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A Chat with Your Instructor

You are about to start the first in a series of eight mathematics lessons. We hope
that you find your study of them a- pleasant, even an enjoyable experience. You
may find what many before you have found—math can be fun!

You might wonder why, in an electronics course, we require that you study
mathematics. The answer is simple: you have to have a sound knowledge of
mathematics if you are to fully understand electronics. Many of the problems that
you will come across in your study of electronics boil down to problems in
mathematics. Perhaps more important, when you are out on the job, actually work-
ing in the electronics field, you will encounter many problems that can best be
solved mathematically.

True, it is possible to learn a great deal about electronics without a knowledge
of mathematics. However, you'd be like the worker who has an incomplete set
of tools. You really need a good set of mathematical “‘tools” to help you study
and work more efficiently in electronics.

To aid you in your study of mathematics, we strongly recommend that you pur-
chase a scientific calculator, in case you don’t already own one. It should have
the following features:

(1) A square-root key.

(2) Scientific notation. The instructions included with your calculator will
indicate if your calculator has scientific notation. If you aren’t sure that
the calculator you have picked out has scientific notation, don’t buy it.
Select another model that states that it does have this important capability.

(3) Reciprocal key. This key is normally marked

1

X

In addition to these three features, we strongly urge you to get a calculator
that has logarithmic and trigonometric function keys (marked LOG, SIN,
COS, and TAN). While we won’t use these keys in the eight lessons to
follow, you will probably need them later on as you progress further with
your electronics studies.

The money that you invest now in a good scientific calculator will pay
you big dividends later on, by simplifying your work and reducing the
amount of time spent in solving problems.




Lesson 2101A-9
Fractions and
Decimal Numbers

USING FRACTIONS IN ELECTRONICS

Fractions play a most important role in electronics. The expression of Ohm’s law
for current /, for example is %, which is, of course, a fraction. Similarly, to

determine resistance R, we must solve another fraction, % . The use of frac-
tions isn’t just confined to Ohm’s law, either. Electronics formulas contain many

fractions that you’ll be introduced to in later lessons, such as C = %

(R =é),l=%(or£=-;l ), and X = (orC=wlT) —to
mention just a few.

FRACTION MEANS “DIVIDE” . . . In a fraction, the number or letter above
the bar is called the numerator, and the number or letter below the bar is called

the denominator. Thus, in the fraction S the numerator is 5 and the denominator

6 ’

is 6. In the fraction;% , similarly, the numerator is £ and the denominator is R.

One meaning of a fraction is that the numerator is to be divided by the denominator.
Thus, 13—2 means 12 + 3, which is 4. The fraction II:;_ means that the voltage E is
to be divided by the resistance R.

In electronics, division is usually indicated as a fraction. Consequently, the divi-

sion sign, +, is rarely used. Thus, in electronics, instead of 16 + 2, we usually

write 1_425 Similarly, we write % rather than P <+ E.



WHAT HAVE YOU LEARNED?

As soon as you answer each question, check with the answer given at the end
of this exercise.

1.

Change each of the following expressions to the equivalent form that is com-
monly used in electronics:

(a) 3 + 7 is the same as &_ (d) 1 + R is the same as 3 .
(b) 2 + 3 is the same as . (e) Q + 2 is the same as“iL
(¢) Q + Cis the same as

. Complete the following statements:

(a) The numerator of the fractioni— is _3__ The denominator is _‘f_

(b) The numerator of the fraction—g- is _B._ The denominator is _ 2 ___.

Remembering that *“fraction means divide,” complete the following:

24 21 54
(a)—6=_L ©F= 71— (e)3=L
8 _
(b) 5-= . A @35_ &

7
<

. If X = 5 ohms and Z = 12 ohms, the fraction X _ 12 .

74

. (a) Given the formula / = &= ; if P=10and E=51=_2 .

E ;

(b) Given the formula R = = if 1 = 2000 and C = 4, R = 500 .
(c) Given the formula £ = 2 if @ = 750and C = 25, E = _30
(a) The resistance R of a circuit is found by dividing the time constant ¢ by
the capacitance C. The formula for resistance R is

(b) If the time constant is 40 and the capacitance is 2, the resistance R is

__ 20 ohms.

(a) The current / in a circuit is found by dividing the power P by the voltage
E. The formula for current [ is .

(b) If the power is 20 watts and the voltage is 5 volts, the current / = 4
amperes.

The diagram of a simple lamp circuit is shown in Fig. 1. Current is '_5/_ A.

£
7=



6 volts=
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Fig. 1

ANSWERS

@00l ool

@3, 4 bR Z
(@4 ()45 (©) T () S: (&) 6
S
"1
- P_10_, - 2000 _ =Q_ 75 _
@/=fF=5=20R=F% =20 -50, ) F=2=10 -3
. -1 _40 _
.(a)R—C,(b)R—C— 2 = 20
P . yy-P _20
@ I=f I =f =2 ~4p

1 ) _E _
-3 Aor 05 A ... From Ohm's law forcurrem,l—R =12

THE IMPORTANCE OF CORRECT UNITS . . . Before substituting values into

a

formula, you must check to see that the values are expressed in terms of the

units called for by the formula. For example, don’t substitute a value in inches
when the formula calls for a value in feet.

To illustrate, consider the following formula for the length of a floor:

I

Length, in feet — 2red. in square feet

width, in feet

t is simpler to write this formula as

L =

23N

where L = length, in feet

A = area, in square feet
W = width, in feet



The following example illustrates the use of this formula when all quantities are
given in the desired units.

Example . . . Find the length of a floor which has an area of 200 sq ft and is 20 ft wide.

Solution . . . The formula calls for the area in square feet and the width in feet. Since
A = 200 sq ft and W = 20 ft, these dimensions are given in the correct units and can
be substituted directly into the formula:

= 10 ft, ans.

The following example illustrates the use of the same formula when the quantities
are not expressed in the desired unit.

Example . . . Find the length, in feet, of a floor when the area is 10 sq yd and the width
is 108 in.

Solution...A = 10sqyd; W = 108 in. Here, A is given in square yards instead of square
feet as called for by the formula and W is given in inches instead of feet. Before we attempt
to solve for L, therefore, we must convert the values for A and W into the units called for
by the formula.

To convert A in square yards to 4 in square feet, we note that

lsqyd = 3 ft X 3 ft
= 9sq ft,

and therefore

A in square feet = 9 X A in square yards
=9 x10
= 90 sq ft

Similarly, to convert W in inches to W in feet, we note that 1 ft = 12 in, therefore:

_ W in inches
12
108
12
9 fi

W in feet

Now that we know that A = 90 sq ft and W = 9 ft, we can solve the problem:



I
2 Fl
-

< o

10 ft, ans.

WHAT HAVE YOU LEARNED?

1. (@) If one box weighs 2 Ib, and a second box weighs 48 oz, the total weight
of the two boxes is __5 pounds. (Note that there are 16 oz in a

pound.)

(b) Converting units to other units is something we do every day. In this prob-
lem, all units must be converted to cents. A youngster carries two dimes,
a half dollar, ten pennies, three quarters, and nine nickles. The child is
carrying 2 dollars.

2. The formula for the speed of an automobile is

X
V="
where V = speed, in miles per hour (40 160
- a4 . . =40
X = distance, in miles 240 ;70 zy4g L[

t time, in hours

The speed of a car that travels 160 miles in 240 min is —'iL miles

per hour.

'
>

3. The formula for the width of a platform is

A

L
where W = width, in yards
A = area, in square yards,j‘/,,'.: Wr 6!{)’4‘
L = length in yards 2

If a platform has an area of 54 sq ft and a length of 72 in., its width is
yds.

ANSWERS

. (@) 51b. .. Since there are 16 oz in a pound, the second box weighs 3 lbs



(b) $2 . . . The younster carries

2 dimes = $ .20
| half dollar = .50
10 pennies = .10
3 quarters = a5
9 nickels = .45
$2.00
2. 40 miles per hr . . . X = 160 miles, and time ¢ = 240 min, but the problem calls for
t in hours. Since there are 60 min in | hr, 1 = 240 min =23_(()) = 4 hr. Then
v=X
t
_ 160
4

= 40 miles per hr
3. W=3yd...A = 54 sq ft, but the formula calls for A in square yards. Since there

54

are9sqftin 1 sqyd, 4 = g = 65qyd. L is given as 72 in, but the formula calls

for this dimension in yards. Since there are 36 in. in a yard, L = 3—72 = 2 yd. Then

W =

IO\ l*lht

|
w N

yd

3 MULTIPLYING IN FORMULAS . . . So far we have discussed only formulas

in which the right-hand term is a fraction, such as C = <~ and f= L. Here we

R A
will discuss formulas that involve multiplication, such as E = [ X R,
2 Xn w
w = ,and f =
t and f 2Xmn

To indicate multiplication in formulas, it is customary to place the symbols together
and omit the multiplication sign, X, between symbols. Thus, we write AB rather

than A X B, 2n rather than 2 X n, and 2—;;& rather than _2_><n_1;<_[1_1_‘

Example . . . Let P = E/l,. If E, = 30and /], = 2, P =

Solution . . . P E, x I,
30 x 2

60, ans.

Explanation . . . We rewrite P = E,J, as P = E, X I,, since two letters or symbols together
without a sign between them should be multiplied.



Example...P=El, + E,l,.IfE, =20,1, = 10,E, = 5,and /, = 30, P =

Solution . . . P = E|l, + E,l, iy
=E X1+ E, x1, )
=20X 10+ 5 x 30 A3
= 200 + 150 4)
P = 350, ans. 5)
Explanatlon . Note that we must perform the multiplications before we can add. That

is, we first ﬁnd El X I, and E; X I,, as shown in step 4, and then add them as in step S.

Example . . . Let K = II AflL, =5 R, =201, =4,and R, = 5, K =
Solution . . . K = %L&-
- 5 x20
4 X 5
K =35 a

WHAT HAVE YOU LEARNED?

1. Rewrite the following electronic formulas, omitting the multiplication sign:
(@ Q=CXE-= =

(b)E=l|XR|+IzXRz=W
: ) £
(c)H=4x">sz'=H_’

@Xe=——"d —— —Xe=JyFc
C72xnxfxC

2. Complete the following statements:
@ If £ = RC, R = 4000, and C = 2,1 = 400

(b) If KL  K=2,L=30andm=5R=
©) 1f1.=’}’v N, =51, =4 andN, = 10, I, =
@ IfK = ER, E,=3,R,=40,E, = 6,andR, =2, K =

ER
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Fig. 2

3. In the circuit in Fig. 2, the same battery voltage F is applied across three cir-
cuit elements: a resistor, a lamp, and a heater. / is the total current supplied by
the battery; /, is the current flowing through the resistor R,; I, is the current flow-
ing through the lamp R,; and /, is the current flowing through the heater R,. If
E = 12 volts, R, = 6 ohms, R, = 3 ohms, and R; = 2 ohms,

@l = I, = I, = (Hint: Use Ohm's law
for current.)
(b) P, = P, = P, = (Hint: Use the formula

P = EI, where P, in watts, is the power used by the element; E, in volts,
is the voltage applied across the element; and /, in amperes, is the current
flowing through the element.)

(c) Find the total power P used by the three elements. (Use the formula P =
P+ P+ P)P=

(d) The total battery current / is found by the formula 7/ = I, + I, + I,.
I=___

(e) Find the total power supplied by the battery. (Use the formula P = ElI,
where P, in watts, is the total power supplied by the battery; E, in volts,
is the battery voltage; and /, in amperes, is the total battery current.)
P =

ANSWERS

1. (@ Q = CE; (b) E = IR, + I,Ry; (C)H=4ZNI'; d) Xc =
2. (a) 8000 ...t = RC = 4000 X 2 = 8000
b 12.. . R=KL _2x30_p,

I
2nfC

Sx4 520
=2X4 _ 20 _
(c)2...1 10 10 2



10

3@/, =2A,1,=4A,I;=6A...Sincel = IET current through resistor R, is
1, = :% = 2 A; current through the headlamp R, is /, = % = 4 A; and cur-

rent through the rear window heater R; is /; = % =6 A.

(b) P, = 24 watts, P, = 48 watts, and P, = 72 watts . . . For resistor R,, P, = E,I,
= 12 X 2 = 24 watts. For the lamp, P, = F,/, = 12 X 4 = 48 watts. For the
window heater, Py, = E;/; = 12 X 6 = 72 watts.

(c) M4 watts . . . P =P + P, + P, =24 + 48 + T2 = 144 watts.

DI=RA... I=L+5L+5L=2+4+6=12A.

(e) M4watts. . . E= 1R voltsand/ = 12 A. P = El = 12 X 12 = 144 watts. Note
that this answer agrees with the answer to problem 3(c). This confirms that the power
supplied by the battery is the same as the total power consumed by all of the circuit
elements.

4 CANCELLATION . . . After the numerical values have been substituted into the

fraction of a formula, the work can often be shortened by the use of cancellation.
However, remember that you can’t cancel until you have done any additions or
subtractions required in the numerator or denominator (see second example below).

4x7_
Example...,]x5 i S
Solution ax?_4 ans.
o« . . 1 x 5 5 A
Explanation . . . Like terms—7’s in this case—that appear one above and one below the

fraction line are canceled (deleted). In this problem, this leaves 4 above and 5 below to
form the answer.

Example . . . Simplify the following problem by cancellation:
6 X7 _
6 + 1
. 6x7 _6x1 _
Solution . . ‘6 + 1 7 6, ans.
Explanation . . . The problem, as stated, cannot be immediately solved by cancellation

because the denominator contains an addition sign, +. Therefore, we must first eliminate
the plus sign by adding the 1 to the 6. Cancellation can then be used.

Cancellation is not limited to deleting like terms, as in the examples above. You
may also cancel by dividing any two terms—one in the numerator and one in the
denominator—by any number that will divide evenly into the two terms.



I X2X5%x7 _
Example...4x3x7x3-—
1
Solution . . .3x2x5X? _1x5_5 .
AXBxTx3 2x3 6"
2
Explanation . . . We can cancel the two 3’s and the two 7’s, because a 3 and a 7 appear

both above and below the fraction line. But we can also cancel further. Note that a 2 ap-
pears above the fraction line, and a 4 appears below. Dividing each number by 2, we cross

out the 2 above the fraction line and mark a “I” above it, showing that §—= 1. In the same

way, we draw a line through the 4, but place a 2 below it, indicating that 4.,

2
7 X5 %6 _
Example...9x7x4-_
1
2
. Tx5x6 _5x1_5
Solutlon...gx1x4 “3x2" 6
3 2
Explanation . . . Since one 7 appears above the fraction line and another below, the 7’s

can immediately be canceled. Thus the fraction becomes g : 46 . To cancel further, note

that the 6 in the numerator and the 9 in the denominator are each divisible by 3. Canceling
them gives us

o N

5 X
9 x
3

E~S

and, since the 2 in the numerator and the 4 in the denominator are both divisible by 2,
we can cancel still further:

]
X
N o —

w B
X
N o
w
X
N

WHAT HAVE YOU LEARNED?

