Specialized Slide Rules
for Electronic Engineers

A Collection of Articles Edited by
Richard Smith Hughes

Monograph Number 2 in a Series by the Oughtred Society



\ THE
‘(@“ OUGHTRED

SOCIETY

9 Stephens Court * Roseville, CA 95678, USA
oughtredsociety@comcast.net
http://www.oughtred.org

Copyright 2017©
By The Oughtred Society


http://www.oughtred.org/

e

razn
A

riog
W -
TR

V- TRVR IR

sl
i g .“

g W.E}muw s ;3

T
(I

e ;
: A - SRR A mv...-v..a.aa». ooy .“w ‘ ’
Qe PR ,wu.uu.u.ﬁwu lmr—,]b,-‘l,q],uuw.n,u ey
m 4 3 L | " 7
. : /i o
priiy S S A e i N
()
's 7
6 7 89 !
e
16000p¢ 7 Yomm TmH 1005H° ® o W4 ind
it Xc = 12nfC
3 C T
%0 T
T T N
30000 10000m 5000 1000m 500 100m 50 om . 5 Jdm 06
DE MUIDERKRING N.V. SEi".'."n'?o'v??ﬁu'-?x'”s‘.f'c't"-'c'ir:’i:ﬁ'r:fn‘n'z's‘-sts'v';"h""‘ﬁ%

fo = 1/2n\LC

4

~ER
Rapro compu™®

MADE IX IATAN

/
/‘%

.. / lff , f (‘WPM M\H\M\"\‘\\\\\\ @

5™ o0’
scovtuanazine | RARAG

e ofont of Ry

REACTANCE SLIDE RULE

USE THIS SIDE FOR CALCULATION OF RESONANT FREQUENCY PROBLEMS

CAPACITY 00001 00002 .
ICR

05 0001 0002 0005 01 002 005 OF 02 05 0 2 5

CAPACITY o0

MMMWWWMWWWWWWMWWW '

LS SHURE BROTMERS,

INC.

) )
0 "rnm-Mh?A{ };,ﬂtmxﬁ\'&ﬁu

gk b

1"’1'11.1 1"‘
! 8 i

) O
s aanald sl
P N N RS | g

f ...‘."M‘\m

:‘wm e

LR Mm k ?ﬁw Lo

w j "1"'1 a "‘L e ! "1”‘&‘»
3

o ‘l ' *"- Mlll‘ ’&‘m“i__.




ACKNOWLEDGEMENT

This monograph would never have seen the light of day without the help of David and Donna
Sweetman-thanks. This offering is dedicated to my wife Janet, who put up with my 15 year slide
rule obsession and son Stan for ferrying me to many of our meetings.

ABOUT THE AUTHOR

I was an Electronic Design Engineer, analog circuits and systems, from my graduation at the
University of Nevada in 1960 to retirement in 1998. | have numerous journal publications, 5 books
and 25 Patents, and taught AC circuits and Semiconductor circuit design at our local community
college for 30 years. The slide rule was my sole computer until I purchased my HP- 45 in 1974.

LLoz | .fﬁ.m linainist e (o O L s il
s y ii ?4‘ i . (s ‘8 (R A "...£W{M.n\‘:\.\.m.‘lflin
TR O N NN A AT i ! )
Ml UL Juf’g | [ W
i o (g |

Felatabatatolane it
| ?mmmu\.1|~mmn|m|hm|'y i
}

Jlll;‘}

T AT re st B e o R L
g L LRI ol I'1LLG
Il l gy I | I T
125 L) . 135 L \‘«"4 1ls L a7

It 8
it
il M"v"h‘u}‘s ALY
0 A 2
s

s

: i
i

"
1) |
|




PREFACE

This monograph discusses the results of my journey studying specialized slide rules for Electronic
Engineers in determining Inductive Reactance X, = 2znfL, Capacitive Reactance Xc = 1/(2nfC),
and Resonant Frequency fo = 1/[2nVLC], and | have included the basic operations for a number of
them for those interested. Would any of these specialized slide rules have been of help to you?
You have a large selection to choose from. Not an Electronic Engineer? Not to worry, the equations
they were designed to help solve are really simple. So sit back and enjoy the results of my journey.
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Introduction

| was an analog circuit designer for much of my career, 1960-1998 and designed Intermediate
Frequency (IF) amplifiers, signal detectors, and signal processing for Anti-Radiation Missiles
(ARM). During the early part of my career, 1960/1974 the slide rule was my primary calculator.
Three common circuit equations we had to solve were Inductive Reactance X, = 2nfL, Capacitive
Reactance Xc = 1/(2nfC), and Resonant Frequency fo = 1/[2nvLC]. Sure we had to find the
approximate solution to place the decimal point, but that was slide rule life back then. During the
slide rule era many slide rule designers wanted to make solving the above equations simpler, and
the Electronic slide rule was born. | did not know of their existence at the time and several years
ago decided to determine how well they might have helped me. This monograph is the final result
of my journey.

Solving for Inductive Reactance X. = 2nfL, Capacitive Reactance Xc = 1/(2xfC), and Resonant

Frequency fo = 1/[2nV LC]] using our general purpose slide rule is not Rocket Science! However
we did have to determine the decimal point.

XL = 2xfL

Use the CI/C/D scales. Sometimes it is easier to use 1/2x =0.159, XL = (L/0.159)f
Xc = 1/(27fC)

Use the CI/C/D scales XC = (0.159/C)(1/f)

fo = 1/[2nVLC]]

The proper A/B scales must be used; Left scale, x.xx10*/" evennumber right scale xx.x10*- even number,

Calculate LC using the A/B scales (LC on the A scale = VLC on the D), place 0.159 (1/2x) on the
C scale over YLC on the D scale and read f, on the C scale above the D index. Knowing fo, LC =
(0.159/f0)?; Using the C/D scales solve for 0.159/fo on the D scale and LC = (0.159/fo)? on the A
scale. Divide by L to find C and C to find L.

| will start at the beginning, the electrification of the world by Tesla and Westinghouse in the late
1880’s, the rise of “Electronics” in the 1920’s, and discuss a number of slide rules designed to aid
in the calculations for Inductive Reactance X, Capacitive Reactance Xc, and Resonant Frequency
fo. The final section is a brief discussion on how the X, Xc, and fo were used in every day
Electronic Engineering life.



Genesis

Our story begins in the late 1880’s with the “current wars”; Edison versus Tesla and Westinghouse
regarding who would electrify the world; Edison with his Direct Current (low voltage, high
current), Figure 1, or Tesla and Westinghouse with their high voltage, low current Alternating
Current, Figure 2. Edison’s Direct Current had a major problem: transmission line voltage loss due
to the high current. Nikola Tesla had been working on Alternating Current induction motors and
power transmission for several years and had a different view on electrifying the world: high
voltage and low current (thus much less transmission line loss). Transformers decreased the high
voltage to that necessary for the given load. Tesla teamed up with George Westinghouse and the
“current wars” began. Eventually Tesla and Westinghouse were victorious (an excellent book on
the subject is Jill Jonnes “Empires of Light; Edison, Tesla and Westinghouse and the Race to
Electrify the World” [1]). In the early 1900’s, slide rule manufacturers produced specialized
“Electric” slide rules, called Elektro/Electric, to calculate the voltage drop, resistance, and the
weight of the copper for DC transmission lines (see Bob Adams [2] and Rod Lovett [3]).

Low voltage (high current)

I —

Generator [
™~ O =0
Heavy wire
HE R == am
Long-distance transmission Feeder Main
Circuit

(one of many in parallel)

Figure 1. Edison’s Direct Current (DC) Power Distribution [1]

High voltage (low current) Low voltage
nerator@ g
Stepping-up Stepping-down
transformer transformer

(one of many in parallel)

Figure 2. Tesla’s Alternating Current (AC) Power Distribution [1]

Alternating Current, AC, theory, and practice soon became college/university subjects and
engineering textbooks introduced Inductive Reactance X, Capacitive Reactance Xc, and Resonant
Frequency fo, three terms we will be talking about shortly.



Research on Wireless Communication Spark Gap Telegraphy (Morse code), Figure 3, and radio,
Figure 4, continued well into the 1920’s; Nikola Tesla demonstrated modern radio in 1893 (he had
been granted two US patents in 1890) and the evolution of AC (Electrical Engineering) to
Electronic Engineering (the early names were Radio and Communication Engineering) began. OK,
I know there is still a debate on who invented Radio: Tesla or Marconi? The US Supreme Court

upheld Tesla’s patents in 1943; thus, he does have priority.

T\
Radio Waves ﬂ

The transmitted frequency, fris determined by
the resonant values for the inductor, L, and

E 00 capacitor, C.

L% fr = fo = 1/[2nVLC]

Re Ce —

|1

Battery

Figure 3. Wireless Communication Spark Gap Generation

Figure 4. Crystal Radio Receiver
The received signal is the resonant frequency, fo = 1/[2mV LC]

Research on radio transmitters and receivers continued in the 1930’s, but it was the research on
Television and Radar, Chain Home, prior to World War II that brought more and more “Electronic
Engineers” (they were still called Radio/Communication Engineers) into the field. Chain Home
was a British early warning radar, Figure 5a, developed around 1936 to warn of any German

Luftwaffe attacks. Figure 5b shows the simplified Radar transmitter.



Note that the “Electronics” in Figures 3-5 have the same equation for the transmitted, or received
frequency, fo= 1/[2nV LC]. fo is called the resonant frequency and is common in electronic receiver
and transmitter circuits.

Table 1 (page 5) shows several basic electronic functions that the Electronic Engineering slide
rules were designed to solve. The circuits are really part of the overall system design. The most
important equations that were, in many cases, used daily in various phases of electronic design
are: Capacitive Reactance (impedance) Xc=1/(2nfC), Inductive Reactance (impedance) X, = 2xfL,
Resonant Frequency fo = 1/[2nvVLC]. The tolerance for inductors and capacitors is seldom better
than +/- 10% and absolute accuracy is usually not needed.
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Figure 5a. Chain Home Radar

. Glass wall The transmitted frequency, fr, is determined by
the resonant values for the inductor, L, and
capacitor, C.

fr=fo= 1/[2m/ﬁ]

Figure 5b. Chain Home Transmitter Magnetron
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Table 1. Some Basic Circuits

Capacitive Reactance Xc = 1/2xnfC Inductive Reactance X = 2xnfL
R. C .

