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INTRODUCT L ON

The Cocle Padio Slide Rule has all of the scales of the Poly-
phase Duplex Decitrig Slide Rule with the exception of scale K,
which hass been replaced by scale LC, In addition, on the Cooke
Radio Slide Rule, scale 2moccupies the space of scale L; the lat-
ter having been placed on the front face of the rule.

It is recommended that learners become thoroughly proficient
in computations employing the basic scales through much practice
and thorough study of the instruction manual onthe Polyphase Duplex
Decitrig Slide Rule, The latrer, which is also supplied with the
Cooke Radio Slide Rule, includes a thorough treatment of the right
triangle on which vector calculations are based. In addition, it
is urged that the student adopt the habit of utilizing the powers
of ten as an aid in properly fixing the decimal point, This sub-
ject is discussed in the following pages.

In connection with the above, attention is invited to the fact
that slide rule proficiency is attained by thoroughly understanding
the operation of the rule for any desired problems When the par-
ticular operation is understood, enough practice should follow so
that the principle of making the corresponding slide rule "set up"
becomes automatic, For these reasons a large number of exercises
have been included in the instruction pamphlets.

At this point the student should begin to acquire the habit
of never closing his rule upon the completion of any slide rule op-
eration. When the rule is no longer needed for a particular cal-
culation carefully lay it down with the same setting on it that was
last used.

There are two good reasons for the above., First, it might be
desirable to check the last answer obtained and this is readilyac-
complished if the slide and indicator have not been moved., Second,
the last answer obtained may be needed for carrying out further cal-

‘culations. If this answer is already on the rule, the time of re-
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set is saved and also the chance of making an error on the reset.

Siide rule accuracy is discussed on page 6 of the instruction
book for the No., 4071 slide rule. However, it is desired to empha-

.8ize that from a practical radio or electrical viewpoint, the ac-

curacy of a slide rule leaves nothing to be desired.

%hen practical radio or electrical circuits are taken into
consideration it is evident that careful slide rule calculationsare
more accurate, in general, than the circuit components. For exam-
ple, the tolerance allowed resistors used in the average radio re-
ceiver is plus or minus ten per cent, Other circuit components vary
much in the same manner and when temperature effects and aher va-
riations are taken into account, slide rule results meet all prac-
tical needs. Very few technicians have access to electrical in-
struments that will read correct to one-tenth of one per cent through-
out their operating ranges.

Answers to all exercises will be found in the back of  this
booklet. '

bR S S bl i

PLACING THE DECIMAL POINT
S1GNIFICANT FIGURES

For the foregoing reasons a slide rule answer to three signif-
icant figures is sufficiently accurate for practical results. The
student should not confuse three significant fligures with thethird
decimal place. Counting from the left, the first significant fig-
ure of any number is the first figure that is not zero.

0.00345 is corract to three significant figures.
3.1416 Is correct to five significant figures.
0.4825 Is correct to fowr significant figures.

|5 Is correct to two significant figures.

15.0 is correct to three significant figures.
0.00000023 is correct to fwo significant figures.
0.000000230 is correct to three significant figures.
98,400 is correct to three significant figures.

Examples:

Because the slide rule gives only the significant figures of
the result of a mathematical operation, it becomes necessary for
the operator to fix the decimal point. The operator must determine
the appraximate answer in order that he may use the more accurate
figures taken from the slide rule scales.

POWERS OF TEN

Unfortunately, electrical engineers and particularly radio
engineers, are required to handle cumbersome numbers. These num-
bers range from very small decimal parts of electrical units to ex-
tremely large numbers as represented by radio frequencies. The
fact that these wide 1imits of numbers are encountered inthe same
problem does not simplify the matter. This situation is becoming
more complicated owing to the trend to the ultra-high radlo frequen-
cies with attendant smaller fractions of units represented by cir-’
cuit components and larger numbers represented by the frequencles

used.

For these reasons the decimal point cannot be fixed by In-
spection” except in the most simple computations. This important
item has been neglected by many writers of slide rule instruction
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books. Accordingly, many beginners who were interested in the slida
rule from a radio or electrical viewpoint have become discouragsd
by the difficulty of placing the decimal point due to thls wide
range of numbers encountered in the average problem. This, however,
presents little difficulty to the man who has a working knowledge
of the powers of ten.

The powers of ten are sometimes termed the "enginears short-
hand”. A thorough knowiedge of the powers of ten and .the ahility
to apply the theory of exponents will greatly assist in determin-
ing an approximation, as in general it reduces the average calcula-
tion to the usual slide rule operations plus simple mental arith-
metic, or at most, in more complicated problems, to simple addition,
subtraction, multiplication, or division,

The student will find the use of powers of ten of great as-
sistance in solving problems in alternating currents and general
radio circuits. This is especlally true of those formulas dealing
with inductance and capacity. For example, most of these formulas
are expressed In terms of thelr respective units, i.e., the Henry
(the unit of inductance), the Farad (the unit of capacity), and the
cycle (the unit of frequency). The actual values of Inductance and
capacity used in circults are usually very smal)] decimal portions
of the whole units, with the resuit that when these values are sub-
stituted in formulas, unless great care is taken, the student will
misplace the decimal point In the final result.

Some of the multiples of ten may be represented as follows:

t

.000001 = {076 = ten to the negative sixth power.
.00001 = 1075 = ten to the negative fifth power.

L0001 = 10°% = ten to the negative fourth power.
001 = 10'3 = ten to the negative third power.
0l = 102 = ten to the negative second power.
.1 = 107! = ten to the negative first power.

| = 100 = ten to the zero power.

10 = 10! = ten to the tirst power.

100 = 102 = ten to the second power.
1000 = 103 = ten to the third power.

6
10000 = 10% = ten to the fourth powsr.
100000 = 105 = ten to the fifth power.
1000000 = 108 = ten to the sixth power.

From the above it is seen that any decimal may be expressed
as a whole number times some negative power of ten. Wien express-
ing a deciml asawhole number times a paver of ten, place the new
deciml point to the right amd ccunt the number of places to the
Jormer deciml point,  The number of places counted will give the
proper negative pawer of ten.

Examples.  6.00256 = 2.56 X 1073
0.08735 = 8.735 X J0~2
0.000097 = 9.7 x 1075
0.000675 = 6.75 x I¢™%
© 0.00026 microfarad = 2.5 x {0~% microfarad = 2.5 x 107 !0 farad.
0.15 millihenry = .5 x 10~ millihenry = |.5 X 10~% henry.

~ Also, It is evident that any large number may be evpressed as
some smaller numner times the proper positive power of ten. Nhen
expressing a whole number times a pawer of ten, place the new dec—
iml point to the left and count the number of places to the former
deciml point. The number of places counted will give the proper

posit e paver of ten.

Examples. 872 = 8.72 X |02
4368.4 = 4.2684 x 10
943,000 = 94.3 x fo*
186,000,000 = |.86 x 10°
1440 ke = 1.440 % 103 ke = 1.440 x 105 cycles.

128 mc = 1.28 x 102 mc = 1.28 % 105 ke = 1.28 x 10% cycles

MULTIPLICATION (N EXPONENTS

In the general form, the law of exponents in multiplication
is given by AR . AR = pmEn
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Examples. 103 x 108 = 103" = jol!
1o x 1o% = o!™ = 1o®
34000 x 8000 = 3.4 x Jo* x 8 x 103 = 27,2 x 107

.000023 X 800 = 2.3 % 1072 x 8 x 02 = 2,3 x g x 0" 5*2
= 18.4 x 1073

The student will find that by using a whole number that may
be roughly multiplied mentally, such as choosing 2.3 X & as in the
above example, placing the decimal will then become a matter  of
inspection,

DIVISION IN EXPONENTS
The law of exponents in division is given by
A" A"

L . amen -
A0 A or jon

Am+n

Y
Examples. jo _ .
— = 10%2 = 4o? or 0% x 1072 = 402

32000 32 x 10°

- 32 « 1033 = g x 108
.004 4 x o3

I

32 x 103 x 103

ors ; g x 108
n
33 X 10
pravavoli U o = gy x 400 =g x =0

[t follows that like powers of ten occuring as factors in nu-
merator and denominator may be cancelled. The student will also
note that when powers of ten are transferred from denominator to
numerator and vice versa, it Is necessary to change only the sign
of the exponent.

Examples. 82 x {0° 82 x 105 x 1072 3
5 = =2 X |0
41 % 10 41
-5 5 » o8
<00047 47 X 070 47 X ;g X 10% _ | 47 x 103

.00000032 32 x 078

Examples.

THE POWER OF A POWER IN EXPONENTS

In finding the power of a power the exponents are multiplied.
That is, in general
(Am)n = Amn
(1093 = 1083 = 10!®
(2100)3 = (2.1 x 1093 = 9.261 x 10°
(0.000)% = (2 x 1073 = 16 x 10712

THE POWER OF A PRODUCT IN EXPONENTS

The power of a product is the same as the product of the powers
of the factors, that ls, in general
(ABC)™ = AMBMCR

Examples. ('0“ X |06)3 = |04x3 X |06X3 = '030
or, 10'2 x 108 = jol2*18 = %0
or, (10'%3 = 1030

THE POWER OF A FRACTION IN EXPONENTS

The power of a fraction equals the power of the numerator
divided by the power of the denominator. That is:

AP A

] 8™

Banple.  [10%] 7 _ 1o¥2 108
108 1082 108

The above maybe solved by first clearing the exponsnts inslde
the parentheses and then raising to the required power. Thus:

0] : hy2 2
— = (1o¥3H2 = (1oh? = 0

= 102

108
‘THE ROOT OF A POWER IN EXPONENTS

The root of a power in exponents is given by

n An = Am+n



kb D e A e,

9

Example. /25 x 105 =1/25 x {08 = 5 x 1082 = 5 x g%

3125 x 108 = 3/125 x 8/10F = 5 x 1063 = g x ;o2

V36 x 10710 =36 x V0710 = ¢ x 10(~10)*2 -4 x |5

In the above cases whare the power of ten is evenly divisible
by the index of the root, the process of extracting roots is com-
paratively simple. When the power of ten is nct evenly divisible
by the index, the result of the extractior of the root is 2z frac-
tional power. For example,

10> = lo—iL = 102:5

Such fractional powers are encountered in various phases of
engireering mathematics and are conveniently solved by the use of
logarithms. However, wher using the powers of ten, the fractional
exponent is cumbersome when arriving at a final anawer. |t becomes
necessary, therefore, to devise some means of extracting 2 root in
order to bbtain a result with a whole number as an exponent.