1. Simplify the following problems by cancellation (where possible):

11



12

3 XS5 8§ x 1l X6 _
@5xa=———  ©gxaxu-
9x3_ 2 X3 x4x9_
B 37— O xTxox2=
4 X3 _ 2+4-—-1_
(c)9><8_'“— ® 7x5
I+ 14_ RCE _
Drxo=—— M=
L LN,
. Let ], = 22 N L, =2,N,=10,and N, = 2, [, =
Lw _ =
.IfX—4GH L=4W=17G=7adH-=¢6 X
ANSWERS
. (a) 2— . g: 45 =%The 5’s can be canceled because they appear both above and

below the fraction line.

p1) 9x3 _27

(b T PBx7T o0
because (1) no number is repeated in the numerator and denominator; (2) no whole
number (except 1) can be divided into a term in the numerator and one in the
denominator.

The numbers in this problem do not yield to cancellation

L =1x1_1
© 6 9x8 3x2 6
3 2 |
1 7+ 14 _HM_1
(d)3 CTx9 T @3 . Because there is a plus sign in the numerator, we must
3
add before we can cancel
2 2
© L Ex U x6b _2x2_4
O x4 U 3x1l 3
3 1
1 2
) 2 ExBxdxd _1x2 _2
77 bxTx9dx? 7 7
2
1
1 2+4+4-1 _6-1__58% _1 : -
(g)7 SRR Ve 7X5 " T x3 7 . Again, we must eliminate the

addition and subtraction signs before attempting to cancel.



(h) g— . g—EE ] !L‘ Both the C's and E's can be canceled, because a C and an E

appear both above and below the fraction line.

2. |0...l.=_121%’z=2><—'0 =10
1

[N

=3
X |X
NI—

N O

HOW DECIMALS ARE USED
IN ELECTRONICS

MEANING OF DECIMALS . . . Many quantities in electronics are expressed
in terms of decimals. A decimal is a fraction whose denominator is either 10 or
the product of two or more 10’s. Thus, the denominator may be 100, 1000, 10,000,
100,000, and so on. Decimals may be written in fraction form as

3 5 3 25 167 2755 etc.

10 10 100 100 1000 10,000

The denominator of a decimal is usually not written out; instead, it is indicated
by the use of a decimal point. Thus, the decimals given in the preceding paragraph
in fraction form would be written respectively, as 0.3, 0.5, 003, 0.25, 0.167, and
0.2755.

If a number is mixed—that is, contains both a whole number and a fraction—the
whole number is written in front of the decimal point and the fraction is written
after the decimal point. For example, 2% is written in decimals as 2.5.

The rule for locating the decimal point is very important and should be memor-
ized: In a decimal, the number of digits after the decimal point is equal 1o the

number of zeros in the unwritten denominator. Thus, the decima! 0.7 indicates
that there is one zero in the denominator. In other words, the decimal would be

written in fraction form as = The mixed number 1.82, with two digits after

10
the decimal point, could be written as II%?) . The decimal 7045, which has three
digits after the decimal point, could be written as 7 45 which has three zeros

1000 °
in the denominator.

13



14 Adding or removing zeros from the end of a decimal does not change its value.
Thus, 7.30 may be rewritten 7.3, 7.300, 7.3000, 7.30000, and so on without affect-
ing its value.

WHAT HAVE YOU LEARNED?

1. Write the tollowing in fractional torm. (Hint: The number of zeros in the
denominator of the fraction must equal the number of digits after the decimal
point in the decimal.)

(@) 07 = @om=__ () 208 =
(b) 007 = () 0073 = (hy43=__
(c) 0007 = (f) 0743 =

2. Express the following in decimal form:
(a) A tenth of a dollar = $
(b) A haltofadollar = $
(c) A quarterof adollar = $

() % of an ohm = ohm

(e) % of an ampere = _______ ampere

5 _
0] 1000 ofavolt =__ volt

35 . _ 5
® 1000 of an inch _______inch

2 ¢,
(h) 1000000 of an ampere

432
10,000

ampere

()

of a megahertz megahertz

ANSWERS
L s T 7 . 13, 7. 743 .
L@ 30+ ® 75067 © 160 @ 100+ @ 1500 P 000
208 8y . 43 i
® 00 00) ™o °r410)
2. (a) $.10 or lg’—o- of a dollar.
(b) $.50

(c) $.25 or %of a dollar.
(d) 0.1 ohm.
(e) 0.3 ampere

D)
or



(f) 0075 volt . . . The number of digits after the decimal point must equal the number
of zeros in the denominator of the fraction.

(g) 0.375 in.

(h) 0.000002 amp.

(i) 0.0432 megahertz.

6 ADDING AND SUBTRACTING DECIMALS . . . To add or subtract decimals,

write the numbers so that the decimal points are located directly under each other
and then proceed as with whole numbers. Place the decimal point in the answer
under the other decimal points.

Example . . . 41.67 + 0.5 + 200 + 3.425 =

Solution . . . 41.670
0.500
200.000
3.425
245.595 , ans.

Explanation . . . The numbers are written with the decimal points located directly under
each other. Zeros have been added at the ends of figures so that each figure will have the
same number of decimal places. As stated in the preceding section, adding or removing
zeros after a decimal will not change the value of the decimal. As shown above, though,
adding zeros is sometimes a useful device, because the values of the decimals in relation
to each other can be more easily seen.

Please work the problems below without using a calculator. That way, you can be sure
that you understand the decimal point as it applies to addition and subtraction. You
may repeat the problems using a calculator if you need the practice.

WHAT HAVE YOU LEARNED?

1. (a) 47 + 0003 =

(b) 21611 + 688832 + 34167 =
(c) 37.1065 + 432.07 + 4.20733 + 11.706 =
(d) 21611 — 878 =

(e) 53 — 00501 =

) 10 -232+5=_ _______ (Hint: Note that two operations, addi-

tion and subtraction, are involved.)
(g) Which is the larger number, 3.31 or 3.297?
(h) Which is the larger number, 4.03 or 4.005?

15



16 2. @ IfR =R, + R, + R,, and if R, = 7.23 ohms, R, = 47,000 ohms, and

R; = 36.98 ohms, R = ]
byIfl=5L+15L —1L,andifl, =25A,1, = 493 A, and /; = 7.938

A l=___ .
(c) If P =P, — P, P, = 23,748.92 watts, and P, = 14,621.436 watts, P =

33.(@InFig.3,if R=R + R, + R, R =
(b) Since E = IR, if I = 10, E =
(c) If power P = EI, P =

J— R
0.7328 ohms

R2
1.1402 ohms

E=

AAY

R3
s VAYAY:
0.127 ohms

Fig. 3

ANSWERS

1. (a) 47003 . .. 47000
003
47003
In any whole number, such as 47, the decimal point is considered to be at the end
of the number. Here, though, as an aid in adding, zeros have been placed after the
decimal point that follows 47.

(b) 6913.3477 . . . 21.6110 (c) 485.08983 . . . 37.10650
6888.3200 432.07000

3.4167 4.20733

6913.3477 11.70600

485.08983

(d) 12.831 . .. 21.611 (e) 52.9499 . . . 53.0000
—8.780 —.0501

12.831 52.9499

(H 1268...10-232+5=10+5-2.32=15— 2.32 = 12.68. In the solution
shown, the numbers to be added, 5 and 10, are combined first. Then, from this
sum—which is 15—the number 2.32 is subtracted.



(g) 3.31 . . . To see whether 3.3l or 3.297 is larger, add zeros to the end of 3.31 to
provide an equal number of decimal places for both numbers. This gives 3.310, as
compared with 3.297. We see immediately that while both numbers contain the same
whole number 3, one whole number is followed by 310 one-thousandths and the
other by only 297 one-thousandths. Therefore, 3.31 is the larger of the two numbers.

(h) 403 . . . 4030 versus 4.005, or 30 one-thousandths versus 5 one-thousandths.

2. (a) 47,044.21 ohms

(b) 9492 amp . . . 2.50 17.430
+14.93 —7.938
17.43 9492 A
(c) 9127.484 watts
3.(a R=200hms... 07328
1.1402
0.1270
2.0000 ohms
(b E=20wvolts. .. E =10 X 2 = 20 volts
(c) P=200watts . .. P = E] = 20 X 10 = 200 watts

7 MULTIPLYING DECIMALS . . . Decimals are multiplied like whole numbers,
but special attention must be given to placing the decimal point in the answer.
The rule to use is that the number of decimal places in the answer equals the sum
of the decimal places in the numbers being multiplied.

If we multiply 201 by 3254, we come up with 654054. No problem. But what
if we multiply 20.1 by 32.54? Note that there is one digit (decimal place) after
the decimal point in 20.1 and two digits (decimal places) after the decimal point
in 32.54. Therefore, we have to point off | + 2 = 3 decimal places in the answer.
Thus 20.1 X 32.54 = 654.054.

As another example, 00423 x 000253 ='? The sum of the decimal places in
the two numbers is 4 + 5 = 9. Since 423 X 253 = 107019, we must add some
extra zeros in front of this number before we can point off 9 places. We then come
up with 0.0423 x 0.00253 = 0.000107019. We now have the necessary 9 digits
after the decimal point in the answer.

If you use a calculator, it will automatically put the decimal point in the right
spot in the answer (and thus save you from many a careless error). But whether
you use a calculator or not, you should know how to place the decimal point as
explained above.

WHAT HAVE YOU LEARNED?

Work these problems without using a calculator. Then check your answer using
your calculator, if you have one.
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1. Indicate the number of decimal places in each of the following numbers:

(a) 31.29 (d) 0.70831 (H) 0.0089276100
(b) 12.2 (e) 0.00059 (g) 3.14159265
(c) 479.030

2. Find E, in volts, when
@ I =21A,R =7o0hms
(b) I = 15.2 A; R = 57.31 ohms
() I = 21.29 A; R = 2.934 ohms
(d) I = 000152 A; R = 00743 ohms

3. Find P, in watts, when
@ 1 =275A, E =5 volts
(b) I =293 A; E = 7579 volts
(¢) I = 1.534 A; E = 000345 volts

ANSWERS

1. (a) Two . . . There are two decimal places in 31.29, because therc are two
digits to the right of the decimal point.

(b) One; (c) three; (d) five: (e) five: (f) ten; (g) eight
2.(a) W7 volts . . . E=IR =21 %17 = 14.7 volts

(b) 871112 volts . . . E = IR = 15.2 x 57.3I

57.31
x 15.2 Because there are two decimal places in the
11462 number to be multiplied and there is one
28655 decimal place in the multiplier, there must
573 be three decimal places in the answer.
871.112

(c) 62.46486 . . . E = IR = 21.29 X 2.934 = 62.46486 volts
(d) 0.000112936 voits . . . E = IR = 0.00152 x 0.0743

X Og-llig There are five decimal places in the number
T 456 to be multiplied and four decimal places in
608 the multiplier. Hence, there must be nine

1064 decimal places in the answer. In order to
0.000112936 locate the decimal point, we must add three

zeros before the number 112936.



3 @ 1375 watts. .. P = El =275 X 5§ = 1375 watts
(b) 2220.647 watts
(c) 000529230 watts or 0.0052923 watts . . . Zeros at the end of a decimal value do
not change the size of the number, and so can be dropped.

8 CHECKING DECIMAL POINT LOCATION . . . An answer in which the decimal

point is incorrectly located is wrong. Even if you use a calculator, decimal point
errors can creep in. (For example, the decimal may have been misplaced while
copying the answer from the calculator display.) The best technicians always ex-
amine the decimal-point position in their final answer to a problem to see if it
makes sense or not.

For example, if we multiply 2.17 by 12.23 correctly, we get 26.5391. To verify
the location of the decimal point, we notice that 2.17 X 12.23 is very roughly
equal to 2 X 12, or 24. This is in rough agreement with the answer of 26.5391,
and therefore checks the placement of the decimal point. However, if the answer
to the check had been 2.4, say, or 240, it would have signaled that the answer
to the problem was wrong, because there would have been an obvious difference
between the answer obtained and the approximate answer.

As another example, does 1.42 x 2.97 = 0.42174, 4.2174, or 42.1747 We can see
that 1.42 X 2.97 is very roughly equal to 1 X 3 = 3. Since 3 is in the same ball
park as 4.2174, we know that this is the right answer, and that 0.42174 and 42.174
are wrong.

WHAT HAVE YOU LEARNED?

1. Check the location of the decimal points in the answers to each of the follow-
ing problems, noting whether they are right or wrong. If wrong, relocate the
decimal point to its correct position.

(@ 72 x 1.1 =12
(b) 21.75 x 33.96 = 738.63
(c) 246795 x 0.00753 = 18.5836635

2. Mentally position the decimal point in each of the answers below.
(@ 111 x 10.3 = 11433
(b) 0.25 X 82.4 = 20600
(c) 0012 x 0473 = 5676
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ANSWERS

1. (a) Wrong; should be 7.92 . . . To check the position of the decimal point, multiply
7 X 1 = 7. This check shows that the final decimal should be much smaller than 7.2.
(b) Right . . . To check, multiply approximately comparable figures, such as 20 x 30.
This gives 600, which is in hundreds, as is the answer.
(c) Wrong; should be 1.85836635 . . . To check, use a sample problem such as 200
X 0007 = 1.4. This shows that an answer of 18+ is much too high.
2. (a) 114.33 . . . Check: I X 10 = 110
(b) 206 . . . Check: 0.2 x 80 = 16
(c) 0005676 . . . Check: 001 x 0.5 = 0005

9 MULTIPLYING BY 10'S . . . No matter how many calculators you own—even

if you have one in every pocket—you should still be able to multiply mentally
by 10, 100, 1000, and so on, and do it easily. Here’s how:

To multiply any number by 10, simply move the decimal point over one place to
the right; to multiply by 100, move the decimal point two places to the right; to
multiply by 1000, move the decimal point three places to the right; and so forth.
In other words, move the decimal point one place to the right for each zero in
the multiplier.

Example . . . 4 X 100 =

Solution . . . 400

Explanation . . . Because there are two zeros in 100, move the decimal point two places
to the right. Since 4 may be written 4.00,
100 X 4 = 100 X 4.00
= 400

Example . . . 26.3578 x 1000 =
Solution . . . 26,357.8

Explanation . . . The multiplier 1000 contains three zeros. Therefore, we move the decimal
point in 26.3578 three places to the right.

a



WHAT HAVE YOU LEARNED?
Do not use your calculator in working the following problems.

1. Use the procedure for multiplying by 10’s to solve the following problems:
(a) 6875 x 100 =
(b) 1000 x 41.286 =
()6 x10000=___
(d) 00047 x 10 =
(e) 000251 x 10000 =
(f) 2471 x 1000 =
(g) 1000 x 1000 =

2. A given voltage applied across a circuit causes a current of 2 mA (milliamperes)
to flow. Raising this voltage to 1000 times its original value increases the current
1000 times. The new value of currentis _____ mA.