C i W A joL anr—m

) 0C 7 =R, - J :’ ;

( ( wC R[v Zl. R/. + /(I)L
o="2xnf o=2nf
Xc = 1/2nfC XL =2nfL

Z =\R? + Xc?) 0=-tan(Xc/R) Z=VR? + X1?) 0 = tan(XL/R)

Parallel Resonance, fo = 1/[2nVLC]. Series Resonance, fo = 1/[2nVLC]

Note. C or L, sometimes both, are usually variable for an exact value for fy

R R
o—:——c—r Gain o — Gain
| 1 L 1
5 5 =10 v, 2,
T (0
o o

/l) ./(’P

Note the common 27 term. The solution of these equations is not rocket science, however, the
decimal point, the bane of all slide rule users, can be tedious. This is especially true for the resonant
frequency (fo = 1/[2nVLC]) as the values for capacitance (C) can range from pico-Farads (10?) to
Farads, inductance (L) from micro-Henrys (E®) to Henrys, and the frequency from Hz (or cycles
per second) to Giga-Hz (10°%) depending on the application. | should point out that the values for
the Capacitance, C, and Inductance, L, generally have a tolerance of £10% or worse. Slide Rule
manufacturers saw the need for simplifying the solution process for X, Xc, and fo (as they did in
the early 1900’s for solving various Electrical Engineer functions), and in the mid 1920’s started
producing specialized slide rules for Electronic Engineers. Table 2 (page 6) lists the specialized
Electronic slide rules I currently know of (as of December 2016) and the evolution of these side
rules, from the 1920’s until the end of the slide rule era in 1974 will be discussed next.
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Table 2

Electronic Slide Rule Chronology
XL = 2mfL; X. = 1/2wfC; fo = 1/[2mV/ LC]

Scales
Approximate . Decimal
Date Slide Rule F|2x | LC | point LL Comments
independent
1920’s Spark Gap \ Three slide rules; See Appendix A
1934/1937 gublllgr \ Special Scales for V=IXc
apacity
First LC scale (inverted A scale folded
1936 K&E 4091- Spc V \ at (1/207)
1937 K&E 4138 N F scale; D scale folded at 1/2n
K&E Radio .
1938 Special N N g ;((:)z(ajle replacing the K scale on a 4081-
N 4082-3 y
K&E 2m scale; D scale folded at 1/2m and LC
1941 Cooke Radio v scale (in;/erted A scale folded at (1/27)?)
4139/68-1460
1950 Sun-Hemmi 256 N N _Clever design for decimal point
independence for fy
K&E National . . L
1955 Union Radio N ?gzliggide;ec;?daL point independent
TubeS » /ALy /NG, 0
1957 SHURE N Cardboard; Eight decade scales
Reactance X, X, and fo
Cooke Radio 2m and LC scales and
1958 Aristo 10175 S R IR Decimal point independent scales on the
back
Pickett .
1960 N 16.ES \ V| Powerful but difficult to master
Pickett Same as the Aristo 10175
1962 N 515-T VY Different scale labeling
? IWA 51903 V fo
? IWA 0268 \ Xe, X0 fo
1963 IWA 0272 \ Xe, X0 fo
Layfette .
1969 99-7128 Unique scales
. Circular; Twelve decade scales for
’) L
' Concise 380 v decimal point independent solutions
1968 Sun-Hemmi 266 \ V| One of the best
1966 Tianjin 6504 & N N K&E 4082 F scale on the slide.
6508 Excellent general purpose slide rules
? Pickett J AJBICID scales to find fo
' 1020-ES
Pickett .
?
: E31-ES \ V' | A/IB/CID scales to find fo
1970 gé%k_eEtg \ F (1/2m) gauge mark on C scale
1970 Grapoplex 698 \ V| Similar to the Hemmi 266
1974 Nelson-Jones \ V| Possibly the last of the breed




Specialized Slide Rules for the Electronic Engineer
Wireless Spark Gap Telegraphy

The first of the Electronic slide rules were probably those designed to solve for the transmitted
frequency of wireless spark gap telegraphy (Morse code), Figure 6. Thanks to Peter Hopp, | know
of three slide rules (Peter Hopp sent me catalog scans of these slide rules; no actual examples are
known), all with decimal point independent scales, see Figure 7. They were probably designed and
manufactured in the mid 1920’s. The three spark gap slide rules are discussed in Appendix A for
those interested.

The transmitted frequency, fr (and wavelength A7) are
determined by the resonant values for the inductor, L, and
capacitor, C.

fr = fo = 1/[2nVLC]; At = c (the speed of light)/fr

Figure 6. Spark Gap Transmission
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Figure 7. Brydon Hodgsbn Wireless Slide Rule
(See Appendix A)

The next slide rule is also application specific, solving for the voltage across a capacitor, Vc,
knowing the current, Ic, and frequency; Vc = IcXc.

R2 S1/3iM TR2
i &_ft\ \ I Ve2 = lc2 X =le/2afC
i =
| s
- [ ¢t 3 lc2 = Ve (2nfC)
o1 | e L8 = c2




Figure 8. TV / Radar Transmitter
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Figure 9. Version |l
The two versions of the Dubilier Capacity slide rule
(produced by A. G. Thorton; via Colin Barnest)

Dubilier Capacity Slide Rules

The Dubilier Capacity slide rule was designed to solve for the voltage across a capacitor knowing
the current and frequency in the power output of a TV or Radar transmitter, see Figure 8 (page 7).

The Dubilier Capacity, see Figure 9, was designed by Philip R. Coursey, an engineer who worked
for the Dubilier Condenser (1925) limited. The UK Slide Rule Circle reprinted the 1937 Instruction
manual for version Il; the only difference is the addition of the A/B/C/D scales (sin, tan and log
on the back slide) to make the slide rule more versatile. The slide rule solutions are decimal point
independent. The date for version I is stated in the manual as “several years before”, a date around

1934/1935.



England was doing research on TV and Radar (Chain Home) and possibly the slide rules were
designed to aid these efforts. The version Il has the name A. F. Fayers inscribed, who may well be
the Alfred Ayton Fayers who worked for EMI, a research firm doing research on TV and Radar.
The example below, Table 3, illustrates the basic operation.

A=c (the speed of light)/f, Vc:IcXc=I121'rfCT,a¢?r|§(§= Vcl/lc, =500 kc, C=0.0005 pF, Ic=2 Amp
Scale Step Xc =Vdllc

Frequency (Kc) (:15)0%T(|8W f

Wavelength (1) (rf]é treerid A=600

Capacity (uF) gi(? I(%: 8 SuF

E:A“rifgfnps) @) below 1=2 Amp | ©) (tl’i'f(‘)’v ;;”Ff)e rindex

Ec"ifgf\/) (5) read V=1.27 kv leﬁzﬁvz/\fa&mp%% Q

Reverse the steps if V or | is known.

The next step in the Electronic slide rule evolution is for slide rules to aid in the calculation of X,
Xc, and fo,

Keuffel and Esser Electronic Slide Rules

K&E produced the first general purpose Electronic Engineering slide rules, starting with their
4091-3 Spec. (special) in 1936, 4138 Morrison Radio Engineer’s Slide Rule a year later, the 4082-
3 Radio Special in 1938, and the most long lived of the Electronic Slide rules, the Cooke Radio
around 1941 (Clark McCoy, the guru of all things K & E published Dating K & E Slide Rules in
the Journal of the Oughtred Society, 24:2, Fall 2015, and an excellent historical overview The
Origins of the K & E “Radio” Rule (reprinted in Appendix B).

K & E 4091-3 Spec. (Special)

K&E produced the first of the general purpose Electronic Engineering slide rules, the 4091-3
Special, see Figure 10, around 1936. This is a rare slide rule, with the only 3 known. The LC scale
(Inductance, L and Capacitance, C), located at the top of the back side, is used in finding the
resonant frequency, fo = 1/[2mvLC], or solving for LC, LC = (1/2nfo)?. The LC scale is an inverted
A scale folded at (1/2nf)2. If the inductance, L, is given in u Henries (10®H), the Capacitance, C,
in pp Farads (10712F) and the resonant frequency, fo, in MHz (10° Hz) (cycles per second, cps, back
then), LC = 159x10°/+/LC). The LC scale limits, 25,300 «<— 253, correspond to a resonant frequency
from 1 MHz to 10 MHz on the D scale. The operation is shown in Table 4 (page 10). Use the C
and D scales for X_ = 2nfL and Xc = 1/2nfC. The approximate solution must be found, for the
decimal point, and will be discussed shortly.



Figure 10. K&E 4091-3 Special
http://www.mccoys-kecatalogs.com

Table 4
K&E LC Scale
(Inverted A scale folded at (1/20)?, fo = 1/[2nv/LC]; VLC = 1/2af; LC = (1/2xfo)?
Scale | fo = 1/[2nVLC] Comment
LC [ (L)(O) The K&E 4091-3 Spec. uses L In p H and C in ppF; LC 25,300 «— 253
3 and the frequency fo is on D scale, from 1 MHz — 10 MHz
D fo=1/[2nVLC]

K&E 4138 Morrison Radio Engineer’s Slide Rule

The K&E 4138 Radio Engineer’s slide rule, see Figure 11 (page 11), is the only known example,
and the manual can be found in Clark McCoy’s web page, http://www.mccoys-kecatalogs.com/.
The 4138 was designed by Bell Telephone Laboratories scientist J. F. Morrison and produced by
K&E around 1938. The slide rule was designed to aid in the solution of the propagation of Radio
Waves over the earth and will not be discussed here. The front side has an F scale and an inverted
D scale folded at 1/[2x]. The basic operation is shown in Table 5 (page 11); however, the decimal
point must be determined. This simple procedure will be discussed next.

10
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Figure 11. K&E 4138 Radio Engineer’s Slide Rule
http://www.mccoys-kecatalogs.com/

Table 5

4138 Scales and Operation
X, = 2xfL, X. = 1/2xfC fo = 1/[2nVLC] LC = (1/2xf)?

Scale | Function Xc = (1/2nfC) XL = 2nfL fo = 1/[2nVLC]
F Frequency f | f f fo = 1/[2nmVLC]
A LC LC
XL =(2n)(fL) f on the F scale = LC =
Place L on the C scale | (1/2xfo)? on the A scale;
C 1/2nf over fon the Fscale; | L= (1/2nfo)?(1/C)
Read X, on the C scale | C = 1/2rfo)?(1/L)
above the D index
D 12nf Xc = (12=6)(1/C)

K&E 4082-3 Radio Special

The 4082-3, see Figure 12 (page 12), may be the first mass produced Electronic slide rule, and was
sold from 1938 to around 1940. Several examples are known and Clark McCoy’s web page has a
copy of the instructions. The 4082-3 is a 4081-3 with a special F scale, on the bottom of the back
side, and an inverted D scale folded at 1/2x to aid in the solutions for X| = 2xfL and X¢ = 1/2xfC
(this is the same F scale on the 4138). Table 6 (page 12) shows the basic scale operation.

11
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Figure 12. K&E 4082-3 Radio Special

Table 6
F Scale (Inverted D scale folded at 1/27)

X =2nfL, Xc = 1/2nfC fo= 1/[2nVLC] LC = (1/2nfy)?

. Xc = (1/2nfC) fo=1/[2nVLC
Scale | Function XL = onfl. o= 1/[2nVLC]
A LC
D | 12naf Xc = (1/220)(1/C)
DI | 2af XL = (2nf)(L)

fo = 1/[2nmVLC]

fonthe F scale=LC = (1/2nfo)?
F Frequency f | f on the A scale;

L= (1/2nfo)*(1/C)

C = 1/2nfo)*(1/L)

The decimal point must be determined, the bane of all slide rule users. The manual, indeed many
reference books, have a “Reactance” graph to find the approximate solution, see Figure 13 (page
13). The diagonal lines are for Inductance and Capacitance with the x-axis for frequency and the
y-axis for reactance (I remember using Reactance Plots for the approximate solution way back
when - much easier than finding the approximate solution using the slide rule). This graph may be
intimidating, so here are a couple of examples:

L =100 pH, f= 100 kHz
Read X = 65 Q (actual 62.8 Q)
C=0.1 pF, f=100 kHz
Read Xc = 16 Q (actual 15.9 Q)
L=2upH, C=0.5pF
Read fo = 160 kHz (actual 159 kHz)
Note; at resonance, fo, XL = Xc = 2Q (actual 2.01 Q)
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Knowing the approximate solution; thus, the decimal point, to use the slide rule for a more accurate
answer is now a simple matter. The 4082-3 Radio Special is a great slide rule, containing most of
the scales necessary for the rigors of college math and science classes.
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Figure 13. Frequency — Reactance Plot
(from K&E 4082-3 and 4138 Morrison Radio Engineer’s manuals)
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K&E 4139/ 68-1460 Cooke Radio

The Cooke Radio slide rule, see Figure 14, was designed by Nelson M. Cooke (Chief Radio
Technician, U.S.N) and appeared around 1940/1941; Appendix C is a copy of my paper Keuffel &
Esser Cooke Radio Variants published in the Journal of the Oughtred Society, 24: 2, Fall 2015 for
those interested. The Cooke Radio is built on the 4071 Polyphase Duplex Decitrig frame and has
the LC and a 2z scale (D scale folded at 1/2m). The Cooke Radio had the longest life span of any
of the Electronic slide rules; from around 1940/1941 to 1968 or later! It does not have the LL
scales necessary for college/university math/science/engineering classes; however, it obviously
had a huge following.

GG

Figure 14. Cooke Radio Slide Rule 4139/68-1460

The 27 scale, a D scale folded at 1/2x, is used in the solution of the Inductive reactance, X = 2nfLL
and Capacitive reactance X¢ = 1/2afC. A copy of the instruction manual can be found on McCoy’s
web page, http://www.mccoys-kecatalogs.com/. The operation of the LC scale, see Table 7, is the
same as the 4091-3. Table 8 is for the 27 scale.

