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A NOTE FROM THE AUTHOR

A source of good practical, technical information is as much a valuable
tool to the communications technician as is his or her voltmeter and solder-
ing iron. The technician who is seriously interested in this work and has a
desire to keep abreast is constantly looking for books that have a direct,
practical application to the job and that will be of direct benefit in daily job
performance. The technician doesn’t want (and doesn’t have time) to “wade
and sift” through dozens of generalized books for specific information.

As a communications technician, much of your time is spent in test and
measurement work either to evaluate the performance of equipment or to
locate the area of trouble in the system. Over the years, a great number of -
test and measurement procedures have been developed by the industry. The
Electronic Industries Association (EIA) has made great strides in
standardizing many tests and measurement procedures in order to give real
meaning to manufacturer’s specifications, which often were based on
improper and little-known test procedures.

Surprisingly, some technicians are still unaware of many test and mea-
surement procedures that can help them to analyze the performance level of
communications equipment more effectively. Others don’t use the test and
measurement procedures to their fullest advantage simply because the bene-
fits are not completely recognized or understood. Perhaps part of the reason
for this has been the lack of books that focus complete attention on this im-
portant, indeed vital, subject area.

In writing this book, it is my sole aim and purpose to provide you, the
communications technician, with a complete source or directory of those
tests and measurements relative to the servicing of AM, SSB, and FM radio
communications gear, including antennas, transmission lines, and remote
control lines. You will learn why these tests are necessary, step-by-step
procedures for performing the tests and measurements, and proper
interpretation and evaluation of the results. Where possible, more than one
method of performing these tests and measurements (using different
equipment) will be presented.

Chapter I tackles the decibel and how it is used in communications
work. This chapter includes many graphs that you will find very useful in
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your day-to-day work. Chapter-2 describes, in great detail, the spectrum
analyzer, a valuable piece of test equipment to the modern communications
shop. Chapter 3 describes the modern, sophisticated instrumentation avail-
able to the communications shop. Chapters 4 through 9 cover tests and
measurement procedures related to AM, SSB, and FM communications
equipment. Chapter 10 provides good, practical coverage of those test and
measurement procedures relative to antenna and transmission lines. The
final chapter covers remote control line testing, various sweep techniques,
and oscilloscope applications. '

Finally, I wish to stress here that this book is intended as a reference
manual. In this regard, extensive theoretical discussions are avoided in favor
of practical, useful, hard information and data. The many graphs and
illustrations serve to strengthen the book’s practical value and to expand the
book’s usefulness This book is not the type that lends itself to a one-time
reading. It will serve as a frequent reference in your work, giving you a real
return on your investment. In summary, this book will help to make your job
easier and more interesting and as a result make you a better technician.
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Chapter One

The Decibel in Communications Work

The decibel is a widely used measuring unit, especially useful in com-
munications work. Therefore, a good understanding of the decibel and the
various forms in which it is used is essential to anyone working in the com-
munications field. This chapter focuses complete attention on the decibel
and the various forms in which you will find it used. The purpose of this
chapter is not only to enlighten you on the use of the decibel but also to
serve as a future reference for your on-the-job use from day to day. With
this in mind, this chapter is loaded with useful charts, graphs, and formulas
for your reference. Many practical examples in the use of the various formu-
las are presented here in the interest of demonstrating the practical value of
the decibel and in the belief that an example of the application and execu-
tion of the formula is essential to a better understanding of it.

THE RESPONSE OF THE EAR TO SOUND

Scientific studies have concluded that the ear does not respond to
changes in sound intensity in a linear manner. For example, if the power deliv-
ered to a loudspeaker is increased (or doubled) from 4 to 8 watts (W), the
ear does not recognize this as a 2-to-1 increase in the sound intensity. Rath-
er, the ear detects this doubling of power as only a slight increase in the
sound intensity or volume. This is because the ear responds to changes ir
sound intensity in an approximately logarithmic manner.

1



2 The Decibel in Communications Work

THE BEL

A unit of measurement of the change in sound intensity was developed
upon the principle of the human ear’s logarithmic response to changes in
sound intensity. This unit of measurement of change in power is called the
bel, named in honor of Alexander Graham Bell—the inventor of the tele-
phone. The relationship is shown in the formula:

bels = log P1
P2

where PI and P2 represent the two different power levels. In order to sim-
plify the calculations, the larger of the two power levels usually is used as
the numerator and the smaller as the denominator. Using the smaller value
as the numerator results in a negative solution and requires a little more
skill in the use and representation of logarithms (see Appendix A). P1 and
P2 may be represented in watts, milliwatts, kilowatts, etc., as long as both
are in the same unit of measure. That is, don’t enter P1 in watts and P2 in
milliwatts.

Let’s now put the formula to work for us in calculating the gain (in
bels) of an audio amplifier. Suppose the input to an audio amplifier is 1 W
and the output is 10 W. We can calculate the gain of the amplifier in bels as
follows:

Pl
bels = log —
els ogP2

Allowing P1 to represent the larger of the two power levels and substituting,
we have

bels = logllg =log 10 = 1

Thus, we can see that a power ratio of 10 to 1 represents a power change of
1 bel. Thus, to say that a certain amplifier has a gain of 1 bel is the same as
saying that it has a power gain of 10. In order to sound twice as loud to the
ear, the gain of the amplifier would have to be increased to 2 bels. Calculate
the necessary power gain required.

Solution: 2 (bels) = log P, where Pis the power gain
P = antilog 2 = 100, the required power gain

Thus, it is shown that for each 1 bel increase, the power gain must be
multiplied by 10. Figure 1-1 illustrates the relationship of power ratio to
bels. Notice on the graph that a power ratio of 10 corresponds to 1 bel. A
power ratio of 100 corresponds to 2 bels (as calculated in the example
above). To double the volume of the sound to the ear (as going from 2 bels
to 4 bels), the power ratio must be squared. This is shown on the graph. A




The Decibel in Communications Work 3

10,000 , ,

1,000 4

S i ]

“E P~ —
o4

a-, B -
g
[e]

o - -

100 |- -

10 | !
1 2 3 4

Bels

FIGURE 1-1. This graph illustrates the relationship of power ratios ver-
sus bels for ratios from 10 to 10,000.

power gain of 100 corresponds to 2 bels. To double the sound apparent to
the ear (to 4 bels), the power ratio must be squared. As shown on the graph,
this is the case—100%2 = 10,000, which corresponds to 4 bels. As you can
see, the power ratio is quite misleading as to the actual change in sound to
the ear. The bel serves to bring this in line so as to give a more realistic rela-
tionship of power ratios versus response of the ear. This enables us to ana-
lyze signal level relationships more effectively in terms of how they will be
perceived by the ear. ‘

It is important to keep in mind that the bel is based on power ratios. It
has no absolute value unless it is r¢ferenced to some specific power level. For in-



4 The Decibel in Communications Work

stance, the term 1 bel has no absolute value in terms of actual power level.
However, 1 bel above 1 milliwatt (mW) does have an absolute value since a
reference level is given. We know that 1 bel represents a power ratio of 10,
so 1 bel above 1 mW is:

10 X 1 mW = 10 mW

Since power (P) can be represented in terms of voltage (E), current (), and
resistance (R), so too can the bel be calculated from these terms. The for-
mulas (and their derivation) for calculating bels from voltage and current ra-
tios are presented here in complete detail to enable you to get a better
insight into the various formulas.

The Bel and Voltage Ratios  Since the power in a load can be represénted
by the term E?/R, we can calculate the bels from the voltage and resistance
values by substituting the term E£2/R into the formula for P1 and P2:

(E1)®
RI
(E2)?

——

R2

(E1)2 R2
(E2)2 R1

[Invert and multiply]
: E12 _ (E1)?
El1)*(R2 = o (2
3. bels = log <fi§) (ET) E22 (E.‘Z) }
2 -
4. bels = log <ﬂ> + log (—) The log of the product of ]
E2 two values is equal to the

sum of the logs of the val-
ues.

