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Enplnsering practicoss have branched into many special
ilzed fields ssch of which rresent problems of unique and specialized
nature, In working with these problems engineersa probsbly use the
alide rule more frequently then any other tool, aa 1t provides =
convenient and rapid means for perfornine computations. Yihile the
conventicnal soules of the slide rule mre convenisnt for many pro-
blems pcumon te the various brsnches of engincaring, its usefulness
to 8 speclelist can be grestly enhanced by the addition of specisl
scales. RBedio eagineering 1o today being recognized as & spacialty,
and the Hsuffel & Essar Compeny, in cooperstion with the Bell Tele-
phcne Laberetories. have made availsble the Badle Enginesr's Slide
Hule.,

A major differsnce betwmeen redlo and other types of elac~
trical communication is the means by which the signal energy ia pro-
pagated The transmissicn of signel energy i3 of primary import-
ance and the radic sagineer 1=z often voncerned with problems in-
volving the propagation of electro-magnetic waves over the surface
of the sarth Bpeciel seceles for solving meny preoticsl problems
of this naturs are placed on ope face of tho rule. (scmles 1-8),

The conventional 4. B, ©, D, €I, L and cemplete trigcnometrin
gealas era 411 comveniently arpeneged upon the other face of the rule.

The rule fscilitetes the computetion of:

(1] Eacic propagation over o plane esrth for the conductivity ca=a.
" By two settings of the slide, correspondine values of field
intensity for wide ranges of distance, fragquency, power snd soil
conductivity sre obtainsd.

(£] The IC product for o given frequency and also deecibels for a
given current, voltage, or power ratic may he reed dirsctly
from the seales,

(3] The value of inductznce or capacity required to rescnate a ra-

gotive clreult, o8 well a8 the resctanes of an inductonoe or
cepacity for a glven freguensy mey be obtalned wiih one setting of
the slide,

{4} The transformation of vectors from rectangular to polar form
ar vice versa sen be accomplished by one setting of the =lide.
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It may be briefly stated thet many factors influence the
intensity of & radlo signal which has been tranamitted over the
earth's surface:

(1) The size, configuretion and height ebove tha

earth of the transmitting antenna.

(2] The distance between the trsnsmitting and re-

cairing antennas. :

(&) The frequency ™f" and the operating power "B

of the transmitting station.

(4]} The elsctrical conductiwity "o " and dielectric

croperties "e™ of the esarth in the territories
over which the signel iz transmitted,

L close epproximation of the signsl intensity at a receiv-
ing point can be made if certsin justifiable assumptions regard-
ing these influencing factors are made. The sttenuation factor
(scale 8) has been computed for the conduetivity csse, assuming
that vwertical entennas erected above and vory near to the sur-
fane of B plane earth, are used. Tha attenuation factor is the
ratic of the received field intensity to that which weould result
if this plane surface had parfect conductivity. The eguations
upon which scale B was prepared ure bssed on the Sommerfeld(l)
solution as evaluated by Burrows{2) for the case where the ratio
of the dlelectric to the condustion surrents flowing in the
earth is very small, i. e., ef/85 % 18 small compared

* Expressed in electrostatic units - See reference 2.



Lo unity. The computatiens for each division of this gcale
were carried out to the eighth and, in some cases, to the
ninth decimal place, It was appreciated thet this accuracy
iz not reallzed in prectics, nevertheless, the divisions can
be engraved with that accursey and the solution is rigorous

for the idealized assumptions mentioned above,

Yor convenience, the propsgation scales are de-
signated by standsrd abbreviations st the right hand end of
the slide rule secales, i.e,:

Secale 1 -~ db = decibels

- B, av/m - field intensity in mierovolts per meter
i = O, emu = s50il gonductivity in electromagnetic units
I, Me = frequency in megacyceles

