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INSTRUCTION MANUAL FOR HEMM

NO. 266 (

23 cm
DUPLEX TYPE
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R,
....

) ELECTRONICS SLIDE RULE

This slide,rule is specially designed to facilitate calcufations in the field of
ELECTRONICS. Calculations in many other fields in addition to general multiplication,
division, square, etc. are also possible by utlizing the specially designed scales.

(1)EQUIPPED WITH THE Bl SCALE
Since this slide rule is equipped with the Bl scale, muitiplication and division invol -

ving square and square root often in

performed much faster.

(2) THE RANGE OF THE LOG LOG SCALES HAS BEEN EXPANDED.

A of A® of the LL scale, which is necessary for exponent calculations has been in -
creased to cover the range from 1.11 to 20,000. The LL scale,when x is a mi-
nus value has been increased to cover the calculating range from 10-° to 0.99,
Hyperbolic function is easier than ever to find since the log log scales are equipped
on the reverse side of the LL scales.

(3)IMPEDANCE AND REACTANCE CAN BE READ WITH THE DECIMAL

POINT.

electronics can now be simplified and

Since this slide rule employs a 12 unit logarithmic scale, the value of L,C, R, X, F
and T can be directly read on the slide rule with the decimal point. Any other calcu-
lation to find the location of decimal point is not necessary.

(4)EQUIPPED WITH 'y, - AND P, Q SCALES.
The r, and r, scales make parallel resistance and series capacitance calculations
possible. The P and Q scales permit rapid calculation of the absolute value of im-

pedance.

(5) THE SCALES ARE COLOR CODED.
The scale signs and formulas are marked on the scale. The scales required for

various calculations are, color coded black, red and green to facilitate calculaticn.




CHAPTER 2. MULTIPLICATION AND DIVISION (1)
§ 1. DIVISION

nnnmnnnnnmmnmmmmnn""““m"

g FUNDAMENTAL OPERATION (1) a-<b=-c 3
= (1) Set the hairline over @ on the D scale. :
= (2) Move b on the C scale under the hairline =
) read the answer ¢ on the D scale opposite the index of the C scale. é
! |
! i
! :
; i
:
L""""""""""""M"M""""""""J
Ex. 2.2 5.7+7.8=0.731
D 5‘? ﬂ.;EI
Ex. 23 2.76+9.52=0.290
4

S 2. MULTIPLICATION

FUNDAMENTAL UPERATIUN (2) axb=c
(1) Set the hairline over @ on the D Scale,

(2} Move & on the Cl scale under the hairline,
read the answer ¢ on the D scale opposite the index of the Cl scale.

Ex. 2.5

Ex. 2.6

Q
|
|
—
N
z“ -.“h, ..‘r el -,I-r A .I” iy “"""

2.5x6.3=15.75

CI
D 15.75 2.5
> l
{_L‘.

944 x3.48=6.77

| ——

C 3.48 @




Ex. 3.3  Proportional Distribution. ' | *
Distribute a sum of $125,000in proportion to each rate specified below. |

T.

b
:
b | c!
i
— L
144,500)| 125,000 ;

BN ¢ A S G ¢ SN e S

(18,700){ (27,3003

\ When a, on the Cl scale is set opposite b,on the D scale, the product of ¢

'f (UNIT: §) 2 Xb. i .
. . | ual to that of ,
When 8.7 on the C scale is set opposite 125000 on the D scale, 1.3, 1.9 y @1 70118 €qual 1o that of @, x bz, that of a;xbs, and also equal to that of ¢
‘ § . . . y a4 Xby. Therefore, &, b3, @ can be found by merely moving the hairline of &
2.4, and 3.1 on the C scale run “off scale”. Therefore interchanging the in- 1 y the indicator - ;
dices is immediately required. . w W e W e e e w - - e e o

Ex. 3.4
A bicycle runs at 38 km per hour, and takes 140 minutes to go tfrom one

town to another. Calculate how many minutes it will take if the bicycle is
travelling at 34 km per hour, 29.6 km per hour or 19.2 km per hour.

| Speed

F

Time required

18700 27300 34500 44500
e o s %*

§ 2. INVERSE PROPORTION

When the slide is set in any position, the product of any number on the D
scale and its opposite on the Cl scale is the same as the product of any
other number on the D scale and its opposite on the CI scale. In other words,
the D scale is inversely proportional to the Cl scale.  This refationship is In solving inverse proportion problems, unlike proportional problems, you
used to calculate inverse proportion problems. can freely switch the scales from one to another, but it is preferable to select
A AR A BP0 ST [N BN MR BB R AT NS SR EARY MY BANY S MR MR- B\7 MO B3 RS MR BT : and use the scales so that the answer is always read on the D scale. In Ex.

FUNDAMENTAL l]P'ERATlﬂN(’r)AOC%  AXB = Constant 3.1 the answer is always read on the D scale since the given figures are al|
N set on the slide.

Cl 34 2%.6 9.2

140 |56.5 179.7 217
’ » *’ ™
{1

Ex. 3.5 A job which requires 11 men 18 days to complete. How many days
will it take if the job is done by 9 men, 30 men, 19 men and 14 men?

(B2} (b3) b4

( )indicates an unknown quantity.

‘E

_ _ _ ;

A [ ar T Tazml a: l @) | 3§
\
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CHAPTER 3. PROPORTION AND INVERSE PROPORTION
§ 1. PROPORTION

When the slide is set in any position, the ratio of any number onthe D
scale to its opposite on the C scale is the same as the ratio of any other
number on the D scale to its opposite on the C scale. In other words, the

D scale is directly proportional to the C scale. This relationship is used to

' calculate percentages, indices of numbers, conversion of measurements to their
equivalents in other systems, etc.

FUNDAMENTAL OPERATION (3) .Acc B

; 3 b2) b: (3]
( ) indicates an unknown guantity.

As illustrated in the above figure, when a1 on the C scale is set op-
posite b1on the D scale the unknown quantities are all found on the C

or D scales by moving the hairline.

Ex. 3.1 Conversion.

Given 1?7“kg =2_80 Ib. Find the values corresponding to the given values.

Pounds 280 63 | (50.7) 75

k| 127 | e 23 34.0)

— - — —

————————— — e b

D 127 23 288 34.0 - g

f 1 » e
@

(Note) In calculating proportion, the C scale must be used for one measure-
ment and the D scale for the other. Interchanging the scales is not permitted
until the calculation is completed.  In Ex.3.1., the C scale is used for the

measurement of pounds and the D scale for that of kilo-grams.

Ex. 3.2  Percentages.
Complete the table below

Product D Total
Sales 235 387 782 149 1553
(15.10%] (24.9) | (50.4 mm

(UNIT: $10,000)

149 is on the part of the C scale which projects from the slide rule and
its opposite on the D scale cannot be read. This is called “off scale”. In the
case of an “off scale”, move the hairline to the right index of the C scale and
move the slide to bring the left index of the C scale under the hairline. The
answer 9.6 can then be read on the D scale opposite 143 on the C scale which
is now inside the rule. This ‘operation is called “interchanging the indices".




