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PREFACE

This book on many important facets of CATV systems is a compilation of numerous
papers and articles previously published and of lectures given by the author.

Ken Simons has been with CATV right from its inception in the early fifties and the
contents of this book reflect his deep devotion to and involvement in the problems
with which this fast-growing industry is confronted daily. Not only is the CATV industry
deeply indebted to him for his contributions to the state of the art and to the opening
up of a whole new area of industrial, educational, and consumer electronics markets
with the accompanying creation of many thousands of jobs, but the public at large has
greatly benefited by being able to view television broadcasts in areas where previously
without CATYV systems they could not.

Philadelphia, April 1968 GmeoN Rath, Editor
Jerrold Electronics Corporation
Engineering Publications Department
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CHAPTER |

DECIBELS AND dBmV

The Need for dB Expressions

As the television signal progresses through a CATV system
from the antenna through miles of cable and dozens of
amplifiers, it undergoes many changes in power.level before
it is finally delivered to the subscriber’s receiver. The power
is very low at the beginning of the system, coming out of
the antenna with a power level in the neighborhood of
0.0000000001 watt and increasing to around 0,0001 watt
at the outputs of the distribution amplifiers. The wide range
of power levels and all those zeroes (especially when you
start doing calculations) make this a pretty cumbersome
method to work with. There’s a much better one, however,
which utilizes elements known as decibels (abbreviated
“dB”) and decibel-millivolts (or “dBmV”). Restating the
unwieldy quantities we used above in this method’s terms,
the antenna power would be expressed simply as “—20
dBmV” and the amplifier outputs as “+40 dBmV.” The
whole range between the two would then be expressed
by numbers between —20 and +40. There is nothing mys-
terious about dB’s and dBmV’s. They show how basic
mathematics is applied to create a simpler way of analyz-
ing systems.

Decibels Start with Logarithms

Most secretaries would feel right at home with logarithms,
which are really just a shorthand method of writing large
or small numbers. You learned in school that the number
100 can be written as 10 x 10 or 102. That doesn’t save
much time. But if you have to write the number 100,
000,000, or 10 multiplied by itself eight times, it's quicker
to write it as 108, Or if you are faced with 0.00000001
(which is 1/100,000,000 or 1/108), it’s just 10-8.

All the numbers you put in this form, 102, 108 or even 1077
have one thing in common, the “base” number of 10. The
idea of logarithms is to use this fact to carry our shorthand
one step further. We don’t bother writing the 10 at all. We
just write the exponent—the power to which 10 is raised to
get the number—and call it a logarithm or “log” for short.
The logarithm for our old friend 100,000,000 or 108, is 8. To
remind us that it is 10 that is raised to the power of the
logarithm, the log is referred to as log to the base 10, ab-
breviated log;,. So, logarithm to the base 10 of 100,000,-
000, written log;, 100,000,000, is 8. Remembering that
1/100 or 0.01 = 102 then log;, 0.01 = —2, and so on, as
you can see from the following table A of examples.

TABLE A
in terms of Logarithm
Number power of 10 (to base 10)
10,000,000,000 1010 10
1,000,000,000 10° 9
100,000,000 108 8
10,000,000 107 7
and so on down to
10 10 1
1 100 0
0.1 101 -1
0.01 10-2 —2
down to very small
numbers like
0.000,000,000,1 10-10 —-10

The Bel and the Decibel

When telephones were first put into use it was discovered
that the longer the wires between two phones, the weaker
the signal arriving at the receiving end became. The con-
venient and obvious method for expressing how much the
signal has weakened was to do so in terms of a length of
“standard” cable. Just as 110 volts means a quantity 110
times a standard of one volt, the telephone people would
refer to a weakening of a signal as being some number of
times that which would occur in a mile of this standard
cable.

As time went by, the telephone people further discovered
that 10 miles of the standard cable reduced the signal
power by a factor of approximately 10 times. They set up
this amount of attenuation (decrease), namely 10 to 1
power loss, as a unit. They called it a “bel,” inspired by the
name of their company’s famous founder. Mathematically,
they defined the bel in logarithmic terms since it described
signal attenuation in logarithmic rather than simply linear
terms. The formula is:

input power
Loss (in bels) = log,, JIput power.
output power

When input power = 10x output power, this becomes a
loss (in bels) = log,o 10 = 1; in other words, a loss of
1 bel corresponds to a reduction of 10:1 in power.



Just as a farad was discovered to be too large for practical
use, so that most capacitors are measured in microfarads
or picofarads, the bel was found to be too clumsy. The
unit which came into use was the one-tenth-of-a-bel or
“decibel” (abbreviated “dB”). Adjusting our formula to
read in decibels, we find that:

input power

Loss in decibels = 10 logyg —————
output power

A decibel then was the attenuation caused by a mile of the
standard phone cable. The important feature to remember
about a dB is that it is an expression of a ratio between
two levels — an input and an output. We've -originally
stated this as a ratio between two power levels, but it can
be used for voltage or current levels as well. Assuming the
input and output impedances are the same, we can con-
vert the formula directly: -
2
Since Power = -E——,

input power _ (input voltage)?

output power - (output voltage) 2
We know that:
log,o (any number)? = 2 log;, (that number).

For example, log,, (27)2 = 2 log;,27.
so

(input voltage)? input voltage

log

081

10 (output voltage)® % output voltage’

and since loss in dB =

input power (input voltage)?
10 log;g ————— =10 log;y ,
output power (output voltage)?
then Loss in dB =
input voltage input voltage
10 (2 lOglO ___I.)___—g) =20 loglo _P____g_
output voltage output voltage

and similarly for current ratios.

How this works out for a range of voltage and power ratios
can be seen in table B:

(The two voltages must be measured at the same im-
pedance level.)

TABLE B
Input power Loss in dB Input voltage
Output power . Output voltage
10,000,000,000 100 100,000
100,000,000 80 10,000
1,000,000 60 1,000
10,000 40 100
100 20 10
1 0 1

The dB can also be used to express gain, the opposite of
loss. The formula becomes:

t
Gain (in dB) = 10 logo Pt POWEr

input power
or, for voltage:

output voltage
Gain (in dB) = 20 logo b YO8
input voltage

and again, similarly for current.

The dBmV

Power levels at various points in a CATV system are of
primary importance, forming the technical basis of system
operation. The antenna output must be high enough to
provide noise-free pictures. The amplifier output must be
held to optimum level for minimum system noise and cross-
mod. To express levels (as contrasted with power ratios),
a standard reference level is needed so the dB ratio of the
power at any point in the system to this standard level can
be computed. Early in the history of CATV systems the
power corresponding to an RMS* voltage of 1 millivolt
across 75 ohms was chosen as the reference. This is ap-
proximately the input required for a noise-free picture on
an ordinary receiver, so its use provides dB levels indicating
approximately how much attenuation is allowable between
the point in question and the receiver.

The level at any point in the system expressed in dB’s above
the 1 millivolt/75-ohm standard is said to be the level in
decibel-millivolts or dBmV. In other words: voltage level
(in dBmV) =
voltage in millivolts at that point

standard level (1 millivolt)

20 loglo
when the voltage is measured at the 75-ohm impedance

level.

Simplified, this reads:

dBmV = 20 log;, (voltage in millivolts) at 75 ohms
impedance;

Table C shows the dBmV levels in a 75-ohm system cor-
responding to decade multiples of 1 microvolt.

TABLE C

RMS voltage
across 75 ohms dBmV
1 volt +60
100 millivolts +40
10 ” +20
1 ? 0
100 microvolts —20
10 ” —40
1 ” —60

* RMS = root mean square; explained on page 4.



Tables D and E can be used to find the voltage for any
integral number of dBmV, Follow the applicable rule:
For Positive dBmV:

1. Subtract from the given level that multiple of 20 dB
giving a level within the range of Table D.

2. Multiply the voltage found opposite that level by the
multiple of ten corresponding to the dBs subtracted:

Multiply millivolts
If you subtract from Table D by
20 dB 10
40 dB 100
60 dB 1,000
80 dB 10,000

For example: Given + 78 dBmV.

1. Subtract 60 dB giving +18 dBmV. Corresponding volt-
age is 7.94 millivolts.

2. Multiply by 1,000 (corresponding to the 60 dB added).
Voltage corresponding to +78 dBmV is 7.94 X 1,000
= 7,940 millivolts or 7.94 volts.

TABLE D
For + dBmV

dBmV Millivolts dBmV Millivolts
0 1.00 +10 3.16
+1 1.12 +11 3.55
+2 1.26 +12 3.98
+3 141 +13 4.47
+4 1.59 +14 5.01
+5 1.78 +15 5.62
+6 2.00 +16 6.31
+7 2.24 +17 7.08
+8 2.51 +18 7.94
+9 2.82 +19 8.91
+10 3.16 +20 10.00

For Negative dBmV:

1. Add to the given level that multiple of 20 dB giving a
level within the range of Table E.

2. Divide the voltage found opposite that level by the
multiple of ten corresponding to the dBs added:

Divide microvolts

If you add from Table E by
20 dB 10
40 dB 100

For example: Given —59 dBmV.

1. Add 40 dB, giving —19 dBmV. Corresponding voltage
is 112 microvolts.

2. Divide by 100 (corresponding to the 40 dB added)
giving 1.12 microvolts,

TABLE E
For — dBmV

dBmV Microvolts dBmV Microvolts
0 1000 —10 316
-1 891 —-11 282
-2 794 -12 251
-3 708 —13 224
—4 631 —14 200
-5 562 -15 178
—6 501 —16 159
-7 447 —-17 141
—8 398 —18 126
-9 355 —19 112
—10 316 —20 100

‘Conversion Tables

Chapter XI contains Tables V3, V4, V5 and V6 which allow
more accurate conversion between dBmV and voltages than the
example Table E above. In addition, other tables and charts are
given for converting between decibel expressions and related
electrical quantities. How those tables were derived and how to
use them is explained in the following chapters.

Signal Voltage in CATV Systems

We know that when we speak of a picture level of, say,
+20 dBmV, we mean that the voltage is 20 dB above
one-millivolt-across-75-ohms, or 10 millivolts. But what
exactly do we mean by that?

An actual picture signal is a high frequency sinusoidal
carrier modulated with video information. Its peak ampli-
tude varies all the time. Does our 10 millivolts refer to
average voltage, peak voltage, effective voltage or what?P

A quick review of some fundamentals may help to under-
stand. Consider the relationships in a simple dc circuit as
shown in Fig. 1:

omv + > > > 0.133mA
L

10
millivolts { %’5 ohms

E-1r - 233X T84 jomy

- =iOmV ALL THE TIME

VOLTAGE O

Y

+0.433mA >~ >

CURRENT 0O

+1.33 0.133
microwatts > > -> Ps EI'DJ%OXW
= .33 microwatts
POWER O ALL THE TIME

Figure 1.

