frequenily confronted with mathematical prob-
lems concerning the oscillation frequency of a resomant
circuit and concerning the mathematical values of various
elecirical properties of such a circuit or of the components
thereof, such as resistance, capacity, inductive reactance
and capacitive 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 1@ has been designed,
three equations are given as follows as being representative
of those problems:

1
27r\/ 0o

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

_ 1
~%afC

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

in which X, 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.

It 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 used on
the slide rule 19, various ones of these conventional
symbols and the recognized meanings thereof are given
hereunder.

C,;. means capacity in micreforads.

C,,.¢, means capacity in micromicrofarads.

1., means inductance in henrys.

Lun, means inductance in miilihenrys.

1,n. means inductance in microhenrys.

f means oscillation frequency in cycles per second.

fre, means oscillation frequency in kilocycles per second.
fme. Means oscillation frequency in megacycles per second.
X means capacitance reactance in ohms.

XcMQ means capacitance reactance in megohms.

1@ means inductive reactance in ohms.

X M means inductive reactance in megchms.

(Equation 1) f=

(Equation 2) Z.

In dealing with electrical properties and values in prob-
lems of the kind referred to above, very large and very
small vaiues 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 10 is that the correct location of the decimal
point is easily and correctly determined directly 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,
Similarly, an inductance in millihenrys will be expressed
numerically in thousands of hearys, or decimal-wise, by
a numerical value of 103 and microhenrys will be ex-
pressed decimal-wise by a numerical value of 1076, 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 described. 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 the 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 peir of main graduation
mearks 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 332 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 -332 are only
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 1.

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-

rises a symbol greup 34 located adjacent the left-hand
end of this graduated scale. This symbol group com-
prises three symbol rows 342, 34P and 34¢, The numerical
portion of the associated indicia comprises three number
rows 352, 35P and 35¢, The associated indicia also com-
prises groups of directional arrows 36 associated with
the nuniber 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 itwo symbcls written as the alternative expres-
sion Cye or Ly . 'This symbol row 342 is aligned with
the number row 332 and indicates that the numerical
values of this number row represent different values of
the elecirical properties designated by the symbols Cs.
and Ly, or, in other words, values of capacity in micro-
farads cr 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 symbol 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 syinbol, namely,
miliihenrys,

The symbol row 34¢ is similar to the symbol row 342
but comprises two symbols in the alternative expression
Cyuz, 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 values
of inductance in microhenrys.

The directional arrows 36 are provided to visualily indi-
cate the direction of increasing values for the number
rows 352, 35% and 33¢, All of the arrows 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, 35P and 35¢
in which the hairline 28, 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 graduation
marks 32 of the scale 22, and that the numerical values
represented by the numbers of the respective rows are
decimal-scale values. It will also be observed that the
numibers 2 and 5 designating the intermediate graduation
marks 32b of the scale 22 represent proportional values
in the number rows for values falling beitween the num-
bers actually shown in the respective number rows. It
can now also be explained that the numbers 2 and 5 asso-
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 358, 350 and 33¢
increase in value in that direction,

The indicia associated with the graduated scale 23 of
the lower body member 18 comprises a symbol group 38
lccated adjacent the left end of this scale and number
rows 392, 35% and 38¢ extending 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, ibe row
38a containing the symbol X, the row 38° containing the
symbol Xy, and the row 38¢ containing the symbol f.

The numbers of the number rows 392, 39 and 39°
are in the decimal 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 3% are appropriate to
designate different decimal-scale values of capacitive re-
actance, as represented by the symbol X of the symbol
row 382 Similarly the numerical values of the number
row 390 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 decimai-scale values of oscil-
lation frequency as indicated by the symbol f of the
symbol row 38,

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 3%°¢ comprise main
numbers 49 in multiples of 10 located opposite the main

10

20

25

30

35

40

50

55

60

65

70

75

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
inctudes directional arrows associated with the number
rows 393, 39Y and 3%¢, In this case, two groups 41 of such

rrows are provided and are located at the ends of the
number rows. The arrows 412 and 4i¢ located adjacent
the number rows 352 and 39¢ point toward the right to
indicate that the numerical values of the numbers of
these number rows fncrease in value progressively toward
the right along these number rows. Similarly, the arrows
41b at the ends of the number row 39° point toward the
left 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 320 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 latter 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, 42 and 42¢ located in
a longitudinally aligned relation with the respective num-
ber rows 432, 43% and 43¢,