This Is accomplished by expressing the number, the roet of
which is desired, as some number times the proper power of ten; the
power of ten being evenly divisible by the index of the required
root. For example, suppose it is desired to extract the square
root of 200,000. While it is true that

200,000 =+ x 105 =v/2 x /0% = 1.4ty x 102°5

we have a fractional exponent that is not readily reduced to ac-
tval figures. |f, however, we express the number differently we
obtain an integer as an exponent. For example

/200,000 =20 x 10¥ =7/20 x~/io¥ = w.47 x 102

It willbe noted that there are a number of ways of expressing
the above problem; such as

120,000 =/0.2 x 105 or 142000 x 102 or \b.002 x 10° etc.

When extractlng roots, Qith the aid of powers of ten, the
student should try to write the problem in a form that will aliow

10

a rough mental approximation in order that the decimal point may
be properly placed with respect to the significant figures.

(1
(3)
(5)
(7
(9)

(i
(13)

(18)
(17)

(19)
(21

(23)

(25)

(27)

EXERCISES |

(See answers Pg. 68)

Express the following numbers as a number between | and {0,
times the proper power of |0:

5,876, 000, 000 (2)
576 ()
672, 000 (8)
.0000078 | (8)
.0004 (10)

Solve and express as
374,000 X ,000025 (12)
613 x 1073 x 42 x 1078 (14)
. 000025 X .00000008 X .042
837 x 103 x 10°8 xug x jo* (16)

(3 x 10°2)2 (18)
(7 x 10733 (20)
(22)

14 x 108 x . 00008

ary (2w)
.0028 X 87 X 10
63 x 103 x 4g x 1078 (26)
6 x 108
(28)

'\/61 X IO-3 X 28 X los

56,720, 000
2594

203

463
.000000008765

above:
64 x 108 x u3 x 1073
.000068 X .00025

47 x 1078

482 x 10° x 682 x JoY
26 x 108 x g7 x 105
.0047 X .000872
. 0000069
(s x 1042
(8 x 103 x 2 x 10%)2

/- 0036 * . 0004
1/.0006# X .009

!
6.281/6 x 103 x 8 x 1078
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APPLICATIONS TO ELECTRICAL PROBLEMS *
SCALE 2n

Reactance and other problems in alternating current and radio
circuits involving the constant 2r and o (2nF) constitute a large
part of the problems encountered by the electrician and radioman.
It is apparent that some method of reducing the number of slide rule
settings when solving such problems would be highly desirable. Scale
2n was devised for this purpose. This scale may be considered as
an ordinary D scale folded at |/2m or 0.159.

When the indicator is set to any number on scale 2rn, that num-
ber multiplied by 2 will appear under the indicator on scale D.

Example. Multiply 2r by 60.
Solution. Set indicator to 60 on scale 2n.

Under indicator on D read 377. ,
(Note that the reciprocal of 377 which is 0.00265 ap~
pears under the indicator on DI.)

Example, What is the inductive reactance (XL) of an AC circuit
of 0.08 henry, if the frequency Is 60 cycles?

Solution. ) XL = 2nFL

Where F = Frequency in cycles per second

L = Inductance in henrys.

(1) Set indicator to 60 (F) on scale 2r

(2) Set 0.08 (L) on scale C! to indicator.
Opposite index of C read XL = 30,2 ohms on D.

In step (1) above we multiplied 2r by 60, the product 377 ap-
pearing under the indicator on D. Step (2) multiplied 377 by 0.08
by the method of multipliication described for CI in conjunctionwith
D. The above problem is illustrated in Fig. 1.

&
CL i 1771 ¢ 1 °F 1 %

|
DIC;;IJ,IIg'IZI}Ilglg
27?|.$|§|7|?|?|}PFF|‘

o8

See the author's *Mathematics for Electricians and Radiomen®, McGraw-
Hill Book Co., New York, N. Y., for a thorcugh treatment of mathema~
tics applied to electrical circuits.

12

Example. What is the capacitive reactance (Xc) of an AC circuit
containing 13 microfarads capacitance, if the frequency

Is 25 cycles?
Solution. X = I
2nFC
Where F = Frequency in cycles per second.
C = Capacitance in farads.

{Note that i3 microfarads = 13 x lo'6 farad, therefore
the equation in arithmetical form would be:

I 1ot
X, = =
2m X 2.5 X 1.3

¢ 2r x 25 % 13 x 1078
(1) Set the indicator to 25 on scale 2n.
(2) To indicator set 13 on Cl.

Opposite index of D read X = u80 ohms on C. This
problem is illustrated in Fig. 2.

4.?0 /IJ
Cli BPPIEP PP FE P}
C4% | 1% | & + 7T 181911
I T ) 3
e P FP? | I B
25
Fig. 2

tn step (1) 2m was multiplied by 25, the significant figures
of the product 157 appearing under the Indicator on scale D, as in
the two previous examples. In step (2) we multiplied this product
by {3 (the capacitance) by the method of using Cl and D. Actually,
this product, the significant figures of which are 204, appears on
scale D opposite the index of C. What is wanted, however, is the
reciprocal of this product which we find on C opposite the index of
D. Applying the powers of ten as above allows easy determination
of the reactance figure.

Most alternating current problems invoive calculating both in~
ductive and capacitive reactances. This may be accomplished ~with
a minimum number of slide rule settings if all reactances are cal-
culated one after the other. |If this is done the indicator may be
left setting on 2nF (which is common to both reactances) thus giv-
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ing each reactance by one setting of the slide.

Example. What is the reactance of a 60 cycle AC circulit contain-

ing an inductance of 0.4 henry in series with a capaci-
tance of 80 microfarads?

Solution. (1) To 60 (f) on scale 2r set the Indicator.
(2) To indicator set 4 (L) on CI,
Opposite index of C read X, = 151 ohms on D.
(3) To indicator set 8 (L) on Ci.
Opposite index of D read X, = 33.2 ohms on C.
X = X - X
= |51 - 33.2
117.8 or 118 ohms.

EXERCISES 2
(See answers Pg. 58)

FI11 in the blanks in the following table:

F L c X % X
25 4.2 H 56 uf g 2
50 2.3 H 43 uf D e
60 .15 H 27 uF < e R
1000 .01 H 2.3 pF | T Ay .;w~
1000 ke | 165 pH 170 pf || ey o
355 xc | 225 pH 920 puF 52 -
| 2744 kc | 63 pH 52 puf S iy
6190 kc | 24 pH 27 puf VRS
215 kc | 276 pH 1550 upf o B
500 xc | 160 pH 605 s

L]

To square a number, set the indicator to that number on scale
D and read the square under the indicator on scale A, The same
procedurs applies to squaring numbers on scale C except that the
squares are read on scale B. Naturally, ali four scales work to-
gether If the indices are in alignment. ,

By combining the operations of squaring and multiplying, many
formulas may be solved with a minimum nymber of settings.

The power In any electrical circuit Is given by the square of
the current multiplied by the effective resistance, or

P = 12,
Where P = Power in watts,
I = Current In amperes,
and R = Effective resistance in ohms.

The power Is obtained by one setting of the‘sIlde and one set-
ting of the indicator.

Example. A current of 8.5 amperes is flowing through a resistance
of 5.3 ohms. Find the power.

Solution. (1) To 8.5 (1) on D, set index of C.

(2) To 5.3 (R) on B, set indlicator.
Under indicator read 383 watts on A.

in step (1), setting the index of C to 8.6 on D, gave the cur-
rent squared on scale A opposite the Index of B.  In step (2) the
current squared was multiplied by the resistance by using scales A

and B.

The above example Is i)lustrated in Fig. 3.

SCALES A AND B

Scales A and Bare used for extractlﬁg square roots and squar-

ing numbers when used In conjunction with ecales C and D.

383
A 1} ! 2 1 3 4a%i81718590
B T 5§ U § T RTETETTEIN
63Ty T 5 T e T F TR
83 g5
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EXERCISES 3
(See answers Pg. 59)

I\ R E=IR| P=1I2R 1 R E=1IR {P=1I%R
5 10 S ST 2.5 |12.2 | 30,851 24
3.2 | 31 P, JF 4.69 | 73 Jy raw/d L
6.82 | 87.6 [% = Ly 5.2 5.86 | 33 ) 5'5/
0.62 | 10° Lan Jgrge (8t | 1| )=/ L )3Q
13.5 2.42 | 7000 FEESE 0.76 | 4.5

9.2 0.56 | .75 | H28™ [15 |es

The power In an electrical circuit may be found by dividing
the square of the voltage drop across the resistance by the resis-
tance, or

2
-
Where P = Power in watts,
= VYoltage across resistance,
and R = Resistance In ohms.

Again the power can be solved for by one setting of the indi-
cator and one setting of the slide.

Example. .A potential of |6 volts is impressed across an |8 ohm

resistor, What is the power expended in the resistor?