In a dc circuit like this everything is easy, because all the
quantities are constant. The voltage is 10 millivolts (all
the time), the current is 0.133 mA (all the time) and the
power is constant. There is no difficulty agreeing on what
each quantity means in this situation.



When the voltage and current vary with time there is
need for explanation. What kind of voltage is meant? Con-
sider a circuit, similar to that in Fig. 1, but with sine-wave
ac voltage and current as shown in Figure 2.

M v ___7/\ VoL TAGE
10mv 7Sohms
voLTAGE 0 e \/

=iomVv

Erms=Irms xR
+0I33mA |=f—\ ——— — 4 — CURRENT
0.133mA
CURRENT 0O

Paves g xIpmg

-0.133mA
266
AVERAGE POWER
POWER 33|/ — \— /—\ —/— R 1.33 microwatts
microwatts
o

Figure 2.

Since the voltage, current and power are varying all the
time, they can be expressed or measured by a single
number only after there is agreement as to what that
number means in reference to the varying quantities. In
the case.of sine-wave ac, “RMS” voltage and current are
generally used, The RMS quantities are the effective quan-
tities. An ac voltage of 10 millivolts RMS will have the
same “effect,” that is, it will cause the same average power
loss in a resistor, as a 10 mV dc voltage. -Although the
actual voltage in the above circuit reaches plus and minus
peaks of 14.14 millivolts, 10 millivolts describes its “effect.”
The current goes to plus and minus 0.188 mA, but its heat-
ing effect is the same as that of a dc current of 0.133 mA.
The power reaches 2.66 microwatts but the average power
is 1.33 microwatts. Using RMS. quantities simplifies calcula-
tions by making the product of RMS volts times RMS
amps. equal to average watts.

Note that, for a constant amplitude sine-wave voltage or
current, the RMS value is always 0.707 x the peak voltage
or current.

Voltage Measurement of the TV Sound Signal

The TV sound signal is frequency-modulated. This means
that it shows up in the CATV system as a high-frequency
sine-wave ac voltage with constant amplitude, and with a
frequency that is varied above and below the center fre-
quency at an audio rate. Figure 3 illustrates this. Since the

SOUND SIGNAL
FREQUENCY IS MODULATED
+0my|

T AR = T
TV T

CONSTANT
+
Figure 3.

amplitude is constant, the sound signal is measured in
terms of the RMS voltage present, just like a c-w signal,
its effective voltage being 0.707 x the peak voltage.

Voltage Measurement of the TV Picture Signal

The TV picture signal in a CATV system is amplitude-
modulated. It shows up as a high-frequency sine-wave ac
voltage with constant frequency, but with amplitude varied
by the picture information. At the end of each horizontal
line it goes to full amplitude during the sync pulse, as
shown in Figure 4.

+15 mv ONE HORIZONTAL LINE —

_SYNC TIP
14.14 mV

: RMS VOLTAGE

*TO

VOLTAGE IS
14.14 X 70.7%
=|OmV RMS

Figure 4.

When the picture is viewed like this, with the oscilloscope
timed to show one horizontal line, the individual cycles
of sine-wave variation are not seen because there are so
many of them. During one horizontal sync pulse the voltage
of a Channel 6 TV signal, for example, goes through more
than 400 cycles. As the camera scans, the part of the
signal between sync pulses constantly changes in ampli-
tude to spell out the picture information. The only part of
the signal that does not change in amplitude is the pedestal
and the sync pulse. For this reason, signal strength meas-
urements for a modulated TV picture signal are always re-
ferred to the sync level, The statement “the pix level is
420 dBmV” or “There is 10 millivolts of picture signal”
means that the amplitude of the ac voltage during the
sync pulse is the same as the amplitude of an unmodulated
10-millivolt RMS signal. Another way of saying the same
thing is: “a modulated TV picture signal is measured in
terms of 0.707 times its instantaneous peak value” (which
peak occurs at the maximum of each cycle during the
sync pulse).

Field Strength Meter Calibration

Field Strength Meters for CATV are generally calibrated

so they read the RMS voltage and the dBmV level of the
signal to which they are tuned. In the calibration pro-
cedure of Jerrold Models 704-B and 727 the instruments
are adjusted to read correctly on an accurately measured
c-w signal. Since the detector which drives the indicating
meter responds only approximately to the peak of the
signal (even though the meter indicates RMS) the indica-
tion is slightly low when a TV picture carrier is tuned in.
This error is usually quite small, in the order of 1 dB or
less, depending on how close the detector comes to re-
sponding to true peak voltage.



CHAPTER I

THE COMBINATION OF VOLTAGE, CURRENT, OR POWER

Introduction

To analyze the operation of a CATV system it is essential
to understand how electrical quantities combine to pro-
duce a final result. The way in which noise and distortion
combine in a cascaded amplifier system to produce a net
effect at the output of the last amplifier determines the
requirements on each amplifier. How the signal “splits” or
“divides” in a customer tap or line splitter determines the
net effect on system levels.

This understanding is approached by first considering a
few simple cases involving the addition of voltage, current
or power.

Voltage and Current Addition—DC

First consider the conditions that exist in the simple dc
circuit shown in Fig. 5. A constant voltage® dc source
maintains a l-volt drop across a 100-ohm resistive load.
The load draws a current of 10 mA and dissipates 10 mW,
which is the power output of the source.

Similarly Fig. 6 illustrates a constant-current®* dc source.
This source maintains a current of 10 mA through a 100-
ohm load. The voltage drop is 1 volt, and the load dissi-
pates the full output of the source, which also is 10 mW.

Now consider what happens when a second equal voltage
source is connected in series with the first (compare Fig.
7 with Fig. 5). It is not surprising to find that, with twice
the voltage, the 100-ohm load draws twice the current,
20 mA. It is perhaps a little surprising, when you think
about it, that the power dissipated in the load, which is
the same as the power output of the two generators, is 40
mW, 4 times what it was with only one source. The

I=10mA
«—
CONSTANT +
oLiaee tL P=1OmW 100

SOURCE ~[ v

Figure 5.

® A constant-voltage source maintains the same output voltage
re%a.rdless of load. The internal resistance of a constant-
voltage source is very low compared to the load resistance.

®e A constant-current source maintains the same output current
regardless of load. The internal resistance of a constant-
current source is very high compared to the load resistance.

presence of the second source increases the current flow
through the first, so the power output of the first is
doubled.

When a third source is connected in series, as indicated
in Figure 8, the voltages add to produce 3 volts across the
load, resulting in a current of 30 mA and in a power of
90 mW. In summary, as sources having equal voltages are
added in series, the power output into a common load in-

1:10mA
—
+
CONSTANT P=10mW 100
CURRENT | |y
SOURCE p— OHMS

Figure 6.
I=20mA
4 —
pll I
=T
E2=IV
P=40mW
100
L 2v OHMS
+ >
— =L
El=1v
- Figure 7.
I1=30mA
—

E
3 l——»_']'_: P=90mMW |
av — 100
E2 'L_‘J‘_— 3V 3 Ohvs
r—. +

Figure 8.



E2
creases as the square of the total voltage (P = E)'

The situation is similar when two .currents are added.
When a second current source is added, causing a second
10-mA current to flow in the 100-ohm load (compare
Fig. 9 with Fig. 6), the total current of 20 mA causes a
voltage drop of 2 volts, and a dissipation in the load of 40

mW. The presence of the second source increases the

power output of the first.

Similarly, when the outputs of three constant current dc
sources are combined to feed a common load as illustrated
in Fig. 10, the current through the load is three times the
current from one source and the power dissipated is nine
times.the power that would be dissipated with a single

source and the same load. (P = I2R).
+ I1=20mA
‘-———
lIOmA l IOmA
=40mWwW
oo | || T
SOURCE SourcE |—— ¢ 2%
#1 #2
Figure 9.
+ 1=30mA <—
|roma l 10mA l 10mA
CONSTANT| | consTANT CONSTANT
CURRENT CURRENT CURRENT 100
SOURCE SOURCE SOURCE OHMS
#1 #2 #3
P=90mW
Figure 10.

Voltage and Current Addition—Phased AC

Next, what will happen when the outputs of two sine-
wave ac sources having identical phase and frequency
are added? Fig. 11 illustrates the situation: Since the two
voltages reach each point in the cycle at the same time,
their outputs add directly, and the total voltage is just
twice that of either one. Thus the power output of each is
doubled by the presence of the other, just as in the dc
case.

When ac voltage or current components have identical
frequency and phase, as in Fig. 11, they are said to be
phased. A general rule can be formulated for the addition
of phased voltage or current components:

When the ac voltages (or currents) from a number
of phased sources are combined, the total rms volt-
age (or current) is the sum of the individual rms
voltages (or currents).

Example: The output currents of six phased ac sources
are combined in a 1000-ohm load as shown in Fig. 12.
What is the total current, what power is dissipated in the
load, and how many dB is this power increased over that
dissipated by source # 1 only?

Solution: Since the sources are phased, the total rms cur-
rent is simply the sum of the given currents: 1 + 4 + 11 +
3 + 6 + 5 = 30 mA. The power dissipation is I2R ‘=
30/1000 X 30/1000 X 1000 = 0.900 watts. The power
dissipation with source #1 alone would be 1 mA through
1000 ohms, or 1/1000 X 1/1000 X 1000 = 0.001 W.

TWO COMPONENTS AND TOTAL
REACH EACH POINT IN THE
CYCLE AT IDENTICAL TIMES
+141 ' /\
e o
o \/ \/ Vi
+141
. e,0
-4 \4 \/ \/
+2.82
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—
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— OHMS £ roTaL
| v 40mw 2Vrms
<

Figure 11. Two Sinewave AC Sources, Same Frequency, Same Phase.
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Figure 12. Addition of Phased Currents.

The power ratio is 0.900 divided by 0.001 or 900. From
Table P7 in Chapter XI we find that the dB number for
a power ratio of 9 would be 9.54 dB; adding 20 dB
corresponding to a power ratio of 100, the solution is
29.54 dB.

One step in the calculation of the dB expression could be
eliminated by simply using the current ratio. The total cur-
rent is 30 mA, an increase of 30 times over 1 mA from
source #1. From Table V6 we get that a current ratio of
30 corresponds to 29.54 dB.

General rule for finding the dB increase for a combination
of phased sources:

To find the dB increase when the outputs of phased
voltage or current sources are combined, add the volt-
ages (or currents) and use the voltage-dB table to find
dB corresponding to the ratio of the total to the origi-
nal voltage or current. This kind of combination is
called “Voltage (or current) addition.”

Equal Contributions )
When a common output is obtained by combining the
current or voltage outputs of a number of phased sources,
and each source contributes equally to that output, the dB
increase in output for any given number of sources can
be easily tabulated. The dB increase is simply the voltage
or current ratio expressed in decibels, and since the ratio
is equal to the number of sources, this is simply that
number expressed in dB.

For example; two equal phased sources in series generate
an output 6.02 dB above a single source, since 20 log;(2
= 6.02.