1. bels = log [Substitution]

2. bels = log

5. bels = 2 log El log R2 [The log of the square of af
E2 R1 value is equal to twice the
_log of the value. =

From step 2, we could also have done this:

2
log (E1)* R2
(E2)2 R1

AEDZ R
3. bels = 2 log (E1)° R2 [The log of a value is equal}

2. bels =

(E2)2 R1 to twice the log of the
square root of the value.

ElvR2

4. bels = 21
e °® EovR1
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You may use either formula—2 log E1v/R2/E2y/RT or 2 log E1/E2 + log
R2/R1—as you prefer. If the two load resistances, R1 and R2, are equal or
if the voltages, E1 and E2, are taken across the same load resistor or imped-
ance, the formula can be reduced to :

bels = 2 log &1
| E2

The Bel and Current Ratios Since the power (P) in a load can be repre-
sented by the term /2R, we can calculate bels from the current and resis-
tance values by substituting the term /2R for PI and P2 into the formula as

shown below:

2
I. bels = log U1)”RIL ~ [By substitution]
(12)2 R2

2
2. bels = log ( il) -Iﬂ>
2) \R2

‘ 2
3. bels = log ('—) + log R1 [ The log of the product of ]
R2 two values is equal to the
sum of the logs of the val-

| ues. i

4. bels = 2log LI log R1 [The log of the square of a
12 R2 value is equal to twice the

Llog of the value. o

From step 1 above, we could have proceeded as follows:

2
1. bels = Iog-gi—lil
(12)2 R2

: AT1)2
2. bels = 2 log (Z1)" R1 ‘ [The log of a value is equa1

(I12)? R2 to twice the log of the
square root of the value.

124/R2

You may use either formula—2 log /1v/R1//2v/R2 or 2 log 71/12 + log
R1/R2—as you prefer. As in the case of voltage ratios, if R1 = R2, or if
the currents are taken through the same load resistor, the formula can be

3. bels = 2 log LV/RI

simplified to

210g[—'1-

12



6 The Decibel in Communications Work

Bel Formulas—Condensed Summary All the formulas developed for use (“‘
in calculating bels are listed below in their final condensed form.

Pl
1. bels = log —
els ogP2

2. bels = 2log %, where the load resistances are equal

E1v/R2
E2v/R1’

4. bels = 2log % + log %, where the load resistances are not equal

3. bels = 2 log where the load resistances are not equal

5. bels = 2 log %, where the load resistances are equal

6. bels = 2log g‘/__‘ﬁ;, where the load resistances are not equal

7. bels = 2log % + log %, where the load resistances are not equal

THE DECIBEL

In most practical applications, the bel proved to be too large a measur-
ing unit for easy handling. As a result, the decibel (abbreviated dB) was in-
troduced and has since gained wide acceptance in the field. The decibel is
defined as one-tenth of a bel. Those formulas that were developed for use in
calculating bels can easily be adapted to the decibel by simply multiplying
the formulas by a factor of 10. These formulas for the decibel are listed as
follows:

Pl

1. decibels = 10 log —
' P2

2. decibels = 20 log -I%, where the load resistances are equal

3. decibels = 20 log Ely R2, where the load resistances are not equal
E2y/R1

4. decibels = 20 log El, 10 log Eg, where the load resistances are not
E2 equal '

5. decibels = 20 log %, where the load resistances are equal

6. decibels = 20 log §1—— ‘Rl, where the load resistances are not equal

2v/R2
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7. decibels = 20 log — + 10 log =, where the load resistances are not
12 equal

As it works out, the smallest power change that can be detected by the
ear is approximately 1 dB (for sine-wave signals). This enhances the practi-
cality of the decibel. In dealing with complex signals such as human speech
waveforms, where average power is low, the minimum power change detect-

11

R1

able by the ear is approximately 3 dB.

Table 1-1 shows the relationship between power ratios, voltage ratios,
and current ratios versus the decibel for a number of decibel values ranging
from 0 to 100 dB. The chart can be used to find approximate dB values
from voltage, current, and power ratios or to find the voltage, current, or

power ratio corresponding to a given dB value.

GAIN (+) LOSS (-)
Power Voltage Power Voltage
dB Ratio Ratio Ratio Ratio
0 1.000 1.000 1.000 1.000
1 1.259 1.122 0.794 0.891
2 1.585 1.259 0.631 0.794
3 1.995 1413 0.501 0.708
4 2.512 1.5685 0.398 0.631
5 3.162 1.778 0.316 0.562
6 3.981 1.995 0.251] 0.502
7 5.012 2.239 0.200 0.447
8 6.310 2.512 0.159 0.398
9 7.943 2.818 0.126 0.355
10 10.000 3.162 0.100 0.316
11 12.590 3.548 0.079 0.282
12 15.85 3.981 0.063 0.251
13 19.95 4.467 0.050 0.224
14 25.12 5.012 0.040 0.200
15 31.62 5.623 0.032 0.178
16 39.81 6.310 0.025 0.159
17 50.12 7.079 0.020 - 0.141
18 63.10 7.943 0.016 0.126
19 79.43 8.913 0.013 0.112
20 100.00 10.00 0.010 0.100
30 1000.00 31.62 0.001 0.032
40 10000.00 100.00 0.0001 0.01
50 100000.00 316.2 0.00001 3.16 X 10-3
60 106 1000.0 10-6 1.0 X 10-3
70 107 3162.2 10-7 3.16 x 10—4
80 108 10000.0 10-# 1.0 x 10—
90 10° 31620 10-° 3.16 X 10—-%
100 1010 100000 10- 10 1.0 X 10-5

TABLE 1-1. This chart shows the equivalent voltage and power ratios
for decibel values from 0 fo 100. The ratios are shown for b

and losses.

oth gains



8 The Decibel in Communications Work

The graph shown in Figure 1-2 is useful in determining approximate dB
equivalents of power or voltage ratios. Conversely, the voltage or power ra-
tio can be determined from a given dB value. The vertical scale covers pow-
er ratios ranging from 1 to 100. If the ratio is a power ratio, the equivalent
dB value is read from the top horizontal scale labeled “power” (from 0 to
20). If the ratio is a voltage ratio, the equivalent dB value is read from the
bottom horizontal scale labeled “voltage.” A

Although the ratio ranges from 1 to 100, we can use the same graph to
convert- higher ratios to dB values. We can do this by breaking down the
higher ratio into factors that are within the range of the scale shown. For ex-
ample, suppose we want to convert a power ratio of 150 into the equivalent
dB value. Since 150 is beyond the range of the scale, we must break it down
into smaller “bites.” We could say: 75 X 2 or 50 X 3 or any other combina-
tion that, when multiplied, would yield 150. Let’s use 75 X 2 here. First,
find the dB value for a power ratio of 75. This corresponds to approximately
18.8 dB on the power scale. Now, find the dB value that corresponds to 2.
This is 3 dB. The sum of the two dB values 1is the dB equivalent of a power
ratio of 150. It is 18.8 + 3 = 21.8 dB.

In a similar manner, we could convert dB values outside the range of
the values shown. For example, suppose we want to convert 55 dB to its
equivalent voltage ratio. The top of the dB scale for voltage ratios is 40,
which corresponds to a voltage ratio of 100. Now, find the ratio for 55 —
40, or 15 dB. (Remember to use the voltage scale.) It is 5.6. The voltage ra-
tio that corresponds to 55 dB is equal to the product of these two ratios. It is
100 X 5.6 = 560.

Thus, we can convert between any value of voltage or power ratios to
decibels by breaking down these values into smaller values that fall within
the range of the graph.