The symbol rows 422, 420 and 42¢ consist of one sym-
bol each; the row 422 containing the symbol f. s desig-
nating oscillation frequency in cycles per second; the sym-
bol row 42P 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
432, 430 and 43¢ comprise numbers representing decimal-
scale numerical values likely to be encountered in the
solution of the above problems for electrical properties
designated by the symbols cpposite which these number
rows are located. The numbers of the number rows 432,
43P and 43¢ are located opposite the main graduations 322
of the graduated scale 24,

The indicia asscciated with the graduated scale 24 also
includes groups of directional arrows 435 located adjacent
the number of rows 432, 435 and 43¢, in this case adjacent
the ends of these number rows. All of the arrows 45
point toward the right to indicate that the numerical values
represented by the numbers of the number rows 432, 439
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
19, the indicator marks 27 are used specifically for read-
ing or setting values of reactance on the scale 23 and,
accordingly, indicia is provided adjacent these indicator
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marks for designating different measurement units for the
value of reactance being read or set on the latter scale.

In this case there are four of the indicator marks 27
shown and these marks are appropriately spaced along the
portion of the slide member 12 on which the scale 24
is located. The indicator marks 272 and 27* are used for
reading or sétting values of capacitive reactance on the
scale 23 and, accordingly, these two indicator marks are
provided with associated indicia representing values of
capacitive reactance. For this purpose the indicator mark
272 is provided with the value designation symbol X0
which designates capacitive reactance in chms. The indi-
cator mark 270 is provided with the value designation
symbol XM designating capacitive reactance in meg-
ohms.

The indicator marks 27¢ and 27% are used for reading
or setting values of inductive reactance on the graduated
scale 23 and, accordingly, these indicator marks are pro-
vided with value designation symbols indicating inductive
reactance, For this purpose the indicator mark 27¢ is
provided with the symbol X;,0 designating inductive re-
actance in chms, and the indicator mark 279 is provided
with the symbol X MQ designating inductive reactance in
megohms.

If desired, a suitable legend may be provided adjacent
the row of indicator marks 27 to indicate the general pur-
pose for which these marks are intended to be used. In
this instance such a legend 58 has been provided and
comprises the expression “Reactance Problems” to signify
that this portion of the slide rule is intended for the
general purpose of solving reactance problems.

The graduated scale 25 carried by the slide member
12 comprises graduations of the same number and spacing
as those of the graduated scale 24 and is of the same
length as the latter scale but is located on ancther porticn
of the slide member, in this case a portion located to the
right of the graduated scale 24. The scale 25 is provided
with the same indicating numerals 2 and 5 for its inter-
mediate graduations as the scale 24, and these indicating
numerals are arranged to increase in vatue toward the right
the same as the 2 and 5 indicating numerals of the scale
24. The graduated scale 25 extends along the upper lon-
gitudinal edge of the slide member 12 so that, by move-
ment of the slide member to the left, this scale can be
brought into co-operation or registration with the gradu-
ated scale 22,

The indicia provided on the slide member 12 and
associated with the graduated scale 25 comprises a sym-
bol group 52 and number rows 532, 53b and 53¢ extend-
ing longitudinally adjacent the graduated scale. The sym-
bol group 52 comprises three symbol rows 522, §2b and
52¢ located opposite the respective number rows 532,
53b and 53¢,

The symbol rows and the individual symbols of the
symbol group 52 are the same as the symbol rows and
individual symbols of the above-described symbol group
34. Thus, the row 522 comprises two symbols arranged
to form the expression C,; or L, which designates ca-
pacitance in microfarads or inductance in henrys. The
symbol row 520 comprises the single symbol Ly, desig-
nating inductance in millihenrys. The symbeol row 52¢
comprises two symbols forming the expression C,, or
L,n, which designates capacitance in micromicrofarads
or inductance in microhenrys.

The number rows 532, 530 and 53¢ comprise numbers
in decimal-scale values and appropriate for designating
different numerical values of the electrical properties
represented by the symbols of the symbol group 52. The

umbers of these rows are located opposite the main
graduations 32 of the scale 25. The intermediate gradu-
ation numbers 2 and 5 of the scale 25 are used to indicate
approximate numerical values cccurring between the nu-
merals shown in the number rows 532, 530 and 53c.

The indicia associated with the graduated scale 25 also
includes groups of directional arrows 53 located at oppeo-
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site ends of the number rows 532, 53 and 53¢, and all
of which arrows point toward -the right to indicate that
the numerical values represented by the numbers of these
number rows increase toward the right along these num-~
ber rows.