3. The lowest frequency, f;, to which a certain loudspeaker will respond is 100
Hz (1 hertz = 1 cycle per second).

(a) When f; is multiplied by 100, the new frequency, _ Hz, canstill
be heard as a sound.

(b) When f; is multiplied by 10000, the new frequency, _ Hz, falls
within the standard broadcast band.

(c) When f; is multiplied by 100,000, the new frequency, Hz, is

one used by radio station WWYV of the National Bureau of Standards.
ANSWERS

1. (a) 687.5. .. 6875 X 100 = 687.5. Move the decimal point one place to the right for
each zero in the multiplier.

(b) 41,286 . . . 1000 x 41.286 = 41,286

(c) 60,000 ...6 X 10000 = 6.0000 x 10000 = 60,000. In any whole number, the
decimal point is considered to be at the end of the number. Also, zeros can be add-
ed to the end of any decimal without changing its value.

(d) 0047 . .. 00047 x 10 = 0.047. Because the multiplier (for convenience, we con-
sider 10 to be the multiplier) contains one zero, we move the decimal point one
place to the right.

(e) 25.1...000251 x 10000 = 0.00251 = 25.1. (Here, we have indicated graphically
how the decimal point is moved four places to the right.)

(f) 247,100 . . . 2471 x 1000 = 247.100 = 247,100. After adding zeros at the end
of the number to be multiplied, we move the decimal point three places to the right.

(g) 1,000,000 . . . 1000 x 1000 = 1000.000 = 1,000,000

2. 2000 . . . Increasing the voltage increases the current 1000 times. Since the original
current was 2 mA, 1000 X 2 = 2000 mA.

3. (a) 10000 . .. 100 x 100 = 10000 Hz.
(b) 1,000,000 . . . 100 X 10,000 = 100.0000 = 1,000,000 Hz
(c) 10000000 . . . 100 X 100,000 = 100.00000 = 10,000,000 Hz
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10

MULTIPLYING BY 0.1, 0.01, 0.001, etc . . . Just as it is important to be able
to multiply quickly by 10’s, 100’s, and so on, so it is important to be able to multiply
quickly by tenths, hundredths, thousandths, etc.

To multiply by 0.1, 0.01, 0.001, 0.0001, etc., move the decimal point one place to
the left in the number being multiplied for each digit to the right of the decimal
point in the multiplier.

Example . . . 32.68 x 001 =
Solution . . . 0.3268, ans.

Explanatior: . . . Since there are two digits to the right of the decimal point in the multiplier,
the decimal point in the number being multiplied must be moved two places to the left.

Example . . . 427 X 000010 =
Solution . . . 427 X 00001 = 00427, ans.

Explanation . . . First remove all zeros from the end of the multiplier. Because there are
four digits remaining to the right of the decimal point in the multiplier, we must move
the decimal point in the number 427 four places to the left. To move the decimal point
four places to the left, we must add a zero between 427 and the decimal point.

WHAT HAVE YOU LEARNED?
Do not use your calculator in working the following problems.

1. Use the procedure for multiplying by tenths, hundredths, and so forth to solve
the following problems.

()47 x 01 =

(b)237 x 0.1 =

(c) 0035 x 0.1 =

(d) 63,000 x 001 =

(e) 7 X 0001 =

(f) 23 x 1000 x 0001 = _

(g) 23 x 1000 x 000001 =

(ho1 x 01 =

(i) 100 x 001 =

(j) 000251 x 10000 =

(k) 0.178 x 00001 =



2. A useful relationship to know is that | A = 1000 mA. (Hint: To convert amperes
to milliamperes, multiply by 1000.)

@2A=____ ___ _mA
(b) 0.5 A = mA
©)25A=____ = _mA
dI6A=_____  mA
3. Since 1 A = 1000 mA, it follows that 1 mA must equal IOIOO A = 0001 A.
(Hint: To convert milliamperes to amperes, multiply by 0.001.)
@ IlmA=__ A (d2000mA =__ A
®W2mA=____ A (e) 3500 mA = A
() SO0OMA =__ = A @H6326mMmA=__ A
4. (a) In a DC circuit, if E =20 voltsand R = 200ohms, I = A
=_ = mA.
) IfE=3vltsandR =6o0hms, [ =__ mA.
(¢c) fE=10voltsand R = 10000 ohms, / = mA.

5. In Fig. 4, meter A reads the current through the resistor R, while voltmeter
V reads the voltage drop across R.
(a) If the current reading is 10 mA and R = 50,000 ohms, the voltmeter reading

is__ volts.

(b) If the current reading is 5 mA and R = 50,000 ohms, the voltmeter reading
is__ wvolts.

(c) If the current reading is 50 mA and R = 82 kilohms, the voltmeter reading
is kv (kilovolts). (Hint: 1 mA = 0.001 A, 1 kilohm = 1000

ohms, and 1 kV = 1000 volts.)

Fig. 4

ANSWERS

1. (a) 047 ...47 x 0.1 = 0.47. Because there is one digit to the right of the decimal
point in the multiplier (0.1), we must move the decimal point one place to the left
in the number being multiplied (4.7).
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(b) 237 ...237 x 01 =237

(c) 00035 . ..0035 x 0.1 = 00035

(d) 630 . .. 63,000 X 001 = 630.00 = 630. Here, there are two digits to the right
of the decimal point in the multiplier (0.01). Hence, we move the decimal point of
the number being multiplied two places to the left.

(e) 0007 . . . 7 x 0001 = 0.007. To move the decimal point three places to the left
in the number being muitiplied (7), we must place two zeros before the number.

() 23...23 x 1000 X 0001 = 23000 x 0001 = 23000 = 23. Notice that the
final answer is the same as the original number to be multiplied. This is because
1000 x 0001 = 1.

(g) 0.23 .. .23 x 1000 x 000001 = 23,000 x 000001 = 0.23

(h) 0.01

(i) 1...100 x 001 =1

() 25.1...000251 x 10000 = 25.1

(k) 00000178 . . . 0.178 x 00001 = 0.0000178. Because there are four digits to the
right of the decimal point in the multiplier (0.0001), we must move the decimal point
in the number 0.178 four places to the left. We add four zeros before the number
to locate the decimal point.

2. (a) 2000 mA . . .2 A X 1000 = 2000 mA

(b) 500; (c) 2500; (d) 17,600

3. (@) 0001 A ... 1 mA X 0001 =000 A

(b) 0.002
() 0.5 A...500 X 0001 = 0.5 amp
(d) 2; (e) 3.5; (f) 6.326

4. (a) 0.1 amp, 100 mA . . . Use the formula,

1=£-20 _ 1 _g 4

R 200 10
Then 0.1 A X 1000 = 100 mA
(b) 500 mA . ..
—E—=—=
1 R 05 A
Then 0.5 X 1000 = 500 mA
(c) I mA ...
j=E-_10_ __1 , _ |

R 10000 1000

5. (a) 500 volts . . . Use the formula E = IR, where E is in volts, / is in amperes, and
R is in ohms. / is given in milliamperes, and must therefore be converted to amperes
for use in the formula:

I'=10mA = 10 x 0001 =001 A
Then
E = IR = 001 X 50,000 = 500 volts
(b) 250 volts . . . Converting 5 mA to amperes, 5 X 0001 = 0005 A. Then
E = IR = 0005 x 50,000 = 250 volts .
()41 kv...I=50mA =50 X 0001 =005 A; R = 82 kilohms = 82 x 1000
= 82,000 ohms. Then E = IR = 005 X 82,000 = 4,100 volts. Since there are

; = 4100 _
1000 volts in 1 kV, E = 1000 4.1 kV.



LESSON 2I101A-9
FRACTIONS AND DECIMAL NUMBERS

EXAMINATION

Each examination question is followed by a number of selections. Circle the
number in front of the correct selection for each question. When you have
finished, transfer your answers to the Answer Sheet provided.

I. In order to make sure that the decimal point is located correctly in your answer,
you should
(1) rework the problem at least twice.
(2) always use a calculator, never attempting to work a problem mentally.
(3) make a second calculation, using easy-to-figure numbers that will give you
a ball-park answer.

2. The expression |5—9 means

(1) 5 is added to 19.

(2) 5 is divided by 19.
(3) 19 is multiplied by 5.
(4) 19 is divided by 5.

3. To find C in the problem

you would first
(1) rewrite the problem as
C = 3 x17 + I x17

3 7
(2) cancel out the 7’s.
(3) add the 3 to the 7 in the denominator.
(4) cancel out the 3’s.

4. Shown below is the work of Pat and Terry in finding the value of
12 + 24
6 X8 X3
Pat’s work:
3
2+ 24
<8 x3 2

XN-N

6
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. The mixed number 8

Terry’s work:

1
2
6
12 +24 _ 36 _ 1
6 x8x3  b6x8x3 4
4

Which person worked the problem correctly? Why?

(I) Pat worked the problem correctly, by first cancelling as much as possible.

(2) Both Pat and Terry’s answers are correct, since there are two correct
answers to the problem.

(3) Neither worked the problem correctly.

(4) Terry worked the problem correctly by removing the + sign in the
numerator before cancelling.

5. The beta () of a certain transistor is equal to the collector current divided

by the base current. If we let /. represent the collector current and ,, the base
current, which one of the following equations correctly expresses the state-
ment in formula form?

= b

M I B
=h

2B 1.
_ 1
@ 1, = pl.
CYARY S
Iy

5

. 1000
following?
() 0085 (2) 85 (3) 805 (4) 085 (5) 8005

is expressed in decimal form as which of the

. Which of the following is equal to 200 millivolts?

(1) 00002 volts
(2) 002 volts
(3) 2 volts

(4) 0.2 volts

. How much is 0.5 x 5?

o025 (20025 (3)25 ()25 (5 00025



9. What is 39.08 times 0.000324?

(1) 12.66192
(2) 1.266192
(3) 0.1266192
(4) 001266192
(5) 0.001266192

Multiply 29.68 by 0.00001. What is the result?
1) 0.2968

(2) 002968

(3) 0002968

(4) 0.0002968

(5) 0.00002968

(6) 0.000002968

END OF EXAM
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28 Lesson 2101B-9
Reciprocals, Percentages
and Powers of Numbers

11 HOW ACCURATE SHOULD YOUR ANSWER BE? . . . When dividing numbers,
the question that naturally arises is how may places the division should be carried
to. If you divide 4 by 3, for example, is it adequate the carry the answer to only
two places, as 1.3? Or should you carry it further, to 1.33—or still further, to
1.333, or even to 1.33333333?

This question is of particular concern if you are not using a calculator, since
arithmetic problems get laborious indeed when many decimal places are involved.
But it is also important with a calculator. Some calculators display as many as
twelve digits, and you won’t want to copy down any more of these digits than you
actually need.

Experience shows that answers accurate to three significant figures are adequate
for most practical electronics problems. It is all we expect of you in this course,
for example, if you are not using a calculator. (We suggest that you keep at least
four significant figures if you are using a calculator, since very little extra work
is involved.) The significant figures in a number are the digits of the number,
excluding any zeros at the beginning or end put there for the purpose of placing
the decimal point. Each of the numbers 1.33, 468, and 52.3, for example, has
three significant figures, since each has three digits. Each of the numbers 1.333,
1333, 460.6, and 46.06 has four significant figures. Each of the numbers 1.3 and
13 has two significant figures.

Suppose you read the current in a circuit on your meter as 1.62 mA. You would
say that you have read the meter to an accuracy of three significant figures. If
you convert your reading to amperes by multiplying by 0.001, the result (0.00162
A) is still accurate to three significant figures. The reason is that the accuracy
was determined by how carefully you read the meter, and it would not be affected
by converting from one unit to another. The zeros in front of the digits 162 are
not part of your meter reading, but were added after the reading was made in
order to place the decimal point. They have nothing to do with the accuracy of
your reading, and are therefore not significant figures. The three significant figures
in 000162 are the 1, the 6, and the 2.

Similarly, the reading of 1.62 mA can be changed to microamperes (uA) by
multiplying by 1000, giving 1620 pA, which is still accurate to three significant
figures. The zero was added to properly locate the decimal point, and is not a



significant figure.

In summary, the number of significant figures in a value is the number of digits,
except the zeros at the end of a whole number or at the beginning of a decimal.

Example .

Solution . . .

381.56
0.00027

0.0002700

48,000,000

40085

0.040085

4008500

60,009

Example .

Solution . . .

4.68335

28768

0.0004482
836,487

3.002

5007

. . State the number of significant figures in each of the values listed.

Five significant figures
Two significant figures . . . Don’t count zeros at the beginning of a decimal.

Four significant figures . . . Count the zeros at the end of a decimal, but
not those at the beginning.

Two significant figures . . . Don’t count the zeros at the end of a whole
number.

Five significant figures

Five significant figures . . . Don’t count the zeros at the beginning of a
decimal.
Five significant figures . . . Don’t count the zeros at the end of a whole
number.

Five significant figures

. . Round the following numbers off to three significant figures:

4.68, ans.

28.8, ans. . . . when rounding, you should increase the last retained
digit by 1 when the following digit is 5 or greater.

0000448, ans.

836,000, ans.

300, ans. . . . When rounding a number off to three figures, retain the
zeros needed at the end to make three figures.

50.1, ans

Your calculator may have a key that can be set so that only two digits after the
decimal point are retained in the display (or some other specific number of decimal
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places). This key is for business and accounting purposes, and should never be
used for technical or scientific calculations. Suppose, for example, you want to
find the current through a 700-ohm resistor with 5 volts across it. By Ohm’s law,
this will be 5/700 = 000714 A (to three significant figures). If your calculator
is set to display only two decimal places, you would read 0.00 as the current, which
is of course useless. You would have cut out all three of the significant figures!

WHAT HAVE YOU LEARNED?

To how many significant figures should your answer to problems in this course

be carried?

2. How many significant figures are there in each of the following numbers?

(@ 7 (e) 400,082 (h) 0.0000007945
(b) 0.393 () 404 (i) 23,000,000
(c) 424.1 (g) 0.0000300 () 23.0025
(d) 324.92]
. Round off each of the following numbers to three significant figures.
(a) 46.3528 (d) 234,876 (g) 82.06
(b) 0.22242 (e) 0030417 (h) 32.999
(c) 0000573194 (f) 5.502

. Solve to three significant figures:

@ If/=1010AadR=2020hms, E=___ .
(b) If E = 100.7465 volts and / = 0.6295 A, P (in watts) =
(Hint: Use P = EI.)

ANSWERS

Three . . . Of course, your answer will not be wrong if you carry to more than three.
. (a) One (e) Six (h) Four

(b) Three () Three (i) Two

(c) Four (g) Three (j) Six

(d) Six

(a) 46.4 (d) 235000 (g 82.1

(b) 0.222 (e) 0.0304 (h) 330

(c) 0.000573 (f) 5.50
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4. (a) 204 ... E = IR = 1010 X 202 = 20.4020 = 20.4 volts. E, as computed,
is shown with six significant figures. Becaue only three significant figures are
required, we may strike the unneeded digits at the end.