Another useful graph is shown in Figure 1-3 on page 10. This is a plot
of the percent of change in voltage or power versus change in decibels. To
use this graph, you first must know the percent of change of power or volt-
age. For example, if P1 = 25 and P2 = 40, the percent of change in Pl is

40 — 25
25 007%
This correlates with approximately 2 dB on the graph.

Another graph is shown in Figure 1-4 on page 11. This graph is useful
when the ratio of P1/P2 or E1/E2 is less than 1. For example, suppose that
a voltage ratio E1/E2 is 45/60. This is equal to 0.75. From the graph, this
correlates with approximately —1.2 dB.
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FIGURE 1-2. This graph converts voltage or power ratios from 1 to 100
fo the equivalent decibel value. If the ratio is a voltage ratio, read
the decibel value on the bottom horizontal scale. If the ratio is a
power ratio, read the decibel value on the top horizontal scale.
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FIGURE 1-3. This graph converts the percentage of change of power
or voltage to the equivalent decibel value. If the percentage of
change refers to voltage, use the bottom scale. If the percentage of
change refers to power, use the top scale.

All of these graphs are very useful and handy for calculating dB values
quickly but will result in a small sacrifice in accuracy. You should use any
tool available to you when working with dB to ratio conversions, including
the charts, graphs, tables, etc., included here. However, there are times
when you will need to be able to use the proper formula in solving these
conversions. The following practical examples should help to clarify the use
of the formulas in various practical situations.

In working out these formulas, there are several ways you can find the
log of a number: (1) a slide rule, (2) an electronic calculator, (3) the table of
logarithms in Appendix C, or (4) the graph in Appendix B. For most appli-
cations, accuracy to the nearest dB is sufficient.

" Example 1: An audio amplifier is said to have a gain of 17 dB. The power
output from the amplifier is measured and found to be 95 W. What is the
power input to the amplifier?

Solution: We are given the dB gain and the power output, so the appropriate
formula to use is dB = 10 log P1/P2. Using the output power for Pl and
substituting the values into the formula, we have:

17 = 10 log 22,
P2

| 95
1.7 = log 22,
°% po
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FIGURE 1-4. This graph converts voltage or power ratios from 0.1 to 1.0
fo the equivalent decibel value. For voltage ratios, read the decibel
value on the bottom horizontal scale. For power ratios, read the
decibel value on the top horizontal scale. Notice that all the decibel
values are negative. This is because the ratios are less than one, indi-
cating a loss.
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Example 2: A transmitter is connected to a 50-Q dummy load. With the
transmitter keyed, the RF voltage across the dummy load is 15 volts (V).
The loading of the transmitter is increased so that the RF voltmeter now
reads 30 V. Calculate the change in transmitter power in decibels.
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Solution: Since both the voltage readings are taken across the same resistance
(50 ), we need not take the resistance into account. Thus, we can use the
simpler formula for voltage ratios—dB = 20 log E1/E2. Allowing E1 to
represent the larger of the two voltages and substituting, we have:

dB = 20 log ?15(5) 20 log 2 = 20(0.301) = 6.02 dB

Example 3: A matching pad is used to match the 500-Q output of an amplifi-
er to a 16-Q0 load. The voltage across the pad input (500 Q) is 25 V and
across the output (16 Q) is 3.7 V. Calculate the insertion loss of the match-
ing pad.

Solution: Since voltages across unequal resistances are involved here, we can
do one of two things: (1) use the formula P = E2/R to convert the input
and output of the pad to power units and then use the dB formula for pow-
er ratios, or (2) use one of the formulas developed for voltages in unequal
resistances. The latter requires fewer computations because the first method
would require converting the input and output to power and then using the
dB formula for power ratios—resulting in three separate calculations. So,
the logical choice here is decibel formula (3) or decibel formula (4) for volt-
ages in unequal resistances. The solution for this example will be shown us-
ing both of these formulas for your benefit.

Let El represent the pad input and E2 the pad output. Using formula
(3) first and substituting, we have:

25v/16 25(4) 100
dB = 201 20 log —224) _ _ 90 1og 190 _ 90 1og 1 2
8 3.7,/500 °83722.9) oy = T8

= 20 (0.082) = 1.64 or 1.6 dB

Using formula (4) and substituting, we have:

dB = 20 log 22 + 10 log 22 = 20 log 6.75 + 10 log 0.032
3.7 500

= 20 (0.829) + 10 (0.505 — 2) = 16.58 + 5.05. — 20
= 21.63 — 20 = 1.63 or 1.6 dB

Notice the special manner in which the log of 0.032 is written—(0.505 — 2).
This 1s because this log has a characteristic of —2. (See Appendix A.)

Example 4: The RF current at the end of a transmission line at the antenna is
4.7 amperes (A). The RF current at the input end of the transmission line
(at the transmitter) is 5.6 A. (1) Calculate the dB loss of the transmission
line. (2) Calculate the percentage of power loss in the transmission line.

Solution 1: Since the impedances in this case may be assumed to be equal,
formula (5) is the appropriate one to use. Allowing /1 to represent the larg-
er current value and substituting, we have:
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dB = 20 Iogi? 20 log 1.19 = 20 (0.0755) = 1.5 dB

Solution 2: Since the impedance is not given, we can’t calculate the power In
terms of actual wattage. But by using the dB formula for power ratios, we
can calculate the power ratio and then the power loss in percent.
Substituting into the formula, we have:

Pl g PL _ L5, Pl _ 45 PL

1.5 (dB) = 10 lo
(dB) °€ P9’ 8 pa T 10’ EPpo P9
= antilog 0.15 = 141, Pl _ 141

P2 1

Thus, the power at the end of the line is 1/1.41, or 0.708 times the power at
the input side. This represents a power loss of approximately 30%, which
sounds much worse than the 1.5 dB figure—but the 1.5 dB figure shows
that the 30% loss really isn’t very significant in practical terms.

Example 5: The RF current at the feedpoint of an antenna is 15 A. The an-
tenna’s feedpoint impedarnice is 72 Q. A second antenna has a feedpoint im-
pedance of 50  and a feedpoint current of 22 A. Calculate the difference, in
power level in dB between the two antennas. |

Solution 1: Since currents in unequal impedances are involved here, use for-
mula (6)
I1VvRI
dB = 20 lo
8 2vR2

or formula (7)

dB = 20 log ZL + 10 log RL
12 R2

The solution will be shown using both of these formulas. First, using formu-
la (6) and substituting, we have

15179 15(8.48) o
dB = 20 log — 90 log 15848) _ o9 — 90 log 0.82
€ 99/50 °8 99(7.07) Og o8

=20 (09138 — 1) = 183 — 20 = —1.7 dB

The negative sign in front of the solution indicates that the change in power
level is a loss. It worked out this way because the numerator was smaller than
the denominator in our ratio. As mentioned before, it 1s common practice to
write the ratio purposely so that the numerator is the larger of the two val-
ues. But in some cases (such as this one) it is difficult to determine just
which of the two is larger until a certain point is reached in the calculations.
It is at the point encircled in the calculations that it becomes clear that the
numerator is smaller than the denominator. At this point, we could have
turned the ratio upside down to get the larger quantity on top and the only
effect it would have had on the result is that the solution would have turned




14 . The Decibel in Communications Work

out positive instead of negative. The point is to show that only the sign of the
answer 15 changed by inverting the ratio. Still, it simplifies computations some-
what by having the larger quantity on top or as the numerator.

