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FOREWORD

To the average persona number always has a pesitive
quality; that is, to most people "zero" 1is the ultimate in
smallness—~they have no concept of a number that could re-
present a value.of less than zero. They deal with such
numbers, however, in daily life. We constantly hear the
expression, as referring to a business, "operating in the
red". Thus, if a business operated at a loss of $1,000, it
could jJust as well be stated that there was a "negative
profit" of $1,000—that is, the profit was $1,000 less than
zero.

In television video (picture) amplifiers there is
frequently used a "cathode éoupled" stage in which a tube 1s
used in a special type of circuit to feed the pictures sig-
nal to a transmission line. Such an amplifier stage may
have a "gain" of .5 or less than unity. Since unity (1)
gain or amplification means that the output signal 1s equal
to the input signal, a gain of less than unity indicates
a negative quantity or loss of signal amplitude.

As another example: The kinescope (picture tube) of
a television receiver may have applied to its second anode
a positive potential of 7,500 volts with respect to its cath-
ode which, normally, is considered the zero reference point
in a tube. At the same time, the control grid may operate
with a negative potential of 30 volts with respect to the
same cathode. Thus, with respect to the cathode, we could
express these as: anode potential, + 7,500volts; grid po-
tential - 30 volts. Since these voltages are opposite in
direction from O potential, the voltage applied between anode
and grid is actually 7,530 volts. i

From the above it will be seen that a negative number
can represent a very real quantity. Contact wigi a negative
potential of 1,000 volts with respect to ground will knock

you just as far as similar contact with a positive potential
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of 1,000 volts! Since you will be dealing with such examples
of positive and negative quantities daily in your radio and
television work, a proper concept of such numbers is essential.

The second major topic in this assignment 1s
"Exponents." The proper use of exponents greatly simplifies
the expressing of very }arge and very small quantities and
provides a "shorthand" method of dealing with such quantities
in problems.

For example, how much simpler it is to write: § X
107 x 7 x 10*® = 35 x 10° than to write: .0000005 X
7,000,000,000,000,000 = 3,500,000,000!

These are typical of the numbers you will encounter
in radio and television calculations. [For example, 1n
comp;nsating the frequency response of a video (picture)
amplifier stage, you must measure the tube output capacity
which may be 9 yuFand then possibly compensate the load
circuit with 35 pE, Expreésed in units for purposes of
calculation, these would be ,000000000009 Farad and
+000035 Henry, respectively. How much easier to write
9 x 10" '3F and 35 X 10-°H. And how much easier to keep the
decimal point correct!

This assignment is not difficult —butit is extremely
practical and important. What‘you learn in studying the next
few pages, you will use during all the years of your pro-
fessional career. Isn't it worth the few hours of serious

study it takes to learn it well?

E. H. Rietzke,
President.
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Mathematics is the tool of the
engineer. Thestudy of radio circuits
is nothing more than the study of
alternating currents at radio fre-
quencies, and the study of alternating
current theory and practice is im-
possible without the use of cer-
tain basic mathematics. The calcu-
lations necessary in the handling
of practical radio engineering
problems are not difiicult but they
must be thoroughly understood. The
ability to use the essential mathe-
matics, to work the problems in-
cident to the design of workable
equipment, and to follow a tech-
nical explanation of the operation
of a circuit is the distinguishing
qualification of an engineer as
contrasted with the mechanic.

A1l of the mathematical work
in this course of study has been
carefully selected and prepared
with the practical application always
the foremost consideration. No part
of it is non-essential and no part
should be skipped over without being
thoroughly understood. A careful
thorough study of this early work
will pave the way for excellent
progress throughout the entire course.

The student should conscien-
tious1ly work all the exercise pro-
blems as he comes to them. 1In no
work is the saying, "Practice makes
perfect™, more applicable than in
the study of applied mathematics.

THE POSITIVE NUMBER.— -The
positive number is the number used
and understood in common arithmetic
and is any number greater than zero.
Positive numbers may be added, sub-
tracted, multiplied, or divided

and the answer is positive, with ore
exception, that exception being in
the case of alarger number subtracted
from a smller number, suchas 5 - 8.
This will be explained in the follow-
ing paragraph. If a number is not
preceded by a sign, it is always
understood to be positive.

THE NEGATIVE NUMBER.-- Common
arithmetic recognizes only the posi-
tive number. There are many occa-
sions, however, where it becomes
necessary to recognize nurbers less
than zero, as in the above example
of a larger number subtracted from
a smaller. The answer wauldcertainly
be less than zero. Consider the
case of a man who has ten dollars in
cash and has debts amounting to
twenty dollars. Heactmally owns ten
dollars less than nothing. FHis finan-
cial condition would be expressed as
-10. Thus the answer in the case of
a larger number subtracted from a
smaller is always expressed asa nega-
tive number and preceded by the minns
sipgn.

If a positive mumber is thought
of as a force acting in one direction
on a point, and a negative nunber as
a force acting on the same point in
the opposite direction, the point
being zero, these numbers may be ex-
pressed as in Fig. 1.

10987654321012345678910

- +

Fig. 1.--Representation of positive
and negative numbers by two onvosite
directions in apace.

It isapparent that since the neg-
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ative number has an effect opposite
to that of the positive number, one
will counteract an equal amount of
the other. For example: The sum of
a +6 and a -6 is zero, as one coun-
teracts the effect of the other. If
it is desired to add a -8 to a +5 ,
the latter will counteract only the
amount of the former equal to itself,
and there will be a remainder of -3.
Thus, the sunmofa+3 and a -8 is -3.
The sum of a +8 and a -3 will be +5.
Therefore, a rule may be made as
follows:

RULE |: When adding two numbers of
unlike signs, subtract the smaller
from the larger, and the answer
will take the sign of the larger.

Example: 1+ (-8)

4

(-) + 8

4

In adding several positive and nega-
tive numbers, firstaddall the posi-
tive numbers, next add all the nega-
tive mumbers, ard then work according
to Rule 1.