(b) 63.4 watts . . . P = El = 100.7465 x 0.6295 = 63.41992175 = 63.4. If you
are working this problem without a calculator, you can save a lot of tedious
work by rounding off both voltage and current to three significant figures
before multiplying. Because the fourth digit in 100.7465 is S or greater, we add
1 to the third digit, giving us 101. Similarly, the fourth digit in 0.6295 is §;
therefore, we add 1 to the preceding digit (9), giving us 0.630.

Note: If you are using a calculator, we suggest that you keep four or more significant figures
in the intermediate steps, even though you may cut the final answer down to three signifi-
cant figures. For example, 100.7465 could be entered in the keyboard in full, or you could
enter the number as 100.7 or as 100.75. If you enter both numbers in full, your display
will read 63.41992175, but you can copy this off as 63.4 or as 63.42. The answer 63.4 watts
is a more accurate answer than the 63.6 watts obtained when rounding off for hand calcula-
tions, but 63.6 is accurate enough for most purposes.

DIVISION OF DECIMALS . . . Decimals in division, just as in multiplication,
are treated like whole numbers, but special attention must be given to placing
the decimal point in the answer.

An illustration of a division problem is shown below. The divisor, dividend, and
quotient (answer) are identified.

20  quotient
divisor 24 ) 480  dividend

One important rule for dividing decimals is this: first eliminate the decimal point
Jrom the divisor. To do so, move the decimal point to the right end of the divisor.
Note the number of places you have moved the decimal point, and then move the
decimal point in the dividend an equal number of places to the right. Place the
decimal point in the quotient directly above the decimal point in the dividend.

Example . . . In the following division problem, eliminate the decimal point from the divisor
and place the decimal point in the quotient: 0.0211 ) 0.004362

Solution . . . 00,2,11,. ) 0.0,0,4,3,62 = 2ll ) 43.62

Explanation . . . The decimal point in the divisor was moved four places to the right.
Therefore, the decimal point in the dividend was also moved four places to the right. The
decimal point in the quotient is placed directly above the decimal point in the dividend.

Next, divide the divisor into the dividend. Place the first digit of the quotient directly over
the last digit used in the dividend for finding the first digit of the quotient.
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Example . . . In the following problem, locate the first digit of the quotient:

211 ) 4362

2
Solution . . . 211 } 43.62

Explanation . . . 211 cannot be divided into 4 or into 43. But it can be divided into 436
(about 2 times). Therefore, place a 2 in the quotient directly over the 6 in the dividend.

Complete the division

Example . . . Complete the solution of the following problem to four significant figures
and round off to three significant figures.
2
211 ) 43.62
2067 = 0.207
Solution . . . 211 ) 43.6200
422
1420
1266
1540
K77
Explanation . . . Note that two zeros have been added to the end of the dividend. They

permit you to carry out the quotient to the required number of significant figures.

Be very careful to keep each digit in the quotient directly above the last digit in
the dividend used in getting that digit in the quotient. Notice that the 6 in the
quotient in the example above goes above the first zero of the dividend, since this
zero was the last digit brought down to form 1420 (into which 211 is divided to
get the 6). Before the zero was brought down to form 1420, the 2 of the dividend
was brought down to form 142. Since the divisor, 211, would not divide into 142,
a zero was placed in the quotient above the 2 in the dividend.

Place a zero in the quotient after the decimal point each time the divisor is tried

but will not go into the available part of the dividend. Such zeros locate the decimal
point and are as essential as any other digits in the answer.

Example . . . 324 ) 0.7642 =



002358
Solution . . . 324 ) 0.764200
648

1162
972
1900
1620

2800
2592
208

Explanation . . . To locate the first digit of the quotient, note that 324 can't be divided
into 7. Therefore, place a zero in the quotient after the decimal point and directly above
the 7. Likewise, 324 can’t be divided into 76. Therefore, place a zero in the quotient above
the 6. But 324 can be divided into 764 two times; therefore, place a 2 in the quotient above
the 4, and so forth.

WHAT HAVE YOU LEARNED?

1. Solve each of the following problems. Carry the quotients to four digits, and
round off to three significant figures.

@rL - 0 &3 =
DR (1) 10900
@4 (™ oo =
Oy () g3 =
© 555 = — © 300 =
® 112.2118 I () % =
® 53 = —— @ Yoo ~
Mg = 05 =
W o = (5 30—
0 G000 =

2. (a) In a DC circuit, £ = 9.3 volts, I = 3.1 A, R
(b) IfE =977 volts, I = 3.16 A, R =
(c) IfE = 41 volts, | = 0707 A, R =
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34 3, Inthe formula C = where C is capacitance, in farads; ¢ is time, in seconds;

t
R 1]
and R is resistance, in ohms:

(@) Ift =2secand R = 1000 ohms, C = farad.
(b) Ift = 0001 secand R = 20 ohms, C = _______ farad.
() Ift = 1.8secand R =2200 ohms, C = farad.
ANSWERS
1. (@) 11.8 . .. 1.8
268 31.700
268
2220
2144
76
(b) 00000212 (h) 000235 (n) 3.33
(c) 0.588 (i) 0.00200* (o) 00152
(d) 00492 () 0.0000149 (p) 00200*
(e) 00593 (k) 0.00609 (q) 0.000 000 200*
(H 236 (1) 19,000000 (r) 100
(g) 0.00616 (m) 1.00 (s) 4250
2.(a)3ohms...R=IE—=‘ﬁ=3.00*
(b) 30.9 ohms; (c) 199 ohms
_L__2 _
3.(a) 000200...C = R 1000 0.00200 farad
(b) 0.0000500 farad
_t _ 18 _
(c) 0000818 ...C = R= 0.000818 farad

1 8 CHANGING FRACTIONS TO DECIMALS . . . Earlier, we said that a fraction

is a form for division. That is, in a fraction such as g—, the numerator 6 is to
be divided by the denominator 7.

A fraction can be converted to a decimal merely by carrying out the indicated
division in the manner of topic 12.

*It is OK to leave the two zeros off of the end. However, the zeros can be useful because they show
that the answer is correct to three significant figures.



WHAT HAVE YOU LEARNED?

1. Convert the following fractions to decimals by dividing in the manner of topic 12.

L 4
@ i @ li_
CEE & n3- =
© 37 =

ANSWERS

I. (@) 0.I, (b) 0.428 (or 0.429); (c) 1.86
(d) 1.41 . . . To solve for the mixed number, simply convert the fraction to a decimal
and add the whole number. (e) 117

14 RECIPROCALS . . . The reciprocal of a given number is 1 divided by that number.

Thus, the reciprocal of 2 |s L - that of 34 |s L ; that of 92,300 is
and that of 0.000592 is

—1 .
92,300
0.000592 ’

The reciprocal is converted to decimal form simply by carrying out the indicated
division. Although a reciprocal is no more than a fraction with a numerator of
1, it finds a great many applications in electronics.

WHAT HAVE YOU LEARNED?

1. Find the reciprocals of the following numbers in decimal form:

(a) 4 (d) 1000 (g 0521
(b) 8 (e) 0.002 (h) 0000732
(c) 64 (H 6370

2. The conductance, in siemens of a circuit is equal to the reciprocal of the
circuit resistance, in ohms.

(a) A 150-ohm resistor has a conductance of ________ siemens.
(b) A 0.025-ohm resistor has a conductance of __________ siemens.
(c) A 5000-ohm resistor has a conductance of _________ siemens.

(d) Conductance is the reciprocal of

3. In a certain circuit, B -)" +L If X, = 0.25, X, = 3.33, and X,

= K43, B = X, x,

4.t = fl—, where f is the frequency of an alternating current, in Hz (cycles per
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second) and ¢ is the period, or time for each cycle, in seconds. If f = 60 Hz,
the time required for each cycle is second.

5 Xc = erLC , where X¢ is capacitive reactance, in ohms; n = 3.14; f =

frequency, in hertz; and C = capacitance, in farads. If f = 60 Hz and C = 0.00005
farad, Xe = __ ohms. (Hint: Perform the multiplication in the
denominator and then solve the reciprocal.)

6. When three resistances R|, R,, and R; are in parallel, the combined resistance
is found by the formula

IfR,, R,, and R, are 18.3 ohms, 4.67 ohms, and 5.5 ohms, respectively, the com-
bined resistance is ______ ohms. (Hint: First convert each reciprocal to its
decimal value.)

ANSWERS
. (a) 0.250; (b) 0.125; (c) 0.0156 (d) 0.001;(e) 500;
() 0.000157; (g) 1.92; (h) 1366 (or 1370 if rounded off)
. (a) 000667, (b) 40; (c) 0.0002 (d) resistance.
b 1 1
'4'37"'B—X,+X2+X,
1 1 1
025 Y333 tus
=4 + 0.300 + 0.0699
B =437
S B
00167 ...t = i 60 0.0167 sec
1 _ 1
- 33 ohms .. Xe == %= 2 x 314 x 60 x 000005
2 X 314 x 60 x 000005 = 001884

and
1
0.01884

= 53.07855
= 53.1 ohms



1 _ 1 _ 1 _
183 0.0546 267 0.214 55 0.182

1 _ 1
00546 + 0.214 + 0.182  0.451

R then =

15 PERCENTAGE . . . Electronic quantities are frequently expressed in terms of
percent. For example, the efficiency of the final stage of a transmitter or the effec-
tiveness of a filter in a power supply is often expressed in terms of percent.

One percent of a number is one one-hundredth of that number. Similarly, 12 per-

or 0.12 of it.

.12

cent of a number is 100
To express a decimal in percent form, move the decimal point two places to the
right and add either the percent sign (%) or the word “‘percent.” Thus, 0.0147
is equal to 1.47% (or 1.4 percent). Conversely, when a value is given in percent
form, it can be changed to a simple decimal by moving the decimal point two
places to the left and discarding the % sign or the word *“‘percent.” Thus, 37%
(or 37 percent) is equal to 0.37. Note that values expressed in terms of percent
should be changed to decimals before being used in computations.

Example . . . 25% of 32 =
Solution . . . 0.25 x 32 = §

Explanation . . . Change 25% to a decimal by moving the decimal point two places to
the left. (Although the decimal point is not shown in the term 25%, it is understood to
be at the end of the number.) Then multiply in the usual manner.

Example . . . 35is ________ percent of 56.

Solution . . . ?—65 = 00625 = 0625% = 6.25%

Explanation . . . Divide 3.5 by 56. Then, change to the percent form by moving the decimal
point two places to the right and adding the percent sign.

WHAT HAVE YOU LEARNED?

1. Express the following percentages in decimal form:
@) 2% (b) 17% (c) 150%
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2. Express the following decimals in percentage form:

(a) 009 (b) 275 (c) 0875
3. 71% of 148 =
4. 241% of 100 =
5. 4l is percent of 612.
6. 1is ___ percent of 1000.

7. The efficiency of any device is equal to its power output divided by its power
input. This can be stated as

n = =2x 100

o

where 7 is the efficiency, in percent; P, is the output power, in watts; and P; is
the input power, in watts.

If the input power to the final stage of a citizens-band transmitter is 5 watts and
the output power is 3 watts, the efficiency of the final stageis ______ percent.

8. Two resistors are each rated at 2200 ohms. Resistor A has a tolerance of 10%
and B a tolerance of 2%. This means that the actual resistance of A will be within
10% of its rated value, and that of B within 2%.

(a) The actual resistance of the +10% resistor will lie between

ohms and ohms.
(b) The actual resistance of the +2% resistor will lie between
ohms and ohms.

9. The voltage regulation of a power supply is given by the formula

En — Ef

regulation (reg) = Er

where En is the no-load voltage and Ef is the full-load voltage. When the no-load
voltage is 150 volts and the full-load voltage is 130 volts, the regulation is
percent.

1. (a) 0.02; (b) 0.17; (c) .50

2. (a) 9%; (b) 275%; (c) 81.5%

3. 105...71% = 0071, 0071 x 48 = 10.5
4, 241
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5. 670% .. .3 — 006699 = 670%

T 612
—]= =
6. 01... 1000 0001 = 0.1%
7.60...7)=Pa><]00=3><]00=60%
Pi 5

8. (a) 1980 (and) 2420 . . . 10% of 2200
maximum vlaue
minimum value

220 ohms
2200 + 220 = 2420 ohms
2200 — 220 = 1980 ohms

(b) 2156 and 2244

_En—E _150 - 130 _ 20 _ -
9. 154 . .. reg 5 0 50 = 01538 = 154%

POWERS OF A NUMBER

THE MEANING AND USE OF POWERS OF A NUMBER . . . When a number
is multiplied by itself one or more times, we call this raising the number to a
certain power. For example, 4 X 4 indicates that 4 is being raised to its second
power. Similarly, 2 X 2 X 2 indicates that 2 is being raised to its third power,
since three 2’s are being multiplied.

To indicate that a number is being raised to a certain power, a superscript—a sec-
ond number set next to and above the first number—is used. Thus, 42 means 4
is being raised to its second power, which is equal to 4 X 4 = 16. Similarly, 23
means 2 is being raised to its third power, which is another way of saying 2 X
2x2=28

When a number is raised to its second power, it is usually referred to as being
“‘squared.”” Thus 372 is 37 squared, which is 37 X 37 = 1369. When a number
is raised to its third power, it is said to be *“cubed.” Thus, 73 may be called 7
cubed, and it equals 7 X 7 X 7, which is 343.
Sometimes, letter symbols are raised to certain powers. Thus,
F* = FXEXEXE
RR=RXR

Example . . . 34 =

Solution . . . 3* =3 X 3 X 3 X 3 = 8l, ans.
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Explanation . . . The superscript tells you that the 3 should appear 4 times in the expres-
sion for multiplication.

Example . . . Given the formula P = EI, express P in terms of / and R only. (Hint: E = IR.)

Solution . . . P = El = (IR =1 X1 X R = IR, ans.

Explanation . . . P = El. Substituting /R for E, we get P = (IR) X I, etc. To state the
formula P = PR in words, we say that power P equals current / squared, or P2, times the
resistance R.

Example . . . Given the formula P = PR, find P when / is 3 and R is 4.

Solution . . . P=PR =32 x4 =3 X3 X4 =36, ans.

Powers higher than the square are rarely required in electronics, but squares are
much used. Most electronic calculators have a simplified means of squaring a
number, so that the number to be squared only has to be entered once. If this
is not the case with your calculator, the number can be simply multiplied by itself
on the machine without involving much extra work.

WHAT HAVE YOU LEARNED?

1. In the problem 12 X 12 X 12, the number 12 is being raised to its third

2. Solve the following:

(@2 =__ (d) WhenE=7,E=__
(b) 6% = (¢) When I =0524, P =
(c) 100¢ =



4. In the circuit in Fig. 5, a toaster, a lamp, and a resistor are connected across
a voltage source. The resistance of each unit and the current drawn by each unit
are marked. Using the formula P = PR, where / is in amperes and R is in ohms,
find the power used by each of the three devices.

(a) Power P, used by the resistor = ____ watts.

(b) Power P, used by the lamp = __ watts.

(c) Power P, used by the toaster = ___ watts.

(d) Total power P used by all three elements = watts.

