Pickett N-515-T
Cleveland Institute Of Electronics Slide Rule
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A chat with your instruoctor

In this lesson you learn bow to use the special alectronic scalés on
your slide rule, and also the trigonometric scales. Practical ap-
plicatiens for the latter scales will be given in the mext lesson.

In studying thie lesson bo sure L-5 work all the practice problema.
Practice 18 very importast in learniog slide rule cperation, Dan't
Umit your practice to the problems in your slide rule lessons. Al-
waye keep your rule handy, and wse it for any needed calzulitions
(whether buslness, personal or clectronies) that somes up.

Electronics and
Your Slide Rule
Part III

REACTANCE AND RESONANCE DECIMAL POINT LOCATOR. ..
Resonance frequency problerms and problems concerning inductive
and capacitive reactance arec among the most comemonly ocuring
problems that electronic techniclans are required to work. Be-
cauze of the rather invalved formulas used for thase problems and
gleo becauae of the very large and very small values normally
emploved, locating the decimal polnt with certainty is n difficult
tnsk, For that reason apeclal senles are provided on the back of
your Eleetronies mule to enable the decimal point to be quickly and
gurely located in all problems involving reactance and rescrance,




26

Al the game time the seales alse provide approximate solutions
to these problems. This approximation is close enough for
many Feguirements, Whena more accurate angwer is regquired
it can b quickly obtnined by the ase of the H sonle or the 2r maoale

on the front of the rule, The wse of these tvo scales will be ex-
plained later,

The Decimal Polat Locator acales have been designed so that
it 1g unnecessa Ty to convert from one unit to ancther inusing these
geales, Thisnotonly savea time but alse eliminates a common
agurce of errors in decimal polnt loeation., The next twoe sec—
tlons will provide sufflcient axamples for you to easily under=
atand the use of the decimal point locator senlea.

DECIMAL POINT LOCATOR, RESONANCE PROBLEMS...To
loeate the decimal poiot in resonant frequency problems where
C and L are given, set the value of either C or L (It makes no
diffarence which one) on the Resonance Problems Scale of the
glide oppoeite the other given value on the upper body acale.
Then read the approximate frequency on the bottom body scale
oppoalte the approprinte nrrow on the slide,

Asanexampleof bow the decimal point 1 located In & resonant
frequency problem, suppose an inductance of 40 mh is connec-
ted In parallel witha capacity of 0. 03 pf. At approximately what
frequency will this parallel circuithe resonant? Fig. Z0 shows
the sotup for working this problem. Set the hairlioe over 0.03
pf on the upper body scale of the rule. This would be found on
the scale marked Cuf and would be somewhers between the
main division mariks 0,01 and 0. 1 on that sacale, To assist in
lacating positions between main division marks, the space be-
tween each of the main divisions 18 marked by two subdivision
marks, £ and 5. Forthe space between the 0,01 and 0,1 marks
on the Cpf seale, the 2 and the 5 marks would represent 0. 02
uf and 0, 05 pf respectively. Therefors, to represent 0. 03 pf
the hairline would be et between the 2 and 5 mearka, and cloger
to the 2 mark than to the 5, as can be seen in Fig, 20.

To find resonont freguency of 40mh with 0.03F wuf:
gel ©.03 on scols Cpr  opposite 40 on scale Lmh
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ar opposile arrow fops read 5000 €ps on SCOIE

Fig. 20, Shewing that 40 mh will resonate with 0.03 ui at approximataly
5 ke or 5000 ops.

Mow move the slide so that 40 mh on the section of the slide
marked "Resonance Problems” fg under the bairline. The
geale pged for this purpoee wouldbe the one on the slide marked
Lmbk. 40 on this seale would be located between the main di-
vislon marks 10 and 104, The twe subdivision marks, 2 and
5§, between thege two main divisions represents 20 mh and 50
mb on the Lmh scale. To represent 40 mh the hairline should
therefore be between the 2 and & marks but cleger to the 5 than
to the 2. See Fig. 20, A high degree of accuracy 18 nover
necessary in sotting valaea on the Decimal Paint Locator scales.