Example: Add, 4, -8, -8, 1%, 2,

-5,
4 -8
14 -6 20t (-19) = 1
2 =5
20 -19
Exercises
Add,

1. 16, 2, 27, -8, 4.
2. -3, 27, 13, 42, 20.
3. 15, 28, -14, -6, -10.
4. -8, -8, 2.5, 28.7, -10.6.

5. 25, 37, -14, 12, 16.

f. 24, -78, 41, 32, -17.

7. -186, 42, 76, -124, 314.

‘8. -27.3, 16 2/3, -14 1/2, -17.9.
9. 26.32, -.98, 44, -76.1.

10. 3.27R, -14.®8, -.764, 19.73.

Referring to Fig. 1, it is seen
that if a negative number is added to
a positive number, it counteracts a
certainamomt of the positive muber.
On the other hand if it were desired to
subtract a negative number,the effect
would be reversed, that is, it would
be the same as adding an eqguivalent
amount to the positive number. This
holds true also in the subtraction of
a positive nunber; the effect will be
that of adding an equivalent amount to
the negative value.

It is seen that the subtraction
of a negative number is the same as
adding an equivalent positive num-
ber, and the subtraction of a posi-
tive number is the same as adding an
equivalent negative number. This
may be expressed ina rule as follows:

RULE 2: When subtracting one number
from another, change the sign of the
subtrahend and add.

This applies to the subtraction
of either positive or negative num-
bers. (The "subtrahemd" is the num-
ber that is to be subtracted. The
number from which it is subtracted
is called the "minuerd". Any amount
left over is the "remainder".) When
both the numbers are of like sign
after the sign of the subtrahend has
been changed, the addition is arith-
metic. Where the numbers have unlike
signs after the change, the addition

www americanradiohistorv com
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is in accordance with Rule 1.

Examples: 4 minus -6 = 10
-4 minus 6 = -10
-10 minus -2 = -8
10 minus 2 = 8

Simple rules for remembering
the principles of addition and
subtraction of positive and nega-
tive numbers are:

1. The addition of a positive mm-
ber makes the value greater.

2. The addition of a negative mm
ber makes the value smaller.

3. The subtraction of a positive
mmber makes the value smaller.

4. The subtraction of a negative
muber makes the value greater.

In connection with these rules
it must be remembered that the larger
the negat ive number, the smaller is its
actual value.

+ Exercises
11. 280 - 320 =?
12. -85 -42 =?
13, -102 - (-20) = ?

4. -8 - (-105) = ?

15, @7+18-40) - (®-14+20) = ?
16. 250 - (20 + 30 - 65) = ?

17.- 27415 - @.5+18.3 - 10.6) = *
18. 150 - 25 - (100 + 240 - 80) = ?

19. (170 - 40 + 10) - 300 = ?

20. (150 + 60 - 28) - (34 + 16)
- (50 -27) =2

MULTIPLICATION AND DIVISION, ——
The rules for the multiplication and
division of positive and negative
numbers are similar, as follows:

RULE 3:—When-multiplying ordividing
numbers having LIKE signs, the answer
is ALWAYS positive. This is true if
the signsareeither both negative or
both positive.
Examples: 4 x 2= 8 a-5
2

4x-2=8 -4 _
5= 2

RULE Y:—When multiplying or dividing

numbers having UNLIKE signs, the answer
1s ALWAYS negative.

Examples: 8 x -2= -16

Exercises

21, 40x 20 =?

2, 6Ox -30=7°?

2. 10x 6x -14=27
A, -25x 6x 4= 12
25, 21x42x -1=?
26. 42+ -6= °?

27. 40+ -20=?

28. 35+ 7=7

www americanradiohistorv.com
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29. 350 x -6 -,
-25 X 2

30. 420 x 8 -,

-1 )

ALGEBRAIC ADDITION.-The addition
of quantities or forces, taking
into consideration their signs, 1is
called algebraic addition. 1In
algebraic addition of forces the
forces are always considered as
acting in the same direction or in
exact opposition, as determined by
their signs. That is, if the sign
of a number  is changed, its effect
on other numbers, considering the
numbers as forces acting on a point,
is exactly reversed. Two positive
numbers act in exactly the same
direction; two negative numbers act
in exactly the same direction; a
negative number arda positive number
are in exact opposition. Algebraic
addition is extensively used in
calculations involving currents and
voltages in a circuit.

EXPONENTS.—— A common use for
positive and negative numbers is in
working with numbers, (or letters
in algebraic equations or formuilas),
having exporents.

The exponent of a mumber is a
smll figure placed above and to the
right of the number, indicating the
power to which the number is to be
raised.

Examples: 10%, 1072, Y?, 8".

In example one, 10 is the number
which is to be raised to the third
power. This means that 1 is to be
multiplied by the number, 10, as
many times as is indicdted by the
exponent, as: 1 X 10 x 10 x 10 =
1,000 or 10%. Since multiplying
any muber by 1 does not change its
value, this may be stated as 10° =

10 x 10 x 10, or it may be stated
that 10 is to be used as a factor
in multiplication three times.

In example two, ten is again
the number, but it is now raised to
the negative third power. This means
that one is to be divided by the num-
ber raised to tts third power, as:

1 1

: - - -3
oxwx1w0 100 010

In the case of a mumber raised
to its positive first power, as 5‘,
this is equal to 1 X 5 or simply 5.
Itwillbe seen that any number raised
to the first power is enqual to itself,
so the positive first power is not
indicated. 10' iswritten simply 10.

In the case of a numnber raised to
the negative first power, the power
must be indicated, as a nmuber raised
to the negative first power is equal
tothe reciprocal of the mmber or one
divided by that number. 10" ' means
1/10 and the negative one (-1) mst
be used as the exponent to indicate
the division.

In the third example the letter
Y is wsed in place of the number aml
is treated in the same manner. Y =
Y x Y.

In algebraic equations letters
may be substituted for figures. In
the same manner a letter may be used
as anexponent to indicate some giveu
power. Of course, if it is desired to
find the exact numerical value of such
a term, the actual numerical value
which the letter represents must be
substituted.

