


























































































































































































































VARIABLE
ATTENUATOR

WIDE BAND s DPOT ° v W
SWEEP COAX SWITCH RF
FREQUENCY [ ] ‘l AMPLIFIER [|DETECTOR —-0 o4
GENERATOR SCOPE
OPTIONAL
EQUALIZER
FIX FIXED
i 0dB | arT
CABLE UNDER TEST
Figure 93. Equip t C tion for Tr Loss Test.

Figure 94 illustrates the loss characteristic of a particular
reel of cable measured with this technique. The frequency
range was chosen to include a major defect at 137 MHz.
The rapid change in attenuation with frequency makes
accurate measurement of the dip at 137 MHz difficult.
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Figure 94. Tr t, 100’ Reel of RG59/U.

The measurement is made easier by inserting an equalizer
in series with the cable so that the average loss is flat and
the irregularity is more clearly displayed and measured,
as shown in Figure 95. One of the defects of the trans-
mission loss measurement method appears on this plot.
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Figure 95. Tr Loss M t 1000’ Reel RG59/U
Equalized.
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With the high end-to-end attenuation present on this reel,
the single shield allowed sufficient coupling to produce
ripples in the frequency characteristic.

Impedance Testing

A more sensitive test, free from this coupling problem, is
obtained by using the technique diagrammed in Figure 96.

CABLE
BRIDGING
WIDE BAND DETECTOR U#&ETR
SWEEP 10dB VARIABLE
FREQUENCY tidB R TERMINAT ION
GENERATOR =
VARIABLE
ATTENUATOR L 4
[
=~ TO SCOPE
T VERTICAL
= = INPUT

Figure 96. Equipment Connection for Impedance Test.

The output of a wide-band generator is fed through a
bridging detector to one end of the cable under test, with
the other end accurately terminated. The detector meas-
ures variations in the input voltage as a function of fre-
quency. With a well-matched source (assured by the
10-dB attenuator) the input voltage varies almost directly
with the magnitude of the cable’s input impedance. An
impedance plot made by this technique for the same reel
of cable is illustrated in Figure 97 (compare with Figure
95).

1 | | |
130MHz 140MHz I50MHz 160MHz

Figure 97. Impedance Test on 1000’ Sample of RG59/U.

Calibration was obtained by substituting a precise 75-ohm
terminator for the cable end and varying the attenuator
above and below 10 dB by an amount corresponding to the
indicated impedance levels.
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Figure 98. Variable

Bridge for Cable Reflection Testing.



Structural Return Loss Testing

The bridge used for reflection testing is diagrammed in
Figure 98. When the variable standard arm of the bridge
is adjusted to equal the average characteristic impedance
of the cable, the bridge acts as a directional coupler with
directivity in excess of 50 dB and a constant insertion loss
of about 12.5 dB. The bridge is connected into a test
system, as shown in Figure 99.
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Figure 99. Equipment Connection for Reflection Test.

The variable attenuator generates a reference trace which
is set to cross the cable trace at peaks of the reflection
characteristic. Since the measurement is made in dBs, the
results are most conveniently expressed in these terms. The
reflection coefficient expressed in dB is the “return loss,”
and the return loss characteristic of cable, due to periodic
variations in its structure, has become known as the “struc-
tural return loss.”

Figure 100 illustrates a structural return loss plot with the
characteristics of the same cable defect as shown on the
curves in figures 95 and 97.

18dB
RETURN LOSS
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' ! !
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Figure 100. Reflection Test on RG59/U Sample.

160MHz

The sensitivity of this method is illustrated by Figure 101,
which is similar to Figure 100, but shows a 15-dB increase
in sensitivity. Return loss variations as low as 50 dB (0.3%
reflection) can be clearly displayed.

/""\_/\A o RL
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= 33dB RL
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Figure 101. Same as Figure 100 with Gain Increased and
Reference Changed.

Comparison of Three Methods

Although the defect plotted in Figures 97 and 100 showed
up clearly in all three tests, it should be noted that it was
a particularly bad defect, i.e., one that would cause picture
distortion if it fell within a television channel. A defect
which is about the worst that can be tolerated in a cable
television system is illustrated in Figures 102, 103, and
104.

Figure 102, illustrating the transmission loss measurement
of such a defect, shows the difficulty of this method: using
all the scale expansion available, and equalizing the trans-
mission characteristic, the 0.1-dB variation is difficult to
discern and impossible to measure accurately.

N Tr——
olds F N‘T

|dE

|

Figure 102. Measurement of a Cable Defect by Transmission
Loss Method.

Figure 103 shows a great improvement in sensitivity ob-
tained by impedance measurement, but also illustrates the
weakness of this method in that four different measure-
ments were obtained, depending critically on small varia-
tions in the point at which the cable was connected to the
detector. The reading on this particular defect varied
from 4.4% up to 12.3%, depending on the length of the
connection.

Figure 104 shows the advantage of the return loss bridge
method, which gives a high degree of sensitivity with
essentially the same reading, regardless of the point of
connection (compare with Figure 103).

This comparison is further illustrated by measurements
made on a reel of good CATV trunk line cable. Figure 105
illustrates the return loss characteristic taken over the
entire TV spectrum, showing excellent structural return
loss characteristics.

2.2% REFLECTION
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3/8 WAVELENGTH Figures 106 and 107 show transmission loss measurements
SEIBUAN T near the worst defect. Note that the transmission loss
variation at this point can hardly be seen. None of the

variations below this level could be seen or measured by
. 66.2 ohms, (-9.3%) this method.

Figure 103. Same Defect as Figure 101 Measured by the
Impedance Test Method.
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Figure 108 illustrates an impedance test of this worst de-
fect, and Figures 109 and 110 show return loss tests in this
same frequency range. :

S

80 ohms

70 ohms
! |
SOMHz 60MHz
Figure 108. Impedance Test on Same Reel as Figure 105
Near Worst Defect.
30 dB
{ |
M/\[ \ V\ N\ )
| |
SOMHz GOMHz

Figure 109. Reflection Test on Same Reel Near Worst Defect.

T 40dB

| |
S5OMHz 60MHz

Figure 110. Same as Figure 109 Except Gain Increased,
Reference Shifted.

In summary, three methods that have been used to deter-
mine the existence of electrical problems due to periodic
discontinuities in cable have been described. The trans-
mission measurement method suffers from low sensitivity
and the need for equalization. The impedance measure-
ment method presents difficulties in calibration and is
ambiguous because of variations peculiar to the point of
connection between cable and test set. In contrast, the
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reflection test method, using a return loss bridge adjusted
to the average impedance of the cable under test, pro-
vides a high degree of sensitivity, ease of calibration, and
freedom from ambiguous readings.

Adjusting the Return Loss Bridge and the
Cable Termination:

The bridge used for measuring Structural Return Loss of
cable (for example the Jerrold Model RLBV-4H-7F, with
“F” fittings) used for 75-ohm cable, is provided with a
resistance and a capacitance adjustment which allow
matching the bridge to the average characteristic im-
pedance of each particular reel of cable. This allows dis-
tinguishing defects in cable due to non-standard character-
istic impedance from those due to periodic discontinuities.
In measuring cable, it is most important that these adjust-
ments be set correctly before reading Return Loss. The
following shows the result of correct adjustment, as well
as the result when one or the other adjustment is wrong.

Figure 111 illustrates the trace obtained on a reel of high-
grade CATV cable with the bridge and the far-end
terminator correctly adjusted. The frequency range is from
50 to 220 MHz and the reference line at the top is set at
30 dB return loss. It is essential to set the bridge so that
the minimums in the trace touch the base line as they do
here. Erroneous readings are obtained if the bridge is ad-
justed for minimum readings on the “spikes”, without
considering the base line,

TRACES ILLUSTRATING ADJUSTMENT OF BRIDGE TO MATCH
CABLE'S AVERAGE IMPEDANCE

Figure 111. Correct Settings—Minimums Reach Base Line At All
Frequencies.

Figure 112 shows the effects of misadjusting the far-end
termination. With a long reel of cable this has a major
effect only at the low-frequency end of the trace, produc-
ing a “fuzzy” trace due to the rapid oscillations in im-
pedance caused by reflections from the far end.

\/\/\Aq

Figure 112, Termination Misadjusted—Makes Trace Fuzzy,
Especially At Low End.



Figure 113 shows a trace with the far end correctly ter-
minated, but with the resistance balance on the bidge
slightly offset from the average impedance for this reel.
The effect is a trace raised off the base line across the
entire frequency range.

Figure 113. Resistance Balance Set Wrong—Capacitance Balance and
Termination Set Correct. (NOTE: Minimums Do Not Reach Base Line.)

Note: Error Due to Detector Envelope Response

Figure 114 shows a trace with far-end termination and re-
sistance balance set correctly, but with a slight misadjust-
ment of the bridge capacitance balance. This has its
greatest effect at the high-frequency end, causing a rising
characteristic. This is very similar to the effect produced
when the connector between the bridge and the cable end
has a characteristic impedance which differs greatly from
the average impedance of the reel.

Figure 114. Capacitance Balance Set Wrong, Curve Tips Up At High End.
This Can Also Be Caused By Bad Connection Between Cable and Bridge.

To show a flicker-free display on an oscilloscope the horizontal scan of the usual sweep-
frequency generator has a frequency of 25 to 60 Hz. When a complex return loss pattern,
such as the one shown in Figure 105 is scanned 60 times per second, severe requirements
are placed on the detector if its detected output is to follow accurately the rapid changes
in r-f input. Since many detectors in common use are not fast enough, errors in the meas-
urement of Structural Return Loss may result when scanning rapidly over wide bands.

To test for this trouble, or to be sure of an accurate measurement, reduce the sweep-
width to a few MHz and tune the sweep’s center frequency to center each major spike
in turn on the ’scope (so that it looks like Figure 109, for example). When the measure-
ment at this setting shows a poorer Return Loss than the measurement with wide sweep,
the latter is in error due to detector trouble and should be disregarded.
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CHAPTER XI

CHARTS AND TABLES

INSTRUCTIONS ON THE USE OF CHARTS
AND TABLES

General

The charts are intended for use where approximate
answers are sufficient, and to determine the decimal
point (for ratios) or the prefix (for dBs) when the given
ratio is outside the range of the tables. The charts gen-
erally cover the range from —60 to +60 dB with an
accuracy of about 0.5 dB, while the tables cover the range
—10 to +10 dB for power ratios, and —20 to +20 dB
for voltage ratios, with an accuracy of 0.001 dB,

Use of Charts

Each chart may be entered either horizontally (when you
know the ratio) or vertically (when you know the dBs).
For example, assume you know the power ratio is 4200 and
want the corresponding dBs. Use chart P2, covering power
ratios between 1 and 1,000,000. Notice that 4200 shows
on the right-hand scale, and following the indication of
the arrows, the bottom scale is used with this for dBs.
Moving across the 4200 line you will see that it intersects
the slanting line above 36.5 dB on the bottom scale. So
86.5 dB is the answer.

As an example of the reverse conversion, suppose you are
given —14 dB, to find the power ratio. Use chart PL
—14 dB occurs on the bottom scale, and according to the
arrows the left-hand scale goes with this. The 14 dB
line intersects the slanting line at a power ratio of 0.039,
the answer.

Use of Tables

Each table is always entered from the left. Find the first
two significant figures of the given number in the left-
hand column, then locate the answer under the column
headed by the third significant figure. As an example,
assume a given power ration of 4250. Use table P7 (power
ratios between 1.0 and 10) to find the dBs corresponding to
4.25. Find 4.2 in the left-hand column, follow this line to
the right to find the answer 6.284 dB in the 0.05 column.
From the chart, as described above, 36.5 dB corresponds
approximately with a power ratio of 4200, so the accurate
dB number for a ratio of 4250 is found by adding 30 to
that found for 4.25, giving 36.284 dB.

When the given number is in dB, another table is used.
Given —14.15, for example, the approximate ratio from
chart P1, is 0.039 (as illustrated above). To find the
accurate ratio, look up —4.15 dB in table P6. On the 4.10
line under the 0.05 column find a ratio of 0.3846. Moving
the decimal point to agree with the chart answer gives the
accurate power ratio 0.03846. -
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APPLICATIONS OF THE POWER vs. dB CHARTS
AND TABLES

1. Power Gain or Loss The direct application is to
cases where dBs are related to power gain or loss. Ex-
ample: The input to an amplifier is 0.1 milliwatt. Its gain
is 32 dB, what is the output power? From the Chart (P2)
32 dB corresponds to a power gain of about 1600. Thus
the output is 1600 x 0.1 mW or 160 milliwatts.

2. Percent Power The tables relating power ratio to
—dBs can be used for percent by making use of the fact
that:

a smaller power, expressed in percent of a larger one

. smaller power
= 100 x the power ratio | —————

larger power

Example: When the ratio of two powers is 0.119, the
smaller is 11.9% of the larger (11.9 = 100 X
0.119).

Example: The loss of a certain directional coupler from in-
put to tap is 17.2 dB. What percent of the input
power reaches the tap? From chart P1 and table
P6 relating power ratio and —dB, —17.2 dB
corresponds to a power ratio of 0.0190. So the
power reaching the tap is 1.9% (0.019 X 100)

of the input.

3. Conversion of Power to dBm The dBm (abbrevia-
tion for “dB above one milliwatt”) is commonly used to
express power levels in electronics (other than in CATV),
It is defined by: Power level in dBm = dBs corresponding
to the ratio of the given power to the standard power of 1
milliwatt.

To find dBm corresponding to a given power:
a. Convert power to milliwatts

b. Consider this as a power ratio, and find dBm in
table or chart relating ratio and dB.

Example: Express a power of 7.75 watts in dBm,
a. 7.75 watts is 7750 milliwatts (mW = W X 1000).

b. From Chart P2, a power ratio of 7750 corre-
sponds to 38.9 dB. So 7.75 watts corresponds
to +38.9 dBm.

4. Conversion of dBm to Power The power ratio cor-
responding to the given dBm is the power in milliwatts.

Example: What power is represented by —16.2 dBm?

From Chart P1, —16.2 dB corresponds to a ratio of 0.024.
So the answer is 0.024 mW.



5. Relation between dBm and dBmV. Since dBm and
dBmV both express power levels in dBs, they are related
by a constant factor. To find this factor, we have to calcu-
late first the power corresponding to 1 millivolt across 75
ohms:

1
poe L B (000 1
W =R T T 73 75x100 o™

Then we divide this into one milliwatt to find the power
ratio:

1
1000 75x 10
Power Ratio = =22X"7 _ 75.000.
1 1000
75x 108

From Chart P2 and Table P7, we find that the number of
dBs corresponding to a power ratio of 75,000 is 48.75 dB.

From this follow the rules:
a. To convert dBmV to dBm: subtract 48.75 dB.
b. To convert dBm to dBmV: add 48.75 dB.

6. Noise Factor and Noise Figure. In some noise problems
it is necessary to find the Noise Factor of a device. This is
simply the power ratio corresponding to the Noise Figure.
As Noise Figure is expressed in dB, and Noise Factor is a
power ratio, we can use the Power vs. dB charts and tables
to find one when the other is known,

Example: An amplifier has a measured noise figure of 8.3
dB; what is the noise factor?

From table P8 we find the noise factor is 6.761.

7. System Noise Calculations—when one amplifier follows
another with no attentuation between them. When the out-
put of one amplifier is connected directly to the input of
another, the noise factor of the combination is found from
the formula:

f—1

1

fl,2=4H+

where: {; is the noise factor of the first amplifier,
f, is the noise factor of the second amplifier,
G, is the power gain of the first amplifier.

This formula applies only to noise factors and power gain,
so when noise figures and dB gain are given, they must be
converted to the corresponding ratios before the formula
can be used.

Example: An amplifier with a noise figure F; of 6.3 dB and
gain of 4.5 dB is followed by a second amplifier with a
noise figure F, of 13.7 dB; what is the noise figure F 5 of
the combination?

a. Find the power ratios from chart P2, table P8:
F; (power ratio corresponding to 6.3 dB) = 4.27
F, (power ratio corresponding to 13.7 dB) = 23.44
G, (power ratio corresponding to 4.5 dB) = 2.82
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b. Find the combined noise factor f; 5 by applying the
formula:

2344 —1

. 29.44
fi , =497+~ =49 =
12 t %8, 427+

2.82
=4.27 + 7.96 = 12.23

c. To find the combined noise figure we convert this
ratio to dBs. Using chart P2, table P7, we find a power
ratio of 12.33 corresponds to 10.9 dB.

8. Power Addition A problem that occurs in studying
noise in CATV systems is to find the power level corre-
sponding to the sum of the powers represented by two
given levels. One way to solve this is to use the Power vs.
dB tables:

Example: The noise at a certain point in a system is due to
two components, one at +7.31 dBmV, the other at +12.73
dBmV. What is the level of the total noise?

a. Find the power ratios (to 0 dBmV) corresponding to
the given levels from Chart P2, Table P8.

b. Add the ratios to find the power ratio of the total.
c. Find corresponding dBmV.

In this case: +7.31 dB corresponds to a power ratio of
5.383, and +12.73 dB corresponds to a power ratio of
18.75. The sum of the power ratios is 24.13, and (from
Chart P2, Table P7) the corresponding total noise level is
13.82 dBmV.

A somewhat faster way to solve problems involving power
addition, is to use the chart P3 or table P9 relating the
difference between two dBmV levels to the dB to be added
to the larger to find the level corresponding to the power
sum.

Example: Assume the same problem as above, where we
were given two noise contributions of +7.31 dBmV and
+12.73 dBmV to find the level corresponding to the total
noise. The dB difference is 12.73 — 7.31 = 5.52 dB. On
Chart P3, opposite 5:5 dB difference, we find 1.1 dB,
Adding 1.1 to 12.73, we obtain the answer: 13.8 dBmV
(compare with solution above).

When negative levels are involved, remember that the
higher level is the one with the smaller number of nega-
tive dBs: To find the level corresponding to the power sum
of —17 and —20 dBmV, opposite the difference (3 dB)
on chart P3, find 1.8 dB. Add this to the higher level, which
is =17 dBmV: —17 4+ 1.8 = —15.2.