Theapproximate resonant frequency s now read on the f acale
af the lower body of the rule under the arrow marked fy, if the
answer i wanted in kilocyeles, or under the arrow minrkead
fong i the answer s wanted lo cyelee per second. To read the
answer in kilooycles refer to dashed line A of Fig. 20. On
geale 1 the dashed line is between the main divisions 1 and 10,
which shows that the frequency lies somewhers between 0 and
10 ke,



To pin the frequency down closer notice that the dashed line is
between the subdivision marks 3 and 6 on scale [, Hence, the
regonant frequency of this elreult s between 3 and § ke, Bince
the dashed lne is nearer the § subdivigion than the 3, the fre-
quency must be in the neighborhood of 5 ke. This is cloese
enough for accurately locating the decimal polnt and alse for
many practical purposes. A morTe securate answer can be ob-
tained guickly by the vse of the H scale on the froat of the rule,
ns will be cxplained later.

Dashed line B shows where to read if the answer to the above
problem is wanted in cyecles per second. This dashed line
ghowe that the arrow l',:“ liea between 1, 000 and 10, 000 apa.
Harrowlog down the range, the arrow s between the subdivision
marks 3 and 6, and the frequoncy 18 therefsre between 3, 000
and &, 000 cpe. Since it {5 nearer to 6 than to 3 & good estimate
of the frequency wauld be 5, 004 cps.

In working the above problem the valae of L could equally well
have been setonthe upper body seale iod C on the slide. tmakes
oo difference which of the scales {8 used for L and which for C.

Arrowa are printed bafore and after each of the Decimal Polot
Locatar scales, The purpese of these arrows ia to [ndicate the
direction of progreseion of the scales. Forexample, the values
gn the ¥y scaleon the lower part of the body beécomée progress-
vely larger from left to right. Hence, the aseocinted arrowe
point in that direction, On the other hand the values on the X|
geale directly below become progressively larger from right to
left, g0 the assecinted arrows palnt in the spposite direction
from the arrows for the Xq seale, Koowing the direction of
progression of the scales makes it casierdo setand read values.,

[n the example above a parallel resonant cirevit is involved. I
the Inductnnoe and capacity were in series the problem would

have been worked the same way, andthe same apgwer obtalned.

In working any resonant frequency problem using elther the
Decimal Point Locator or the LC acale on the fromt of the rule
the method s exnetly the same whether seriea or parallel
resonance ia involved,

Example. .. 31
Approximately what value of capacity should be uged with an

inductanoe of 150 gh in order to redonate nt 200 k¥

Zolutlon, ., Reler to Fig, 21

(1) Move the slide so that the slide arrow desig-
nated f-ke I8 opposite 200 on scale [ on the
lower body of the rule.

{2} Place the hairline over 350 on scale Luh on
the upper body of the rule.

{3) Under the hairline read 0.003on scale Cpf on
the glide. Hence, the answer is 0,003 uf,
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Fig. 21. Shewing thot for 350 nh be resonate at 200 ke, o copodbonce
ol approximately 0003 af i reguined.

WHAT HAVE ¥OU LEARKED?

Using the Decimal Point Lecator scales find the approximate
frequency at which the following values of L and © will resonate:

l...L=3mh; C= 170 upi

a7
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2, ..L= 340 ghy C= 0,0034 xf
4,,.L=0,025h; C=32puf

4. ..L =700 ph; € =500 ppf

Using the Decimal Point Locator scales find the approximate
yvalse of L or C neaded to resonnte at the glven frequency:

§5...f=240 ke; © =008 uf
G...f=7,000 cpa; L=0.5h
T...f =40 me; C= 650 uuf

B...0= 5500 ke; L= 425 gh

ANSWE RS
1. #50ke  Z BMOO ke 3. 700 cweles 4. 300 ke
5, #ah 6. o000 @ T, 0.03ph 8. 2R

REACTANCE PROBLEMS...In solving reactance problems
the frequency on the part of the slide marked "Reactance Prob-
lems" is placed opposite the given value of inductance or ca=
pacity on the upper body of the rule. The reactance is then
read an tho proper scale on the lower body opposite the appro-
priate arrow of the slide.
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Example... 32
Find the reactance of a 0,006 pf capacitor when used at 3 me.