Examples: 4", XY, etc. Ify
=6, then X¥ = X°.

USE OF EXPONENTS.— In the practical
use of exporents, two or more like num-
bers having exponents, may be multi-
plied by simply adding the exponents
and affixing the resulting exponent

www americanradiohistorvcom



www.americanradiohistory.com

DIVISION 5

to the common number.

Examples:

84 X 83 X 83 8‘+2+3 — 89

4% x 473 x 4-% = 4-2-3-6 = 4-11
5-0 X 5—3 X 5! = 5-0—344 = 5-4

Note in the above examples
that very careful attention must be

given to the sign of the exponent.
It must also be rewembered that

DIVISION.—Two or more [ike num-

bers having exporents. my be divided

by subtructing the exponent of the

these rules for the use of exponents

apply OHTI¥ In the case of like

numbers. 40 X 5° cannot be multi-
Wby adding the exponents and
affixing to a common number. Such
numbers must be raised to their
respective powers individually and
then multiplied.
Example:
X3 x 3=

23 x 32 =2 x2x2

Exercises
Cobine and simplify,
31. 4% x 4® x 4% =?
‘32, 62 x 6% x63=2
33. 15°% x 1577 x 15* x 15% = ?
34, 8* x 8% x 8 x 8'%°=7?
33. 5° x5*x42x5°%x4a4*t=2
36. 32 x3°%x3*x3" =2
37. é* X 3f'°\x 2 x 4% =2

38. 6" x 6% x 42 x 7

?
39. 152 x20% x 151 x 15* = ?

0. Tx TP x7T'x6x2?%=2

divisor from the exporent of the di-
vidend and affixing the rema inder as
the exponent of the cammon nurmber to
form the quotient.

Examples: 6% + 6 = 63

49 + 4°8% = 412
(Note: 9 - (=3) = 9+ 3= 12)

187°¢ + 18* = 1871°
(Note: -6 - 4 = -10)

At this point it is well to
point out a cammon error in handling
numbers having exponents. For ex-
ample, 10> + 102,

Subtracting the exponents,
2 -2 = 0. Thus the answer will be
10° or 10 to the zero- power. 10° is
100, therefore 10% 3 10® = 100/100
=1. It will be seen that 10° = 1.
In fact any number raised to its
zero power equals 1. The common
error is to consider the answer as
being zero.

Since 1/10° = 1 x 10°%, a num-
ber having an exponent, when used
in the denominator of a fraction,
may be transferred to the numerator
by merely changing the sign of the
exponent. Thus 4 x 10°/2 x 10°
may be written 4 x 10°x 107°/2.
The denominator 2 cancels (divides)
into the 4 in the numerator and the
expression my be written, 2 x 10°
x 10°°. Since the numbers having
exponents, 10% and 10™%, are like
numbers, they may be multiplied by
adding their exponents. 3+ -5 equals
2, therefore the simplified form is
2 x 1072, Since 10" means 1/(10 x 10)
then the expression may be finally
written 2 x 1/(10x10)= 2/100 = .02,
It particularly should be remembered
that only numbers having exponents

www americanradiohistorv com
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may be handled in this manner, and
that only the sign of the exponent
is changed. In this problem the mu-
merical value 2 below the line was
cleared by division into the number 4.

Exercises

41, 82 +8="7

42, 15* + 151 =7

1t

43. 6%+ 67=7

t
Y

44. 810+812_
45, 1278+ 12t =7?

3
46. 8 x 8 _ 2
85

-3 4
a7. 6—6’_‘2—6=?

3 47 -2
48. 9° x ' x Y =9

y-8

49, 8*x 8% x 8° -
8-1

50, — 14 __ -
. 1yt

Another problem involving similar
procedure: 18x 10~* x 10°/ 9 x 1072,
Dividing the 9 in the denomina-
tor into the 18 in the numera-
tor, the expression becomes 2
x 10-* x 10°:10°?. Bringing
the 10-2 from below the line to above
the line, it becomes 10°. The entire
expression is then equal to: 2 x 107*
x 10® x 10°. All the mmbers having
exponents being the same, (10), multi-
plyby adding the exponents. The sum
of <4, 6, 3=5. The answer is 2x 10°.

It will be observed in the
above problems that 10 was selected
as the number having the exponent.

Any number may, of caurse, be han-
‘dled by this method, but 10 is the

www americanradiohistorv com _

most commonly used number occurring
in radio work (and in most mathema-
tics) because the use of 10 raised
to some positive or negative power
facilitates the handling of very
large numbers or very small decimals.

Example: 15,000,000,000 times
300,000 = 4,500,000,000,,000,000.Since
15,000,000,000 =15 multiplied by 10
nine times, it may be written 15 x
10%. Likewise, 300,000 equals 3
multiplied by 10 five times, there-
fore equalling 3 x 10 % The prob-
lem may then be reduced to the very
simple form of 15 x 3 x 10° x 10° =
45 x 10° x 10%. The exponents are
added and affixed to the common
number 10, and the answer becomes
45 x 10'%, which is exactly the same
as the answer previously obtained
but in a much simpler and compact
form. Since very large figures are
constantly occurring in radio math-
ematics, this simplicity is very
desirable.

The same principle is used to
simplify the handling of decimals.
For example, .0004 = 4/10 x 10 x10
x 10 = 4/10*. It can therefore be
written 4 x 10°*. Any decimal may be
converted into a whole number times
10 raised to some negative power by
simply moving the decimal point to the
right as many places as may be neces-—
sary and miltiplying the whole number
obtained by 10 raised to a negative

power equal to the number of places

the decimal point was moved to the right.

Example: .0000436 = 436 x 1077,
This also may be expressed as 4.36
X 10-% by moving the decimal point
only 5 places to the right, and such
form is very often advantageous. In
particular, the latter form is useful
when using a slide rule, where 1t is
desired to keep the numerical values
of the figures to be multiplied or
divided small so as to simplify the
placing of the decimal point
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in the answer.
Examples in simplifying large
numbers and decimls:
14,960,000,000 = 1496 x 107

149.6 x 10°

=14.96 x 10’

1.496 x 10'°
etc.