Table 7
LC Scale (Inverted A scale folded at (1/2xf)?

fo = 1/[2nVLC]; VLC = 1/2af; LC = (1/2xfo)?
Scale | fo = 1/[2nVLC] Comment
LC (B](®) L In pH and C in puF; LC 25,300 «— 253
and frequency fo is on D scale, from 1 MHz — 10 MHz

D fo=1/[2mVLC]

Table 8
27 Scale Operation
X =2xfL, Xc = 1/2=fC

Scale | Function Xc = (12znfC) XL =2=nfL
A

D 2nf XL = (2=xf)(L)
DI 1/2nf Xc = (1/2nf)(1/C)

F Frequency f | f f
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K&E National Union Radio Tubes Slide Rule

The National Union Radio Tubes slide rule, see Figure 15, was produced around 1955, and may
have been the first slide rule with extended scales to find the approximate value (thus the decimal
point) for X, =2xfL, Xc=1/2afC, and fo = 1/[2nv/LC]. Remember the tolerance for inductors, L,
and Capacitors, C, is usually + 10%. If better accuracy was required, you would have had to use
your everyday slide rule.

The price of slide rules was a major expense, and purchasing a slide rule to just find the decimal
point may not have been a possibility; remember we had access to the Reactance Charts, see Figure
13 (page 13).

\“JME:!% }.I.Ww“ﬁbllu} rrw.\hl«}.w|T}‘ﬁ.wﬂw'm|f'}m;x'.'..am@‘u!\Tﬂwﬂwu' I \*.'..Hflf}m?a.Kum}"i"'? un(l quﬁh f*l i ’jﬂ‘?g‘l‘hfl

b B g g

1000 uput 0.0/uf It

\QMegohm

Designed by Makers of NATIONAL UNION RADIO TUBES. Newark, N. J., U. S. A,
To Find Capacitative Reactance To Find Inductive Reactance To Find R F Uni 1 R Curve

To right index (V) on scale 4 To capacity, value on seale 1 Frequeney deviation Percentage of
o e S hndox (V) of scale 2 e aataaicy value on scale 3. ‘SeCinductance value on scale 2. from resonant response
At frequency value on scale 3 At indumnoe Value on scale 2 indow /2 707" (3.0 db
Read capacitative reactance on scale 4. d inductive reactance on scale ead resol juency. v/ .
Example: Find reactance of 001 uf at 800 cycies. Example:Find reattance of 150 mh atx 5K, | Examples - Find resonant ¥ of 540 uuf and 300 uh. | 2% 2y (hrdn
o gob uf on 1 s feft index of 2 "To right index of 4 set 2.5 KC o "To 340 Set 300 uh on 2. o 163 (156 db
AT 800 cycles on 3 read 19900 ohms on 4. AT et oue3 rasd 5360 o on 4 7/Q=50/n percent when n>3. K & £ 6o N.¥.

Figure 15. K&E National Union Radio Tubes Slide Rule
http://www.mccoys-kecatalogs.com/

Most of the slide rules discussed next have special scales to find an approximate solution; the
decimal point. The Sun-Hemmi 256 is a unique design; however, the 256 takes time to master.
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Sun-Hemmi 256 (for electric communication engineers)

The Sun-Hemmi 256, see Figure 16, introduced in 1950, tackles the decimal point problem via
special scale design, labeling, and the F gauge mark (on the slide below the tan scale). Referring
to Figure 16, back side, note the scale limits:

1) below the left and right indexes of the A, Impedance scale

2) above the left and center and right indexes on the Inductance L scale

3) below the left and center and right indexes on the Inductance Capacitance C scales and
4) below the left and middle indexes on the F, or frequency scale.

The numbers to the left of the scale limits, -1, -2, 0, 1, 2, etc. are used in determining the decimal
point as will be seen. The four equations; F=L+C (for Resonant Frequency f,), X=F-2C (for
Capacitive Reactance Xc), and X=2L-F (for Inductive Reactance X.) define the exponent index
of the wanted function. The L, C, and F refer to the exponential scale limits to the left of their
individual component values. To avoid confusion all the exponent indexes will be placed in
brackets [F] = [L]+[C], etc. Table 9 shows the procedure for finding fo.

Figure 16. Sun-Hemmi 256
(production date, May, 1955)

Table 9

Resonant Frequency, F (or fo)=1/[2xVLC)]
[FI=[L]+[C]

L=2 uH [0]
Scale C=0.3 uF [3];
[FI=[01+[3]1=[3]
L (1) below L=2 pH [0]
C (3) below C=0.3 pF [3];
F gauge mark | (2) place F gauge mark
F frequency (4) read fo==206kHz [3]

16



Reverse steps if fo is known. [L]=[F]-[C] and [C]=[F]-[L]
Finding X, and Xc using the special scales is time consuming. Given inductance L and frequency
f, you must assume f is the resonant frequency, fo, and find the capacitance, C, necessary for
resonance (See Table 9). The procedure is shown below in Table 10; provided from the Instruction
book for The Use of Hemmi Bamboo Slide Rules, Revised Edition, 1957.

Table 10
XL =2r=fL, L =10 mH [2] f=500 kHz [3], [XL] = 2[L] - [F]

. A = e
L 10(2) L 10 4
D ZE (0 l
) . 3
B 50(3)
e S

2 To 10 mH (index 2) on L scale, set the gauge line F first. Opposite
50 (index 3) on F scale, read 1.01 on C scale. To 10 mH on L scale, set
1.01 on C scale.

Opposite the gauge line F of the slide, read significant figures 314 on A
scale.

Answer is 31.4 Kq by the law of placing decimal point }.(=2><2—3=1.l
and referring 100 on this scale represents 100k for the symbolic index 1.

(Note) In this case value of C is only used as “parameter” and it is

not necessary to know its index value.

This is far too complicated; just use the CI/C/D scales for X, and Xc. The Sun-Hemmi 256 is a
clever design, but is the design worth the effort to use? They did have a following; however,
without the Trig scales the 256 is severely limited.

The next slide rule, the Shure Reactance Slide Rule (made of cardboard), was a major step forward

in the solution for X = 2xnfL, X¢ = 1/2afC, and fo = 1/[2aVLC]; this rule easily solves for the
approximate solution; thus, the decimal point.
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Shure Reactance Slide Rule

The Shure Reactance Slide Rule, see Figure 17, removes the need for Reactance Charts to find the
approximate answer, thus the decimal point. The Shure rule is easy to use and once the decimal
point is known, we can use our everyday slide rule for fo, X, and Xc. The Shure was made in 1957
(bottom left front side) and over the years many electronic component companies had similar
cardboard slide rules made and handed them out for free! | still remember using them.

See Appendix E for an excellent discussion on Reactance and Associated Slide Charts.

A circular version of the Shure was made by Concise.

! 5% oot oy 2ty REACTANCE SLIDE RULE

USI THIS SIDE FOR CALCULATION OF RESONANT FREQUENCY PROBLEMS

CAPACITIVE REACTANCE
Set wrrww wpporite MEQUENCY. Read

There Scoles for OMMS (copoctive reactance Xd oppetie
. CAPACITIVE
- REACTANCE DISSIPATION FACTOR

Set RESISTANCE spposite CAPACITY. Rend

- USE WHITE
SCALES F

» CYCLES PER
SECOND.

INDUCTIVE REACTANCE
Sot arrew spparite MEQUENCY. Reud
OMMS (imd x)

These Scoles for =
INDUCTIVE |3 &7 oaw
REACTANCE ROUCTANG]

me X

Figure 17. Shure Reactance Slide Rule
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Concise 380 Radio Computer

The Concise 380, see Figure 18, (I do not know when this Concise was made; best guess around
middle of the 1960’s) is a circular slide rule that easily solves for X., Xc, and the Resonant
Frequency fo. The decimal point is taken care of in the slide rule design. The impedance and
frequency scales are twelve decades in length so the readings really are approximate.
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Figure 18. Concise Radio Computer

Aristo 10175

The Aristo 10175, see Figure 19 (page 20), was made for the Cleveland Institute of Electronics.
The Manual has a copyright date of 1958. The front side has the same “Electronic” scales as the
Cooke Radio; however, they are located on the front side for ease of use. This slide rule is truly
unique in that it has several scales on the back side (extended C, L, Xc, Xi, and f scales) that solve
for the approximate problem solution; thus, removing the decimal point problem, see Table 11
(page 20). The cursor is single sided and must be reversed when using the scales on the back side.
This may be the first slide rule that has decimal point independent scales (for finding the
approximate solution) and special Electronic scales (the Cooke Radio 2m and LC scales) and
several common scales. This was a major step in the development of “Electronic” slide rules.
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Figure 19. Aristo 10175

Table 11
Using the approximate value scales
X =2nfL Xc = 1/(2nfC)
Scale Step Scale Step
L (1) below L C (1) below C
f (2) place f f (2) place f
XL gauge (3) below X_ gauge Xc gauge (3) below Xc gauge
mark mark mark mark
XL (4) read X, Xc (4) read Xc=1/(2xnfC)
fo = 1/[2nVLC]
Scale Step
CorlL (1) below C (or L)
CorlL (2) place L (or C)
f gauge mark (3) below gauge mark
f (4) read fo

Knowing the decimal point, a more accurate answer can be found using Table 12.

Table 12
XL =2xnfL, Xc=1/2nfC)

Scale | Function XL =2xnfL | Xc=1/(2xnfC)

2n Frequency f f

Cl Place C on the CI scale under f on the 27 scale;

C 2nf XL=(m)(fL) | Read Xc=1/(2xnfC) on the C scale above the D index

Knowing L and C, the approximate solution for f, is found as shown in Table 12. To find a more
accurate value use the LC scale; place C on the B scale under L on the LC scale and read fo on the
D scale below the C scale index. If you do not get the approximate answer, move C on the B scale
to the other side. The K&E 4082-3 is much easier to use.
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The next four slide rules were manufactured by Pickett. An excellent article on these slide rules
can be found in Appendix D; Brian Borchers, Five Pickett Electronics Slide Rules, Journal of the
Oughtred Society, 12:1, Spring 2003 (the fifth, N-16-ES, will be discussed later).

Pickett N-515-T

The Pickett N-515-T, see Figure 20, was, like the Aristo 10175 (1958), made for the Cleveland
Institute of Electronics. The manual for the 515 has three copyright dates; 1958 (for the Aristo
10175), 1962, and 1965. Thus the N-515-T was produced from 1965 at the latest and possibly from
1962. The 515 has the same decimal point independent scales as the 10175 and a two sided cursor
for ease of operation. The only differences between the 515 and 10175 are the scale placement and
labeling, see Table 13, and the addition of an Ln scale. The solution process is exactly the same as
the Aristo 10175. See http://sliderule.ozmanor.com/man/man-download.html for a copy of the
manual.

Figure 20. Pickett N-515-T

Table 13
Aristo 10175 and Pickett N-515-T Scale Comparison

Avristo 10175 | Pickett N-515-T

LC (L) H

2n (fx) 2n

A A

B (CnB

Cl (Lx or Cx) CI

C C (indexes labeled X, or f,)
D D (indexes labeled Xc)
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Pickett N 531-ES

The Pickett N 531-ES, see Figure 21, was made for the Capital Radio Engineering Institute, CREI;
| do not know the date, but probably in the mid 1960°s. The 531 has a 2x scale, and the operation
for XL and Xc is the same as the Aristo 10175 and the Pickett N-515-T; use the normal procedure
to find fo. There are no approximate value scales and the decimal point must be approximated.