(Hin: P =P, + P, + Py.)

o——J Resistor
line 3 amp
o— 40 ohms
2 amp
60 ohms
Fig. 5
ANSWERS
1. Power

2.(a) 44,521 . . . 2112 = 211 X 21l = 44,52
b)216...6X6X6 =216
(c) 100,000,000 . . . 100 = 100 X 100 X 100 X 100 = 100,000,000
(49 .. F2=7x7=49 (o) 0.275

~

3(2830... P=PR=1IXIXR=263x263x 12 =80
(b) 827 ... P = % = 3L5—1’2‘ A5 _ g3

4.(a) 360 ...P, = PR, =3 X3 X 40 = 360 watts
(b) 240;
(c) 20

(d)1320. . . P=P + P, + P, =360 + 240 + 720 = 1320 watts

17 WORKING PROBLEMS IN THE PROPER ORDER . . . When a number of
different steps are involved in working a problem, you must make sure that you
do the steps in the correct order. The thing to remember is that multiplications
must be done first, before any adding or subtracting is done.

Example . . .2 +3 X4 + 5 =

Solution . . . 2 4+ 3 x4 +5 =
24+ 1245 =19, ans.
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Explanation . . . First multiply the 3 by the 4, and then add. Note that you would get the
wrong answer if you did one or both of the additions first.

Example . . . Find K in the formula below if R, = 0.2 and R, = 20.

Kk =2+ RR

Rz - 12
- =2+02x20
Solution . .. K = 20 - 12 )
=_2+4
T20-12 @
3 3
=6 _3
K = 3 2 ans.
4
Explanation . . . After the given values are substituted in the formula, the multiplication

is done as shown in step 2. No cancellation can be done until both the numerator and
denominator are free of plus and minus signs—something you never want to forget. Therefore,
after step 2 is completed, the values in the numerator are added, and the values in the
denominator subtraced, as indicated. Since the resulting value (8) is free of plus and minus
signs, cancellation can now be done.

Now let’s look at the problem 20 — 6 + 4. Since there are no multiplication signs,
you can work the problem in any order you want—but keep on your toes. Notice
that the minus sign is in front of the 6, and only the 6, is to be subtracted. Don’t
make the mistake of subtracting 6 + 4 from the 20, which would give the wrong
answer of 10. Since 20 — 6is 14 and 14 + 4 is I8, the correct answer is 18. Another
way to add the 20 and the 4, to give 24, and then subtract the 6 to give 18.

If a problem has parentheses, the rule to remember is that the part of the problem
within the parentheses should be worked first. After this is done, follow the working
order explained above. For example, to find the value of 20 — (6 + 4), first add
the 6 and 4 in parentheses. The problem then becomes 20 — 10, which equals
10, the answer.

Example . . . Find K in the formula below if R, = 3 and R, = §.
K=2+RR, + 2 + R)R,

Solution . . . K =2 +3 X5+ (2 + 3)5
Working the part in parentheses first, K =2 + 3 X 5+ 5 X §
Doing the multiplications next, K = 2 + IS + 25 = 42, ans.




WHAT HAVE YOU LEARNED?

1. Find the value of the expression 4 x 10 + 15 — 18 x 2.
4 +8x7—-4
6 —2 )
3. What is the value of (8 + 3) x 4?
4. Find the value of the fraction Mw .

2. Find the value of the fraction

ANSWERS

1. 19 . . . Perform the multiplication first: 4 X 10 + 15 — 18 X 2 = 40 + 15 — 36.
Now do the addition and subtraction as indicated, 55 — 36 = 19, ans.

2. 4. .. The numerator of the fraction is the expression 4 + 8 X 7 — 4. The denominator
is 6 — 2. Before you try to divide, you should find a single number to be used as the divi-
dend and another as a divisor. 4 + 8 X 7 -4 =4+ 56 - 4 = 56. 6 — 2=4 56/4
= 14, ans.

3. 44 . . . Since the problem includes a parenthesis, that part should be worked first (8
+3) = 1. So 1l X4 = 44, ans.

4. 88. .. To find the value of the numerator, first replace the parenthesis and the number
and signs inside the parentheses by a single number. Here are the steps for finding this
number: 4 X 2 = 8and 3 + 8 = 11. The value of the numerator is 643 +4 X 2) =
64 x 11 = 704. Since the denominator is the product of 4 and 2, or 8, the given expression
becomes 704/8 = 88, ans.

18 SUMMARY PROBLEMS TO INCREASE YOUR SKILLS . . . The basic prin-

ciples involved in working with formulas have been covered. The problems that
follow will give you additional practice with the principles most often missed by
students.

WHAT HAVE YOU LEARNED?

1. Fill in the blanks:

(a) There are 1,000 milliamperes in one ampere. Therefore to convert amperes
to milliamperes, you would multiply by ____, and to convert
milliamperes to amperes you would multiply by .

(As an example, 50 amperes is equalto ____ mA, and 50 mA is
equalto amperes.)

(b) There are 1000 millivolts in one volt. Therefore, 400 millivolts is equal
o volts,and 16 voltsisequal to _____ mV.

(c) There are 1000 ohms in one kilohm. Therefore, 0.28 ohms is equal to

kilohms, and 0.28 kilohms isequalto ____ ohms.
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2. In the formula + = %—, where 1 is the time (in seconds), L is the inductance
(in henrys), and R is the resistance (in ohms), what is the value of 1 (in minutes)
if L is 320 millihenrys (there are 1000 millihenrys in a henry), and R is 0.004

kilohms?

3. A parallel circuit has two branches. 16.4 amperes flows in one branch and 85
milliamperes in the other. What is the exact total current? (It would be the sum
of the two branch currents.)

find the value of Q if i is equal to L Ris

4. Given the formula Q = 5

G
3+ AR’
equal to 20, and G is equal to 60.

5. What is the area in square inches of a square that is 0.3 ft on each side? (There
are 144 square inches in a square foot.)

6. One formula for circuit power is P = ‘R[;Z , where P is the power (in watts),

E is the voltage (in volts). and R is the resistance (in ohms). If the voltage is 6
volts and the resistance 3 kilohms, what is the power (in milliwatts)?

ANSWERS

1. (a) 1000; 0001; 50,000; 005 . . . Compare with problems 2 and 3 on page 22.
(b) 0.4 volts; 1600 mV
(c) 000028 kilohms; 280 ohms

2. 0.00133 minutes . . . You must always remember when using formulas to change the
given units to the units required by the formula. 320 millihenrys = 0.32 henrys, and

32
0.004 kilohms equal 4 ohms. Hence, ¢ = IL€—= T = 0.08 seconds. Notice that the

information with the formula says that r will be in seconds. Since the question asks for

the answer in minut&’,s,%‘o—o§ = 000133, the time in minutes.
3. 16.485 amperes . . . Notice that one value is given in amperes and the other in milli-
amperes. You can add values only if they are in the same units. 85 mA = 0.085 amperes.

16.4 + 0085 = 16.485 amperes, the answer.

4.857...0Q zﬂc—ﬁ

i



You must remember: (1) you can’t cancel as long as there is a + sign in either the numerator
or the denominator (see Topic 4). Hence, you can’t cancel the 3 into the 60. (2) When
you have both + and X signs in the denominator (or the numerator), you must multiply
before you add (see Topic 17).

5. 1296 sqin ... 032 = 03 x 0.3 = 009 sq ft. Changing to square inches, 0.09 x
144 = 12.96 sq in.

6. 12 milliwatts . . . First of all you must change kilohms to ohms, since the formula says
that R must be in ohms. 3 kilohms = 3000 ohms.

- B
P =R
- _©6
~ 3000
- 36
3000
P = 0012 watts

Now 0.012 watts must be changed to milliwatts: 0012 watts = 12 milliwatts.

LESSON 2101B-9
RECIPROCAL PERCENTAGE, AND POWERS OF NUMBERS

EXAMINATION

Eoch examination question is followed by o number of selections. Circle the
number in front of the correct selection for each question. When you have
finished, transfer your answers to the Answer Sheet provided. Then use the
speciol envelope provided to moail the examination to the school as soon as it is
completed.

1. For most of the practical problems you will encounter in electronics, your
answers should be accurate
(1) to three decimal places.
(2) to three digits.
(3) to three significant figures.
(4) to three percent.

2. In which of the statements below is the second value given incorrectly round-
ing off to three significant figures?
(1) 319473 rounds off to 319000
(2) 0.00053274 rounds off to 0.00053
(3) 40.297643 rounds off to 40.3
(4) 3.14159 rounds off to 3.14

3. What is 0.3 squared?
M9 @09 (3)009 (4) 033
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10.

. What is the square of 0.02?

1 004 (2) 04 (3) 0004 (4) 00004 (5) 0022

. You are given the formula

D=VXxT

where D is the total distance travelled by a projectile

V is the velocity of the projectile

T is the time it took to travel the distance D
If V = 24 feet per second and T = 30 milliseconds, how many inches did
the projectile travel?
(1) 7200 inches
(2) 7.2 inches
(3) 864 inches
(4) 600 inches

. What is the value of 0.000439 X 73.2 rounded off to three significant figures?

(1) 0.0000321
(2) 0000321
(3) 0.00321
(4) 00321
(5) 0.321

(6) 3.21

If you divide 3 by 4, you get the decimal 0.75. Changed to percentage, the
decimal 0.75 is equal to
(1) 0.75 percent (2) 75 percent (3) 0.0075 percent (4) 7.5 percent

_ The conductance of a circuit, in siemens (S), is equal to the reciprocal of

the circuit resistance, in ohms. If the circuit has a resistance of 300 ohms,
what is the circuit conductance?

(1) 0000333 S (2) 333 8 (3) 0.00333 S (4)0.0333 S

(5) 03338

. What is the value of 30 — 6 + 4?

(1) 28

(2) 20

(3) Both 20 and 28 are correct answers, depending upon how the problem
is worked.

The formula for finding the total capacitance of five capacitors in series is

L .1 .1 . L L
atatata’c

C =




Al

What is the combined series capacitance, C, if C, = 2 pF (picofarads); C,
= 3 pF; C; = 4 pF; C, = 5 pF; and Cs = 6 pF.
(1) 20 pF (2) 0690 pF (3) 005 pF (4) 1.45 pF

END OF EXAM
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A Chat with Your Instructor

In this volume you will study square roots, the use of square roots in formulas,
the properties of a right triangle, ratios and proportions, how negative numbers
are used in electronics, and how to sum up voltages around a series circuit or loop.

This is a wide-ranging assignment, but we have it divided into two easy lessons
so that it will be easy to learn.

As explained in the topic on square roots, never forget the importance of first point-
ing off a number into periods, starting at the decimal point. This is such a simple
operation that many beginning students think it is unnecessary. As a result, fail-
ing to point off a number into periods is the most common cause of error in ex-
tracting the square root.

Pay particular attention to topics on ratio and proportion. No other subject in
mathematics will be of as much help to you in understanding electronics. Almost
every lesson in this course and almost every article on electronics that you will
read will make some reference to a ratio or proportion.

The topics in this volume have been carefully selected to cover the facts you will
need to know in order to handle practical problems in electronics. Hence, it is
worthwhile to study.

Make regular study a habit. It will make learning easier and will help you retain
what you have already learned.



Lesson 2102A-1
Roots of Numbers,
Ratio and Proportion

ROOTS

THE MEANING OF ROOTS . . . The square root of a number is the value which,
when raised to the second power, will give that number. Thus, the square root
of 64 is 8, because 82 = 8 X 8 = 64.

The symbol for finding a square root is the radical sign, \/ . For example,
V 64 means “‘the square root of 64.

The cube root of a number is the value which, when raised to the third power,
will give that number. Thus, the cube root of 8 is 2, because 23 =2 X 2 X 2 = 8.

The symbol for finding a cube root is the radical sign with a small 3 placed at
the upper left. For example, ¥ 8 means *“the cube root of 8.’

Roots greater than the cube root are indicated by using a higher number by the

radical sign. Thus, V' 32 means “the fifth root of 32,” which is 2 because 25 =
2X2X2X%X2x%x2=232.

WHAT HAVE YOU LEARNED?

LVa=_2 6V0o=_0

2. VB =5 IV =5
Vel =_7 8WT6=_2

4. VT = (2 9 V36 + vVad = 13
5 VT=_[ 0.VI+®=_5

11. If 10 kW (kilowatts) of power are supplied to a DC circuit and the resistance
of the circuit is 100 ohms, the current flow is _ /& amperes. (Hint:

I = \ / I[;_ , where [ is in amperes, P is in watts, and R is in ohms.)

,’.l_":a,.z_’l:mo /00 210



ANSWERS

.2 25 39 412 51 60 73 82
9.13...VIE+VaA=6+7=13
0.5...VoFl6=v25=5

/P _ 10 x 1000 _ _ _
1. 1=\/ % 00 V100 = 10

INTRODUCTION TO SQUARE ROOTS . . . You found some square roots in
the last topic simply by inspection. This is only possible for values that have small
whole-number roots. You likely learned in school an arithmetic method of extracting
the square root. Because this method is complicated and laborious, it is not much
used any more, and we will not teach it here. We will quite soon in this lesson
introduce you to more modern and much simpler ways of extracting the square
root. But there are a few introductory items to take up first.

The first thing to note is that the decimal point position makes a surprising dif-
ference in square root problems. For example, the square root of 25 is 5, but the
square root of 2.5 is 1.581. Similarly, the square root of 001 is 0.1, but the square
root of 0.1 is 0.3162. You should verify these values, which may astonish you,
by squaring 1.581 and 0.3162. You won't come up with exactly 2.5 and 0.1 because
the square root values 1.58! and 0.3162 are only correct to the four significant
figures shown; they are not exact. If you use a calculator to square numbers, be
sure to read the instruction manual for the calculator. You will likely find that
there is a short cut method for squaring a number on your calculator.

We want to emphasize that before you take the square root of a number, you must
have the decimal point of the number in the right place. If you don’t, you may
come up with a root that bears no resemblance to the true square root.

Because extracting the square root so heavily involves the decimal point, we now
come to a matter of essential importance in square root work, separating numbers
into periods. Failure to do this is the most frequent mistake made by students in
extracting square roots.

SEPARATING NUMBERS INTO PERIODS . . . It is frequently necessary to
point off numbers into periods of two figures each before you can find the square
root. To point off into periods, you always start at the decimal point, going out
to both the right and left.

Example . . . Point off the number 24,656.213.

Solution . . . 246'56.2130



Explanation . . . You can rapidly point off periods by inserting marks after each period,
2'46'56.21'30, starting from the decimal point and going to both left and right. Notice that
a zero has been added at the end of the number to complete the second period to the right
of the decimal point. Notice also that the comma used to point off a number in thousands
is not used when a number is pointed off into periods.

For every period in the number, there will be one digit in the root. The root of 2'46'56.21'30,
for example, is 157.02. This has three digits in front of the decimal point and two digits
following to correspond to the three periods in front of the decimal point in the number
and the two periods following.