Solution 2: Using formula 7 and substituting, we have:

dB = 20 Iog—;—g- + 10 log%, dB = 20 log (0.68) + 10 log (1.44),
dB = 20 (0.8325 — 1) + 10 (0.1584),  dB = 16.65 — 20 + 1.58,
dB = 18.28 — 20 = —1.77 or —1.8 dB

Converting Decibels to Power Ratios

Sometimes it is desirable to calculate the power ratio required for a
specific dB figure. For instance, if we wish to achieve a dB increase of +7
dB inan amplifier, what must be the power gain of the amplifier? This is the
reverse of working the dB formula, dB = 10 log P1/P2; so we must rear-
range the formula to solve for P1/P2. The formula for P1/P2 is derived as
follows:

dB

Pl dB _ g BL PL _ antilogT(-)-

dB = 10 log —, = , LS

%P 10 %R m
Now, let’s put this formula to work in solving the example above.
Substituting, we have:

Pl _ antilog-lzo— = antilog 0.7 = 5.01 or 5 to 1 ratio

P2

If the dB figure had been negative, as in a loss, we could have made the cal-
culation in the same manner and then simply inverted the ratio—that is, a
~ dB figure of —7 dB translates to a power ratio of 1 to 5.

Converting Decibels to Voltage Ratios

This must be dealt with in two forms: (1) voltage in equal resistances
or impedances, and (2) voltages in unequal resistances or impedances.

Voltages in Equal Impedances This is the converse of solving for the dB
value when the voltage ratio is given so that the formula used for calculating
dB from voltages in equal impedances is rearranged to solve for the voltage
ratio. The formula is derived as follows: '
dB=2010gEl dB _ - El El dB

= = ==, = = antilog —
20 ~ S Eo E2 %9,
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Example: The output from a certain amplifier is increased by 12.5 dB. What
is the voltage ratio required to produce this 12.5 dB increase? :

Solution: Substituting into the formula, we have:

12.5 = antilog 0.625 = 4.2 or a 4.2-to-1 ratio

El .

— = antilo

E2 8
Voltages in Unequal Impedances A modification of the formula used to

calculate dB from voltages in unequal resistances will give us the formula for
voltage ratios, given the dB value and the resistance values. The formula is

derived as follows:

ElVR2  dB _, EIVRE  dB _ 1og<§l> (VRQ) |

dB = 20 log

E2RIT 20 °ERRL 20  Bl\E2) \vR

. a8 _(E1\/vR2\ EI . dB (VA1

tilog — ={ = || £=5 |, == = antilog == | X2 | |
8 90 (EQ)(VRI) g2~ MO8 (\/RfZ)

El _ <antilog g%) Vv 33

Example: An amplifier has a power gain of 15 dB. The input imp edance of
the amplifier is 500 ), the output impedance is 8 Q. Calculate the voltage
ratio.

Solution: Let E1 and R1 represent the output voltage and output impedance
respectively and let E2 and R2 represent the input voltage and input imped-
ance respectively. Substituting into the formula, we have:

E] . 15/ /8 El . 9.83

— = antilog — (v — | , = = (antilog 0.750) [ =22_)

E2 89 (‘/5;o> gy — (antlog 0.750) (22.36)
El _ (5.62) (0.1265) = 0.71 or 2 0.71-to-1 ratio

E2

This indicates that the output voltage is less than the input voltage. On the
surface, it may seem ridiculous that the voltage at the output of an amplifier
is less than the voltage at the input, while at the same time a power gain of
15 dB occurs. The key word is power gain. Remember that the decibel is a
measure of power ratio and power is a function of E2/R. In our examp le,
there was a tremendous change in the impedance from the input to the out-
put. This accounts for the voltage loss/power gain relationship. Just to verify
that the calculation is correct, let’s use the voltage ratio to calculate the pow-
er gain and then to calculate the dB from the power gain. If our calculations
are correct, the solution will be 15 dB. Since E1/E2 is 0.71/1, let’s assume
the input voltage (E2) is 10 V. This makes the output voltage (E1) 7.1 V.
The input power then is (E2)2/R2 = 102/500 = 100/500 = 0.2 W input.
The output power is (E1)2/R1 = 7.12/8 = 50.4/8 = 6.3 W output. Now, to
calculate the dB gain:
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dB = 10 logl% = 10 logg—‘g— = 10 log 31.5 = 10 (1.498) = 14.98 dB

This proves that our calculations were correct.

Using the Impedance Ratio Graph When working with voltages in un-
equal resistances, the graph in Figure 1-5 is very helpful. This graph corre-
lates resistance or impedance ratios from 1 to 1,000 with the dB correction
figure. The formula normally used for finding the equivalent dB value for
voltage ratios in unequal resistances is dB = 20 log E1/E2 + 10 log R2/R1.
Since the graph in Figure 1-5 solves the 10 log R2/R1 portion of the equa-
tion, all you have to do is solve for 20 log E1/E2 and then add or subtract the
correction factor taken from the graph. Let E1, RI represent the output
voltage and impedance and E2, R? equal the input voltage and impedance.
Then, if the output impedance (R1) is greater than the input impedance
(R2), the correction factor will be negative. If the output impedance (R1) is
smaller than the input impedance (R2), the correction factor will be positive.
A couple of examples should clarify this for you.

Example: The voltage measured at the input to an amplifier is 3.5 V. The
output voltage is 3.0 V. The input impedance is 500 ; the output imped-
ance is 8 ). What is the dB gain of the amplifier?

Solution (Use graphs): (1) E1/E2 = 3.0/3 = 0.857; from the graph in Fig-
ure 1-4 for voltage ratios less than 1 find 0.857 on the vertical scale and
read the dB value on the bottom horizontal scale. It is —1.4 dB. (2)R2/R1
= 500/8 = 62.5; from the graph in Figure 1-5, find 62.5 on the vertical
scale and then read the dB correction factor on the horizontal scale. It is +
18 dB. We know the dB correction value is positive because the output im-
pedance (R1) is lower than the input impedance (R2). (3) Now, simply add
the results of steps 1 and 2 together to get dB = —1.4 + 18 = +16.6 dB.

Example: Suppose the output impedance (R1) of an amplifier is 600 Q and
the input impedance (R2) is 425 Q. What dB correction value would you use
if you are converting voltage ratios to decibels?

Solution: Since R2/R1 = 425/600 and this ratio is less than 1, we can invert
the ratio to get a ratio greater than 1 if we remember to make the dB cor-
rection factor negative. Thus, 600/425 = 1.41. This correlates to —1.5 dB
on the graph.

* Converting Decibels to Current Ratios
As for voltage ratios, the current ratios must be dealt with in two

forms: (1) currents in equal resistances or impedances, and (2) currents in
unequal resistances or impedances.
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ance the decibel value will be negative,
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Currents in Equal Impedances The formula for calculating decibels from
current ratios in equal resistances can be modified to solve for the current
ratio when the decibel value is given. The formula is modified as follows:

s = Si-]é; 1 = antilog dB
12 20 12 20

Example: The gain of an amplifier is increased to give a 24-dB increase at the
output. By what ratio did the current in the load change?

Solution: 11/12 = antilog dB/20 = antilog 24/20 = antilog 1.2 = 15.85, or
a 15.85 to 1 ratio.

/1
dB = 20 log*=; lo
og[2 g

Currents in Unequal Impedances The formula for calculating decibels
from currents in unequal resistances is modified as follows to yield a formula
to solve for the current ratio 71/72 when the dB and the resistance values
are known. The formula is derived as follows:

I1vRI  dB N1vR1 _ dB n\ (&
dB = 20 log IVRL dB _ o /IVRL dB _, (11} (v/RT)
rvRZ 20 % 12/R2 20 °g<12> (1/112)
. dB _ (n\/vRI\ n . dB[+/RD . dB( /RZ
tilog 5= = | L) VRL) L _ o pjog B (VR2) o o dB (/RS
LT <12><1/R2) r2 Mg, (\/Rl) an1°g2o( Rl)

Example: An amplifier has a power gain of 15 dB. The input impedance is
500 £; the output impedance is 8 Q. Calculate the current ratio required for
this 15-dB power gain.