2,670,000,000,000 = 267 x 10'°

=26.7 x 10!
=2.67 x 10'2

= 0.267 x 10'?
etc.

LO00O000NET = 27 x 10712

=2.7x 10"!! etc.

L0005 =5 x 10°* = 0.5 x 10°2 etc.

A problem showing the use of
the foregoing examples follows:

2000 x 6 x 10° x 43 x 10°° _ ,
14 x 107 x .000008 x 10°°

Rearranging,

2 x10° x 6x 10™° x 4.3 x 10 x 10°°

14 x 10" x 3 x 10°% x 10-?

Multiplying,

51.6 x 10~ 13
42 x 10-2

Dividing 51.6 by 42 and bringing 10-3
above the line ard changing the sagn
of the exponent, 1.228 x 107'% x 10?

1.288 = 1288 x 103
(Move decimal 3 places to right)

1228 x 10°° x 10-'% x 10°®

= 1228 x 10~ '*

This answer may also be written
DOODO000I1228 but it will then be
very urwieldly.

Note that in solving such pro-
blems no large numbers or difficult
decimals are handled at any time.
Of course in actual practice some
of the steps as outlined will be
performed mentally so that the
actual procedure 1is quick and
simple.

POWERS OF TEN

The use of "Powers of Ten",
or "Scientific Notation" as it is
sometimes called, is a great time
saver in radio work where very large
arnd very small quantities are con-
tinually encountered. For example,
in a single problem we may have
frequencies of millions or thousands
of millions of cycles per second and
capacity values of a few millionths
of a millionth of a farad. Such
otherwise unwieldly numbers-are
handled with ease by rewriting each
of then as a small murber multiplied
byanappropriate power of ten. Note
the following:

(]

10 =1
10' = 10

10° = 10 x 10 = 100

10 = 10 x 10 x 10= 1,000

10* =10 x 10 x 10 x 10 = 10,000

www americanradiohistorv com
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10 = 10X 10 x 10 x 10 x 10 =100,000
10° =10x 10 x 10 x 10 x 10 x 10

= 1,000,000
A quantity to a negative power
is equal to the reciprocal of the
same number to a positive power of
the same magnitude.

100! =1/10 =.1

1002 =1/10° = 1/(10 x 10) = .01
107? = 1/10° = 1/(10 X 10 X10) = 601
107* =1/10* = 1/(10 X 10 X 10 X 10)

.0001

10°% = 1/10° = 1/(10 x 10 x 10 x 10 x 10)

= ,00001
10°% = 1/10° =

1/(10 x10 x 10 x 10 x 10 x 10) = .0000V1

Note that in the case of posi-
tive exponents of ten, the power in-
dicates the number of places that
the decimal point must be moved to
the right, starting from its posi-
tion following 1. In the case of
negative exponents, the exponent
indicates how many places the decimal
point must be moved to the left,
starting at its position after 1.

Thus, 107 = 10,000,000
(Move decimal point seven places
to right from 1.)

and, 1072 = .om
(Move decimal point three places to
lert from 1.)
When the number to be exmressed
in Scientific Notation is not a
simple power of ten, the same idea

may be applied by rewriting the
significant figures of the given
number, placing a decimal point
after the first of these figures,
and indicating as a multiplier 10
raised to a power equivalent to the
number of places the decimal point
was moved, positive exponents being
indicated when the decimal point
was moved to the left, negative
when 1t is moved to the right.

For example, 5,000 can be re-
garded as 5 x 1,000 or 5x 10°. Or
by the rule just mentioned, write
the significant number 5, (decimal
point understood to follow the
5) and indicate multiplication by
10 to a power equivalent to the
number of places the decimal point
was moved in going fram 5,000 to 5,
(3 places) glving the exponent "a
positive sign because the deciml
point was moved to the left. Thus
5,000 = 5. x 10%.

Additional examples follow:
Note that the preferred practice is
to write the decimal point after
the first of the significant figures,
but this is not mandatory, pro-
viding the exponent of ten is
made to indicate the number of
places the decimal point was actu~
ally moved.

12,000 = 1.2 x 10* or 12.x 10°
310,000 = 3.1 x10°
.21 = 2.1 x 1002 or 21. x 107°
350,000 = 3.5 x 10°
251,000 = 2.51x 10°

.09=9x 1072

Solve by the use of powers of
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ten:

12,000 x 310,000 x_.021 _ o
350,000 x 251,000 x .09

Rewriting in powers of ten:

1.2 x 10* x 3.1 x 10° x 2.1 x 1072
3.5 x 10° x 2.51 x 10% x 9 x 10-?

_ 1.2 x3.1x2.1x10°"2
3.5 x 2.51 x 9 x 10'°-2

_ 7.812 x 107

"~ 79.065 x. 10°

Different powers of the same
nunber may be multiplied by writing
the number to the power indicated
by the sum of the exponents.

= .00988

Thus, 10* x 10% x 10°2 = 10°-2 = 10
And, 10° x10%x 1072 = 10'°-2 = 10°

Rewriting using the combined powers
of ten:

Dividing both numerator and denomin-
ator by 107:

1.2 x3.1x21 _
=3.5 x 2.51 x 9 x 10’

Powers of ten may be transferred
from denominator to numerator (or
vice-versa) by changing the sign of
the exponent

1.2 x 3.1 x 2.1 x 10!
3.5x 251 x9

Performing the indicated arithmetic

=7.812 y 10-!' = ,099 x 10°! = .0099
79.066 Ans .

Combining the powers of ten,
shown in detail above, is usually
accomplished in practice mentally,
in one step, leaving only the
arithmetrical calculation to be
performed.

Note that the zero power of
any quantity is unity (1). Thus
5 x 10° would mean 5 x 1, or 5.