Solution. (1) To i16 (voltage) on D, set indicator.

(2) To indicator, set 18 (resistance) on B.
Opposite index of B read |y.2 watts on A,

Step (1) above, by setting the indicator to the voltage on D,
gave the voltage squared under the indicator on A. in step (2) the
voltage squared was divided by the resistance by using scales A and
B.

The above example is illustrated in Fig. 4.

ne a 16
A b, {2 {3 4 567691,
BT T T T TR
O NN v S T
3
Fig. 4

EXERCISES 4
(See answers Pg. 59)

E| R v=k | p= £ E R 1=E |p=E
6 | 12 col oy 108 | .367
s2 | 86 |09 | pany us | 118 0l g /{79
1o | 983 [A) 2 | v o iz les |y |0y
220 | 10% 110 | 6.73
ss0 | .82 |4 | 29380 14 | 125 IR S

To extract the square root of a number the process of squaring
is reversed. The indicator is set to the number on scales A or B
and the square root is read under the indicator on scales D or c

respectively.

Note that scales Aand B consist of two complete scales end to
end. This construction Is necessary because when a number ls squared
the logarithm of that number is multiplied by 2, and when extract-
Ing the square root of a number its logarithm is divided by 2. To
the beginner there Is the possibility of confuslon as regards which
scale, right or left, to use whem extracting square roots on scales

A and B.

A1l numbers greater thanunity are located, as to their proper
scales, (right or left), by the number of integers to the left of
the decimal point. Those having an even number of iIntegers to the
left of the decimal point are located on the right scales of A and
B. Those having an odd number of integers to the left of the decl-
mal point are located on the left scales of A and B.
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Thus the sguare root of 256 Is found by setting the indicator
to the right hand scale, of A or B, while the square root of 2.5
would be found by setting the Indicator to 2.5 on the left hand
scale.

Numbers less than unity are located by the number of szeros
between the decimal point and the first significant figure. Those
having an ever number of zeros will be found on the right hand scale,
and those having an odd number wiil be found on the left hand scale.
Decimals having no zeros between the decimal point and the first
significant figure are located on the right hand scale.

This apparent difficulty of remembering the proper scales for
decimals may be overcome by changing the decimal to a whole number
times some even power of ten.

Example. Find ~/0,00000687

Solution. ~/0.00000687 = -/6.87 x+/10°®

= 2,62 x o3
= 0.00262
SCALE LC

Any circuit containing inductance and capacity will be resonant
at some frequency. This resonant frequency is determined by the
values of inductance and capacity and is given by

s | o p oo 189X 103
2n1C - JIE
In the latter F = Resonant frequency In kilocycles,
= |nductance in ﬂ{crchcﬁrys,
and ¢ = Capaclty in micromicrofarads.

Inspection of the above formula shows that the frequency varlies

inversely as the square root of the LC product, and that for any

one frequency, an infinite number of combinations of L and C val-
ues may be used provided the LC product remains the same.

{8

By application of the remainder of the formula, which Is a
constant, it is a simple task to construct a table of LC products
from which resonant frequencies may be obtained.

Scale LC was devised to give directly the LC products of fre-
quencies from |,000 kc to 10,000 kc, when frequencies between these
limits are set on scale D. The LC products thus obtained on the
slide rule are for values of L In microhenrys and C In micromicro-
farads. Conversely, any LC product of the above units, whenset on
scale LC will give the resonant frequency on scale D.

Example, Find LC when F = 1500 kc.

Solution. To 1500 on D, set indicator.

Under indicator read (1,200 on LC.

A study of the basic formula will show the variation of fre-
quency with LC, and familiarity with this variation will be of val-
ue when working with scale LC.

Calculations with the LC scale are not restricted to fre-
quencies within the band from 1,000 kc to 10,000 ke. This portion
of the spectrum was chosen as a referesnce calibration because of
its present wide use. Scale LC, used in conjunction with scale D,
is readily adaptable for use with any frequency.

In the preceding formula, If F is multiplied by 10 It is ne-
cessary to divide LC by 100 in order to malntain the equality of
the equation. This Is because F varies imversely as the square rod
of IC. In )ike manner it F Is divided by 10, LC must be multiplied
by 100 to maintain equality. It follows, therefore, that regard-
less of the power of 10 that Is applied to the basiccalibrationof
scale D, it is necessary that the calibration of scale LC be changed
Inversely by the square of that particular power of ten. This s
illustrated in the following examples.

Example. Find the LC product of 24,000 kc.

Solution. To 24,000 on D, set indicator. _
Under indicator read significant figures 400 on scale
L. .

In this example scale D was multiplied by 10. This was
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done In order to change its range from 10,000 kc to 100,000 kc so
the desired frequency (24,000 kc) would be within the limits of the
scale. Therefore, in order to maintain equality, scale LC must be
divided by 100. Then the LC product for 24,000 kc Is uu. This
example is illustrated in Fig. 5.

4400 - .
LC ! 20800 ' 10000 ' ! l5o'oo'iI '3000
4 |
D i | él]léllllfs T
1
24000

Fig. 5

Example. Find the LC product of 800 kc.

Solution. To 800 on D, set indicator.
Under indicator read 396 on LC.

In order that this frequency fit the calibration of the rule,
It Is necessary to divide the basic calibration of scale D by 10;
thereby making Its range from 100 to §,000 kc. Scale LC Is there-
fore multiplied by Io2 to maintaln equality. Then for 800 kc the
LC product Is 396 x 102,

The foregoing examples show that all the student must remember
is that when scale D Is affected by any power of [0, the callbra-
tion of scale LC must be changed inversely by the square of that
part!cular power of ten.

In case of doubt it is wel) to remember that as frequency-is
increasad, inductances and capacities become smaller, thereby re-
ducing the LC product. The opposite is true of the low frequen-
cies; larger vajues of inductances and capacities being necessary,
thereby resulting in larger LC products.

It has beenshown that scale LC can be operated on only in
steps of 100, or even powers of [0. It follows then that when the
callbration of scale LC i3 changed by an even power of 10, scale
D must accordingly be changed inversely by the square root of that
particular power of ten.

20

Example. LC = u49000. Find the resonant frequency.
Solution. LC = 490 x |02 (operate on basic calibration of LC

in multiples of 102). To 490 on LC set indica-
tor.

Under indicator read 7200 kc on D.

Scale LC (basic calibration) was multipiied by I02. therefore,
the calibration of scale D calibration must be divided by~f0°, or
10, which gives a frequency of 720 kc.

Example. Lt = 88. Find the resonant frequency.

Solution. (Basic calibration 8800 must be used.)
To 8800 on LC set indlcator.
Under indicator read 1700 on D.

Scale LC (basic) was divided by |02, therefore scale D must
be multiplied by 10 which gives 17,000 kec.

EXERCISES 5
(See answers Pg. 59)

pH g LC F in ke pH g Lc F in ke
180 | 250 |wgoed| 7470 °.85| 190 |L/v ol YAFP
242 | 350 ?‘4’,75:) 42 | 400 | 500 [22p20P ,"Sf
5| 100 [r30] Y205 less | 10 [3€AT] I A
osz0 l1000 Rfesp  JED | 1on | eoo feifay) FEoT

ns| w0 (377 gago| | *® [Fowe] AT

Bacause the resonant frequency varies Inversely as the square
root of LG, it is possible to calculate values of inductance and
capacity on scale LC. This Is accomplished by making use of scale

Example. What value of Inductance must be used with a 25C uuF con-
denser to resonate at 1260 kc?

Solution. To 1250 k¢ on D set index of C.
To 250 on B set indicator.
Under indicator read 65 pH on LC.
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In the above solutionaglance at the position of the index of

the rule shows the LC value to be roughly |8, 000.

Setting the In-

dicator to 250 on scale B divided the capacity value Into the LC
product and gave the significant flgures on scale LC, it being ne-
cessary to place the decimal by mentally dividing i6,000 by 250.

This example Is illustrated in Fig. 6.

6500

| LC Toodoo !

10600 | "1 " sdoo T adbo

B 1 TTTITITT ! 3 TATETETITE
{ ;

[ D 1 '1'25'3 I4'5k|7|e‘9]§ 3 I
1250 250
Fig. 6

Example.

Solution.

It Is desired to build a trap for 4205 kc.

There is on

hand a coll with a known inductance of |5 pH. What value
of capacity Is requlred?

To 4205 on D set index.
To {5 on B set Indicator.

Under indicator read 95.2 puF on LC.

In the above solution the decimal was. placed as in the pre-~

ceding example,

Inspection shows the LC value to be roughly I500.

(Without the use of the indicator.) A mental division by the in-
ductance value shows that the capacity must be near 100 uuf.

EXERCISES 6

(See answers Pg. 60)

F in ke ppF pH F in ke uH BuF
355 1000 00 225 500 FRXN
375 1000 / g 610 200 2D
500 500 203 1000 150 /L9
544 500 173 1750 66 IR
795 550 /7 < 3750 18 ‘;' 20

22
EXERC{SES 6 (Contd.)

F in ke ima uH Fin ke ph ppF
2575 150 2o 7200 9.52 e
4135 100 S 14,000 5.7 3 g
4205 100 Sz 28,200 1.19 Vi
8270 <0 A 56, 500 .54 /47

17,000 35 i 128,000 31 | T

Example. What are the maximum and minimum capacities of a vari-
able condenser necessary for a frequency range of from
2,000 to 3,000 kc using an inductance of 50 pH?

Solution. Set indicator to 50 on LC. (Remembering that scale LC
must be operated on in steps of 100, this means setting
the indicator to 5000.)