O|

L

L ottt '1}||||Imw 4‘lllllllllic

Ln cl)llll conit e e %l Ll ||:

Lo lll|
|

MODEL N 531-ES

o =

* 3 <2 < B
PICRETT Cl Tty bt
ALL METAL SLIDE RULES o g #
L Jl'lllllll.;ll_ NHTnANT
I IIHHI T[T I ”Hlll ] D
IIII L ||||2|n | (|
L | il | |1 |
en :'.sI ! '.!TI l {!Ial 19 ‘l 2'II | il en
! | | | RARL
S RO p K

|

1 | 2.5

1 | €
LL2 01 Fovvebonsetovnboenn oo oot bt el Lo LL2
1.01 110
LL1 o.01 ceccbeeecbeenc koo b been oot Wl 01 LL1
0l S |I‘na‘|:‘2||l ||v<1?|6PI |I|||I<‘1?P|;‘?|v||< . S 10
001 ST |, T T T e T PR e e STOl Aprr
. <100 T |I(?‘|8|llx |Ir|“|»|n||<u§?4|°|wlu:|l| 3 8 T <10 2@-']
[TEefins |||||I|?|I \HIHT“I fl
# 1 1 2 3 9 )
LL3 .0 P mng S T R RO [(IJ
€ 10000 20000

Figure 21. Pickett N 531-ES
http://www.sliderules.info/collection/10inch/060/1064-pickett-531es.htm

Pickett N 535-ES

The N 535-ES, see Figure 22, was designed by Chan Street, and produced by Pickett in 1970. |
have seen several of these, and not all have the Eastfield Digital Electronics name. The 535 has
approximate value scales on the back and the operation for finding X., Xc, and fo is the same on
both sides; place the F gauge mark| (1/2x = 0.159) on the slide over the frequency f on the F scale,
below L on the L scale read X, on the X scale (use the same procedure for Xc, use the L and C,
(an inverted A scale) for fo. The other scale listings are for Ohm’s Law and are straight forward
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and will not be discussed here. The 525 does not have any LL scales; however, the 535 is easy to
use, and is a pretty good Electronic slide rule.
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Tttt
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Figure 22. Pickett N 535-ES
http://marksmath.com/slide-rules/index.html

Pickett N 1020-ES

The Pickett N 1020-ES, see Figure 23, was made for the National Radio Institute, NRI; however,
I do not know the date. The 1020 has 2z and DI scales. See Table 14 for the operation. Again no
LL scales, so the slide rule is of limited use in University science and engineering classes.

¥,

" Figure 23. Pickett N 1020-ES
http://steves-sliderules.info/allrules.html

Table 14

Pickett N 1020-ES Operation
Scale | Function | XL =2xfL, Xc = 1/2afC | fo = 1/[2nvVLC] = 0.159/VLC]
2n f
A LC
C
D 2nf XL = 2nf)(L)
DI | 12af | Xc=(1/2xf)(1/C) fo = (UWLC](0.159)
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The following three slide rules were made by IWA, a German firm who produced a number of
slide rules for various firms; apparently they are still producing slide rules.

IWA 0268

The IWA 0268 (See Figure 24) easily solves for Xi, Xc, and fo; all with decimal point
independence. | do not know when the 0268 was made, but possibly in the early 1960’s. | do not
have any of the IWA slide rules, or their manuals; however, | think the following descriptions are
accurate.

The front side is used to find X, and Xc. The top scale is for the capacitance C (3 — 3,000), in
Farads, on the slide, the next scale is for the Xc frequency, in Hz, (1,000 « 2) on the slide and
the third is for XL and Xc, in Q , labeled Z, (5 — 300) on the body. The next two scales are L, in
Henrys, (on the body (3,000 < 4) and the X, frequency f, in Hz, on the slide (2 — 10,000). Finding
Xc and X is really simple: below C place f (inverted scale) and read Xc below the left or right
hairline index. The same procedure is used to find X.. But how do we find what exponents the
scale should have? The four “boxes” (See Table below) give the scale readings. The capacitance,
C, is from 1pF to ImPF (0.001pF), and the inductance, L, from 1H to Imp H (0.001uH). These
values correspond to the C and L scales. Placing the frequency of interest, f, under the wanted C
or L range (the f scale reading), the exponent for Xc and X are given on the bottom left and right
“boxes”. Say the C range is to be read in pF (or L in pH) and we want the frequency in kHz; move
the bottom slide for f in kHz under C in pF (above L in uH). The Xc (Z) scale reading will be in
MQ if read under the left hairline and kQ if under the right. The X (Z) reading will be in kQ under
the left hairline and Q if under the right.
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Figure 24. IWA 0268
http://sliderulemuseum.com/HSRC/13991.jpg
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The back side is used to find fo, and the operation is similar as the front; place C, in F, on the C
scale (inverted 200 « 0.5) under L, in H, on the L scale (1 — 100) and read fo, in Hz, below the
left or right hairline. Use the table below the scales to determine the C, I, and f, exponents; I think
the f scale is shown wrong and should be as shown in the bottom of Figure 23. Set C on the slide
below the known L, say L in uH (the L scale is to be read in uH) and C in pF (the C scale in pF),
the frequency, fo, will be 10 kHz if read on the left hairline, and 1 kHz on the right.

IWA 51903

I do not know when the IWA 51903 (See Figure 25) was made, but possibly in the mid/late 1960’s.
The 51903 has C and L on the slide, and a frequency scale on the bottom for the resonant frequency
fo; place C over the gauge mark A (the left D index), move the cursor to L, and read fo on the
frequency scale. We must use the 0.159 = 1/2n gauge mark to find Xc and X.. The back side has
a scale for V2/V1 in dB, (20Log (V2/V1) and P2/P1 in dB (10Log (P2/P1), and the color coding for
resistor values and tolerance. The back of the slide has sin, Log, Ig (inverted), and tan, tg.
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Figure 25. IWA 51903
https://sliderulemuseum.com/HSRC/13981.jpg

IWA 0272

The IWA 0272 (See Figure 26) was produced in 1963 and, like the other IWA’s, I only know of it
via Internet pictures. The IWA 0272 was designed to solve X, Xc, and fo with decimal point
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independence. To find fo, knowing L and C, move the slide for C (on the slide) over L. fo is under
the A gauge mark (on the top left on the slide) on the f scale. As the slide is moved right, the right
C scale is off scale; the maximum fo,, on the f'scale, above the gauge mark A, is 159 MHz. Transistor
Intermediate Frequency (IF) amplifiers during the early 1960’s were limited to around 60MHz due
to transistor limitations, and the slide rules limitation to 159 MHz is not unreasonable.

Using the combined C and L scale, solving for Xc (Rc on the slide) and XL (RL on the body) is
really simple: set the gauge mark A under the frequency, and above C, or below L, read Xc, or XL
on the Rc, or X, scale. Unfortunately, the minimum inductance value is 1 mH, much too large for
high frequency design or analysis. The front side has many of the common scales.

O T A T miw @ w0 T Wm0 Uw W R W7 540y - 2 I )
OO e e = e T Y Ty \o—- 0 T T T w. "': T G ,r T TR T A A e I W B La
L L ulicoadig 1 S y l ool lilillaciy
b7 mmx 2 ] l ! 7 UM 2 4 5 7 OMR: 2 3408 7 1GH:
i

e sad L T i L lusiadl LA ! :
R T xgﬁmmnmw PRI
v 7 ll 7 5 l ] 1 Wko 7 4503 2 0 ko7 S 4 t ? }k2 7.5 4 3 2 L
& "‘lw e B WY o raw S VY by ) m.: A Bl Ln.o 1 I 1 S S S R o
il & \ Dal ") g gy g o e
‘%%‘: oy *"3""}% iy *’"‘*"4"‘4“1""&" e i }"‘i""ﬂ"%"-’mw_" R
@" ® ! 2 3 ‘ S 6 28 90 » » @ "% e 70 0 w0 20 %0 a0 %0 " s0 700 0 9010000 h
ﬂn cos 4 7 ] 9 10480 n 17 n 1 15 16 7”7 18 19 2000 b= X 3 2050 2 W2 2000, %0
() fon <ot ¢ 9 10140, n 12 1 MoO15 16 a7 s 9 orn 3 7 208 25 DU 4$
¥ 5 3 SRS
ity ]mymmMMmum-w-mny?-n bt f T i 111 SRS TSRO TP BTG PPUTIV SO, MRS GRS PR 2000 L LY
: SHESNY S Sl VA 9 ! . 8 9 10
% “ e . ’ ) TS e s o Y By Y Iy A T e e S e i {
= 1aC u 13 AL 1\,4 1 l.l 19 2 25 . 3 10
S Im“”“m%w’?;mwm‘ ST o g ‘mu‘umr:m';-'l;:;'l PRI GL TP ! err;olhllh,lul:
@ o1 02 03 ot 05 06" o7 08 09 1 ! 2 %2 NEPER
T R T Wk e, | (O TR 2 T U 2 L BT T [ T 7 18 w % 88

Figure 26. IWA 0272
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Tianjin 6504 and 6508

The next two slide rules were produced by the Tianjin Slide Rule Factory in China. The Chinese
Tianjin 6504 and 6508 (pocket version of the 6504) (See Figures 27a and b on page 27) were
probably made in the mid-1960’s. The 6504 has an inverted C scale folded at 1/2x scale, labeled
F, on the slide (referenced to the C scale). This scale, excepting for the placement, is the same
K&E 4082-3 F scale. The 6504/6508 use the F scale and the A(Lf)/B(Cy)/C(Lx and Xc)/D(Xc and
Cx) scales to solve for X, Xc, and fo. The decimal point must be found by conventional methods.
| have a manual, in Chinese (See Figure 28 on page 28); the operation for fo is shown on the right.
The slide rule operation is shown in Table 15 (on page 28).
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Table 15
Tianjin Operation
X =2nfL Xc=1/2xnfC
Scale Step Scale Step
F (2) place f F (2) place f
C(Lx) (3) below L C(Xc) (4) read Xc=1/2xnfC
. (4) read D(Cx) | (1) above C | (3) above index
D(XL) | (1) above index X =2nfL
fo=1/[2nVLC]
Scale Step
A(Ly), | (1) below index | 3) below L
B(Cr) | (2) place C
F(fo) (4) read fo=1/[2nV LC]

These two slide rules are quite easy to use. OK the decimal point must be found, but this was the
accepted procedure for slide rule users. The slide rules have Ry and R2 scales for solving resistors
in parallel and capacitors in series and the Sun-Hemmi Pythagorean P, Q, and Q (labeled SG,
SG2, and SG) for solving the sides of a right triangle. The slide rules also have six LL scales (three
LLo and three LL), aK, S, and two T scales, and an L scale for solving dBW=10Log(Pout/Pin) and
dBV=20Log(Vout/Vin). Both of these slide rules would have been serious weapons for the
Electronic Engineer. | really like these two slide rules and the pocket 6508 would have been my

bench (laboratory) slide rule of choice.

The Lafayette 99-7128 (See Figure 29 on page 29) was produced around 1969/1970 and has unique
scales to solve for X, Xc, and fo. The Xc scale is an inverted K scale folded at 1/2x, the X, scale
is a K scale folded at 2z, and the K scale is the frequency scale. The two inverted F scales at the

Lafayette 99-7128
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bottom are used for fo. The decimal point must be found via conventional techniques, or using the
“decimal point” tables given in the manual. Table 16 shows the Lafayette 99-7128 operation.