The indicator marks 28, previously referred to as being
provided on the side member 12, are located on the por-
tion of this slide member which carries the graduated
scale 25 and consist of the indicator marks 282, 28 and
28c. ‘These .indicator marks are appropriately spaced
apart along this portion of the slide member 2 and are
here shown as being in the form of arrows dispossd with
the apices thereof pointing toward the lower body mem-
ber 15 and located at the lower edge of the slide mem-
ber 12.

The indicator marks 28 are used in.co-operation with
the graduated scale 23 and the indicia associated with the
latter for reading or setting values of oscillation. fre-
quency. These indicator marks are accordingly provided
with designations representing different measurement units
of oscillation frequency. The indicator mark 282 is pro-
vided with the symbol f;, s designating oscillation fre-
quency in cycles per second, the.indicator mark 28b is
provided with the symbol fi.. designating oscillation fre-
quency in kilocycles per second, and the indicator mark
28c is provided with the symbol fy.. designating oscilla-
tion frequency in megacycles per second.

If desired a suitable legend can be provided adjacent
the row of indicator marks 28 to indicate the general
purpose for which these marks are intended. Such a
legend 54 is shown on the slide member 12 and com-
prises the wording “Resonance Problems” to signify that
the indicator marks 28 and their associated symbols are
intended to be used in the solution of resonance problems.

With respect to the location of the indicator marks 272,
270, 27 and 279 on the slide member 12, it is explained
that when the graduations of the graduated scales 22
and 24 are in exact regisiration, these indicator marks
will lie at points along the graduated scale 23 which are
located at 0.159 of the length of the main scale spaces
opposite which these indicator marks then stand. Simi-
larly, with respect to the location of the indicator marks
280 and 28° on the slide member 12, it is explained that
when the graduations of the graduated scale 2§ are in
exact registration with the graduations of the scale 22,
these indicator marks will lie at points along the scale 23
which are located at 0.318 of the length of the main
scale spaces opposite which these indicator marks then
stand.  The indicator mark 282 is proportionately located
on the slide member 12 relative to the indicator marks
28> and 28 but falls outside of the length of the gradu-
ated scale 23 for the reason that the progression of nu-
merical values of the number row 3%¢ has not been ex-
tended for the distance which would be necessary to serve
this indicator mark 28a,

FIGS. 3, 4 and 5 of the drawings show the slide rule
19 with the movable components thereof in different set-
tings to illustrate the manner of using the slide rule in
the solution of three different typical problems in radio
electronics. FIGS. 3, 4 and 5 have been drawn so as to
be self-explanatory in regard to the illustrated use of the
slide rule 1§ for solving these three typical problems,
but a brief explanation is given hereunder of the proced-
ure represented in these views.

The problem being solved in FIG. 3 is a resonance
problem and, for that reasom, the portion of the slide
member 12 carrying the graduated scale 25 has been
moved into co-operation with the graduated scale 22.
The problem here illustrated relates to a situation in which
an inductance of 40 millihenrys is connected in parallel
circuit with a capacitance of 0.03 microfarad and the
problem briefly stated is to determine at approximately
what frequency in cycles per second this parallel circuit
will resonate.

As the first step in the solution of this problem, FIG. 3
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shows that the indicator 13 has been moved to a position
along the graduated scale 22 at which the hairline 290 is
at a setting of 0.03 microfzvad capacitance and which
setting is determined by reference to the symbol line 342
and its appurtenant number row 352, The exact setting
of the hairline 20 at this value is determined, first, by
referring to the main numerical values of this number
row and, second, by referring to the numbers associated
with the intermediate graduations of the scale 22. This
setting of the hairline 26 is designated by the broken-line
arrow 55.

After the hairline 20 has been thus set at the proper
location on the graduated scale 22, the slide member 12
is moved to bring a setting value thereof representing 40
millihenrys of inductance into register with the hairline.
This value of inductance is located on the slide member
12 as being in the number row 530 which is opposite the
symbol row 52P. The general location for this setting
of the slide member 12 is determined from the numerals
of the nmumber row 53, and the more exact setting is
determined from the intermediate graduations of the grad-
vated scale 25. The setting of the slide member 12 as
thus determined, is shown in FIG. 3, and is indicated by
the broken-line arrow 56.