Table F has been prepared to show these dB ratios for
numbers of equal contributions from 1 to 50 sources.
Example: By how much will the output of a system in-
crease when 45 equal, phased sources in series are used as
compared with the output of one such source?

Solution: Since voltage addition is applicable in this case,

E=
30 -
moox 1000=

30 VOLTS

Table F can be used; so the dB increase corresponding to
45 contributions is found opposite number 45 in the table,

33.06 dB.

TABLE F

Voltage or Current Addition, Phased Sources,
Equal Contribution from Each Source

Number Corres(i)l?)nding Number Corres(i)l?)nding
of Equal to This of Equal to This
Contributions Ratio Contributions Ratio

1 0 26 28.30

2 6.02 27 28.62

3 9.54 28 28.94

4 12.04 29 29.24

5 14.00 30 29.54

6 15.56 31 29.82

7 16.90 32 30.10

8 18.06 33 30.36

9 19.09 34 30.62

10 20.00 35 30.88
11 20.82 36 31.12
12 21.58 37 31.36
13 22.28 38 31.60
14 22.86 39 31.82
15 23.52 40 32.04
16 24.08 41 32.26
17 24.60 42 32.46
18 25.10 43 32.66
19 25.58 44 32.86
20 26.02 45 33.06
21 26.44 46 33.26
22 26.84 47 33.44
23 27.24 48 33.62
24 27.60 49 33.80
25 27.96 50 34.00




Voltage Addition—Two Unequal Contributions

Consider a case where the outputs of two unequal voltage
or current sources are phased so that they add directly on
a voltage basis. If the levels of the two are given in
dBmV, and the total is wanted in dBmV, one way to find
the answer would be to convert each level to an equivalent
rms voltage, add the two voltages, and convert the total
back to dBmV.

Example: Two phased generators supply a 75-ohm load.
The first alone develops a level of +35 dBmV, the second
alone develops +43 dBmV. What is the level with both
connected? (Fig. 13).

75
GEN A OHMs < LEVEL 1S

+35dBmV

75
OHMS < LEVEL IS
+43dBmV

GENB

OUTPUTS OF A AND B
ARE IN PHASE
GEN A
o Jg WHAT IS
H TOTAL
LEVEL ?
GEN B
Figure 13.

Solution: From the dBmV-voltage table V7 find the rms
voltages corresponding to the two levels: +35 dBmV cor-
responds to 56.23 mV; +43 dBmV corresponds to 141.3
mV. The total voltage is 56.23 + 141.3 = 197.53 mV. In
Table V6 we find the corresponding level is about +45.9
dBmV.

This calculation can be simplified by the use of a table
which allows making the calculation in dB language with-
out converting to voltage. The table relates the difference
in dB between the higher level and the lower to the differ-
ence between the total and the higher. The preparation
of the table can be understood from the following:

Let:
L, represent the lower level in dBmV, e, the corresponding
voltage in millivolts.

L, represent the higher level in dBmV, e, the correspond-

ing voltage in millivolts.
L, represent the total level in dBmV, e, the corresponding
voltage in millivolts.-

We want a table arranged so that, when given L, — L,,

we can find L, — L.

By definition: L, = 20 logy, e, and Ly = 20 log;, e;
hence: L, — Lg = 20 logyy e, — 20 logy €; =

e
—20 log;o —
€n
so given L, — L we can find &;
€n
Now, since: e, = e, + e, and L; = 20 log; (&5 + en);
hence: L; — L, = 20 logy, (€5 + e,) — 20 log;o €y

es + € e
= 20 logyo ( "):201og10(—’+1).
€n €n

Thus knowing E, we can simply add 1 to that number
€n

and then find the corresponding number of dB, represent-
ing Lt - Lh.

€ e
Example: let L, — L, be 8 dB, then — = 0.398 and — +
€n €n
1 = 1.398; then L, — L, = 20 log;, 1.398 = 2.91 dB.

With this result the solution for the example in Fig. 18 is
greatly simplified. Given two sources, having levels of
485 and +43 dBmV, and assuming voltage addition, the
difference in level between the higher and the lower level
is 43-35 = 8 dB. The level of the total is found by adding
2.91 dB (L; — L, from above) to the higher level. 43 +
2.91 = 45.91 dBmV.

A table has been worked out showing L, — L, for values
of L, — L, between 0 and 40 dB in 0.1 dB steps. This
table is given as TABLE V8 in chapter XI; an example
will illustrate its use.

Example: A source delivers an output into a 75-ohm load
at a level of —12 dBmV. A second source, phased with the
first and connected to an equal load, supplies an output
at a level of —18 dBmV. What will be the level when both
sources are connected to the same load?

Solution: In this case, voltage addition applies, thus Table
V8 can be used. The difference in the levels of the two
sources is 6 dB. Opposite 6 dB in the table we find 3.53 dB,
the increase in the total level as compared with the level
of the higher one of the two sources. The higher level is
—12 dBmV (it is the smaller number, because both levels
are negative). The resulting output level is found by add-
ing 3.53 algebraically —12 + 3.53 = — 8.47 dBmV.

Voltage Addition—Effect of Phase Variation -

When two voltage sources have the same frequency, but
different phase, their outputs reach various points in the
cycle at different times so they do not add directly, and
the rms voltage of the total is not equal to the sum of the
two rms voltages. This is illustrated in Fig. 14 which shows
each of two equal voltages and the total, for various phase
relations between the two. When the phase angle is 0, the
total voltage is twice either one. For small phase angles
the total is only slightly reduced. When the second voltage
lags the first by 90° the total voltage is 3 dB higher than
either one (i.e. it is reduced 3 dB from the in-phase case)
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Figure 14. Two Voltages, Same Frequency, Different Phase.

and the power output of each source is the same as it
would be if the other were not present. When the two
sources have opposite phase (180°) they cancel each
other, and the output is zero.

When the contributions from a number of sources add,
and the relative phases are not known, it is not possible

to determine the total. In some cases, when there are a
great many contributions, it is reasonable to assume that
Power Addition applies, as described below.

Power Addition—Different Frequencies

When two sine-waves have different frequencies, their
phase relation changes constantly. This is illustrated by
Fig. 15, which shows two sinusoidal voltages plotted on
the same graph. Voltage e, has a lower frequency, so, as
time progresses, e, lags % cycle (90°) after e; has gone
through 3 cycles; 180° after 6 cycles; and 360° (in other
words back in phase again) after 12 cycles. If the time
represented is one micro-second, e, has a frequency of 12
cycles/micro-second, or 12 MHz; and e, has a frequency
of 11 MHz. It takes one micro-second for the phase rela-
tion between these two to progress through one full cycle,
and the corresponding frequency, 1 MHz, is the difference
between the two original frequencies (12 — 11 = 1).

S

S VO

f&—————12 CYCLES OF ¢
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l&&—————— | MICROSECOND ———— >
—> TIME

Figure 15. Two Voltages Having Different Frequencies.

When these two sources are connected in series, as illus-
trated in Fig. 16, the total voltage varies depending on
their relative phase. When they are in phase the total
reaches a peak of 2.82 volts (the sum of their peak volt-
ages); as they shift, the total falls, going through zero
when they have opposite phase, and back up to maximum
when they are in phase again. They are said to “beat” with
each other, and their difference frequency (in this case
1 MHz) is called the “beat frequency.”

Now consider the power delivered to the 100-ohm load by
these two sources. Since each one develops 1 volt rms it
would, when connected to a 100-ohm load, deliver a power
of 10 milliwatts. When both are connected in series, the
power delivered to the load varies, as can be seen from
the voltage waveform shown in Fig. 16. The power is a
maximum when the two voltages are in phase, and zero



s

when they are at 180°. In other words, the power de-
livered varies as the two sine-waves beat with each other.

Inspecting the waveform of Fig. 16 it can be seen that the
rms voltage is going to be less than 2 volts (which it would
be if the two voltages were in phase all the time) and
more than one volt (which it would be with either one
alone). Actually it will be 1.41 volts, with a total power
of 20 mW delivered to the load. A general rule applies:

When two or more sources supply voltage (or current)
of different frequencies to a common load, the power
delivered by each source is the same as that which
would be delivered if all other sources were removed.
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Figure 16. Sum of Two Voltages of Different Frequency.

Note that in this case the power output of each generator
is unaffected by the presence of the other. Compare this
with the situation illustrated in Fig. 11 where the two have
the same frequency.

To derive the total power, when frequencies are different,
we calculate the power developed by each source with the
given load, and add the powers. This case is called “Power
Addition.”

Example: Assume six current sources, each having a dif-
ferent frequency, feeding a common load as illustrated in
Fig. 17 (Note the similarity to Fig. 12). What is the total
power, the total rms current, and the dB ratio between
No. 1 current and the total.

Solution:

1. Calculate the power output of each source (pretend-
ing the others aren’t there), and add to find the total

power.
Output Current
Source No. | Into 1000 Ohms Power = I2ZR
1 1 mA rms 1mW
2 4 16
3 11 121
4 3 9
5 6 36
6 5 25
TOTAL POWER 208 mW
2. Since (total current)? times 1000 = 208 mW, the total
0.208
i ———=144mA o
current is 1000 mA rms

3. The dB ratio can be calculated by taking the ratio of
No. 1 current to the total (14.4) and looking up the
corresponding number of dB in the current ratio-dB
table V6 (23.2 dB). Alternatively take the ratio of the
power output of No. 1 source (1 mW) to the total

TOTAL rms CURRENT

rms —> 4.4 mA
CURRENT
OUTPUTS
e TImA T4mA TllmA TSmA TGmA TsmA
TOTAL
1000 ,ms
# # ## +##
I 2 3 4 #5 #6 D> DOHMs VOLTAGE
14.4V
TOTAL
‘"POWER
=208
mwW P

Figure 17. Addition of Current of Different Frequencies.



power (208 mW) and find the corresponding dB in
the Power-dB chart P7. The power ratio would be 208.
Divide by 100 to find dB corresponding to 2.08 (3.201)
and add 20 dB (because you had to divide by 100)
getting 23.2 dB.

Power Addition—Equal Contributions

When the outputs of a number of equal sources are to be
combined, and the conditions indicate power addition, the
calculation can be simplified by using a table. The table is
prepared by noting that the power ratio is equal to the
number of sources. Thus the dB ratio of the output level is
10 log;, times the number of sources. Using this relation-
ship, Table G has been prepared to show the increase in
output level for 1 to 50 equal sources combining on a
power basis.

Example: 32 sources all having equal outputs and differ-
ent frequencies combine in a common load. How much is
the total output increased over that which would be sup-
plied by a single source? Table G opposite 32 sources
shows an increase of 15.05 dB.

Power Addition—Two Unequal Contributions

Just as it was possible to simplify calculations by prepar-
ing a table for two unequal contributions in the case of
Voltage Addition, a table can be developed for the case
of Power Addition relating total level to input levels with
two unequal contributions. The preparation of the table
can be understood from the following:

Let L, represent the lower level in dBmV, P, the corre-
sponding power ratio.