To 2,000 ke on D set index of C.
Under indicator read 126 uuf on B.
To 3,000 kc on D set index of C.
Under indicator read 56 puF on B,

Example. A coil of u5 yn is used in a circuit with avariablecon-
denser having a minimum capacity of 50 puF and a max | mum
capacity of 250 pyiF. What is the frequency range?

Solution. To 45 on LC set indicator.

To indicator set 250 on B.
Opposite index of C read 1500 kc on D.
To indicator set 50 on B.
Opposite index of C read 3350 kc on D.

No difficd!ty is encountered in the above solutlion if it is
remembered that the proper scales, right or left, are tobe used on

scale B.
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EXERCISES 7
(See answers Pg. 60)

W ¢ (max) ¢ (min} Coverage in ke
400 250 50 g2 | ST
400 350 50
400 500 50
200 1000 75
5.5 150 25
14.8 100 25
14.3 100 15
14.8 100 10
14.3 100 5 \

7.1 50 10

ALTERNATING CURRENT SERIES CIRCUITS

Instead of using the conventional lettering for the right tri-
angle as shown in Fig. A, we will use the method of lettering as
shown In Fig. B. This will enable the student of altarnating cur-
rents to become more familiar with the impedance triangle, or vec-
tor.

Fig. A Fig. B

24

Given X and R - to find Z and 6

A typical alternating current problem Is the simple series
circuit wherein resistance (R) and reactance (X) are in series as
illustrated in Fig. 7. The problem is to find the impedance (Z)
and the phase angle (6).

Because R and X operate at right angles to each other and Z
Is their vector sum, the three may be plotted as shown in Fig. 8.

7~
o -
1,,¢"> ?
E "
. X :
S/ R=208

Fig. 7 Fig. 8

Solution for Z may be accomplished by making use of the familliar

relations between the sides of a right triangle; that is, the square
on the hypotenuse is equal to the sum of the squares on the other

two sides. Stated as an equation:

22 =82 +x2  or 7=+/RZ+X

Substituting the circuit values of Fig. 7:

7= W = 24.4 ohms.

The phase angle O may be found by its tangent which Is
14

— = 0.7 = tan 35°
20

x -

R
The above method is cumbersome for stide rule computations be-
cause of the number of settings involved. This triangle is conven-
iently solved by making use of the trigonometric functions. By this

X Y4 - ,
method we flrst solve for 6 by taklng'§'= ;—6= 0.7 = tan 35° asbe-
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fore. Now that one of the zcute angles of the triangle has been
found, Z may be found by utilizing a relation which contains Z (the
unknown), one of the known sides (X or R), and some function of 6,
The sine meets these requirements because

X 4

X
sing=—, or 1= = = 24.4% ohms,
z sin 6 0.5736

It now becomes necessary to find a method whereby this solu-~
tion may be accomplished on the slide rule with a minimum number of
settings. As before, we must first find the phase angle e, and
because R and X are the known sides of the right triangle, it fol-
lows that the tangent or cotangent must be used pecause they are
the only funetions employing both R and X. It is also desirable,
as will be seen in the final slide rule operation, to have the nu-
merical value of the particular function on the slide.

Solution. (1) To 20 on D set index of §

(2) To i4 on D set indicator. -
Under indicator read 6 = 35° on T black.

(3) To indicator set same angle (35°) on § black.
Opposite index of S read Z = 24.4 ohms on D.

Steps (1) and (2) of the above solution are illustrated in
Fig. 9, while step (3) is illustrated in Fig. 10.

T 2o 25 k) 3% 0 45
i
P2

D 1 | é T
P
Fig. 9
3s°
s, P @ e 5
b 1 | A B
/4 244
Flg. 10
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Steps (1) and (2) divided |4 by 20 (X + R) to glve the quo-
tient 0.7 which appeared under the indicator on scale C. The tan-
gent of 35° = 0.7 and this angle therefore appears under the indi-
cator on scale T black to give the phase angle 6. Step (3) divided
14 by sin 8, which resulted In Z = X +sin 6 = |4 + 0.5736 = 24.4
ohms on scale D opposite the index of S.

At this polint the student might wonder why, In step (2) of the
solution, 55° T red was not chosen as O instead of 35° on scale T
black. Here a knowledge of the variation of the various functions’
becomes an asset. A mental division of X + R showed the quotient,
and therefore the tangent vaiue, to be a decimal and greater than
0.1, hence an angle between the 1imlts of 5.73% and 4s%. By re-
membering the construction of the right triangle the following rule
becomes apparent and should be memorized.

RULE. If I is less than R the phase angle O is less than 45°.

In the circuit of Fig. || a different situation exists. The
reactance Iis greater than the resistance.

s
:\/

N,
E
Q) )

Fig. I Flg. 12

Again It becomes desirable, in order to complete the solution
with a sinimum number of slide rule operations, to have the actual
numerical value of the particular function used on scale C. Itcan
be seen that the phase angle 6, in this example, is greater than ys°
because X is greater than R. Then in order to utilize scale.C for
the value of the function it follows, because. X and R must be used
to find the angle, that the cotangent must be used. The reason for
this, as previously stated, is that scale T red calibrated right
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to left gives the angles whose cotangents are on scale C. Then to
get the cotangent value of scale C, R must be divided by X because

cot 9 =i;-.

Solution. (1) To 20 on D set index of S
(2) To 13 also on D set indicator.
Under indicator read 8 = 57° on T red (X>R:2>45°)
(3) To indicator set 57° on § red.
Opposite index of § read Z = 23.9 ohms on D.

As before, note that steps (i) and (2) above divided 13 by 20
glving a cotangent vaiue of 0.66 which may be found under the in-
dicator on scale (. Because 13, which is the R value is still on
scale D under the indicator, it is desirable to use some function
by which Z may be found with a minimum of slide rule settings. This
is accomplished by the use of cos O because

. R -
cos O = - or 1 = ——

Step (3) placed cos 57° (.545) onscaleC under the indicator,
thereby dividing 13 (R) by cos O to give Z = 23.9 ohms.

The foregoing explanations should not confuse the student and
lead to the belief that there is too much for him to remember in
order to become proficient in solutions of impedance triangles. The
explanations have been written inan attempt toshow the student the
actual mechanics of the rule because once these principles are under-
stood, operations onthe slide rule cease to be purely mechanical and,
as such, difflcult to remember.

The solution of the Impedance triangle, or vector, for the
resultant Z can be stated in one simple

RULE. Always set the index of S to the larger side of the triangle

(X or R) n scale D and set the indicator to the smller side also
on scale i, If X is less than R, Bis less than 45°, therefore use
scale T black. If X is greater than R, 9 is greater than ys°, there-
fore use scale T red, WNhen shifting to ‘cule S, use same coloran—
gle that was used on scale T.

Example.

28

Solve for the impedance and phase angle of a series AC
circuit containing a resistance of |6) ohms and an In-
ductive reactance of § ohms.

3
@ V2018138 3
A P2

Solution. To I6!1 (larger side) on D set index of §.

To 9 also on D set indicator.
Under indicator read 6 = 3.2°% on ST.

It is seenby inspection that the tangent value';—is less than
0.1 which represents- an angle less than 5.73% hence the use of
scale ST. This is permissible because, for all practical purpises
the sine, tangent, and radian values on scale ST are equal. Also,
for such smali angles, Z is very nearly equal to R and vector ad-
dition in this case is hardly practicable on the slide rule scales.
The actual value of Z in this example is |6].3 ohms.

An AC circult contains a resistance of 49,5 ohms in se-
ries with an inductive reactance of 20 ohms. Solve for
the impedance, phase angle and power factor.

Example.

-
R*49.84 - 53.*0//
1_!//

E ~
m /40322.
@/ R:4950

X*2080

Solution. To 49.5 (larger side) on D set index of §.
To 20 also on D set indicator.
Under indicator read 6 = 22° on T black.
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To indicator set 22° on S black (same color).
Opposite index of S read Z = §3.4 ohms on D.
To 22° on S red set indicator.

Under indicator read power Tactor = 92.7% on C

(PF = 100 x cos §).
Note: in solving AC problems of this nature it is always de-
sirable to determine the power factor as was done in the above so-
lution. The power factor, when expressed as a percentage, is equal
to 100 X cos B. When the indicator is set to 6 on scale S red, cos
8 appears under the indicator on scale C.

Example. Find the impedance, phase angle, and power factor of a
series AC circuit containing a resistance of |7 ohms and
a reactance of 55.6 ohms.

Solutjon. Since the type of reactance is not specified, it may be
due to an inductance as shown in Fig. 13, or a conden-

ser as in Fig. lu.

-~

[

X, *85.60 )
t ./ X:55.60

/\ = T3°LAG

©

I R=178

P

Fig. I3
| R=17Q
7
R=|7n\/\ H I\> §=73° LEAC
Xe=5552 m
€ 9,‘,\ X=55.60
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To 55.6 (larger side) on D set index of S.

To 17 also on D set indicator.

Under Indicator read 6 = 73° on T red.

To indicator set 73° on § red (same color).

Opposite index of S read Z = 58.1 ohms on D.

Under indicator read power factor = 29.2 per cent on C.

Example. Solve for the phase angle and power factor in an AC se-
ries circuit where the resistance is 2.2 ohms and the
inductive reactarce is 63 ohms.

it z-63.032

I|x=630

l §=88° LAS

R= 220

Solution. To 63 (largerside) on D set index of S.
To 2.2 also on D set indicator.
Under indicator read 2° on ST. Then § = 90° - 2° = 88°,

Under indicator read PF = 3.ug per cent on C.

In the foregoing example inspection shows that the tangent
value (X.+ R) is greater than |0; thus denoting an angle greater than
84.28°. Tan 6 = 28.6 will be found on scale CI under the indica-
tor.