9. Power Division Another application of the “power
sum” idea allows simplified analysis of splitters and taps
in CATV systems. A splitter divides energy between two
outgoing cables; a directional coupler or tap diverts a
small part of the feeder’s energy to the house drop, passing
the major part down the feeder. Each of these devices is
designed to have as little internal power loss as possible,
so their performance can be estimated by assuming that
there is no power loss, all of the energy dividing between
the output. Figure 115 is a diagram of such a device.



ouTtPuT "A"
LOSSLESS [——%
INPUT DIVIDER
(TAP OR ouTPUT "B"
- (SPLITTER) [——%
Figure 115.

Assuming no internal loss:

»

Input Power = Output Power “A” + Output Power “B”.

When this relation is established, chart P4 or table P10
can be used to find the loss from input to one output, when
the loss from the input to the other output is known,

Example: A directional coupler has 12 dB tap loss; what
would the line loss be if the coupler had no internal losses?
On chart P4, or in table P10, opposite 12 dB tap loss we
find a line loss of 0.28 dB.

These relations assume no internal loss, but one case with
loss can be handled readily. When a non-directional tap
includes a resistor to provide back-match of the tap output,
the tap output energy divides almost equally between this
resistor and the tap output (see Figure 116).

INPUT 0U§UT
& 3
s Rm 750 l

Figure 116.

In this situation the line loss can be found by first sub-
tracting 3 dB from the actual tap loss, and then looking
up the corresponding line loss on chart P4.

A 16-dB back-matched tap, for example, would have the
same loss (0.22 dB) as a lossless 13-dB tap.

10. Application of Power-Split Data to Reflection Problems
When a lossless device having mismatch is introduced be-
tween a previously matched source and load (see Figure
117) the power-split curve on chart P4 can be used to find
the resulting insertion loss.

Pin P out
—_— P refl —
LOSSLESS %
DEVICE LOAD

Figure 117.

A commonly used measure of reflection in CATV equip-
ment and cables is the “return loss”, the dB ratio of input
power to reflected power. When the device is lossless, the
sum of the output power and the reflected power must
equal the input power. Thus the “power-split” curve can

(Py)

be used to find the insertion loss — when the return

(Pyn)

n
is known.
(P refl )

Example: A filter has the impedance match shown in Fig-
ure 118:

out

loss

What is its insertion loss, if there are no internal losses?

RETURN
LOSS
1648 \/ 16d8B
oo (==
FREQUENCY ———»
Figure 118.

Loss at minimums, where return loss is infinite, is 0.

Loss at maximums, where return loss is 16 dB, is 0.11 dB
(from P4 or P10) so the transmission curve is approxi-
mately as shown in Figure 119.

o v
LOSS —\f/ \
dB 0.11 dB
\

Figure 119.

Example: A cable has the return loss spike shown in Fig-

ure 120.
20dB

FREQUENCY

<O MATCH

Figure 120.

What insertion loss is caused? (assuming it is due only to
the mismatch at the input terminal).

With a 20-dB return loss spike the insertion loss (from
P10) is 0.04 dB as shown in Figure 121.

* 0.04 dB

~ LOSS

*

Figure 121.
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TABLE P5 GIVEN: POWER RATIO (0.1 to 1.0); FIND —dB (—10 to 0)

For power ratios less than 0.1:

Multiple | Add Multiple | Add

1. Multiply given ratio by a multiple of 10 as required to give a number of 10 | —dBs of 10 | —dBs
between 0.1 and 1.0. 10 10 10° )

2. Look up —dB corresponding to this number in Table P5. 10® —20 10° —60
10° —30 107 —70

3. Add to the result —dBs corresponding to the multiple of 10 used in
step 1.

10* —40 10® —80

Example: Given poweri ratio = 0.0000076 (7.6 x 10—%). Multiply by 105 to get 0.76. From Table P5, —dB corresponding
to 0.76 is —1,192. Adding —50 dB (corresponding to the 10—3 multiplier used) we get —1.192 + (—50) =
—51.192 dB.

NOTE: The minus signs in front of all dB numbers in this table have been omitted!

.000 .001 .002 .003 .004 .005 .006 .007 .008 .009

10.000 9.957 9.914 9.872 9.830 9.788 9.747 9.706 9.666 9.626
9.586 9.547 9.508 9.469 9.431 9.393 9.355 9.318 9.281 9.245
9.208 9.172 9.136 9.101 9.066 9.031 8.996 8.962 8.928 8.894
8.861 8.827 8.794 8.761 8.729 8.697 8.665 8.633 8.601 8.570
8.539 8.508 8.577 8.447 8.416 8.386 8.356 8.327 8.297 8.268

8.239 8.210 8.182 8.153 8.125 8.097 8.069 8.041 8.013 7.986
7.959 7.932 7.905 7.878 7.852 7.825 7.799 7.773 7.747 7.721
7.696 7.670 7.645 7.620 7.595 7.570 7.545 7.520 7.496 7.471
7.447 7.423 7.399 7.375 7.352 7.328 7.305 7.282 7.258 7.235
7.212 7.190 7.167 7.144 7.122 7.100 7.077 7.055 7.033 7.011

6.990 6.968 6.946 6.925 6.904 6.882 6.861 6.840 6.819 6.799
6.778 6.757 6.737 6.716 6.696 6.676 6.655 6.635 6.615 6.596
6.576 6.556 6.536 6.517 6.498 6.478 6.459 6.440 6.421 6.402
6.383 6.364 6.345 6.326 6.308 6.289  6.271 6.253 6.234 6.216
6.198 6.180 6.162 6.144 6.126 6.108 6.091 6.073 6.055 6.038

6.021 6.003 5.986 5.969 5.952 5.935 5.918 5.901 5.884 5.867
5.850 5.834 5.817 5.800 5.784 5.768 5.751 5.735 5.719 5.702
5.686 5.670 5.654 5.638 5.622 5.607 5.591 5.575 5.560 5.544
5.528 5.513 5.498 5.482 5.467 5.452 5.436 5.421 5.406 5.391
5.376 5.361 5.346 5.331 5.317 5.302 5.287 5.272 5.258 5.243

5.229 1 5.214 5.200 5.186 5.171 5.157 5.143 5.129 5.114 5.100
5.086 5.072 5.058 5.045 5.031 5.017 5.003 4.984 4.976 4.962
4.949 4.935 4.921 4.908 4.895 4.881 4.868 4.855 4.841 4.828
4.815 4.802 4.789 4.776 4.763 4.750 4.737 4.724 4711  4.698
4.685 4.672 4.660 4.647 4.634 4.622 4.609 4.597 4.584 4.572

4.559 4.547 4.535 4.522 4.510 4.498 4.486 4.473 4.461 4.449
4.437 4.425 4.413 4.401 4.389 4.377 4.365 4.353 4.342 4.330
4.318 4.306 4.295 4.283 4.271 4.260 4.248 4.237 4.225 4.214
4.202 4.191 4.179 4.168 4.157 4.145 4.134 4.123 4.112 4.101
4.089 4.078 4.067 4.056 4.045 4.034 4.023 4.012 4.001 3.990

3.979 3.969 3.958 3.947 3.936 3.925 3.915 3.904 3.893 3.883
3.872 3.862 3.851 3.840 3.830 3.820 3.809 3.799 3.788 3.778
3.768 3.757 3.747 3.737 3.726 3.716 3.706 3.696 3.686 3.675
3.665 3.655 3.645 3.635 3.625 3.615 3.605 3.595 3.585 3.575
3.565 3.556 3.546 3.536 3.526 3.516 3.507 3.497 3.487 3.478
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TABLE P5 continued

.000 .001 .002 003 .004 .005 .006 .007 .008 .009

3.468 3.458 3.449 3.439 3.429 3.420 3.410 3.401 3.391 3.382
3.372 3.363 3.354 3.344 3.335 3.325 3.316 3.307 3.298 3.288
3.279 3.270 3.261 3.251 3.242 3.233 3.224 3.215 3.206 3.197
3.188 3.179 3.170 3161 3.152 3.143 3.134 3.125 3.116 3.107
3.098 3.089 3.080 3.072 3.063 3.054 3.045 9.036 3.028 3.019

3.010 3.002 2.993 2.984 2.933 2.976 2.967 2.958 2.950 2.941
2.924 2.916 2.907 2.899 2.890 2.882 2.874 2.865 2.857 2.848
2.840 2.832 2.823 2.815 2.765 2.807 2.798 2.790 2.782 2.774
2.757 2.749 2.741 2.733 2.684 2.725 2.716 2.708 2.700 2.692
2.676 2.668 2.660 2.652 2.604 2.644 2.636 2.628 2.620 2.612

2.596 2.588 2.581 2.573 2.565 2.557 2.549 2.541 2.534 2.526
2.518 2.510 2.503 2.495 2.487 2.480 2.472 2.464 2.457 2.449
2.441 2,434 2.426 2.418 2.411 2.403 2.396 2.388 2.381 2.373
2.366 2.358 2.351 2.343 2.336 2.328 2.321 2.314 2.306. 2.299
2.201 2.284 2.277 2.269 2.262 2.255 2.248 2.240 2.233 2.226

2.218 2.211 2.204 2.197 2.190 2.182 2.175 2.168 2.161 2.154
2.147 2.140 2.132 2.125 2.118 2.111 2.104 2.097 2.090 2.083
2.076 2.069 2.062 2.055 2.048 2.041 2.034 2.027 2.020 2.013
2.007 2.000 1.993 1.986 1.979 1.972 1.965 1.959 1.952 1.945
1.938 1.931 1.925 1.918 1.911 1.904 1.897 1.891 1.884 1.878

1.871 1.864 1.858 1.851 1.844 1.838 1.831 1.824 1.818 1.811
1.805 1.798 1.791 1.785 1.778 1.772 1.765 1.759 1.752 1.746
1.739 1.733 1.726 1.720 1.713 1.707 1.701 1.694 1.688 1.681
1.675 1.669 1.662 1.656 1.649 1.643 1.637 1.630 1.624 1.618
1.612 1.605 1.599 1.593 1.586 1.580 1.574 1.568 1.561 1.555

1.549 1.543 1.537 1.530 1.524 1.518 1.512 1.506 1.500 1.494
1.487 1.481 1.475 1.469 1.463 1.457 1.451 1.445 1.439 1.433
1.427 1.421 1.415 1.409 1.403 1.397 1.391 1.385 1.379 1.373
1.367 1.361 1.355 1.349 1.343 1.337 1.331 1.325 1.319 1.314
1.308 1.302 1.296 1.290 1.284 1.278 1.273 1.267 1.261 1.255

1.249 1.244 1.238 1.232 1.226 1.221 1.215 1.209 1.203 1.198
1.192 1.186 1.180 1.175 1.169 1.163 1.158. 1.152 1.146 1.141
1.135 1.129 1.124 1.118 1.113 1.107 1.101 1.096 1.090 1.085
1.079 1.073 1.068 1.062 1.057 1.051 1.046 1.040 1.035 1.029

1.024 1.018 1.013 1.007 1.002 .996 .991 .985 .980 975
.969 .964 .958 .953 947 .942 .937 .931 .926 921
915 910 .904 .899 .894 .888 .883 878 .872 .867
.862 .857 .851 .846 .841 .835 .830 .825 .820 .814
.809 .804 799 794 .788 783 778 773 .768 762
757 752 747 742 737 731 726 721 716 711
.706 701 .696 .691 .685 .680 .675 .670 .665 .660
.655 .650 .645 .640 .635 .630 .625 .620 .615 .610
.605 .600 .595 .590 .585 .580 575 .570 .565 .560
.555 .550 .545 .540 .535 .531 .526 521 .516 511
.506 .501 496 491 487 482 AT7 472 467 462
.458 453 448 .443 .438 434 429 424 419 414
410 405 400 .395 301 .386 .381 376 372 .367
362 357 .353 .348 .343 .339 334 .329 .325 .320
315 311 .306 .301 297 .292 287 .283 278 273
.269 264 .259 255 .250 .246 241 237 232 227
223 218 214 .209 205 .200 195 191 .186 182
A77 173 .168 .164 159 155 .150 .146 141 137
132 128 123 119 114 110 .106 101 .097 .092
.088 .083 .079 074 .070 .066 .061 057 .052 .048
.044 .039 .035 .031 .026 .022 .017 .013 .009 .004




TABLE P6 GIVEN: —dB (0 to —10); FIND: POWER RATIO (1.0 to 0.1)

For —dB below —10: For dBs | Multiply || For dBs | Multiply
Added By . Added By

1. Add dBs as required to give a number between 0 and —10.

10 0.1 50 10—°

2. Look up power ratio corresponding to this number of dBs in Table P6. 20 0.01 60 10—°
3. Multiply the power ratio found by the number corresponding to dBs 30 0.001 70 10—°
added in step 1. 40 0.0001 80 10—*

Example: Given —37.21 dB. Add 30 dB to get —7.21 dB. From Table P6, ratio corresponding to —7.21 dB is 0.1901.
Corresponding to the 30 dBs added, multiply 0.1901 x 0.001 to get power ratio of 0.0001901 or 1.901 x 10—+,

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
1.0000 9977 .9954 .9931 .9908 .9886 .9863 .9840 .9817 .9795
9772 .9750 9727 9705 .9683 .9661 .9638 .9616 .9594 9572
.9550 .9528 .9506 9484 .9462 9441 9419 9397 .9376 .9354
.9333 9311 .9290 .9268 .9247 .9226 .9204 9183 .9162 9141
.9120 .9099 .9078 .9057 .9036 9016 .8995 .8974 .8954 .8933
.8913 .8892 .8872 .8851 .8831 .8810 .8790 .8770 .8750 .8730
.8710 .8690 .8670 .8650 .8630 .8610 .8590 8570 .8551 .8531
.8511 .8492 8472 .8453 .8433 8414 .8395 .8375 .8356 .8337
.8318 .8299 .8279 .8260 .8241 .8222 .8204 .8185 .8166 8147

.8128 8110 .80901 .8072 .8054 .8035 .8017 7998 .7980 7962

7943 7925 7907 .7889 7870 .7852 7834 .7816 7798 7780
7762 7745 7727 7709 7691 7674 .7656 .7638 7621 .7603
.7586 .7568 7551 7534 7516 7499 7482 7464 7447 7430
7413 7396 7379 7362 7345 7328 7311 7295 7278 7261
7244 7228 7211 7194 7178 7161 7145 7129 7112 7096

7079 .7063 7047 7031 .7015 .6998 .6982 .6966 .6950 .6934

.6918 .6902 .6887 .6871 .6855 .6839 .6823 .6808 6792 .6776
.6761 .6745 .6730 .6714 .6699 .6683 .6668 .6653 6637 .6622
.6607 .6592 .8577 .6561 .6546 .6531 .6516 .6501 .6486 .6471

.6457 .6442 .6427 6412 6397 .6383 .6368 .6353 .6339 .6324

.6310 .6295 .6281 .6266 .6252 .6237 .6223 .6209 .6194 .6180
.6166 .6152 .6138 .6124 .6109 .6095 .6081 .6067 .6053 .6039
.6026 .6012 .5998 .5984 .5970 5957 .5943 .5929 .5916 .5902
.5888 .5875 .5861 .5848 .5834 ©.5821 .5808 5794 5781 5768
5754 5741 5728 5715 5702 .5689 .5675 .5662 .5649 .5636

.5623 .5610 .5598 .5585 5572 .5559 .5546 .5534 .5521 .5508
.5495 .5483 .5470 .5458 .5445 .5433 .5420 .5408 .5395 .5383
5370 .5358 .5346 - .5333 5321 .5309 .5297 .5284 5272 .5260
.5248 .5236 5224 5212 .5200 .5188 .5176 .5164 5152 5140
5129 5117 .5105 .5093 .5082 .5070 .5058 .5047 .5035 .5023

.5012 .5000 4989 4977 .4966 4955 4943 4932 4920 .4909
4898 4887 4875 .4864 ,4853 4842 4831 .4819 .4808 4797
4786 4775 4764 4753 4742 4732 4721 4710 .4699 4688
4677 4667 4656 4645 4634 4624 4613 4603 4592 4581
4571 4560 .4550 4539 4529 4519 - 4508 4498 4487 4477

4467 4457 4446 4436 4426 4416 4406 4395 4385 4375
.4365 4355 4345 - 4335 4325 4315 .4305 4295 4285 4276
4266 4256 4246 4236 4227 4217 4207 4198 4188 4178
4169 4159 4150 4140 4130 4121 4111 4102 .4093 .4083
4074 4064 4055 4046 4036 4027 4018 4009 .3999 .3990

.3981 3972 .3963 .3954 3945 .3936 .3926 3917 .3908 .3899
.3890 .3882 .3873 .3864 .3855 .3846 .3837 .3828 3819 3811
.3802 3793 3784 3776 3767 3758 3750 3741 3733 3724
3715 .3707 .3698 .3690 .3681 3673 .3664 .3656 .3648 .3639
.3631 .3622 .3614 .3606 3597 3589 3581 3573 .3565 .3556

