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AROUT THE AUTHOR

Through over 15 years experience in helping students learn through home
study, Mr. Geiger has obtained an intimate understanding of the prob-
lems facing home-study students. Hc has used this knowledge to make
many improvements in our teaching methods. Mr. Geiger knows that
students learn fastest when they actively participate in the lesson, rather
than just reading it. Accordingly, you will find many “What Have You
Learned?” sections in this lesson, Lo assist you in getting a firm grasp of
each topic.

Mr, Geiger edits much of our new lesson material, polishing up the manu-
scripts we receive from subject-matter experts so that they are easily read-
able, contain only training useful to the student in practical work, and are
written so as to teach, rather than merely presenting information.

Mr. Geiger's book, Successful Preparation for FCC License Examinations
(published by Prentice-Hall), was chosen by the American Institute of
Graphic Arts as one of the outstanding text books of the year.

This is an WI-ROGMEND Lesson exclusive with the
Cleveland Institute of Electronics, It is your assur-
ance of the finest in technical education and training.
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A chat with your instructor

In this lesson you learn how to use the special electronic scales on
your slide rule, and also the trigonometric scales. Practical ap-
plications for the latter scales will be given in the next lesson.

In studying this lesson be sure to work all the practice problems.
Practice is very important in learning slide rule operation. Don't
limit your practice to the problems in your slide rule lessons. Al-
ways keep your rule handy, and use it for any needed calculations
(whether business, personal or electronics) that comes up.

Electronics and
Your Slide Rule
Part 111

25 REACTANCE AND RESONANCE DECIMAL POINT LOCATOR,...
Resonance frequéncy problems and problems concerning inductive
and capacitive reactance are among the most commonly occuring
problems that electronic technicians are required to work. Be-
cause of the rather involved formulas used for these problems and

2 also because of the very large and very small valués normally
2; employed, locating the decimal point with certainty is a difficult
zZ task. For that reason special scales are provided on the back of
3 % your Electronics rule to enable the decimal point to be quickly and
Eg surely located in all problems involving reactance and resonance.
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Atthe sametime the scales also provide approximate solutions
to these problems. This approximation is close enough for
many requirements, Whena more accurate answer is required
it can be quickly obtained by the use of the H scale or the 27 scale
on the front of the rule. The use of these two scales will be ex-
plained later.

The Decimal Point Locator scales have been designed so that
it is unnecessary to convert from one unit to another inusing these
scales. Thisnotonly saves time but also eliminates a common
source of errors in decimal point location. The next two sec—
tions will provide sufficient examples for you to easily under-
stand the use of the decimal point locator scales.

26 DECIMAL POINT LOCATOR, RESONANCE PROBLEMS...To

locate the decimal point in resonant frequency problems where
C and L are given, set the value of either C or L (it makes no
difference which one) on the Resonance Problems Scale of the
slide opposite the other given value on the upper body scale.
Then read the approximate frequency on the bottom body scale
opposite the appropriate arrow on the slide.

Asanexample of how the decimal point is located in a resonant
frequency problem, suppose an inductance of 40 mh is connec-
tedinparallelwitha capacity of 0.03 uf. At approximately what
frequency will this parallel circuitbe resonant? Fig. 20 shows
the setup for working this problem. Set the hairline over 0.03
uf on the upper body scale of the rule. This would be found on
the scale marked Cuf and would be somewhere between the
main division marks 0.01 and 0.1 on that scale. To assist in
locating positions between main division marks, the space be-
tween each of the main divisions is marked by two subdivision
marks, 2 and 5. For the space between the 0.01 and 0, 1 marks
on the Cuf scale, the 2 and the 5 marks would represent 0.02
uf and 0. 05 uf respectively. Therefore, to represent 0.03 puf
the hairline would be set between the 2 and 5 marks, and closer
to the 2 mark than to the 5, as can be seen in Fig. 20.
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To find resonont frequency of 40mh with 0.03 pf! 55
set 0.03 on scale Cuyf opposite 40 on scole Lmh
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Fig. 20, Showing that 40 mh will resonate with 0.03 uf ot approximately
5 ke or 5000 cps.

Now move the slide so that 40 mh on the section of the slide
marked '"Resonance Problems" is under the hairline. The
scale used for this purpose would be the one on the slide marked
Lmh. 40 on this scale would be located between the main di-
vision marks 10 and 100. The two subdivision marks, 2 and
5, between these two main divisions represents 20 mh and 50
mh on the Lmh scale. To represent 40 mh the hairline should
therefore be between the 2 and 5 marks but closer to the 5 than
to the 2. See Fig. 20. A high degree of accuracy is never
necessary in setting values on the Decimal Point Locator scales.