Solution: Let I1 and R1 represent the output current and impedance respec-
tively and let /2 and R2 represent the input current and impedance respec-
tively. Substituting into the formula, we have:

L~ aniilog 13 (/300 1L _ (o hiitog 0.75)(7.9) — 44.4, ora 444 to0 1
12 20\" 78 ) ;2 T L0

This 1s quite a large current gain, which is caused by the large differential in
the input and the output impedances.

Quick Estimations of |
Power and Voltage Ratios to Decibels
and Vice Versa :

Often, in field work, it is desirable to be able to convert power and
voltage ratios to decibels or vice versa without the aid of log tables, charts,
etc. Where accuracy is not too critical, this can be done fairly easily. The
method presented here requires a minimum of memorizing. The fundamen-
tal thing to remember is that for each time the power is doubled, the dB scale
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increases by 3. Each time the power is multiplied by 10, the dB scale in-
creases by 10. For each time the voltage is doubled, the dB scale increases by
6. Each tme the voltage is multiplied by 10, the dB scale increases by 20.
Thus, a voltage ratio produces twice as much change in the dB figure as the
same -power ratio. By simply remembering these basic rules of thumb, you
can quickly calculate approximate dB values from power or voltage ratios.
Just determine how many times the voltage or power was doubled for a giv-
en ratio. Then multiply the number of times it was doubled by 8 (for power
ratios) or 6 (for voltage ratios). Stated another way: Determine the power
(exponent) of 2 that yields a value closest to the given ratio and multiply
that exponent by 3 (for power ratios) or 6 (for voltage ratios). For ratios of
10 or powers of 10, multiply the exponent of 10 by 10 (for power ratios) or

20 (for voltage ratios).
Example: What is the dB equivalent of a power gain of 20?

Solution: This is the same as 10 X 2, where the power is multiplied by 10
and then by 2. The multiplication of 10 gives us a dB value of 10 and the
multiplication of 2 gives us a dB value of 3. The sum of the two (10 + 3) is
the solution: 13 dB (approximately). ,

Example: In equal resistances, a vollage gain of 42 is equivalent to how ‘many
dB gain? o 4 L

Solution: This ratio (42) is roughly equal to 10 X 2 X 2 (or 40). For each
time a voltage is multiplied by 10, we add 20 dB; for each time the voltage is
multiplied by 2, we add 6 dB. In this example, this would be 20 + 6 + 6 =
32 dB (approximately). The exact solution is 32.5 dB, so we are not far off.

Example: What is the dB equivalent of a power gain of 34?

Solution: This is roughly the same as 2 X 2 X 2 X 2 X 2, or 2%, or 32.
Thus, we multiply the exponent (5) by 3 to make 15 dB. By using the for-
mula, the exact answer is 15.3 dB. ‘

As you can see, this quick computing method is surprisingly accurate in
most cases. If you desire even better accuracy in calculating dB values from
power and voltage ratios and you don’t have the aid of a chart, log table,
etc., at hand, you can make up your own chart (from memory) as follows.
Make a column for ratios, another column labeled power, and a third labeled
voltage. Under the column labeled ratios, start at 1 and make a list of num-
bers, each entry being twice the previous one (1, 2, 4, 8, 16, . . .). Make this
list out to as high a ratio as you need. Come back to the top under “power”
column and write the dB value for the corresponding ratio. You will start at
0 and add 3 each time from top to bottom. Finally, under the “voltage” col-
umn, start at 0 at the top and add 6 each time in increments from top to
bottom. The result will be similar to Table 1-2. As shown in Table 1-2, in-
sert the 10, 100, 1,000, etc., at the appropriate places on the table along
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Decibels

Ratio Power Voltage
1 0 | 0
2 3 6
4 6 12
8 9 18
(10) 10 20
16 12 24
32 15 30
64 .18 36
(100) 20 40
128 ’ 21 42
256 24 48
512 27 54
(1000) 30 60

TABLE 1-2. This table shows the relationship between doubling the ra-
tio and the effect on the decibel value for both power and voltage
ratios. These values are approximate. The values for 10, 100, and
1,000 are exact.

with their equivalents under “power” and “voltage” columns. The ratios
that are multiples of 10 are inserted because the dB values for these ratios
are exact while the dB values for the other ratios are approximate. You should
use this to advantage when estimating dB values for ratios of voltage or
power.

For increased accuracy, Table 1-3 is helpful. It can be easily memorized
by remembermg that a 25% increase of power is approximately equal to a
1-dB increase and a 60% increase of power is approximately equal to a 2-dB
increase; double this for voltage ratios to give 2 and 4, respectively. This will
enable you to “fine-tune” your calculations to give an even better approxi-
mation.

Example: Convert a voltage gain of 180 to its equivalent value in decibels.

Solution: Within the 180 ratio, there is a multiplication factor of 100 that
gives us exactly 40 dB. This leaves 80, which is an 80% increase over 100.
From Table 1-3, under voltage ratios, we see that for a 60% increase the dB
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- PERCENT AP AE
25% 1 DB 2 DB

60 % 2 DB 4 DB
100% 3 DB 6 DB

AP = Change in power
AE = Change in voltage

TABLE 4-3. This chart shows the relationship between the percentage
of change and the decibel value. Memorizing this can help you
when you need to mentally convert ratios to decibel values.

figure is 4 and for a 100% increase the dB figure is 6. Since 80% is between
these two values we choose 5 dB. This gives us a total of 45 dB. The exact
solution is 45.1 dB—close enough for any practical application.

Total System Gain or Loss in Decibels

Another advantage of working with decibels is that the individual gains
and losses in a system (when represented by +dB or —dB values) are addi-
tive. As an example, refer to Figure 1-6. This represents a basic transmitter,
a power amplifier, a transmission line, and an antenna with power gain. The
dB values for the gains and losses incurred throughout the system are shown
above each point in the system where the gain or loss occurs. The equivalent
multiplication factor is also shown at the various points where a gain or loss
occurs. A gain is indicated by a plus sign in front of the dB value, and a loss
by a minus sign in front. In order to get the net dB gain of the system, sim-
ply add (algebraically) all the individual gains and losses throughout the en-
tire system. In the example of Figure 1-6, the amplifier has a gain of +10.8
dB, the transmission line has a loss of —1.5 dB, and the antenna has an
equivalent power gain of +8.8 dB. To get the net power gain of the system,
add these values algebraically: +10.8 —1.5 +8.8 = 18.1 dB system net
gain. If the algebraic sum of these values had been negative, this would rep-
resent a system net loss.

We could multiply together all the multiplication factors given to get
the net system gain or loss in terms of a net multiplication factor. If the net
multiplication factor amounts to less than 1, the system has a net loss. If the
multiplication factor exceeds 1, the system has a net gain. However, this
method isn’t very indicative of the performance of the system in meaningful
terms. The dB net result is more meaningful because it relates to how the
gains and losses are perceived by the ear.
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Antenna with a
Y Power Gain of
X 7.50r 8.8 dB

(+10.8 dB) r<—-(—1.5 dB)—>~1

. . ] |

Transmitter Power Amplifier I ]
75 Watts X 12 $’>

1
‘-4—30% Loss—-»l

FIGURE 1-6. A typical fransmitting system showing gains and losses in
the system.

v

Let’s calculate the net multiplication factor for Figure 1-6. The trans-
mission line represents the only loss of the system with a loss of 30%. This
translates to a multiplication factor of 0.7. Thus we have: 12 X 0.7 X 7.5 =
63 (net multiplication factor). This sounds like a great amount and it is a sig-
nificant amount . . . but not that great' The dB figure of 18 1°dB gives a
more realistic plcture of the system gain.