Solaten. .. See Flg. 2L
(1} Set hairline over 0,006 on scale Cyp on the upper

{2) Adjust slide so that 3 on scale fpe Is under

T dind rapelaped o1 0005 pf af I rme |
appeaile 3005 oo scale Cof wi I oa seale (80
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Fig. T2. Finding ihal the opprozimale reoctonce of a 0005 uf eopacior
ot 3 me is 10 ahems.

the haielime,
{3 Opposite arrow on slide marked X, 8 read 10
phme o8 acale Xg oo lower body of rule.
Hence, the reactance of this capacitor at thia frequency & ap=
proximately 10 chms.

Exarnple. .. 33
what spproxdmate value of inductance will hawe a repctance of

4 megohms at a frequency of 3, 000 ke ?

Solutlon. ..

{1} Move slide so that arrow on slide marked
XM o is opposite 4 on seale Xy on lower
bady of rale.

{2} Set hairline over 3,000 on soale fo on alide
of rale.

{Z) Under hairline on scale marked Ly oo upper
rule body read 0.3 henry, the approximate
induectance value required,

Example, . .34
At what frequency will a 200 ppf capacitor have a reactance af
&6 ohms?



Eolutlon. . .
(1] Moveslideao that slide arrow marked Xz — 0

i opposite 25 onscale Mo on lower bodyol rule.
(2) Set hairline over 200 on acale Cpufl on upper

bady of rule,
{3} Under halrline read 30 on scale Fpqo on slide.
Hence, the required reactance will be obtained at approximate=
ly 30 megacycleés,

WHAT HAVE YOU LEARNMED?

Uee the Declmal Poiot Locator acales to find approximate
apgwer to'the following probleme:

1...f=2,300 ke; L =260 mh; XL = ?
2. .. f=26me; C= 1560 uul;, Xo= 7
3...f=0.8me;: Le0.45h; Xp =7
d...0= 7,600 cpa; Cm3.5uf Xo=7
5...Xp, = 5,000 0; L=gs0ph; f=7
B...Xo = 6,500 2; C =500 uuf; f=7?
... f=480 ke; Xp =400 L= 7
9...f=2.4me; Xo=30,0000; C=7?
ANSWERS

1. 3 megohms 2. M ahms 3, I megohma 4. & ohma
5. ToD ke . B0 ke 7. 0.Zemh B, 2 puf

THE 2Zm SCALE. .. If the hairline ia gver a certaln value on the
2% geale, 2r tlmes that value will appear under the hairline on
the O geale. OrF coaversely, any number under the hairline an
the D seale will be divided by 2x by merely reading under the

hairline om the 2x acale. This scale is very useful bacause
the metar 2r widely cecurs ln electronicos,

--------------------------------------------------------

Example, .. 35
Howmany degreesare ina radian 7 2r radians are equal to 360%

Zolutlon. ..
Set the hairline over 380 on scnle Dand read 57. 3%, the answer,
under the kairline on scale 2m.

Example. .. 36

The armature of n generator g rotating at 1, 800 revolutions
per minute, which is 30 revelutions per second. What is its
anpular velocity, w, o radlans per second? The formula is
w= 2yr, where r is revalutions per aacofnd.

Bolution. ..

Zat halrline aver 30 on 27 scale, Hend 185, 8 radinns per second,
the angwer, under the hairline on scale D,

T mTIRIR T T FETFCT R PR R PSP R A EAE 433340 EE U EEEEEENERRARRETEY

The most importantuse of the 2r scale'ls In working capacitive
and inductive reactance problems where betber accuracy ia ra-
quired than is poasible with the Decimal Point Locator scales,
When using the 2r acale for this purpose the problem sheuld
alsg be worked on the Decimal Polat Lecator sacales, so as to
locate the decimal polnt.