Let L, represent the higher level in dBmV, P, the corre-
sponding power ratio.

Let L, represent the total level in dBmV, P; the corre-
spond\mg power ratio.

We want a table arranged so that, when given L; —
we can find Ly — L.

L,

By definition: L, = 10 log;o P, and Ly = 10 log;, P,
hence: L, — Ly = 10 log,y P, — 10 log;y P, =

Py
—10 log; » E);
P

so given L, — L, we can find —

h
= P, + P, and L; = 10 logyo (P, + Py),
— Ly, = 10 logyo (Ps + Py) — 10 logyo Py

P
L¢

Now, since:
hence:

P+ P P
= 10 log;, _.f% = 10 log;, (Fs + 1);
h b

P

Thus knowing Fs-, we can simply add 1 to that number
h

and then find the corresponding number of dB, represent-

ing Lt —_ Lh'
P P,
Example: let L, — L be 12 dB, then I’j = 0.063 and f>:

h

h
+ 1 = 1.068; then L, — L, = 10 log;, 1.063 = 0.265 dB.
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TABLE G-
dB dB
_ Increase Increase
Number Corresponding Number Corresponding
of Equal to This of Equal to This
Contributions| Power Ratio | Contributions | Power Ratio

1 0 26 14.15
2 3.01 27 14.31
3 4.77 28 14.47
4 6.02 29 14.62
5 7.00 30 14.77
6 7.78 31 14.91
7 8.45 32 15.05
8 9.03 33 15.18
9 9.54 34 15.31
10 10.00 35 15.44
11 10.41 36 15.56
12 10.79 37 15.68
13 11.14 38 15.80
14 11.43 39 15.91
15 11.76 40 16.02
16 12.04 41 16.13
17 12.30 42 16.23
18 12.55 43 16.33
19 12.79 44 16.43
20 13.01 45 16.53
21 13.22 46 16.63
22 13.42 47 16.72
23 13.62 48 16.81
24 13.80 49 16.90
25 13.98 50 17.00

Based on the above, a table has been worked out showing,
for the case of Power Addition, L; — L, for values of
L, — L, between 0 and 20 dB in 0.1 dB steps. This table
is given as TABLE P9 in Chapter XI. An example will
illustrate its use.

Example: The output of a channel 6 strip amplifier is com-
bined with the output of a channel 10 amplifier in a com-
mon load. Channel 6 level is +54 dBmV, channel 10 level
is +64 dBmV. What is the total power output?

Solution: The level difference is 11 dB, so the amount to
be added to the higher level (from TABLE P9) is 0.33 dB.
The combined output level is +64.83 dB or about 36
milliwatts.

Power Splitting Relationships

In the analysis of CATV systems a situation is frequently
cncountered, particularly with regard to taps and splitters,
where the power from a given source divides unequally
between two loads. Given the dB ratio between the power
from the source and the power in one load, we want to
find the dB ratio between the source power and the power
in the other load. This is another case of Power Addition,
but the relationship is a little different from that described
above, and another table is needed. Its preparation can be
understood from the following:



Let Lg be the level of the lower one of the outputs and
P, the corresponding power ratio

Ly, be the level of the higher one of the outputs, and
P, the corresponding power ratio

L; be the level of the input, and
P, the corresponding power ratio

We want a table arranged so that, when given L; — L,
we can find L; — L.

By definition: L;, = 10 log;o P, and Ly, = 10 log,, P,
and since: Pt = Ph + PS’ Lt =10 loglo (Ph + PS)’
hence: Ly — L = 10 log,, P, + Py — 10 log;o Py =

Py +
=10 logm( 2

P P
——?s—) =10 loglo(-é-" 1)

P,
Thus given L, — L, we can find —1;—1;

L 4 L
but since Ly — Ly, = 10 log;o (P, + P,) — 10 log; P, =

Py + Py P,
= 10 I — ) =10 I — 41
0810 ( P, ) 0g10 ( P, + )

P P
we first have to find —I-)—h — 1, then invert to P—", add 1, and
8 h

then find the corresponding number of dB, representing

L, — Ly

P
Example: let L, — L, be 16 dB, then Tfh + 1 = 39.81 and

Ph Ps Ps

— = 38.81; inverted — = 0.026 and — + 1 = 1.026;
Ps Ph Ph

theﬂ Lt el Lh =10 loglo 1.026 = 0.1104 dB.

A table P10 in Chapter XI has been prepared for the case
of Power Splitting Relationships. An example will illus-
trate its use:

Example: A directional coupler divides energy between
two output terminals. Assuming it has no internal power
loss, and the loss to the tap output is 18 dB, what is the
line loss?

Solution: In the table opposite 18 dB (L, — L,) we find
0.069 dB (L — L,). So the line loss is 0.069 dB.
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CHAPTER 1lI

RANDOM NOISE IN CATV SYSTEMS

Fundamentals

In a CATV system, the lowest levels that can be allowed
at antenna output terminals, at repeater inputs, or at the
customer’s set, without producing snowy pictures, are
determined by thermal noise. An understanding of this
noise, where it comes from and how strong it is, helps to
understand system limitations.

Any resistor or source which looks resistive over the band
in use (including antennas, amplifiers, or long cables)
generates a thermal noise signal. In the case of a resistor
this noise is due to the random motion of electrons, and its
strength can be calculated.

R
75
ohms

W

Figure 18.

If, as in Fig. 18, a sensitive high-impedance voltmeter
(which generated no noise itself) could be connected
across a 75-ohm resistor (or resistive source) it would
measure an open-circuit noise voltage calculated by:

en.=\4RBk

where e, is the RMS noise voltage
R is resistance in ohms
B is the bandwidth of the voltmeter in MHz
kis a constant approximately equal to
40 x 10— 1€ at room temperature (68° F)

A reasonable bandwidth for TV is 4 MHz. Assuming this
bandwidth, the open-circuited noise voltage for a 75-ohm
resistor is:

en=14x75x4x40x 10—16
=~/487x10— 12
= 2.2 microvolts RMS.

If, as in Fig. 19, this source were connected to a 75-ohm
load (which had no noise in itself) it would deliver half
this voltage to the load:

2.2uv
75-ohm 75-ohm
resistor Il LOAD
generating pV
noise !

Figure 19.
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Thus the noise input into 73 ohms is 1.1 microvolts RMS,
or —59 dBmV. This is the basic noise level, the minimum
that will exist in any part of a 75-ohm system.

Signal-to-Noise Ratio

In order to avoid snowy pictures, the signal, at any point

in a system, must be sufficiently strong to override the

noise. '

This relationship is expressed by the “Signal-to-

Noise Ratio,” which is the difference between the sig-
nal level, measured in dBmV, and the noise level, also
measured in dBmV; both levels being measured at the
same point in the system.

Although the CATYV industry has not reached agreement
on the noise which can be tolerated in a picture signal,
careful tests have been made by other organizations and
much can be learned by considering the results.

Barstow and Christopher, of the Bell Telephone Labora-
tories, have published the results of careful studies on the
subject.(1): (2) Their tests are summarized in terms of the
signal-to-noise ratio which is rated “noise just perceptible”
by the average judgment of a group of trained observers.
The result which applies most nearly to the CATV situ-
ation is mentioned by Carson(® referring -to a picture
viewed at eight times picture height with flat noise having
a 4.2 MHz bandwidth. The given ratio, 39 dB, refers to the
video signal (after detection) and corresponds approxi-
mately to an r-f ratio of 43 dB.

For comparison, consider the results of another series of
tests conducted by the Television Allocations Study Organ-
ization (TASO) and published in their report to the FCC
in 1959, Their ratings, corrected for a 4 MHz bandwidth
instead of the 6 MHz they used, are shown below:

TASO Picture Rating S/N Ratio
1. Excellent (no perceptible snow) 45 dB
Fine (snow just perceptible) 35 dB
3. Passable (snow definitely perceptible but
not objectionable) 29 dB
4. Marginal (snow somewhat objectionable) 25 dB

(1) J. M. Barstow, and H. N. Christopher, “Measurement of
Random Video Interference to Monochrome and Color
TV,” ALE.E. Transactions, Part I, Communications and
Electronics, Vol. 63, Nov. 1962, pp. 313-320.

(2) J. M. Barstow and H. N. Christopher, “The Measurement
of Random Monochrome Video Interference,” A.LE.E.
Transactions, Part I, Communications and Electronics, Vol.
78, Jan. 1954, pp. 735-741.

(8) D. N. Carson, “CATV Amplifiers: Figure of Merit and the
Coeflicient System” 1966 IEEE International Convention
Record, Part I, Wire and Data Communication, March’
1966, pp. 87-97.



When it is decided how much noise is tolerable, the levels
required in a system can be specified. With a signal-to-
noise ratio of 43 dB, for example, the minimum signal
level that would be required at the input to the first ampli-
fier (if thermal noise were the only problem) would be
—59 4+ 43 = —16 dBmV. Actual levels (to achieve this
signal-to-noise ratio) must be quite a bit higher because
of the noise that is contributed by the amplifiers.

Noise Figure

When a 75-ohm resistor is connected to the input of an
amplifier having known gain, the noise output of the
amplifier is NOT, as might be expected, the input. noise
(—59 dBmV) increased by the amplifier gain.

Since the amplifier always generates some internal noise,
noise output is always greater than it would be from a
noiseless amplifier having the same gain. This increase in
noise output, expressed in dB, is called the “Noise Figure”
of the Amplifier,

Consider, for example, an amplifier (Fig. 20) whose gain
is known (from measurement with a signal) to be 40 dB.
The measured noise output, with the input terminated, is
—9 dBmV. What is the Noise Figure?

NOISE INPUT NOISE OUTPUT
-59 dBmV -9 dBmV
> o
AMPLIFIER
750 GAIN=40dB 0
Figure 20.

If the amplifier had no internal noise, the noise output
would be the input noise (dBmV) plus the amplifier gain
(dB).

Noise output (no amp. noise) = —59 +40 = —19 dBmV.
The measured noise is —9 dBmV, showing that the
amplifier adds 10 dB to the noise output, and that the
amplifier Noise Figure is 10 dB.

The Noise Figure of an amplifier or system is the
difference between the measured output noise level
(in dBmV) with a terminated input, and the thermal
noise (—59 dBmV) plus the gain (in dB) of the
amplifier.

If an amplifier contributed no noise, the signal and the
noise going through it would be amplified equally and the
signal-to-noise ratio would be unchanged. Since the ampli-
fier output contains added noise, as indicated by the
Noise Figure, it follows that the Output Signal-to-Noise
Ratio (in dB) is decreased as compared to the Input Signal-
to-Noise Ratio. If the input noise is at the minimum level
(—59 dBmV), that is if the input signal is noise free, the
output Signal-to-Noise ratio (in dB) is found by subtracting
the Noise Figure from the input Signal-to-Noise ratio.
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Noise Figure in a Cascaded Amplifier System

General:

The trunk-line of a CATV system often consists of a series
of nearly identical amplifiers equally spaced along a
coaxial cable. Determining the increase in noise due to
each amplifier in such a system helps to understand trunk
line operation.