(22) | (6.6) |(10.42)](14.15)

D 0. 42 lil

Time required

GJ

o[ T

In this exercise 9 and 30 run “off scale”. In this case it is more efficient

to calculate the figures (19 and 14) which are inside the rule before inter-
changing the indices.

10

CHAPTER 4. MULTIPLICATION AND DIVISION (2)

§1. MULTIPLICATION AND DIVISION OF THREE NUMBERS

Multiplication and division of three numbers are given in the forms of
laxblxe,(axb)-c,la+bixe andla+b)~c. The part in parentheses is
calculated in the manner previously explained and the additional multiplication
or aivision is, usually, performed with one additional indicator operation.

3 FUNDAMENTAL OPERATION (5) Multiplication and division ef three ""‘z
numbers.
(1) {ax b)xe=d, (a~blxe=d
For additional multiplication to follow the calculation (a x b) or
(@~ b), set the hairline over ¢ on the C scale and read the answer

d on the D scale under the hairline.

(2){axb)-e=d, (a+b)c=d
For additional division to follow the calculation (a@ <+ &) or (ax &),

set the hairline over ¢ on the Cl scale and read the answer d on
the D scale under the hairline. wz

r.-\ W AN SR Sy S v

In muitiplication and division of two numbers, you use the Cl scale for multi-
plication and the C scale for division. However, in multiplication and division
of three numbers, you must to use the C scale for the additional multiplication
and the Cl scale for the additional division.

Ex. 41 2.3x3.1x5.6=39.9




Ex. 4.2 1.42+-28x%x7.2=3.65

D 4

C 28 / 7
D 1.42 3.65

HSE

Ex. 43 6.2x2.4+-5.3=2.81

c 5.3 2.4 "?‘"
O 2. 81 5.2
. {
o

Ex. 44 8.7+-4.8+4.6=0.394

Ci 4
C
D

.6 @
4.8 /
0.394 8.7
» }

i |

§ 2. OFF SCALE

When multiplications and divisions of three numbers are performed by an
indicator operation, a position on the C or Cl scale over which the hairline is to
be set may occasionally run off scale. In this case you once set the hairline

over the position on which you read the answer of the first two numbers (op-

posite the index of the C scalel Then, accompiish the remaining multiplication
or division by a slide operation.

2

Ex. 4.5 6.1x4.2x5.7 =146

The above operations mean that the problem of ax b xe=x is solved in
such a manner as axbd=y and y xc=x. Therefore, the third number 5.7 is
to be set on the Cl scale basing on the principle of multiplication and division
of two numbers. If the third operation is a division as the problem of Ex. 4.6,
set the third number on the C scale.

Ex. 4.6 1.7x2.2+8.4=0.445
2.2 @ '
D ' |'7

|
off scale . |
}

= (8.4}




§ 3. MULTIPLICATION AND DIVISION OF MORE THAN FOUR NUMBERS.

When the multiplication and division of three numbers, such as ax & - Ex. 49 6.61x2.39x1.835%1.791x3.28 =170.3
x ¢ =d is completed, the answer (d)is found under the hairline on the D scale.

Using this value of d on the D scale you can start for further muitiplica-
tions or divisions by slide operation and indicator operation. Multiplications
and divisions of four or more numbers are calculated by alternative operations
of slide-indicator. When a problem of multiplication or division of four or
more numbers is given, you will select a better procedure order of calculations
to minimize the distance the slide must be moved as well as to avoid the :
off scale.

Ex. 4.7 2.25% 7.24% 3.09x 3.83 = 192.8

5,32
1.36x1.64x2.85 - 0-837

L T
i @ {1.64) {1.38)
c 2.85 7

Ex. 4.10

L »]
=.32 off scale

1.73x% 4.27
Ex. 4.8 T6.74% 736 = (.464

4 | ' 15




§4. PLACING THE DECIMAL POINT

Since slide rule calculations of multiplication and division problems yield
only the significant figures of the answer, it is necessary to determine the
proper location of the decimal point before the problem is completed. There are
many methods used to properly place the decimal point.  Several of the most

polular will be described here.

 (a) Approximation |
The location of the decimal point can be determined by comparing the
significant figures given by the slide rule and the product calculated mentally

by rounding off.

Ex. 25.3x7.15=180.9
To get an approximate value 25.3x7.15=+30 x 7= 210." Since the signifi-

cant figures are read 1809 (one - eight - zero - nine) given by the slide rule, the
correct answer must be 180.9.

To get an approximate value from multiplication and division of three and more
factors may be difficult. In this case, the following method can be employed.

(i) Moving the decimal point

o, 285x000875 o,

13.75 -

Divide 285 by 100 to obtain 2.85 and, at the same time, multiply 0.00875
by 100 to obtain 0.875. In other words, the decimal point of 285 is moved
two places to the left and that of 0.00875 is moved two places to the right,
therefore, the product of 285 times 0.00875 is not affected.

285x0.00875. .. . 2.85x0.875 |
13.75 IS rewritten to 3 75‘""—" and approximated
3x0.9

to 10 — 0.27.

Since you read 1814 {one eight one four) on the slide rule, the answer
must be 0.1814.

Ex,. 1346 _so8

0.00265
1.346 1346 1000
0.00265 2565 <~ 3 = 300

(ii) Reducing fractions

If @ number in the numerater has a value. close to that of a number in the
denominator, they can be cancelled out and an approximate figure is obtained.

EX. 1.472x9.68x4.76
- 1.509%2.87

3 :
—“__—MW hdh - 3Ixh=15
T509.x 2.87 -

1.472 in the numerator can be considered to be equal to 1.509 in the de-
nominator and they can therefore be cancelled out. 9.68 in the numerator is
approximately 9 and 2.87in the denominator is approximately 3. 4.76 in the

numerator is approximately 5. Using the slide rule, you read 1566 on the D
scale, therefore, the answer must be 15.66

=15.66

(ili} Combination of (i) and (ii)

7.66%0.423% 12.70

2l 0641x380  — 16:30
7.66x07423x12.70 | TExA3%1270 3
0.241 x 3.89 AL X389

The decimal point of 0.423 and 0.641 in the numerator is shifted one place
to the right. The approximate numbers in the denominator and numerator are
cancelled and the answer, which is approximately 13, is found.

17




'{b} Exponent

Any number can be expressed as Nx 107 where 1<N<10.
This method of writing numbers is useful in determining the location of the

decimal point in difficult problems involving combined operations.

Ex. _1587x0.0503x0.381 _ 5740

» 0.,00815
1587 % 0.0503 x 0.381 1 587 x 10% 5.03x10%x3.81x 107
0.00815 8.15x107%
~ 1.587x5.03%3.81 [ -t
8.15 |
=-2><2—X4‘X 103-—2—1—(—31 '=5>< 103__= 5000

CHAPTER 5. SQUARES AND SQUARE: ROOTS

The “‘place number” is used to find squares and square roots as well as
placing the decimal point of squares and square roots,
When the given number is greater than'1, the place number is the number of
digits to the left of the decimal point. When the given number is smaller than
1, the place number is the number of zeros between the decimal point and the
first significant digit but the sign is minus.