The 99-7128 is a clever design; however, it does not have the B scale (it does have the A scale) or
any LL scales.
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Figure 29. Lafayette 99-7128

Table 16
Lafayette 99-7128 Operation
X =2afL
Decimal point
f (K) cycles | ke | Mc |cycles | ke | Mc
L (KI) m H (10%) uH (10
(opposite right Kl'index) | mQ |©Q |kQ | MQ |mQ
XL
(opposite left K index) | kQIMQImQ 1 Q 1kQ
Slide Rule Operation
Scale | Step
XL (4) read X,
K({f) | (1) belowf
KI (L) | (2) place L | (3) above index
Xc=2ﬂ5fL
Decimal Point
f (K) cycles [ ke [ Mc [cycles [ ke [Mc [cycles [kec | Mc
L (K1) uF (10) mF(10°9) pF (1072

(opposite right Kl index) | K@ | @ |mQ@|MQ [kQ|Q |10°MQ|MQ kQ

Xc
(opposite left Kl index) | Q mQ | uQ [kQ |Q |mQ|MQ kQ | Q

Slide Rule Operation
Scale | Step
Xc (4) read Xc
K@ | (1) below f
KI (C) | (2) place C | (3) above index
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fo=1/[2nVLC]

Decimal Point
L (K) mH [pH |mH [pH [mH |[pH
C (KI) uF nF (10°%) pF

(Opposite r|ght Kl index) Fl kC FZ kC FZ kC Fl Mc Fl Mc FZ Mc

fo
(opposite left Kl index) | F2¢ | Fike | Fike|Fake | F2ke | FiMc

Slide Rule Operation
Scale | Step
Xc (4) read Xc
K@ | (1) below f
KI(C) | (2) place C | (3) above index

Nelson-Jones Circuit Designers Slide Rule

The Nelson-Jones Circuit Designers slide rule (See Figure 30) was produced by Key Electronics
in 1974, and was probably the last of the Electronic slide rules (the HP-45 was introduced a year
earlier). The Nelson-Jones easily solves for X, and Xc, with decimal point independence; however,
not for fo! So much for the Circuit Designer name.
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Figure 30. Nelson-Jones Circuit Designers Slide Rule

Finding XL and Xc is quite simple; place f over the A gauge mark (above 1M on the lower body),
move the cursor to L or C (without the exponent) on the L&C scale and read X or Xc on the
proper L or C exponent scale (Peter Hopp sent me a copy of the instructions, and only two pages
are for solving X and Xc).

| have saved the next three slide rules, Pickett N-16-ES, Hemmi 266, and Graphoplex 698, for last;
they are, in my opinion, the best of the Electronic slide rules.
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Pickett N-16-ES

The Pickett N-16-ES (See Figure 31) was designed by Chan Street, was introduced in 1960, and
may be the most powerful of the Electronic slide rules; however, it is not a piece of cake to master.
One must first determine the decimal point via the special scales on the bottom of the back side.
The right side end bracket is the decimal point index. The examples will demonstrate the process.
Once the decimal point is found, solving for Xy, Xc, fois easy and several other functions that will
not be discussed. Table 17 shows the basic operation. For a copy of the manual see
http://sliderule.ozmanor.com/man/man-download.html.
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Figure 31. Pickett N-16-ES

Table 17
Pickett N-16-ES Operation
Xc=1/(2xnfC)
The decimal point must first be found; write C as (0.xxx or x.xx)10°, the frequency F as (0.xxx or X.xx)10
and Xc as (0.0xxx, 0.Xxx or x.xX)10%¢. These are the individual scale limits.
Decimal Point Location

Scale Step F=30MHz=(0.3)108, f=+8
1) move slide 2) move cursor C=25 pF=(2.5)10"1, c=-11
F (slide) (2) place exponent f (2) place f=8
Right end bracket | (1) against end bracket (1) against end bracket
X'c (slide) (4) read Xc exponent (4) read Xc=+3
1c/C’ (body) (3) above exponent ¢ (3) above C=-11
The Capacitive Reactance may now be found.
Xc=1/2nfC)
Scale |Steps F=30Mhz=(0.3)10%; F=0.3
1) move slide 2) move cursor C=25 pF=(2.5)10""; C=2.5, Xc=+3
D/Q | (1) below gauge mark | (1) below gauge mark |
ZsIXc (4) read Xc [10] (4) read Xc=0.212[10"]=212 Q
C/L (3) above C (3) above C=2.5
F (2) place f (2) place f=0.3

The solution process is somewhat cumbersome!
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Xi=2xnfL

The decimal point must first be found: write L as (0.xxx or x.xx)10%, the frequency F as (0.xxx or X.xxx)10
and X as (0.0Xxx, 0.Xxx or X.xx)10*-. Again, this method is based on the individual scale limits.

Decimal Point Location

Scale Step F=30Mhz=(0.3)10"8; f=+8
1) move slide 2) move cursor L=1.125pH= (1.125)105; L= --6
F (slide) (1) place f (1) place f=+8
Right end (2) against end (2) against end
bracket bracket bracket
XL (slide) (4) read X, (4) read X =+2
exponent
Tu/L (body) (3) above L (3) above L=-6
X|_=27'l7fL
Scale Step F=30Mhz=(0.3)10*%; F=0.3
1) move slide 2) move cursor L=1.125pH= (1.125)10%, L=1.125 X =+2
D/Q | (1) below gauge mark | (1) below gauge mark |
XL (4) read X, exponent (4) read X, =2.12(10*»)=212 Q
C/L (3) above L (3) above L=1.125
F (2) place f (2) place f=0.3

Again not a simple task.

Resonant Frequency
fo=1/[2nV(LC)]. The decimal point must be found; write C= (0.0XXX, 0.XXX OF X.xX)10°, L= (0.0XXX, 0.XXX
or x.xx)10%and f= (0.xxx or x.xx)10". The sum of the C and L exponents, C + L, must be even.

Scale Step L=1.125uH= (1.125)E; L=-6,
1) move slide | 2) move cursor C=25, pF=(25)10*?; C=-12
F (slide) (3) below end bracket (3) below end bracket
Right end bracket (4) read f exponent (4) read fo=+8
Cr (slide) (2) place ¢ (2) place ¢=-12
L (body) (1) above L (1) above L=-6
fo=1/[2nVLC]
Scale Step L=1.125 uH= (1.125)10°; L=1.125,
1) move slide | 2) move cursor C=25, pF=(25)107?; C=-25, f=+8
D/Q (3) below gauge mark | (3) below gauge mark |
F (4) read f (4) read f,=0.3 [10*%]=30 MHz
C (2) place C (2) place C=25
L, (1)above L (1) above L=1.125

With practice, the N-16-ES can be mastered and, as mentioned, it is a serious weapon for the
Electronic Engineer; however, remember the tolerance for capacitors and inductors is typically +
10% and absolute accuracy is seldom needed. Also, the N-16-ES does not have the A or B scales.
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Hemmi 266

This powerful slide rule (See Figure 32) was introduced in 1966 and easily solves Xc, Xi, and the
resonant frequency fo, and various other electronic functions - no decimal point problems with this
slide rule (See http://udel.edu/~mm/sliderule/manuals/266.pdf a copy of the manual). The 266 also
has the Sun-Hemmi Pythagorean P and Q scales and r1 and r2 for finding resistors in parallel or
capacitors in series. The scale labeling and gauge marks are color coded, as to function, for ease
of use. The 266 has twelve decades for Xc, Xi, F (frequency), and six decades (for the square root)
for the resonant frequency, fo. Table 18 shows the operation.
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Figure 32. Hemmi 266

Table 18
Hemmi 266 Operation
X =2nfL Green Scales

Scale Step L=1.125 pH
1) move slide | 2) move cursor f =30 MHz
XL (4) read X, (4) read X, =212 Q
F (1) below f (1) below f = 30 MHz
(3) above X gauge mark 1 _ (3) above X, gauge mark 1
L (2) place L on the X, sale (2) place L=1.125 uH On the X, scale

Xc=1/2afC) Green Scales

Scale Step C=25pF
1) move slide | 2) move cursor f =30 MHz
Xc (4) read Xc (4) read Xc=210 Q
F (1) below f (1) below f =30 MHz
(3) above Xc gauge mark 1 _ 3) above Xc gauge mark 1
C (2) place C on the Xc scale (2) place C=25 pF on the Xc scale

33


http://udel.edu/~mm/sliderule/manuals/266.pdf

Resonant Frequency, fo=1/[2nV(LC)] Black scales. Note the left index on the Ct scale fo. and fo~ on
the right index. When reading fo under the left index, fo-, use the lower fo scale labeling. If the right
Cr index is used, fo", the upper fo scale labeling is used.

Resonant Frequency, fo=1/[2nv LC] Black Scales

Scale _ Step C=25pF
1) move slide | 2) move cursor L=1.125 uH
Cs (2) place C (3) below Ct index | (2) place C=25 pF (3) below right Ct index, fo
L (1) above L (1) above L=1.125 pH
fo (3) read fo (4) read fo (upper scale)=30 MHz

The Sun-Hemmi 266 is a piece of cake to use. The addition of several other specialized scales,
time constant Tt =RC and t =L/R, the 3db frequency response f3sh=1/(27RC), and the inclusion of
rv// ro the Sun-Hemmi Pathogen P/Q and LL2, LLO1, LLO2, and LLO3, referenced to the A scale
makes it a candidate for the universal “Electronic” slide rule. I certainly would have purchased the
266 if | knew of its existence. This slide rule, in my opinion, is the best of Electronic slide rules.

| have not discussed the transmission line Surge Impedance, Zs = /L/C. Several of the slide rules
have special scales; however, the impedance is easily solved using the C/D and A scales.

Graphoplex 698
I only know the existence of the Graphoplex 698, introduced in 1970, see Figure 33, from Rod

Lovett’s web page: http://sliderules.lovett.com/ and the manual on
http://www.photocalcul.com/Calcul/Regles/Notices-regles/notice Graphoplex%20698.pdf.

The operation to find X, Xc, and fo is similar to the Hemmi 266, and is given in Table 19 on page
35 and in Table 20 on page 36. The Electronic scale nomenclature is on the right side of the slide
rule (See Figure 33 on page 35, last image).
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Figure 33. Graphoplex 698
http://sliderules.lovett.com/graphoplex698/graphoplex698.htm

Table 19
Graphoplex 698 Operation
Xc=1/(2nfC)

Scale Operation
F (above Xc) | (1) Below f
Xc (4) Read Xc
Cap (2) Place C | (3) Above Xc gauge mark 1
X.= (2rfL)
Scale Operation
F (below X.) | (1) Below f
XL (4)Read XL
L (2)Place L | (3)Above X gauge mark 1
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Table 20
fo=1/[2nVLC]

Scale Operation
L (3)Below L
Cap | (2)Place C
i (4a)Read fo
(4b) if the fo reading is off scale, we must recalculate fo
f (1)Above the Cap gauge mark 1 | using the Cap gauge mark 71 (the left D index) and read
fo on the f scale

| wish | had one of these!

This ends the Electronic slide rule section. A brief discussion on how X, Xc, and fp were used in
every day Electronic Engineering life will be given next.

XL, Xc, and fo in Every Day Electronic Life

Table 21 is a simple (?) filter using a capacitor and inductor. Deriving the equation is straight
forward; however, solving the equation with a slide rule is tedious (Rectangular to Polar
conversion and vice versa), but that is the way things were back then.

Table 21
Simple (?) Filter

Xc = -j/(2nfC)
Za = Magnitudea < 6a
Za=Zr1 + Xc =V[Ri? + (Xc)?] < -tan'}(Xc/R1)

XL =2xnfL
Zp = Magnitudeg <0s
Ze=Zr1ll XL = XLRZ\/[RZZ + (XL)?] < tan’}(R2/XL)

Vo = Vi[Zp <08/(Z8<08 + Za<0A)]
The filter gain, Vo/vi, in dB = 20Log[Zg <0s/(Z<0s + Za<0a)]

The resonant frequency, fo, is really important in the design of Intermediate Frequency, IF,
amplifiers, see Figure 34. The resonant frequency for Transistor Radios was 455 kHz; however,
for my applications, during the 1960’s, the resonant frequency was between 30 and 120 MHz. We
knew the fo that was wanted and had to determine the correct value for L and C; because the
tolerance for capacitors and inductors is typically £ 10% either C or L is variable (sometimes both).
We have seen that for our wanted fo, LC = (1/2nfo)?; say we want fo = 60 MHz, LC = 7(10-*8), and
we have a bunch of 1 pH inductors; thus, C = 7(108)/1 (10) = 7pF (1012,
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Figure 34. Intermediate Frequency Amplifier

Well, that is the story. You have seen some pretty good Electronic slide rules, and you may wonder
which one is my favorite: the K&E 4083-3 Vector, see Figure 35. Why was my slide rule of choice
a Vector (hyperbolic scales)? The basic Differential Amplifier, see Table 22 on page 38, was a
basic building block for many of my discrete transistor designs (and virtually all my Integrated
Circuit designs) and as can be seen has a hyperbolic tangent transfer function (output current as a

function of input voltage). My K&E 4083-3 served me quite well until I purchased my HP-45 in
1974.

it M,‘JWH.‘!Z@

Figure 35. K&E 4083-3 (Vector)

Table 22
Differential Amplifier

Exact Equations:

i1(mA) = -i2(mA) = [I+(mA)/2] Tanh[5.8ein(mV)/T(°K)]
ein(mV) >0.0173T(°K) Use Th /D Scales

<
Re, g lll

fout, 0—F

¢|N°_+§>°|

Q2
- ¢

TN\ | i(MA) =-iz(mA) = [I1(mA)/2] Tanh[5 8ein(mV)/T(K)]

/ 4 C%D o L, ein(mV) <0.0173T(°K) Use CI/C/D/DI Scales
L

Vi

\

SOURCE /

i1(MA) = -io(mA) = [IT(mA)/2][ 5.8ein(MV)/T(°K)]
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APPENDIX A

SIGNAL; the Journal of the Vintage and Amature Radio Society.