Two Amplifiers:

Consider two amplifiers having equal gain and noise figure,
separated by a length of cable whose loss equals one ampli-
fier’s gain as shown in Fig. 21.

CABLE LOSS=GdB
-59dBmV

-

750%_ GAIN=GdB |~
N.F=FdB I

Noise =-59+G+F

Noise=-59+F+3dB

Noise=-59+G+F+3dB

GAIN=GdB

75
N.F=FdB a

Figure 21.

The noise level at the first amplifier’s output is thermal
input noise (—59 dBmV) plus Gain (dB) plus Noise
Figure (dB). The cable attenuates this noise back down
to —59 +F, so that, in effect, there are two equal noise
sources at the input of the second amplifier: the output
of the first amplifier, attenuated by the cable, and the
thermal noise at that point, including the equivalent noise
of the second amplifier. Since the sum of iwo equal powers
is 3 dB higher than either, the noise output from the
second amplifier is increased 3 dB over that of the first. It
follows that the noise figure of two identical amplifiers in
cascade is 3 dB higher than the noise figure of each one.
(See Note 1 on next page).

More Than Two Amplifiers:

By extending this logic it can be seen that, when a system
is extended from two amplifiers to four amplifiers, the
Noise Figure is again increased 3 dB and in general:

When identical amplifiers, connected by identical
cable lengths whose individual losses equal one am-
plifier's gain, are cascaded, the system noise figure
increases 3 dB each time the number of cascaded
amplifiers is doubled.

or stated mathematically:
Fm = F]_ + 10 loglo m

where F,, is system noise figure, F; is amplifier noise figure
and m is the number of cascaded amplifiers. The quantity
“10 log;, m” is called the cascade factor (C).
Since any increase in noise figure decreases the signal-to-
noise ratio, it follows that:
With a noise-free input signal, the system signal-to-
noise ratio decreases 3 dB each time the number of cas-
caded amplifiers is doubled (See Note 2 on next

page).



Table H can be used to find system noise figure or signal-
to-noise ratio when these quantities are known for the
individual amplifier.

To find the system noise figure for a given number of
identical amplifiers in cascade: To the noise figure of an
individual amplifier ADD the cascade factor found in the
table opposite the number of amplifiers in cascade.

To find the system signal-to-noise ratio for a given number
of identical amplifiers in cascade: From the signal-to-noise
ratio at the output of the first amplifier SUBTRACT the
cascade factor found in the table opposite the number of
amplifiers in cascade (see Note 2 below).

TABLE H
No of No of
Amps. in Cascade Amps. in Cascade
Cascade | Factor (C) Cascade | Factor (C)
1 0 26 14.15
2 3.01 27 14.31
3 4.77 28 14.47
4 6.02 29 14.62
5 7.00 30 14.77
6 7.78 31 14.91
7 8.45 32 15.05
8 9.03 33 15.18
9 9.54 34 15.31
10 10.00 35 15.44
11 1041 36 15.56
12 10.79 37 15.68
13 11.14 38 15.80
14 11.43 39 15.91
15 11.76 40 16.02
16 12.04 41 16.13
17 12.30 42 16.23
18 12.55 43 16.33
19 12.79 44 16.43
20 13.01 45 16.53
21 13.22 46 16.63
22 13.42 47 16.72
23 13.62 48 16.81
24 13.80 49 16.90
25 13.98 50 17.00
Note 1:

The analysis on the preceding page for the case of two
amplifiers in cascade is not very precise. An accurate
analysis can be made based on three established facts:

(1) Noise factor (f) is related to noise figure (F) by:
F = 10 log,,f (see page 72, par. 6)

(2) The noise factor for three devices connected in succes-
sion (output of the first to input of the second, etc.) is:
fo—1 f—1

flog=1£ + +
128 ' g1 g1 82
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Where: f;, f; and f; are the noise factor of the first,
second and third device, respectively.
g: and g, are *he power gain of the first and
second device, respectively.
(3) The power “gain” of an attenuating device is the ratio

output power
———————, a number less than one. The noise fac-
input power

tor of an attenuating device is the reciprocal of its
power gain.
To apply these facts to the analysis of a cascade of two
amplifiers assume that:
Device #1 is an amplifier. f; = f,, g, = g,
Device #2 is a length of cable whose loss is equal to
the amplifier’s gain

1 1
s0gig2 =82 =1, gg=— and fr=—=g¢g,
€a g2
Device #3 is an amplifier identical to #1 so f3 = {,,
g3 = 8a
Substituting these values in equation (2)
f,—1 f3—-1 -1 f,=1
f123=f1+2 +3 =fa+g‘ +a —
251 €182 8a 1
1 1
fﬂ+1_—+fl—1r Sof123=2fa——
a a

which says that the noise factor of two identical amplifiers
in cascade is equal to twice the noise factor of one ampli-
fier, less the reciprocal of its power gain. With noise factors
of about 10 X (10 dB) and power gains of about 100 X
(20 dB) it is apparent that the effect of the second term is
negligible, so f;55 = 2 {, or, in logarithmic terms, the noise
figure of two identical amplifiers in cascade is 3 dB higher
than the noise figure of each.

Note 2:

The “system signal-to-noise ratio” (in dB) is the difference
(in dB) between the system’s noise output level (in dBmV)
with the input terminated, and the operating signal level at
the output terminals (in dBmV).

Where the input signal is not noise-free, the noise it con-
tains can be taken into account to find a total effective
signal-to-noise ratio. This can be done for usual conditions
by assuming that the total noise power output is the sum of
two components: the noise power input increased by the
system gain, and the noise power output of the system with
its input terminated. In dB terms this is done by the method
outlined on p. 72, par. 8, or as follows:

1. Take the difference between the S/N ratio (in dB) of
the input signal at the first cascaded amplifier and the
S/N ratio (also in dB) of the cascaded amplifier system.

2. Use chart P3 or table P9 to find the number of dBs to
be subtracted from the smaller of the two ratios to find
the total effective S/N ratio.

Example: System S/N ratio = 43 dB; Input S/N ratio =

47 dB; Difference = 47 — 43 = 4 dB; From table
P9 opposite 4 dB find 1.46 dB. Thus total effec-
tive S/N ratio is: 43 — 1.46 = 41.4 dB.



CHAPTER IV

THE FUNDAMENTALS OF DISTORTION IN CATV AMPLIFIERS

Summary

This chapter presents an elementary introduction to the
nature and effects of non-linear distortion in CATV
amplifiers. Two forms of distortion are important: second
order distortion which results, in extreme cases, in the
compression of one peak of a sine-wave and the expansion
of the other; and third order distortion which results, in
the extreme case, in compression (or expansion) of both
peaks. It.is shown that the effects of second order distor-
tion may be analyzed by an equation involving a linear
term and a term proportional to the input voltage squared,
while the effects of third order distortion can be analyzed
by an equation including a linear term and a term involo-
ing the input voltage cubed.

In present CATV systems, second order distortion is gen-
erally not considered because, as will be shown, it results in
distortion products at frequencies which are either sums,
differences, or second harmonics of the carriers present and,
with the standard frequency assignments, these products
fall outside of the channels used.

Thus, the limiting factor in determining permissible output
levels in most CATV amplifiers is third order distortion
since it results in cross-modulation between channels, and

beats between carriers which fall inside the channels being
used.

Introduction

Distortion in sound reproducing equipment is familiar to
anyone who has heard a worn-out juke box, or an over-
loaded public address system. This harsh, unpleasant sound
presents the essential nature of all distortion: What comes
out of the system is different from what went in! In CATV,
distortion does not show up in the same way, but it is
present, and it places restrictions on amplifier operation
which must be understood if a system is to be intelligently
planned and operated.

The amplifiers used in CATV have only one intended
function: to raise the signal levels. The other things
they do, the differences they generate between the out-
going signals and the incoming signals, are distortion. What
forms does this distortion take? Several effects properly
called distortion, such as the addition of noise to the signal,
hum. modulation and variations in amplifier frequency
response are NOT the subject of this chapter. Here, we are
concerned with only one kind of distortion: effects due to
the same causes that create “harmonic distortion” in audio
amplifiers.

This distortion is due entirely to non-linearity in the transfer
characteristics of the transistors. Its worst aspect is cross-
modulation, crossing over of the modulation from one
channel to another, which causes “windshield wiper” effects
in the picture. Other effects include harmonics, where an
unwanted signal is generated at a frequency which is some
multiple of the frequency of a wanted one; and beats,
where two or more wanted signals combine to generate an
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interfering one. These harmonics and beats can combine
with the carrier on the channel in use to cause “herring-
bone” patterns in the picture. A study of this type of
distortion will help in understanding how CATV amplifiers
can be operated to avoid these problems.

Distortionless Amplification

Perhaps the simplest way to describe amplifier distortion
is to say what it is NOT. A distortionless amplifier would
be one which increased the amplitude (voltage swing) of
the input signal without changing its waveform. Suppose,
for example, an amplifier could be built so that the output
voltage, at each instant, was exactly 10 times the input
voltage. A graph showing the output voltage plotted against
the input voltage would be a straight line, as illustrated in
Fig. 22. Such a graph is called the “transfer characteristic”
or “input-output curve,” for the amplifier. A transfer char-
acteristic which is a straight line is called a “linear transfer
characteristic.”

Mathematically, the performance of this amplifier would
be described by the equation: e,y = 10 ey,; where ey
is the instantaneous output voltage, and ey, is the instan-
taneous input voltage. Calculating for particular voltages
would give a table:

€out (= 10 €in) €in €out (= 10 e5)
0 o 0 0
—0.2 —2 +0.2 +2
—04 —4 +0.4 +4
—0.6 —6 +0.6 +6
—0.8 —8 +0.8 +8
-1.0 —10 +1.0 +10

This is the table from which the characteristic of Fig. 22 is
plotted.

+10

+8

+6
OUTPUT

+4

+2

+4 +6 +8 +I10
VOLTAGE

o -8 -6 -a -2 Ao
10 -8 -6 -4 -2 A0 +2

VOLTAGE

-10
Figure 22. A Linear Transfer Characteristic



The way in which such a linear transfer characteristic
results in an undistorted output is shown in Fig. 23. A plot
of the sinusoidal input voltage against time is illustrated
[Fig. 23(a)]. If, at each point along the time scale, the
instantaneous input voltage is projected downward to the
transfer characteristic [Fig, 23(b)], the corresponding out-
put voltage is found. Projecting this to the right, and
plotting against the same time scale, constructs graphically
the waveform of the output voltage [Fig. 23(c)]. For ex-
ample, when the input is 0.75 volts and decreasing (point
“A”), the output is 7.5 volts and decreasing (point “B”).
Since the output voltage at any time is simply ten times
the input voltage, the output duplicates the input wave-
form.