- P, Watts = power

=
=+ i €A bas|
|

- Bd = the produet of fisld intensity and distance

" 7 -4, Miles = distance

L . ATT, PACTOR = attemuation Pactop

The field intensity produced by & raédic tranamitter

and verticsl antennn ig:

x ATT, FAOTOR



where K is an antenna conatant. [0lose to the emrth's
surface E is numerically egual to 6170 for a
vertical 1/4 wavelength antenna.)
With a given frequency (f. Me) and soil conductivity
(¢ . emu), the ATT. FACTOR may be found by one sstting of the
rale for ell distances within the limits of the scales. Tor

exsmple, opposite & soil cenductivity of 2 x 10-1% emu on secale

4 sat one megaocycle on secale 4, Then opposite sny distance in
miles on sesle 7, read the attenuation factor on scale & IT

then the field intensity at a given distance, say %0 miles, is
desired, it will be found thet the attenuation faetor at this
distance iz .040) Set 30 miles on scole ¥ nppositelbﬂ401 on
scale © (ATT. FACTOR II) and read the field intensity in av/m
on scaeles 2 or db above 1 _uv/m on scale 1 opposite any given
pvower in watts on scale S If the field intensity at one mile
from the antenns in 8 given direction is known, ngs scale & (Ed)
in plaece of the scele 5.

The pogiticon of seale 5 in relation to the other scalas
is based upon the field intensity produced 2t one mile by a
vertical 1/4 wavelength antenns erected close to a perfect con-
ducting planes earth. Therefors, by direct reference from acales
B to 6, we have the unattenusted field intensity st cne mile
produced by a 1/4 wavelength antenne for sny power within the
runga of the sceles. Coaverzaly, if we know the filald inten-

eity at one mile, we mey reed directly from scales & to 5 the

"spparent® powsr of the statiom,
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Soales 1 and 2 have an edditiomnal and very useful pur-
posse We have by direct refarence to seale 1 and 2 e conversion
frem decibels (db) to elthsr voltege or current ratios for all
values up to 120 db. Thlas feature will prove useful in many

problems other thean thoss involving radic propagation.

Typical Problems that May be Solved on the Radio
Fropagatlion oScoles.

EZxample (1]1: A LOOO-wett tronamitting station is to operate on
1480 ke with an antenna 1/4 wevelength high. hat

1s the fleld intensity produced by this station st a distance of

40 miles, if the aversge ground copductivity surrounding the

atation 1g 3.5 x 10724 emmo

Soluticm: : 14

Oppoaite 3.5 x 10 on acele 5, set 1. 48 on seale 4,

Crposite 40 miles on scale 7, read the 47T, FLACTOR = 0249 on

scale B, Regset the indicetor to .024% on scale 9 and move the

alide wntil 40 miles on scale 7 1s coineldent with the indi.

cator line.  Then under 10% watts on seale 5, read the field

intensity 1.81 x 108 pv/m on seale 2 or 41.6 db above one uv/m

on scale 1.

Hramnle !Etf Field messurements heve heen made up to a distance
of LU0 miles from & proposed loestion for & new

transmitting station on & freguency of 1C00ke. The data when

plotted shows thet the attenuation factor is .75 at 10 miles,

.86 at 50 miles and .1 at 100 miles. Whaet is the averzge

goil conduetivity in emu?



Sclution;

Adjust scales 7 and B until the thres cbesrved at-
tenuation faotors on soale B are as nearly opposgite to their
corresponding distences on scale 7 4z an averame adjustment
of the alide will permit. fn average adjustmsnt in this cass
is: .748 on acele 8 is opposite 10 miles, while .261 on scale
8 iz opposite 50 miles, and 1082 on scﬁie B ia opposite 100
milas. Falow the given freguency 1 megacycle cn goals 4

read tha average aoll econdustivity 1.37 x 1013 emu on scale 3.