THE dBm

As stated previously, the decibel is a relative unit of measure. For exam-
ple, the value of +12 dB has no meaning in terms of absolute power level. If
we wish to relate the dB to absolute value, we must establish a certain refer-
ence level. Many such reference levels are in common use. One of the most
common reference levels is the milliwatt (mW). In the term dBm, the m
signifies that the dB figure is based on a reference level of 1 mW. Thus,
dBm values represent an absolute power level. Any dBm value can be con-
verted to power in terms of watts by applying the formula:

P = antilog (%)

Example: What is the power of +12 dBm?
Solution: Substituting into the formula, we have:

P = antilog % = antilog 1.2 = 15.85 mW

When the dBm value is negative, such as —12 dBm, there are two ways
we could solve for P. One way is to keep the negative sign and simply substi-
tute the negative value into the formula above. This will lead to a slight
complication in the antilog but will give the solution if properly applied.

Another method is to' drop the negative sign and use the formula:
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1

- antilog (%@_) :

For your reference, an example of each method is given here. Use the meth-
od that suits you best.

Example: Find the power level of —12 dBm. ,
Solution 1: Using the first formula and substituting, we have:

P = antilog :—1—2- ) = antilog —1.2

10 '

The figure —12isa logarithm, but the negative sign in front indicates that
the entire logarithm is negative. In logarithms, only the characteristic can be
negative, so we must change this to get a positive fractional part (mantissa)
and a negative whole number (characteristic). By the rules of algebra, —1.2
=2 —1.2 —2 = 0.8 —2. This form gives us the positive fractional part
(mantissa) and the. negative whole number (characteristic). Now, simply look
up the antilog of 0.8 and write it down in standard notation as 6.31 and then
move the decimal point two places to the left as indicated by the —2 charac-
teristic. This makes' the solution 0.0631 mW.

Solution 2: Using the second method and substituting, we have:

P= : Sp— =1 00631 mw
antilog (%) antilog 1.2 15.85

With the proper application of these formulas, you can convert any
dBm value, positive or negative, to the equivalent absolute power level.

Many voltmeters have a special dB scale on them. Usually the 0-dB ref-
erence point is 1 mW in a 600-Q impedance. The impedance must be taken
nto account because the dB scale is based on the voltage reading and power
(P) = E%/R or E%/Z. The dB values are usually read directly from the scale
when the meter is switched to the lowest ac range. When higher ranges are
used, a correction figure must be added to the figure read from the scale. A
correction chart is almost always printed somewhere on the meter face for
easy reference.

A typical meter with a dB scale is shown in Figure 1-7. Notice that in
the lower left-hand corner the 0-dB level is specified as “zero dB power lev-
el—0.001 watt 600 £,” and in the lower right-hand corner a chart of correc-
tion factors is included for the three higher ac voltage ranges. The dB scale
is read directly on the lower range. .

When the meter needle is at the 0-dB mark on the scale, it also lines
up over the 0.775-V mark on the lowest ac scale. This is the voltage re-
quired to give 1 mW in 600 Q:
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FIGURE 1-7. A typical multimeter with a decibel scale. (Courtesy of
Simpson Electric Company, Elgin, IL 60120.)

2 2
p=E% 0001 =E£ 0001 x600=E2 06 =E2
R 600

E=v06=0775V

Voltmeters that have different voltage scales and ranges will have different

correction charts, but the 0-dB mark will always be in line with the 0.775
volt mark as long as the zero reference is 1 mW in 600 Q.

You can use the dB scale at impedances other than 600 Q by adding a
correction factor. The correction factor is determined by the formula:

dB correction = 10 log (6%())

As long as Z is less than 600 Q, the dB correction factor will be positive. If Z
is greater than 600 , the dB correction factor will be negative. You can
simplify your calculations by making the numerator larger than the denomi-
nator by inverting the term 600/Z to become Z/600 when Z is larger than
600 Q. When you do this remember to add a negative sign to your correction
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factor. Of course, the formula can be used in the standard form (600/Z) if
you desire. The dB correction factor will then automatically come out negative
when Z is larger than 600 Q. The solution by each method is shown for the

following example.

Example: On the 10-V range of the meter in Figure 1-7, the meter is indicat-
ing—2 dB. The impedance of the circuit is 1,000 Q. What is the actual dBm

level?

Solution 1: According to the chart on the meter, we must add +12 dB to the
meter reading for the 10-Volt range. This gives us: +12 dB — 2 dB = +10
dBm. To this, we must add another correction factor because the impedance
1s not 600 €, it is 1,000 Q. Since the impedance is greater than 600 (, the
correction factor will be negative. Keeping this in mind, we can simply invert
the ratio in the equation to give:

|
dB correction = 10 log (1—6-3%9 ) = 10 log 1.667 = 10(0.222) = 2.29

Remember this is negative so the solution is — 2.22 dBm. We must now
combine this with the figure from the previous step which is +10 dBm. This
gives us:

+10 — 2.22 = +7.78 dBm

Solution 2: This is the alternative to solution 1. Without inverting the ratio in
the formula we have:

. 600
dB t =101 ——— | = 101log 0.6 = 10 (0.778 — 1
correction og < 1,000 > og ( )

= 7.78 — 10 = —2.22 dBm correction

Then just add this to +10 dBm to get 7.78 dBm.
A graph of 10 log (600/Z) is shown in Figure 1-8. This correlates the
dBm correction factor for impedances from 10 Q to 10,000 Q.

The dBm versus the VU

A volume unit or VU is read from a standard volume indicator. A stan-
dard volume indicator is simply a specially designed meter used to monitor
speech and/or music waveforms. These complex waveforms of high peak
values and relatively low average power levels can’t be adequately represent-
ed by ordinary types of voltmeters, and this requires a meter with specially
designed ballistic characteristics. In our discussion, we are simply interested
in the relationship of the dB and the VU. Often the two are confused and.
taken as meaning the same thing; however, they are not the same and can-
not be interchanged except in special circumstances. '
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FIGURE 1-8. This graph gives the correction figures (in dB) for imped-
ances other than 600 0. Add or subtract this value from the meter
reading on the multimeter or dB meter to get the tue value.

A scale of a typical volume indicator or VU meter is shown in Figure
1-9. The 0-VU point is located at approximately two-thirds of full scale. The
lower two-thirds of the scale are calibration marks from 0 to 100, with 100
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FIGURE 1-9. A typical VU meter showing the details of the scale.

coinciding with the 0-VU mark. The 0 to 100 calibrations represent modula-
tion percentage. ' _

With a steady sine-wave tone signal, the 0-VU point represents 0 dBm
(1 mW in 600 Q) also. The other calibration marks also represent dBm val-
ues as long as the signal is a sine-wave tone of steady duration. Thus, for
sine-wave steady-state signals, the VU value is the same as the dBm value.
However, for complex speech and/or music waveforms this relationship
completely falls apart. For these complex waveforms, the VU-meter indica-
tion is constantly changing with the peaks of the signal and no definite
mathematical relationship between the VU and the dBm can be established.

If, however, volume indicators are connected at several points within a
system or chain, we can draw some conclusions as to dB difference from one
point to another. For example, suppose that at the input to a line amplifier a
volume indicator (with its range multiplier set to 0) is “peaking”” often at ap-
proximately—1 VU on the scale. At the output of the line amplifier, another
volume indicator (with its range multiplier set to +10 VU) is “peaking” of-
ten at approximately —2 VU. First, we add the multiplier setting of +10 VU
to —2 VU to get +8 VU, which is the level at the output of the line amplifi-
er. The level at the input of the line amplifier is —1 VU. The difference in
the two signal levels is then: +8 VU — (—1 VU) = +9 VU, This difference
also equals (or approximately so) the dB gain of the amplifier. -

The VU indications are only valid when used across an impedance of
600 2. When the volume indicator is used across other impedances, a cor-
rection factor must be used to ‘get the true volume level at that point. The
formula for the correction factor is:

VU correction factor = 10 log @Zﬂ
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Notice that this is the same as that used in the previous discussion (the
dBm) for using the voltmeter across impedances other than 600 and cal-
culating the correction factor. As far as the correction factor js concerned,
the examples discussed there also apply here. The graph in Figure 1-8 also
applies here as well.