Distortionless amplification does not require that the input
be a pure sinusoidal voltage. It is achieved when the wave-
form of the output voltage precisely duplicates that of the
input, regardless of what that waveform may be. Fig. 24,
for example, presents a diagram similar to Fig. 23 except
with a pyramidal input, showing how an identically-shaped
pyramidal output results.

Amplification with Distortion

Unfortunately, amplifiers that can be built using real-life
transistors do not have a linear relationship between the
input voltage and output voltage. Figure 25 illustrates a
non-linear transfer characteristic which might be found in
a real amplifier. As the input voltage swings either way
from 0, the output changes along a curve which produces
less and less change in output voltage as the input swings
further and further from 0. If, in Fig. 25, the output
would continue to increase almost linearly, as it does be-
tween 0 and 4 V, it would reach about 20 V for a 1-V
-input instead of 10 V as shown.

INPUT
VOLTAGE
=l o -+
————
TIME

(a)

€out =10€,

+10
(c)

OUTPUT
VOLTAGE |

-io

0
TRANSFER
CHARACTERISTIC

Figure 23. Distortionless Amplification.
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When a varying voltage is applied to an amplifier with a
characteristic of this sort, the output voltage has a different
waveform than the input voltage. Consider the examples
shown in Figure 26. Figure 26(a) illustrates the output
voltage waveform obtained when a sinusoidal voltage with
a voltage swing between +1 and —1 volt is applied to the
amplifier whose characteristic is illustrated in Figure 25.
Since the transfer characteristic is symmetrical, both peaks
of the output voltage are flattened by the non-linearity,
giving the waveform illustrated.

A 1.0 volt peak-to-peak sinusoidal voltage applied to the
input of the same amplifier and biased at —0.5 volts so

INPUT
VOLTAGE
—‘l [o] o .+‘I
TIME /,/
‘ L
e
7 |
< 1 -
\I\ | eou1—|oein
| I~~. |
‘ >
| /./'
| - I
7 I
= |
- | t
‘--+IO ! ’ +10
s
| . 1
1 7
| 7/ OUTPUT TIME—»
. A VOLTAGE _
S " Wy \/ \
/7 4
/7 |
/
Y 1
4 Lo )
TRANSFER
CHARACTERISTIC
Figure 24. Distortionless Amplification.
+I10
+8 //
ouTput *6 / -
VOLTAGE /
+4 /
+2
ofo
-l0-8 -6 -4 -2 Jo +2 +4 +6 +8 +I.0
INPUT -2 VOLTAGE
/ B
-6
/ d
/7 "8
-10

Figure 25. A Non-linear Transfer Characteristic.



(a)
(b)
(c)

Figure 26. Output Voltage Waveforms, Non-linear Characteristic.

that it varies between 0 and —1 volt produces an output
varying between 0 and —10 volts with the waveform illus-
trated in Figure 26(b). The lower peak is flattened be-
cause the transfer characteristic bends over at —1 volt in-
put; the upper peak is faithfully reproduced because the
characteristic is very nearly a straight line near 0.

Reducing the amplitude of the input voltage to 0.2 volts
peak-to-peak and biasing it at 0 so that it varies between
+0.1 and —0.1 volt gives the output voltage shown in
Fig. 26(c). Because the signal varies along a nearly linear
part of the characteristic, this is almost an undistorted
reproduction of the sinusoidal input.

It should be clear from these examples that the nature as
well as the degree of distortion is dependent not only on
the shape of the transfer characteristic of the amplifier but
also on the amplitude of the input signal and on the oper-
ating point (bias). Two very different and significant kinds
of distortion are illustrated: one where the peaks are flat-
tened symmetrically [Fig. 26 (a)] and the other where only
one peak is flattened [Fig. 26(b)]. In what follows these
two cases will be explored more thoroughly.

Second Order Distortion

In the section on distortionless amplification, it was shown
that a linear transfer characteristic could be expressed in
very simple mathematical terms. The equation “e,; =
10 ey,” says very clearly that the amplifier in question has

18

a gain of ten times and no distortion. Since all practical
amplifiers cause distortion, a sensible question is: “Can
the transfer characteristic of a practical amplifier be ex-
pressed in some simple mathematical way which will allow
analysis of the distortion generated?” The answer is that
the transfer characteristic of a practical amplifier can be
approximated by a simple mathematical expression and the
subject of what follows is how this is done.

First, consider an amplifier which generates the kind of
distortion illustrated in Figure 26(b). The transfer charac-
teristic causing this kind of distortion can be approximated
by an equation having the form “(e,,:) equals (some
number X e;,) plus (some other number X e;,2).”

The following may help to understand how this works.
Consider first the curve that results when e2 is plotted
against e; the numbers are tabulated below.

e e? e e?
—-1.0 +1.0 +1.0 +1.0
—-0.8 +0.64 +0.8 +0.64
—0.6 +0.36 +0.6 +0.36
—0.4 +0.16 +0.4 +0.16
—-0.2 +0.04 +0.2 +0.04

0 0 0 0

The corresponding curve is plotted in Figure 27. Notice
that it is symmetrical around the vertical axis, curving up
smoothly for both positive and negative magnitudes of e.

Next consider an example of what happens when such a
curve is added to a linear transfer characteristic. The out-
put voltage is separated into two parts:

for the linear part: e; =10 ¢y,
for the “squared” part: e; = 5 ey,2
and for the total: €out = €1 + €
=10 e, + 5 €52

The transfer characteristic described by an equation having
a linear term (one involving “e”) and a “squared” term
(one involving “e%”) is known as a “square-law” transfer
characteristic.

r+.0

+—t
® +>

-10 <+-e () e+ +1.0

Figure 27. 2 Plotted Against e.



The numbers are tabulated below:

€in 10 €in ein2 5 ein2 10 €in + 5 ein2
-1.0 —10 +1.0 +5.0 — 5.0
—0.8 — 8 +0.64 +3.2 — 4.8
—0.6 — 6 +0.36 +1.8 — 4.2
—0.4 — 4 +0.16 +0.8 — 32
—0.2 -2 +0.04 +0.2 — 18
0 0 0 0 0
+0.2 + 2 +0.04 +0.2 + 2.2
+0.4 + 4 +0.16 +0.8 + 4.8
+0.6 + 6 +0.36 +1.8 + 7.8
+0.8 + 8 +0.64 +3.2 +11.2
+1.0 +10 +1.00 +5.0 +15.0
8oyt =10e;,
vy \
1 2
8out =D e
eou' i (a ) K ou in
(b)
- | ein +1
T €out *
1 ~—10€;, +5€3
+101 (c)/)
/
/
€out /4
_II T Al Al leinl T -F||
7 1
/ L
/
/ X
Ve
7/ —1oL

Figure 28. Square-law Transfer Characteristic.

Fig. 28 shows the two curves plotted separately (a and b)
and the total (c). Notice the similarity between this
total curve (the plot of a simple mathematical equation)
and the lower half of a particular non-linear transfer char-
acteristic (Fig. 25).

Fig. 29 illustrates graphically how the introduction of a
sinusoidal voltage into an amplifier having a square-law
transfer characteristic results in an output of the one-peak-
stretched, one-peak-flattened variety. Since this kind of
distortion results from the addition to the linear charac-
teristic of a quantity involving e?, it is called “second
order” distortion. In these terms it is said that Fig. 29 shows
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Figure 29. Second Order Distortion.

that “a square-law transfer characteristic (or a character-
istic having second-order curvature) causes second-order
distortion of the output.” Observe that not only is the
upper peak of the output voltage stretched by the action
of the second-order distortion and the lower peak flattened,
but also the entire curve is shifted upward so that its
average is above 0.

It has been shown that one way to study the effects of
second-order distortion mathematically is to use a square-
law equation. There is a second approach which is also
very useful. This involves the addition of DC and AC
component voltages to produce a distorted total. Before
this is presented it might be well to review the meaning
of the three terms “DC,” “AC” and “component.”

“AC” and «DC”

The idea of “DC” is familiar. A DC voltage is typified by
the voltage between the terminals of an ideal battery
[Fig. 30(a)].

It does not vary either in magnitude or polarity. The plot
of a DC voltage is a straight line parallel to the time axis
[Fig. 30(b)]1.

“AC” is almost equally familiar. To qualify as “AC” a
characteristic must vary above and below zero in such a
way that its average is zero. A periodic “AC” voltage is
one that goes through identical cycles of change over and
over again, and its average over any one cycle is zero.
Another way of saying this is: “the area enclosed by the
plot is the same on the positive half-cycles as that on the
negative ones.”

Figures 31(a), (b) and (c) all represent periodic AC
voltages, since in each case the variation is repeated in
identical cycles and the average is zero. To see how the
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(b)
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Figure 30. DC Voltage.

average is zero, imagine a DC voltmeter reading each of
these voltages. Assuming the change to be faster than the
needle can follow, it would be pushed equally in both
directions, so would read zero.

VOLTAGE IS AC WHEN AREA "X"= AREA"Y"

+2
(a)
REA
VOLT
OLTS © AREA
TIME — Y
-2
+10
(b)
AREA
0
AREA
Y.
-10
+3
ARXEA (¢)
Y AREA / .
Y
-3

Figure 31. Three AC Voltages with Different Waveforms.
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Figure 32. A Voltage with AC and DC Components.

AC and DC Components

How then is a voltage described which varies periodically
but in such a way that its average is not zero? Figure
32(a), for example, illustrates a voltage which has a sinus-
oidal waveform, and an average of +10 volts. It is conven-
iently described in terms of its parts or “components.” This
waveform could be obtained by connecting a 10-volt bat-
tery in series with an AC source generating a 10-volt peak
sinusoidal AC voltage [Fig. 32(b)]. Although it is actually
generated in some other way (it might, for example, occur
at the collector of a transister amplifier), it is still conven-
ient to describe it in terms of these components. In these
terms it is called a “composite AC and DC voltage, its AC
component being a 10-volt peak voltage with sinusoidal
waveform, and its DC component +10 volts.” By breaking
this complex voltage into two simpler components, it is
made easier to talk about and to measure. The DC com-
ponent voltage can be measured with a DC voltmeter, and
the AC component with an AC voltmeter.

The Spectrum of a Composite Voltage:

When a periodic varying voltage contains several compo-
nents like this, it can be conveniently analyzed by plotting
its “spectrum.” A spectrum is simply a graph which plots,
in the vertical direction, the peak voltage or amplitude of
each component and, in the horozinotal direction, the fre-
quency at which each of these components exists. Its
importance rests on the fact that “spectrum analyzers” are
available which plot these diagrams automatically, pro-
viding tremendously useful tools for distortion analysis.

The spectrum of a sinusoidal voltage is a single spike
showing the amplitude and frequency of that voltage.