For such large angles Z is very nearly equal to X and vector
addition in this case is not practicable using the trig scales. The
actual value of the impedance in this example is 63.03 ohms.
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EXERCISES 8
(See answers Pg. 61)
Fi1l in the blanks in the following table.
X R 2] z PF X R ] z PF
95.5 50 170.4 | 100 !
59.6 | 25 507 200
85.7 | 15 86 50
291 150 53.4 | 30
596 | 250 979 500
46.3 | 28 102 12.3
9 63 12 96

Given Z and © - to find X and R

When the hypotenuse (impedance) and one acute angle of a right
triangie are known it is possible, by trigonometry, to determine
the values of the other two sides (reactance and resistance) of the
triangle. B8y following certain procedure on the slide rule these
solutions become relatively simple operations.

The following examples of the cases ytilize but two simple
formulas when solving for X and R with Z and 6 known. These are:

X=12sin8 and R=2cos 6.

Example.  The impedance of an AC circuit is 300 ohms and the phase

angle is 4.3° leading. Find the reactance, resistance,
and power factor.

A i R=299.20
R=299.20 I 2:3565 v-lxgz‘sn
Xe=22.5Q
E 8=4.2° LEAD
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Solution. To 300 (impedance) on D set index of S.
To 4.3° on ST set indicator.
Under indicator read X = 22,5 ohms on D.

The value of X was found by taking X = Z sin 6. Sin 8 = 0.075
will be found under the indicator on scale . The decima! point is
placed by inspection because sines of angles on scale ST vary from
0.0 to 0.1.

Due to the construction of scale §, the resistance and power
factor are not obtainable with accuracy for such small phase an-
gles. The actual value of the power factor is 99.7%, while the
resistance is 299.2 ohms.

Example. The impedance of a circuit is 40 ohms and the phase an-
gle is 51° lagging. Find the resistance and the re-

actance.

Solution. (1) To 40 (impedance) on D set index of S.
(2) To 61° on § red set Indicator.
Under indicator read R = 25,2 ohms on D.
(3) To 51° on S black set indicator.
Under indicator read X = 3.l ohms on D.

Steps (1) and () multiply 40 (the impedance) by cos € to ob-
tain the resistance. These steps are shown in Fig. 15. Cos 6 = 0,629
will be found under the indicator on scale C.

Step (3) multiplied the impedance by sin 6 to obtain the re-
actance as shown in Fig. 16. Sin 6 = 0.777 will be found under the
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indicator on scale C.

s

S 4 e %”P PR

D : Py T T
252 Jlo

)
v

Wy oF
~
A
Q

Fig. 16

Example. A circuit has a power factor of 82.9 per cent and an im-
pedance of 26.2 ohms. Solve for the effective resistance
and the reactance.

Solution. PF = {00 cos B .. cos € = 0.829
(1) To 26.2 (impedance) on D set index of S.
(2) To 0.829 on C set indicator.
Under indicator read 8 = 34° on § red,
and R = 21.7 ohms on D.
(3) To 34° on S black set indicator.

Under indicator read X = |4.65 ohms on D.

Steps (1) and (2) in this solution consisted of multiplying
26.2 (impedance) by cos © to obtain the resistance, while step (3)
multiplied the impedance by sin 6 to give the reactance.

Example. " The impedance of a circuit is 138 ohms and the power fac-
tor is 5.05% leading. Find the effective resistance and
the reactance.

I

R26.960 i

X, *137.8 0

©

Solution. PF = 100 cos 6

-

Cos 87.1° = sin (90° - §7.1°)
(1) To 138 (impedance) on D set index of S.

R=6.984

le=87J'LEAo

Z=1384Q

* X=137.848

cos 6 = 0.0506 = cos 87.1°.

= gin 2.9°s

(2) To 2.9° on ST set Indicator.

Under indicator read R = §,98 ohms on D.

34

The value of X, for such large angles, is not obtainable with

accuracy because in this example X Is very nearly equal to Z. The
actual value of X Is 137.8 ohms.
EXERCISES § .
(See answers Pg. 61)
Fitl in the blanks in the following table:
2z o R X PF z ] R PF
1162 | 58.9° 171 | 62.1°
35.2] 44.8° 97.9 | 59.3°
129.5| 29.45° 718 | 56.1°
i 0.563 | 54.86° 1124 | 44.55°
1205 | 65.5° 842 | 64.9°
{ 106 | 23° 235 | s6°

Given Z and R - to find 6 and X

When the hypotenuse (impedance) and the base (resistance} of
a right triangle are known, the solution for the phase angle 9 and

the resistance R is made easy by the use of the slide rule.
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inorder to find @it becomes necessarytoutilize some trigono-
metric function that may be computed with the known values. With

Z and R known this function is the cosine because cos § -T.

Scale S red, calibrated right to left from 0° to 8u.28° gives
the angles whose cosines (| to 0.!) are on scale C.  Then if the
result of R + Z, which is cos B, can be placed on scale C at the
completion of the division; O may be read directly from the cosine
scales.

The above is accomplished in the usual manner by setting the
index of S to the divisor Z (larger known side) on scale D and the
Indicator to the dividend R (smaller known side) alsc on scale D.
The quotient (cos 6) will then be under the indicator on scale C.

The choice of reading the angle 6 on scale S or ST depends on the
value of the cosine and hence the magnitude of the angle.
Due to the calibration of scale S, only two cases are neces-

sary as examples to lilustrate these solutions.

An AC circult has an impedance of 555 ohms with an ef-
fective resistance of 298 ohms. The power factor is lag-
ing. Find the reactance and the power factor.

“xample.

S,
&

R:z2980

A | X = 4683
g |
9:53'.7'LA_(4
R=298(

{1) To 555 on D set index of S.

(2) To 298 also on D set indicator.
Under indicator read PF = 53,7 per cent on C.
Under indicator read 6 = 57.5° on S red.

(3) To 57.5° on S black set indicator.
Under indicator read XL = 468 ohms on D.

Solution.

36

In steps (1) and {2) cos O on scale C, and therefore 6 on §
red, was placed under the indicator by dividing R by Z. These steps
are illustrated in Fig. 7.

5750
S PP ® P PR
D} I ?, YRR
258 Fig. 17 555

Step @) multiplied the impedance (565) by sin 57.5° to give
the reactance of 468 ohms on D. Sin57.5° = 0.843 will be found on
scale C under the indicator. Step (3) of this solution is shown in
Fig. I8.

5{5°
SR P @ 0w
52 T LT T F Tl
P I T
Fig. 18

lagging circuit is 600 ohms and the
Find the reactance and

The impedance of a
effective resistance is 22 ohms.
the power factor.

Example.

[~/
g/l
R=220 X *599.60 b :xLusgg,sa
E |
/-\ §:=8T.9°LAG
© '
R+220
Solution. [nspection shows cos § to beless than 0.| and therefore

an angle greater than gy.28°.

(1) To 600 on D set index of S.

(2) To 22 also on D set indicator.
Under indicator read 2.1° on ST.

Then 6 = 90° - 2.1° = 87.9°.
PF = 100 cos O = 3.66 per cent will pe Ffound under
the indicator on scale c
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Due to the limited space between such large angles on scale §
black accurate solution for X is impracticable. The actual value
of X in this example is 599.6 ohms. It is apparent, as previously
explained, that for these large angles X is very nearly equal to Z

for all practical purposes.

EXERCISES 10 ’
See answers Pg. 61)

Fill in the blanks in the following table:

4 R G} X PF Zz R ) X PF
1761 | 800 71.3 45
1538 | 500 152.8 85
1792 { 800 39.2 15
1586 | 1200 98.7 55
2570 | 900 1029 | 500

Given Z and X - to find B and R

With the hypotenuse (impedance) and one side (in this case the

- reactance) of a right triangle known it becomes necessary, inorder

to solve for the other side (resistance ) to utilize some trigono-
metric function that may be computed with the above known values.

With Z and X given this function is the sine because:

Sin 8§ =

-

N>

As previously explained scales ST and § bla}:k are the sine scales.
The sines of angles on these scales are to be found on scale C.
Then if the quotient of X + Z, which is sin 6, can be placed onscale
C at the completion of the division, 6 may be read directly on the
proper scale.

Due to the calibration of scales ST and S black, only two cases
are necessary as examples to illustrate this type of solution.

Example. The impedance of a line is 500 ohms and the inductive
reactance is 39.2 ohms. What is the resistance?

’
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Solution. (1) To 500 (larger known side) on D set index of S.
(2) To 39.2 also on D set indicator.
Under indicator read 6 = 4.5° on ST.

Scale ST was chosen because, by inspection, the division X + Z
shows the sine value to be less than 0.|; thus denoting an angle
less than 5.73°%  Sine 4.5%° = 0.0785 will be found under the in-
dicator on scale C.

(3) To 4.5° on S red set the indicator.
Under the indicator read R = 499 ohms on D.

As previously explained, due tothe limited space between such
small angles on scale S red, accurate solution for R is impracti-
cable. For such small angles |t is apparent that R is equal to Z
for ail practical purposes.

Example. The impedance of an AC circuit is 55 ohms and the capa-
citive reactance is 42 ohms. Find the effective resist-
ance and the power factor.

R=3550
8=49.8°

I|
Re35.50 Il
2

Solution. (1) To 55 (larger known side ) on D set index of S.

{2) To 42 also on D set indicator.
Under indicator read © = 49.8° on $ biack.
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3} To 49.8° on § red set indicator.
Under indicator read R = 35.5 ohms on D.
Under indicator read PF = 64.6 per cent on C.