In working resctance problems in conjunction with the Zr scale,
frequency is always set oF road on seale 2x, To belp you bo re-
member this, the &r scale is alao marked {f,). Inductance or ca-
pacity l8 always set or rend en scale CI, which s shown by this
acale alaa being (dentified as Ly or Cy. Capacitive reactance is
alwnya set or read opposite the appropriate index of acale D,
which you cnn remember by the arrow at the index labeled Xo.
Inductive reactance is always aet or read opposite the pppropriate
indesx of acale C, which you ean remember by the arrow at the in-
diex labeled :'EL..
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Fig. 23, Finding that a &0 mh choke at a freguency of 5000 ke hai &
reactance of 1.885 megehma.

Example, ., 37
Fird accurately the reactance of a 60 mh choke coll at 5, 004 ke,

Splution. . .See Fig, 23
(1) Set the hairline ever 5, 000 {which iy the frequency)
on gcale (L2,
(2] BMowve the slide so that 60 {which is the inductance)
on seale [(Ly or Cy) CI s under the hairline.
{3} Opposite the index of scale Xy or {p - © read
1, 8806 (which ia the Inductive reactance) on scale D.
(4) Uae the Decimal Point Locator scales cn the
back of the rule to obtain 1.5 megohm as the
approximate reactance value,
Hence, the accurate reactance of the choke fs 1, 885 megohms,

Example. . 38

Find a more accurate value far the renctonee of the capacitor in
Example 32.

Soluticn. . .
MEWR: e 1) Set hairline over 3 {which is the frequency) on
scnle {f).

12) Move slide aothat 0. 005 {which is the capacity) on
scale Gy 18 under the haicline,

(3) Oppoaite the left index on scoale X read 1081
{which is the capacitive reactance) on scale G,
The approximate reactanoe kos heen found o be
10 ohms,

Hence, the exnct reactance 18 10. 61 ohma,

Example, , .38
Find a more accurate value for the inductance In Example 33.

Zolutlon. ..

{1) Set hairline cver 3, 000 on acale

{21 Muoove slide so that right index of seale X 1s oppa-

mite 4 on scale D

{3) Read 212 under the halrline on scale L'J{-
The appreximate industance was proeviowsly found as 9.3 hen-
ry. Henoe, the accurate value of the induciance s 0,212 hen-
ry.

Any reactance problem ann be worked o thout confusion if you re-
member these three points:
(1} Freguency 18 always set or read under the hair-
ling on acale 27, also marked {f,).
(2} Inductance or capacity is always set or reand under
the hairling on senle CI which is therefore marked
(Lo or Tyl
(3} Inductive reactance lB always set or read oppoalte
the O index on acale D, and this is indicated on the
rule by the symbal x and an arrow an the © index
pointing to the I scale, Capacitive reactance is
alwavs sct or repd oppesite the D index on soale
= and thls §8 inﬂcﬂ&ﬁh}'ﬂl&upﬂml *o ind nn o=
row polnting to the C© seale,
In worklng any reactance problem set up the known values is
the positions on the rule indlested by the two applicable sules

above, and then read the anknown valae in accordance with the
remaining ruale,
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Exnmple. . 40
Find a more accurate vilue for the Ern:_:qul:nc!.- in Example 34.

Zglotion, . .
Set up enpneity and the reactance in accordonee with Rules 2
and 3 abowve:
{1} ByHule 3 set the left index of soale D opposite
26 an ecale C.
(Z) E_-,.'Hulvl!' 2 geb the hairline over 200 on acale CI,
(3 By Rule 1 read the froquency, 318, ander the hair- [
line on geale 2. The approsimate froquency bas
previously been found to be 30 mc, '
Henee, the acoarate [requency s 31,8 me, |
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WHAT HAVE TOU LEARKED?