To see the importance of pointing off into periods, let’s consider two problems,
V' 25,000 and V'250,000. Point off these two numbers into periods, we obtain
2'50'00 and 25'00'00. Since no decimal point is shown in these numbers, the
decimal point is at the end, so that is where we started for pointing off. The first
period is 2 for the first number, and 25 for the second number. Because these
first periods are different, the figures in the root will be different. V25000 =
158.1 while V250000 = 500. Since both numbers have three periods in front
of the decimal point, both roots will have three digits in front of the decimal point.
Each period in pointing off represents one digit in the square root.

As another example to show the significance of pointing off into periods, con-
sider these two problems: V' 0.000,000,25 and V 0.000,002,5 (such sma!l numbers
are common in electronics). Pointing off into periods: 0.00°00'00'25 and
0.00'00°02'50. The first significant period (that is, the first period that is not all
zeros) is 25 for the first number and 2 for the second. Because these first periods
are different, the figures in the roots will be different. v 0.000,000,25 = 0.0005,
while vV 0.00°00°02°5 = 0.00158]. Since the first number has three periods of zeros
before the first significant period (the first period that is not all zeros), the root
will have three zeros (one for each period) ahead of the first significant digit. The
second number has two periods that are all zeros, and therefore there are two zeros
in the root ahead of the first significant digit.




We show below in graphic form the relationship between periods and roots. Notice
that the digits of the roots can have only two sets of values, 5 when the first signifi-
cant period is 25, and 1581 when the first significant period is 2. That there are
only two possible sets of digital values is always the case in extracting the square
root.

Relationship between periods and roots

Number| 2'5000.00 0.25'
Yyvuvly v
Root It 5 81 (o)L}
Number | 25'00, 0.02'50'00'00
v v‘ viv v v v
Root 5 0 o't 5 8 |
Number| 2'560.00'00 0.00'25
v vlv v vlv y
Root I 5'8 | oto 5
Number| 25 0.00'02'50'00'00
v viyvyy vy
Root 5 oot 58 |
Number| 2.50'00'00 0.00'00 25
vly v v vlv vy
Root 1's 8 | o'o 0 5




WHAT HAVE YOU LEARNED?

1. Separate into periods as required for extracting the square root:
(a) 36487110 g, 4gw,0 (2)
(b) 65,000.2140, 0002 40 (B
(c) 87,823 g 1 23 (3)
(d) 42|.70 4 2, 70 Loi\

2. For each of the numbers in question 1, state how many digits there will be
in front of the decimal point in the root.

3. Separate into periods as required for extracting the square root:
(a) 0000,471,3 0,00 04 71 30
(b) 0000000,5 ©- 00 60 40 50
(c) 008 p.o¢
(d) 0006 ¢, 09 ¢o

4. For the numbers in Problem 3, state how many zeros should be placed between
the decimal point and the first significant figure of the square root.
@ one @ one

® 7hree
@ e ANSWERS

1. (a) 36'48'71.10"
(b) 6'50'00.21'40
(c) 8'7823
(d) 421.0
2. For additional clarification, we follow the answers with the square roots of the numbers.
You will not be asked to extract these roots until you have completed Topic 4.
(a) Three . . . 604.04
(b) Three . . . 254.95
(c) Three . . . 296.35
(d) Two . . . 20.535
3. (a) 0.0004'71'30
(b) 000000050
(c) 008’
(d) 000'60
4. The answers are followed by the square roots.
(a) One . . . 0021709
(b) Three . . . 0.000,707,11
(c) Zero . .. 028284
(d) One . . . 007746

EXTRACTING SQUARE ROOTS . . . The easiest way to extract the square root
of a number is to use an electronic calculator. Many calculators—even some of
the cheapest ones—have a square root key. With such a calculator you just punch
in the number, press the square root sign, and you then have the square root
displayed. Nothing could be simpler.



If your calculator does not have a square root key, it can still be used to quickly
extract the square root. Appendix A in the back of this lesson shows you how
to do it.

If you don’t have a calculator, you can use tables to extract the square root. Ap-
pendix B will show you how to do it. The tables will give answers accurate enough
for nearly all requirements in electronics. Tables of logarithms can also be used
to extract the square root, but a calculator is best and should be used if you have
one. Otherwise use the square root tables.

You may use any method you prefer for finding the square root for the purpose
of this course.

Remember to always check your answer! If you find 12 = V 144, then 12 times
12 must equal 144,

WHAT HAVE YOU LEARNED?

Extract the following square roots, using the method of your choice. Although
we give answers to many significant figures for the benefit of those using a calculator
with a square root key, such a high degree of accuracy is not needed. Answers
accurate to three or four significant figures are all that are needed.

1. V93,421 9. \V0.00025 7. V10

2. V0000014 0. V2 18. V100

3. V12,251 n. V20 19. V1000
4. V574 12. V00000004 20. V45

5. V71574 13. V64,000,000 21. V50

6. V25 14. V6400000 22. V802

7. V25 15. V381 23. v/ 0.000001
8. V0.25 16. V06369

24. Verify the square roots given in the answers for Topic 3.



ANSWERS

. 305648  Check: (305.648)% = 93,420.7
. 000374
110.684

. 810287
27.5209
5

1.58114
0.5

. 0.01581
10. 1.41421
1. 447214
12. 0.00063246
13. 8000
14. 252982
15. 1.952
16. 0.79806
17. 3.16228
18. 10

19. 31.6228
20. 2.1213
21, 70007
22. 28.3196
23. 0001

N Y N N

SOLVING FORMULAS CONTAINING ROOTS . . . When a root appears as
a term in a problem, first find the root and then solve the problem in the usual way.

Example .. .6 + V3 +42=___

Solution . . . 6 + V32 + 42 9 + 16

6 +
6+V25=6+5=1l,ans.

WHAT HAVE YOU LEARNED?

M .
1. In the formula K =?=-lfM =20,Lp =10, and Ls = 30, K =
S 7 £75, /0x30k3380 -.-.,%,/.u
']

2.lntheformulaZ=\/R2+(XL-XC’,ifR=5,XL=p,anch=9,Z
L — Jas+ib-9 25+ 4=326

| a5+ 1*yFY =
3. In the formulaf=W ,ifL=10and C = 0002, f =

(Note: n, the Greek letter pi, is a value that indicates the relationship between
the diameter of a circle and its circumference, and it is approximately equal to
3.1416. Memorize this value. For most practical calculations, though, 3.14 may
be used as the value of n.)



4. 1ntheformu1a1=\/%,ifP=21andR=o.7,1= .

5. An electric iron which has a resistance of 60 ohms draws 1.5 kW of power.
Current flow through the ironis _____ amperes.

(Hint: Use the formula I =

x|

, where I is in amperes, P is in watts,

and R is in ohms.)

6. If a resistor is marked 10,000 ohms, 100 watts, it can carry
amperes.

ANSWERS

LL6...K= = ——2—=l.l6
V meao 7300‘ 17.3

2. 860. .. =\/R‘+_(Xl——\’c =V5 + (16 -92 =V25 + 72 =V25 + 49
= V74 = 860
LB, . f= e = ! = !

2nVLC 2 X 314 V10 x 0002 6.28 V 0.02

_ 1 1 _
" 6.28 x 0.41 0885 113

4. 5.48...I=\/ F =\/ _ﬂ = V30 = 548

. LSkW = 1500 watts. Then

\/1 \/ '6;506 V25 =5A
V r \flo,ooo 00 —10 oA

THE RIGHT TRIANGLE . . . The triangle in Fig. 1 is called a right triangle
because one of its sides, a (the line extending between points B and O), is perpen-
dicular to one of the other sides, b (the line extending between points A and C).
That is, side b is “square” to side a. The angle at Cis 90° and is called a right angle.

B

A C
Fig. 1 A right triangle



10 The longest side of a right triangle is called its hypotenuse. The hypotenuse is
always opposite the right angle. The other two sides are called the /legs. In Fig.
1, c is the hypotenuse and b and a are the legs.
WHAT HAVE YOU LEARNED?
1. A right angle contains W degrees.

2. There are 2 _ legs in a right triangle.

3. The hypotenuse is always located opposite the _L“_L'i_')L angle.

ANSWERS

1. 90 2.2 3. right

7 FINDING THE HYPOTENUSE . . . In practical electronics problems it is often
necessary to find the length of the hypotenuse when the lengths of the other two
sides of the triangle are known.

Rule . . . The hypotenuse of a right triangle is equal to the square root of the sum of the
squares of the other two sides, or

VET S

where ¢, b, and a are all sides of the triangle as shown in Fig. 1.

Example . . . In Fig. 1, ifa =32 and b = 2], ¢

= VI T
= \/44 1024
=V 1465 = 38.3, ans.

Solution . . .

Right angles find much use in electronics calculations as applied to AC circuits.
A typical circuit with resistance R, reactance X, and impedance Z and its represen-
tation by a right triangle are shown in Fig. 2.
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R

R

Fig. 2 A series AC circuit and its representation by a right triangle.

Example . . . In the formula Z = VX2 + R?, if X = 120 ohms and R = 160 ohms,
Z=____ ohms.

Solution. .. Z = VX + R =V 1202 + 1602
=V 14,400 + 25,600 = V40,000
= 200 ohms, ans.

WHAT HAVE YOU LEARNED?

| InFig. 1 ifa=21andb=169,c=___ . #/+/.9=3 793,
, , , 19,30 B

2. If aroom is 12 ft wide and 20 ft long, the distance between opposite corners

of the roomis __ feet.

3. An AC circuit consisting of a resistor and a capacitor in parallel is shown in
Fig. 3. The total current flow IT is equal to the hypotenuse of a right triangle in
which the current through the resistor /& is equal to one leg and the current
through the capacitor /c is equal to the other leg. If Ic = 12 A and Ir = 15 A,
It=_____ amperes.

I BIR JIC

f == I7 Ic =12

I =15

Fig. 3
4. A series AC circuit consists of an inductor and a resistor, as shown in Fig.
2. If Xt = 25 ohms and R = 35 ohms, Z = ohms.
ANSWERS
1. 270
2.233...V 122+ 202 = V144 + 400 = V544 = 233 ft
3382, . r=VI22+15=V144 +225 =V369 =192A

4. 430 ohms



12

RATIO AND PROPORTION

MEANING OF A RATIO . . . Two quantities may be compared by dividing the
magnitude of the first quantity by the magnitude of the second. The quotient ob-
tained is called the ratio of the two quantities. Thus, the ratio of 8 amp to 4 amp
is% , or 2, while the ratio of 4 amp to 8 amp is 4§- , or 0.5.

If the voltage in one part of a circuit is 30 volts and the voltage in another part
is 20 volts, how can we express the relationship between the two voltages? We
can say that the ratio of the first voltage to the second voltage is 30 to 20. (This

can also be written—not said—as 30:20.) In fractional form the ratio is % s
3

ory- .

It is much better to say that the ratio of the first voltage to the second voltage

is 3 to 2 than to say 30 to 20, because the mind can more easily comprehend the

exact relationship between the two values when smaller numbers are used. Since

g—g = g— = 1.5, we can say that the ratio of the first voltage to the second voltage

is 1.5, which may also be expressed as 1.5 to 1 or 1.5:1.

In relating two numbers by a ratio, make sure they represent quantities that are
measured in the same units. For example, the ratio of 6 in. to 2 ft is notg— .
We must first change 2 ft to 24 in., so that both quantities are in the same units.

The ratio then is & =1, or 0.25.

1L
24 4
WHAT HAVE YOU LEARNED?

1. (a) The ratio 21 to 7 is
(b) The ratio 7 to 21 is

2. A man earns $500 a week and saves $50 each week. The ratio of his savings
to earnings is

3. Electrolyte for a bank of storage batteries consists of 5 qt of sulphuric acid mixed
with 4 gal of water. The ratio of acid to wateris . (Hint: 4 qt = 1 gal)

4. The ratio of the circumference of a circle to its diameter is 3.14, a value which
is usually represented by the symbol n. If a circle has a diameter of 8 in., its cir-

cumference is ____ in.

5. If a circle has a circumference of 8 in., its diameter is



ANSWERS 13

1. (a) This ratio may be written as 3—' ,%— ,3tol, 3:1, or 3.

(b) ;—l ;— ,0.333, 1:3, or 1 to 3.
2. 5—5000— , T(IY’ 0.1, L:10, or 1 to 10

3. %, 5:16, Sto 16, or 0.313 . . . 5 qt of acid is mixed with 4 gal of water. Both quantities

must be in the same units before their ratio can be found. 4 X 4 = 16 qt. Therefore, the

ratio of acid to water will be % , etc.

4. 251 in . . .m = 3.14. Therefore, the circumference must be 3.14 times
diameter

the diameter, and 3.14 X 8 = 25.1 in.

. 8 _ .
5.255in. .. 318 2.55 in.
MEANING OF PROPORTION . . . The ratio of 10 to 5 is % or 2, and the
ratioof 8to 4 isg— , or 2. Therefore 1—50- = 2— , because each ratio is equal to 2.

Such a statement of the equality of two ratios is called a proportion. A proportion
is an equation that states that two ratios are equal.

The above proportion should be read, *“10 is to 5 as 8 is to 4.” The values 10,
S, 8, and 4 are called the terms of the proportion. Every proportion has four terms.

It is important to note that an equation of the form / = E orE=2 canbe

R 1
written asl— S ori S , and therefore these equations may also be con-

1 "R %1 T
ya

sidered as proportions. Thus = can be read as / is to | as F£ is to R.

R
WHAT HAVE YOU LEARNED?
1. A proportion is an equation stating that ______ ratios are equal.

—

2. There are ______ terms in a proportion.

ion 3 = 8.
. The proportion 10 =60 S read
P
1

w

4. The equation E = = , if considered as a proportion, is read

ANSWERS

. two 2. 4 3. 3isto 10 as 18 is to 60
.EistolasPisto/

B o—
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LAW OF PROPORTION . . . In most practical problems, three of the four terms
which make up a proportion are given and the fourth term must be found. To
find this fourth term, we make use of the important principle that in a proportion
the cross products are equal. The meaning of the term “cross products” is illus-

trated in Fig. 4.
5 X 8:=40

IO X 4 =40

Fig. 4 In ony proportion the cross products ore equol.

When three terms of a proportion are known, the fourth term, or the unknown
term, is represented by a symbol. If there is no standard symbol for the unknown
term, the letter x is commonly used. For example, the proprtion 10 is to 5 as 8

is to what would be written as 0 _38 .

5 x

We can find the value of the unknown term by remembering that in a proportion
the cross products must be equal. In the proportion in the preceding paragraph
one cross product is 5 X 8 = 40; therefore, the other product, 10 X x must also
equal 40. If x is 4, this condition will be satisfied. And we found the value 4 by
dividing 40 by 10.

This leads to the following rule for finding the unknown term in a proportion.
Rule . . . To find the unknown term of a proportion, find the cross product both

terms of which are known and divide that cross product by the known value in
the other cross product.

x_2

Example . If W =253 ' ¥
1 x 12 =132
Solution . . . == ~
B x X 253 = 25.3x
132 _
x 53 5.22, ans.