Zxemple (3): A radio telephone circuit is to be installed be-

. tween Cape Cod end the moinland The distence
ig 20 miles and trensmission will tske place over sea water on
g fraquency of 20 megacyelas. It is known from messurements
that 150 microvolts per meter signal intemaity will be required
to over-ride the prevailing noise when s single vertiocsl antennoa
iz uged et the recelving loecation. What is the minimum power
required at the transmitter to asetiefecterily meet thls require
ment, if & dirsstionsl antenna having 5 4b gain is used at both
the transmitter end recelwver?
Solution: -
i The aversgs vonductiviiy of ses water is 10-11 emu,
Opposite 101l on seale 5 set 20 on scele 4. Abave 30 miles

on gcale 7, read ATT. FACTCR = .053 on scale 8. Set the in-

dicator toc .U53 on scale 9 a2nd set 30 miles on scals 7 to the
indicator lins, Reset the indieator to 1.5 x 108 uv/m on

geale 2 and vead 1.9 x 102 watts on goole 5§ and also 45.5 db om

acale 1.



The combined gain of the fransmitting and recaiving antennas is
LG db, so move the indiestor to 43.5 - 10 = 35,5 db on scale 1

and read 1% watta op sezle 5,

Examnple f4): A directicnel antenna which Eroduces an hour-glass
ahaped Tleld ictensity cettewn is used at = broad-
easting station. The unattenusted field intensity at one mile
north of the untenna is 2.5 volts per meter, 1 wolt par meter
northeast of the ontemna and .2 volts per meter csat of the
anteanng. What fs the "apparent” power in these directions
based upon 1/4 wevelensth antenna elements?
Solutlon:
ST TSR Horth, oppogite 2.5 x 105 on =oala & read
1.65 x 10% watis on scale 5.

N.Z., opposite 1 x 106 on asesle 6 raad
P.8 x 104 wmtts on =z0dle 5.

Bast, opposite 2 z 109 on scale 6 read
1.05 x 10% watts on scale 5.

Zxample (8] : & broadeast stetion is advised that if they changea
their operating freguency from B90 ke. to 1350 ke,

hey wlll Be permitted to incresse their opereting powsr from 1
to & kilowatta. It is known thet the average soil conductivity
surrounding the station is 3 x 10-14 emu. Will the station
have 4 greater or lesser 500 uv/m service area if this sug-
gested change ia mada?

colution:
This problem san be moat essily solved by plotting

& fisld intensity wersus dlstsuce curve for both frequencies

and powETa,
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Cpposite 3 x 10-1% emu on scale 3, set .B9 on socals
4. Then tabulate the ATT. FAOTCR ez remd on &eale B opposite

geveral dlstences on scale 7:

Distance
Miles ATT. FACTOR
10 5]
&0 18
an 080
40 .0s2

Cpposite sach ATT. FACTOR on scale 9, get the correaponding

distance on scale 7. Then opposite 103 watts on scale 5
read the field intensity on scale 2.

Distance Field Intensity
_Miles Av/n

L0 7.1 x 10%

20 1.55 x 109

50 5.9 x 102

40 & x 108

Repeat the proecessz for the 1350 ke. frequency und 5 kw. power.

Opposite 3 x 10-1% emu on scale 3, set 1.35 on scale 4, Then

a8 bafore:
Distance ATT. FACTOR
Milasz
10 2138
20 yUS1S
30 L0328

40 0835



Opposite sach ATT, FACTOR cn scels 9 set the corregponding
distance on scale 7, Then opposite O X 107 watts o1l

goale & read the field intensity om scale 2,

Distanas Fleld Intensity
Miles a1v/m
10 5,7 x 109
20 1,12 x 107
20 4,7 ¥ 10°
40 2,55 x 10°

It may be seen by an lnapsction of the tabulated
data that operation on the 890 ko, frequency results in a
greater garvies area although the power allowed for the

1350 ke, frequencsy is 6 times that nsed on B90 ko,

Accumulated Date on Soll Conductivity Measurements.