For example, the place number of 2.97 is 1, of 29.7 is 2, of 2970 is 4, and

of 0.0297 is - 1. The place number of 0.297 is 0.

§ 1. SQUARES AND SQUARE ROOTS

The A scale, which is identical to the B scale, consists of two D scales
connected fogether and reduced to exactly 1/2 of their original length. The A
scale is used with the C, D or Cl scale to perform the calculations of the square
and square root-of numbers.

Since they consist of two D scales, the A and B scales are called “two cycle
scales” whereas the fundamental C, D and CI scales are called “one cycle
scales’.

-

FUNDAMENTAL OPERATION (6) x? /7

(1) When the hairline is set over x on the D scale; x? js read
on the A scale under the hairline.

(2) When the hairline is set over y on the A scale, vy is read
on the D scale under the hairline.

< - 0t

e

19




When the hairline is set over x on the A scale, y/x appears under the hair-

The location of the decimal point of the square read on the A scale is ' line on the D sgale. Since the A scale consists of two identical sections, only

determined using the place number as follows: the correc.t section can be used. Set off the number whose square root is to

- | | be found into two digits groups from the decimal point toward the first signifi-

a) When the answer is read on the left half section of the A scale (1~10) cant figure if the number. It the group in which the first significant figure ap-
the “place number” of x2 = 2 (“place number"” of x)—1

| | _ | pears has only one digit (the first significant digit only) use the left half of the
b) When the answer is read on the right half section of the A scale(10~100) A scale. If it has two digits (the first significant digit and one more digit) use

the “place number” of x2 = 2 (“place number” of .x) the right half of the A scale.
Ex, 5.1  172% =29600 s comvvssns The place number of 172 is 3.
Hence, the place number in the . Ex. 5.3 21180/ 00 (right half) Place number------3 /218000 = 467
answer is 2x3—1=3 f 2118/ 00 (left ~half) Place number..-.--3 1/21800= 147.7
; 17.28 = 296 vevevreveeeees The place number of 17.21s 2. 21180 (right half) Place number..---2 /180~ 46.7
; Hence, the place number in the
. anor i it § re _ 2| 18 (left  half) Place number......2 y/218=14.77
0. 172% = D296 sussvesen The place number of 0.172 is 0 0.21/8 (right half) Place number.-.---0 /0.218=0.467
Hence, the place number in the 0.02| 18 (left half) Place number-.....0 /0.0218=0.1477
answer is 2x0—1=—1 0.00] 218 (right half) Place number------1 /0.00218 = 0.0467
EX. 5.2 6682 = 445000 Creeceteisene The D|3Ce numbEf Uf 553.IS 3 0_00 IOZI 18 (left half) Place ‘number _____ 1 |/0000218= 0.01477
=4.46 x 10° Hence, the place number in the -
answer is 2X3="56

0.6682 = 0.446 -wereeeees The place number of 0.668 is 0
Hence, the place number in the

answer is 2xX0=0

0.0668% =0.00446 ------- The place number of 0.0668 is — 1

Hence, the place number in the - - | l
answer is 25 (—1) = —2 S 2. MULTIPLICATION AND DIVISION INVOLVING THE SQUARE AND SQUARE' ROOT J
a
!
|

. " OF NUMBERS.
Basically, the A scale is the same logarithm scales as the D scale. There-

_ fore, you can use the A, B and Bl scales for multiplication and division in the

same manner as you use the C, D and Cl scales.

a1

20




FUNDAMENTAL OPERATION (7)
MULTIPLICATION AND DIVISION INVOLVING SQUARES
(1) Set the number to be squared on the one cycle scale (C, D, or Cl)

and the number not to be squared on the two cycle scale(A, B or Bl).

(2) Read the answer on_the A scale.

Ex. 5.4 4.37+2.85%=0.538

(D

D. 533

Ex. 55 7.54x1.762 =23.4

Ex. 56 3.912 =253=6.04

WL
= 2.53 @
D 3.91

Ex. 5.7  2.62° x6.95=47.7

252

(D

22

Ex. 58 4.282x% 0.154%x2.18 = 6.15

o
f
@
2.08x 1.1352
Ex- 5. T ——TESSE— —
9 T 0.471
@
A n.:n z.{m
sl 5.58 P,
Cl * @l 135

If the hairline is set over 2.04 on the left half of the A scale, the slide
will extremely protrude to left from the slide rule when setting 1.135 on
the Cl scale under the hairline. Therefore, set the hairline over 2.04 on the
right half of the A-scale disregarding the place number of the reading. In
multiplication or division involving squares you can ireely use either half
section of the A, B or Bl scale to minimize the distance the slide
must be moved. ' |

FUNDAMENTAL OPERATION (8)
MULTIPLICATION AND DIVISION INVOLVING SQUARE ROQTS.

(1) Set the number to be square rooted on the two cycle scales (A, B or Bl) }

and the number not to be square rooted on the one cycle scales (C, D or
Cl).
{2) Read the answer on the D scale.




In multiplication and division which involve the square roots of numbers, | V391 x4.33

' ' i Ex. 5.1 : — =8
the correct section of the A, B or Bl scale _must' be used.The corre_ct section qf the 213 —-7“-—1— 8.94
A.Bor Bl scale to be used can be determined in the manner previously described.

Ex. 5.10 /528 x6.38=146.6

Ex. 5.14 9.72X v 4.12x vV 259 =318

& “ «.12/%
fx. 5.11  43.9+1/54.8=593 - . ' T P
b BT tx. 5.15 1/15.8%3.34x6.85~18.76
© . 3 1 1
| D 4:'-!-9 5.3 . A Elﬁ 5.4 §
0] =] ' @*/3.34
Ex. 5.12  V2.72x7.18-5.82

§3. THE AREA OF A CIRCLE

A gauge mark “‘c” is imprinted on the C scale at the 1.128 position. This
A - is used with the D scale to find the area of a circle. -
“ 2 118 . (Note)} The No. 135 has no gauge mark ‘“‘¢'.

— Ex. 5.16  Find the area of a circle having a diameter of 2.5¢cm.

U j
e e e e e e e — T T T T B T =~ i TN N B i el b m g P = Begenfiegy L Nl B .

= | T

In Ex. 5.12., v4.72x7.18 can be brokendown into the form v 4.72 X v'1.18.
Therefore, both numbers are set on the two cycle scales.

Answer 4.91 cm? |

a4 a3




'CHAPTER 6. TRIGONOMETRIC FUNCTION

The S scales is used to find sin @ and the T scale to find tan #. Angles are _
given in degress and decimals of degrees . The angles are shown in black and their

complementary angles are in red, adjoing each other.

§ 1. SINE, TANGENT, COSINE

FUNDAMENTAL OPERATION (8) sin §,1an 4 |
(1) When the hairline is set over @ on the S scale, sin § appears

on the D scale.
(2)When the hairline is set over @ on the T scale, tan § appears

on the D scale.

Angles are read on the T and S scales according to the black numbers.