Fig. 33 shows the spectrum of the composite voltage
whose waveform is plotted in Fig. 32(a). The spectrum
contains the same information as the time plot. It says that
this voltage consists of two components, a DC component
of 10 volts (represented by the 10-volt spike at O fre-
quency) and a sinusoidal component of 10 volts peak
amplitude at a frequency of 10 kHz (represented by the
10-volt spike at 10 kHz).

o

PEAK VOLTAGE.

J J

o 10 kffz

FREQUENCY —

Figure 33. Spectrum of a Composite Voltage.
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A Voltage with Two AC Components

This technique of representing a varying voltage as the
sum of several components has very wide application.
Fig. 34 illustrates a second situation where it is useful.
Fig. 34(a) shows a composite voltage which quite obvi-
ously contains a high-frequency variation (causing the
rapid oscillation) and a low-frequency one (causing the
slow oscillation). It is the sum of two equal sinusoidal
voltages; one having a frequency of 100 kHz (one cycle
in 10 microseconds) shown in Fig. 34(c); the other
higher frequency component, Fig. 34(d), completes 10
cycles in 10 microseconds so its frequency is ten times
higher, or 1 MHz.

Fig. 35 shows the spectrum of this composite voltage.
The spectrum indicates two 5-volt sinusoidal components,
one at 0.1 and one at 1.0 MHz.
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Figure 35. Spectrum of Voltage with Two AC Components.

Second Order Distortion by Addition of Components

The use of sinusoidal components to represent a non-
sinusoidal varying voltage has its most important applica-
tion in the study of distortion. Earlier we discussed the-
distortion produced when a sinusoidal input is applied to
an amplifier with second order distortion.

The waveform resulting from this distortion is plotted in
Fig. 29(c). An identically distorted waveform can be
formed by adding sinusoidal components (or, conversely
such a waveform can be separated into sinusoidal com-
ponents). Fig. 36 illustrates the process.

This diagram shows how a distorted output can be gener-
ated by adding three components: the FUNDAMENTAL
component, a sinusoidal voltage having a frequency of
1 MHz (1 cycle in 1 microsecond) in this example; the
SECOND HARMONIC component, a sinusoidal voltage
having twice this frequency, 2 MHz (2 cycles in 1 micro-
second); and a positive DC component.

Notice first that the total voltage has a waveform identical
to that shown in Fig. 29(c) (the one produced when a
sinusoidal voltage is passed through an amplifier with
a square-law characteristic). Now see how the three com-
ponents add in Fig. 36: At O time on the diagram, the
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Figure 36. Addition of Second Order Components.

fundamental component is 0, the second harmonic is at
its negative peak (—2.5 volts) and the DC component is
at +2.5 volts. Adding the three gives the total voltage
which is 0. At 0.25 microseconds the fundamental has
gone through one-quarter cycle to its positive maximum
(+10 volts), the second harmonic component has gone
through one-half cycle to its positive maximum (+2.5
volts) so the three add to praduce the stretched peak of
the total (+15 = 2.5 4+ 2.5 + 10). At 0.75 microseconds
the second harmonic and-the DC are at +2.5 volts so they
subtract from the —10 volt peak of the fundamental to
flatten the peak of the total (—5 = —10 + 2.5 +2.5).

Figure 36 illustrates one case of a very important general
principle: Any non-sinusoidal periodic waveform can be
produced by an appropriate combination of DC and
sinusoidal components.

The Spectrum of a Voltage with Second Order Distortion

The distorted voltage of Fig. 29(c) and Fig. 36(d) can
also be represented by the spectrum diagram shown in
Fig. 37. This shows the three components that make it up:
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Figufe 37. Spectrum Analysis Showing 2nd Order Distortion.
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a 2.5-volt DC component, a 10-volt peak 1-MHz compo-
nent (the fundamental) and a 2.5-volt 2-MHz component
(the second harmonic). Some points should be noted in
regard to these diagrams. Each spike on a spectrum dia-
gram ALWAYS represents a pure sinusoidal component.
If a periodic voltage is non-sinusoidal, its spectrum shows
more than one component. When a DC component exists,
it does not appear on the spectrum displayed by the usual
spectrum analyzer. The input circuits of most analyzers
respond only to the AC components.

Third Order Distortion

In a previous section it has been shown that the kind of
non-linearity which results in the “one-peak-flattened” kind
of distortion can be expressed by a simple square-law
mathematical equation. In very much the same way, the-
kind of distortion which results in both peaks being flat-
tened can be expressed by a cube-law equation. This
equation has the form: (ey,y:) = (some number x e;,) —
(some other number x e;,3). It approximates the transfer
characteristic which results in a waveform with both peaks
flattened, as illustrated in Fig. 26(a).

Consider the curve that results when €3 is plotted against e.
The numbers are tabulated here.

e e3 € ed
—-1.0 —1.000 +1.0 +1.000
—-0.8 —0.512 +0.8 +0.512
—-0.6 —0.216 +0.6 +0.216
—-0.4 —0.064 +0.4 +0.064
—0.2 —0.008 +0.2 +0.008

0 0 0 0

The corresponding curve is plotted in Fig. 38. It is “skew
symmetrical”; that is, the curve for negative magnitudes
of e has the same shape as for positive magnitudes, but is
upside down and has opposite direction.

T+1.0

4

loo

Figure 38. e3 Plotted Against e.



When this curve is added to a linear transfer characteristic,
it affects both extremes in the same way, since the linear
part and the “cubed” part go positive together and nega-
tive together. Consider an example:

Let the linear part of the characteristic be: e; = 10 e;,
and the “cubed” part be: e; = 3 ¢;,3.

To get a curve which flattens the peaks, the cubed part is
subtracted from the linear part, so the total is:
eont = € — €3 = 10 €, — 3 ey°

In this example, the cubed term is subtracted from the
linear term to give a characteristic which flattens the peaks.
In an amplifier with such a characteristic, the gain de-
creases as the input level is increased. (This is called
“compression.”) It is also possible to design amplifiers
whose gain increases as the input level is increased. Such
a characteristic is approximated by adding the cubed term
to the linear term. In this case both peaks are stretched
(this is called “expansion”).

For the above example of compression the numbers are
tabulated here.

€in 10 €in ein?' 3 ein3 10 €in — 3 ein3
-1.0 —-10 —1.000 -—3.000 —17.000
—0.8 - 8 —0.512 —1.536 —6.464
—0.6 — 6 —0.216 —0.648 —5.352
—0.4 — 4 —0.064 —0.192 —3.808
—0.2 -2 —0.008 —0.024 —1.976
0 0 0 0 0
+0.2 + 2 +0.008 +0.024 +1.976
+0.4 + 4 +0.064 +0.192 +3.808
+0.6 + 6 +0.216 +0.648 +5.352
+0.8 + 8 +0.512 +1.536 +6.464
+1.0 +10 +1.000 +3.000 +7.000

Fig. 39 shows the two component curves plotted separately
(a and b) and the total (c). Notice the similarity between
this total curve, the plot of a simple equation, and the
non-linear transfer characteristic shown in Fig. 25.

Fig. 40 illustrates graphically the way in which the intro-
duction of a sinusoidal voltage into an amplifier having a
“cube-law” transfer characteristic results in an output of
the “both-peaks-flattened” variety. Since this kind of dis-
tortion results when a signal is passed through a transfer
characteristic having an equation with a term containing
e3, it is called “third order” distortion. In these terms it is
said that Figure 40 shows that “a cube-law transfer char-
acteristic (or a characteristic having third order curvature)
causes third order distortion of the output.”

Third Order Distortion by Addition of Components

In the foregoing it was found possible to duplicate the
effects of second order distortion by adding sinusoidal
components. In a similar way, the effects of third order
distortion can be obtained. Figure 41 illustrates the addi-
tion of a 10-volt peak, 1-megahertz fundamental compo-
nent (a) and a l-volt peak, 3-megahertz third harmonic
component (b) to produce a distorted total (c) having the
same waveform as that generated by the cube-law equation
illustrated in Fig. 40(c). Because of the 3:1 frequency
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Figure 41. Addition of Third Order Components,

relationship, the third harmonic voltage is opposite in
phase to the fundamental at its positive peak, with the
result that the peak of the total is flattened and is again
opposite in phase at its negative peak, so the peak of the
total is also flattened at that time.

Spectrum of a Voltage with Third Order Distortion

Figure 42 illustrates the spectrum of this distorted voltage.
Since the distorted waveform is duplicated by the sum of
two components, the spectrum shows only these two: a
10-volt-peak fundamental component at 1 MHz and a
1-volt-peak third harmonic at 3 MHz.
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Figure 42. Spectrum Analysis Showing 3rd Order Distortion
of a Sinusoidal Voltage.

The Sum of Two Sinusoidal Voltages Having Slightly
Different Frequencies

Since a major objective of this chapter is to explain the dis-
tortion that occurs in broadband amplifiers when many
“channels” are handled simultaneously, it is necessarily
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concerned with what happens in an amplifier when more
than one sinusoidal voltage is introduced into it. Although
the picture carrier on each channel is not a constant-ampli-
tude sine-wave (since it is modulated with the picture in-
formation), by temporarily pretending that it is, we can
learn a great deal about the nature of distortion in this
case.

The first question then is: What is the waveform resulting
when two sine-waves having slightly different frequencies
are added? The two television carriers are said to have
SLIGHTLY different frequencies because in general their
frequency separation is small compared with their fre-
quencies. {In contrast to the case illustrated in Fig. 34
where one frequency is ten times the other.)

To answer this question it is helpful first to consider the
way in which two sinusoidal voltages add when both have
the same frequency and amplitude, but have various phase
relationships. Fig. 43 illustrates several cases showing
each voltage separately (a and b) and the resulting total
voltage (c).

(€]
+1(0) b

Y

180°

(a)
+

vOLTS  ©

c)=0
NAVAVAVA
M _®
(b)

romy  VOLTAGE (b) WITH

(© RESPECT TO VOLTAGE(a)
(a)

Figure 43. The Addition of Two Sinusoidal Voltages.

INDICATED PHASE
RELATION IS THAT OF

When both voltages are sinusoidal, and the frequencies are
identical, and the voltages are exactly in phase, the two
reach their peaks at the same instant and at that time they
add directly (e.g. 1.0 + 1.0 = 2.0) so the peak voltage of
the total is the sum of the two components (shown as the
0° condition).

When there is a 90° phase difference between the two, the
total reaches its maximum at a time when each of the
components is at 0.7 of peak, so the peak voltage of the
total is reduced to 0.7 of the sum of the peak voltages of
the components [e.g. +0.7 + 0.7 = 1.4 (the +90° and
—90° conditions)]. When the two voltages have opposite
phase (180° out of phase), they are equal and opposite at
all times, and the total is 0 (the 180° condition).