80




TABLE P6 continved

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
- .3548 .3540 .3532 .3524 3516 .3508 .3499 .3491 .3483 3475
.3467 .3459 .3451 .3443 .3436 .3428 .3420 3412 .3404 .3396
.3388 .3381 .3373 .3365 .3357 .3350 .3342 .3334 .3327 3319
3311 3304 .3296 .3289 3281 .3273 .3266 .3258 .3251 .3243
.3236 .3228 3221 3214 .3206 3199 3192 .3184 3177 3170
3162 .3155 3148 3141 3133 .3126 3119 3112 .3105 .3097
.3090 .3083 .3076 .3069 3062 .3055 .3048 .3041 .3034 .3027
.3020 .3013 .3006 .2999 2992 .2985 .2979 2972 .2965 .2958
2951 2944 .2938 .2931 .2924 2917 2011 . .2904 2897 .2891
2884 2877 2871 .2864 2858 .2851 2844 .2838 2831 .2825
2818 2812 .2805 2799 2793 .2786 .2780 2773 2767 .2761
2754 2748 2742 2735 2729 2723 2716 2710 2704 .2698
2692 2685 2679 .2673 .2667 .2661 .2655 .2649 .2642 .2636
2630 2624 2618 2612 .2606 .2600 .2594 .2588 2582 2576
2570 .2564 .2559 2553 2547 2541 .2535 .2529 2523 .2518
2512 .2506 .2500 .2495 .2489 .2483 2477 2472 .2466 .2460
2455 .2449 .2443 .2438 2432 .2427 2421 2415 2410 .2404
2399 .2393 .2388 .2382 2377 2371 .2366 .2360 2355 .2350
2344 2339 .2333 2328 2323 2317 2312 .2307 2301 .2296
2291 - .2286 .2280 2275 .2270 .2265 .2259 2254 2249 2244
.2239 2234 2228 2223 2218 2213 .2208 2203 2198 .2193
2188 2183 2178 2173 .2168 2163 .2158 2153 2148 .2143
2138 2133 2128 2123 2118 2113 2109 2104 .2099 .2094
.2089 .2084 .2080 .2075 .2070 .2065 .2061 .2056 2051 .2046
2042 .2037 2032 2028 2023 2018 2014 .2009 2004 .2000
.1995 .1991 .1986 .1982 1977 1972 .1968 .1963 .1959 .1954
.1950 .1945 1941 .1936 .1932 .1928 .1923 1919 1914 .1910
.1905 .1901 1897 .1892 .1888 .1884 .1879 1875 1871 .1866
.1862 .1858 .1854 .1849 .1845 1841 .1837 1832 .1828 .1824
.1820 .1816 1811 .1807 .1803 1799 1795 1791 .1786 1782
1778 1774 1770 .1766 1762 1758 1754 1750 1746 1742
1738 1734 1730 1726 1722 1718 1714 1710 1706 1702
.1698 .1694 .1690 .1687 .1683 .1679 .1675 1671 .1667 .1663
.1660 .1656 .1652 .1648 1644 1641 1637 1633 .1629 .1626
.1622 .1618 .1614 1611 .1607 .1603 .1600 1596 .1592 .1589
.1585 1581 1578 1574 1570 1567 .1563 .1560 1556 .1552
1549 1545 .1542 .1538 1535 1531 1528 1524 1521 1517
1514 .1510 .1507 .1503 .1500 .1496 .1493 .1489 .1486 .1483
.1479 .1476 1472 .1469 .1466 .1462 1459 .1455 1452 .1449
.1445 1442 .1439 .1435 .1432 .1429 .1426 1422 1419 .1416
1413 .1409 .1406 .1403 .1400 .1396 .1393 .1390 1387 .1384
.1380 1377 1374 1371 .1368 .1365 1361 .1358 .1355 .1352
.1349 .1346 .1343 1340 1337 1334 .1330 1327 1324 1321
1318 1315 1312 .1309 .1306 .1303 .1300 1297 1294 1291
.1288 1285 1282 1279 1276 1274 1271 .1268 .1265 1262
1259 .1256 1253 1250 1247 1245 1242 1239 .1236 .1233
.1230 1227 1225 1222 1219 1216 1213 1211 .1208 1205
.1202 1199 1197 .1194 1191 1189 .1186 .1183 .1180 1178
1175 1172 1169 1167 1164 1161 1159 .1156 1153 1151
1148 .1146 1143 1140 1138 1135 1132 1130 1127 1125
1122 1119 1117 1114 112 .1109 1107 1104 .1102 .1099
.1096 .1094 .1091 .1089 .1086 .1084 .1081 1079 1076 1074
.1072 .1069 .1067 .1064 .1062 .1059 .1057 .1054 .1052 .1050
.1047 1045 1042 .1040 .1038 .1035 .1033 .1030 .1028 .1026
.1023 1021 .1019 .1016 1014 1012 .1009 .1007 .1005 .1002
.1000 .0998 .0995 .0993 .0991 .0989 .0987 .0984 .0982 .0980




TABLE P7 civen: rower ramio (10 10 10.0); FIND: +dB (0 to +10)

For power ratios greater than 10:

Multiple | Add Multiple | Add

1. Divide by the multiple of 10 required to give a number between 1.0 of 10 dBs of 10 dBs

and 10.0. 10 10 10° 50

2. Look up + dB corresponding to this number in Table P7. 10° 20 10° 60
3. Add to the result +dBs corresponding to the multiple of 10 used in 10° 30 107 70
10¢ 40 108 80

step 1.

Example: Given power ratio = 397,000 (3.97 x 105). Divide by 105 to get 3.97. From Table P7, dBs corresponding to 3.97
is 5.988. Adding 50 dB (corresponding to the 105 multiplier used) we get 5.988 + 50 = 55.988 dB.

" .00 01 02 .03 .04 .05 .06 07 .08 .09
.000 .043 .086 128 170 212 253 294 334 374
414 .453 492 531 .569 .607 .645 .682 719 755

792 .828 .864 .899 .934 .969 1.004 1.038 1.072 1.106

1.139 1.173 1.206 1.239 1.271 1.303 1.335 1.367 1.399 1.430
1.461 1.492 1.523 1.553 1.584 1.614 1.644 1.673 1.703 1.732

1.761 1.790 1.818 1.847 1.875 1.903 1.931 1.959 1.987 2.014
2.041 2.068 2.095 2.122 2.148 2.175 2.201 2.227 2.253 2.279
2.304 2.330 2.355 2.380 2.405 2.430 2.455 2.480 2.504 2.529
2.553 2.577 2.601 2.625 2.648 2.672 2.695 2.718 2.742 2.765
2.788 2.810 2.833 2.856 2.878 2.900 2.923 2.945 2.967 2.989

3.010 3.032 3.054 3.075 3.096 3.118 3.139 3.160 3.181 3.201
3.222 3.243 3.263 3.284 3.304 3.324 3.345 3.365 3.385 3.404
3.424 3.444 3.464 3.483 3.502 3.522 3.541 3.560 3.579 3.598
3.617 3.636 3.655 3.674 3.692 3.711 3.729 3.747 3.766 3.784
3.802 3.820 3.838 3.856 3.874 3.892 3.909 3.927 3.945 3.962

3.979 3.997 4.014 4.031 4.048 4.065 4.082 4.099 4.116 4.133
4.150 4.166 4.183 4.200 4.216 4.232 4.249 4.265 4.281 4.298
4.314 4.330 4.346 4.362 4.378 4.393 4.409 4.425 4.440 4.456
4.472 4.487 4.502 4.518 4.533 4.548 4.564 4.579 4.594 4.609
4.624 4.639 4.654 4.669 4.683 4.698 4.713 4.728 4.742 4.757

4.771 4.786 4.800 4.814 4.829 4.843 4.857 4.871 4.886 4.900
4.914 4.928 4.942 4.955 4.969 4.983 4.997 5.011 5.024 5.038
5.051 5.065 5.079 5.092 5.105 5.119 5.132 5.145 5.159 5.172
5.185 5.198 5211 5.224 5.237 5.250 5.263 5.276 5.289 5.302
5.315 5.328 5.340 5.353 5.366 5.378 5.391 5.403 5.416 5.428

5.441 5.453 5.465 5478 5.490 5.502 5.514 5.527 5.539 5.551
5.563 5.575 5.587 5.599 5.611 5.623 5.635 5.647 5.658 5.670
5.682 5.694 5.705 5.717 5.729 5.740 5.752 5.763 5.775 5.786
5.798 5.809 5.821 5.832 5.843 5.855 5.866 5.877 5.888 5.899
5.911 5.922 5.933 5.944 5.955 5.966 5.977 5.988 5.999 6.010

6.021 6.031 6.042 6.053 6.064 6.075 6.085 6.096 6.107 6.117
6.128 6.138 6.149 6.160 6.170 6.180 6.191 6.201 6.212 6.222
6.232 6.243 6.253 6.263 6.274 6.284 6.294 6.304 6.314 6.325
6.335 6.345 6.355 6.365 6.375 6.385 6.395 6.405 6.415 6.425
6.435 6.444 6.454 6.464 6.474 6.484 6.493 6.503 6.513 6.522

6.532 6.542 6.551 6.561 6.571 6.580 6.590 6.599 6.609 6.618
6.628 6.637 6.646 6.656 6.665 6.675 6.684 6.693 6.702 6.712
6.721 6.730 6.739 6.749 6.758 6.767 6.776 6.785 6.794 6.803
6.812 6.821 6.830 6.839 6.848 6.857 6.866 6.875 6.884 6.893
6.902 6.911 6.920 6.928 6.937 6.946 6.955 6.964 6.972 6.981




TABLE P7 continued

.00 01 .02 03 04 .05 .06 .07 .08 .09

6.990 6.998 7.007 7.016 7.024 7.033 7.042 7.050 7.059 7.067
7.076 7.084 7.093 7.101 7.110 7.118 7.126 7.135 7.143 7.152
7.160 7.168 7.177 7.185 7.193 7.202 7.210 7.218 7.226 7.235
7.243 7.251 7.259 7.267 7.275 7.284 7.292 7.300 7.308 7.316
7.324 7.332 7.340 7.348 7.356 7.364 7.372 7.380 7.388 7.396

7.404 7.412 7.419 7.427 7.435 7.443 7.451 7.459 7.466 7.474
7.482 7.490 7.497 7.505 7.513 7.520 7.528 7.536 7.543 7.551
7.559 7.566 7.574 7.582 7.589 7.597 7.604 7.612 7.619 7.627
7.634 - 7.642 7.649 7.657 7.664 7.672 7.679 7.686 7.694 7.701
7.709 7.716 7.723 7.731 7.738 7.745 7.752 7.760 7.767 7.774

7.782 7.789 7.79€ 7.803 7.810 7.818 7.825 7.832 7.839 7.846
7.853 7.860 7.868 7.875 7.882 7.889 7.896 7.903 7.910 7.917
7.924 7.931 7.938 7.945 7.952 7.959 7.966 7.973 7.980 7.987
7.993 8.000 8.007 8.014 8.021 8.028 8.035 8.041 8.048 8.055
8.062 8.069 8.075 8.082 8.089 8.096 8.102 8.109 8.116 8.122

8.129 8.136 8.142 8.149 8.156 8.162 8.169 8.176 8.182 8.189
8.195 8.202 8.209 8.215 8.222 8.228 8.235 8.241 8.248 8.254
8.261 8.267 8.274 8.280 8.287 8.293 8.299 8.306 8.312 8.319
8.325 8.331 8.338 8.344 8.351 8.357 8.363 8.370 8.376 8.382
8.388 8.395 8.401 8.407 8.414 8.420 8.426 8.432 8.439 8.445

8.451 8.457 8.463 8.470 8.476 8.482 8.488 8.494 8.500 8.506
8.513 8.519 8.525 8.531 8.537 8.543 8.549 8.555 8.561 8.567
8.573 8.579 8.585 8.591 8.597 8.603 8.609 8.615 8.621 8.627
8.633 8.639 8.645 8.651 8.657 8.663 8.669 8.675 8.681 8.686
8.692 8.698 8.704 8.710 8.716 8.722 8.727 8.733 8.739 8.745

8.751 8.756 8.762 8.768 8.774 8.779 8.785 8.791 8.797 8.802
8.808 8.814 8.820 8.825 8.831 8.837 8.842 8.848 8.854 8.859
8.865 8.871 8.876 8.882 8.887 8.893 8.899 8.904 8.910 8.915
8.921 8.927 8.932 8.938 8.943 8.949 8.954 8.960 8.965 8.971
8.976 8.982 8.987 8.993 8.998 9.004 9.009 9.015 9.020 9.025

9.031 9.036 9.042 9.047 9.053 9.058 9.063 9.069 9.074 9.079
9.085 9.090 9.096 9.101 9.106 9.112 9.117 9.122 9.128 9.133
9.138 9.143 9.149 9.154 9.159 9.165 9.170 9.175 9.180 9.186
9.191 9.196 9.201 9.206 9.212 9.217 9.222 9.227 9.232 9.238
9.243 9.248 9.253 9.258 9.263 9.269 9.274 9.279 9.284 9.289

9.294 9.299 9.304 9.309 9.315 9.320 9.325 9.330 9.335 9.340
9.345 9.350 9.355 9.360 9.365 9.370 9.375 9.380 9.385 9.390
9.395 9.400 9.405 9.410 9.415 9.420 9.425 9.430 9.435 9.440
9.445 9.450 9.455 9.460 9.465 9.469 9.474 9.479 9.484 9.489
9.494 9.499 9.504 9.509 9.513 9.518 9.523 9.528 9.533 9.538

9.542 9.547 9.552 9.557 9.562 9.566 9.571 9.576 9.581 9.586
9.590 9.595 9.600 9.605 9.609 9.614 9.619 9.624 9.628 9.633
9.638 9.643 9.647 9.652 9.657 9.661 9.666 9.671 9.675 9.680
9.685 9.689 9.694 9.699 9.703 9.708 9.713 9.717 9.722 9.727
9.731 9.736 9.741 9.745 9.750 9.754 9.759 9.763 9.768 9.773

9.777 9.782 9.786 9.791 9.795 9.800 9.805 9.809 9.814 9.818
9.823 9.827 9.832 9.836 9.841 9.845 9.850 9.854 9.859 9.863
9.868 9.872 9.877 9.881 9.886 9.890 9.894 9.899 9.903 9.908
9.912 9.917 9.921 9.926 9.930 9.934 9.939 9.943 9.948 9.952
9.956 9.961 9.965 9.969 9.974 9.978 9.983 9.987 9.991 9.996

10.000 10.004 10.009 10.013 10.017 10.022 10.026 10.030 10.035 10.039
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TABLE P8 GIVEN +dB (0 to +10); FIND: POWER RATIO (1.0 to 10.0)

For +dBs greater than +10: For dBs | Multiply|| For dBs | Multiply
Subtracted By ||Subtracted By

1. Subtract dBs as required to give a number between 0 and 10,

. _ _ _ 10 10 50 10°

2. Look up power ratio corresponding to this number of dBs in Table PS8. 20 10° 60 10°
3. Multiply the power ratio found by the number corresponding to the 30 10° 70 107
dBs subtracted in step 1. 40 10 80 10°

Example: Given 76.21 dB. Subtract 70 dB to get 6.21 dB. From Table P8, power ratio for 6.21 dB is 4.178. Corresponding'
to the 70 dBs subtracted, multiply 4.178 X 107 to get power ratio of 41,780,000.

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

1.000 1.002 1.005 1.007 1.009 1.012 1.014 1.016 1.019 1.021
1.023 1.026 1.028 1.030 1.033 1.035 1.038 1.040 1.042 1.045
1.047 1.050 1.052 . 1.054 1.057 1.059 1.062 1.064 1.067 1.069
1.072 1.074 1.076 1.079 1.081 1.084 1.086 1.089 1.091 1.094
1.096 1.099 1.102 1.104 1.107 1.109 1.112 1114 1.117 1.119

1.122 1.125 1.127 1.130 1.132 1.135 1.138 1.140 1.143 1.146
1.148 1.151 1.153 1.156 1.159 1.161 1.164 1.167 1.169 1.172
1.175 1.178 1.180 1.183 1.186 1.189 1.191 1.194 1.197 1.199
1.202 1.205 1.208 1211 1.213 1.216 1.219 1.222 1.225 1.227
1.230 1.233 1.236 1.239 1.242 1.245 1.247 1.250 1.253 1.256

1.259 1.262 1.265 1.268 1.271 1.274 1.276 1.279 1.282 1.285
1.288 1.291 1.294 1.297 1.300 1.303 1.306 1.309 1.312 1.315
1.318 1.321 1.324 1.327 1.330 1.334 1.337 1.340 1.343 1.346
1.349 1.352 1.355 1.358 1.361 1.365 1.368 1.371 1.374 1.377
1.380 1.384 1.387 1.390 1.393 1.396 1.400 1.403 1.406 1.409

1.413 1.416 1.419 1.422 1.426 1.429 1.432 1.435 1.439 1.442
1.445 1.449 1.452 1.455 1.459 1.462 1.466 1.469 1.472 1.476
1.479 1.483 1.486 1.489 1.493 1.496 1.500 1.503 1.507 1510
1.514 1.517 1.521 1.524 1.528 1.531 1.535 1.538 1.542 1.545
1.549 1.552 1.556 1.560 1.563 1.567 1.570 1.574 1.578 1.581

1.585 1.589 1.592 1.596 1.600 1.603 1.607 1.611 1.614 1.618
1.622 1.626 1.629 1.633 1.637 1.641 1.644 1.648 1.652 1.656
1.660 1.663 1.667 1.671 1.675 1.679 1.683 1.687 1.690 1.694
1.698 1.702 1.706 1.710 1.714 1.718 1.722 1.726 1.730 1.734
1.738 1.742 1.746 1.750 1.754 1.758 1.762 1.766 1.770 1.774

1.778 1.782 1.786 1.791 1.795 1.799 1.803 1.807 1.811 1.816
1.820 1.824 1.828 1.832 1.837 1.841 1.845 1.849 1.854 1.858
1.862 1.866 1.871 1.875 1.879 1.884 1.888 1.892 1.897 1.901
1.905 1.910 1.914 1.919 1.923 1.928 1.932 1.936 1.941 1.945
1.950 1.954 1.959 1.963 1.968 1.972 1.977 1.982 1.986 1.991

1.995 2.000 2.004 2.009 2.014 2.018 2.023 2.028 2.032 2.037
2.042 2.046 2.051 2.056 2.061 2.065 2.070 2.075 2.080 2.084
2.089 2.094 2.099 2.104 2.109 2.113 2.118 2.123 2.128 2.133
2.138 2.143 2.148 2.153 2.158 2.163 2:168 2.173 2.178 2.183
2.188 2.193 2.198 2.203 2.208 2.213 2.218 2.223 2.228 2.234

2.239 2.244 2.249 2.254 2.259 2.265 2.270 2.275 2.280 2.286
2.201 2.296 2.301 2.307 2.312 2.317 2.323 2.328 2.333 2.339
2.344 2.350 2.355 2.360 2.366 2.371 2.377 2.382 2.388 2.393
2.399 2.404 2.410 2.415 2.421 2.427 2.432 2.438 2.443 2.449
2.455 2.460 2.466 2.472 2.477 2.483 2.489 2.495 2.500 2.506