Theapproximate resonant frequency is now read on the f scale
of the lower body of the rule under the arrow marked fi . if the
answer is wanted in kilocycles, or under the arrow marked
fcps if the answer is wanted in cycles per second. To read the
answer in kilocycles refer to dashed line A of Fig. 20. On
scale f the dashed line is between the main divisions 1 and 10,
which shows that the frequency lies somewhere between 0 and
10 ke,
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To pin the frequency down closer notice that the dashed line is
between the subdivision marks 3 and 6 on scale f. Hence, the
resonant frequency of this circuit is between 3 and 6 ke. Since
the dashed line is nearer the 6 subdivision than the 3, the fre-
quency must be in the neighborhood of 5 ke. This is close
enough for accurately locating the decimal point and also for
many practical purposes. A more accurate answer can be ob-
tained quickly by the use of the H scale on the front of the rule,
as will be explained later.

Dashed line B shows where to read if the answer to the above
problem {s wanted in cycles per second. This dashed line
shows that the arrow fcpg lies between 1, 000 and 10, 000 cps.
Narrowing down the range, the arrow is between the subdivision
marks 3 and 6, and the frequency is therefore between 3, 000
and 6, 000 cps. Since it is nearer to 6 than to 3 a good estimate
of the frequency would be 5, 000 cps.

In working the above problem the value of L could equally well
have been set onthe upper body scale and C onthe slide. It makes
no difference which of the scales is used for L and which for C.

Arrows are printed before and after each of the Decimal Point
Locator scales. The purpose of these arrows is to indicate the
direction of progression of the scales. Forexample, the values
on the X scaleon the lower part of the body become progress-
ively larger from left to right. Hence, the associated arrows
point if that direction. ©n the other hand the vaiues on the X3
scaledirectly belowbecome progressively larger from right to
left, so the associated arrows point in the opposite direction
from the arrows for the X scale. Knowing the direction of
progression of the scales makes it easier to setand read values.

In the example above a parallel resonant circuit is involved. If
the inductance and capacity were in series the problem would
have been worked the same way, and the same answer obtained.
In working any resonant frequency problem using either the
Decimal Point Locator or the LC scale on the front of the rule
the method is exactly the same whether series or parallel
resonance is involved.
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Example. . .31
Approximately what value of capacity should be used with an
inductance of 350 ph in order to resonate at 200 kc?

Solution. .. Refer to Fig. 21

(1) Move the slide so that the slide arrow desig-
nated f-kc is opposite 200 on scale f 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 0.0030n scale Cuf on
the slide. Hence, the answer is 0, 003 uf,

To find C required with 350 uh to resonate at 200 ke !
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then opposite 350 on scale L;m recd 0.003 yl on scale Cpf

Fig. 21. Showing thot for 350 uh to resonate ot 200 k¢, a copacitance
of approximately 0,003 uf is required.

WHAT HAVE YOU LEARNED?

>

Using the Decimal Point Locator scales find the approximate EE
frequency at which the following values of L and C will resonate: g:&
i

1...L=3mh; C=175 puf g
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58 2...L =340 ph; C =0.0034 pf
3...L=0,025h; C=2pf

4...L =700 ph; C =500 ppf

Using the Decimal Point Locator scales find the approximate
value of L or C needed to resonate at the given frequency:

5...f=240kc; C=0,08 puf
6...f=7,000cps; L=0.5h
7...f=40 mc; C = 550 puf

8...f= 6500 ke; L =425 ph

ANSWERS

1. 250 ke 2. 200ke 3. T00cycles 4. 300 ke
5. 8uh 6. 0.001 pf 7. 0.03ph 8., 2upf

27 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 on the proper scale on the lower body opposite the appro-
priate arrow of the slide.

R T I R B R N

Example. ., 32

Find the reactance of a 0,005 uf capacitor when used at 3 me.
;E Solution. ..See Fig. 22.
zZ (1) Set hairline over 0.005 on scale Cy¢ on the upper
2 body
£3 ~
£s (2) Adjust slide so that 3 on scale fpjc is under

This manual was scanned by Mr. Joe Hernandez (KN2A) and then processed by RF Cafe (KB3UON).
Please visivww.RFCafe.com


http://www.rfcafe.com/

To find reoctonce of 0.005 pt ot I mc | 59

opposite _0.005 on scale Cyl wet 3 on scale fme
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Fig. 22. Finding thot the approximate reactance of o 0.005 uf capocitor
ot 3 mc is 10 ohms,

the hairline.
(3) Opposite arrow on slide marked X,, 2 read 10
ohms on scale X¢ on lower body of rule.
Hence, the reactance of this capacitor at this frequency is ap-
proximately 10 ohms.

Example...33
What approximate value of inductance will have a reactance of

4 megohms at a frequency of 3, 000 ke?

Solution, ..

(1) Move slide so that arrow on slide marked
XM Q is opposite 4 on scale Xy, on lower
body of rule.

(2) Set hairline over 3,000 on scale fic on slide
of rule.

(3) Under hairline on scale marked Lj on upper
rule body read 0.3 henry, the approximate
inductance value required.

Example. ..34
At what frequency will a 200 uuf capacitor have a reactance of
25 ohms ?
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Solution. ..
(1) Moveslide so that slide arrow marked X; — Q
is opposite 25 on scale X, on lower bodyof rule,
(2) Set hairline over 200 on scale Cuuf on upper
body of rule.
(3) Under hairline read 30 on scale Fpj. on slide.
Hence, the required reactance will be obtained at approximate-

ly 30 megacycles.