1=, .. Usethe 2racale to obtain accurate answers po the WHAT HAVE
YOU LEARMEDT section of Tople 27,

8., ., The velscity of propagation on a traramisslon Une s glven by

the formule v = f. wheara v 1 the velacity of propagation, w0 =

Zmf, and @ la the woavelength conatant.  Fied v when the frequency
ig B0 ops and @ is equal da 0. 00213,

ANSWERS
1. 53.61 megshma 4. 6,06 ohms 7. 0.133 mh |
2, 42.5 ohma ) 5. 562 ke B, 2% ppl :
a, M megohms G, 480ke B, 177, 000 milesdeec,

USING THE H SCALE.,. The H seale i3 used in aolving reao-
nant frequency peoblema when greater acourncy is required
than is obtainmble [rom the Decimnl Point Loeator acoles.
Howewer, the problem must alse be worked with the latter
scalea In order to lecate the decimal point. This is much
faster than the wee of o rough calculation for this purpoae.
[t is well known that the freguency at which a clrouit will
resongte is detérmined entirely by the product of the olreailt

industance and the circult eapacitance (called the LG prodect),
If the hairline is sot over the frequency on acale Dy the required
L& product for the cireait to resenate at this frequency is reed
undier the hairline on scale H, and viee versa.

When uaing the H scale, frequency (e always set or read opposite
the index of scale ©, on the D scale. For this reassn the aymbol
fr and an arrow on the © index polntng to the D acale appeara an
your rule,
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Example. .. <31
What must be the LC product s erder that a cirewil will
resonate at 20 me?

Solution, . .
First use the Decimal Point Locator scales on the back of the
rule to obzin &n approximate answer, as followa:

(1) Set arrow marked f-Mc on slide opposite 20
on seale { on lower body of rule.

(2) The LC product is now found by multiplying
togeether any two opposite values on the upper
body of the rule and the Besonance Problemsa
portlon of the slide. If 1 is one of the b
opposite valuea no multiplication is required,
If we take 1 on the seale Cppf on the upper
body of the rule then the value opposite on
geale Luh on the slide will be T0. Hence, the
approximate value of the LC produoct i TO
when C 18 expreased in micromicrefarads and
Linmicrohenriea. Mow the front of the rule
ie vaed to obtain a more accurate value for
the LC product.,

(4} Set the hairling over 20 on scales I Then
read 633 under the hairline on the H seale,
Since the approximate value fs 70, the accu=
ratevalue will be 63, 3, where C {8 in micro=
microfarads and L is in microhenries.
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Explanation. ..
When the hairling is over any frequency value on the D seale, the
required LG product is under the hairline on the H scale,

The reverse of the above problem (Example 41} ie to fird the
frequency of resonance when the LG product is lmewn. This, of
courae, would be done by seiting the kalrline over the LC product
on gcale H, and then reading the frequency ursder the hairlime on
seale D, Howewer, any value ¢ian be set on scale H in two #i=
ferent positions, giving two different frequency readings on acale
0.

Obwviously enly one of theae rendings can be correct. You ahould
firat determine the approxmate frequency lor the given LC prod=
uct by the use of the Decimal Point Locator gcales, Then the cor-
rect setting on the H senle i the one that gives a frequency valus
on the D gcale that is near the approxdmate value previously de-
terminad.

The required value of € to go with 2 given value of L [ order o
regonate at a certain frequency can be found by dividing the LC
product by the given L value. Or il € lg kmown it can be divided
inte the LO product to give the required value of L to resonate at
a certain frequency, However, the followicg examples show slm-
pler ways of solving resonant frequency problems where the
LC value is neither known or wanted, and thia ia generally the
GABE.

Example. . 42
Fipnd a more acearate value for the capacily in the problem of
Example 31.