Ex.6.1 (1) sin 13.7°=10.237 (2) tan 23.8° = 0.441

s ARk IR AR ST TEETT IR T T

The T scale is graduated from left to right from approximately 6° to 45°, and

from right to left from 45° to approximately 84°.

The angles from left to right shown by the black numbers and from right to left by
the red numbers. Therefore, to obtain the value of tan & which is Ia::ger than 45%
use the red numbers on the T scale.In this case, the answer is found on the ClI

scale,
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Ex.6.2 tan §5.5°=1.455 (2) cos 71.2° =0.322

0. 322
Tt. 2" Tred}

55.5" (rad)

Cot 4, sec 4, cosec 4 are found to reciprocals of tan ,cos @ and sin 4,res -
pectively. Since a value under the hairline on the D (or C) is the reciprocal of the
value under the hairline on the DI scale, this relationship is conveniently used.
xVery small angles: | |

For very small angles, the sine function, tangent function, and the angle in radians are
very nearly equal.

1 radian is equal to 57.29° and is indicated by the R gauge mark on the C scale,

§ 2. MULTIPLICATION AND DIVISIGN INVOLVING TRIGONOMETRIC FUNCTION.

Multiplication and division involving trigonometric function can be calculated by using
the C and C1 scales cooperated with trigonometric scales of S and T.

As explained in the foregoing article, when the hairline is set over the angle on the
S scale , the sine of the angle(sin §) is found on the D scale under the hairline,

Therefore, a number on the CI scale is moved to set over the hairline, multiplication
a Xsin @ can be performed. The answer is found on the D scale opposite the in-
dex of the Cl scale. Multiplication or division involving tangent function can be calcu-
lated by using the T scale. When the angle is larger than 45°set the hairline over
the Sor T scale using the red number which are numbered from right to left. In
this case,read the sine or tangent of angle on the Cl scale and re-set the read

sine or tangent on the D scale and continue the calculation by moving the slide to

21




bring a number on the C or Cl scale to the hairline. The answer also appears on § 3. SOLUTION OF TRIANGLES BY USE OF THE LAW OF SINES.

| the D scale.

- Ex. 6.3 25.7Xsin 13.6° = 6.04 FUNDAMENTAL OPERATION (10)  The law of sines.

' | The following formufa can be established from the.relationship of
any given angle:A,B,and C are the angles and a,b,and ¢ are the
corresponding sides. |

a b c A
7 smnA _ sin B sinC =h
Ex.6.4 18.1-=1tan 24.9°=39.0 . = c b

|
= - C l

When the known angle and its corresponding side are setonthe S
and C scales, the unknown side (or angle) corresponding to the known
angle (or side) can be found by indicator operation.

|

§ - Note that the answer in the above operation can be found on the C scale.
Ex. 6.5 37.2Xtan62.5°=71.4

£x.6.8  Find b and A 1
5 EX. 6.6 4.78X cos54.1° = 2.80 .6.8  Find b and c, l
£A=180° — (47° + 68° ) = 65° e b
g . A3 c

'._% i . 2,12
13.9' (rog)

Answer b=34.7,c¢=44.0
2




!
]
o
!

Fx.6.12 Find 8 and a.

-0

Answer a=4.73, = 34°

(Note) The same operation can be employed in the problem:,/ 5.72 — 3.192 = 4.73
Ex.6.13 Convert 2.10+3.40; to polar coordinates.

This problemis an application to solve the right

triangle to find # and the oblique side ¢, when the

bottom side is 2.10%and the vertical side is 3.40.

If & is larger than 45° ,rotate the right triangle

90° and perform calculation considering the bottom

side as b and vertical side as a. The answer falls c 3,40

on either S and T scale, but in this case the tri-

gonometric scale is read using the red numbers

from right to left. %10

= Q

58.3" (red)
58. 3" (red)

Answer 2,10+ 3.40i=4.00,_58.3°
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Ex.6.14 Convert 48.5 ~37.5° to rectangular coordinates.
This problem is the application to find the bottom side

A

a and vertical side b of the right triangle shown at the
right, | - | 48.5 6
B3 4 L

~nQ

Answer 48.5 /37.5° =38.54 29.5;

Ex. 6.15 Find the combined impedance z and phase difference when resistance
R=7.4 k} and induction reactance x =15.3k{) are connected in parallel.

(SOLUTION) R and X connected in parallel can be shown in the formula below.

|
1 X R
= — ) =<tan-1 1 —tan 1.)_(-
TR R
Thus, this is the same as solving the problem of the
right triangle illustrated at the right. Calculation can
be easily performed by utilizing the reciprocal relationship . .

of the Cl and C scales.

54.4" (red)

Answer z=4.31kQ2 , 8 =54.4°

L




Ex.6.9 Find £B and £ZC and ¢, § 4. SOLUTION OF A RIGHT TRIANGLE:

A . FUNDAMENTAL OPERATION(11) Right Triangle.
£C=180°—(76°+65.3°)=38.7° 1 The right triangle is solved by

€ (18

using the D,Cl, S.and T scales in the
manner as illustrated below,

126 !

- 0

Right triangle, vector, and complex number calculations can be easily
performed by utlizing this relationship.

n1u1u-uIu-u1uuuIu-u1uIu1H!H1hIu1uun1n-u1huuIu-uIu-uIhuu1ulu1humﬂlnn!lnnnlnunlnnu-nu-hluIH-uIHiUIH-HHHiHIHIuIEHUiH-u-HI

Answer ~B=165.3°,£C0=138.7", c=23l.1 Ex. 6.11 Fiqd ¢ and 4. . |
Ex.6.10 Find ZBand ZCand b. _
if the angle is [arger than 90°, | : — c
A set 73° (180° — 107° = 73° }and '
| p 0 65°0n the S and C scales, basing on
5{ . c sin @ =sin(180° — @) : c:

63

- O

/ZB=173"—42°=31"

2. 74
30.6°
10. 6°
D

Answer ¢=5.38, 6=30.6°

(Note): v 2.74* + 4.63% = 5.38 can be performed in the same manner as E

Answer /B=31°, £0=42, b=35 in the above example. In this case, @ is called “parameter.”

!
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CHAPTER 7. LOGARITHM . DECIBEL.

§ 1. COMMON LOGARITHM
The L scale is graduated 1~ 10 and used to find the mantissa (the decimal part)
of common logarithms cooperated with the D scale. The characteristic is, thus, deter-

mined. When the place number of the given number is m, characteristic of the logari-
.thm is m— 1, ' |

L

FUNDAMENTAL OPERATION(12) log,ox can antilog,,y)(10Y)

(1) Set the hairline over x on the D scale, log,,x can then be found
on the L scale.

(2)Set the hairline over y on the L scale, antilog,,y can then be
found on the D scale.

Ex.7.1 (1) log,, 2.56 =0.408 (2)antilog,, 0.657=4.54
log,, 256 =2.408 antilog,, 1.657=45.4
log,, 0.0256=2.408 antilog,, 1.657=0.454
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 InEx. 7.1, log,, 0.0256 is found 2.408. However, this form of 2.408 s,

since the characteristic is a minus number and the mantissa is a plus number, not
suitable for the further continuous calculation. T herefore, in such acase, 2.408 should
be rewritten to the form of — 24 0.408= — 1.592, which is a common number
and makes the further calculation possible.