The dBm and Signal Generators

Professional types of signal generators have their attenuators and/or
output level meters calibrated in dBm and/or microvolts (abbreviated pV).
The 0-dBm level is the voltage level that will produce 1 mW of signal pow-
er. The output impedance of practically all signal generators used in com-
munications work is 50 Q. The voltage level which corresponds to 1 mW in
50 € can be calculated from the formula:

2
p=L
R .

Substituting, we have:

2 .
0.001 = g(—)—; 0.05 = E2; E = 10.05 = 0.2236 V, or 223,600 pnV

Thus, 0 dBm on a 50-9 signal generator is 223,600 pV. Anything above this
reference level would be specified as +(x) dBm and anything below this lev-
el would be specified as —(x) dBm. Most often, the levels encountered are
below the reference level, or —(x) dBm. The graph in Figure 1-10 correlates
the dBm versus voltage levels (in wV) from 0.1 pV to 100 pVv.

As you will see in the following chapters, it is a great advantage in hav-
ing a dial calibrated in dBm as well as in microvolts. When working with"sig-
nal generators that aren’t calibrated in both dBm and microvolts use the
graph in Figure 1-10 to convert between the two.

THE dBpV

The dBpV is sometimes used to indicate signal levels, usually RF signal
levels. Occasionally, you will find this used in reference to signal generator
levels. The dBuV “0” reference is 1 pV, while the dBm “0” reference is
223,600 pV. Be careful not to confuse the two.

The signal level in microvolts (V) can be converted to dBuV by ap-
plying the following formula.

dBpV: = 20 log E
where E is the signal level in pV.




{(100K) 100 I T T I T
(10K} 10} -
s
>
E — -
2
s
(1K) 1} ¢ -
(100) 0.1 ! ! ! I L
-127 -117 -107 -97 -87 -77 -67

(—67) (-57) (—47) - (-37) (-27) (=17) (—07)
dBm

FIGURE 1-10. This graph converts microvolts in a 50-Q load into the
equivalent dBm value. Notice that two scales are used. The inside
scales correlate microvolts from 0.1 to 100 to dBm values from —127
to —67 dBm. The outside scales corelate microvolts from 100 to 1OOK
to dBm values from —67 to —07 dBm.
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Example: Convert 0.3 uV to dBuV.
Solution: Substituting into the formula, we have:

dBuV = 20 log 0.3
= 20 (0477 — 1)
= 9.54 — 20
= —10.46 or —10.5 dBuV

THE dBW

The dBW is based on a 0-dB reference level of 1 W. Thus, the dBW is
an absolute unit of measure. Just remember that the W signifies a reference of
I W. Power levels greater than 1 W are expressed as + (x) dBW; power lev-
els less than 1 W are expressed as — (x) dBW, 1 W being 0 dBW.

To convert watts to dBW, use the formula:

dBW = 10 log P
where P 1s in watts.
Example: What is the dBW equivalent of 0.4 W?
Solution: Substituting into the formula, we have:

dBW = 10 log 0.4
=10 (0.6 — 1)
=6— 10
= —4 dBW

To convert dBW to watts, use the following formula:

P = antilog <§113_3’V_>

where P is in watts.
Example: Convert 27 dBW into power in watts.

Solution: Substituting into the formula, we have:

. 27
P (watts) = antil -
(watts) anxog(l())
= antilog 2.7
= 501 W
THE dBK

. The dBk is based on a reference level of 1 kilowatt (kW). It is an abso-
lute unit of measure. The % signifies that the reference level, or 0 dBk, is 1
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kW. Any level that is above 1 kW is expressed as +(x) dBk: any level that is
below 1 kW is expressed as — (x) dBk. ' ,
To convert power in watts to dBk, use the following formula:

dBk = 10(log P — 3)
where P is in watts. |
Example: Convert 500 W to dBk.

Solution: Substituting into the formula, we have:

dBk = 10 (log 500 — 3)
=10 2.7 — 3)
=27 — 30
= — 3.dBk

To convert from dBk to watts, use the formula:

P (watts) = antilog (d—lBOI—S +3)

Example: Convert —2 dBk to watts.

Solution: Substituting into the formula, we have:
P (watts) = antilog (—';—02 + 3)

= antilog (—0.2 + 3)
= antilog +2.8
= 631 W

THE dBuV/m

The dBuV/m stands for dB (above or below) 1 KV per meter. The ref-
erence level (or 0 dBuV/m) is 1 puV per meter. Voltage levels greater than
this are expressed as +(x) dBuV/m and levels less than this are expressed
as —(x) dBuV/m. ~

This unit of measure is usually associated with field strength measure-
ments (covered in a later chapter). If a piece of wire one meter long is ori-
ented parallel to the lines of force and has a voltage of 1 pV induced into it,
the strength of the field at that location is defined as 1 LV per meter or 1 p
V/m. This is illustrated in Figure 1-11. _

To convert from microvolts per meter (vV/m) to dBuV/m, use the for-
mula: '

dBuV/m = 20 log pV/m
" Example: Convert 17 pV/m to dBuV/m. |

Solution: Substituting into the formula, we have:
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FIGURE 1-11. This illustrates in pictorial form the expression 1 pV/m (
rV per meter).

dBuV/m = 20 log 17
= 20 (1.23)
= 24.6 dBuV/m

To convert dBuV/m to uV/m, use the formula:

pV/m = antilog dBQOV/ m

Example: Convert 18 dBuV/m to pV/m.
Solution: Substituting into the formula above, we have:

. 18
V/m = antil —_—
. o8 20

antilog 0.9
7.94 pV/m

I
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| Chapter Two

An Introduction to the Spectrum
Analyzer

The spectrum analyzer is potentially the most valuable test and mea-

surement aid available to the communications technician. In the past, spec-
trum analyzers were intended primarily for use in the laboratory. Now
spectrum analyzers are being manufactured especially for use in the communi-
cations service shop. Their popularity has grown tremendously in just a few
short years. A busy communications shop can hardly get along without the
use of a spectrum analyzer nowadays, since this instrument not only saves
valuable time but also enables the technician to do a better and more thor-
ough job. Spectrum crowding, caused by the increased demand for two-way
radio communications, has created some severe interference problems espe-
cially for users in highly populated areas. Such interference problems caused
by harmonics, intermods, and other spurious signals caused by spectrum
crowding can be best analyzed and solved through the use of a spectrum
analyzer. :
This chapter focuses full attention on the spectrum analyzer. Covered
here are basics of the spectrum analyzer, operation of the instrument, vari-
ous control functions, what to look for in spectrum analyzers, ways to maxi-
mize the use of the instrument, potential problems, and ways to avoid them.
More specific uses of the spectrum analyzer are covered in many of the tests
and measurements described in the following chapters.

BASICS OF THE SPECTRUM ANALYZER

The block diagram in Figure 2-1 shows a mixer and oscillator stage
that can be found in any radio receiver. Suppose this is a standard AM
broadcast receiver. If you were to connect the vertical input of a scope
(through a demodulator probe) to the output of the mixer and manually
tune the receiver across a portion of the band, every signal within that por-

33
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Demodulator mm
i Probe
P Mixer.