2.512 2.518 2.523 2.529 2.535 2.541 2.547 2.553 2.559 2.564
2.570 2.576 2.582 2.588 2.594 2.600 2.606 2.612 2.618 2.624
2.630 2.636 2.642 2.649 2.655 2.661 2.667 2.673 2.679 2.685
2.692 2.698 2.704 2.710 2.716 2.723 2.729 2.735 2.742 2.748
2.754 2.761 2.767 2.773 2.780 2.786 2.793 2.799 2.805 2.812




TABLE P8 continued
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

2.818 2.825 2.831 2.838 2.844 2.851 2.858 2.864 2.871 2.877
2.884 2.891 2.897 2.904 2.911 2.917 2.924 2.931 2.938 2.944
2.951 2.958 2.965 2.972 2.979 2.985 2.992 2.999 3.006 3.013
3.020 3.027 3.034 3.041 3.048 3.055 3.062 3.069 3.076 3.083
3.090 3.097 3.105 3.112 3.119 3.126 3.133 3.141 3.148 3.155

3.162 3.170 3.177 3.184 3.192 3.199 3.206 3.214 3.221 3.228
3.236 3.243 3.251 3.258 3.266 3.273 3.281 3.289 3.296 3.304
3.311 3.319 3.327 3.334 3.342 3.350 3.357 3.365 3.373 3.381
3.388 3.396 3.404 3.412 3.420 3.428 3.436 3.443 3.451 3.459
3.467 3.475 3.483 3.491 3.499 3.508 3.516 3.524 3.532 3.540

3.548 3.556 3.565 3.573 3.581 3.589 3.597 3.606 3.614 3.622
3.631 3.639 3.648 3.656 3.664 3.673 3.681 3.690 3.698 3.707
3.715 3.724 3.733 3.741 3.750 3.758 3.767 3.776 3.784 3.793
3.802 3.811 3.819 3.828 3.837 3.846 3.855 3.864 3.873 3.882
3.890 3.899 3.908 3.917 3.926 3.936 3.945 3.954 3.963 3.972

3.981 3.990 3.999 4.009 4.018 4.027 4.036 4.046 4.055 0.064
4.074 4.083 4.093 4.102 4.111 4.121 4.130 4.140 4.150 4.159
4.169 4.178 4.188 4.198 4.207 4.217 4.227 4.236 4.246 4.256
4.266 4.276 4.285 4.295 4.305 4.315 4.325 4.335 4.345 4.355
4.365 4.375 4.385 4.395 4.406 4.416 4.426 4.436 4.446 4.457

4.467 4477 4:487 4.498 4.508 4.519 4.529 4.539 4.550 4.560
4.571 4.581 4.592 4.603 4.613 4.624 4.634 4.645 4.656 4.667
4.677 4.688 4.699 4.710 4.721 4.732 4.742 4.753 4.764 4.775
4.786 4.797 4.808 4.819 4.831 4.842 4.853 4.864 4.875 4.887
4.898 4.909 4.920 4.932 4.943 4.955 4.966 4.977 4.989 5.000

5.012 5.023 5.035 5.047 5.058 5.070 5.082 5.093 5.105 5.117
5.129 5.140 5.152 5.164 5.176 5.188 5.200 5212 5.224 5.236
5.248 5.260 5.272 5.284 5.297 5.309 5.321 5.333 5.346 5.358"
5.370 5.383 5.395 5.408 5.420 5.433 5.445 5.458 5.470 5.483
5.495 5.508 5.521 5.534 5.546 5.559 5.572 5.585 5.598 5.610

5.623 5.636 5.649 5.662 5.675 5.689 5.702 5.715 5.728 5.741
5.754 5.768 5.781 5.794 5.808 5.821 5.834 5.848 5.861 5.875
5.888 5.902 5.916 5.929 5.943 5.957 5.970 5.984 5.998 6.012
6.026 6.039 6.053 6.067 6.081 6.095 6.109 6.124 6.138 6.152
6.166 6.180 6.194 6.209 6.223 6.237 6.252 6.266 6.281 6.295

6.310 6.324 6.339 6.353 6.368 6.383 6.397 6.412 6.427 6.442
6.457 6.471 6.486 6.501 6.516 6.531 6.546 6.561 6.577 6.592
6.607 6.622 6.637 6.653 6.668 6.683 6.699 6.714 6.730 6.745
6.761 6.776 6.792 6.808 6.823 6.839 6.855 6.871 6.887 6.902
6.918 6.934 6.950 6.966 6.982 6.998 7.015 7.031 7.047 7.063

7.079 7.096 7.112 7.129 7.145 7.161 7.178 1.194 7.211 7.228
7.244 7.261 7.278 7.295 7.311 7.328 7.345 7.362 7.379 7.396
7.413 7.430 7.447 7.464 7.482 7.499 7.516 7.534 7.551 7.568
7.586 7.603 7.621 7.638 7.656 7.674 7.691 7.709 7.727 7.745
7.762 7.780 7.798 7.816 7.834 7.852 7.870 7.889 7.907 7.925

7.943 7.962 7.980 7.998 8.017 8.035 8.054 8.072 8.091 8.110
8.128 8.147 8.166 8.185 8.204 8.222 8.241 8.260 8.279 8.299
8.318 8.337 8.356 8.375 8.395 8.414 8.433 8.453 8.472 8.492
8.511 8.531 8.551 8.570 8.590 8.610 8.630 8.650 8.670 8.690
8.710 8.730 8.750 8.770 8.790 8.810 8.831 8.851 8.872 8.892

8.913 8.933 8.954 8.974 8.995 9.016 9.036 9.057 9.078 9.099
9.120 9.141 9.162 9.183 9.204 9.226 9.247 9.268 9.290 9.311
9.333 9.354 9.376 9.397 9.419 9.441 9.462 9.484 9.506 9.528
9.550 9.572 9.594 9.616 9.638 9.661 9.683 9.705 9.727 9.750
9.772 9.795 9.817 9.840 9.863 9.886 9.908 9.931 9.954 9.977

10.000 10.023 10.046 10.070 10.093 10.115 10.140 10.163 10.186 10.210
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T ABLE Pg TWO SIGNAL OR NOISE LEVELS COMBINED ON A POWER BASIS.
GIVEN: dB DIFFERENCE BETWEEN THE TWO LEVELS;

POWER ADDITION FIND: dBs TO ADD TO THE HIGHER LEVEL TO GET TOTAL LEVEL
IN dBs.
dB Dif-
ference X 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9

0.0 . 2.96 2.91 2.86 2.82 2.77 2.72 2.67 2.63 2.58
1.0 . 2.50 2.45 2.41 2.37 2.33 2.28 2.24 2.20 2.16
2.0 . 2.09 2.05 2.01 1.97 1.94 1.90 1.87 1.83 1.80
3.0 . 1.73 1.70 1.67 1.64 1.60 1.57 1.54 1.51 1.48
4.0 . 1.43 1.40 1.37 1.35 1.32 1.29 1.27 1.24 1.22
5.0 . 1.17 1.15 1.12 1.10 1.08 1.06 1.04 1.01 0.99
6.0 . 0.95 0.93 0.91 0.90 0.88 0.86 0.84 0.82 0.81
7.() . 0.77 0.76 0.74 0.72 0.71 0.70 0.68 0.67 0.65

. 0.62 0.61 0.60 0.59 0.57 0.56 0.55 0.54 0.53

9.0 . 0.50 Q.49 0.48 0.47 0.46 0.45 0.44 0.43 0.42
0.40 0.39 0.39 0.38 0.37 0.36 0.35 0.35 0.34

0.32 0.31 0.31 0.30 0.30 0.29 0.28 0.28 0.27

0.26 0.25 0.25 0.24 0.24 0.23 0.23 0.22 0.22

0.21 0.20 0.20 0.19 0.19 0.19 0.18 0.18 0.17

0.16 0.16 0.16 0.15 0.15 0.15 0.15 0.14 0.14

0.13 0.13 0.13 0.12 0.12 0.12 0.12 0.11 0.11

0.10 0.10 0.10 0.10 0.09 0.09 0.09 0.09 0.09

0.08 0.08 0.08 0.08 0.08 0.07 0.07 0.07 0.07

0.07 0.07 0.06 0.06 0.06 0.06 0.06 0.06 0.06

0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.04

0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.03

TABLE P10 * *IS\his Boen, s R Tk sy or e wo ovreer

POWER DIVISION GIVEN: dB DIFFERENCE BETWEEN INPUT LEVEL AND LOWER OUT-
PUT LEVEL,;

FIND: dB DIFFERENCE BETWEEN INPUT LEVEL AND HIGHER OUT-
PUT LEVEL.

dB Dif-
ference . 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

3.0 . 2.92 2.83 2.74 2.65 2.57 2.49 2.42 2.34 2.27
4.0 . 2.14 2.08 2.02 1.96 1.90 1.85 1.80 1.75 1.70
5.0 . 1.61 1.56 1.52 1.48 1.44 1.40 1.36 1.33 1.29

6.0 . 1.22 1.19 1.16 1.13 1.10 1.07 1.04 1.02 0.99
7.0 . 0.94 0.92 0.89 0.87 0.85 0.83 0.81 0.79 0.77
8.0 . 0.73 0.71 0.70 0.68 0.66 0.65 0.63 0.61 0.60
9.0 . 0.57 0.56 0.54 0.53 0.52 0.50 0.49 0.48 0.47
10.0 . 0.45 0.44 0.43 0.42 0.41 0.40 0.39 0.38 0.37

11.0 . 0.35 0.34 0.33 0.33 0.32 0.31 0.30 0.30 0.29
12.0 . 0.28 0.27 0.26 0.26 0.25 0.25 0.24 0.23 0.23
13.0 . 0.22 0.21 0.21 0.20 0.20 0.19 0.19 0.18 0.18
14.0 . 0.17 0.17 0.16 0.16 0.16 0.15 0.15 0.15 0.14
15.0 . 0.14 0.13 0.13 0.13 0.12 0.12 0.12 0.12 0.11

16.0 . 0.11 0.11 0.10 0.10 0.10 0.10 0.09 0.09 0.09
17.0 . 0.09 0.08 0.08, 0.08 0.08 0.08 0.07 0.07 0.07
18.0 . 0.07 0.07 0.06 0.06 0.06 0.06 0.06 0.06 0.06
19.0 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.04
20.0 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04




VOLTAGE vs dB CHARTS AND TABLES

Applications of the Voltage vs. dB Charts
and Tables

1. Voltage or Current Gain or Loss: The direct application
of these tables is to cases where the dBs are related to gain
or loss of voltage or current.

Example: The current gain at 100 MHz of a certain tran-
sistor is rated as 15 times. What is this in dB? From Chan
V2 and Table V6 a current ratio of 15 eorresponds to
23.52 dB.

2. Percent Voltage: Chart V1 has scales allowing direct
conversion of percent voltage to dBs. The tables relating
voltage (or current) ratio to dBs can be used for percent by
making use of the relation:

a smaller voltage (or current), expressed as percent of

smaller voltage
a larger = 100 times the voltage ratio (———)

larger voltage
Example: When the ratio of two voltages is 0.275, the
smaller is 27.5% of the larger (27.5 = 100 x 0.275).

Example of the use of the tables: —52 dB is sometimes
considered the limit of tolerable cross-modulation. What is
the corresponding percent cross-modulation? Using Chart
V1 and Table V5, the voltage ratio corresponding to
—52dB is 0.0025. So the answer is 100 x 0.0025 =
0.25%.

3. Relation between dBmV and mV: The voltage ratio
between any given voltage and one millivolt is that voltage
expressed in millivolts. Thus the voltage vs. db charts and
tables can be used directly to find dBmV when voltage
is known or vice versa.

Example: What dBmV level corresponds to 33.2 microvolts
across 75 ohms? Use Chart V1 and Table V4. 33.2 micro-
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ic It
volts is 0.0332 millivolts ({ millivolts = MS—).
1000

dB corresponding to a voltage ratio of 0.0332 is —29.577
dB, so the answer is —29.577 dB.

Example of a reverse case: Find the voltage corresponding
to +17.21 dBmV. From chart V2 and table V7, 17.21 dB
corresponds to a voltage ratio of 7.261, so the answer is
7.261 millivolts.

4. Voltage (or Cross-Modulation) Addition When two
levels (or cross-modulation components) are given in dB
form and it is desired to find the dB expression correspond-
ing to their voltage sum (or total cross-mod.) either of
two procedures may be used:

a. The direct approach is to change each one to a voltage
(or % cross-mod.) expression, add the voltages (or % cross-
mod. figures) and find the dB expression corresponding
to the total.

For example: At its normal operating level a trunk line sys-
tem of amplifiers generates —58 dB cross-modulation. It is
followed by a distribution system generating —53 dB of
cross-mod. What is the total cross-mod. in dB? Using chart
V1 and table V5 the % cross-mod. figures are found. For
—58 dB: 0.1259%. For —53 dB: 0.2239% The total
% cross mod. is 0.1259 + 0.2239 = 0.3498% and the dB
figure corresponding to 0.35% (from chart V1 and table
V4) is —49.119 dB.

b. Chart V3 and Table V8 allow a quicker solution To
solve the problem above, first take the difference between
the given dB levels: —58 — (—53) = —5 dB. Opposite
5 dB in table V8 find 3.874 dB to be added to the higher
level, which is —53 dB. —53 + 3.874 = —49.126 dB.
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VOLTAGE RATIO (or mV)

CHART V2

~ dB(or dBmV)
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TABLE V4 GIVEN: VOLTAGE RATIO (or MILLIVOLTS) (0.1 to 1.0);
FIND: —dB (or —dBmV) (—20 to 0)

For voltage ratios less than 0.1: For Multiple of 10 Add —dBs
1. Multiply given ratio by a multiple of 10 as required to give a number be- 10 20
tween 0.1 and 1.0. —

100 —40
2. Look up —dB corresponding to this number in Table V4. 1000 —60
3. Add to the result —dBs corresponding to the multiple of 10 used in step 1. 10,000 - —80

EXAMPLE: Given voltage ratio = 0.000172, Multiplying by 1000 we get 0.172. From Table V4, 0.172 corresponds to
—15.289 dB. Adding —60 dB corresponding to the multiple used, we get —15.289 + (—60) = —75.289 dB.

NOTE: The minus signs in front of all dB numbers in this table have been omitted!

.000 001 .002 .003 004 .005 .006 .007 .008 .008

20.000 19.914 19.828 19.743 19.659 19.576 19.494 19.412 19.332 19.251
19.172 19.094 19.016 18.938 18.862 18.786 18.711 18.636 18.562 18.439
18.416 18.344 18.273 18.202 18.132 18.062 17.993 17.924 17.856 17.788
17.721 17.655 17.589 17.523 17.458 17.393 17.329 17.266 17.202 17.140
17.077 17.016 16.954 16.893  16.833 16.773 16.713 16.654 16.595 16.536

16.478 16.420 16.363 16.306 16.250 16.193 16.138 16.082 16.027 15.972
15.918 15.863 15.810 15.756 15.703 15.650 15.598 15.546 15.494 15.442
15.391 15.340 15.289 15.239 15.189 15.139 15.090 15.041 14.992 14.943
14.895 14.846 14.799 14.751 14.704 14.657 14.610 14.563 14.517 14.471
14.425 14.379 14.334 14.289 14.244 14.199 14.155 14.111 14.067 14.023

13.979 13.936 13.893 13.850 13.807 13.765 13.723 13.681 13.639 13.597
13.556 13.514 13.473 13.432 13.392 13.351 13.311 13.271 13.231 13.191
13.152 13.112 13.073 13.034 12.992 12.956 12.918 12.879 12.841 12.803
12.765 12.728 12.690 12.653 12.616 12.579 12.542 12.505 12.468 12.432
12.396 12.360 12.324 12.288 12.252 12.217 12.181 12.146 12.111 12.076

12.041 12.007 11.972 11.938 11.903 11.869 11.835 11.801 11.768 11.734
11.701 11.667 11.634 11.601 11.568 11.535 11.502 11.470 11.437 11.405
11.373 11.341 11.309 11.277 11.245 11.213 11.182 11.150 11.119 11.088
11.057 11.026 10.995 10.964 10.934 10.903 10.873 10.842 10.812 10.782
10.752 10.722 10.692 10.663 10.633 10.604 10.574 10.545 10.516 10.487

10.458 10.429 10.400 10.371 10.343 10.314 10.286 10.257 10.229 10.201
10.173 10.145 10.117 10.089 10.061 10.034 10.006 9.979 9.951 9.924
9.897 9.870 9.843 9.816 9.789 9.762 9.736 9.709 9.683 9.656
9.630 9.603 9.577 9.551 9.525 9.499 9.473 9.447 9.422 9.396
9.370 9.345 9.319 9.294 9.269 - 9.244 9.218 9.193 9.169 9.143

9.119 9.094 9.069 9.045 9.020 8.995 8.971 8.947 8.922 8.898
8.874 8.850 8.826 8.802 8.778 8.754 8.730 8.707 8.683 8.659
8.636 8.603 8.589 8.566 8.543 8.519 8.496 8.473 8.450 8.427
8.404 8.383 8.359 8.336 8.313 8.201 8.268 8.246 8.223 8.201
8.179 8.156 8.134 8.112 8.090 8.068 8.046 8.024 8.002 7.991

7.959 7.937 7.915 7.894 7.872 7.851 7.829 7.808 7.787 7.766
7.744 7.723 7.702 7.681 7.660 7.639 7.618 7.597 7.576 7.556
7.535 7.514 7.494 7.473 7.453 7.432 7.412 7.391 7.371 7.351
7.331 7.310 7.290 7.270 7.250 7.230 7.210 7.190 7.171 7.151
7.131 7.111 7.092 7.072 7.052 7.033 7.013 6.994 6.974 6.955

6.936 6.916 6.897 6.878 6.859 6.840 6.821 6.802 6.783 6.764
6.745 6.726 6.707 6.688 6.670 6.651 6.632 6.614 6.595 6.577
6.558 6.540 6.521 6.503 6.484 6.466 6.448 6.430 6.411 6.393
6.375 6.357 6.339 6.321 6.303 6.285 6.267 6.249 6.232 6.212
6.196 6.178 6.161 6.143 6.125 6.108 6.090 6.073 6.055 6.038
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TABLE V4 continued