Tahleg I and II sre typinﬂl of the information
available on vericus typss of terrain, The d4ata in Table T
is taken from Teble IV cf Burrﬂw‘ﬁlg} paper, The data
in Tewkle II and the mesp, Fig. &, heve been obteinsd from the
Inginsering Dept. of the Federal Jommunications Commlssion
who iz cooperetion with lisensees of broadcasting stations

have eollected and compiled the data.
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The conventionsl &, B, £, D, O, L and Trigonometrio
sealss epre sl)l arrsnged upon one face of the rule. The Trigo-
nemetric scales are decimally divided and sll funetions are
referred to the D scalse. A special frequency acale, desisnated
I iz provided and located betwsen the A and L scsles. This
aogls 1s gimilar to the conventionmal CI =meale with the sxeeption

that it is folded at é%? o facilitate the computation of tuned

circult problems,

Qpposite a setting which represants e given fragquency

on the T scale the LC product may be reed on the A scale and

£ on the D scale.
o

Since ; o
e = kot

ant
and IL I g i
and , £, = _l_n
c 2TTC

whara I is inductance in henries, € capacity in farads,

X resctance in ohms amd £ frequency in cyeles, the induet-
ance or capacity required for rescnance at & given freguency
ay the reoctenee of a2n inductence or capacity may be obtained

by one satting of the slide.
Exomple [6): What capacity 18 required to resonete an inductance
of 300 uh at & fresuency of 890 ke.?
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Selution?
Cpposite 890 on F seale set 300 on the B scale.

Opposite index of the B ascale, read 106,55 guf
on.the 4 scale.
Example (7): What inductance is required to resonate a capacity of
087 uf. at a Trequency of BOD ecyeclea?

Sclution:
Opposite BO0 on F scale aset 27 on the B acale.

Opposite the index of the B scale, rTead 1.465 h
on the A scals.
Zxample {8): What is the reactance of 252 mierchenry at 340ke.?
Solution: Opposite 340 on the F scale set 252 on O =cale,
Opposite the index of the D scale, read 538 ohms
on the C scals.
Example (8): What is the reactance of 625 micro-microfarads at
4560 ke.?

golution:
Opposlte 4560 on the F scale set 625 on the C scale,

Cpposite the index of the C =scale, read 55.8 ohms

on D scale.

The scales are not limited in range of frequency,
capacity, lnductance or reactance and the declmal point posi-
tion may be determined by rough calouletion or inspecticn.
‘Tt may bs mors convenient, however, when working in an un-

familiar pert of the frequency spectrum to uge the attmched
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chart {(Fig. 1}. By & glancing inspection of this chart the
decimal point position may be readily determined.

Decibel Computations

In Radio or Communlestlion engineering, power, cur-
rent and voltage ratios are often expressed in decibels (db).
For power retios:
1
db = 10 log,, To

The splution of this equation is direct resding on the rule.

b
Example {10): How many db correspond to a power retio f% = 4,367

Solutions :
Opposite 436 on the D scale read &.4 on the L scale,
Disregard the decimel point shown on the I scale
and determine the decimal point position as follows. For power

ratios between unity and 10:1 the first digit tc the left of the

decimal point in the number "db" is given by the numbers on the

L scale. Por power retlos greater then 10:1 the first digit

in the number *db" iz one lesz than the number of digits in the

known powar ratia:

E le {11): ¢
: 1 = 20,000

Solution:

Opposite 2 on the D scale read 3.015 on the
L scale, i
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Upon inapection there are § digite in the power ratic
80 the ongwar is 43.015 db.
Pxample [18): Whot is the power retio corresponding to 28.6 db%

Solution:
Cpposite 86 onm the L scale read 724 on the D scals,

Thero arae 3 digite to the left of the decimsl point
beceuse £ iIs the second digit to the left of the decimal point
in E8.8 db.
For valtage or current ratios:
Lkt
db = 20 logjyp ?;

and
I

7
db = 8% lo T
£10 I
The solution of these sguations ars read directly
betwsen scsles #1 snd #2 for values between 0 and 120 db,

¥ I
o or I—l = 150
2

"""" Opposite 1.5 = 10% on scale #2 resd 43,5 db on
scale #1.