Scope
A} '
—O V
Manually-tuned
Oscillator
™

—

FIGURE 2-1. A typical front-end of a receiver being manually tuned to
produce a display of signal on the scope.

tion of the band would register as a “pip” on the scope’s screen. The prob-
lem is that there would be no order in how these “pips” appear on the
scope. The traces of these various signals would be completely out of order,
would fall on top of each other, and would be constantly shifting in position.
‘To better understand this, look at Figure 2-2A. The sweep of the local oscil-
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e e () [ e = o
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l—4—Sweep #1 St Sweep #2 et Sweep #3——>1

FIGURE 2-2A. The upper part of the figure shows that as the receiver

is tuned from minimum to maximum frequency in the time period T-0

to T-13, four signals (F1-F4) will be detected. The lower part of the fig-

ure shows that the oscilloscope’s horizontal sweep will make three
- complete sweeps during this tfime interval.
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lator (effected by manually tuning it) will not be locked to the scope’s hori-
zontal sweep, which is swept by its own internal sawtooth generator. Thus,
the scope will make many horizontal sweeps in the time required to tune the
local oscillator manually from minimum to maximum frequency Just for this
example, let’s simplify things a bit by assummg that in the time it takes to
manually tune the local oscillator from minimum to maximum frequency
(time 0 to time 13 in Figure 2-2A), the scope makes three horizontal sweeps
across the screen. From Figure 2-2A, you can see that durmg the first sweep
the scope will display F1 and a small part of F2. This is shown in Figure
2-2B. During the second sweep, the remaining portion of F2 will be
displayed. During the third sweep, F3 and F4 are displayed. Since the three
sweeps are superimposed, the resultant display will look like the one labeled
“resultant” mn Figure 2-2B. Notice how all the “pips” are displaced from

F1

Sweep #1 gl
1F2 I
| |

|

|
| N
| |
| |
| |-
| |
| |

Sweep #2 : |

|
' : F4 |
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| I
| |
|
! [
|
;1 F3 I
1 |
| ]

Sweep #3 : ;
| |
| |
IF2 I

|
|

Al

FIGURE 2-2B, The three separate sweep traces are shown here along
with the resultant of all three tfraces as it actually appears on the
. scope.

Resultant
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their relative positions on the scale at ‘A. In reality, the scope’s horizontal
sweep would probably have made many more than three passes during the
time interval 0-13, which was requlred to tune the radio manually from the
minimum frequency to the maximum frequency as shown at A. This faster
sweep rate would cause the “pips” to look like “grass” on the screen. It
would be of absolutely no value at all except to indicate that there is at least
one signal in the band being scanned.

From this it is obvious that the sweep rate of the radio’s oscillator must
be exactly synchronized with the horizontal sweep rate of the oscilloscope so
that during the time interval required to tune the radio across a certain por-
tion of the band the scope’s horizontal sweep will make one pass across the
screen. A means of accomplishing this is shown in Figure 2-3. A sawtooth
generator supplies a sawtooth waveform that is applied to a varactor diode,
the varactor diode being a part of the frequency-determining circuit of the
local oscillator. This same sawtooth waveform is applied to the horizontal in-
put of the oscilloscope. The potentiometer, VR1, controls the tuning range

:7Antenna

Demodulator

. Probe
3~ Mixer ’
Scope
A
—OV HO
Sweep
Oscillator
Sawtooth

Generator

VR-1_ 2 Sweep Width
3  Control

Varactor GD

FIGURE 2-3. An arrangement in which a common sawtooth voltage is
used to sweep the local oscillator and the scope’s horizontal sweep
in order to synchronize the two. This results in an orderly display on
the scope in which the detected signals appear in proper sequence
and spacing.
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or sweep width of the oscillator by controlling the amplitude of the sawtooth
signal applied to the varactor.

Figure 2-4 illustrates exactly what happens during the time that the ra-
dio oscillator is tuned or swept from the minimum to the maximum frequen-
cy. Between T-0 and T-13, the sawtooth voltage is rising, thus sweeping the
oscillator frequency. This causes the receiver to ‘“‘scan’” the portion of the
band that falls between the minimum frequency and the maximum frequency.

F2 | Fa .
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{a) /\ ;
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FIGURE 2-4. The top line shows the part of the spectrum scanned by
the receiver in Figure 2-3. The drawing at (B) shows that the sawtooth
voltage goes from 0 fo maximum in the time interval T-0 to T-13, the
same fime inferval in which the local oscillator is swept from the min-
imum to the maximum frequency. At (C) is the display as it will ap-
pear on the scope. Notice that if lines up properly with the display at
(A) because the local oscillator is swept in “sync” with the scope'’s
horizontal sweep. '
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Between T-1 and T-2, the sawtooth voltage level causes the receiver to
be tuned to the frequency of F1. Thus, FI is mixed with the local oscillator
frequency (LO) to produce a signal at the mixer output. This signal is
detected by the “demod” probe at the mixer output and then applied to the
vertical input of the scope. This signal will cause a “pip” to occur on the
scope. In the same manner, signals F2 through F4 are detected and seen as
“pips” on the scope. Notice in Figure 2-4C that the “pips” on the scope
(representing F1-F4) fall in proper sequence and spacing. Notice in Figure
2-4B that when the sawtooth voltage reaches its maximum point at T-13 it
drops sharply back to zero. This causes two things to happen: (1) the scope’s
electron beam is returned swiftly to the other side of the screen, and (2) the
local oscillator (LO) frequency of the radio is returned to the minimum or
“resting” frequency. At this point, the sawtooth voltage starts rising again
and the entire sequence is repeated.

The “pips” caused by F1-F4 will fall at exactly the same place on the
screen during each subsequent sweep because the sweep of the oscillator is
locked to the sweep of the scope by the common sawtooth voltage.

Figure 2-3 is a basic representation of a “crude” spectrum analyzer.
Spectrum analyzers which are designed for communications work are a “bit”
more complex although the basic working principle is the same.

A TYPICAL SPECTRUM ANALYZER

Figure 2-5 depicts a spectrum analyzer that is designed specifically for
communications service work. This is a Cushman Electronics model CE-15
Spectrum Monitor™. The front panel operating controls have been mini-
mized to simplify the use of the instrument. Figure 2-6 shows a simplified
block diagram of the GE-15. Though the following discussion centers around
the CE-15, the same principles apply to spectrum analyzers in general.

The CE-15 is a triple-conversion superheterodyne receiver. It is similar
In operation to any superheterodyne type of receiver. Let’s first discuss the
individual stages of the CE-15 as shown in Figure 2-6. |

The YIG Oscillator

The first local oscillator is called a “YIG” oscillator, so named because
of the composition of the ferromagnetic coil cores used in the oscillator (yt-
trium, iron, and garnet). In a YIG oscillator, the frequency of oscillation is
determined by the strength of the magnetic field. The YIG oscillator in the
CE-15 operates over a frequency span of 2.1 to 3.1 GHz (1 GHz = 1,000
MHz).
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i

FIGURE 2-5. The CE-15 Spectrum Monitor™, (Courtesy of Cushman
Electronics, Inc.) ‘

The YIG Driver

The YIG driver controls the frequency of the YIG oscillator by varying
the current in the coils and hence the strength of the magnetic field. Notice
on the block diagram that two outputs from the YIG driver feed the YIG os-
cillator. One of these outputs is a steady dc current used to set the center
frequency of the YIG oscillator. This current level is set by the position of
the “‘coarse” and “fine” frequency adjust resistors. The other YIG driver
output to the YIG oscillator feeds a sawtooth or “ramp” signal to the oscilla-
tor. This 1s the signal that does the “sweeping” of the oscillator. The ramp
signal 1s derived from the ramp generator and the amplitude of the ramp
signal that is fed to the YIG oscillator determines the scan width or sweep
range of the YIG oscillator. This ramp signal amplitude is set by the scan-
- width selector switch. ‘

The steady dc voltage used to set the center frequency of the oscillator
1s used to drive a frequency-measuring circuit. This is fed to an analog-to-digi-
tal converter which changes the voltage level to a digital code which is then
used to drive a display, thus giving a readout of the center frequency. The
frequency readout is calibrated by the “Freq. Cal” resistor associated with
the YIG driver. ‘

There are four sweep ranges available as determined by the scan-width
selector. These sweep ranges are: 100 kHz, 1 MHz, 10 MHz, and 100 MHz.
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