Steps (i) and (2) divided X by Z to obtain sin 6 = 0.764 which
will be found onscale C under the indicator. These two steps are
shown in Flg- {9. 4%30

-

sI 40 e P
D 3 Ikil%{él%lél“{

4'2 5:5

Fig. 19

Step (3) multiplied the impedance (55) by cos 49.8° to give
the resistance of 35,5 ohms on D. Cos 49.8° = 0.646 will be found
under the indicator on scale C. Step (3) of this solution is shown

in Fig. 20.

49;8°
S S Y
O TTITETET]
355 s
Fig. 20

EXERCISES 11
(See answers Pg. 62)

Fill in the blanks in the following table:

Zz X ] R PF Zz X (-] R PF
1802 | 1615 1063 885
1459 | 1330 10.29] 2.45
35060 { 2828 78 65.7
1980 | 1811 384 328
5040 | 4877 185 155.6
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PARALLEL CIRCUITS

The solution of parallel AC circuits becomes a relatively sim-
ple matter when using the slide rule. This is especially true if
the student is-able to make full use of the various slide rule op-
erations previously explained.

The method described herein is an adaption of the familiar
"total current®™ method; modified to permit full utilization of the
capabilities of the rule. This method has proven tobe more straight-
forward and simple than any other; at the same time allowing solu-
tion in a minimum of time.

The following example is worked out and each step numbemd. The
slide rule solutions then follow; the numbered steps corresponding
to the steps in the first explanatory solution.

Example. @iven the circuit of Fig. 2!. Solve for the total im-
pedance and equivalent series circuit.

Solution. First assume a voltage across the paralle! combinatio
. In order to facilitate slide rule solution this
voltage should always be some power of ten in order that
we may make full use of reciprocal operations on the rule,
Also, the assumed voltage should be high enough so that
it can be divided by the highest branch impedance with-
out the quotient Eurrent) resulting in a decimal,

In this example let the assumed voltage across Z, be {000 volts.
The phase angle of branch (a) will be:
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m

(2)

(3)

(w)
(5)
(8
(0]

(8

(9)

(10)

. X ] ‘ :
Tan g, = -t = 185 - o.am = tan 210 (1ag).
R, 43 \
X 16.5
= = = 4§ ohms.
Za sin 6 sin 21°

The assumed current, due to the assumed voltage, through branch

(a) is:
| - £ _ 1o 21.7 amperes lag.
a Z, 46

I, is then resolved into its resistive (in-phase) component

and reactive (out-of-phase) component,
The resistive component is:

lag = la €08 B, =21.7 cos 21° = 20.3 amperes.

The reactive component is:

lax = ]a sin 8, = 21.7 sin 21° = 7.77 anmperes.

The phase angle of branch (b) will be:
Tan 6, = 52 = 86 - 5.5 - tan 79.7° (1ead).
R, 12
_ R _ 12

Zb B ) cos 79.7°

= §7.1 ohms,
cos B

The assumed current through branch (b) is:

| = _E_ = mo_ = |4.9 amperes lead.
b7, 7.1

The resistive component of f, is:

= lpcos § = 4.9 cos 78.7° = 2.66 amperes.

The reactive component of 'b is:

fpx = Ip sin & =
The components of the two currents are now added to give the
components of the total current 1.

4.9 sin 79.7° = 4.7 amperes.

T
D
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la = 20.3 + j 7.77 amperes

2.66 ~ j 14.7 amperes

I

22.96 - j 6.93 amperes

The phase angle of It is found inthe usual manner by dividing
the reactive component by the resistive component:

6.93
23

(11) Tan 6, = = 0.302 = tan 16.8° (lead)

The total current It is then found by dividing its
component by sin et' or

6.93

(|2) lt = — =

sin 16.8°

reactive

24 amperes

The tota) impedance is obtained by dividing the total current
into the assumed voltage, or

1000
(13) 2y = TR ohms.

The current vector is shown in Fig. 22.

The phase angle St of the impedance is the same in magnitude
but of different sign as that for the total current: 16.8° lead.
The equivalent series circuit of the parallel combination is
found by resolving Zt into its resistive and reactive compo-
nents, or

(14) R =12, cos 6 = 41.7 cos 16.8° = 39.9 ohms.
(15) Xo = Z, sin 6 = 41.7 sin 16.8% = |2 ohms.

The impedance vector .is shown-in Fig. 23.



)

e

43
R=39.90
I, +14.9 AMPS. . 16.8° |
~
T~ Lum& s ) Is
= (]
\\ Aﬂ/_”2 I:
o4
BN - — -
e 16.8° /
21° /
/
I 21.7 AMPS.
Fig. 22 Fig. 23

The foregoing solution may seem rather long. This is because
each step has been explained in order to aid the student in under-
standing this method. Actually when one has become familiar with
the solution by slide rule, the entire solution may be written as
follows: )

Assume 1,000 volts

i
"

Z, =43 + j 16.5 = 46 ohms, 21° lag. 1, = 21.7 a = 20.3 - ] 7.77

[0
1]
i

=12 -] 66 67.10hms, 78.7° leaa. 1, = 14,9 2 = 2.66+ ] |7

M~
o
|

22,96+ j 6.93

24a, 16.8 lead

2, =41.7 ohms, 16.8° lead = 39.9 - j 12 ohms.

The following stide rule solution steps are numbered to COr-
respond with the steps in the foregoing solution.

1) To 43 on D set index of S.
To 16.5 on D set indicator.
Under indicator read ea = 21° lag on T black.

(2) To indicator set 21° on S black.

Opposite index of S read Z, = 46 chms on D.
(3) Opposite index of D read I, = 21.7 amperes on C.
(4) To 21.7 on D set index of S.

To 21% on S red set indicator.
Under indicator read laR = 20.3 amperes on D.

T

P

4y

(5) To 21° on S black set indicator.
Under indicator read 'aX = 7.77 amperes.

(6) To 66 on D set index of §.
To 12 on D set indicator.
Under indicator read 9, = 79.7° lead on T red.

(7 To indicator set 79.7° on § red.

Opposite index of S read Zb = 67.1 ohms on D.
(8) Opposite index of D read i, = I4.9 amperes on (.
(9) To 14.9 on D set index of S.

To 79.7° on S red set indicator.
Under indicator read 'bR = 2.66 amperes.

(10) To 79.7° on S black set indicator.
Under indicator read 'bx = |4.7 amperes.

The total current components are found as before, because
this is not a slide rule operation,

() To 23 on D set index of S.
To 6.93 on D set indicator.
Under indicator read 6, = 16.8° lead on T black.

(12) To Indicator set 16.8° on S black.

Opposite index of 8 read 't = 24 amperes on D,
(13) Opposite index of D read Z, = 41.7 ohms on C.
(14) To 41.7 on D set index of S.

To 16.8° on S red set Indicator.
Under indicator read R = 39.9 ohms on D.

(15) To 16.8° on § black set indicator.
Under Indicator read Xc = |2 ohms on D.

EXERCISES 12

Given the circuit as shown inFig. 24. Fill-in the blank spaces
by solving for the total impedance and power factor.
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(See answers Pg. 62)
i
Fig. 24
Ry % Ry X z, PF
51 26 21 91
6 26 72 45
73 15 4 13
20 45 705 137
175 78 40 110
| .
Example. Gliven the circuit of Figure 25, solve for the total im-
pedance and power factor.
R,=60Q X, 1008
=7 Rg=180
Frr75 0 X350 * X =78
— AN
R=10Q X 478
7, -
. Fig. 25
Solution. Assume [000 volts across the parallel branches.

)

(2)

(3)

(w)
()

(6)

7)

(8)

(9)
(10)

(tn)

(12)

Branch (a)
X 0
Tan 6, S LU 1.66 = tan 59° (ag).
Ry 60
Z, = R = £ 5 - 116.5 ohms.
cos €, cos 59
I='E—=M=8583merulag
Z,  116.5 =08 ane :

= 8,58 cos 59° = 4,42 amperes,

= 8,58 sin 59° = 7.35 amperss.

or, 1y = lap + J gy = %42 - J 7.35 amperes,
Branch (b)
Tan 6, X o35 _oues = tan 25° (1ead).
Ro 75
X
Z, = — c = 35 5 = 82.8 ohms.
sin eb sin 25
'b =—E— = m= 12.1 amperes lead.
Z, 82.8
- - o _
thr = 'b cos eb = ]2.1 cos 25 10.9 amperes.
lyx = lp $in 8 = 12.1 sin 25° = 5. amperes.

or lp = lpgp +J lpx = 10.9 + j 5.1 amperes.

Branch (c)
X .
Tan e =,__L.=—l!_z.= 4.7 = tan 780 (‘ag).
c R, 10
10

= = = . h .
Ze cos OC cos 78° 48.1 ohms

46
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(13)

(14)
(i5)

(16)
(17)

(18)

E
l,. = — = ——= 20,8 amperes lag.
c Zc 48. | g !

H

= 1, cos ec = 20.8 cos 78° = 4,33 amperes.

'cR
lex = lcsin 6= 20.8 sin 78% = 20.4 amperes.
or 'c = IdR + IcX = 4,33 ~ j 20.4 amperes.

The components of the currents are now added to give
the total current through the parallel branches:

4.42 -~ j 7.35 amperes,

a
Iy = 10.9 + J 5.1 amperes.

le = 4.33 - j 20.4 amperes.
lapc = 19.65 - j 22.65 amperes,

The phase angle of labe is found in the usual man-
ner by dividing the reactive component by the resis-
tive component.

_22.65
Oabe = 19.65

- 19.685 = 30 amperes lag.

cos 493

= tan 49° (lag).

Iabc

The impedance of the parallel branches is found by
dividing the assumed voltage by the total current:

_ 1000

b4
abc 30

= 33.3 ohms.