Note that in radioworkaccuracy
to three significant figures is
usually sufficient., Thus it is of'ten
convenient to "round off" values
to three significant figures when
rewriting in Scientific Notation:

,0053785 = 5.38 x 10°3
3,210,500 = 3.21 x 10°

(The above described practice
of placing the decimal point after
the first significant figure will
be fournd convenient later in using
logarithms:, in which case the
characteristic of the logarithm is
identical with the exponent of the
power of ten. For example:

Log .005378 = lLog 5.378 x 107°

= -3 + 0.72062

Note the recurrence of -3 as
the power and as the characteristic.
The use of logarithms and log tables
will be taken up in the technical
assignment on logarithms.

Exercises
Simplify and solve,
51. 2,345,000,000,000,000.
52. 6,400,000,000.

53. 8,750,000,000,000.

www americanradiohistorv com
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51, 00246

5. .0000078

56, 00000000008

57. 0000000987

/58, 0002569

59. 00035 X -0000027

60. 265,000,000 x .0043 x .012 = ?
.000027 X .0003 _

61, < Z =9
. 000009
62. 1,500,000 X 63,000 _ ?
7,000,000,000
63. 680,000 X 42,000,000 _ )
‘ .007
61, 0000065 X 24,000 _
13,000 X .006
18,000,000 X 60,000 _

70,000 X .000025

POWERS AND ROOTS OF NUMBERS
HAVING EXPONENTS.——In raising a num-

ber having an exvonent ton a given

~power, it is only necessary to mulc

__tinly the exponent by the power to
__which it 1s°£0 be.raised., Thus,

__whic
(10%)2 = 10'°,

(104)3 = 1012’
(10-3)% = 10" '®*. This may be seen
from the following: 10* raised to
the third power, (10*)?, means
(10*) (10*) (10%*). Since 10* = 10
x 10 x 10 x 10, then (10*)® =10
x 10 x 10 x 10 x 10 x 10 x 10 x 10
X 10 x 10 x 10 x 10. These are
like numbers, each having a posi-
tive exponent »f one, and the ex-
ponents added and affixed to the
common number will equal 10'Z2.
The same princinle holds true with
numbers having negative exponents:
Thus, (10"3)* = 10-'%, due to
The same reasoning as explained

www americanradiohistorv com -. _

above in this paragraph.

The rule given in the preceding
paragraph is reversed when it is
desired to extract a root of a num-
ber having an exponent. In that
case the exponent is divided by
the root, and the resulting exmonent
is affixed to the number which is
removed from beneath the radical.

Examples:

@: 46/2: 43

y5_ﬂ’= 512/4 53

1079 = 10-9/3 = 103

Suppose it is desired to ex-
tract the square root of the following
decimal: V.00000000263%. First
convert to a whole numnber times ten
to the correct negative power,
Vo634 x 10712, Extract the square
root of 10712 by inspection amd the
result is V2631 x 107°. The number
beneath the radical will now be
treated as a whole number with nn-
decimal mart to consider. Decimals
of this type are commonly experienced
in alternating current problems at
radio frequencies, in R.F. circuit
calculatinns, etc. Asomewhat similar
vroblem of this sort,

V16 x 10-7 x 4 x 10°°

Simplified, this becomes
vt x 10713

If treated exactlyas in the previous
example it will become V64 x 1077°°.
There is no simple way of raising a
number to a tractional power, so that
if treated in this manner the problem
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will become complicated instead of
simplified. However, there is another
solution. 64 x 10~'% is equal to &4
preceded by 13 ciphers. Suppose the
decimal point is moved only fourteen
places to the right. The expression
will then become 6.4 x 10"'*. Thus,
there-is obtained V6.4 X 107”, the
answer becomes V6.4 x 10°7. The
problem is now simplified, and it is
only necessary to extract the square
root of 6.4 and multiply by 1077,
The square root of 6.4 is equal to
2.529 which times 107 is 2.52Y9
x 10°7. Alternatively, the answer
is 2529 x 107!°. At no time was
it necessary to handle difficult
decimals.

Exercises
Simplify,
66. (14*)8 =7
67. (9% =2
68. (15%)-3=?
69. (8%-2=2

70. (6* x 69)2 = ?

|
-

71, (67 x 5°3)-1 =

72. Y1485 =2

73. Y112 x 11* = ?

4. ¥80 x =2

75. V6' x5 % x 4% =12
NOTE:--When handling very

large numbers where accuracy to

only the third or fourth signi-

ficant figure is required, the
numbers may be simplified; thus:

946,123,271,659,487 may be expressed
as #M6 x 10'%2, The accuracy of the
latter expression is to one-tenth
of one percent, sufficiently accurate
for most work. A practical example
of such orocedure in radio calcula-
tions is the common use of 3 x 10°
meters per second as the speed of
light or the velocity of propogation
of electro-magnetic fields through
space. The speed commonly accepted
for accurate work is 239,920,000
meters per second, but this is so
close to 300,000,000 that the error
in the use of the latter is negli-
gible for most practical work, and
the velocity is therefore cammonly
taken as 3 x 10° meters per second.

Very often in formulas and pro-
blems fractional exponents will be
used. Fractional exponents simply
designate the extraction of roots.
For example, 9'/2 means v3; 125'/?
means YIZ5; 87"/ means %/87.

The numerator of a fractional
exponent is not always 1. For ex-
ample, 140°/% reads 140 to the 3/5
power. This means that 140 is to be
raised to the 3rd power and then
the 5throot extracted. Thus, 140%/%
= ¥140°. 1In a similar manner.
25%/2 = V257, 47%/3 = 3/47%,

In other words, the numerator
of a fractional exponent indicates
the power to which the number is to
be raised and the denominator in-
dicates the root to be extracted.

Fractional exponents of like
numbers are handled just as are whole
number exponents. For example,
(201/2)2 = 20'= 20. This may also
be written (V20)? = 20. This is
apparent because the square of the
square root of a number equals the
number. Other examples,

1. 27/ =274/ = /274

wwy americanradinhictory caom
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2, (183/4)2 - 186/4 = 183/2 ___mﬁ
3. (a%)Y?= 1a¥2=/14°

4. (125732 = 1251/% = 415
5. (203/4)4 = 9012/4 = g3

6. 15-/2=1L
/5
7. (@5%) Y%= o05-3/3=1
¥o57

8. (24-1/2)-1/2 = 241/4 = W

The examples above should be
very carefully studied. It will be
observed that when a number having
an exponent, either fractional or
whole, is to be raised to same power,
either fractional or whole, the
exponents are simply multiplied
just as 1in examples previously dis-
cussed. Example 6 shows that the
negative fractional exponent indi-
cates exactly the same operation as
the whole negative exporent, that is,
the reciprocal of the number having
the exponent.