The decimal point is indiested on the rule.

Sine and Tangent Soelss

The Sine snd Tengent scales are placed oo the body of

the rule under the D =zcale. The operaticn of these scalea
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in relation to the D and CI scales for gsolving ordinary trigo-
nometrlic relations is expleined in instruction books alreedy
published by the E. & E. Co. These secales Are, however, Qon-
veniently arranged for solving problems Cregquantly encountersed .
by the Radio engineer,

Resistance and Reactence in Series. Transformatiaon fron
Hectangular to POLAT ROTH O Vice VETSE,

R: jf=2a0=VE+ i?fi,tan'l E

Example {lé!f
Given the impedatce R x JX = 4 & J 3 vector ohms
whet is this impedance expressed In the form Bjft 8 7
Solutiocn:

Set the smaller number of the expressicn, %, on the
CI scale over the right-hand index of the D scale.
Set tha indicetor line to 4 {the larger number of
the complex expression) on the CI scele.

Read ©® = %£36.,85¢ {black numbers)}® on the T scale.
Reset the indicator lime to 36,85° (black numbers)
or 53.15° {red numbers) on the 3 scale and read

® = 5 ghm= unpder ths indicator line on the CI scale.

The aign of the engle ia the seme ss that preceding J

in the rectangular form.

*# Tf the resctance X were lerger than the rvesistence i1.e: &t j4,
it would ba obvious by inspection that the angle 8 was greater
than 4%¢ in which cage you read & = 53,159 from the red num-
bkers on the T scale,
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Example (15): Given the impedance Bfs 6 = 63f+ 84 .3 to be exﬁregsad

in rectangular form:
Solutions Bet the Ilndicator line to 24.3° on the 5 scale.
Then set 83 on the {I secele to the indicetor line.
Read the smaller number of the complex expression,
£5.95. on the CI scele above the right hend index
of the D gecale,
Move the indicetor line to 24 .3® on the T scale
and read 5%.5 {(the larger number of the complex
expression) under the indicator line on the T
goale ., - :
Binee the angle in this casa iz less than 45¢ the resaistance com:
ronent is the larger and accordingly the answer is:
83/x 24 .3° = 57.5 4+ J85.95 vector ohms.
Bince vectors can ve Added most convenlently in
rectangular form and multiplied or divided most convenlently
in polar form the impedance of any network of resistances and
reactances. can be solved by simple additlon, multiplicetion
and division by changing to the most convenient form of ex.
presaiont ),
Example (16): Reference is made to Figure 2, Thais figure shows
severel reactances apd resistances comnnected to.
gether to form a complete network snd the problem presented iz

to solve for & with the aid of the slide rule.
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Solution:

The network is termineted by the impedance 43-j110
ohms connected in parallel with the impedance 12 + j62 ohms,

Thiz parallel combination gives a combined impedsnce:

- S Bg
El i 3
whera
B o= 4% . j110 = 118 y-68.85% )Trensformed to polar
= Ll iform with slide rule as
E; = 12 +j62 = £65.1p79.03° iexpl&1n3d in Exemple 1,

118 7 .88.85° 63,1 /+79,03°
By = T[4z .. 3110) + (12 + j6&)

7450 f410 58°
55 .. j48

7450 f+10, 580
T Tz g4l de

102, g+5l.48¢ = 63.55 + JEO

Connected in series with @, is the impedance 75 + 315 so we

add them ln rectansular form,

(75 + j315) + (83.55 + JB0) = 138.55 + j555

= 419 [+70.7°
An impedence Q . j2BC i=s ﬁhen gonnected in parallel with the

impedance 418 ¢ +70.7e
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419 +/70 7 abl f=008

o =

¢ (135.55 + j395) + {0 -j=80)
11e70G s L B8 S R T A b
I5ES5 + F115 180 /4 39,9

E = 49 /-59 1® expresssd in polar form or

= B35 - jB556 expresssd in rectangular form.