Three slide rules for wireless (spark gap) telegraphy

Richard Smith Hughes

While researching a paper on specialized slide rules for Electronic Engineering for the International Meeting of
Slide Rules & Historical Calculating Instrument Collectors, IM 2008, Peter Hopp (Editor of the Slide Rule Gazette)
sent the author information on two slide rules used in the design of wireless (spark gap) telegraphy. Subsequently,
information on a third slide rule arrived. Hating to have a slide rule that the author did not understand he set about

the following journey of enlightenment.
Principles

Having little knowledge of wireless (spark gap) telegraphy,
the author obtained Morecroft's ‘Principles of Radio
Communication’, 1931 [1] that has an extensive
discussion on ‘Spark Gap Telegraphy' in Chapter V and
Bucher's ‘Practical Wireless Telegraphy’, 1917 [2].
Figure 1 is a basic overview of the author's spark gap
‘journey’. The three slide rules presented here solve for the
wavelength, A, of the transmitted signal.

The resonant frequency, fo (in Hz), of an L-C tuned circuit
is given by,
1
f= 2nVLC

where L is the inductance in Henry and C the capacitance
in Farads. In terms of wavelength (in metres), 1,

c
A=—
fo
where c is the velocity of light which may be taken to be
3x10% m/s. Thus,

2= (3% 108)(2mVIC
If L is given in uH and C in pF,

2 =1885VLC
orif L is given in nH and C in pF,
2 =59.6VLC

The three slide rules are designed to solve these
equations, with decimal point independence. Not exactly
rocket science if one is equipped with a slide rule with
A/B(BI)/C/D scales.

Davis-Martin Wireless

The Davis-Martin slide rule is only known from Bruce
Williams [3] and a short description in Pickworth [4]. It was
patented in 1916 [3] and has an Inductance scale
(standard A scale), an inverted capacitance scale
(standard Bl scale), a wavelength scale (standard D scale)
and eight gauge marks (Figure 2). Pickworth [4] offers the
following:

“Determining the gauge marks M/F and M1/F1 is fairly
easy, Figure 2. However Mz/F2 and Ma/F3 required more
thought. | believe they are for the open circuit antenna
wavelength with an external ‘tuning’ inductor Ls. My gauge
mark values may be slightly off — Davis-Martin may not
have used the same table as found in Bucher [2], page
308.
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Brydon-Hodgson M 3714

Peter Hopp found this slide rule in a 1924 WF Stanley
catalogue. The slide rule possibly dates from around the
same time as the Davis-Martin. Figure 3 describes the
scales and equations the slide rule solves.

Tavernier-Gravet M. Fromy Radio

Peter Hopp found this slide rule (Figure 4) in [5]. As the
name states, this is for Radio Engineering, a natural
evolution of Wireless Communication. This slide rule was
probably produced in the mid-1930s or earlier. An earlier
version was produced in ‘antiquity’ (page 10 of [5]) that is
certainly for Wireless Telegraphy and may predate the
Davis-Martin.

Conclusion

The operation of all the slide rules is relatively basic
multiplication using the A/B (or Bl) scales and finding the
wavelength on the D scale.
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Tae Davis-MArRTIN WIRELESS SLIDE RULE.—In wireless tele-
graphy it is frequently necessary to determine wave-length,
capacity, or self-induction when one or other of the factors of
the equation, 4 = 59-8 V'L(., is unknown. The Davis-Martin
wireless rule is designed to simplify such calculations. The
upper scale in the stock (inductance) runs from 10,000 to
1,000,000; the adjacent scale on the slide (capacity) runs from
0-0001 to 0-01, but in the reverse direction. The lower scale
on the stock (wave-length) runs from 100 to 1000, giving square
roots of the upper scale; while on the lower edge of the scale
are several arrows to suit the various denominations in which
the wave-length and capacity may be expressed.

Adlosed circuit = 59.6V[L(nH)C(uF)] Meters
gauge mark; M = 59.6

The dae::;'z;;'::ale Scale Limits Comments
Inductance L 10,000 nH (10 uH) —1,000,000 nH (1 mH) Normal A scale
/| Capacitance C 0.01 yF « 0.0001uF (1,000 pF) Inverted B scale (Bl)
/| Gauge Marks M (59.6) See below
Wave Length A 100 m (3 MHz) — 1,000 m (300 kHz) Normal D scale

For A 10 — 100; divide L or C by 100, or both by 10.
For A 1,000 — 10,000; multiply L or C by 100, or both by 10.

Acosed cireuit = 195.5V[L(nH) C(uF)] feet Gauge mark; F = 195.5
Adosed ciresit = 1885V[L(uH) C(uF)] m Gauge mark; M1 = 1885
Aclosed circuit = 6183V[L(uH) C(UF)] feet Gauge mark; F1 = 6183

Antenna Open Circuit Oscillator Possibilities for M2/F2 and Ms/Fs
With an external loading coil, L3, the antenna will resonate at (Table 1)
Aantenna = [59.6/KN[L1(nH) C1(uF)] m
Where L2 and Cz are the effective antenna inductance and capacitance and K is dependent on the ratio La/L1 [2].
For Ls/L1 = 0.75, K= 0.95 (approximated from [Bucher “Practical Wireless Telegraphy” 1917]
A = 62.8V[L2(nano H) C2(uF)] Meters
Gauge mark M2 = 63.03
A = 207+[L2(nano H) Cz(uF)] Feet
Gauge mark F2 = 207
For La/L1 =10, K= 0.31 [2]
A= 192.5V[L2(nH) C2(uF)] m
Gauge mark Ms = 192.5
A = 631+[L2(nH) Ca(uF)] feet
Gauge mark Fs = 631

AJ Martin may not have used the K values given in Bucher [2], however the author believes the above equations for the
transmitted wavelength to be reasonably correct.

Figure 2. The Davis-Martin Wireless Slide Rule
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Brydon-Hodgson Wireless S!ide Rule. Stanley's, designed
to meet the needs of those engaged in the construction of
high frequency apparatus for Wireless and other purposes
(diathermy, etc.).

The equation X « K VL.C. where
X\ = wave length
L = inductance
C = capacity
K = constant depending upon the units used
is commonly used in Wireless calculations, and is u:adxly
obtained by this rule - - e .

Scale Designation Function Scale Limits Comments
L CuMHS Inductance ! 0??"3 ';':)S:‘: 338 ;Cl_)lMS Multi-decade D scale
(o] J:'B Capacitance 0003(1)(#‘ :?Ft ?::g_ (‘)j:d:F Multi-decade C scale
A Meters 680 Wavelength A Meters sog 22 :ﬁ?,gorg m u‘feevxﬁ"fl&sﬁfe Mu':;ﬂif,a:f 13855? ale

1 cm (CMS) = 0.001 uH, 1 JAR =10 pF

Note the cursor mark to the left of the primary cursor line. The separation is 2 1r referenced to the A scale. This arrangement
was possibly used to find the inductive reactance of the RF choke (H) shown in Table 1, X. = 2mrfL: Left Index under L, under
the right index read 2trL on the A scale, multiply by f using the C and A scales. The term JAR may refer to the ‘capacity’ of a
Leyden Jar (page 406 of [1]).

Figure 3. The Brydon Hodgson Wireless Slide Rule

?':;z&iwm

uvlani

Scale

: ” Function Scale Limits Comment
Designation
A Log1o 0—1 Normal Log scale
Capacitance C Normal B scale folded at (59.6)?
B 0.281 nF — 28.15nF = (59.6)2 [C(nF)]
/I D Inductance L 10 pH — 1,000 pH Normal B scale
IIE Cube Scale 1 — 1,000 Normal K scale
IE Normal C Scale 1-10 Normal C scale
Normal D scale
G Wavelength A 100 m— 1,000 m A = 59.6[L(uH) C(nF)]
8
M Frequency f (Hz or cps) | 3,000 kHz « 300 khz | "verted D scale folded at 3x10
For A 10 — 100 (f from 30,000 kHz « 3,000 kHz); divide L or C by 100, or both by 10.
For A 1,000 — 10,000 (f from 300kHz « 30 kHz); multiply L or C by 100, or both by 10.

The back of the slide has sin and tan (degrees + minutes)
Reference [5] mentions, on page 110, a similar ‘antique’ slide rule that is almost certainly for spark gap transmission. The
scales are: D (L) 1x10-® H to 100x103 H; G (A) 1 km to 10 km; H (f) 300 kHz to 30 kHz. This slide rule may well predate the
Davis-Martin and Brydon-Hodgson slide rules.

Figure 4. Tavernier-Gravet M. Fromy Radio Slide Rule
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APPENDIX B”
The Origins of the K&E “Radio” Rule

Clark McCoy

The 1930s were a time of great change in the K&E slide rule line of products. New slide rule
designs, scale sets, and construction methods evolved greatly during this time frame. Hyperbolic
scales, pocket sized rules made of all celluloid, and new cursor designs were released at this time.
The K&E catalogs show a number of special purpose slide rules for many different disciplines,
but they failed to offer anything for the new (at that time) electronics field.

In the last year, | have been made aware of a special production rule that K&E apparently made
for the Navy in 1936. This slide rule has the model number 4091-3 SPEC. printed on the rule. This
is a standard 4091-3 from the 1933-1936 time frame with an LC* scale added on the top of the
front side (See Figure 1 on page 43). The serial number places manufacturing about 1936 - 1937.
The owner stated that she found this slide rule in her desk at the China Lake facility when she
started working there. This rule started me thinking that this special production rule could be the
birth of the “Radio” slide rules for K&E.

*LC refers to L for inductance and C for capacitance. An LC circuit is an original basic radio
circuit consisting of an inductor and a capacitor. Each LC circuit has a characteristic oscillating
frequency. LC circuits now have a variety of uses in electronics.

In early 1937, K&E produced a Morrison Radio Engineer’s Rule with specialized scales for
propagation of radio waves. The model number 4138 was assigned to this slide rule. This rule also
has a manual and just appears in the 1939 slide rule only catalog. One to two years later we see a
slightly different rule that is a variant of the 4081-3, and that variant was designated Model 4082-
3. The K scale was replaced with an F scale, which is folded at the constant 1/(2x). The 4082-3
never showed up in K&E catalogs. However, | do have the manual for this slide rule. Finally, in
1942, K&E released the “Cooke Radio Rule” with a model number of 4139. This rule stayed in
the catalogs until 1972. This paper will document these early variants and their time line.

The SPEC. 4091-3

The 4090-3, 4091-3, and 4093-3 were released in 1930 and 1931. They featured an enhanced
version of the scale set found on the older 4092-3. The major change was that the trig scales were
referenced to the D scale rather than to the B scale with a second sine scale to accommodate the
range. The 4091-3 (See Figure 1 on page 43) is the first use of decimal trig scales, while the 4093-
3 featured the first use of hyperbolic scales on a production slide rule.

Apparently around 1935 - 1936, the US Navy requested a rule specialized for electronic
calculations. Obviously K&E was already collaborating with several math instructors at the Naval
Academy to write the manual for their soon to be released 4080-3/4081-3 family of slide rules.

* This article is from Journal of the Oughtred Society, 24:2, Fall 2012.
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The specimen shown in Figure 1 has a serial number of 564602, which dates the production of the
rule to around 1937. | have pictures of two other rules with serial numbers 486592 and 517903,
which are probably from 1936. There is a curious inscription on the bottom of this rule “RMS No
72” (See Figure 2). At this time | do not know the significance of the inscription. One, of the other
two rules that I have pictures of, has an “RMS No 38” inscription. The third rule has no such
inscription (See Figure 3).