§ 2. DECIBEL |
The dB scale is the same as the L scale and is used to find log,, £( the red part)
and 20 log,, «( the black part) corresponded to » on the D scale.
Ex.7.2 Find the voltage in decibel, (dB) = 20 iogm V’-’ , when input voltage
V, =35mV and output voitage V, —-68mV (5 17dB)

&
C %
D &8
dB 5. 77 _ {

Ex, 7.3 Find the power loss between input power P =26W  and output power

P2=17W using decibel(dB)=10 Iogm—E—";'-

If P,. is larger than P, calculate P, ~P, with the C and D scales, and
affix a minus sign to the decibel value obtained.( — 1.85 dB)




Ex.7.4 Find the power loss between input voltage V, = 23V and output.
voltage V, = 0,75V using decibel(dB) = 20 Icugm-v1 (—29.73dB)

If V, /V1 are between 0.1~ 0.01, dB will be between — 20~ — 40. — 9.73

can be found through the ahove illustration. Read the answer after — 20 is added
to it.

]

CHAPTER 8. EXPONENTS.

The LL scale (LL2) is called a log log scale and ranges from 1.11 to 20,000,
The LL “scale(LL/1,LL,72,LL,73) s also a log log scale, but is for the
decimals, and ranges from 0.99 to 10-2, Both the LL and LL / scales correspond
to the A scale to calculate exponents and are read with the decimal point.

§ 1.HOW TO FIND NATURAL LOGARITHMS

FUNDAMENTAL OPERATION(13) log.x, €Y

(1) Set the hairline over x on the LL scale,and find log, x on the
A scale.

(2) Set the hairline over y on the A scale,and find loge'y = e ¥

LR for—— " T SOV |

-lulﬂ-l "m'-r W

log, ' y=e" & |

- % 4
T
A —lug,x lni, X &

Ex.8.1 log, 4.76=1.56 read the A scale at the range of 1~10
log, 1.256=0.228 read the A scale at the range of 0.1~1.

g ey




The B scale can be used instead of the BI scale to calculate A.

1
Ex.8.6 1.5847% =1194 15847 =0 838

L2 0.837 % >
LL2 . 194 & |

The answer will appear on the LL scale opposite the left index, and is equivalent to
LL1. Therefore, read the value on L] opposite the right mdex

FUNDAMENTAL OPERATION (15) A*, A~* (A< 1)
(1) Set the hairline over A on the LL scale.
(2)Move x on the Bl scale under the hairline.
The answer can be found on the LL scale under the hairline in

the case of A%, and on the LL scale under the hairline in the
case of A-*

a)
T
i L T S
o

0.547 -4 =16.1

Ex. 8.8 0.547%% =10.062

Ex. 8.10
72 -8
Ex. 8.11 e " Taxaz = 2.7X 107
LL3 2 ?*:-f:iﬂ‘
) DR
— - is known to be between — 10~ — 100 by mental calculation;
1.29X 3.2

therefore, “ off-scale” does not occur if use the LL3 scale assuming that the answer
will apper on the LL3 scale.
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Ex. 8.2  (1)log, 0.256=—1.36 (3)log, 0.9522=—0.0490
(2)log, 0.7656=—0.268  (4)log, 4.5x10¢=—12.3

7
Lia  _4.5xi08 W 8 9522
| 2. e e e
_ | T T |
L2 0.76 0. 2586 i
} o e i'_ S NEa——
|
. i | ;
A 23 —0 L ey
5 Qiﬁ-ﬂ ll.'l:!E .—u_24m

(Note) The A scale of this rule consists of two identical sections:

1—10 and 10— 100, totally cover the calculation range from 1— 100.
The range of calculation to cover,however,can be considered 0.01— 0.1 and 0 1
— 1, totally from 0.01—1 according to the decimal point to be located.
The relationship between the label number of the LL scale and the range of the A
scale to cover corresponded to the label number is as follows.

LL/1 0.01— 0.1 of the A scale
LL/2 and LL2 0.1—10 of the A scale
LL/3 10—20.6 of the A scale
T e
LL2 ' e ;
A 0.0 0. | fl [ Iu*g,_..\.* 10 100

Ex.8.3 (1) %% =1,323 (3) e~ 99415 =(.9593

(2)e 157 =10.208 (4)e —126 =3 4X10-8
Set the hairline over x on the A scale,e*can then be found on the LL scale and
e~* on the LL scale.
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} | ~ :
Voot J &* :
LLZ2 { o, 208
: " ' |
LL2, i 1.323 ’! | ,
]
: i E |
J I
A 2.6 ) .57 00415 t
CL | | ! |
O @ ® |

§ 2. CALCULATION OF EXPONENTS

FUNDAMENTAL OPERATION (14)  A*,A~*, (A>1.).
(1) Set the hairline over A on the LL scale.

(2)Move x on the Bl scale to the hairline. l
Read the answer on the LL scale under the hairline in the case i |

of A* and on the TL scale under the hairline in the case of A-%

;
!

LL A AT

N
B X\,

Ex. 8.5 1.84347 =8.30 1.84 34 =(.120

1
i P ——— T

L2




Ex. 8.12 0.976 —28x31 —1 235

Since 2.8 3.1 is found to be approximately 9 by mental calculation, operate the
rule in the manner illustrated above presuming that the answer will appear on the

left half of the LL2 scale (the part which corresponds to the left part of the A
scale ).

Ex.8.13  Considering that an average available percentage for one process is
98.595,what percentage will there be for an average available percentage
after 5,6, 7 and 20 processes ? '

0.9855 =0.927 0.985¢ =0.913
0.9857 =0.900 0.98520 —=0.,739

In the formula y=2"when the value of m varies(xis constant), perform the operation

in the following manner: set the index of the B scale over x on the LL scale.

move the hairline to m on the B scale,and find the value on the LL scale under the
hairline, This minimizes the slide movements.

B
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Ex. 8.14 1.0673% =1.215,1.067°=1.915, 1.067» =3.68
The graduations on the LL scale only range from 1.11 to 20,000. Therefore,
1.067 js calculated in the following manner. '

!

] m
(1.057)

scales, and then find 0.937=0.823, 0.937=10.522 and 0.937=0.272 with
the LL and B scales, and again find 1/0.823=1.215,1/0.522=1.915 and
1/0.272=3.68 with the Cl and C scales.

Copvent 1.067m to and find 1/1.067=10.937 with the Cl and C

As shown in the above example, when a reciprocal must be found during calculation,
it is important to calculate as carefully as possible on the assumption that the

chances of error are growing comparatively larger.
This example shows calculation of compound interest( at 6.79; annual interest).