Voltage

000 .001 .002 .003 .004 005 .006 007 .008 .009

6.021 6.003 5.986 5.969 5.951 5.934 5.917 5.900 5.883 5.866
5.849 5.832 5.815 5.798 5.781 5.764 5.747 5.730 5.713 5.697
5.680 5.663 5.647 5.630 5.613 5.597 5.580 5.564 5.547 5.531
5.514 5.498 5.482 5.465 5.449 5.433 5.417 5.401 5.384 5.368
5.352 5.336 5.320 5.304 5.288 5.272 5.256 5.240 5.224 5.209

5.193 5.177 5.161 5.145 5.130 5.114 5.008 5.083 5.067 5.052
5.036 5.021 5.005 4.990 4.974 4.959 4.944 4.928 4.913 4.898
4.883 4.867 4.852 4.837 4.822 4.807 4.792 4.776 4.761 4.746
4.731 4.716 4.702 4.687 4.672 4.657 4.642 4.627 4.612 4.598
4.583 4.568 4.554 4.539 4.524 4.510 4.495 4.481 4.466 4.451

4.437 4.423 4.408 4.394 4.379 4.365 4.351 4.336 4.322 4.308
4.293 4.279 4.265 4.251 4.237 4.222 4.208 4.194 4.180 4.166
4.152 4.138 4.124 4.110 4.096 4.082 4.069 4.055 4.041 4.027
4.013 3.999 3.986 3.972 3.958 3.945 3.931 3.917 3.904 3.890
3.876 3.863 3.849 3.836 3.822 3.809 3.795 3.782 3.768 3.755

3.742 3.728 3.715 3.702 3.688 3.675 3.662 3.649 3.635 3.622
3.609 3.596 3.583 3.570 3.557 3.544 3.531 3.517 3.504 3.491
3.479 3.466 3.453 3.440 3.427 3.414 3.401 3.388 3.375 3.363
3.350 3.337 3.324 3.312 3.299 3.286 3.274 3.261 3.248: 3.236
3.223 3.210 3.198 3.185 3.173 3.160 3.148 3.135 3.123 3.110

3.098 3.086 3.073 3.061 3.049 3.036 3.024 3.012 2.999 2.987
2.975 2.963 2.950 2.938 2.926 2.914 2.902 2.890 2.878 2.865
2.853 2.841 2.829 2.817 2.805 2.793 2.781 2.769 2.757 2.745
2.734 2.722 2.710 2.698 2.868 2.674 2.662 2.651 2.639 2.627
2.615 2.604 2.592 2.580 2.569 2.557 2.545 2.534 2.522 2.510

2.499 2.487 2.476 2.464 2.453 2.441 2.430 2.418 2.407 2.395
2.384 2.372 2.361 2.350 2.338 2.327 2.315 2.304 2.293 2.281
2.270 . 2.259 2.248 2.236 2.225 2.214 2.203 2.192 2.180 2.169
2.158 2.147 2.136 2.125 2.114 2.103 2.092 2.081 2.069 2.058
2.047 2.036 2.025 2.015 2.004 1.993 1.982 1.971 1.960 1.949

1.938 1.927 1.917 1.906 1.894 1.884 1.873 1.863 1.852 1.841
1.830 1.820 1.809 1.798 1.788 1.777 1.766 1.756 1.745 1.734
1.724 1.713 1.703 1.692 1.681 1.671 1.660 1.650 1.639 1.629
1.618 1.608 1.598 1.587 1.577 1.566 1.556 1.545 1.535 1.525
1.514 1.504 1.494 1.483 1.473 1.463 1.453 1.442 1.432 1.422

1.412 1.401 1.391 1.381 1.371 1.361 1.351 1.340 1.330 1.320
1.310 1.300 1.290 1.280 1.270 1.260 1.250 1.240 1.230 1.220
1.210 1.200 1.190 1.180 1.170 1.160 1.150 1.140 1.130 1.120
1.110 1.100 1.091 1.081 1.071 1.061 1.051 1.042 1.032 1.022

1.012 1.002 .993 .983 973 .964 .954 .944 934 925
915 .906 .896 .886 877 .867 .857 .848 .838 .829
.819 .810 .800 791 781 772 762 753 743 734
724 715 .705 .696 .687 877 .668 .658 .649 .640
.630 .621 .612 .602 .593 .584 574 .565 .556 547
.537 .528 519 .510 .501 491 482 473 464 455
.446 .436 427 418 409 .400 391 .382 373 .364
.355 .346 .336 327 318 .309 .300 291 282 274
.265 .256 247 238 229 .220 211 .202 .193 .184
175 167 158 .149 .140 131 122 114 .105 .096
.087 .079 .070 .061 .052 .044 .035 .026 .017 .009




TABLE V5 ‘GIVEN: —dB (or —dBmV) (0 to —20);

FIND: VOLTAGE RATIO (or mV) (1.0 to 0.1)

For — db below —20:

1. Add dBs (in multiples of 20) as required to give a number between 0 and For dBs Added Multiply By
—20. 20 0.1
2. Look up voltage ratio corresponding to this number in table V5. 40 0.01
60 0.001
3. Multiply the voltage ratio found by the number corresponding to the dBs 80 0.0001
added in step 1. :

EXAMPLE: Given —53.22 dB. Adding 40 dB we get —13.22 dB. From Table V5, voltage ratio corresponding to —13.22 dB
is 0.2183. Multiplying by 0.01 (corresponding to 40 dB added) we get 0.2183 x 0.01 = 0.002183.

0.00 0.02 0.04 0.06 0.08 0.00 0.02 0.04 0.06 0.08

1.0000 .9977 .9954 .9931 .9908
.9886 .9863 .9840 9817 9795
9772 .9750 9727 .9705 .9683
.9661 .9638 .9616 9594 9572
.9550 .9528 .9506 .9484 .9462

9441 .9419 .9397 9376 .9354
.9333 .9311 .9290 .9268 .9247
.9226 .9204 9183 9162 9141
.9120 .9099 9078 9057 9036
.9016 .8995 .8974 .8954 .8933

.8913 .8892 8872 .8851 .8831
.8810 .8790 8770 .8750 .8730
.8710 .8690 .8670 .8650 .8630
.8610 .8590 8570 .8551 .8531
.8511 .8492 .8472 .8453 .8433

.8414 .8395 .8375 .8356 .8337
.8318 .8299 .8279 .8260 .8241
.8222 8204 © 8185 .8166 .8147
.8128 .8110 .8091 8072 8054
.8035 .8017 7998 7980 7962

7943 7925 7907 7889 7870
.7852 7834 7816 7798 7780
7762 7745 7727 7709 7691
7674 .7656 .7638 7621 7603
.7586 .7568 7551 7534 7516

7499 7482 7464 7447 7430
7413 7396 7379 7362 7345
7328 7311 7295 7278 7261
7244 7228 7211 7194 7178
7161 7145 7129 7112 7096

7079 .7063 7047 7031 7015

.6310 .6295 .6281 .6266 6252
.6237 .6223 .6209 .6194 .6180
.6166 .6152 .6139 .6124 .6109
.6095 .6081 .6067 .6053 .6039
.6026 .6012 .5998 .5984 5970

.5957 .5943 .5929 .5916 .5902
.5888 .5875 .5861 .5848 .5834
.5821 .5808 5794 5781 .5768
.5754 5741 5728 5715 5702
.5689 5675 .5662 .5649 .5636

.5623 .5610 .5598 .5585 .5572
.5559 .5546 .5534 5521 .5508
.5495 .5483 .5470 .5458 .5445
.5433 .5420 .5408 .5395 .5383
.5370 .5358 .5346 .5333 .5321

.5309 .5297 .5284 5272 .5260
.5248 .5236 5224 5212 .5200
.5188 5176 .5164 5152 .5140
5129 5117 .5105 .5093 .5082
.5070 .5058 .5047 .5035 .5023

.5012 .5000 .4989 4977 .4966
4955 4943 4932+ .4920 .4909
4898 4887 4875 4864 4853
4842 4831 4819 .4808 4797
4786 4775 4764 4753 4742

4732 4721 4710 .4699 4688
4677 4667 .4656 4645 .4634
4624 4613 .4603 4592 4581
4571 4560 4550 .4539 4529
4519 4508 .4498 .4487 44717

.4467 4457 .4446 4436 4426

Ut Ut Ut Yt Ut

|

5
5
— 5.
5.
5

.6998 .6982 .6966 .6950 .6934 —-7.1 4416 .4406 4395 4385 4375
.6918 .6902 .6887 .6871 .6855 —7.2 4365 4355 4345 4335 4325
.6839 .6823 .6808 .6792 .6776 —-7.3 4315 4305 4295 4285 4276
.6761 .6745 .6730 6714 .6699 —74 .4266 4256 4246 4236 4227
.6683 .6668 .6653 .6637 .6622 —-7.5 4217 4207 4198 4188 4178
.6607 .6592 6577 .6561 .6546 —~17.6 .4169 4159 4150 .4140 4130
.6531 .6516 .6501 .6486 6471 =77 4121 4111 4102 4093 4083
.6457 .6442 .6427 .6412 6397 —17.8 4074 4064 4055 4046 4036
.6383 .6368 .6353 .6339 6324 -79 .4027 4018 .4009 .3999 .3990
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TABLE V5 continued
0.02 0.04 0.06 0.08

0.02 0.04 0.06 0.08

.3972 3963 .3954 .3945
.3926 .3917 .3908 .3899
.3882 .3873 .3864 .3855
.3837 .3828 .3819 3811
.3793 3784 3776 3767

.3750 3741 3733 3724
.3707 .3698 .3690 .3681
.3664 .3656 .3648 .3639
.3622 .3614 .3606 .3597
3581 . 3573 .3565 .3556

3540 3532 3524 3516
3499 3491 3483  .3475
3459 3451 3443 3436
3420 3412 3404 3396
3381 3373 3365  .3357

3342 .3334 .3327 .3319
.3304 .3296 .3289 .3281
.3266 .3258 .3251 .3243
.3228 3221 3214 .3206
.3192 .3184 3177 .3170

3155 .3148 3141 3133
3119 3112 .3105 .3097
.3083 .3076 .3069 .3062
.3048 3041 .3034 .3027
.3013 .3006 .2999 .2992

2979 2972 .2965 .2958
2944 .2938 2931 2924
2911 .2904 .2897 2891
2877 2871 .2864 .2858
.2844 .2838 2831 .2825

2812 .2805 2799 2793
2780 2773 2767 .2761
2748 2742 2735 2729
2716 2710 2704 .2698
.2685 2679 2673 .2667

.2655 2649 2642 .2636
.2624 2618 2612 .2606
2594 .2588 2582 2576
.2564 2559 2553 .2547
2535 .2529 2523 2518

.2506 .2500 .2495 .2489
2477 2472 .2466 .2460
.2449 .2443 2438 .2432
2421 2415 2410 2404
.2393 2388 2382 2377

.2366 .2360 .2355 2350
2339 2333 2328 2323
2312 2307 2301 2296
.2286 .2280 2275 .2270
.2259 .2254 2249 2244

2234 2228 2223 2218
.2208 2203 2198 .2193
2183 2178 2173 .2168
2158 2153 2148 2143
:2133 2128 2123 2118

2109 .2104 2099 .2094
.2084 .2080 .2075 2070
.2061 .2056 .2051 .2046
.2037 .2032 2028 2023
2014 .2009 .2004 .2000

.1991 .1986 .1982 1977
.1968 .1963 .1959 .1954
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TABLE V6 GIVEN: VOLTAGE RATIO (or mV) (1.0 to 10.0);

FIND: +dB (or +dBmV) (0 to +20)
For voltage ratio greater than 10:

1. Divide by the multiple of 10 required to give a number between 1.0 and For Multiple of 10 Add dBs

10.0. 10 20

2. Look up +dB corresponding to this number in table V6. 100 40
1000 60

3. Add to the result the number of dBs corresponding to the multiple of 10 10.000 80

used in step 1.

EXAMPLE: Given voltage ratio = 65,200. Dividing by 10,000 we get 6.52. From table V6, dBs corresponding to 6.52 is
16.285. Adding the number of dBs according to divisor used in step 3 we get 16,285 + 80 = +96.285 dB.

Voltage
i .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
.000 .086 172 257 341 424 .506 .588 .668 749
828 .906 984 1.062 1.138 1.214 1.289 1.364 1.438 1.511

1.584 1.656 1.727 1.798 1.868 1.938 1.007 2.076 2.144 2.212
2.279 2.345 2.411 2.477 2.542 2.607 2.671 2.734 2.798 2.860
2.923 2.984 3.046 3.107 3.167 3.227 3.287 3.346 3.405 3.464

3.522 3.580 3.637 3.694 3.750 3.807 3.862 3.918 3.973 4.028
4.082 4.137 4.190 4.244 4.297 4.350 4.402 4.454 4.506 4.558
4.609 4.660 4711 4.761 4.811 4.861 4.910 4.959 5.008 5.057
5.105 5.154 5.201 5.249 5.2906 5.343 5.390 5.437 5.483 5.529
5.575 5.621 5.666 5.711 5.756 5.801 5.845 5.889 5.933 5.977

6.021 6.064 6.107 6.150 6.193 6.235 6.277 6.319 6.361 6.403
6.444 6.486° 6.527 6.568 6.608 6.649 6.689 6.729 6.769 6.809
6.848 6.888 6.927 6.966 7.008 7.044 7.082 7.121 7.159 7.197
7.235 7.272 7.310 7.347 7.384 7.421 7.458 7.495 7.532 7.568
- 7.604 7.640 7.676 7.712 7.748 7.783 7.819 7.854 7.889 7.924

7.959 7.993 8.028 8.062 8.097 '8.131, 8.165 8.199 8.232 8.266
8.299 8.333" 8.366 8.399 8.432 8.465 8.498 8.530 8.563 8.595
8.627 8.659 8.601 8.723 8.755 8.787 8.818 8.850 8.881 8.912
8.943 8.974 9.005 9.036 9.066 9.097 9.127 9.158 9.188 9.218
9.248 9.278 9.308 9.337 9.367 9.396 9.426 9.455 9.484 9.513

9.542 9.571 9.600 9.629 9.657 9.686 9.714 9.743 9.771 9.799
9.827 9.855 9.883 9.911 9.939 9.966 9.994 10.021 10.049 10.076
10.103 ©  10.130 10.157 10.184 10.211 10.238 10.264 10.291 10.317 10.344
10.370 10.397 10.423 10.449 10.475 10.501 10.527 10.553 10.578 10.604
10.630 10.655 10.681 10.706 10.731 10.756 10.782 10.807 10.832 10.857

10.881 10.906 10.931 10.955 10.980 11.005 11.029 11.053 11.078 11.102
11.126 11.150 11.174 11.198 11.222 11.246 11.270 11.293 11.317 11.341
11.364 11.387 11.411 11.434 11.457 11.481 11.504 11.527 11.550 11.573
11.596 11.618 11.641 11.664 11.687 11.709 11.732 11.754 11.777 11.799
11.821 11.844 11.866 11.888 11.910 11.932 11.954 11.976 11.998 12.019

12.041 12.063 12.085 12.106 12,128 12.149 12.171 12.192 12.213 12.234
12.256 12.277 12.298 12.319 12.340 12.361 12.382 12.403 12.424 12.444
12.465 12.486 12.506 12.527 12.547 12.568 12.588 12.609 12.629 12.649
12.669 12.690 12.710 12.730 12.750 12.770 12.790 12.810 12.829 12.849
12.869 12.889 12.908 12.928 12.948 12.967 12.987 13.006 13.026 13.045

13.064 13.084 13.103 13.122 13.141 13.160 13.179 13.198 13.217 13.236
13.255 13.274 13.293 13.312 13.330 13.349 13.368 13.386 13.405 13.423
13.442 13.460 13.479 13.497 13.516 13.534 13.552 13.570 13.589 13.607
13.625 13.643 13.661 13.679 13.697 13.715 13.733 13.751 13.768 13.786
13.804 13.822 13.839 13.857 13.875 13.892 13.910 13.927 13.945 13.962
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TABLE V6 continved

Voltage

.00 .01 02 .03 04 .05 .06 .07 .08 .09

13.979 13.997 14.014 14.031 14.049 14.066 14.083 14.100 14.117 14.134
14.151 14.168 14.185 14.202 14.219 14.236 14.253 14.270 14.287 14.303
14.320 14.337 14.353 14.370 14.387 14.403 14.420 14.436 14.453 14.469
14.486 14.502 14.518 14.535 14.551 14.567 14.583 14.599 14.616 14.632
14.648 14.664 14.680 14.696 14.712 14.728 14.744 14.760 14.776 14.791

14.807 14.823 14.839 14.855 14.870 14.886 14.902 14.917 14.933 14.948
14.964 14.979 14.995 15.010 15.026 15.041 15.056 15.072 15.087 15.102
15.117 15.133 15.148 15.163 15.178 15.193 15.208 15.224 15.239 15.254
15.269 15.284 15.298 15.313 15.328 15.343 15.358 15.373 15.388 15.402
15.417 15.432 15.446 15.461 15.476 15.490 15.505 15.519 15.534 15.549

15.563 15.577 15.592 15.606 15.621 15.635 15.649 15.664 15.678 15.692
15.707 15.721 15.735 15.749 15.763 15.778 15.792 15.806 15.820 15.834
15.848 15.862 15.876 15.890 15.904 15.918 15.931 15.945 15.959 15.973
15.987 16.001 16.014 16.028 16.042 16.055 16.069 16.083 16.096 16.110
16.124 16.137 16.151 16.164 16.178 16.191 16.205 16.218 16.232 16.245

16.258 16.272 16.285 16.298 16.312 16.325 16.338 16.351 16.365 16.378
16.391 16.404 16.417 16.430 16.443 16.456 16.469 16.483 16.496 16.509
16.521 16.534 16.547 16.560 16.573 16.586 16.599 16.612 16.625 16.637
16.650 16.663 16.676 16.688 16.701 16.714 16.726 16.739 16.752 16.764
16.777 16.790 16.802 16.815 16.827 16.840 16.852 16.865 16.877 16.890