Thus ,

~3 - 1 -1/2 = _ 1 —_1
1073 = = 10 — =
103 1072 /10

It is simpler to write 8%/2
than \/8° and the first method greatly
facilitates the handling of numbers
mathematically as shown in examples 1
to 8 above.

Exercises

~3

76. (65°%)1/4 =
77. @8%/®)1/8 = o

78, (27%/3)1/4 =

)
-

79. @73)V2=29
80. (767/2)-%2 =9
81. @2%-%%= 9
82. (18%/%)8 =9

83. (116414 =2
s 1 =
T VeI ?

—1__ -
(251/2) 2

CONVERSIONS OF ELECTRICAL
UNITS. —-The use of 10 to some power
is very useful in converting elec-
trical units to milli-units, micro-
units and micro-micro-units; also in
converting from the small units to
larger units. The electrical umits
commonly used and converted to milli-
and micro-units are the ampere, volt,
henry and farad. The latter unit,
the farad, is also commonly expressed
in micro-micro-farads.

The micro-unit is one millionth
as large as a unit. Therefore with
a value given in units, to convert
into micro-uwnits, it is necessary to
multiply by one million, since there
will be one million times as many
of the smller micro-units as of the
original units. That is, one unit
is equal to one million micro-units.

A micro-micro-unit is one-mil-
lionth of one-millionth of a unit or
one-millionth of a micro-unit. There-
fore to convert a unit to a micro-
micro-unit value, multiply bya million
times a million. To convert back
from the smaller micro -and micro-
micro-mits, reverse the process and
divide instead of multiplying.

To multiply by ore million, mul-
tiply by 10°. Tomultiplybya million

www americanradiohistorv com
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times a million, multiply by 10Z2.
To divide by one million, multiply
by 10-%. Todivideby amillion times
a million, multiply by 10~ '2. The
following conversion table will make
this clear.

CONVERSION TABLE
Units to Milli—mﬂts:Multdply by 10°
Units to Micro-units: " " 100

Micro-units to Micro-

micro-units: g " 108
Units to Micro-micro-
units: " " 102
Micro-micro-units to
Micro-units: " " 10-8

Micro-units to Units: " " 108

Micro-micro-units to
Units: " n 10-12

Milli-umits to Units: " " 10-?

The conventional symbol for
"micro" is the Greek letter, U, pro-
nounced "mu". For micro-micro,
write Wi.

A commonly used term is the
millihenry, written MH, meaning
1/1000 henry. The letter X in thss
case represents one-thousandth. In
some electrical work the term micro-
farad is written Mfd, but that is
simply used as an abbreviation. The
preferred symbol for microfarad is
LF. Microhenry is written UH.

The micro-microfarad, WF, is
sometimes called a picofarad. Other
commonly used terms are "megohm",
tone million ohms); micr'bhms,
(ohms x 10°%); kilowatts and kilo-
volts, (watts and volts multiplied

by 1000, that is, one kilowatt
= 1000 watts, one kilovolt = 1000
volts. :

It is essential that the stu-
dent thoroughly understand the con-
version of units explained above.
Future problem work will be greatly
simplified by ability to convert
units rapidly and accurately.

Exercises

86. .04 Amperes = _MA? ___ A?
87. .74 " = __MA? ___uA?
88. .006 = _MA? __pA?
89. 27 uA = __MA? ___Amps.?
90. 400 MA =__uA? __ Amps.?
91. .6 Henry = _MH? _uH?
®e. .006 " =_._MH? ___ uH?
g3. .55 =__MH? _puH?
9. 500 puF =__uF? __F?

95. .006 uF =__ WF?__F?

96. .04 Megolm = __ Olms?

97. .0006 Megohm=__ Ohms?

98. 150,000 Chms = Megohms?
99. 450 Watts = ___ Kilowatts?
100. 2.37 Kilovolts = _Volts?
101. 27.45 Kilowatts = ____Watts?

102. 000000006 F = ___ yF? __ puf?
103, 25 yyF = uk? F?
104, 125 yF=__uF? __ W

www americanradiohictary com
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1056, 14 UA= ______MA? ___ Amps.?

SQUARE RCOT

The square root of a given
number which multiplied by itself
will equal the given number.

The indication that the square
or second root of a number is to be
extracted is the "Radical",y .
The radical may be used to express
the operation of extraction of other
roots, suchas the third or cube root,
the fourthroot, etc. Ffor indication
of other than the square root the
radical is pre-fixed with a designa-
ting figure. For exaimle, cube root
is'desi.gnated‘@ 3 fourth root is
designated, ¥ , ete. The radical
used without a designating figure
indicates tphe extraction ot the

square rnot.

The extraction of the rnot of a
number is the reverse operation to
raising that number toa given power.
For example, one may extract the
square root of %, /T = 2; or he may
raise 4 to the second power, 4°= 16.
In the first case, the square root of
4 is 2, which multiplied by itself
equals the given number, 2 X 2 = 4.
In the second case the given number
is-multiplied by itself, 4 x 4, and
the product is 16 or 42.

Extraction of the square root
of a number is a comparatively simple
process which will be explained in
this assignment. Extraction of the
higher ‘roots is not such a simple
process excent by the use of logar-
ithms which will be explained in a
following assignment.

A problem in sjguare root will be worked, each step being explained in
detail. To extract tie square root of 36431t

STEP |: Write the mumber urder the radical. 56191

STEP 2: Place the decimal point inmediately over

the decimal point of the number.

STEP 3: Starting at the decimal boint divide the
punber into groups of twn figures each. e—

&
>

VETELTRLT.