Explanation . . . Both terms are known in cross product A. Their product is 132. This

product is divided by the known term, 25.3, in cross product B.



WHAT HAVE YOU LEARNED?

In Problems | to 7, solve for x:

. B 3 5 100 _ x
6  x 7 175
3 2-=L 7. 3.25:4.33 = x:83

8. Given the formula E = lﬂ , where E is 60 and [ is 10, find the value of P.
9. Given the formula for the Q of a circuit, Q X , in which Xc and R are in
ohms, what value must R be to give a Q of 100 when Xz is 500 ohms?

10. In a voltage transformer, the ratio of the secondary voltage Es to the primary
voltage Ep is equal to the ratio of the number of turns on the secondary winding
Ns to the number of turns on the primary winding Np. Write this statement as
a proportion.

11. A voltage transformer has 200 turns on its primary and 800 turns on its secon-
dary. If 115 volts are applied to the primary winding of this transformer, what is
the secondary voltage?

ANSWERS

6 x3
.L1...x= =
X 18 1

2.3 349 4. 375 5. 25 6. 50
7. 62.3 . .. Before attempting to solve a proportion written in the form A:B = C:D, always

N A _C

rewrite it in the form B D -

8. 600 . . . Substitute 60 for E and 10 for / in% = ,ﬂ , giving % = % . Then
solve the proportion by cross products: P = 60;;(1_0 = 600.

9. 5ohms . .. By using]g = %L— and substituting the given values, l_(])_O = 5’—?—0 . By

=300x1 _g

solving the proportion for R, we have R 100
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"B N
11. 460 volts . . . By substituting in the proportion of Problem 10, we have
E, _ 800
s 200
— 115 x 800 _
E: = 200 460 volis

LESSON 2102A-1
ROOTS OF NUMBERS, RATIO, AND PROPORTION

EXAMINATION

Each examination question is followed by a number of selections. Circle the
number in front of the correct selection for each question. When you have
finished, transfer your answers to the Answer Sheet provided.

When using the square root tables, what is the most common mistake made

in extracting the square root?

() Confusing extracting the square root with squaring a number.

(2) Getting the decimal point in the wrong place.

(3) Failure to first of all, separate the number into periods of two digits each,
starting at the decimal point and working out from there in each direction.

. If the square root of 64 is 8, what is the square root of 6.4? (Don’t forget

to square your answer to see if it equals 6.4 as a check.)
(1) 008 (2) 2.53 3) 08 4) 1.85 (5) 0.253

. Find the square root of 27,300 to three significant figures. (Check your work.)

(1 165 (2) N4 (3) 510 4) 522 (5) 529

. With reference to ratios, which of the following statements is not true?

(1) Ratios must be made between quantities measured in the same unit.

(2) The ratio 0.2 to 1 may be written as 3 .

1
(3) The ratiog— may be written 2:3.

(4) By the statement *‘the ratio of A to B”, we mean g; .

. Having worked out the value of x in a proportion, you should check your answer

by seeing if

(1) the product of the two cross products is equal to x.

(2) one cross product divided by the other cross product gives the value of x.
(3) the product of the numerators is equal to the product of the denominators.
(4) the cross products are equal.



6. What is the value of y in the proportion %9—24= 0“%4 E 17

(Check your answer in accordance with Question 5, paying particular atten-
tion to the decimal point position *)
() 00018 (2)032 (3)18 (4 00032 (5) 018 (6) 0018

7. The ratio of the secondary current of a transformer to the primary current
is equal to the ratio of the number of turns on the primary to the number
of turns on the secondary. By “ratio of the secondary current to primary cur-

s

rent,” we mean

0 primary current @) secondary current
secondary current primary current °

8. Refer to the first sentence of Question 7 and remember that a proportion is
a statement that two ratios are equal. The proportion in Question 7 can be

written as
) secondary current _ _secondary turns
primary current primary turns

Q) secondary current _ _ primary turns
primary current  secondary turns

9. Every proportion has
(1) three unknown terms. (2) four terms. (3) three terms.
(4) two terms. (5) one term.

10. A vertical antenna tower is 160 ft. high. You need a wire to reach from the
top of the tower to the anchor point on the ground which is 120 feet from
the point where the tower rests on the ground. How long must the wire be?
(1) 184.2 ft. (2) 200 ft. (3) 2446 ft. @) 1124 ft.

END OF EXAM

*Your answer may vary slightly from ours, depending upon how you rounded off. You should never
be concerned about that anywhere in the course, if you use three significant figures.
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APPENDIX A

EXTRACTING SQUARE ROOT ON CALCULATORS WITHOUT SQUARE
ROOT KEY . . . We will find the square root of 27 to show by example how to
proceed if your calculator does not have a square root key.

Step 1 . . . Make a guess as to the square root of the number, in this case an
estimate of VV27. Note that 52 = 25, a little less than 27. Hence, we will take 5.2
as our guess of the square root. If the guess is quite a way off, it doesn’t matter
much—don’t let it worry you.

Step 2 . . . On your calculator divide the number by its estimated square root.
27/5.2 = 5.1923. Leave this value in the register of the calculator.

Step 3 . . . Add the square root estimate to the value that you have in the register:
5.1923 + 5.2 = 10.3923. Leave this value in the register.

Step 4 . . . Divide the register value by 2: 10.3923/2 = 5.196, the approximate
square root.

The above value for the square root is about as accurate as you will ever need.
If you want a more accurate value, just repeat the steps above, using the result
in Step 4 as your new estimate of the square root. Doing this we come out with
5.196152 as the root. If your original guess as to the square root was quite a way
off, it will pay you to repeat the steps that you are sure to have an answer accurate
to several significant figures.

ANOTHER EXAMPLE . . . Let's find V'2.7. Before you can make an intelligent
guess as to the square root, you must consider the location of the decimal point.
Note that V2.7 must be less than 2, because 22 = 4. Let’s use 1.5 as the estimate.
Proceeding as previously explained, we obtain 1.65 as our first approximate root.
1.652 = 2.7225. This shows that 1.65 is not a very accurate root. Hence, repeat
the process using 1.65 as the estimated root. We now get 1.6432 as the estimated
root. 164322 = 2.7001. Hence, this root is quite accurate.



APPENDIX B

EXTRACTING THE SQUARE ROOT USING TABLES . . . The following ex-
amples will show how to use the square root tables. Be sure you have studied
Topic 4 before you read this Appendix.

EXAMPLE | . . . Find V 3.54

SOLUTION . . . Find 3.5 in the left vertical column of the square root table, and then
move your finger horizontally to the right until you reach the column headed 4. Read 1.8815,
the answer.

EXAMPLE 2 . . . Find V 35.46

SOLUTION . . . Reduce 35.46 to three significant figures, which then becomes 35.5. Find
35 in the left vertical column of the square root table, and then move your finger horizon-
tally to the right until you reach the column headed 5. Read 5.9582. This value should
be reduced to three significant figures because 35.46 was reduced to three figures. Hence,
5.96, answer. This answer is accurate enough for most requirements in electronics.

LARGE AND SMALL NUMBERS . . . When numbers are very large or very
small, it is essential that you first point off the number into periods of two, start-
ing at the decimal point.

EXAMPLE 3 . . . Find V 354000.

SOLUTION . . . Mark off into periods, as explained in Topic 3: 35'40'00. Think of the
decimal point as being after the first period. From the table find 35.4 = 5.9498. Now the
decimal point in 35.40'00 must be moved two periods to the right to get 35'40'00. Hence,
move the decimal point two places to the right in 5.9498, giving 594.98, answer.

EXAMPLE 4 . . . Find V 0009

SOLUTION . . . Mark off into periods, as explained in Topic 3: 0.00'90. Think of the
decimal point as being after the first significant period (the first period that is not all zeros).
That is, consider the decimal point as being after 90. From the table, the square root of
90 is 9.4868. Now the decimal point 0090 must be moved two periods to the left to get
0.00'90. Hence, move the decimal point two places to the left in 9.4868, giving 0.094868,
answer.

19
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LESSON 2102B-1
INVERSE PROPORTION AND
NEGATIVE NUMBERS

MEANING OF DIRECT PROPORTION . . . One quantity is directly propor-
tional to another quantity when the ratio of any two values of the first quantity
is equal to the ratio of the two corresponding values of the other quantity.

For example, in the formula / = % , let’s suppose R is fixed at 10 ohms, Then,

as E increases, I increases (see Fig. 5). Suppose first that £ = 40 volts. We can
then write

_E _ 40 _

Il—R—lo 4 A
7

6 (]

|

5 |

g :

o 4 1

o |

§ s !

- 1

2 |

1

' i

|

0 ]

b y U — T — 37—
O 10 20 30 40 S0 6C 70 80 90 110D
F, volts
Fig. 5 Direct proportion. In the formulal = -g— s lis directly proportional to E: as

E increases, | increases a proportional amount. The graph shows the values
of | (when R is constant at 10 ohms) as E varies. For example, when E =
60 volts, | = 6 amp.

Now suppose that £ = 60 volts, and we can write



The ratio of the first voltage to the new voltage is

E\ 40 volts 2

E2~ 60 volts 3

Since the ratio of the two currents is equal to the ratio of the two voltages, the
current in a DC circuit, when the resistance is constant, is directly proportional
to the voltage. We would write out this proportion as follows:

first current _ first voltage _ I, _ Ei

second current  second voltage 2 E2

WHAT HAVE YOU LEARNED?

l. (a) In the equation P = 10/, Pis _____ proportional to /.
(b) As I increases, P _____ .
QIfh=10~P=_____
@ Ifh =100, P2 =

(&) 4=

P _
Op=—
(g) Therefore, the ratio of values of P can be equated to the ratio of the two

corresponding values of [ as follows: =

2. The reactance of an inductor is directly proprtional to frequency. If the reac-
tance X of a certain inductor is 100 ohms at 5 kHz, the reactance is 250 ohms
at _ kilohertz.

ANSWERS

1. (a) Directly (b) Increases ©100... P=10X/=10 X 10 = 100

1 _10 _ 1 1 h _ P
@100 @350~ D  ©®L=h
2. 125...X = 100 ohms, fi = 5kHz, X2 =250ohms, 2 = kilohertz.
Then
X _A
X2 f
100 _ 5
250

The cross product with the two known terms is § X 250 = 1250. Divide this cross product
by the known term, 100, in the other cross product, 100 f:

1250 _
) = 125 kHz = f

27
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SETTING UP PROBLEMS IN DIRECT PROPORTION . . . Following the method
of Topic 10, no one has any difficulty in working out problems in proportion. Set-
ting up problems in proportion is equally easy—but only if you go at it in the
right way. The following example shows you how.

Example . . . An automobile traveling 35 miles per hour goes 150 miles in a certain length
of time. If the speed of the automobile was changed to 55 miles per hour, what will be
the distance covered in the same length of time?

Solution . . .
B Speed Distance
Original Values 35 mph 150 miles
Values changed to 55 mph x miles
150 _ 35, _ i
o 55° x = 236 miles, ans.

Explanation . . . You must begin every proportion problem by making a table as above.
First decide what are the two types of values involved in this proportion. In this example,
the two types are speed and distance. Hence, we write speed and distance as the column
headings for our table, as shown. Two sets of values are involved. One set is the speed
and distance first considered (35 mph and 150 miles). In the table above we have entered
this set of values in the first row and called them *“original values™. The other set is the
speed and distance after the change in speed has been made. In the table we have titled
the two for these values as ‘‘values changed to”. The speed for this set of values is 55 mph,
and we call the distance x, since we don’t as yet know its value.

Having completed the table, we can now write down the proportion directly from the table,
and then find the value of x in the proportion. Since ratios must always be made from like

units, the two speed values make up one of the ratios (:ﬁm) of the proportion, and
55 mph propo

the two distance values form the other ratio (120-miles)

x miles

In making up the table for the above example, how do you know whether to put
the speed column or the distance column on the left? It makes no difference.
Similarly, it makes no difference whether you use “original values” or ‘“‘values
changed to” as the first row. Three other ways to make up the table of the above
example are shown below. Although each table represents a different proportion,
if you will work out the value for x in each of the three proportions, you will
get 236 miles in each case.

Distance Speed

Original values 150 miles 35 mph
Values changed to x miles 55 mph
150 35 .

S T 550 %= 236 miles, ans.



Speed Distance

Values changed to 55 mph x miles
_ Original values 35 mph 150 miles
35 __x x = 236 miles, ans
35 150 ° o
o Distance Speed
Values changed to x miles 55 mph
Original values 150 miles 35 mph
R ; x = 236 miles, ans.
35 150" ’
Example . . . The resistance of a copper wire is directly proportional to its length. If a

5-mile length of copper wire has a resistance of 10 ohms, what is the resistance of a 6-mile
length of the same wire?

Solution . . .
o \iVi_re Iength Res_is:tance
Shorter wire 5 miles 10 ohms
Longer wire 6 miles x ohms

10

(53— 3 x = 12 ohms, ans.

Explanation . . . The two types of values in this proportion are wire length and resistance,
and these form the column headings. The shorter of the two wires has a length of 5 miles
and a resistance of 10 ohms, and these two values are listed in the row marked *‘shorter
wire”. In the bottom row, for the longer wire, 6 miles is listed for wire length, and x for
the resistance.

WHAT HAVE YOU LEARNED?

1. The ratio of the primary to secondary voltages of a transformer varies directly
with the ratio of primary to secondary turns. If the primary of a transformer has
500 turns and 110 volts are impressed across it, and if the secondary has 23,000
turns, the secondary will deliver volts.

2. The reactance of an inductor is directly proportional to the frequency of the
current through it. If the reactance of a certain inductor is 1500 ohms at 2100 hertz,
the reactance willbe __ ohms at 10,000 hertz.
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3. The reactance of an inductance at a certain frequency is 1200 ohms. If the fre-
quency is doubled, the reactance willbe _____ ohms.

4. At very high frequencies the field strength at a receiving antenna a certain
distance from the transmitter will be proportional to the frequency of the signal.
If the field strength at a certain receiving antenna is 8 mV (millivolts) per meter
at a frequency of 100 MHz (megahertz), the field strength will be

millivolts per meter at a frequency of 200 MHz.

5. When resistors are connected in series, the voltage drop across each resistor
is directly proportional to the applied voltage. If an applied voltage of 500 volts
results in a voltage drop of 80 volts across a certain resistor, an applied voltage

of 300 volts will cause a voltagedropof _____ volts across that resistor.
ANSWERS
1. 5060 volts . . .
o Voltages Turns
Primary 110 volts 500 turns
Secondary x volts 23,000 turns
. 23,000 ° x = 5060 volts
2. 7140 ohms . . .
o Reactance _Frequency
Lower frequency 1500 ohms 2100 hertz
__Higher frequency x ohms 10000 hertz
1500 _ _2100 .  _
o 10,000 * x = 7143 ohms,
or 7140 ohms when rounded off to three significant figures.
3. 2400 ohms . . . Since reactance of an inductor is directly proportional to frequency,

doubling the frequency also doubles the reactance.
4. 16 millivolts per meter
5. 48 volts

MEANING OF INVERSE PROPORTION . . . With direct proportion, the only
kind discussed so far, an increase in one quantity brings about a corresponding
increase in the other. Thus, when the circuit voltage is doubled, the circuit cur-
rent also doubles, since current is directly proportional to voltage.