16.902 16.914 16.927 16.939 16.951 16.964 16.976 16.988 17.001 17.013
17.025 17.037 17.050 17.062 17.074 17.086 17.098 17.110 17.122 17.135
17.147 17.159 17.171 17.183 17.195 17.207 17.219 17.231 17.243 17.255
17.266 17.278 17.290 17.302 17.314 17.326 17.338 17.349 17.361 17.373
17.385 17.396 17.408 17.420 17.431 17.443 17.455 17.466 17.478 17.490

17.501 17.513 17.524 17.536 17.547 17.559 17.570 17.582 17.593 17.605
17.616 17.628 17.639 17.650 17.662 17.673 17.685 17.696 17.707 17.719
17.730 17.741 17.752 17.764 17.775 17.786 17.797 17.808 17.820 17.831
17.842 17.853 17.864 17.875 17.886 17.897 17.908 17.919 17.931 17.942
17.953 17.964 17.975 17.985 17.996 18.007 18.018 18.029 18.040 18.051

18.062 18.073 18.083 18.094 18.105 18.116 18.127 18.137 18.148 18.159
18.170 18.180 18.191 18.202 18.212 18.223 18.234 18.244 18.255 18.266
18.276 18.287 18.297 18.308 18.319 18.329 18.340 18.350 18.361 18.371
18.382 18.392 18.402 18.413 18.423 18.434 18.444 18.455 18.465 18.475
18.486 18.496 18.506 18.517 18.527 18.537 18.547 18.558 18.568 18.578

18.588 18.599 18.609 18.619 18.629 18.639 18.649 18.660 18.670 18.680
18.690 18.700 18.710 18.720 18.730 18.740 18.750 18.760 18.770 18.780
18.790 18.800 18.810 18.820 18.830 18.840 18.850 18.860 18.870 18.880
18.890 18.900 18.909 18.919 18.929 18.939 18.949 18.958 18.968 18.978
18.988 18.998 19.007 19.017 19.027 19.036 19.046 19.056 19.066 19.075

19.085 19.094 19.104 19.114 19.123 19.133 19.143 19.152 19.162 19.171
19.181 19.190 19.200 19.209 19.219 19.228 19.238 19.247 19.257 19.226
19.276 19.285 19.295 19.304 19.313 19.323 19.332 19.342 19.351 19.360
19.370 19.379 19.388 19.398 19.407 19.416 19.426 19.435 19.444 19.453
19.463 19.472 19.481 19.490 19.499 19.509 19.518 19.527 19.536 19.545

19.554 19.564 19.573 19.582 19.591 19.600 19.609 19.618 19.627 19.636
19.645 19.654 19.664 19.673 19.682 19.691 19.700 19.709 19.718 19.726
19.735 19.744 19.753 19.762 19.771 19.780 19.789 19.798 19.807 19.816
19.825 19.833 19.842 19.851 19.860 19.869 19.878 19.886 19.895 19.904
19.913 19.921 19.930 19.939 19.948 19.956 19.965 19.974 19.983 19.991

20.000 20.009 20.017 20.026 20.035 20.043 20.052 20.061 20.069 20.078
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TABLE V7 GIVEN: +dB (or +dBmV) (0 to +20);

FIND: VOLTAGE RATIO (or mV) (1.0 to 10.0)

For +dBs greater than +20:
1. Subtract the multiple of 20 dB required to give a number between 0 and For dBs Subtracted | Multiply By
+20: 20 10
2. Look up the voltage ratio corresponding to this number in table V7. 40 100
60 1000

3. Multiply the ratio found by the number corresponding to the dBs sub-

80 10,000
tracted in step 1.

EXAMPLE: Given +49.72 dB. Subtracting 40 dB we get 9.72 dB. From table V7 the voltage ratio corresponding to 9.72 dB

is 3.062. Multiplying by 100 (corresponding to 40 dB subtracted in step 1) we get a voltage ratio of 3.062 x
100 = 306.2.

0.00 0.02 0.04 0.06 .0.08 0.00 0.02 0.04 0.06 0.08

1.000 1.002 1.005 1.007 1.009
1.012 1.014 1.016 1.019 1.021
1.023 1.026 1.028 1.030 1.033
1.035 1.038 1.040 1.042 1.045
1.047 1.050 1.052 1.054 1.057

1.059 1.062 1.064 1.067 1.069
1.072 1.074 1.076 1.079 1.081
1.084 1.086 1.089 1.091 1.094
1.096 1.099 1.102 1.104 1.107
1.109 1.112 1.114 1.117 1.119

1.122 1.125 1.127 1.130 1.132
1.135 1.138 1.140 1.143 1.146
1.148 1.151 1.153 1.156 1.159
1.161 1.164 1.167 1.169 1.172
1.175 1.178 1.180 1.183 1.186

1.189 1.191 1.194 1.197 1.199
1.202 1.205 1.208 1.211 1.213
1.216 1.219 1.222 1.225 1.227
1.230 1.233 1.236 1.239 1.242
1.245 1.247 1.250 1.253 1.256

1.259 1.262 1.265 1.268 1.271
1.274 1.276 1.279 1.282 1.285
1.288 1.291 1.294 1.297 1.300
1.303 1.306 1.309 1.312 1.315
1318 = 1.321 1.324 1.327 1.330

1.334 1.337 1.340 1.343 1.346
1.349 1.352 1.355 1.358 1.361
1.365 1.368 1.371 1.374 1.377
1.380 1.384 1.387 1.390 1.393
1.396 1.400 1.403 1.406 1.409

1.413 1.416 1.419 1.422 1.426
1.429 1.432 1.435 1.439 1.442
1.445 1.449 1.452 1.455 1.459
- 1.462 1.466 1.469 1.472 1476

1.479 1.483 1.486 1.489 1.493

1.496 . 1.500 1.503 - 1.507 1.510
1514 '1.517 1.521 1.524 1.528
1.531 1.535 1.538 1.542 1.545
1.549 1.552 1.556 1.560 1.563
1.567 1.570 1.574 1.578 1.581

1.585 1.589 1.592 1.596 1.600
1.603 1.607 1.611 1.614 1.618
1.622 1.626 1.629 1.633 1.637
1.641 1.644 1.648 1.652 1.656
1.660 1.663 1.667 1.671 1.675

1.679 1.683 1.687 1.690 1.694
1.698 1.702 1.706 1.710 1.714
1.718 1.722 1.726 1.730 1.734
1.738 1.742 1.746 1.750 1.754
1.758 1.762 1.766 1.770 1.774

1.778 1.782 1.786 1.791 1.795
1.799 1.803 1.807 1.811 1.816
1.820 1.824 1.828 1.832 1.837
1.841 1.845 1.849 1.854 1.858
1.862 1.866 1.871 1.875 1.879

1.884 1.888 1.892 1.897 1.901
1.905 1.910 1.914 1.919 1.923
1.928 1.932 1.936 1.941 1.945
1.950 1.954 1.959 1.963 1.968
1.972 1.977 1.982 1.986 1.991

1.995 2.000 2.004 2.009 2.014
2.018 2.023 2.028 2.032 2.037
2.042 2.046 2.051 2.056 2.061
2.065 2.070 2.075 2.080 2.084
2.089 2.094 2.099 2.104 1.109

2.113 2.118 2.123 2.128 2.133
2.138 2.143 2.148 2.153 2.158
2.163 2.168 2.173 2.178 2.183
2.188 2.193 2.198 2.203 2.208
2.213 2.218 2.223 2.228 2.234

2.239 2.244 2.249 2.254 2.259
2.265 2.270 2.275 2.280 2.286
2.201 2.296 2.301 2.307 2.312
2.317 2.323 2.328 2.333 2.339
2.344 2.350 2.355 2.360 2.366

2.371 2.377 2.382 2.388 2.393
2.399 2.404 2.410 2.415 2.421
2.427 2.432 2.438 2.443 2.449
2.455 2.460 2.466 2.472 2.477
2.483 2.489 2.495 2.500 2.506
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TABLE V7 continued
0.00 0.02 0.04 0.06 0.08

0.02 0.04 0.06 0.08

5012 5023 5035 = 5.047  5.058
5.070 5.082 5093 5105  5.117
5.120 5140 5152 5164  5.176
5188 5200 5212 5224 5236
5.248 5260 5272 5284  5.297

5.309 5.321 5.333 5.346 5.358
5.370 5.383 5.395 5.408 5.420
5.433 5.445 5.458 5.470 5.483
5.495 5.508 - 5.521 5.534 5.546
5.559 5.572 5.585 5.598 5.610

5.623 5.636 5.649 5.662 5.675
5.689 5.702 5.715 5.728 5.741
5.754 5.768 5.781 5.794 5.808
5.821 5.834 5.848 5.861 5.875
5.888 5.902 5.916 5.929 5.943

5.957 5.970 5.984 5.998 6.012
6.026 6.039 6.053 6.067 6.081
6.095 6.109 6.124 6.138 6.152
6.166 6.180 6.194 6.209 6.223
6.237 6.252 6.266 6.281 6.295

6.310 6.324 6.339 6.353 6.368
6.383 6.397 6.412 6.427 6.442
6.457 6.471 6.486 6.501 6.516
6.531 6.546 6.561 6.577 6.592
6.607 6.622 6.637 6.653 6.668

6.683 6.699 6.714 6.730 6.745
6.761 6.776 6.792 6.808 6.823
6.839 6.855 6.871 6.887 6.902
6.918 6.934 6.950  6.966 6.982
6.998 7.015  7.031 7.047 7.063

7.079 7.096 7.112 7.129 7.145
7.161 7.178 7.194 7.211 7.228
7.244 7.261 7.278 7.295 7.311
7.328 7.345 7.362 7.379 7.396
7.413 7.430 7.447 7.464 7.482

7.499 7.516 7.534 7.551 7.568
7.586 7.603 7.621 7.638 7.656
7.674 7.691 7.709 7.727 7.745
7.762 7.780 7.798 7.816 7.834
7.852 7.870 7.889 7.907 7.925

7.943 7.962 7.980 7.998 8.017
8.035 8.054 8.072 8.091 8.110
8.128 8.147 8.166 8.185 8.204
8.222 8.241 8.260 8.279 8.299
8.318 8.337 8.356 8.375 8.395

8.414 8.433 8.453 8.472 8.492
8.511 8.531 8.551 8.570 8.590
8.610 8.630 8.650 8.670 8.690
8.710 8.730 8.750 8.770 8.790
8.810 8.831 8.851 8.872 8.892

8.913 8.933 8.954 8.974 8.995
9.016 9.036 9.057 9.078 8.099
9.120 9.141 9.162 9.183 9.204
9.226 9.247 9.268 9.290 9.311
9.333 9.354 9.376 9.397 9.419

9.441 9.462 9.484 9.506 9.528
9.550 9.572 9.594 9.616 9.638
9.661 9.683 9.705 9.727 9.750
9.772 9.795 9.817 9.840 9.863
9.886 9.908 9.931 9.954 9.977

10.000 10.023 10.047 10.072 10.096

2.518 2.523 2.529 2.535
2.547 2.553 2.559 2.564
2.576 2.582 2.588 2.594
2.606 2.612 2.618 2.624
2.636 2.642 2.649 2.655

2.667 2.673 2.679 2.685
2.698 2.704 2.710 2.716
2.729 2.735 2.742 2.748
2.761 2.767 2.773 2.780
2.793 2.799 2.805 2.812

2.825 2.831 2.838 2.844
2.858 2.864 2.871 2.877
2.891 2.897 2.904 2.911
2.924 2.931 2.938 2.944
2.958 2.965 2.972 2.979

2.992 2.999 3.006 3.013
3.027 3.034 3.041 3.048
3.062 3.069 3.076 3.083
3.097 3.105 3.112 3.119
3.133 3.141 3.148 3.155

3.170 3.177 3.184 3.192
3.206 3.214 3.221 3.228
3.243 3.251 3.258 3.266
3.281 3.289 3.296 3.304
3.319 3.327 3.334 3.342

3.357 3.365 3.373 3.381
3.396 3.404 3.412 3.420
3.436 3.443 3.451 3.459
3.475 3.483 3.491 3.499
3.516 3.524 3.532 3.540

3.556 3.565 3.573 3.581
3.597 3.606 3.614 3.622
3.639 3.648 3.656 3.664
3.681 3.690 3.698 3.707
3.724 3.733 3.741 3.750

3.767 3.776 3.784 3.793
3.811 3.819 3.828 3.837
3.855 3.964 3.873 3.882
3.899 3.908 3.917 3.926
3.945 3.954 3.963 3.972

3.990 3.999 4.009 4.018
4.036 4.046 4.055 4.064
4.083 4.093 4.102 4111
4.130 4.140 4.150 4.159
4.178 4.188 4.198 4.207

4.227 4.236 4.246 4.256
4.276 4.285 4.295 4.305
4.325 4.335 4.345 4.355
4.375 4.385 4.395 4.406
4.426 4.436 4.446 4.457

4.477 4.487 4.498 4.508
4.529 4.539 4.550 4.560
4.581 4.592 4.603 4.613
4.634 4.645 4.656 4.667
4.688 4.699 4.710 4.721

4.742 4.753 4.764 4.775
4797 4.808 4.819 4.831
4.853 4.864 4.875 4.887
4.909 4.920 4.932 4.943
4.966 4.977 4.989 5.000
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TABLE V8 ™o (;Sé(%ﬁééSBA%II%S'CROSS-MOD. COMPONENTS, COMBINED ON A

VOLTAGE ADDITION GIVEN: dB DIFFERENCE BETWEEN THE TWO LEVELS;
FIND: dBs TO ADD TO HIGHER LEVEL TO GET TOTAL LEVEL IN dBs.

dB Dif-
ference 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0.0 6.02 5.97 5.92 5.87 5.82 5.77 5.73 5.68 5.63 5.58

1.0 '5.53 5.49 5.44 5.39 5.35 5.30 5.26 5.21 5.17 5.12
2.0 5.08 5.03 4.99 4.94 4.90 4.86 4.82 4.78 4.73 4.69
3.0 4.65 4.61 4.57 4.53 4.49 4.45 4.41 4.37 4.33 4.29
4.0 4.25 4.21 4.17 4.13 4.10 4.06 4.02 3.98 3.95 3.91
5.0 3.88 3.84 3.80 3.77 3.73 3.70 3.66 3.63 3.60 3.56

6.0 3.53 3.50 3.46 3.43 3.40 3.36 3.33 3.30 3.27 3.24
7.0 3.21 3.18 3.15 3.12 3.09 3.06 3.03 3.00 2.97 2.94
8.0 2.91 2.88 2.86 2.83 2.80 2.77 2.74 2.72 2.69 2.66
9.0 2.64 2.61 2.59 2.56 2.53 2.51 2.48 2.46 2.44 2.41
10.0 2.39 2.36 2.34 2.32 2.29 2.27 2.25 2.22 2.20 2.18

11.0 2.16 2.13 2.11 2.09 2.07 2.05 2.03 2.01 1.99 1.97
12.0 1.95 1.93 1.91 1.89 1.87 1.85 1.83 1.81 1.79 1.77
13.0 1.75 1.74 1.72 170 1.68 1.67 1.65 1.63 1.61 1.60
14.0 1.58 1.56 1.55 1.53 1.51 1.50 1.48 1.47 1.45 1.44
15.0 1.42 141 1.39 1.38 1.36 1.35 1.33 1.32 131 1.29

16.0 1.28 1.26 1.25 1.24 1.22 1.21 1.20 1.19 1.17 1.16
17.0 1.15 1.14 1.12 1.11 1.10 1.09 1.08 1.06 1.05 1.04
18.0 1.03 1.02 1.01 1.00 0.99 0.98 0.96 0.95 0.94 0.93
19.0 0.92 0.91 0.90 0.89 0.88 0.87 0.86 0.86 0.85 0.84
20.0 0.83 0.82 0.81 0.80 0.79 0.78 0.77 0.77 0.76 0.75

21.0 0.74 0.73 0.73 0.72 0.71 0.70 0.69 0.69 0.68 0.67
22.0 0.66 0.66 0.65 0.64 0.64 0.63 0.62 0.61 0.61 0.60
23.0 0.59 0.59 0.58 0.57 0.57 0.56 0.56 0.55 0.54 0.54
24.0 0.53 0.53 0.52 0.51 0.51 0.50 0.50 0.49 0.49 0.48
25.0 0.48 0.47 0.46 0.46 0.45 0.45 0.44 0.44 0.43 0.43

26.0 0.42 0.42 0.42 0.41 0.41 0.40 0.40 0.39 0.39 0.38
27.0 0.38 0.38 0.37 0.37 0.36 0.36 0.35 0.35 0.35 0.34
28.0 0.34 0.34 0.33 0.33 0.32 0.32 0.32 0.31 0.31 0.31
29.0 0.30 0.30 0.30 0.29 0.29 0.29 0.28 0.28 0.28 0.27
30.0 0.27 0.27 0.26 0.26 0.26 0.26 0.25 0.25 0.25 0.24

31.0 0.24 0.24 0.24 0.23 0.23 0.23 0.23 0.22 0.22 0.22
32.0 0.22 0.21 0.21 0.21 0.21 0.20 0.20 0.20 0.20 0.19
33.0 0.19 0.19 0.19 0.19 0.18 0.18 0.18 0.18 0.18 0.17
34.0 0.17 0.17 0.17 0.17 © 0.16 0.16 0.16 0.16 0.16 0.15
35.0 0.15 0.15 0.15 0.15 0.15 0.14 0.14 0.14 0.14 0.14

36.0 0.14 0.14 0.13 0.13 0.13 0.13 0.13 0.13 0.12 0.12 -
37.0 0.12 0.12 0.12 0.12 0.12 0.12 0.11 0.11 0.11 0.11
38.0 0.11 0.11 0.11 0.10 0.10 0.10 0.10 0.10 0.10 0.10
39.0 0.10 0.10 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
40.0 0.09 0.09 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
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TABLE Vg CONVERSION BETWEEN dBmV, RMS VOLTAGE, RMS CURRENT,
AND POWER, at 75 OHMS

Abbreviations Used:

) C Power
Voltage ‘ urrent fw..... femtowatts .. ... .10-15 watts
BV, microvolts ...... 10- Svolts nA..... nanoamperes . . ... 10-° amp. : 12
v livol 10 vol A . 106 pW..... picowatts ...... 1012 watts
mV...... millivolts ....... volts ,uA ..... m%;:lr'oamperes ce .10'3 amp. aWw. ... nanowatts ... .. 10° watts
MA. ... mitliamperes . ... . amp. EW. . ... microwatts ..... 106 watts
mW..... milliwatts .. .... 108 watts
RMS Voitage ~ RMS Current Power RMS Voltage RMS Current Power
1.00 uV 13.30 nA 13.30 fW (1] 1000.00 pV iS.SO HA 13.30 nW
1.12 uV 15.00 nA 16.80 fW 4+ 1 1.12 mV 15.00 pA 16.80 nW
1.26 pV 16.80 nA 21.10 fW +2 1.26 mV 16.80 uA 21.10 nW
1.41 uV 18.80 nA 26.60 fW + 3 1.41 mV 18.80 uA 26.60 nW
1.59 uV 21.10 nA 33.50 fW + 4 1.59 mV 21.10 pA 33.50 nW
1.78 uV 23.70 nA 42.20 fW + 5 1.78 mV 23.70 A 42.20 nW
2.00 pV 26.60 nA 53.10 fW + 6 2.00 mV 26.60 pA 53.10 nW
2.24 uV 29.90 nA 66.80 fW + 7 2.24 mV 29.90 pA 66.80 nW
2.51 uV 33.50 nA 84.10 fW + 8 2.51 mV 33.50 kA 84.10 nW
2.82 uV 37.60 nA 106.00 fW + 9 2.82 mV 37.60 pA 106.00 nW
3.16 uV 42.20 nA 133.00 fW 3.16 mV 42.20 pA 133.00 nW
3.55 uV 47.30 nA 168.00 fW 3.55 mV 47.30 pA 168.00 nW
3.98 uV 53.10 nA 211.00 fW 3.98 mV 53.10 pA 211.00 nW
4.47 uvV 59.60 nA 266.00 fW 4.47 mV 59.60 pA 266.00 nW
5.02 uV 66.80 nA 335.00 fW 5.01 mV 66.80 nA 335.00 nW
5.62 uV 75.00 nA 422,00 fW 5.62 mV 75.00 A 422.00 nW
6.31 uV 84.10 nA 531.00 fW 6.31 mV 84.10 A 531.00 nW
7.08 nV 94.40 nA 668.00 fW 7.08 mV 94.40 A 668.00 nW
7.94 uV 106.00 nA 841.00 fW 7.98 mV 106.00 pA 841.00 nW
8.91 uV 119.00 nA 1.06 pW 8.91 mV 119.00 A 1.06 xW
10.00 pV 133.00 nA 1.33 pW 10.00 mV 133.00 A 1.33 yW
11.20 uV 150.00 nA 1.68 pW 11.20 mV 150.00 wA 1.68 uW
12.60 uV 168.00 nA 2.11 pW 12.60 mV 168.00 pA 2.11 uW
14.10 pV 188.00 nA 2.66 pW 14.10 mV 188.00 A 2.66 uW
15.90 pV 211.00 nA 3.35 pW 15.90 mV 211.00 pA 3.35 uW
17.80 pV 237.00 nA 422 pW 17.80 mV 237.00 pA 4.22 W
20.00 pV 266.00 nA 5.31 pW 20.00 mV 266.00 pA 5.31 uW
22.40 uV 299.00 nA 6.68 pW 22.40 mV 299.00 pA 6.68 uW
25.10 uV 335.00 nA 8.41 pW 25.10 mV 335.00 1A 8.41 pW
28.20 uV 376.00 nA 10.60 pW 28.20 mV 376.00 pA 10.60 uW
31.60 uV 422.00 nA 13.30 pW 31.60 mV 422.00 pA 13.30 W
35.50 uV 473.00 nA 16.80 pW 35.50 mV 473.00 pA 16.80 W
39.80 uV 531.00 nA 21.10 pW 39.80 mV 531.00 A 21.10 pW
44.70 uV 596.00 nA 26.60 pW 4470 mV 596.00 A 26.60 W
50.10 Vv 668.00 nA 33.50 pW 50.10 mV 668.00 nA 33.50 W
56.20 uV 750.00 nA 42.20 pW 56.20 mV 750.00 pA 42.20 kW
63.10 uV 841.00 nA 53.10 pW 63.10 mV 841.00 A 53.10 kW
70.80 uV 944.00 nA 66.80 pW 70.80 mV 944.00 pA 66.80. uW
79.40 uV 1.06 A 84.10 pW 79.40 mV 1.06 mA 84.10 uW
89.10 uV 1.19 pA 106.00 pW 89.10 mV 1.19 mA 106.00 uW
100.00 oV 1.33 uA 133.00 pW 100.00 mV 1.33 mA 133.00 uW
112.00 uV 1.50 wA 168.00 pW 112.00 mV 1.50 mA 168.00 pW
126.00 VvV 1.68 wA 211.00 pW 126.00 mV 1.68 mA 211.00 uW
141.00 uV 1.88 A 266.00 pW 141.00 mV 1.88 mA 266.00 uW
159.00 uV 2.11 uA 335.00 pW 159.00 mV 2.11 mA 335.00 uW
178.00 uV 2.37 LA 422.00 pW 178.00 mV 2.37 mA 422.00 uW
200.00 uV 2.66 A 531.00 pW 200.00 mV 2.66 mA 531.00 uW
224.00 uV 2.99 uA 668.00 pW 224.00 mV 2.99 mA 668.00 uW
251.00 pV 3.35 pA 841.00 pW 251.00 mV 3.35 mA 841.00 uW
282.00 pV 3.76 pA 1.06 nW 282.00 mV 3.76 mA 1.06 mW
—-10 316.00 uV 4.22 pA 1.33 nW 316.00 mV 4.22 mA 1.33 mW
-9 355.00 uV 473 pA 1.68 nW 355.00 mV 4,73 mA 1.68 mW
8 398.00 uV 5.31 pA 2.11 nW 398.00 mV 5.31 mA 2.11 mW
7 447.00 pV 5.96 pA 2.66 nW 447,00 mV 5.96 mA 2.66 mW
6 501.00 uV 6.68 wA 3.35 nW 501.00 mV 6.68 mA 3.35 mW
5 562.00 pV 7.50 pA 4,22 nW 562.00 mV 7.50 mA 4,22 mW
4 631.00 uV 841 A 5.31 nW 631.00 mV 8.41 mA 5.31 mW
3 708.00 pV 9.44 pA 6.68 nW 708.00 mV 9.44 mA 6.68 mW
2 794.00 uV 10.60 pA 8.41 nW 794.00 mV 10.60 mA 8.41 mW
1 881.00 nV 11.90 A 10.60 nW 891.00 mV 11.90 mA 10.60 mW
1000.00 mV 13.30 mA 13.30 mW
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TABLE T1 RETURN LOSS, REFLECTION COEFFICIENT, AND VSWR

EXAMPLE: Assume that a discontinuity exists in a transmission line, producmg a reﬁected wave whose amplitude is “p”
times that of the main wave: E,=pE_;

where E,. is the rms voltage of the reflected wave
and E, is the rms voltage of the main wave.

The reflection coefficient expressed in percent = 100 p, and expressed as a return loss in dB = 20 log 4, .

At points along the line where the reflected wave and the main wave are in phase, they add to produce a voltage maximum:
Epax =Ep +E, =Ey (1+0).

At points where they are 180° out of phase, they subtract to produce a voltage minimum: Ey;, = Ep, — E, = E,, (1 — p).

Epax _ En+E,  Ey(1+p)  1+p

Then the VSWR “S” (ratio of maximum to minimum voltage) is: S = = = = X
Emin Em_Er Em (1"'P) 1—0p

S—-1
. : _S5--
and in termsof §, STT
Return Reflection Return Reflection Return Reflection
Loss Coefficient VSWR Loss Coefficient VSWR Loss Coefficient VSWR
dB down % dB down % dB down %
0.0 100.00 -
0.5 94.4 34.7 20.5 9.44 1.208 40.5 944 1.0191
1.0 89.1 17.3 21.0 8.91 1.196 41.0 891 1.0180
1.5 84.1 11.6 21.5 8.41 1.184 41.5 841 1.0170
2.0 79.4 8.71 22.0 7.94 1.172 42.0 794 1.0160
2.5 75.0 7.00 22.5 7.50 1.162 42.5 750 1.0151
3.0 70.8 5.85 23.0 7.08 1.152 43.0 .708 1.0143
3.5 66.8 5.02 23.5 6.68 1.143 43.5 .668 1.0134
4.0 63.1 4.42 24.0 6.31 1.135 44.0 .631 1.0127
4.5 59.6 3.95 24.5 5.96 1.127 445 .596 1.0120
5.0 56.2 3.57 25.0 5.62 1.119 45.0 .562 1.0113
55 53.1 3.26 25.5 5.31 I.112 455 531 1.0107
6.0 50.1 3.01 26.0 5.01 1.105 46.0 .501 1.0101
6.5 47.3 2.80 26.5 4.73 1.099 46.5 473 1.0095
7.0 447 2.62 27.0 4.47 1.094 47.0 447 [ 1.0090
7.5 42.2 2.46 27.5 4,22 1.088 47.5 422 - 1.0085
8.0 39.8 2.32 28.0 3.98 1.083 48.0 .398 1.0080
8.5 37.6 2.21 28.5 3.76 1.078 48.5 376 1.0075
9.0 35.5 2.10 29.0 3.55 1.074 49.0 .355 1.0071
9.5 33.5 2.01 29.5 3.35 1.069 49.5 .335 1.0067
10.0 31.6 1.92 30.0 3.16 1.065 50.0 316 1.0063
10.5 29.9 1.85 30.5 2.99 1.062 50.5 .299 1.0060
11.0 28.2 1.79 31.0 2.82 1.058 51.0 .282 1.0057
- 11.5 26.6 1.72 31.5 - 2.66 - 1.055 51.5 .266 1.0053
12.0 25.1. 1.67 32.0 2.51 1.051 52.0 251 1.0050
12.5 23.7 1.62 32.5 2.37 1.049 52.5 237 1.0048
13.0 22.4 1.58 33.0 2.24 1.046 53.0 224 1.0045
13.5 21.1 - 1.53 33.5 - 2.11 1.043 53.5 211 1.0042
140 ] 20.0 1.50 34.0 2.00 - 1.041 54.0 .200 1.0040
14.5 18.8 1.46 34.5 1.88 1.038 54.5 .188 1.0038
15.0 17.8 1.43 35.0 1.78 1.036 55.0 178 1.0035
15.5 16.8 1.40 35.5 1.68 1.034 55.5 .168 1.0034
16.0 15.9 1.38 36.0 1.59 1.032 56.0 159 1.0032
16.5 15.0 1.35 36.5 1.50 1.030 56.5 .150 1.0030
17.0 14.1 1.33 37.0 1.41 1.029 57.0 141 1.0028
17.5 13.3 1.31 37.5 1.33 1.027 57.5 133 1.0027
18.0 12.6 1.29 38.0 1.26 1.026 58.0 126 | 1.0025
18.5 11.9 1.27 38.5 1.19 1.024 58.5 119 1.0024
19.0 11.2 1.25 39.0 1.12 1.023 59.0 112 1.0022
19.5 10.6 - 1.233 39.5 1.06 1.021 59.5 .106 1.0021
20.0 10.0 1.222 40.0. 1.00 1.020 60.0 .100 1.0020




TABLE T2. CHANNEL VARIABLES—INTRODUCTION"
% WAVELENGTH IN AIR: The velocity of radio waves’

in air is the same as the velocity of light: 300,000,000
(3 X 108) meters per second. Since one meter equals 39.37
inches, the velocity of radio waves, expressed in inches per
second, is 39.37 X 3 X 10% = 1.181 X 10!° inches per
second.

One wavelength is the distance a wave travels while one
cycle is completed. If the cycle is completed in one second,
the wave has a frequency of one Hertz (1 Hz). Hence the
wavelength “A” for 1 Bz equals the distance the wave
travels in one second, which is 1.181 X 1010 inches, and
for a freqency of fy,:

, _ L181x 100

sz

inches.

In CATV, frequency is more conveniently expressed in
mega-Hertz (MHz), 1 MHz being 10 Hz.

1181 x 101 11,810

Thus A = inches, and the half
: fy, X 108 frmy
5905
wavelength — = inches.
foIZ

12 wavelength in other dielectrics: A dielectric other than
air has the effect of slowing the wave down, so one wave-
length becomes shorter:

1
Wavelength in dielectric = wavelength in air X Vo

&
where ¢ is the dielectric constant of the material,

= 0.665

1
For solid polyethylene, ¢ = 2.26 so o

0.665 X 5900® 3920 -

and % wavelength = - = inches;
fMHz fMHz
1
for the usual foamed polyethylene ¢ = 1.51 so N = 0.81
0.81 X 5900 4779
and % wavelength = = inches.

fMHz fMHz

THE DIPOLE ANTENNA FACTOR is convenient when
a field strength meter, calibrated in dBmV, is used with a
dipole antenna to measure field strength. The factor is the
number of dB which must be added to the output (in
dBmV) of a % ‘wavelength dipole to obtain the field
strength in dBu (dB above one microvolt per meter).

The factor is listed on Table T2 for each TV channel. It is
derived as follows:

When a 75-ohm half-wave dipole antenna is exposed to
an r-f field, the rms voltage delivered to a 75-ohm load is:

_ 558x1/75 « E
T 1000

= 0.0483 mV

rms

fMHZ fMHz

* Rounded off.
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or, if the voltage is known:
E = 20.7 V X fyg, microvolts per meter
where:

V is the output voltage in millivolts rms
E is the field strength in microvolts per meter
farm, is the signal frequency in MHz

For greatest convenience in CATV work, output level
should be expressed in dBmV (dB above one millivolt)
and the field strength level in dBu (dB above one micro-
volt per meter).

In the above expression the field strength level in dBu is
20 log 10 E

so: field strength level (dBu) = 20 log 1o E
=20 log 10 V + 20 lOg 10 (20.7 X fMBz)

20 log 14 V is the level in dBmV, so if we let
20 log 10 (20.7 X fyg,) = dipole antenna factor, then

field strength level (dBu) =
dipole output (dBmV) + dipole antenna factor.

Examples:

1. A field strength meter using a half-wave dipole on chan-
nel 12 indicates an antenna output level of —18 dBmV.

From table T2: for channel 12, dipole antenna
factor = 72.54 db. So field strength level is
72.54~18 = 54.54 dBu.

2. The field strength level at a given location on chan-
nel 6 is predicted to be +12 dBu at an elevation of
30 feet, What is the expected output level from an
antenna array having a gain of 15 dB, mounted at an
elevation of 300 feet?

Three factors are involved in determining the output level:

a. The height is increased 10X, from 30 to 300 feet.
Assuming linear increase of field strength with
height, this is handled by adding 20 dB.

b. The antenna gain adds 15 dB.

c. Since field strength level = dipole output + dipole
antenna factor from the table: factor = 64.72 for
channel 6;

50: 64.72 dB is subtracted.