§ 3. RYPERBOLIC FUNCTION |
Calculations involving hyperbolic function are often used in the study of alternating

current theory and long power transmission lines.
Hyperbolic function can be calculated from the following formula.

e* —e~*
sin hx =
2
e::_'_e—x
¢0$ hX = ——————
2
e” —e %
tan hzx = —
e:l' +e.‘¥
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Since this slide rule is so designed that when x is set over the A scale, e* ¢can be |

found on the LL scale and e~* can be found on the LL scale at the same time  this slide CHAPTER 9. ELECTRONICS CALCULATIONS

rule can be conveniently used for this type of calculation. The scales on the back face of this rule are specially designed and arranged that
Ex. 8.15 sinh 0.265=0.2685 various electronics calculations are veryquicklyperformed.

cosh 0.2656=1.036 | |
tanh 0.265=0.259 (1) The black coded gmUp(C,r, C.,L,Z and f,)is used for resonant frequency

fo= 7w JiC and surge impedance Z=/ C calculations.

(2) The green coded group( Xe, Xe, F, L, C, P, andQ )is used for impedance

1 : :
Z=/x? + y?, capacitive reactance Xc = 5 and inductive reactance
T

tL2
LL2

XL= 2 g FL calculations.
(3) The red coded group (Te, Tc, R, L, C,fm,r1 and rz) is used to find time

ex-—e-’: 1.304—-0.767=0.537 constants Te=Re, Tu=L /R and critical frequency (— 3 dB frequency point)
e*+e*=1.304+40.767=2.071 | 1 |
fm= —. 7 and rz are used for paraliel resistance and series capacitance

. 0.537 2aRC -
sith 0.265= : -—=0.2685

ol calculations.
cos h 0.265=— : =1.036

' % | Some of the scales which belong to the red color group, however, such asTc, Ry, etc...
tanh 0.265= '337 =0.259 are also used as the green color group scales of Xv,Xc,etc. In other words, one

2.071 same scale is commonly used for both T (red) and Xc( green)scales. For exam-

nle, the T scale is,if read by the units of mus, &S, ms and s( red) ,used for calcula-

ting Tu=" - The same scale is, if read by the units of Im(2, 10, 1KQ and 1IMQ,

used to calculate Xc.=2xFL.
Some of these scales consist of 12 cycled logarithmic scales, and can be

directly read on the scale already with the decimal point. Since these values
are read with the decimal point, the numerals and marks to express the unit have
been much simplified. For example, the L scale (plack)is only marked with the unit

of 0.001 4 H, 14H, 1mH,H, 100H.
Intermediate units are only shown by (-- Yor ( - ), (--)is marked at the po-
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sition 102 and ( , )10, |

§ 1. PARALLEL RESISTANCE AND SERIES CAPACITANCE.

The r1 and r2 scales on the back face are the non- logarithm and are used to cal-
culate parallel resistance. A 0.455 O
nswer 0.

Ex. 9.3 In a resistor circuit ry and r2,total resistor=3800Q and r.=2.5kQ .

Ex.q.l Find the total resistance when r4 =2.8kQ} and rz =1.6kQ are connec- o Find
ted in paraliel. e

Answer 1.18kQ
Ex.9.4 Find the total capacitance C when 0.05 4 F and 0.024F are connected

| Answer 1.02k0 in series
Ex.9.2 Find the total resistance when ry — 1.3 and r2 = 0.70 are connected |
in parallel.
(Note) When 1.30 and 0.7Q are directly set on the r1 and r> scales, the ans. Answer 0.01434 F
wgr cannot be found within the rule. As illustrated above, multiply r. and r» by 5 2 IHPEBANCE
10 and then divide the obtained answer by 10. This calculation however | '

* : _ , ,is not ithmi jons |
very precise. Precision can be improved by the operation shown below. The P and Q scales ae ror-ogarfnic gratuations and afe sed Brcaloation "
2.6 and 1.4 are obtained by doubling 1.3 and 0.7, Set these numbers on the I -
and rz scales the answer 0,455, then, can be found by dividing the value 0.910 by 2. 7=/ R% + X ( Conditional X=WL :

WG

i . - )

T T T T — W T — T -
I Y o BhEd Ml e = WIL SRR TR G LR




The above formula can bealso performed by using the S and T scales, however, when
finding the phase angle is not necessary,it is much simpler to use the P and Q sca-
- Jes. '

The P and Q scales are marked with numbers from 0 to 14;however, they can also
be read as 0~ 1.4, 0~ 140. When performing calculation, one scale cannot be
read as 0~ 14 at the same time the other scale is read as 0~ 1.4. Both scales
should be read in the same units. '

Ex.9.5 The absolute value of Z , the total impedance, when R=3Q is connected in

series with X =40 has becomesv3% 4=5 *7=5.
The above formula can be calculated in the manner shown below by use of
the P and Q scales.

Divide both 75 and 62 by 10 to obtain 7.5 and 6.2, then multiply the given num-
ber 9.73 by 10 as illustrated in the above manner, and finally find the answer97.3

Ex.9.7 v 162 +212=26.4

The above calculation can be performed reading P and O scales at the range from
0 140; however, precision is improved if the above numbers are divided by two to
8 and 10.5, and perform calculation /& + 10,5 .

A8

The answer 13.2 found on the P scale, will be then, multiplied by two to obtain
26.4. | - |

13.2X 2=126.4 Answer 26.4

Ex.9.8 The total impedance Z is to be changed it to 0.8 chm when resistance
R=0.60Q is connected in series with reactance X. What value should

X be?

X=+2* —R=,0.82—0.62=0.53Q

Answer 0.53Q

8 3. REACTANCE

There are two reactance formula:
Inductive reactance X, =2z FL(Q)
1

Capacitive reactance X, = T FC (Q)

Reactance calculations can be performed by groups L,C of the slide ( each colored green)
and X», X, , and F on the upper part of the body on the back face.
These scales are all 12 unit logarithmic scales, Units are marked every three units

and the rest are indicated by “-” and “.. "
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Inductive reactance between 0.1mQ to 100MQ can be read by reading the black
numbers on the X. scale.

imyS(red) luS(red) ImS{red) 18(red)

. 0.1mQ ImQ (0OmQ IE IQ 100 1000 IkQ 10kQ 100kG 1 MO I10M  100MQ
: .9 [ LT
Xz 2xFL

This scale can be read from 0.1mg s to 100s(“s” stands for® second” ) with the
red numbers. However, when finding reactance( the unit is (3 ) the black numbers
should be read.

Since the Xc scale has reciprocal graduations,0.1mQ to 100MQ) can be read ac-
cording to the black numbers; of course, this scale also has red numbers, but when it
Is read as the Xc scale it should be according to the black numbers.

The F scale only has black numbers is ranging from 0.001¢/s to 1Ge.
Frequency F can be read with this scale.

g +®lc  0le  0lc e e 100c IKc 10Ke 100Ke IMec 1OMc 100Me 1Ge
l I l: I I llﬂ I I lt I ! III l

The L scale is numbered from right to left and ranges from0.001 pH~ 100H from

the right to left . The C scale is the same and ranges from 0.1 pF~100004F
(0.01mF) from the right to left

gauge mark (i""'(“)-d) , Eauge mark

X T

3 tooM  10M 1M 100mH  10mH  JmH  100H  10,H 1M 0. [xH . 0luH .00 H 0001, H
% LI

C &
10000,:F 1000, F §00.F 10.F 1.:F 0. 1.F .01uF LO01uF IUCHDF W0pF IpF 0.1pF

Xe
(green) ™ gauge mark

The 10mH graduation on the L scale(green)is marked with the gauge mark XL(gre-

en), and the 1xF graudation on the C scale (green) is marked with the gauge
mark Xc(green).