WHAT HAVE YOU LEARNED?

Use the Decimal Point Locator scales to find approximate
answer to the following problems:

1...f=2,300 ke; L =250 mh; X, =7
2...f=25me; C =160 puf; Xg=?
3...f=0.8me; L=0.45h; X =7
4...f=7,500cps; C=3.5uf; Xc=7?
5...XL=3.0009;.L=850yh: f="2
6...X, =6,500 Q; C=500;;uf; f=?-
7...£=480 ke; X1, =4009Q; L=12?

8...f=2.4mc; Xe=30,000Q; C=7?

ANSWERS

1, 3 megohms 2. 30ochms 3. 2 megohms 4. 6 ochms
5, 700kc 6. 60kc 7. 0.2mh 8, 2 puf

THE 2r SCALE...If the hairline is over a certain value on the
2r scale, 2r times that value will appear under the hairline on
the D scale. Or conversely, any number under the hairline on
the D scale will be divided by 2r by merely reading under the
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hairline on the 2r scale. This scale is very useful because 61
the factor 2r widely occurs in electronics.

L ) R R N N L )

Example. ., 35
How many degreesare ina radian? 2x radians are equal to 360°.

Solution, ..
Set the hairline over 360 on scale Dand read 57. 3°, the answer,
under the hairline on scale 2r.

Example. .. 36

The armature of a generator is rotating at 1,800 revolutions
per minute, which is 30 revolutions per second. What is its
angular velocity, w, in radians per second? The formula is
w = 2rr, where r is revolutions per second.

Solution. ..
Set hairline over 30 on 27 scale. Read 188, 8 radians per second,
the answer, under the hairline on scale D.

The most importantuse of the 2r scale is in working capacitive
and inductive reactance problems where better accuracy is re~
quired than is possible with the Decimal Point Locator scales.
When using the 2r scale for this purpose the problem should
also be worked on the Decimal Point Locator scales. so as to
locate the decimal point,

In working reactance problems in conjunction with the 2w scale,
frequency is always set or read on scale 2r. To help you to re-
member this, the 27 scale is also marked “x)' Inductance or ca-
pacity is always set or read on scale CI, which is shown by this
scale also being identified as Ly or C,. Capacitive reactance is

always set or read opposite the appropriate index of scale D, B
which you can remember by the arrow at the index labeled X(. Eg
Inductive reactance is always set or read opposite the appropriate 22
index of scale C, which you can remember by the arrow at the in- H §
dex labeled X . BE
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To find reactance of 60Omh choke ot SO0O0 ke
opposite 5000 on nalo (f,g_ sel 60 on scole Ly

....... i
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then opposite I»dn u-cm X recd 1885 on scole D

Fig. 23. Finding thot a 60 mh choke ot o frequency of 5000 k¢ hos o
reactance of 1.885 megohms,

Example... 37
Find accurately the reactance of a 60 mh choke coll at 5, 000 kc.

Solution. ..See Fig. 23
(1) Set the hairline over 5,000 (whxch xs the frequency)
on scale (fy)2m.
(2) Move the slide so that 60 (which is the inductance)
on scale (Ly or Cy) CI is under the hairline.
(3) Opposite the index of scale X or f, - C read
1, 886 (which is the inductive reactance) on scale D.
(4) Use the Decimal Point Locator scales on the
back of the rule to obtain 1.5 megohm as the
approximate reactance value.
Hence, the accurate reactance of the choke is 1.885 megohms.

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

Example. ..38

Find a more accurate value for the reactance of the capacitor in
Example 32.

Solution. ..
s (1) Set hairline over 3 (which is the frequency) on

scale (fy).
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(2) Move slide sothat 0. 005 (which is the capacity) on 63
scale Cy is under the hairline.

(3) Opposite the left index on scale Xy read 1061
(which is the capacitive reactance) on scale C,
The approximate reactance has been foundto be
10 ohms.

Hence, the exact reactance is 10.61 ohms.

Example...39
Find a more accurate value for the inductance in Example 33.

Solution. ..

(1) Set hairline over 3, 000 on scale fy

(2) Move slide so that right index of scale X|_is oppo-

site 4 on scale D.

(3) Read 212 under the hairline on scale Ly.
The approximate inductance was previously found as 0,3 hen-
ry. Hence, the accurate value of the inductance is 0.212 hen-
ry.

Any reactance problem can be worked without confusion if you re-
member these three points:

(1) Frequency is always set or read under the hair-

line on scale 2, also marked (f,).

(2) Inductance or capacity is always set or read under
the hairline on scale CI which is therefore marked
{Lx or Cy).

(8) Inductive reactance is always set or read opposite
the C index on scale D, and this is indicated on the
rule by the symbol x, and an arrow on the C index
pointing to the D scale. Capacitive reactance is
always set or read opposite the D index on scale
C and this is indicated by the symbol X and an ar-

row pointing to the C scale. R
In working any reactance problem set up the known values in 3;
the positions on the rule indicated by the two applicable rules zZ
above, and then read the unknown value in accordance with the § §
remaining rule. EE
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