The final step in the solution of the problem illustrated
in FIG. 3 is to read the oscillation frequency directly
from the numerical values of the number row 39¢. Thus,
if the oscillation frequency is desired in cycles per second,
the reading is taken from the number row 3%¢ as indicated
by the broken-line arrow 57 and at the point designated
by the indicator mark 28a. This frequency value would
be approximately 5,000 cycles per second. If the oscilla-
tion frequency is desired in kilocycles, the reading is
taken from the number row 3%¢ as indicated by the
broken-line arrow 38 and at the point thereof opposite
the indicator mark 28°. This frequency valie would be
approximately 5 kilocycles.

In reading the value of oscillation freguency from the
number row 38¢, it may be desirable to shift the hairline
28 to a position in register with the indicator mark being
used because the hairline will then extend across the num-
ber row 39°¢ at the point where the frequency value is to
be read. This relocation of the hairline 28 in register
with the indicator mark 282 is represented in FIG. 3 by
the broken line 262, and the relocation of the hairline in
register with the indicator mark 28 is represented by the
broken line 24%.

FIG. 4 {liustrates the use of the slide rule 18 in solving
a problem where the value of the capacitance of an oscil-
lation circuit is dasired to be obtained. A typical problem
of this kind would be to find the approxzimate capacitance
value which would be required in an electrical circuit hav-
ing 350 microhenrys of inductance to resonate at an oscil-
lation frequency of 200 kilocycles per second. In the
solution of this problem as represented in FIG, 4, the
slide meniber 12 is moved {0 a position where the indicator
mark 282 will co-operate with the graduaied scale 23
of the lower bedy member 15 to designate on the latter
the desired value of resonant frequency. This setting
for the indicator mark 28b ig at a point along the number
row 39¢ corresponding with the 200 kilocycles oscillation
frequency value, as is represented by the broken line 69
and the broken-line arrow 61. The indicator 13 is then
moved along the slide rule to bring the hairline 28 to a
point on the number row 35¢ and the graduated scale 22 at
which the hairline will designate a reading of 350 micro-
henrys, as indicated by the broken-line arrow 62. The
desived value of capacitance is then read directly from the
indication given by the hairline 2@ on the number row
532 and the graduated scale 25. The taking of the desired
reading of capacitance from the number row 35¢ and the
graduated scale 22, namely the value of approximately
0.003 microfarad, is indicated by the broken-line arrow
63.

FIG. 5 of the drawings illusirates the use of the slide
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mule 19 in the solution of a reactance problem in which
it is desived to determine the approximate value of ca-
pacitive reactance in ohms of a capacitor of 0.005 micro-
farad capacitance when used in an oscillation circuit which
is resonant at a frequency of 3 megacycles. This prob-
lem is solved by first seiting the hairline 28 at a point
along the number line 352 and graduated scale 22 corre-
sponding with the given value of 0.005 microfarad ca-
pacitance, as indicated by the broken-line arrow 65. The
slide member 12 is then moved to bring the value of 3
megacycles of the number row 43¢ into register with the
hairline 28, as indicated by the broken-line arrow 66.
The desired approximate value of capacifive reactance,
namely 10 chms, is then read directly from the number
line 392 and the graduated scale 23 at the point there-
along indicated by the indicator mark 272, The reading
of the desired approximate value of capacitive reactance
as the last step of this solution is indicated by the broken
line 67 and by the broken-line arrows 6% and 69.

FiG. 2 of the drawings shows a modified construction
provided by this invention for a slide rule 78 of a form
generaily similar to the slide rule 19, but in which a com-
posite scale and indicia data is provided on the slide
member 12 for solving reactance and resonance problems
instead of the two scales shown in FIG. 1,

In the modified slide rule 79, graduated scales 72 and
73 are provided on the upper and lower body members
14 and 13 aand correspond with the scales 22 and 23 of
the slide rule 18. Symbol groups 34 and 38 are also pro-
vided on the members 14 and 15 and comprise the same
symbols as the corresponding symbo! groups of the slide
rule 1§, Number rows 748, 749 and 74° are provided on
the upper body member 14 in alignment with the symbol
rows of the symbol group 34 and correspond with the num-
ber rows 352, 359 and 35¢ of the slide rule 8. Likewise,
number rows 752, 75 and 75¢ are provided on the lower
body member 15 and correspoad with the number rows
382, 33%° and 3%° of the slide rule 19. The numerical
values, however, of the number rows 742, 74> and 74¢ and
of the number rows 752, 752 and 73¢ are somewhat dif-
ferent from the numerical values of the corresponding
number rows of the stide rule 19 but still are decimal-
scale values and are appropriate for the compesite char-
acter of the scale and indicia data provided on the slide
member 12 of the modified slide rule 78.