The phase angle of Z,,. is the same as for I,p..
Then the equivalent series circuit of the paraillel
combination is found by resolving Z,,. into its re-

sistive and reactive components, or:

(19) Rype = Zype €08 6 = 33.3 cos 43° = 21.9 ohms.

e
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(20) Xape = Zype 810 O = 33.3 sin 49° = 25.2 ohms.

(21)
(22)

(23)

or Zipe = 21.9 + ] 25.2 ohms.

Since Zs is in series with this equivalent circuit
we may obtain the total Impedance by adding their
components:

Zape =21.9 + j 25.2 ohms

Z, I5 + j 7 ohms

i

Z; =36.9+ ] 32.2 ohms

The phase angle of Z; Is found in the usual manner:

X 32.2
Tan 6, =t = 22C = tan 41.1° (lag).

X 32.2
7, = . - = .
t sin @ sin lH.l6 49 ohns

PF =100 cos 8, = 100 cos 41.1° = 75.4 per cent.

The current vectors for the parallel branches and
the total impedance vector are shown in Figure 26.

l///,/’<<:“}b”2J AMPS, 2,:490
\
\

Zobc=33.30

\
178.58 A,

- \

\
\
1= 3|0 AMPS.
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As in the previous example, the foregoing solution may seem
rather long. Actually when one is familiar with the slide rule sol-
ution, the entire sclution may be written as follows:

Z,=60 + j 100= 116.5 ohms, 56° lag. 1,=8.58 a = 4,42-] 7.35 amp.

10.9 + j 5.1 amp.

Z,=75 - j 35-= 82.8 ohms, 25° lead. Ip =12.1 a

=10 +j 47= u8.1 ohms, 78° lag. Il =20.8a 4,33 - j 20.4 amp.

Iy = 19.65- ] 22.65amp.

30 a, 49° lag.

Zpe = 33.3 ohms, 49° lag = 21.9 + j 25.2 ohms.

Zg

iI5 +j 7 ohms.

Z, =36.9 + j 32.2 ohms.

49 ohms, 4i.1° lag

PF = 75.4 per cent.

In the following slide rule solution, steps are numbered to corres-
pond with the steps in the explanatory solution.

(1) To 100 on D set index of S.
To 60 on D set indicator.
Under indicator read 6, = 59° lag on T red.

(2) To Indicator set 59° on S red.
Opposite index of S read Z, = [16.5 ohms on D.

(3) Opposite index of D read I, = 8.58 amperes on C.

(¢) To 8.58 on D set index of S.
To 59° on $ red set indicator.
Under indicator on D read I,g = 4.42 amperes.

(5) To 53° on § black set indicator.
Under indicator read 1, = 7.35 amperes on D.

50

(6) To 75 on D set index of S.
To 35 on D set indicator.
Under indicator reaa 6, = 25° lead on T black.

(7) To indicator set 25° on S blach.
Opposite index of S read Zb = 82.8 ohms on D.

(8) Opposite index of D read lp = 12,1 amperes on C.

(9) To 12.1 on D set index of §.
To 25° on § red set indicator.
Under indicator read lpp = 10.9 amperes on D.

(10) To 25° on S black set indicator.
Under indicator read be = 6.1 amperes on D.

(11) To 47 on D set index of S.
To 10 on D set indicator.
Under indicator on T red read 6, = 78° lag.

(12) To indicator set 78° on § red.
Opposite index of S read Zc = 48.1 ohms on D.

(13) Opposite index of D read lo = 20.8 on C.

(14) To 20.8 on D set Index of S.
To 78° on § red set indicator.
Under indicator read 'cR = 4.33 on D,

(15) To 78° on S black set indicator.
Under indicator read I = 20.4 on D.

The total current components are found as before, because this
Is not a siide rule operation.

(16) To 22.7 on D set index of S.
To 19.7 on D set indicator.
Under indicator read 8,p. = 49° lag on 7T red.
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(17) To indicator set 4% on S red.
Opposite index of S read lape = 30 amperes.

(18) Opposite index of D read Z,,. = 33.3 ohms.

(19) To 33.3 on D set index of §.
To 49° on S red set Indicator.
Under indicator read Rabc =21.9 ohms on D.

(20) To 49° on S black set indicator.
Under indicator read Xabe = 28.2 ohms on D.

As before, the impedance components are added.
(21) To 36.9 on D set index of S.

To 32.2 on D set indicator.
Under indicator read 6, = 141.1° on T black

(22) To indicator set 41.1° on S black
Opposite index of S read Zt = 49 ohms on D.

(23) To 41.1° on § red set inaicator
Unger indicator read PF = 75.4 per cent on C.

EXERCISES 18
(See answers Pg, 62)
Given the circuit as shown inFig. 27. Fill in the blank spaces
by solving for the total impedance.

[ Xy
L] iy
Fig. 27

Re 1 X Rl % ) Xy | R Xs L | e

a7 56 10.5 100 80 80 10 15
300 140 180 200 15 4.3 5 20
120 72 4.4 25 35 6.8 50 65
100 80 |4125 16 80 150 250 300

25 4 | 20 50 | 75 | &0 | 25 | 40
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SUMMARY OF CONVENIENT SETTINGS AS APPLIED TO
RADIO AND ELECTRICAL FORMULAS

There are genérally several different methods by which an
equation may be solved on a stide rule. However, there is usually
one method that is easier and more simple than the others.

The slide rulg settings for the formulas contained herein are
to teach the student short and convenient methods, most of which
have been covered in the instruction pamphlets. Every time a quan-
tity is set upona slide rule, read from the rule,or transferred to
another scale, there is a possibility of making an error. The use
of two operations, where onewould suffice, increases the possibility
of making an error.

In all probability the student, upon becoming more familiar
with his slide rule, will discover "set-ups" for certain formulas
more to his liking than the following. The choice of such "set-ups"
rests entirely with the student because, after all, the answer is
the important thing.

P =128 (1) To current (1) on D set index of siide.
(2) To resistance (R) on B set indicator.

Under indicator read power (P) on A.

(1) To voltage-{E} on-D set indicator.
(2) To ingicator set resistance (R) on 8.

Opposite index of B read power (P) on A.
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PF = 100 cos 8 (I)

P=El cos B

XL = 2nfFL

(1)
)

(1
(2)

(1)
(2)

(1)
(@)

(1)
(2)
(3)

(1
(2)

To power (P) on A set indicator.
To indicator set resistance (R) on B.
Opposite Index of slide read current (1) on D.

To current (1) on D set index of slide.
To power {P) on A set indicator.
Under indicator read resistance (R) on B.

To power (P) on A set index of B.
To resistance (R) on B set indicator.
Under indicator read voltage (E) on D.

To Em on D set index of slide.
To 6 on S black set indicator.
Under indicator read ¢ on D.

To 6 on § red set indicator.

Under indicator read cos 6 on C. Mentally multi-
ply cos 6 by 100 to obtain PF in per cent.

To voltage (E) on D set indicator.
To indicator set current (1) on Cl.
To 8 on § red set indicator,

Under Indicator read power (P} on D.

To frequency on scale 2 set indicator.

To indicator set inductance (L) on Cl.

Opposite index of C read inductive reactance (X,)

on D.

(1)
(2)
(3)

(n
(2)

(1
(2)
(3)

(1)
()

(1)
(2)

(n
(2)

(1
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To inductance (L) on scale 2r set indicator.
To indicator set index of C.
To inductive reactance (XL) on D set indicator.

Under indicator read frequency (F) on C.

To XL on D set index of C.
To L on scale 2; set indlicator.
Under indicator read F on Ci.

To frequency (F) on scale 2n set indicator.

To indicator set index of C.

To inductive reactance (XL) on D set indicator.
Under indicator read inductance (L) on C.

To F on scale 2r set indicator.
To XL on D set Index of C.

Under indicator read L on C!.

To frequency (F) on scale 2r set indicator.
To indicator set capacity (C) on Cl.

Opposite index of D read capacitive reactance
(X;) on C.

To capacity (C) on scale 2n set indicator.
To indicator set Xc on Cl.
Opposite index of D read F on C.

To F on scale 2n set indicator.
Under indicator read 2nF on scale D.
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X, = 2rnfL (1) To frequency (F) on scale 2m set indicator,
(2) To indicator set Inductance (L) on Ci.
Oppos ite index of C read X, on D.

X =l (3) To indicator set capacity (C) on Cl.
€ 2nFC

Opposite index of D read Xc on scale C.

3
*F = 159 x 107 (1) Find product of LC by any convenient method of
LC multiplication.

(2) To LC product on scale LC set indicator.
Under indicator read F in kc on scale D.

32
_ {159 x 107%)° (1) To frequency (F) on D set index of slide.

*C
2
FL (2) To inductance (L) on B set indicator.
Under indicator read capacity (C) on scale
Lc.

' 3y2
= 189 x 107) (1) To frequency (F) on D set index of slide.

2
B (2) To capacity (C) on B set indicator.
Under indicator read inductance (L) on
scale LC.
Py
0B = 10 log, o (1) To P, on D set index of C.

(2) To P, on scale CI set indicator.
Under indicator read the Mantissa
of log IO—' on scale L.
P2
Mentally multiply by 10 to obtain
DB.

* (Holds true when F is in kc., L is in UH, and € is in iF.)

56

0= afL (f) To F on scale 2 set indicator.
R (2) To indicator set L on Cl.
(3) To R on CI set indicator.
Under indicator read Q on D.

2
7= ﬁgffkl_ (Where Z_is the impedance of a resonant parallel cir-
r R cuit.)

(1) To frequency (F) on scale 2n set indicator.

(2) To indicator set index of C.

(3) To inductance (L) on C set indicator.

(4) To indicator set resistance R®) on B.

Opposite Index of C read impedance (Z} on A.