FIGURE 1. The SPEC. K&E 4091-3

RMS NQ 72

FIGURE 2. The K&E SPEC. 4091-3 with a Curious Inscription
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FIGURE 3. The K&E 4138
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FIGURE 4. The K&E 4138 (without cursor)
4138 - The Morrison Radio Engineer’s Slide Rule

The manufacturing group for Bell Labs, Western Electric, was producing broadcast equipment for
the broadcast industry and was very involved with broadcasting in the 1930s. Performing the
calculations used in this industry was tedious. J. F. Morrison of Bell Labs designed this slide rule
to handle the general problems encountered in electronics, and he also added a set of specialized
scales for predicting RF propagation. The 4138 shown in Figures 3 and 4 was produced in 1937,
and the manual has a copyright date of 1937 (See Figure 6 on page 46). The 4138 was only listed
in the 1939 K&E slide rule catalog and does not show up in any other catalog.

Figure 6 is a copy of the first page of the manual for the 4138.
4082-3 — The Log Log Duplex Decitrig Slide Rule with the F Scale

Between the years of 1938 and 1940, K&E introduced a variant of the newly released 4081-3 Log
Log Duplex Decitrig slide rule. The 4082-3 (See Figure 5 on page 45) features an F scale, which
is in the place of the K scale on a 4081-3. The F scale is a C scale folded at the constant 1/(27).
Note, this constant 1/(2m) is used for reactance and other frequency related calculations. The rule
was given a model number, but the 4082-3 never showed up in any K&E catalogs. However, a
manual was printed for this slide rule (See Figure 7 on page 47).1 have seen an early version of
this rule that did not have a model number, but rather had a label on the top of the front stating
“Radio Rule”. Unfortunately I have not been able to get scans of this rule as this rule is lost in the
basement of one of our well known collectors.

The 4082-3 slide rules show up on eBay from time to time. How many of these rules were
manufactured is unknown. The serial number distribution of these rules indicate that the 4082-3
was produced for several years.

Figure 7 is a copy of the first page of the manual for the 4082-3. The cover of the manual is
damaged enough that a copyright date is not available.
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4139 — The Cooke Radio Slide Rule

The Cooke Radio Slide Rule was the final version of a “Radio Rule” and stayed in the K&E
product line until the end of slide rule production. The rule is named for Nelson M. Cooke, a
Lieutenant Commander in the United States Navy. Cooke was a teacher of electronics in the Navy.
I assume that the rule was designed by Cooke and licensed to K&E. Note that all of the Cooke
Radio Slide Rules to the end of production carry the old K&E circular logo even though the logo
was dropped on the rest of the K&E line in about 1945.

For a more detailed analysis of the variants of the Cooke Radio rule the reader is referred to the
article by Richard Smith Hughes (see Appendix C on page 48).
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FIGURE 5. The K&E 4082-3
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THE RADIO ENGINEER'S SLIDE RULE
Designad by
J. F. KORRISCHN
Bell Telephone Laboratories
....... s s
KZUFFEL & Z3SER CO.

Engineering pructices have branched into many special-
ized fiselds each of which rresent problems of unique and specialized
nature. In working with these problems engineers probsbly use the
glids rule more frequently than any other tool, as it provides a
convenient and rapid means for performing computations. Yihile the
conventicnal scules of the slide rule are convenient for many pro-
blems common t¢ the varicus brsunches of enginearing, its usefulness
to a specielist can be greatly enhenced by the additicn of special
scales. Redio engineering is today being recognized =s a specialty,
and the Ksuffel & Esser Company, in cooperstion with the Bell Tele-
paone Laberatories. have msde available the Radic Engineser's Slide
Rule.

A major difference between redio and other types of elec~
trical communication is the means by which the signal energy is pro-
pagated The transmission of signsl energy is of primary import-
ance and the radio sngineer is often concerned with problema in-
volving the propagation of electro-magnetic waves over the surface
of the earth Bpecial sceles for solving many prsctical problems
of this nature sre placed ¢n one face of the rule. (scales 1-9).

The conventional A, B, €, D, CI, L and complete trigonometric
aealas erg £11 conveniently arrznged upon the other face of the rule.

The rule facilitetes the computation of:

(1) Racic propagation ovar a plane esrth for the conductivity case.
" By two settings of the slide, corresponding wvalues of field
intensity for wide ranges of distance, fraquency, power snd soil
sonductivity are obtained.

(2} The IC product for a given freguency and also decivels for a
given current, voltage, or power ratio may be reed diractly
from the scqles.

(3] The value of inductence or capacity required to rescnate a re-

setive circuit, ag well as the resctance of an inductance or
cepacity for a given Treguency mey be obtained with one setting of
the slide.

(4} The transformation of vectors from rectangulsr to poler form
or vice versa can be accomplished by one setting of the slide.

FIGURE 6. First Page of the Manual for the K&E 4138
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FIGURE 7. First Page of the Manual for the K&E 4082-3
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APPENDIX C*

K&E Cooke Radio, 4139/68-1460
Variants from 1940 to the End of Production (prior to 1972)

Richard Smith Hughes

Back
FIGURE 1. Cooke Radio 4139, Variant 1A
No model number on the slide, serial number 852000 (1940).

Clark McCoy and I published in 2011 an article! on dating K&E Mahogany slide rules, and | decided to find and date
the evolution of the Cooke Radio “electronic” slide rule. That was some five years ago, so now is the time to present
the results of my research.

The K&E Cooke Radio slide rule was designed around the 4070-3/4071-3 Polyphase Duplex body, which was first
advertised in their 1939 catalog. The first listing of the Cooke Radio, 4139, was in the K&E price list dated January
1, 1943. K&E continued producing the Cooke Radio until the early 1970’s; the Cooke Radio is listed in their 1968
catalog, but not in their 1972 catalog. The model number had changed around 1962 to 68-1460. The first Cooke Radio
slide rule was built around 1940 and did not have the 4139 model number on the front slide, variant 1A, See Figure 1.
This begins the variants. The model number was on the front slide from 1941 to end of production. The scales remained
unchanged to the end of production; however, the ST scale changed to SRT around 1957.

Several attributes that changed over time have been defined and given in Figure 2 on page 49. Table 1 on page 50 is
a listing of the six variants | have identified (certainly more may exist) with their approximate production dates; see
Note 1 for an in depth discussion on dating K&E Mahogany slide rules. When possible | have given the lowest and
highest serial numbers for a variant. Table 2 on page 51 gives the simple equations to find the production date for a
given variant. Pictures for several variants can be found on Clark McCoy’s web page on all things K&E?2.

Notes

1. Hughes, Richard Smith and McCoy, Clark, Determining K&E Slide Rule Production Dates; 1922 to 1976,
Journal of the Oughtred Society 20:1 Spring 2011. This article is for Mahogany slide rules.
2. Clark McCoy’s K&E website on all things K&E; http://www.mccoys-kecatalogs.com/

* This article is from Journal of the Oughtred Society, 24:2, Fall 2012.
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Note © on the slide, No © on the slide.
No model number on

the slide, 1940. Model | Ot€ K&E onthe 1951. Also Model number
number'from i941 to slide, The Cooke Radio logo | changed to 68-1460
1945 on the slide unchanged around 1962.

end of production. to end of production.

Front Side

Note the scale limits and the

Patent numbers prior to 1951. different patent numbers;
Cooke Radio logo on the slide from around 1951 to end of production.
from 1941 to 1951. The ST scale changed to SRT around 1957.
Back Side

FIGURE 2. K&E 4139/68-1460 Cooke Radio Key Attributes
See Table 1 for the variants
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TABLE 1
Cooke Radio 4139/68-1460 Variant Evolution
See Figure 2 for the Attributes

Attributes; Figure 2
. Scale | Serial Front Top/Bottom | Back Production
Variant Set | Number Lapminated Patents Date (1) Comments
(LY 1|1l
Inlayed
Serial Number Series A; 1940 to 1942
IA 1 | 852000 | v L N A 1949 | Nomodel number on
the slide.
IA 1 | 852096 | v L \ A 1940
Model number on
1B 1 | 980500 | L \ A 1941 slide; to end of
production
Serial Number Series B; 1942 to 1956
IB 1 | 060729 |V L \ A 1942
IB 1 | 167442 | L \ A 1943
IC 1 | 293310 \ L \ A 1945 K&E on front slide
IC 1 | 496441 \ L \ A 1945
© on the slide
Serial number left top
ID 1 | 681122 \ | \ B 1951 nd left back slide L
Start of scale limits.
Serial Number Series C; 1956 to 1968
SR scale changed to
A 2 | 120134 \ | \ B 1957 SRT around 1957
A 2 | 493773 \ [ \ B 1962
Possible Mo_del 68 14602
B 2 N I N B Serial number >
500,000
Serial Number Series D; 1968 to the end of Cooke Radio production
Model 68 1460; serial
1B 2 | 060053 \ | \ B 1969 numbers < 280 000

Patents
A) 1,930,852 2,168,056 2,170,144 PAT. PEND.
B) 2,500,460 2,168,0562 2,168,144 PAT. PEND.

L All the slide rules with laminated top/bottom have the serial number on the left top and left back slide. K&E adopted
the inlayed top/bottom around 1951, and for a short time the inlayed slide rules continued this system. However, the
serial numbers were soon moved to the left back top, last three digits, left back slide, six digits, and left back bottom,

last three digits.

2 The model changed from 4139 to 68 1460 around 1962 (serial number series C (1)); not advertised in the 1972
catalog.

Inlayed Top/Bottom Body Layout Changes
The introduction of the inlayed top/bottom in 1951 also saw a change in the body design:
Laminated top/bottom; there are horizontal lines between the L/DF, CIF/CI, D/2=, LC/A, T/ST, and D/DI scales. The
red cos and tan numbers are to the right of the black. Inlayed top/bottom; horizontal lines only between the D/DF and
B/T sales. Red cos and tan numbers to the left of the black.
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TABLE 2

Determining the Production Date for K&E Mahogany Slide Rules
Adapted from Note 1

Serial Number Series

Serial Numbers

Proposed Dates

(](_)9t§23t%0i%%%) Date = 1922 + (Serial Number) / 50,000
38(0]:828 ;[g iggé(;oo Date =~ 1930 + (Serial Number — 380,000) / 23,300
(1922 tAo 1942) 45(0]:82g ;[g iég';;oo Date ~ 1933 + (Serial Number — 450,000) / 15,000
51(01’82(7) ;[g ?gg'g(;oo Date = 1937 + (Serial Number — 510,000) / 65,000
64?1838 :8 23229)99 Date = 1939 + (Serial Number — 640,000) / 120,000
B (59?24;0%32) Date = 1942 + (Serial Number) / 84,000
(194210 1350) 42(2’1%32 1—(? 399596’3?99 Date = 1947 + (Serial Number — 420,000) / 64,400
(1956 t((?) 1968) (59t§69t%9i%%98) Date ~ 1956 + (Serial Number) / 83,300
D (fgtg;tioi%ga) Date ~ 1968 + (Serial Number) / 70,000
(1968 to 1976) 420,000 to 492,000

(1974 to 1976)

Date ~ 1974 + (Serial Number — 420,000) / 36,000
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APPENDIX D*
Five Pickett Electronics Slide Rules

Brian Borchers
Introduction

The five Pickett slide rules described in this article were especially designed for electronics
calculations. Several of these rules were manufactured by Pickett for various correspondence
courses in electronics. In the following, | will describe these slide rules and their specialized
scales, and present some examples of how these slide rules could be used to solve some
common problems in electrical engineering.

The Rules

The model N515-T was made for the Cleveland Institute of Electronics. This slide rule had
conventional A, B, S, T, ClI, C, D, L, and Ln scales on the front, along with two specialized

- . . . . 1
scales for electronics applications. The H scale is an inverse A scale folded at(m)z.

1

It can be used to computemﬁ.

As we shall see, this is important in computing the resonant frequency of an LC oscillator. The
2ir scale is simply a C scale folded at 2ir. This scale can be used to multiply or divide by 2ir.
On the back of this slide rule are special decimal keeper scales for resonance and reactance
problems. The back of the slide rule also has a collection of useful formulas and constants. A
virtually identical rule, in plastic instead of aluminum, was manufactured by Aristo with the
model number 10175.