2_+ ¢

STEP 4: It will ve seen tnat there is ouly one

fiigure in the groun on the left, namely 5.

Treat

this as a whole group as if' it contained twn fig-
ures. Wind thne largest square root which multi-
plied by itselt, or squared, will not exceed the
value »f the first groun. Since the first zroum
is 5, the largest whcle number that can ve sjuarea

and not exceed D is 2. Write this in immediately J——+ 2
[=4
5

above the first group. -

VB BT a1,
1

STEP 5: Square this number (2) and place immed- e
iately below the first group (2 x 2)

WWW ameticanradicbicton, cam
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STEP 6: Swbtract this from the first group and 2 .
write in the remainder. ——— VS of 31.
L,
1
STEP 7: Bring down the second group. 2 .
VB &1 31,
4
164

STEP 8: Double the number above the radical and 2 .
bring itdownas a trial divisor into the dividend FVS 61 31.
4

164.
4/ 164

STEP 9: The next step is more difficult to ex-

plain and tounderstand, but when once understood,

no more trouble will be experienced with problems

of this type. An additional figure must be added

to the trial divisor. This figure must be of

such a value that the product of the entire divi-

sor and this figure does not exceed the dividend.

(In' this case the dividend is 164. The entire

divisor will be the trial divisor "4", and the

additional figure to be found affixed to the 23 .
right.) This figure may be found by trial, or it 31.
may be seen by inspection. 4

It is apparent that 4 will divide into 16 (the _]
first two numerals of 164) four times. However,
if four is affixed to the trial divisor @) tle
entire divisor will be 44. 44 x 4 1is greater
than 164. Therefore the additional figure must
be 3. This figure is placed above the radical
immediately over the second group and also at
the right of the trial divisor to complete the

divisor. <
STEP 10: Multiply the entire divisor (43) by 2 3 .
the figure (3) found in step 9, piace the pro- /5 &4 31.
duct (129) beneath the dividend (164) s and sub- 4
tract to find the remainder which is 35. 43/ 164

129

T35

www americanradiohistorv com
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STEP Il: Bring down the third group of figures
(31) and affix to the remainder to form a new di-
vidend (3531). Douwble the entire amount above the
radical (23) and bring it down as a new trial di-
visor.

STEP 12: Repeat "Step 9" with these new figures
to find the figure to affix to the trial divisor
and to place in the armswer above the radical over
the third group. A trial shows that 8 is too
large. A second trial indicates that 7 is not
too large. Thereforey, affix 7 to the trial divi-
sor (46) and to theamount (23) above the radical
and multiply as in "Step 10", obtaining (3269).

2 3 .
/5 61 31.
4

43/164

129
46/ 3531
2 3 7.
/5 64 31.
4
43/—161
129
467 /3531
3260
262 Remainder

Then subtract to find the remainder as shown:

If accuracy to three figures is
sufficient, the answer to this prob-
lem, /56431, may be taken as 237.
If additional accuracy is desired
ciphers may be added in groups of
two ciphers each to the right of the
decimal point and the operations
as outlined above carried out to
as many decimal places as desired.

If the ariginal mmber of which
the square root is to be extracted
is a decimal, the procedure is the
same except that the groups are
pointed off to the right of the deci-
mal. In all cases the groups are
pointed off from the decimal point.
Examples of the pointing off into
groups of various types of numbers
are shown.

As exercise problems, extract
the square root of each example mun
ber below.

.

106. V43 21 76.
107, ' adls F=Y

.

108. /867 52.

.

1()9. l,,-'.24 Tﬁ‘ﬁg
110. 55 43. 21

111. ﬁm_ﬂﬁm

.

112. 3 6L, 5

(In this case add a cipher to the
last decimal group to make the
group complete. A cipher added
to the right of a decimal number
does not change its value.)

It will be observed that in all
cases the decimal point in the an-
swer, which will be placed above the
radical, should be placed immediate-
ly above the decimal point in the
number of which the square root is
to be extracted. The student should
work sufficient problems of all types
shown to become thoroughly familiar
with this work.
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ANSWERS TO EXERCISE PROBLEMS TECHNICAL ASSIGNMENT

10,

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

-17

15

13

6.6

2R

-43.23

-6.76

7.314

40

305

31.8

-135

-160

209

800

"_1800

840

4.

25.

26.

27.

28.

29.

30.

31.

32.

3€.

37.

38.

40.

41.

42.

45.

46.

47,

-600
-882
-7

2

5

42

37.9
32,98
400
441

82

15°

62

12-10
82

63

48.

49.

50.

51.

53.

.

35.

56.

57.

58.

59.

60.

92
1
1411
2345 x 10'2 = 234.5 x 10'3
= 23.45 x 10'*
= 2.345 x 10'® etc.
M x 10°
875 x 10'°

246 x 10.5 =24.6 x 10‘4

2.46 x 1079 etc.

78 x 1077
3 x 10°11
987 x 107'° or 9.87 x 1078
2569 x 10°7 = 256.9 x 10°°

= 25.69 x 1073

= 2.569 x 107* etc.
M5 x 10-12 = %1.5 x 10~

= 9.45 x 10" '%tec.
13674
9y 10°*
405 x 10°! or 40.5

40.8 x 10'*

408 x 103

4.08 x 10'® etc.

2 x 10°°
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ANSWERS TO EXERCISE PROBLEMS TECHNICAL ASSIGNMENT

6. €17 x 10° or 6.17 x 10!

66. 1418

67. 24-18
68. 15-1%2
69. 812

70. 614

71. 58

2. 14°

73. 112

7. /R4

75. 1 19/125
6. Y660
. Y8
‘78, ¥27=3
79. 37t = .7
80. 76
81.Ji§§f

82. 183

8. 116

M. 5

8. 25-1

86. 40 MA, 4 x 10% pA
87. 740 MA, 74 x 10* pA

88. 6 Ma, 6 x 10° uA

89.

ac,

a1.

97.

98.

99.

100,

101.

1R.

103.

104.

106.

107.

108.

109.

110.

111.

112.