There is another kind of proportion, called inverse proportion, in which an in-
crease in one quantity results in a decrease in the other. An example is the state-
ment that the time required to travel by automobile between two towns is inversely
proportional to the speed of the car. If the speed is doubled, the time is reduced
to one-half that required at the original speed.

One quantity is inversely proportional to another quantity when the ratio of any
two values of the first quantity is the reciprocal of the ratio of any two corre-
sponding values of the second quantity.

For example, in the formula I = 78 let us suppose that E is fixed at 10 volts.
Then as R increases, I decreases, as shown in Fig. 6.

1.0~
0.9 1
Q.8 1
0.7
1:E E=10 volts
0.6- R

I, amperes

|
|
1
|
|
I
!
i
T

O LR T L) L T T — 1
O 10 20 30 40 50 60 70 80 90 100
R, ohms

Fig. 6 Inverse proportion. In the formula | = g— , lis inversely proportional to R:

as R incr , | decr in inverse proportion. The graph shows the values
of | (when E is constant at 10 volts) as R varies. For example, when R =
40 ohms, | = 0.25 amp.

To solve a problem involving inverse proportion, set up two ratios in the same
manner as for a problem in direct proportion, as discussed in Topic 11. Now in-
vert one of the ratios, but not both, and equate them to each other. The resulting
proportion will be an inverse proportion.
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Example . . . The resistance of a wire is inversely proportional to its cross-sectional area.
If the cross-sectional area of a certain length of wire is 45 circular mils (abbreviated cir
mils) and its resistance is 82 ohms, the resistance of the same length of wire with a cross-

sectional area of I8 cirmils willbe __ ohms.
Solution . . .
Area Resistance
Smaller wire 18 cm x ohms
Bigger wire 45 cm 82 ohms
18_8 ., _
5 i 205 ohms, ans.

Explanation . . . Make up a table exactly as for direct proportion, and as shown above.

18 cm oy x ohms
45 cm 82 ohms

From the table, the two ratios involved in the proportion are

Now we come to the only difference between working a direct proportion and
an inverse proportion; in an inverse proportion, invert one of the ratios (either

one, but not both). In the example above we inverted x to obtain iz . Thus

18 _ 82

the proportion becomes 5= 5

We could just as well have inverted the ratio 85 , in which case the proportion

would be 42 |8 82 Working out the value of x for this proportion, we get 205

ohms, the same value as obtained above.

WHAT HAVE YOU LEARNED?

1. A given circuit includes two parallel branches, as shown in Fig. 7. The current
through each branch is inversely proportional to the resistance of that branch. In
branch 1 the resistance is 10 ohms and current flow is 6 A. If the current in branch
2 is 2 amps, find the resistance (R2) of branch 2.

2. In increasing one quantity to 3 times its original value causes another related

quantity to also triple in value, the two quantities are in propor-

tion. If two quantities are in inverse proportion, and if the first quantity is in-

creased to 4 times its original value, then the second quantity will change to
its original value.



brunc__l branch 2
ealOn 2A
R, Ra

Fig. 7

3. The reactance of a capacitor is inversely proportional to the frequency. If the
reactance of a certain capacitor is 1500 ohms at 2100 hertz, the reactance will
be_ ohms at 10,000 hertz.

4. The reactance of a capacitoris ___ ohms at 1200 kHz (kilohertz)
if its reactance is 300 ohms at 680 kHz.

5. The reactance of a certain capacitor at a certain frequency is 4800 ohms. If

the frequency is tripled, the reactance willbe __ ohms (see Problem
3).
ANSWERS
1. 30 ohms . . .
) Current Resistance

Branch 1 6 amps 10 ohms

Branch 2 2 amps x ohms
The two ratios are g— and—;-Q . Since an inverse proportion is involved, one of the ratios
must be inverted. Invertingg— gives%— . Hence the proportion isg— = lx(-)— .
2. direct; one-fourth

1500 _ _10,000 -
3.315. .. X 2100 X = 315 ohms

X 680
4. e e =
170 ohms 300 1200 X = 170 ohms

5. 1600 ohms . . . Since the reactance is inversely proportional to the frequency, making

the frequency three times its original value will reduce the reactance to one-third its original
value.
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DIRECT OR INVERSE PROPORTION? . . . In the examples and problems so
far you have been told whether the proportion is direct or inverse. When you are
not this fortunate, deciding which type of proportion is involved is easy if you
go about it right. In any case you start in by making up a table for the proportion
Just as you have been doing. You then decide whether direct or inverse proportion
is involved. To do this, note the two column headings in the table (speed and distance
in the example on page 28). When the value of one of these headings goes up,
does the value of the other heading also g0 up? If so, you have a direct proportion.
If the value of one of the column headings goes down when the other goes up,
you have an inverse proportion. In the example on page 28, when the speed in-
creases, the distance also increases, because you know that the faster the car goes,

the more distance it will cover in a certain length of time. Hence, the proportion
is a direct one.

Example . . . If a full crew of 8 workers can do a certain job in 28 days, how long would
it take a short crew of 7 workers to do the same job?

Solution . . .
Days Workers
Full crew 28 8
Short crew X 7
g = l—‘ =
o g X 32 days
Explanation . . . Is the proportion direct or inverse? The column headings are days and

workers. As the number of workers increase, the number of days required to do the job
will obviously go down. Hence, the proportion is inverse. Hence, of the two ratios in the

table, 2x_8 andg— » one must be inverted. We inverted the second, to give the proportion
28 _ 17
x 8

WHAT HAVE YOU LEARNED?
1. If a train travels 378 miles in 11 hr, it will travel ——  milesin 17 hr.
2. If a ship sails 256 miles in 11% hr, it will sail miles in 179 hr.
3. 1f 16% ft of coaxial cable costs $61.87, 28 ft of this same cable will cost

4. A vernier dial turns 10 revolutions each time the control shaft is turned 3°
The dial will turn ___ revolutions when the shaft is turned 17°




5. If 10 workers can do a job in 20 days, 25 workers can do the same job in
days.

6. If 7 workers can erect a tower in 5% days, 4 workers can erect the tower in
days.

7. You are given the formula M = 2rnQ2?rh. When h is equal to 30, then M is

equal to 45. What will be the value of M when h is 72? Assume that the values

of 0, n, and r do not change.

2nQr
h

equal to 45. What will be the value of M when h is 72? Assume that the values

of O, n, and r do not change.

8. You are given the formula M = . When h is equal to 30, then M is

ANSWERS
1. 584 miles . . .
Distance Time
Original values 378 miles 11 hours
Values changed to x miles 17 hours

The two column headings are time and distance. The more time the train travels the farther
it will go. Hence, as time increases, distance increases—a direct proportion. The propor-

.. 38 _ 1
tion is PRl
2. 3985 miles . . . A direct proportion is used.
3. 8105 ...
Length Cost
Short length 16.5 feet $61.87
Long length 28 feet X

The more you buy, the more it costs. Hence, as length increases, so does cost increase—a

: . 165 _ 61.87
direct proportion 28 P
4. 56.7 revolutions . . . A direct proportion, since the more revolutions you give the ver-

nier dial, the further in degrees the control shaft is turned.
5. 8 days . . . An inverse proportion,

6. 9.19 days . . . An inverse proportion.

7108 ...
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M h

Original values 45 30
Values changed to x 72

Now look at the formula carefully. Notice that the higher the value of A, the higher the
value that M must be, since M is obtained by multiplying 2rQ?r by the value of h. Hence,

the proportion involved is direct, and is % = ?,2—0 ;x = 108

8. 1875 . . . The table will be identical to the one for Question 7. Studying the formula,
we notice that when h becomes higher, M must become less. You are dividing 2rQ?r by
h—the bigger the number you divide by, the lesser the quotient must be. Hence, an inverse

proportion is involved. Inverting the ratio M, we have the proportion %5 = ;2—0 .

PROPORTIONAL TO THE SQUARE OR ROOT . . . One quantity may be directly
or inversely proportional to the square of some other quantity. Or one quantity
may be proportional or inversely proportional to the square root of some other
quantity.

Example . . . The resistance of a wire is inversely proportional to the square of the diameter
of the wire. If a wire 0.15 in. in diameter has a resistance of 70 ohms, what will be the
resistance of the same length of wire with a diameter of 0.25 in.?

Solution . . .
Resistance Diameter

Small wire 0 (0.15)2 in.
Large Wire x Q (0.25)? in.

X 0.15)?
0 (0.25)?
X _ 00225
70

X

:

~ 700625
= 25.2 ohms, ans.

Explanation . . . In the table, the diameter values are shown squared because the problem
states that the proportion is to the square of the diameter. In setting up the proportion,

the resistance ratio in the table, ? , is inverted to give % because the problem says

that an inverse proportion is involved. The diameter ratios could equally well have been
inverted.

WHAT HAVE YOU LEARNED?

1. The resistance of a wire is inversely proportional to the square of the diameter
of a wire. If a wire 0.21 inches in diameter has a resistance of 80 ohms, what
will be the resistance of the same length of wire with a diameter of 0.25 inches?
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2. The power dissipated in a resistor is proportional to the square of the voltage
impressed. If a voltage of 100 volts will dissipate 240 watts in a certain resistor,
how much power will be dissipated if the voltage is increased to 180 volts?

3. 400 watts of power are dissipated in a certain resistor. How much power will
be dissipated in this resistor if the voltage is tripled?

4. 400 watts of power is dissipated in a certain resistor. How much power will
be dissipated in this resistor if the voltage is reduced to one-third of its original
value?

ANSWERS

1. 564 ohms
1002 _ 240, 10000 _ 240 ,  _
2. 778 watts . . . 1802 * 32,400 L ¥ 778 watts
3. 3600 watts . . . As no actual voltage is stated, assume the voltage is 1. The tripled voltage

12 _400 .1 _400 ., _

3 T 9 Y X 3600 watts

4. 44.4 watts . . . The ratio of the original voltage to the new voltage will be 3 to 1. The
ratio of the original power to the new power will be 400 to x. As it is a direct proportion,

set these two ratios equal, but not until after the voltage ratio is squared.

will then be 3. Hence,

S5 ==, =—",;x =444 watts
X

NEGATIVE NUMBERS

MEANING OF NEGATIVE NUMBERS . . . Ordinary numbers as we commonly
know them are positive although we do not usually put a plus sign in front of
them. Working with only positive numbers is adequate for many people but in
electronics work we must learn to use and understand negative numbers.

First of all, we must be careful about how we interpret the word negative. We
often speak of a negative number as being less than zero, and many people are
confused because we cannot conceive of any quantity being less than zero. Yet
during the Winter season, the temperature may drop below zero. When the
temperature is ten degrees below zero we write is as —10 degrees. In this case,
the zero point (or reference point has been established at some point in the
temperature scale.

In an electronic circuit, you must determine where the zero reference point is
whenever you specify a voltage. When we specify the voltage of a battery we always
use a positive number. However, if the battery is connected in a circuit we may
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38 want to connect the positive battery terminal to what we call the zero reference
point in which case the battery voltage measured to the other terminal would be
a negative quantity since the other terminal is negative when compared to our
zero reference. The reverse situation would be one in which the negative battery
terminal were designated as having zero voltage and of course the voltage measured
to the other terminal would be positive.

In summary, we conclude that a quantity can be either positive or negative depend-
ing on where we establish a zero reference. In electronic circuits, we frequently
use ground as a reference and say that it has zero potential. A positive voltage
is said to be above ground and a negative voltage is below ground. You will find
many other uses of negative numbers in electronics as you progress through this

course.
WHAT HAVE YOU LEARNED?

1. 14 indicates 14 units _____ than zero.

2. —14 indicates 14 units than zero.

3. In a cold-climate area, the temperature varies in one day from 5°F to —15°F.
°F is the colder temperature because

4. In Fig. 8 is shown a DC circuit which uses two batteries, £1 and E2. The com-
mon lead between the two loops is at ground potential. The voltage at point A
is volts. The voltage at point B is volts. Consider
ground as being at zero potential.

+
E _;IO volts

Fig. 8
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ANSWERS 39

1. greater . . . 14 is a positive number. 2. less

3. —I5°F is the colder temperature because it is 15° below zero.

4. +10; =20 . . . The negative pole of Ei is connected to the grounded line. Because the
voltage of Ei is 10 volts, point A, connected to the positive pole of E1, will be 10 volts
above ground. The positive pole of E2 is connected to ground. Point B connects to the
negative pole of E2, which is 20 volts below ground, or —20 volts. Therefore, the voltage
at B is —20 volts.

ADDING POSITIVE AND NEGATIVE NUMBERS . . . While the use of +
or — signs in front of numbers provides an easy shorthand method for saying
“‘above zero™ or *below zero,” the real value in the use of these signs is that they
make practical calculations easier. Two rules are used for adding positive and
negative quantities.

Rule | . . . To add two or more numbers which have the same sign, find their
sum by ordinary arithmetic and prefix this sum with the common sign.

Rule 2. .. To add a positive number 10 a negative number, find their difference
by ordinary arithmetic and then prefix this difference with the sign of the number
that has the greater value when the signs are ignored.

Example . . . The sum of —7 volts and =5 is ______ volts.
Solution . . . Since a minus sign precedes both terms, Rule 1 will apply:
7+5=12

Because the common sign of the two numbers is minus, the answer is —I2.
Example . . . The sum of 8 volts and =4 voltsis _____ vols.

Solution . . . Since a positive number and a negative number are involved, Rule 2 will apply.
14-8=6

The number with the greater value when the sign is ignored, —14, is negative, and therefore
the answer is —6 volts.

WHAT HAVE YOU LEARNED?
L.7+2=___ 3. - 9+2-=

2. -6 -8 = 4. 24 - 91 =
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S. (a) The sum of 91 volts and =24 voltsis ___ volts.

(b) The sumof 91 voltsand 24 volts is __ volts.
6. (a) The sum of —10 amp and +l4 ampis ___ amperes.
(b) The sum of +14 amp and —l0 ampis _ amperes.
(¢) The sum of —14 amp and —10 ampis __ amperes.
7. The sum of +21 decibels and —21 decibels is decibels.

8. The sum of an inductive reactance of 0 ohms and a capacitive reactance of
—Sohmsis___ ohms.

9. If a —I12-A current is added to another —I2-A current, the result is a
_________-ampere current.

10.8+4-3-6+7-2-=

m4-9-7+3-5-6

2. -5-7+6-3=_
ANSWERS

1. 9 2. -4 . .. —6 and —8 are to be added.

3. =7 ... UseRule 2 to add —9 and +2.

4. -67 5. (a) 67; (b) 115 6. (a)4; (b) 4; (c) —24 70 8 -5
9. —24 . .. The negative sign preceding the current valu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>