Solutiofn. ..
{1} Set the left index of seale C (which is marked fpd
apposite 200 (which s the frequency) on acale D,

(%} Set the kairline owver 350 (which is the imduetance)
on saile H(Lg).
{3 Read 161 (which ia the required enpacity} under
the hairline on scale B.
The approximate value of © bas been previously found to be
0,005 pf, Hence, the accurate value is 0.001BL pf.

When C is given and L is to be fourd the methed is the same
a8 in Example 42 above. Whether finding L or ¢ an index af
the C seals is placed opposite the froquency on the D scale, Then
with the hairline over the given value of L on scale H, the unknown
value af € is vend on gcale B under the bairline, Or alternately,
the known value of L or © can be set on gcale B and the unknown
value then rend on scale H.

The following example illustrates the methed when L and © are
known and the frequency ia to be found:
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Exnmple. . 43
Ap irduetance of 40 mh 8 connected in paralle] with a capacitance

of 0,04 pf, At what frequency will this circult reaonate?

Solution. ..

1) Fird the approximate resonant frequency using Lthe
Decimal Paint Locator scales, This was done In
Topic 26 and was found to be SO0 cps.

{# Set holrline over 40 on scale H.

{3} Adjust alide so that 3 on scale B 13 under the halr-
line,

{#) Head opposite the index of scale C on acale I, De-
pendieg upon which halves of scales H and B were
used for setting the values, the reading obtained
on scale D may be either 1452 or 45%, Zinoe the
approximate frequency i known Lo be S000 cps,
the accurate frequency ia 4590 cps.  The valae
1452 ip spurious because it is far different [rem
the keown approcimate frequency.  IF the reading
1452 is abtained, move the slide so that 3 on the
other holf of the B scale ig under the hairline.



Then 4589 will read opposite the © index on senle
k.

Discugeion, . .

The B acale and the ¥ seale are both of the repenting typa, 20
any value gan be set on either of theae two seales in two dif-
ferent pesitions. In problems ln which the frequency is koown
and L ar © 18 to be found, as in Example 42, the correct an-
awer is oblained no matter which of the possible poaitions nre
gged on the H and B seales. However, when L amd C nre
known and the [Fequency 18 to be faund, there are two different

rosults posaible, depending upon the sections of the H and B scales
used,

Cmly one of the results can be correct. To determine If the
reault obtained (s correct, see if it is in agreement with the
approximate value, which should have been previcuely deter=
mined. If not, move the slide so that the other half of the B
geale 1s used for setting the B scale value.
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WHAT HAVE YOU LEARNKED?

1=, .. Usethe Hacale tofind acourate answers to the WHAT
HAVE YOU LEABMED? section of Tople 26.

G, ., What ia the required LC product to resonate atl 5 meg=
eycles, L being in microhenries and C in microfnrada?

ANSWERS

1, 230 ke 2. ld4dke 3 Ti0oyeles 4. 289 ke 6. B.Oph
G, o.00103 of 7. 00287 ph &, fod41 pel % OO00L014

Using the Trigonometric Scales

[t ignecessary to be famillar with logarithes and frigonometry
before studying the remainder of this mamml, If you are not
farniliar with these aubjects, your slide rule training le now

—

30
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Fig. 34.  The right tdangle shown in twe positlens.

completed.  However, the nuthor hopes you will eventieally be
able toacquire a knowledge of these subjects and then complete
the remainder of this manpuaal,

THE TRIGOMOMETRIC FURCTIONS. .. A review of trigonometry,
particularly those sections dealing with the right triangle, will
help you underastand the following sections, The trigonometric
functions ave defined by the sides of a right triangle.  Figure 2dia)
shows n right trisngle with sides of length 2, b, and c and two
aeute angles lnbeled A and B {anglea leas thap $#0 degrees are
called seute angles), and also the right angle . The sine, cosine,
tangent, and cotangent of angle A are defined as follows:

aln A = O e =4

adlacent side - b
vod A= ypotEness G

4 = Dppesite side _ L
S adjacent alde

eot A = Adjacent side ,E
opposibe &
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