0 = arc sin %} (1) To impedance (Z) on D set index of S.

(2) To reactance (X) on D set Indicator.

Under indicatcr read 6 on ST, or § black, as ap-
plicable. (If sin 6<0.1, 6<5.73%)

Under indicator read sin 6 on C.

0 = arc cos-%. (1) To impedance (Z) on D set index of §S.
(2) To resistance (R) on D set Indicator.

Under indicator read 6 on S red, or ST, as ap-
plicable.

arc tan %— (1) To the larger value (X or R) on D set index of §

D
[}

(2) To smaller value on D set indicator.
Under indicator read 6 on proper T scale, or ST,
(1f tan 6<0.1, 6<5.73%) (If tan 6<i, O<ys®.)

R=12cos 8 (1) To impedance (Z) on D set index of S.
(2) To 6 on S red set Indicator.
Under indicator read resistance (R) on D,



>
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Zsin 8

lp = ((Eb)3/2

(1
(2)

(1)
()

(1
(2)
()

(1)
(2)

(3)

(1)
(2)
3)

To impedance (I) on D set index of S.

To 6 on ST, or S black, as applicable, set in-
dicator.

Under indicator read reactance (X) on D.

To reactance (X) on D set indicator.
To Indicator set 8 on ST, or S black.
Opposite index of § read impedance (Z) on D.

To resistance (R) on D set indicator.
To indicator set O on § red.
Opposite index of S read Impedance (Z) on D.

To larger vatue (R or X) on D set index of S.
To smaller value on D set indicator.

Under indicator read phase angle 6 on proper
T scale.

To indicator set same color phase angle on S.
Opposite index of S read impedance (Z) on D.

To E, on A set index of B.

To Ep on C set indlcator,

To indicator set K on Ci. .
Opposite index of C read Ip on D.

ANSWERS TO EXERCISES
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EXERCISES |
I. 5.876 x 108 10. 8.765 x |0°° 20. 2.8 x 109
2. 5.672 x (¢’ If. 9.35 20, 3.43 x 1077
3. 5.75 < |02 12. 2.762 x 108 22. 2.56 x (92¢
4. 2.594 x 103 13. 2.57 x jo°5 23. 3.45 x |08
6.72 x 0% 4. 3.62 x 1072 2. 1.2 x (073
6. 2.03 x |02 15. 8.4 x jo” 4 25, 4.83 x |09
7. 7.81 x 107€ 16. .89 x 1075 26. 2.4 x 1073
g. 4.63 x 107! 17. 3.85 x 103 27. % x 162
9. 4 x g4 18. 5.94 x 1o°! 28. 7.28 x 107!
19. 9 x jo"¥
EXERCISES 2
F L c X Yo x ]
25 4.2 H 56 uf 660 114 546 (X, )
50 2.3 i 43 pF 723 74 649 (X )
60 .15 H 7 ur 58.6 98.2 41.6 (Xc)
ljmo 01 H 2.3 uf 62.8 69.2 6.4 (X)
1000 ke | 165 pH 170 ppf 1036 935 101 (X )
855 ke | 225 pH 920 puF 502 487 15 (XL)
2744 ke | 63 pH 52 uuf 1085 1114 23 {X)
6190 ko | 24 w27 aF 933 953 20 (%)
215 kC | 276 pH | 1950 uuf 373 380 7 (%)
500 ke | 160 pH | 605 uuF 503 526 23 (%)
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EXERCISES 3 EXERCISES 6

F in ke F H F in ke F
| R - JE=IR {P=I%R ] R |[E=tR |P=I%R w H il s
{ 355 1000 200 225 500 1000
5 10 80 v 250 w 2.5 12.2 30.5 v 76.3 w
e - 375 1000 180 610 200 340
5.2 | 31 99.2v | 317 w 4.69 {73 342 v | 1610 w
k 500 500 203 1000 150 169
: 6.82]| 87.6 {597 v 4075w 5.2 5.86 | 30.5 v | 158.5w
544 500 171 1750 66 125
. 3 |e20 385 W 8.75 | 1.73| 15.1 131.9 w
0.62| 10 v Y 795 350 114 3750 18 100
. . . 441 0.76 { 4.5 3.42 2.6
13.5 | 2.42 | 82.7 v v 7 s v v 2575 150 25.5 7200 9.52 51
. . 5.15 47.4 1.5 |93 129.5 v | 208 W
9.2 1 0.5 v v 4135 100 14.8 14,000 3.7 35
§0 ;
: 4205 100 14.3 28,200 1.18 26.8
EXERC ISES 4
i —_— 8270 50 7.4 56,500 .54 14.6
:
c o2 t " " 17,000 35 2.5 128,000 .31 5
E R | = R P = B E R | = R p= -
e |12 5 oa| 3 w 103 | .367 | 2725a | 2725 kw EXERCISES 7
. . . o w N .
52 36 89 a | 28.4 w 115 | 11.3| 10.2a 1170 e ¢ (max) ¢ (min) Coverage in ke
110 98.3 | 1,12 a | 123 W 12 | 69 174 a8 { 2.09 w 400 250 50 503 1125
220 10¢ .022a | 4.84 w 110 | 6.73 | 16.35a | 1800 w 400 550 50 425 1125
* 550 .82 | 144 a |7.92x10%w| 14 | 125 12 a | 1,57 w 400 500 50 356 1125
14
200 1000 75 356 1300
EXERCISES 5 25.5 150 25 2575 6300
. 14.8 100 25 4135 8270
pH  ppF LC Finkec |pH wiF| LC F in ke
. S 14.3 1 15 4205 10,88
180 | 250 | 45,000 750 9.85[150 | 1478 | 4140 00 0
242 | 350 | 84,700 547 400 |500 | 2x10% | 3s6 14.8 100 10 4135 13,030
14.3| 100 1430 | 4205 25.5[150 | 3825 | 2575 14.3 100 5 4205 18,820
25301000 |2.53x108 | 100 701 |600 |420,600] 245 7.1 50 10 8440 18,900
7.5 50 375 8210 450 |400 {180,000| 375
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EXERCISES |1
Z X 0 R JPF & |l Z X 8 R IPF %

1202 | 1815 |63.6 800 | 44.5 | 1063 985 [68.0° | 398 |37.5

1459 | 1330 {65.8° | 598 | 41.0 10.29 | 2.43 |[13.7 10 j97.2

3060 | 2928 [73.1° | 885 | 28.9 78 | 63.7 |54.8° [44.9 |[57.6

1980 | 1811 ([66.2° | 890 | 20.1 384 328 |58.6° | 200 SR.1

5040 | 4977 |82.0° | 700 | 13.9 185 | 155.6 {57.5° [99.4 |[53.7

EXERCISES 12

Ra X Ro X Zt PF %
51 26 21 91 54.7 96.9
6 26 72 45 28.4 52.3
75 15 4 13 | 13.16 | 45.7
20 45 705 137 48.4 | 46.7
175 78 40 110 | 108.7 | 80.0

EXERCISES 13

éi
EXERC ISES 8
X | R ] Z |PF % X R ] Z |PF %
95.3! 50 | 62.39 108 | 46.5 || 170.4 | 100 | 59.8°| 199 | 50.3
39.6] 25 | 57.7946.8 | 53.5 || 507 | 200 | 68.5°| 545 (326.6
35.7{ 15 | 67.29 38.7 | 38.8 || 86 50 | 59.8°] 99.4 | 50.3
291 1150 | 62.79 =227 | 45.9 || 53.4| 20 | 60.7°] 61.3 | 49.0
396 |250 | 57.7%46.8 | 53.5 || 979 {500 | 62.9°| 1100 | 45.5
46.3| 28 | 58.87 54 51.8 || 102 |[12.3 | 83.1P 103 |12.0
9 | 635 8.139635.6| 99.0 | 12 |9 7.139 96.7 | 99.0
EXERCISES 9
b4 8 R X |pF % z 0 R X F %
1162 | 58.9°| 600 | 995 | 51.7 f 171 | 62.1°( 80 |150.2| 46.8
35.2| 44.8°| 25 |24.8 | 71.0( 97.9| 59.59] 50 | B4.1]| 51.1
129.5 | 39.45° | ‘100 |[82.3 | 77.3 | 718 | 56.1°| 400 | 596 | 55.7
0.563 | 54.86° | .324 | .46 | 57.5 1124 | 44.55°] s00 [780 | 71.1
1205 | 65.5° | 500 1007 | 41.5[ o4z | 64.9°] 400 |ess | 42.4
106 { 23.0°[97.6 [41.4 | 92.0 28 | 36.0°] 18.6 |13.5 { 80.9
EXERCISES 10
z R e x sl 2z R 6 x |pF %
1761 | 800 |63.0° | 1570 45.4 || 71.3 | 45 |50.8°|s5.3 |e3.2
1339 | 500 |68.0° | 1240 37.5[{152.8 | 85 |s6.2° 127 |s5.8
1792 | 800 163.5° | 1600| 44.8 || 89.2 | 15 |67.5° |36.2 |38.3
1536 | 1200 ]40.8° | 1038] 75.6 || 98.7 | 55 |56.1° |82 55.8
2370 | 900 ]67.7° 21901 38.0 |l 1029 | 500 [60.9° |900 [48.6

Ry X Ry | X2 | Rg X3 Ry X 4 J
97 56 |10.5 | 100 { 80 50 10 15 67.8| 12.8°
300 140 | 180 200 | 15 | 4.3 5 20 30.3 | 50.9°
120 72 4.4 25 [ 35 | 6.8 £) 65 84.8 | 38.9°
T
100 %0 |125 16 9 | 150 | 250 |300 441 | 47.6°
25 4 20 0| 75 60 | 25 | 40 58 | 41.6°




	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