The slide member 12 carries a graduated scale 77 which
corresponds with the graduated scale 24 of the slide rule
19 and number rows 782, 78° and 78¢ corresponding with
the number rows 432, 430 and 43°¢. The decimal-scale
aumerical values of the number rows 7862, 78? and 78¢ are
somewhat different, however, by reason of the composite
character of the indicia provided on the modified slide
rule 79.

The slide member 2 of the modified slide ruie 79 also
carries a symbol group 79 which includes all of the sym-
bols of the symbol group 52 and all of the symbols of the
symbol group 42. The symbol group 79 comprises three
symbol rows 792, 780 and 75¢ in aligned relation with the
three number rows 782, 78 and 78¢ respectively.

The slide member 12 of the modified slide rule 78 also
carries two groups of indicator marks for co-operation
with the graduated scale 73 of the lower body member 15.
One group of these indicator marks comprises the marks
803, 80P and 8§° and are provided with the same oscilla-
tion frequency symbol designations as the indicator marks
282, 28> and 28c of the slide rule 8. The other group of
indicator marks comprise the marks $i2 and 83d which
are used in the solution of reactance problems and serve
the same purpose as the four indicator marks 272, 275, 27¢
and 274 of the slide rule 18, In this case, however, the
indicator mark $1* is provided with symbols designating
both capacitive reactance and inductive reactance, namely
the symbols X0 and X1Q. Similarly the indicator mark
81b is provided with symbols designating both capacitive
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reactance and inductive reaciance, namely the symbols
KMo and Q.

The modified slide rule 79 possesses the advantage that
when the graduvated scales and indicia for the solution of
both reactance and rescnance problems are combined on
the slide member 12, there is a saving of space and the
slide rule can either be of a shorter length or, if of a full
length, a greater portion of its surface will be available for
other scales and data,

From the accompanying drawings and the foregoing
detailed description it will now be understood that this
invention provides a novel slide rule which can be used to
considerable advantage in the solution of mathematical
probiems of the kind frequently encountered in radio elec-
tronics and involving the properiies of oscillation cir-
cuits. Since many of the advaniages of this novel slide
rule have already been pointed out above, they need not
be here repeated.

Although the novel slide rule provided by this inven-
tion has been illustrated and described herein to a some-
what detailed extent, it will be understood, of course, that
the invention is not to be regarded as being limited corre-
spondingly in scope but includes all changes and modi-
fications coming within the terms of the claims hereof.

Having described my invention, I claim:

1. A slide rule for solving electrical problems in
capacitive reactance, inductive reactance and rescnant
frequency comprising a body member and a relatively
movable slide member supporting said body member and
having two parallel edges adjacent thereto said body
member having two scales thereon, one said scale on
said body member being disposed adjacent one edge of
said slide member and being representative of a plurality
of wunit velues of capacity and inductance and having
equally spaced first indicia representing decimal scale
multiples of said unit values, respectively, and other in-
dicia intermediate said first indicia and dividing the space
between said first indicia in a direction from one said
first indicia to the next adjacent said first indicia in the
ratio of 3 parts, 4 parts and 3 parts, the other said scale
on said body member being disposed adjacent said other
edge of said slide member and being representative of
unit values of inductive reactance, capacitive reactaice
and frequency and having equally spaced first indicia
representing decimal scale multiples of said unit values,
respectively, and other indicia intermediate said first
indicia of said other scale and dividing the space between
adjacent said first indicia of said other scale into equal
parts, said slide member having two longitudinally aligned
scales adjacent said ‘one edge, said slide member scales
being adapted to be moved into cooperative relationship
with said first scale of said body member, each said slide
member scale having indicia spaced as in said first scale,
said indicia of one said slide member scale representing
decimal scale multiples of unit values of frequency, and
said indicia of said other slide member scale representing
decimal scale multiples of a plurality of unit values of
capacity and inductance, said slide member having longitu-
dinally spaced arrows located at predetermined points on
said other edge and relative to said slide member scales,
respectively, to indicate the place on said other scale of
said body member at which the answer to the electrical
problem being solved is read.

2. The slide rule according to claim 1 with means
indicating the direction in which the unit values assigned
to said indicia of said scales, respectively, increase.