When Xu and Xc are to be found, with F,L and C given, the value on Xr scale
opposite the gauge mark Xr and the value on the Xc scale. In other words,

the gauge mark and the scale to correspond to it are shown by the same designa-
tion such as Xc, Xc(green) To,Tc(red), etc.

Ex.9.9 If mductance L= 35mH, frequency F=60c¢c/s are given, find reactance . XL
(=2xFL).

Operation: (1) Set the hairline over 60c/s on the F scale,

(2) Move the hairline over 35mH on the L scale,

(3) Set the hairline over the gauge mark X. on
the L scale,and read 13.20Q on the Xv scale

under the hairline.
Answer 13.20)

Ex.9.10 What is the impedance when the reactance is 40k} at a frequency
of 150kc¢ ?

HmH
®/glu¢- - mark)

If reactance is given, as illustrated above, set the gauge mark X.over the reactance,
and find the value on the L scale which corresponds to the F scale.

Answer 42mH
Ex.9.11 Find the frequency at which a peaking-coil of L=3004H has a reac -

tance of Xu=4kQ .

ol




Answer 2. 1Mc

Fx.9.12 Find capacitive reactance Xc=- : of a C=280pF
, 2 nFC

electrolytic capacity at a frequency of F=7Mc.

Ac 2800 1

{glulﬁ mark)

‘_Ex. 9.13 Given: Capacitive reactance of 85Q and capacitance of 3.5 uf .
Find the frequency.

1

3, EHF(EJ Xec(gaugs  mark)

Answer 540c
§ 4. RESONANCE FREQUENCY

1
Resonance frequency fo =5E7Tg o be calculated by using the C.f (it indicates

capacitance C) of the slide and-the L and fo scales on the body within the groups
which are graduated with the black numbers on the left end of the slide rule. It
will be noted that the slide has another Cz scale,but this should not be confused

with the other one since it is used for calculation of surge impedance Z= /_':_
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which will be explained in the later chapter.

Capacitance in finding fo is read on the Cf scale.

Capacitance in finding Z is read on the Cz scale.

The two gauge marks: Jo and 5‘: are at both the left and right ends on the Cf scale.
Therefore, the fs scale which corresponds to these gauge marks becomes the reson-
ance frequency. The fo scale is a six unit logarithmic scale (inversely graduated)
with its units marked in two lines.

When the units on the upper are read: 100Gec— 100Kc

When the units on the lower part are read: 100Kc— 0. 1c

—— ———

Ge Gc Mic oMe |Me 100 kS
fo 1008, 1058 Doy 100N NG c IC

The units on the upper and lower parts and the gauge marks: fo (the line is over
the fo)and fo( the line is under the fo)on the Cf scale have the following relationship.
When the L and C f scales are set, the slide protrudes toward either the left or
the right. . , ' N |
Resonance frequency fo= AT is found on the /, scale opposite either index
Jo or fo on the CF scale.

When the gauge mark fo is used, the fo scale is read with the units on the upper part.
When the gauge mark fo is used, the fo scale is read with the units on the lower
part.

(1) (The gauge mark fo corresponds to the upper part)

T e ey o

(upper part) 100Ge 100ke {upper part)
(2)( The gauge mark fo corresponds to the lower part)

Sfo

;
{lowsr pari}iO0ke JE o lc {(lower part)}

3




The numbers 3mm to 3,000m are markd in red under the fo scale. T hese ind-

icate wavelength ( 1) corresponding to frequency when the fo scale is read with the
units on the upper part. The following relationship exists.

Af=3X 10%, between frequency f and wavelength 2.

Ex.9.14 Find the resonant frequency fo = 1 o
quency 2 2/ of an LC circuit composed

of self-inductance L=17 4 H and capacity C=50pF.

Answer 8.5Mc
(Operation) 1.Set 50pF on the Cf scale over 74 H on the L scale.

2.Read the value 8.5 Mc ( the fo scale is read with the units marked
on the upper part.)on the fo scale corresponding to the gauge mark

Jo.
Ex.9.15 Find resonant frequency fo when L=30mH and C=0.06F.

Answer 3.74Kc
In this operation, since the slide protrudes to the right and the mark fo, the fo scale
can be read with the units on the lower part.

Ex.9.16 How much inductance L should there be in order to obtain resonance at -

the intermediate frequency f,=455kc of an AM receiver when C=
100pF,

o4

. Answer 1.22mH
To find L with a given fo and ¢, first set the gauge mark fo over the graduation on
the f> scale. The gauge mark Jfo is set when the graduation on the f. scale is read
with the units on the upper part,and the gauge mark /o is set when the graduation
on the fo scale is read with the units on the lower part.
Ex.9.17 Find the value of C required to resonate at f,—= 50c/s when L=3H.

Answer 3.4, F
§5. SURGE IMPEDANCE

Strge impedance Z= /—:3—- can be calculated with the Cz, L and Z marked in bla-

ck on the left end of the slide rule.

Set L on the L scale and C on the Gz scale and find Z from the gauge mark Z or
1 at the right and left ends of the Cz scales.

The Z scale is the same as resonant -frequency in that the units are mark-
ed on the upper and lower sides. If they are read on the upper side,they are 100

Q ~100MQ from the left.
[f they are read on the lower side,they are 100,Q ~ 100Q.

1000 1 ki 10K L2 100 Ki2 | MIC2 OML2 F O0MIC)
100, | il 10y | O0mL2 i 100 10002
G




When the -gauge mark Z( the left end) is used, the units on the upper side- are
read, and when the gauge mark Z ( the right end) is used, the units on the lower

side are read, that is, it is exactly the same as in the case of resonant frequency.

At the begining of calculation, the value of the Z scale is sometimes set to either
gauge mark Z or Z. Set to Z when the Z scale is read with the units on the up-
per side and set to Z when the Z scale is read with the units on the fower side.

Ex.9.18 Find surge impedance Z— /__E-—when L=40mH and C=15pF.

When the graduations on the L scale and Cz scale are set, the slide protrudes to the
right and the gauge mark Z must be used: therefore, in this case the Z scale must
also be read be with the units on the upper side.

Answer 52k ()
Ex.9.19 Find the surge impedance when L=354H and C=0.08F.

Since the slide protrudes tq the left and the gauge mark Z is used, the Z scale, in
this problem, must be read with the units on the lower side.

~ Answer 21Q

formulas.

Ex. 9.20 Find the inductance L of a length of Z= 750 coaxial cable that is cut
so that the capacitance between the conductor and sheath is C= 100pF.
y_L
C.

This problem is to find L,if Z and C are given at Z

Answer 0.564F

§6. TIME CONSTANT
The time constant of one RC cmcu:t and RL circuit can be shown by the following

RC circuit Tc=CR
RL circuit T.=L/R

The scales marked To,R,Tc,L and C in red on the right end of the slide rule can
be used for this calculation. The scale which is on the second line from the top is
marked R and Tc and used in combination with the R and T¢ scales.