The model N531-ES was made by Pickett for the Capitol Radio Electronics Institute. This
slide rule has conventional L, Ln, A, B, CI,C, D, K, S, ST, T, and LL scales. Like the N515—
T, this slide rule also has a 2ir scale. However, it lacks the H scale and decimal keeper scales
of the N515-T.

The model N535-ES was designed for Pickett by Chan Street. On the front side, this slide
rule has conventional L, Ln, Al, B, ST, T, S, C, D, DI, and K scales. The Al scale is
particularly useful for resonant frequency calculations. The back side of this rule has decimal
keeper scales for use in resonance and reactance calculations. These scales are longer than
the decimal keeper scales on the N515-T, and they have ten graduations per decade.

The model N1020-ES is another electronics school rule. This rule was made for the National
Radio Institute (NRI). The scales on the front side of this rule are identical to the scales on
the front of the N1010-ES. Like the model N531-ES, this slide rule has a 2ir scale on the
back.

* This article is from Journal of the Oughtred Society, 12:1, Spring 2003.
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The model N16-ES is by far the most sophisticated of the five rules. Like the N535-ES, this
slide rule was designed by Chan Street. This rule has conventional scales on the front side,
including a two-part scale of hyperbolic sines and a scale of hyperbolic tangents. The reverse
side of this rule has a large number of specialized circuits for electrical engineering appli-
cations. These include conventional and decimal keeper scales for resonance problems,
reactance problems, and frequency response problems for filters. One particularly nice
feature of this slide rule is that many of the scales have special gauge points for the resistance
and capacitance of standard electronic components.

Their Function

All of these slide rules are designed to help in solving problems associated with electronic
circuits made of inductors (L), capacitors (C), and resistors (R). Two important quantities
associated with these circuits are the inductive reactance:

XL = 2irfL
and the capacitive reactance

1
2nfC

XC =

The factor of 2ir is very common in electronics calculations, so several of these electronics
slide rules include scales folded at 2ir to help in multiplying or dividing by 2ir. The N535-
ES avoids the use of a scale folded at 2ir by including a gauge mark at 1/2ir on the C scale.
This gauge mark is labeled “F”.

Another very important issue is that typical values of the inductance L range from 1075
(microhenries) to 10 (Henries) while typical values of C range from 107° (picofarads) all
the way up to 1 (farads). Similarly, the frequency can range from tens of cycles per second
to millions of cycles per second. Locating the decimal point by estimation can be quite
difficult in these problems. The decimal keeper scales on the N515-T, N535-ES, and N16—
ES are designed to make it easy to locate the decimal point.

In working with these electronics scales we may need to find a point on the scale when our
value is either larger or smaller than the labeled values on the scale. As usual with slide
rules, we can multiply or divide the quantity by factors of 10 to find a point on the scale.
However, because of the presence of square roots it is sometimes necessary to adjust by
factors of 100. The C/L, Cr, and Lr scales on the N16-ES each cover four orders of
magnitude, so that it is easy to make this adjustment.

A common computation is the determination of the resonant frequency of a circuit with an
inductor and a capacitor. The resonant frequency is given by the formula

1
f'__ 2nVLC

The reciprocal square root in this formula is something not often encountered in slide rule
computations. The N515-T, N535-ES, and N16-ES have special scales for computing this
reciprocal square root.
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As a specific example, consider the problem of finding the resonant frequency of an LC circuit
with L=25 mH, and C=2 jf. Using the decimal keeper scales on the back of the N515-T, we
set the indicator to 2 on the cys scale and adjust the slide so that 25 mH appears on the Lmn
scale under the indicator. We can then read under the fps arrow that the resonant frequency is
approximately 700 cycles per second. On the front of the rule, we can use the H scale to obtain
a more accurate value. First, we find that the product of L and C is 5. The exponent isn’t an
issue at this point, since we already know the magnitude of the answer. We then move the
indicator to 5 on the H scale, and read the resonant frequency of 711 cycles per second from
the D scale. Note that we know that the answer is not found under 50 on the H scale, since
that would give an answer of about 220 cycles, which is clearly wrong from our earlier work
with the decimal keeper scales.

Using the decimal keeper scales on the model N535-ES, it’s also easy to find that the
resonant frequency is approximately 700 cycles per second. To find a more precise value
we use the Al scale to find 1/ LC and then divide by 2x using the “F” gauge mark.

The N16-ES also has decimal keeper scales that can be used to see the answer in hundreds
of cycles per second. Once the approximate magnitude of the answer is known, the user can
obtain a more accurate answer. First, set the indicator at 25 mh on the Lr scale. It happens
that 25 mh is at the value where we would change our final answer by a factor of v/10.
Instead, extreme end of the scale, if we moved up the scale to 250 mh, we move up the scale
by a factor of 100 to 2.5 h. This will change our final answer by a factor of 10. Next, we
move the slide so that 2 uf on the Cr scale is under the indicator, and then move the indicator
to the right index and read off the resonant frequency of 711 cycles per second.

On the N1020-ES and N531-ES, we can use the 2z scale to simplify the calculation slightly,
but without the decimal keeper scales and specialized scales for the reciprocal square root,
the calculations are somewhat harder. The user must keep track of the decimal point by
hand.

For a more complicated example that demonstrates the power of the N16—ES, consider the
problem of determining the frequency response and phase shift of a simple RC high-pass
filter. The relative gain is given by

1

i+ o)

cos(@) =

while the phase shift is given by
a(f) = cot}(2nfRC).
The relative gain and phase shift depend entirely on the quantity 2zfRC. Once the product

2nfRC has been computed by using the f, Xc, and C/L scales, the relative gain, relative
gain in db, and phase shift can all be read directly.
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For example, we can find the relative gain and
phase shift at 5 Hz for an RC filter with R=30
k ohms and C= 1.0 p f. The relative gain is
cos(0) = 0.686 or -3.28 db, and the phase shift
iIs o = 46.7 degrees. To perform this
computation on the N16-ES, set the indicator
at 0.03 M ohms on the Xc scale. Move 1.0 uf
on the C/L scale under the indicator. Move the
indicator to 5 Hz on the F scale. The relative
gain of 0.686 (-3.28 db) can be read on the
cos(0) and db scales. The phase shift of 46.7
degrees can be read directly from the a scale.

Pickett N515-T
Cleveland Institute of Electronics.

Front: Lr/H, (fx}/ZPi, A, [Cr/B, S, T,
Lx/Cx/CI, XI/fr/C], D/Xc, L, Ln

Back: Decimal Keeper Scales for
Reactance/Resonance Problems
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Pickett N531-ES _ Pickett N535-ES Electronic Technician.
Capitol Radio Engineering Institute.
Front: L, Ln, Cr/Al, [Lr/B, ST, T, S,

Front: L, Ln, A, [B, Cl, C], D, 2Pi, K C/L/N], FIXI/E/RIW/D, Xc/DI, K

Back: LL2, LL1, [S, ST, T,C], D, LL3 Back: Decimal Keeper Scales Cr, Lr, C/L/I,
F/IXI/E/RIW, Xc
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Pickett N1020-ES National Radio Institute. Front: SH1, SH2, TH, DF, [CF, L, S, ST, T,

Front: K, A, [B, ST, T, S, C], D, DI Cl,C], D, LL3,LL2, LLT, Ln
Back: 2Pi, Dl[: gCF L, Cl, C]] D, DI Back: Theta/alpha db, D/Q XI, Zs/Xc, [CIL,

Pickett N16-F F, Lambda, Omega, Tau, TauR’/X’c, Cr],
Electronic Log Log Dual Base Speed Rule. L, db, COS Theta
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APPENDIX E
Reactance and Associated Slide Charts”

David Sweetman
Introduction

Journal of the Oughtred Society (JOS) articles have included references to calculations of
reactance and other electronic problems using traditional slide rules [1, 2]. Additionally, specialty
slide rules/charts have been mentioned [3]. This article will focus on some of these specialty slide
rules/charts used for reactance and related calculations.

Basics

There are a number of electrical and electronic problems that require the calculation of
fundamental properties of circuits, such as capacitive reactance (Xc), inductive reactance (X.),
resistance (R) of parallel resistors, resonant frequency (Ro), and angular frequency (o = 2xf). Other
features, such as an Ohm’s Law Calculator and a resistor color code guide help the technician or
engineer when trouble-shooting or designing circuits.

While the equations for reactance are relatively simple, their solution requires a number of
operations when using a standard mathematical slide rule. The specialty slide rule/chart reduces
the number of operations, so is quicker and easier to use.

The applicable equations are [4]:

1
Xczﬁ XLZZT[fL RO:

1

2nmVLRC
Where:

Xc = capacitive reactance (ohms), f = frequency (hertz), C = capacitance (farads)
Xc = inductive reactance (ohms), L = inductance (henrys)
Ro = resonant frequency (hertz), R = resistance (ohms)

Resonant frequency is achieved when the inductive and capacitive reactances are equal, resulting
in minimum circuit impedance and maximum circuit current.

While using a standard or standard electronic slide rule to calculate these equations is not
particularly difficult, these specialty slide rules/charts greatly simplify the operations, resulting in
quick and sufficiently accurate answers.

Some companion slide charts that complement the reactance slide rules are the Parallel Resistance
Calculator, the Ohm’s Law Calculator, and the Resist-O-Guide. These tools simplify the
calculation of total resistance for two resistors in parallel, to calculate the related values for watts,
ohms, volts, and amperes, or to rapidly find the ohms of a resistor from the color code on the
resistor.

* Originally published in the Journal of the Oughtred Society, 21:2, Fall 2012.
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The Kemet® Microfarad Manipulator was copyrighted in 1972 by Union Carbide Corporation
and produced by the Graphic Calculator Company, Barrington, Illinois. The body is plastic, with
a cardboard slide and a plastic spring-tension cursor. On Side A, the manipulator relates reactance,
resistance, frequency, and dissipation factor; along with a Celsius/Fahrenheit temperature
converter. The dissipation factor calculator is important when you are interested in calculating the
power consumed by a capacitor, usually in an electric circuit with large capacitors. On Side B, the

manipulator relates ripple voltage, power dissipation, impedance, and resistance, along with a
Millimeters/Inches converter.

Figure 1. Side A, Kemet® Microfarad Manipulator

Figure 2. Side B, Kemet® Microfarad Manipulator
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Figure 3. Kemet® Microfarad Manipulator Instructions

The Shure Reactance Slide Rule was copyrighted in 1957 by Shure Brothers, Inc., Evanston,
Illinois, and produced by PERRY GRAF, Maywood, Illinois. The body and slide are cardboard and
held together with metal rivets. Side A relates capacitance, inductance, and resonant frequency.
Side B relates capacitance, capacitive reactance, and frequency or inductance, inductive reactance,
and frequency, along with the dissipation factor for capacitors and the figure of merit for inductors.

Figure 4. Side A, Shure Reactance Slide Rule
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Figure 5. Side B, Shure Reactance Slide Rule

The Ohmite Parallel Resistance Calculator was copyrighted in 1949 by the Ohmite Manufacturing
Company, Skokie, Illinois, and produced by PERRYGRAF, Maywood, Illinois. The body and
slide are cardboard and held together with metal rivets. Side A contains the scales for calculating
the equivalent resistance of two parallel resistors, along with the A,B,C,D scales for a standard
slide rule (with no cursor). The equation for calculating the total resistance for two parallel resistors

is: Ry = 21i22. Side B calculates the unknown for any two known factors from Ohm’s Law, where
1 2

E = I'R (voltage = current X resistance), along with calculating power, since W (Watts) = E‘I
(voltage x current).

Figure 6. Side A, Ohmite Parallel Resistance Calculator
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Figure 7. Side B, Ohmite Ohm’s Law Calculator

The IRC Resist-O-Guide was copyrighted in 1946 by the Perry Graf Corp. The body and disks are
plastic coated paper and held together with metal rivets. The slide chart uses 3 disks, with one
window showing the color and the other window showing the numerical value at each of the 3
positions of the color code.

Figure 8. Side A, IRC Resist-O-Guide
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