27 x 10°® MA, 27 x 10°% A

4x 10° uA, 4 x 10 A or 0.4 A
A00 MH, 6 x 10° uH

6 MH, 6 x 10° uH -

550 MH, 35 x 10* uH or 5.5 x 10° uH
5x 10-* yF, 5 x 10-1° F

5x 10° WF, 5x 10°° F

4 x 10* ohns

600 ohrs

15 X 1072 megohms

45 x 1072 KW

2370 volts

27450 W

64 x 10-% uF, 6400 UUF

25 x 10°8 yF, 25 x 10-12 F

125 x 10-® yF, 125 x 10°12F
14 x 103 MA, 14 x 10°% A
657

255.796

291

497

74.45

. 0238

19.09
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TELEVISION TECHNICAL ASSIGNHENT
POSITIVE AND NEGATIVE NUMBERS; EXPONENTS; SQUARE ROOT

EXAMINATION

 Show ALl Work:

1. The motor of the frequency contr¢l unit of the auyral (sound) tele-
vision trangmitter rotates the condenser in the control unit in either
a clockwiseé or counterclockwise direction, depending upon which
way the freguency of the transmitter drifts from that of the crystal
standard. Consider clockwise rotations of the motor as positive
and counterclockwise as negative. In an hour's operation the motor

makes the following rotations
52, - 14, - 104, 47, - 86, - 21, 287.
How many revolutions met has the motor turned in one hour's

time, and in what direction?

- o+ A
;é ~ 104 if\s
- B¢
(0 281 T A 7 1
g 8 ¢ - 2237

Y noz/z)/a,%bm olochkwrse

—

—

2. Subtract (86 - 14 + 80 - 172) from (45 - 15+ 20 - 92).

86 = /L ¢d/‘ - /d/
/6 Y csm  —
- 7
— /Bl + /66 = RO _’/07 638" = - PRZ
- #Z —(‘20) = —F#Z + 22 - ——,Z//L

wiany amaricanradinhictars cam
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8.

4,

T - POSITIVE AND NEGATIVE NUMBERS; EXPONENTS; SQUARE ROOT

EXAMINATION, Page 2.

‘e
40 X ~3 X 2 x -6 _ . Fo x J x 2 xé& N
5 X -4 = o - - 7&
26 S
8-/ _
10" x 107° x 107 °x 10_ 70 Lo
10-7 X 10-9 X 10-15 / -3/ /:}';
/O
7/
= so x /°
- # 27
/00’/ _/ so
- /_-

(a) The two capacitors have capacities expressed in farad as follows:

000004 farad and/.0000276 farad

Express the above as simple whble numbers times ten raised to some

positive or negative power.
-

A -$

“F x /O A e ;>C; X /7O
o 276 KO -

ow 276 Y Y

www americanradiohistorvy com



www.americanradiohistory.com

5.

6.

V-G/,#%-33

T - POSITIVE AND NEGATIVE NUMBERS; EXPONENTS; SQUARE ROOT

EXAMINATION, Page 3.

(a) (Continued)

(b) Do the same for the following two numbers:

240,000,000 2.53

z

141/03 R ST X0

7
04241‘/a e

v’

In calculating uhe current in a complex electrical network, the follow-
ing expression is encountered:

002 % 10* x 40000 x 10~°

7
2000 x 10 ® x10 X .0000%

Evaluate this expression.

2
-3 * 70 8-¢
2 x/0 x /0 x F x/0 X _ = &5 ¥ 4
-3 -
= > —
3 VERE)
L %70 x s08 x /07 % R0 T4 % 0
z -8
. < X /0 = 2 % /0
= oS @ o
/0 /0 [ —
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7.

8.

9.

10.

POSITIVE AND NEGATIVE NUMBERS; EXPONENTS; SQUARE ROOZ)

EXAMINATION, Page 4.

Express each of the following in units, micro-units, and micro-

micro-units.,

.00045 uf 6,000 uuf 4 x10"% F
#$0 /4{4{/ O. 006 F x /O_Lﬂ%

- -/ - %
HA,S X 10 2 4 % /0 /~ F x/a-%ﬂ»‘/%

Express in units:

—

.08 MH = 0, 00028 o 8%/0—5

18 milliamperes 2 O, O/F am/peres Pt
17.5 kilovolts = (7 Spo vo/As //

3.5 megohms = 5 s0f 000 o/MS// /
25 microamperes T D OO0 0 RS™ or Zé_x/0—4- /o
4,500 micromhos = o000 FL w1 hos.

(6400"3/2)1/3 = 9 Express the answer as a simple number #ithout an
exponent. /

-4
—. 6400 > — —/L_’— - ”i“
//‘47’07 £0

4

(a) The area of a square plot of land for a tra.nfmitter site is given
as 84,932 sq.ft. Find the length of each side ¢of this plot of land.

2 g/ F-

1%7? G/ # (%3 S5 fi)
+9 4 —
i FU —
T g 3%+
STE/ -2
s/ o°
S 824 2}36?4
23 ¢ 7
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V- f/]é‘-— S 3

T - POSITIVE AND NEGATIVE NUMBERS; EXPONENTS; SQUARE ROOT
EXAMINATION, Page 5.

10. (a) (Continued)

(o) The area of a square plate in a vacuun tube is given as .4739 sq.in.

Find the length of each side of this plate.

P

;28 1139 2. 688 /7.
1024 O

/368 /,2;44—

js76e | 51602

(c) A very fine wire of square cross section has an area of
.000006894632 sq.in. Find the length of each side of the wire.

/s

o o =z 6 2. s” 76-:3!
//ioo oo ob &G g6 3
2.

4
2
7 & 2 76
s r2
SR Z /5 Fl
/ O #
s el A
—_ 5, 302 32__
ST 2 - 62 2"
=8 e
T2 sTo H# o o0 7908
7 36 78S +7
317 5, co
J'ZIS;/M 35,508 76
- /e 2 2 T
$28 (9 23 sty s+ 6 7

é("783'16—0

o, 0026285763 /4.

1)

-
—_—
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