When it is read as R,it must be read with the units in black in the same manner
as reactance Xc.Its range is from right 0. 1mQ ~ 100MQ( reciprocal graduation )

"—'—"l__—'l_—"l_-r__r-——_ao_—:_—_l_'T G | ole
100 I0mE2  1mf) 0. Imsd

'(hllﬁk}lm IOMQ  I1MGQ 100k 10k 1 kG 10012 100 %]

When it is read as Tc,it must be read according to the red numbers Its range Is
then from right 0.1mg S~ 1008,

als [ ]
Te {red)iDOS 10S s I00mS I0mS ImS 100,:8 10,5 ;S 100m;S 10muS ImuS-: 0 ImuS

o



- The group mark T, (Red)is marked at 10mH on the L scale, and the gauge mark

Tc(Red)is marked at 1. F on the C scale. The time constant corresponds to
the gauge marks T, on ﬂme T. scale and T¢ on the T¢ scale.

Ex.9.21 Find the time constant TL=—|§- of a coil which has a resistance
R=10.250 and inductance L=1204H.

@

{gauge- mark

T,
bk I 120,14
3 @/

(Operation) Set 0.25Q on the R scale(in this case the R and Te scales) and
move it to 1204 H on the L scale. Then find the value 0.48ms as

the answer on the T. scale which corresponds to the gauge mark T, .

Answer 0.48ms

Fx.9.22 Find the time constant Tc=CR of an R—C circuit where
R= 250k} and C=0.0015;¢F.

i
250Kk “-.'“ mS
),

P

0.0015,. F Te{ gauge: mark) C

R Tec

( Operation) Set 250 kQ (black) on the R scale( the R and Tc scales)and move
it 10 0.00154F on the C scale, and read the value 0.38ms (380

#S) on the R and Tc scale with the red units on the Te scale which
correspond to the gauge mark Tc.

Answer 0.38ms

i3

£x.9.23 Find C of a RC circuit when R=2.2MQ and time constant
Te==0.35s are given,

R, Te

( Operation) When constant Tc is given, first set the gauge mark Tc over
0.35(300ms) on the Tc scale,and find 0.1364F which corresponds

t0.2.2MQ (black) on the R scale.

Since the R and T¢ scales are divided into two units which can be

read, special care is required. |
Answer 0.1364F.

§ 7.CRITICAL FREQUENCY(—3 dB FREQUENCY POINT)

In an amplifier circuit, the frequency at which the gain becomes — 3dB is called the
high-pass critical frequency and is given as fn = 2;“

This can also be the low-pass critical frequency.How to find Tc=Rc if R and

C are known is given in the previous chapter.-The fm scale located under 1the Tc

- scale corresponds to R and C on the Tc scale to give the relationship T R

Therefore,fm:—z—;m on the fw scale can be obtained in the same manner as

finding Te==RC.

£x.9.24 Find the high-pass frequency (fm= f}%ﬁfl) when the load resis-

tance Ru=1.5k(} and stray capacitance Co=20pF as shown in
the below illustration are given;but, the internal resistance of the
vacuum tube is*assumed to be much larger than the load resistance.
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Ce. 00{F

(out put)
500KkQ

( Operation) Set 20pF on the C scale over 1.5kQ) (Black)on the R scale and
find the high-pass cut off frequency which is 5.3Mc on fm corre-
sponding  with the gauge mark f,,.

Answer 5. 3M'c

Ex.9.25  Find the low-pass cut off frequency of C.and Rgof the previous dia-

gram when R; =500k Q and C,=0.014F,

R

Answer 32¢/s
Ex.9.26  Find the stray capacity of a res:stance coupled amplifier when the

high-pass cut off frequency (fm=-1__)is 40ke and load resis-
tance R— 30k Q '

2xRC

Answer 133uF
bo

§ 8. APPLICATION - -
Ex.9.27 Find i,att =163.5us (horizontal period of TV)of the current
curvé after the switch in a circuit which shows the relation-ship

i, = Go(1— ea‘-"._ )y Lo ;, TL—%- is turned on whereL 3.3mH,R=1.5Q

and V,=12.5V.

( Solution) (1)Find Tu=

ﬂ:lll"""

=2.2ms, from R=1.5Q and L=3.3mH,

"l:

2= 8.3A from R=1.5Q ,Vo=12.5V.

(2) Find i,= ﬁ"'

(3)Fin e—— =0.9715 from I =2. 2ms t=63.5 us.

(4) o=8.3A, 57 =0.9715

iy =i, (1= on. )= 8.3AX (1—0.9715)
= 8.3 0.0285=10.236A

sk How to find '

The value of 62325;‘5 is considered to be between 0.01~0.1
s

based on rough estlmatnon ‘the answer is found on the LL1 scale.
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Ex.9.28 Find the time  required to reach — 1 of % or #, in the circuit of the

prewous example.

(solution) This problem is find ¢ which is l—e-% =0.2 in the formula
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it=io(1"" 1;[. ).

L1 e ----) =2.2ms has already been found, and should therefore be
used.

First set the left index on the B scale over 0.8 on the LL2 scale, and

then find the value on the A scale which corresponds o Tu=2.2ms on
the B scale;

but, 0.1 should be smaller than ;i_—sothat =~ = 0.8,

~ Answer 0.491ms

Ex.9.29 In a circuit which can be given in the form: e, =eﬂ-e'ft; » Te= C-R.

(1) Find time constant T,

at characteristic voltage at time e: after the switch is turned on,

Find the Value e:
|

(2)at t=-i—6-><Tc

(3)at t=5%Te¢
R=250K% » C=0.3uF and e,=6.3V.

t=Te¢

(Solution) (1) From R=250KQ and C=0.3=4F
Find (@) time constant T¢c=C and R=75ms.

(2) e =% =0,905, -5 = 0,0067(The A,[L1 and TL2 scales

are used)

(3) @ 6.3V 0.905=5.7V
® 6.3V 0.0067=10.0422V

£X.9.30 Tuned amplifier circuit( See the illustration below)
(1) Find inductance L required to obtain resonance with C=50pF at a
frequency of f, = 3.58Mc.
(2) Find the value of damping resistance R which must be inserted in pa-
rallel to make the tuned circuit have a Q=7.
(3) Calculate the voltage gain at the center frequency between the grid
and plate of an amplifier tube having a mutual conductance of gm=

4800, () .
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( Solution)

. 1 | , '
(® Find L of ﬁ:=2zm if C=50pF and.5=3.58Mc are given. ;f.
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@ First f /L_
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Then, read R=8800 X 7=6.16kQ
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@ Find G from gm=4800, U ,R=6.16KQ at voltage gain
G=20 log(gmXxR).
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(NOTE) If 4800402 6.16KQ =4.8X 10-% X 6.16X 10° — 4.8 6.16—

30 is roughly calculated,it will be understood that dB IS between 20~
40: therefore, add 20 to the given 9.43 and read 29 43.

Answer 29.43d8B
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