The expected output level in dBmV is thus:
+12 +20 +15 — 64.72 = —17.72 dBmV



TABLE T2 TV CHANNEL FREQUENCIES AND CORRESPONDING DI-POLES

« . <
= . =
S § Y2 Wave Length, Inches | § S g Y2 Wave Length, Inches | §
z ] — <@ = 3 . . a®
] o o Type of Dielectric 2P © ® o Type of Dielectric P
5l2tx | 52 [ w solid | 53 §l28x | 52 [ ar [ Solid | 53
= 0 = e D
5 | £8% o= it | Foam | Solid | s 5 | £S5 as r oam | SOlE | £ 8
2 55.25 59.75 | 103.8 | 84.0 | 68.5 | 61.2 43 | 645.25 | 649.75 9.2 7.4 6.1 | 82.5
3 61.25 65.75 938 | 76.0 | 619 | 62.1 44 | 651.25 | 655.75 9.1 7.4 6.0 | 82.6
4 67.25 71.75 85.7 | 69.4 | 56.6 | 62.9 45 | 657.25 | 661.75 9.0 7.3 59| 82.6
5 77.25 81.75 748 | 60.6 | 49.4 | 64.1 46 | 663.25 | 667.75 8.9 7.2 59| 827
6 83.25 87.75 69.5 | 56.3 | 45.9 | 64.7 47 | 669.25 | 673.75 8.8 7.2 58 | 827
7 117525 | 179.75 334 | 27.0 | 22.0 | 712 48 | 675.25 | 679.75 8.7 7.1 57| 828
8 | 181.25 | 185.75 328 | 256 | 21.6 | 71.5 49 | 681.25 | 685.75 8.7 7.1 57| 829
9 | 187.25 | 191.75 315 | 255 | 19.8 | 71.8 50 | 687.25 | 691.75 8.6 7.0 56| 83.0
10 | 193.25 | 197.75 30.0 | 245 | 20.0 | 72.0 51 | 693.25 | 697.75 8.5 6.9 56| 831
11 | 199.25 | 203.75 294 | 238 | 194 | 723 52 | 699.25 | 703.75 8.4 6.8 55| 831
12 | 205.25 | 209.75 28.5 | 23.0 | 18.8 | 72.5 ‘53 | 705.25 | 709.75 8.4 6.8 55| 832
13 | 211.25 | 215.75 277 | 225 | 182 | 72.8 54 | 711.25 | 715.75 8.3 6.7 55| 833
14| 471.25 | 475.75 12.5 | 10.1 82| 79.8 551 717.25 | 721.75 8.2 6.6 54| 83.3
15 | 477.25 | 481.75 124 | 10.0 81| 799 56 | 723.25 | 727.75 8.1 6.5 53| 834
16 | 483.25 | 487.75 12.2 9.9 8.0 | 80.0 57 | 729.25 | 733.75 8.0 6.5 53| 835
17 | 489.25 | 493.75 12.0 9.7 79| 80.1 58 | 735.25 | 739.75 8.0 6.5 53| 83.6
18 | 495.25 | 499.75 11.9 9.6 7.8 | 80.2 59 | 741.25 | 745.75 7.9 6.4 52| 83.6
19 | 501.25 | 505.75 11.8 9.5 7.7 1 80.3 60 | 747.25 | 751.75 7.8 6.3 52| 837
20 | 507.25 | 511.75 11.6 94 76 | 804 61 | 753.25 | 757.75 7.8 6.3 52| 83.8
21 | 513.25 | 517.75 115 9.3 7.5 | 80.5 62 | 759.25 | 763.75 7.7 6.2 5.1 839
22 | 519.25 | 523.75 11.3 9.2 74 | 80.6 63 | 765.25 | 769.75 7.7 6.2 51| 84.0
23 | 525.25 | 529.75 11.2 9.1 74| 807 64 | 771.25 | 775.75 7.6 6.2 5.0 84.1
24 | 531.25 | 535.75 11.1 9.0 7.3 | 80.8 65| 777.25 | 781.75 7.5 6.1 49| 84.1
25 | 537.25 | 541.75 11.0 8.9 72| 809 66| 783.25 | 787.75 7.5 6.1 49| 842
26 | 543.25 | 547.75 10.8 8.7 7.1} 81.0 67| 789.25 | 793.75 7.4 6.0 49| 84.3
27 | 549.25 | 553.75 10.7 8.7 7.1 81.1 68 | 795.25 | 799.75 7.4 6.0 49| 84.4
28 | 555.25 | 559.75 10.6 8.6 70| 812 69 | 801.25 | 805.75 7.3 5.9 48| 844
29 | 561.25 | 565.75 10.5 8.5 6.9 | 813 70| 807.25 | 811.75 7.3 5.9 48| 845
30 | 567.25 | 571.75 104 8.4 69| 814 71| 813.25 | 817.75 7.2 5.8 47| 845
31 | 573.25 | 577.75 10.3 8.3 6.8 | 81.5 72| 819.25 | 823.75 7.2 5.8 47 | 84.6
32 | 579.25 | 583.75 10.2 8.3 6.7 | 81.6 73| 825.25 | 829.75 7.1 5.7 46| 84.6
33 | 585.25 | 589.75 10.1 8.2 6.6 | 81.7 74| 831.25 | 835.75 7.0 5.7 4.6 | 84.7
34 | 591.25 | 595.75 10.0 8.1 6.6 | 81.8 75| 837.25 | 841.75 7.0 5.7 46| 84.8
35| 597.25 | 601.75 9.9 8.0 65| 81.9 76 | 843.25 | 847.75 6.9 5.6 46| 84.8
36 | 603.25 | 607.75 9.8 79 6.4 | 82.0 77| 849.25 | 853.75 6.9 5.6 4.6 | 84.9
37 | 609.25 | 613.75 9.7 7.8 6.3 | 82.1 78| 855.25 | 859.75 6.8 5.5 45| 849
38 | 61525 | 519.75 9.6 7.7 6.3 | 82.2 79| 861.25 | 865.75 6.8 5.5 45| 850
39 | 621.25 | 625.75 9.5 77 6.2 | 82.3 80| 867.25 | 871.75 6.8 5.5 45| 85.0
40 | 627.25 | 631.75 9.4 7.6 62| 823 81| 873.25 | 877.75 6.7 5.4 44| 851
41 | 633.25 | 637.75 9.3 75 6.1 824 82| 879.25 | 883.75 6.7 54 44| 852
42 | 639.25 | 643.75 9.2 74 6.1 | 82.4 83| 885.25 | 889.75 6.6 5.3 44| 853

NOTE: Propagation velocity in cable with polyfoam dielectric is calculated at 81% of that in free space; solid polyethylene at 66%.

CABLE ATTENUATION

To convert nominal cable attenuation given in dB/100 ft. at 70°F into dB/100
meters at 21°C: Multiply by 3.281.
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Appendix I

THE DETAILED MATHEMATICAL DEVELOPMENT

OF

THE DISTORTION COMPONENTS

Let e;, = A cosa + B cosb + C cosc
wherea >b >c
and €out = klein + k2ein2 + ksem3

First Order Components:

By direct multiplication:
kje;, = kA cosa + k; B cosb + k,C cosc

Second Order Components:

koey,?
=k, (A cosa + B cosb + C cosc)?

= kyA2cos?a + k,B2cos2b + k,C2cos2c

+ 2k,AB cosa cosb + 2k,AC cosa cosc + 2k,BC cosb cosc

To reduce these expressions to ones containing identifiable
frequencies, expand each term in accordance with the
applicable one of the following two relationships (eq. 1 or
2): (These can be found in any elementary trigonometry
text, or on pages 1041-2 of the ITT “Reference Data for
Radio Engineers” Fourth Edition.)

equation 1 | cos x cosy:—;-cos (x+vy) +-%cos (x—y)

equation2 | cosZx = % + % cos 2x

Substituting the appropriate expressions from above into
eq.(2) gives the DC and second harmonic components:
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kA2 kA2

200522 —
koA2cos?a = 5 + ) cos 2a
2 2
kyB2cos?b = k;B? + k,B cos 2b
2 2
koC2cos2c = 11222 + E cos 2¢

Substituting the other three expressions from above into
eq. (1) gives the sum and difference beat components:

2k,AB cosa cosb = kyAB cos (a + b) + k,AB cos (a — b)
2k,AC cosa cosc = k,AC cos (a + ¢) + kpAC cos (a — ¢)
2k,BC cosb cosc = k,BC cos (b + ¢) + k;BC cos (b — ¢)

Third Order Components:
ksein® = k3 (A cosa + B cosb + C cosc)®

= k3A3cos3a + kzB3cos3b + ksC3cos3c
+ 3k3A2B cos2a cosb + 3k3zA2C cos?a cosc
+ 3k3B2C cos?b cosc + 3kzB2?A cos?b cosa
+ 3kyC2A cos?c cosa + 3kzC2B cos2c cosb
+ 6k3ABC cosa cosb cosc

Three trigonometric relationships are needed to allow ex-

pansion of the terms of the types “cos3x”, “cos2x cosy”, and

“cos x cos y cos Z.



From the ITT handbook (loc. cit.) p. 1041:
cos 3x = —3cosx + 4cos3x
4cos3x = 3cosx + cos 3x

3 1
cos3x = — cosx + — cos 3x

giving eq. 3 ) 1

cos2x cosy = (% + % cos 2x) cosy (substituting from eq. 2)

1 1
= g cosy + g cos 2x cosy

but: cos 2x cosy = % cos (2x+y) + % cos (2x — y)

giving eq. 4

= % cos (x + y) cosz + %cos (x — y) cosz

111 1
= _] 2= cCOos (X VA . COS (X — Z
2[2 (+y+)+2 (x+vy )]
1[1 1
—] -COS (X — z — COS (X — - Z
+2[2 (x—y+ )+2 (x—y )]

giving eq. 5

cosxcosycosz:%cos (x+y+2z) +%cos (x+y—2z)

1 1
tgeos(x—y+z)+2(x—y—2z)

cos2x cosy = % cosy +% cos (2x +y) + %cos (2x —y)

cosx cosy cosz = (cosx cosy) CoSz

= [% cos (x+vy)+ % cos (x — y):l Cosz

Applying eq. 3 to the appropriate terms gives the self-
expansion/compression and third harmonic components:

kgA3cos3a = %ksA?'cosa + %ks,Ascos 3a
3 1
ksB3cos3b = i ksB3cosb + i ksB3cos 3b

ksC3cos?c = %k303cosc + % ksC3cos 3¢

Applying eq. 3 to the appropriate terms gives the cross-expansion/compression and intermodulation components:

3k3A?B cos2a cosb = —g-kaA2B cosb + %k3A2B cos (2a +b) +
3 3

3ksA2C cos?a cosc = §k3A2C cosc + 4k3A2C cos (2a+c) +
3 3

3k3B2C cos?b cosc = §k3B2C cosc + Zk3B2C cos (2b + ¢) +
3 3

3k3B2A cos?b cosa = §k3B2A cosa + Zk3B2A cos (2b +a) +
3 3

3ksC2A cos?c cosa = §k3C2A cosa + Zk3C2A cos (2c +a) +

3k3C2B cos2c cosb = —gksc2B cosb + §k3C2B cos (2¢ +b) +

Using eq. 5 gives the triple beat components:

%ksAL’B cos (2a — b)
3
Zk3A2C cos (2a — c)
3
Zk3B2C cos (2b — ¢)
3
Zk3B2A cos (2b — a)

%k3C2A cos (2¢c — a)

%k3C2B cos (2¢ — b)

6k;ABC cosa cosb cosc = 'g-kgABC cos (a+b+c)+ gksABC cos (a+b—c)

+ gk3ABC cos (a—b+c)+ gkgABC cos (a—b—c¢)
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Appendix II

THE DETAILED MATHEMATICAL DEVELOPMENT OF SELF- AND CROSS-COMPRESSION
(AND EXPANSION) WITH UNMODULATED INPUT SIGNALS

The output voltage at £, for example, including the effects
of distortion is:

ea(D) = klA + 3/4 k3A3 + 3/2 k3AB2 + 3/2 k3AC2

A measure of the degree of Cross-compression (or -expan-
sion) is found by dividing this output by that which would
occur if there were no distortion:

€ap) _ k1A + 3/4 kgA3 + 3/2 k3AB2 + 3/2 k;AC?
kA klA
_1+3/4 A2+3/2 B2+3/2

Although the foregomg has only been concerned with con-
ditions involving three CW input signals, in this case it is
instructive to discover the relationship with any number
of input signals. Assume all input amplitudes = A. Then:

eﬁ‘Z’_1+3/4 A2+3/2 A2+3/2 A2++etc
1:
_1+k3A2(3/4+3/2+3/2+....etc.)
_1+3/2 A2(1/2+1+1+ ... etc)

When there is one input signal the quantity in parentheses

= %, with two it = 1%, with three it = 2% and in general:

1 where n is the
(n — _>| total number of
2 input signals.

equation
€< A’)

s.(D)

To allow comparison between the various effects of third
order distortion, a common measure of this distortion is
needed. The triple beat component is chosen. Its amplitude
is given by:
€ape = 3/2 k3 ABC,

where A = B = C, e, = 3/2 k3A3,

and the ratio of this component to the first order output is:
€ape __ 3/2k3A3
kA~ KA

Because this expression is frequently used in what follows,

it is abbreviated r,,. (the ratio of the triple beat output
voltage to the first order output voltage).

— k3 2
=3/22 A

€abe

kA

(Note that r,;, may be either positive or negative depend-
ing on the sign of kj.)

Tape =

= 3/2

This is identical with the term preceding the parentheses
in equation A. Substituting in that equation:

1
=1+ rape (n - §>

Which shows the relationship between the degree of ex-
pansion (or compression) and the ratio of Triple beat to
first order output.

equation
“B”

Cap) —

kA

Compression or expansion, in dB is expressed

equation
<

o 20 lOg 10 _ea_(D) =20 lOglo

1
D) = l4rgpe(n—=
kA [ “"( 2)]

The tables for Compression and Expansion were computed
by selecting progressive values for Rype/a (= Lgpe — Lg)
and calculating the corresponding value for ry,. from the
relationship: Rgpe/n = 20 logig rape

The value for ry,, was then inserted in equation B, with a
— sign for compression, or a + sign for expansion. With a
Cap)
kA
calculated. Finally this ratio was expressed in decibel form
by the use of equation C.

chosen number of inputs (n) the ratio of was then

Appendix IIT

THE DETAILED MATHEMATICAL DEVELOPMENT OF THE RELATIONSHIP BETWEEN
CROSS-MODULATION AND THE TRIPLE BEAT RATIO

1. NCTA Standard Cross-Modulation

The NCTA Standard “Amplifier Distortion Character-
istics” requires that the interfering signals be modulated
approximately 100% with a 15.75 KHz square-wave [Sec-
tion IV(D)], and that modulation on the desired carrier
shall be expressed in terms of the “cross-modulation ratio,”
the ratio of the peak-to-peak variation in the amplitude of
the desired carrier with interfering signals applied, to its
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amplitude with no interfering signals [Section IV (E)].

For the purposes of this analysis the effect of 100% square-
wave modulation is achieved by assuming that the ampli-
tudes of the interfering signals vary periodically between
two extreme conditions. During the “ON” half of the mod-
ulation cycle the amplitudes of the interfering signals are
given by: By, = B, Cpax = C, ete. During the “OFF” half
of the modulation cycle, these amplitudes are given by:



Bmin = O: Cmin = O, etc.

When third-order distortion exists, the output voltage at
f, during the “ON” half of the modulation cycle is found
by summing all the components at that frequency. in-
cluding the first order output (k;A), the self-compres-
sion/expansion component (3/4 ksA3) and the cross-
compression/expansion components (3/2 ksAB2, 3/2k3;AC?,
and so on for any number of interfering signals). So:

€on — klA + 3/4 k3A3 + 3/2 k3AB2 + 3/2 k3AC2 + +
etc. (including the effects of compression and cross-com-
pression) and during the “OFF” half of the modulation
cycle the amplitudes of the interfering signals are zero so
the output at f, is:

€oFF — klA + 3/4 k3A3
(including the effect of compression only).

The NCTA “cross-modulation ratio” (xm) is defined as
the ratio of the variation on the output at f,, to its ampli-
tude with no other inputs:

€on — €oFF
xm= — -
kA + 3/4 k3A3
_ (kA + 3/4 kA% + 3/2kgAB2 + 3/2kgAC2 + + ete.) — (kiA + 3/4 k;A3)
- kA + 3/4 k;A3
_ 3/2k,AB2 + 3/2k;AC? .. + .. ete.
- k1A + 3/4 k;A3

This can be simplified by assuming equal input amplitudes

at all frequencies: (A =B = C = etc.)

(n — 1) 3/2 kA3
klA + 3/4 k3A3

where n is the total num-
ber of input signals in-
cluding the one at f,.

then xm =

To get this into a more convenient form, divide the nu-
merator and the denominator by k;A:

(n—l) .3/2£A2
ky

1 ks 4

2<3/2 k1A>

In Appendix II the Triple Beat Ratio was defined as a
convenient measure of third-order distortion:

xm =
1+

_ €max — €min __

This is accurate within 5% when:

Tabe

T
1+ 7" = 1.05, or — = 0.05 when ryp, = 0.1

A decibel expression for this relationship can be obtained
by defining the NCTA decibel ratio:

XM = 20 log;oxm
and the relative Triple Beat (in dB):
Rabesa = 2010gyo Tanc
then, for equal input levels (L, = L, = L, = L):
XM = Rype/a + 20 logyp (n—1)

Since Rype/a = Kg + 2L,
XM = K; + 2L + 20 log;o (n— 1)

with an accuracy of =0.5dB (equivalent to =5% when
Rupeja = — 20dB (rgpe = 0.1).

2. Cross-Modulation Measured in Terms of “m,” the Con-
ventional Modulation Factor

While cross-modulation measurements in terms of the
NCTA “cross-modulation ratio” are commonly used in
CATV, it may sometimes be convenient to express the
modulation transferred to the desired carrier in terms of
the “modulation factor” defined by:

emax

— €nin .
2% 77 (100m = percent modulation
€max + €min ( p )

m=

Assuming the same 100% square-wave modulation on the
interfering signals as in section 1 of Appendix III, and
assuming that ks is positive, the maximum amplitude of
the output signal at f, occurs during the “ON” period in
the modulation cycle:

emax = kiA + 3/4 kgA® + 3/2 keAB2 + 3/2 k,ACE + ... + .. etc.

And the minimum amplitude occurs during the “OFF”
period
€min — klA =+ 3/4 k3A3

In this case “m” is given by:

—kA — 3/4 kA% + k,A + 3/4 kA% + 3/2 kyAB2 + 3/2 kAC? + . . ete.

Tape = 3/ 2§A2
k,
Substituting this in the above equation:

:(n — 1) Iape

Tabe
1+-5

Xxm

which expresses the NCTA Cross-Modulation Ratio in
terms of the Triple Beat Ratio.

Tabe

2

is usually < < 1,501 +£212b_c ~ 1

and xm~ (n — 1) rg,

€max 1 €min

108

KA + 3/4 kzA® + kA + 3/4 k;A® + 3/2 k,AB? + 3/2 k,AC? + .. etc.

_ 3/2k;AB2 4 3/2kAC? + ... + etc. y
T 2k,A + 3/2 kzA3 + 3/2 ksABZ + 3/2kACE + ... + etc.

If we had assumed initially that k; was negative ep,, and
that ey;, would have been interchanged in the expressions
above, we would have obtained the same final result, ex-
cept preceded by a — sign, indicating negative cross-
modulation.

The expression can be simplified by considering the special

case where all input signals have the same amplitude
(A=B=C=c¢etc.). Then

(n— 1) 3/2 keA3

m = where n is the total number
2k;A + n(3/2 kzA3)

of input signals.




Dividing numerator and denominator by k;A:

_ ks
- )(orier)
2+4n (3/2 kg A2)
Ky

Since 3/2 %‘ A2 =1, as previously defined:
1

_(n_]-) Tabe
T 241 1

This relates the modulation factor to the triple-beat ratio
for any number of input signals.

Since n r,y, is very much smaller than 2 in most practical
cases, it is convenient to consider the approximate rela-
tionship:

where m, is the approxi-

~ (n - 1) Tabe
mate modulation factor.

my 2

To determine the degree of error involved in this approxi-
mation under various conditions, take the ratio:

I& — (n_ ]-) Tabe (2 +nrabc)

m 2X (n—1) rape
24 nrgy. N Type
=—5 -1t

109

m, ~ m within 5%

when 1 + 5”2;“ = 1.05,

I I'gpe

or =0.05

0.1

when g, = —
n

The following table shows the limiting value of r,;, and
Rupesa (= 20 logyorap.) for various number of inputs:

'n Tabe l{abc/a
2 0.050 —26.0dB
5 0.020 —34.0
7 0.014 —36.9

12 0.008 —41.6

20 0.005 —46.0

The use of the approximation m, = n- Iape allows a

simple decibel expression for cross-modulation:
Let M = 20 log,¢m, then:

n—1
2

= Rabc/a —6+20 10g10 (n - 1)

M =20 lOgloma =20 loglo

Tape

However for equal input levels: Ryp.,a = K3 + 2L,
hence: M = K3 + 2L + 20 log;y (n —1) — 6 dB.
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