]

Resistence snd Hesctance in Parallel

Befersnce 18 made to Figure 3 whers the resistance HP is
ghowm connected 1n parallel with the resctenoce Iﬁn The soclu-

tion of this circuit las

2
hsw % Bp i, R
B -, ¥ Xy = g A Ry 5
R% X R
D P p P

o0 B
the phese engle 9 = tan ~+ 8 . 4an 1 e

Execrple (17}

Given the parallel impedence E

= - =
T 8.3 ohmns, Ip je.=2s

OHINE o
golution:

To the Tight=1snd index of the D agonle set 8.33

{the lareer number) on the € scale.

Set the indieator line to 6.28 {the smaller number)

cn the C zcale erd read & = ES.1° on the T scele,*
*If the resistance is prester than the resctence, © is gremter
than 45° sc reed @ from red numbers on the T and 5 sesles, IF

the resistence is srmller than resctEnce 8 is less then 45° so
read & from the black numbers on the T and 3 sceles.
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Reset the indicator to B3.1° on 5 secale and read
B = 5 ohms on the C scale under the indicator line,
FBxample {13);
Given the parallel impedance RP = 10, Xp = = J30,

Solution:
Proceed as before,

Hat the larger number, 30, on the ¢ seale to the index

cn the D zcale, {Por convenienca use lﬁft-haﬁd index

of D sgale in this example.) Under the smaller number,l0,
on the C scale resd 0 = 18.43° on T scale. Reset hair
line to 18.43° on S geale.

Read B = 9.5 ohms on C seale.

Conversion from Series to Parallel Impedances

Any resglstence and resctance in series hes an equiva-
lent resistancs and reacf&nea in perallel. It cen be shown
that they are releted by the sxpressiocn;

5% = B By = Xs Ip

We have already sexplained how to solve for 2 on the glide
rule when given any resistance and reactance connected in series or
parallel. Therefore, to obtein the equivelent cireult we =quare
the impsdence B and dilvide the aquare by the resistance and resct-
ance of the saries or parellel circuit to obtaln the egquivalent
circuit,
Exsmple (18):

Reference is made to Figure 4.

The series cirenit B+ JX = 8 + J4.
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Set the smaller numbsr,3, on the £I scals to

the index on the B acele.

Then get the indicator line to ¢4 on the CI scale
and regd @ = 53,1° on the T scals.

Beset the indicator lime to 53.1° on the 8 scale
and resd B = 5 on the CI scala.

Beset the indieator line to 5 on the D secale and
read B = 25 on the 4 scala,

et & on B scele to the indicator line and read

Bp = 8.33 on the A scale.

B¢t 4 on B scals to the inmdicater line and read

Ir = étﬂﬁ on § scale,

A Matehlng Network of Reactances

4 aimple natwork of resectances for matehing betwesn two
resiatances 13 shown on Figure G. This type of network is often
uséd for matching the impedance of an antenne. to an unbalanced
tranamisgaion line. The required series and shunt reactance may
be aolved by one setting of the alide rule.,

Example (20);

ihat fs series and shunt reactanca required to
match between & 150 and 65 ohms reslstances?

Solution:
RL = 130 ohms

RBg = 65 ohnms
& = Rr -~ Rz = 85
Opposite Bg = 65 on the A scale aet
& = B% on the B seale
Opposite a = 8% on the C scals read the series
reactance X = 74.4 on the D scele
and ocprosite RL = 150 on the ¢

apale read 1251.2 on the D scele.
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