3. A slide rule {for solving electrical problems in
capacitive reactance, inductive reactance and resonant
frequency comprising a body member and a relatively
movable slide member supporting said body member and
having two parallel edges adjacent thereto, plurality of
scales on said body member, one said scale on said body
member being disposed adjacent one edge of said slide
member and being representative of a plurality of unit
values of capacity and inductance and having equally
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spaced first indicia representing decimal scale multiples of
said unit values, respectively, and other indicia interme-
diate said first indicia and dividing the space between
said first indicia in a direction from one said first indicia
to the next adjacent said first indicia in the ratio of 3
parts, 4 parts and 3 parts, a second said scale on said
body member disposed adjacent said other edge of said
slide member and being representative of umit values of
inductive reactance, capaciiive reactance and frequency
and having equally spaced first indicia representing deci-
mal scale multiples of said unit values, respectively, and
other indicia intermediate said first indicia of said sec-
ond scale and dividing the space between adjacent said
first indicia of said second scale into equal parts and at
least one on said slide member scale adjacent said ome
edge thereof, said slide member scale having indicia
spaced as in said first scale, said indicia of said slide mem-
ber scale representing decimal scale multiples of unit
vaiues of at-least one of the electrical properties of fre-
guency, capacity and inductance.

4, The slide rule according to claim 3 in which said
slide member has means located at predetermined position
on said other edge and relative to said slide member scale
to indicate the place on said other scale of said body
member at which the answer to the electrical problem
being solved is read.

5. The slide rule according to claim 3 with means
indicating the direction in which the unit values assigned
to said indicia of said scales, respectively, increase.

6. A slide rule for solving problems in the electrical
field comprising a first member and a relatively movable
second member supported thereon and having two edges
adjacent said first member, a first scale on said first mem-
ber, said first scale being disposed in operative relation
with -a said edge of said second member and being
representative of unit values of capacity and inductance
and having equally spaced first indicia representing deci-
mal scale multiples of said unit values, respectively, a
second scale on said first member, said second scale being
disposed in operative relations with the other said edge of
said second member and being representative of unit
values of at least one of the electrical properties chosen
from the group consisting of inductive reactance, capaci-
tive reactance and frequency and having equally spaced
first indicia representing decimal scale multiples of said
unit values and at least one scale on said second member
adjacent said one edge thereof, said second member scale
having indicia spaced as in said first scale, said indicia
of said second member scale representing decimal scale
multiples of unit values of at least one of the electrical
properties chosen from the group consisting of frequency,
capacity and inductance.

7. The slide rule according to claim 6 with other in-
dicia intermediate said first indicia of said first scale and
dividing the space between adjacent said first indicia in
proportions which are the same without regard to the
direction traversed from one said first indicia to the nex
adjacent said first indicia.

8. The slide rule according to claim 7 in which said
other indicia divide said space between said adjacent
first indicia in the proportion of 3 parts, 4 parts and 3
parts.

9. The slide rule according to claim 6 with other in-
dicia intermediate said flrst indicia of said second scale
and dividing the space between adjacent said first indicia
in proportions which are the same without regard to the
direction traversed from one said first indicia to the
next adjacent said first indicia.

10, The slide rule according to claim 9 in which said
other indicia are equally spaced between said adjacent
first indicia.

11. The slide rule according to claim 10 with one said
other indicia intermediate said adjacent first indicia.

12. The slide rule according to claim 6 in which said
unit values of capacity and inductance comprise at least
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one pair of values chosen from the paired group consisting
of capacity in mircrofarads and inductance in henrys,
and capacity in micromicrofarads and inductance in milli-
henrys.

13. The slide rule according to claim 6 in which said
second member has means located at predetermined posi-
tion on said other edge and relative to said second mem-
ber scale to indicate the place on said second scale of said
first member at which the answer to the electrical prob-
lem being solved is read.

14. The slide rule according to claim 6 with means
indicating the direction in which the unit values assigned
to said indicia of said scales, respectively, increase.

15, In a slide rule having a plurality of members mov-
able with respect to each other the improvement of a
scale representative of a plurality of unit values of capacity
and inductance and having equally spaced first indicia
representing decimal scale multiples of said unit values,
respectively.

16, The side rule according to claim 15 wherein said
unit values of capacity and inductance comprise at least
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one pair of values chosen from the paired group consist-
ing of capacity in microfarads and inductance in henrys,
capacity in micromicrofarads and inductance in milli-
henrys, and capacitive reactance and inductive reactance.
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