Next consider two sinusoidal voltages having slightly differ-
ent frequencies. Figures 44(a and b) illustrate the wave-
forms of two particular voltages. Each is sinusoidal, with
a peak amplitude of 2 volts. One has a frequency of 5 MHz,
a time-per-cycle of 1/5 microsecond; the other has a fre-



quency of 6 MHz, and a time-per-cycle of 1/6 usec. Thus,
the former completes 5 cycles in a microsecond while the
latter is completing 6 cycles.

Superimposing the two waveforms on each other [Fig.
44(c)] shows clearly a highly significant fact: the phase
relation between them is changing constantly. Initially they
are in phase (both at positive peak). After % microsecond
the 5-MHz voltage has gone through 1% cycles and is 0,
going negative, while the other has gone through three
half-cycles and is at its negative peak. They differ in phase
by 90°. After % microsecond the 5-MHz one is at its nega-
tive peak, while the 6-MHz one is at its positive peak, and
they are 180° out of phase. As time goes on, they go
through all possible phase relations, coming back to the
“in phase” condition once each microsecond. It is true in
general that when signals have different frequencies their
phase relation changes constantly.
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VvOoLTS O
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BOTH ON ONE GRAPH
+2

-2

0 va 172 34 1.O wsec

TIME —

Figure 44. Waveform of a 5 MHz and of a 6 MHz
Sinusoidal Voltage.

Now what happens when these two voltages are added?
The total follows the principles illustrated in Fig. 43.
When the two components are in phase, they add to pro-
duce a maximum peak voltage, when they are 180° out
they cancel, and in between the peak amplitude changes
from one condition toward the other. The resulting wave-
form is illustrated in Fig. 45(a), showing the two compo-
nent voltages and the total superimposed, and Fig. 45(b),
showing the total alone. The total voltage reaches a 4-volt
maximum peak initially when the two are in phase, the
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Figure 45. The Sum of Two Equal 5 MHz and 6 MHz Voltages.

peaks reduce on successive cycles reaching 0 after % micro-
second when the two components are 180° out of phase,
and building up again to a 4-volt maximum peak after
one microsecond when they come back in phase again.

Care must be exercised in using the term “peak” in refer-
ence to a varying voltage with a waveform like this. The
basic meaning of the word “peak” for any periodic wave-
form is “the highest voltage reached at any point in the
cycle.” In this sense the peak voltage of this waveform is
4 volts, and it is reached once each microsecond. In another
sense this voltage reaches a 4-volt positive peak at 0 on
the time scale, then goes to a slightly lower (—3.5 volt)
negative peak, then to a 3-volt positive peak and so on.
If two lines are drawn through these peaks, as illustrated
in Fig. 45(b), they are said to outline the “envelope” of
the waveform.

The two kinds of peak voltage can be distinguished by
calling the former the “peak of the envelope” and the latter
the “high-frequency” peak. In reference to Fig. 45(b), it
would be correct to say that the envelope peak voltage is
four volts, and the envelope frequency is 1 MHz. It could
be said further that the high frequency peak voltage varies
from a maximum of 4 volts down to a minimum of zero.

This sum of two particular sinusoidal voltages demonstrates
several characteristics common to all sums of two such
voltages without regard to their frequencies. One charac-
teristic is the variation in the amplitude of the high fre-
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Figure 46. Spectrum of the Sum of Two Sinusoidal Voltages.

quency peak. For the sum of two equal voltages with ANY
frequencies, the amplitude of the high frequency peak
varies from maximum to 0 and back to maximum at a
frequency which is the difference of the frequencies of the
two components. In other words, the envelope frequency
is the difference of the frequencies of the two component
voltages. In this example the envelope frequency is 1 MHz,
the difference between 6 MHz and 5 MHz.

Next consider the spectrum diagram of the voltage whose
waveform is illustrated in Fig. 45(b). This is shown in
Fig. 46. It shows two components, one at 5 MHz and one
at 6 MHz, each having an amplitude of two volts. There is
no component at 1 MHz, nor at any frequencies other than
5 and 6 MHz. This should not be surprising since this
voltage is initially defined as the sum of two, and only two,
sinusoidal components.

In discussing AC voltage it was clear that saying “the DC
component is zero,” does not mean “there is no voltage
present.” Any AC voltage averages zero, and thus has no
DC component, when the area above zero and that below
are equal over one cycle (see Fig. 31). Similar reasoning
applied to the waveform of Fig. 45(b) shows how it can
be true that “the amplitude of the high frequency peaks
varies at a 1-MHz rate” and yet “there is no 1-MHz com-
ponent present.” Since the peaks above zero have higher
amplitudes at the same time as those below zero and lower
amplitudes at the same time, they cancel each other and
there is no average variation at the 1-MHz frequency.

The statement “this voltage has components only at 5 MHz
and 6 MHz” means that the waveform shown is duplicated
precisely by adding together equal 5 and 6-MHz sinusoidal
voltages. As long as this waveform is duplicated WITH-
OUT ANY DISTORTION no additional components are
necessary to reproduce it. A general principle relating to
amplifiers can be stated:

Only when an amplifier distorts does the output signal
contain components at frequencies differing from the
frequencies of the input signal components.
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Two Sinusoidal Input Voltages with Second Order
Distortion

It has been shown that, when two sinusoidal components
are fed into a distortionless amplifier, the output contains
only the two original components, or in other words, the
waveform of the output is the same as that of the input.

Fig. 47 illustrates again the waveform and spectrum in this
case, showing how the high-frequency peak voltage varies
at the difference frequency (f;—f;) as the phase relation
between the components changes.
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Figure 47. The Sum of Two Sinusoidal Voltages Undistorted.

Next consider what happens when two sinusoidal voltages
are added and introduced into an amplifier with second
order distortion. Fig. 48(a) shows a plot of the resulting
distorted waveform.

Since the output waveform has a decidedly different shape
from that of the input [compare Fig. 48(a) and Fig.
47(a)], it is clear that there must be components at fre-
quencies other than the two original ones. Fig. 48(b)
illustrates the five new frequency components that are
added to the output voltage by second order distortion.
Since the positive peaks in the output are stretched, and
the negative peaks flattened, there is a general shift in level
in the positive direction, and there must be a corresponding
positive DC component. Since the peaks above 0 no longer
average out with the peaks below 0, there is also a com-
ponent at the difference frequency (f,—f;). For a similar
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Figure 48. The Sum of Two Sinusoidal Voltages with
Second Order Distortion.

reason, there is a component at a frequency which is the
sum of the frequencies of the two original signals (f;+f5).
And, of course, each of the original signals generates a
second harmonic (at 2f; and 2f,). Thus the spectrum of
the output signal looks like Fig. 48(b) with components
at the two original frequencies as well as at the five new
ones.

An important conclusion can be drawn from this one ex-
ample: Whenever more than one sinusoidal voltage (that
is when more than one signal) is introduced into an ampli-
fier which has second order distortion, the output will
include signals at certain frequencies differing from those
of the input signals. There will be a DC component, a shift
in the average collector current of the distorting stage
(which does not show up in the output when AC coupling
is used), a component at a frequency which is the differ-
ence of the two original frequencies, a component at a
frequency which is the sum of the original frequencies,
and components at twice each of the original frequencies.

When the original signals are modulated with picture in-
formation, each of these spurious signals will carry the
modulation of both of the original signals from which it
comes.

Why Second Order Distortion Is Unimportant in
Present CATV Systems

Anyone who has worked with CATV equipment in the past
recognizes the fact that very little attention has been paid
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Figure 49. Spectrum of 12 CW Signals with Appreciable
2nd Order Distortion.

to the problem of second order distortion. The usual ampli-
fier specification states the noise figure, gain and cross-
modulation but does not mention sum or difference fre-
quency beats or second harmonics. The reason for this is
related to the standard channel frequency assignments
established by the FCC. If one takes any pair of picture
carrier frequencies in the standard 12-channel assignments,
their sum or difference does not fall in any of those chan-
nels. Similarly, with one minor exception (channel 6 sound
carrier), the second harmonics of all low band carriers fall
between the two bands. Figure 49 shows the spectrum
obtained when 12 CW signals on the normal picture
carrier frequencies were introduced into a CATV amplifier
at levels somewhat higher than normal operating level.

This shows how the spurious signals resulting from second
order distortion fall below and between the bands, but not
within the channel limits. Since this is true, second order
distortion has no bad effects on an amplifier carrying up
to twelve standard TV channels, and normally is not con-
sidered in this case.

Two Sinusoidal Input Voltages with Third Order
Distortion

Figure 50 (a) illustrates the appearance of the output volt-
age of an amplifier having third order distortion when the
sum of two sinusoidal voltages [similar to that shown in
Figure 47(a)] is introduced into the input. The flattening
of the larger vertical peaks is clearly evident. A spectrum
diagram showing the frequency components in the output
is shown in Figure 50(b). In addition to the two original
sinusoidal components (at f; and f,) spurious signals occur
at the following frequencies:

2f,—f, This falls below f; at a spacing corresponding
to the frequency difference between f; and f,.
2f,—f; This falls above f, at a spacing corresponding
to the frequency difference between f; and f,.
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3f, and These are the third harmonics and the spacing
3f,  between is three times the spacing between
f, and £,.

2f,+f, This falls above 3f; at a spacing corresponding
to the frequency difference between f; and fs.

2f,+f; This falls below 3f; at a spacing corresponding
to the same difference.

Cross-Modulation and Compression

The spurious signals generated by third order distortion
can give trouble in any multi-channel system since it is
possible for them to fall within some of the channels. In
present CATV systems they do not generally cause as
much trouble as another effect of- third order distortion,
“cross-modulation.” This is one of the two important as-
pects of third order distortion which do not result in
components at new frequencies. (The other being “com-
pression”). Each of these effects represents a change in
gain at the channel frequencies rather than the generation
of new frequency components. Figure 51 illustrates these
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Figure 51. Spectra of Input and Output Signals Showing
Effects of 3d Order Distortion.

effects. The upper spectrum diagrams illustrate the input
signal components in an amplifier which has severe third
order distortion, the lower diagrams illustrate the resulting
output signal components. The amplifier voltage gain, for
small signal input, is 10 times. Thus, as illustrated in
Figure 51(a), an input of 2 millivolts gives an output of
approximately 20 millivolts.

The transfer characteristic of this amplifier can be approxi-
mated by an equation where a “cubed” term is subtracted
from a “linear” term, with a shape resembling Fig. 39(c).
With such a characteristic the effective gain decreases as
the input signal amplitude increases. Thus, as shown in
Figure 51(b), increasing the input signal of this amplifier
to 10 millivolts results in an output of 90 millivolts, rather
than 100 millivolts which would be obtained if the gain
were not reduced by the effects of third order distortion.
This effect, the reduction in gain at a single frequency as
the signal amplitude increases, is called compression and
results in the distortion of the modulation envelope on any
modulated signal going through such an amplifier. When
this effect occurs in an amplifier carrying a single TV-mod-
ulated signal, it results in a flattening of the sync peaks
which is called “sync compression.”

Figure 51(c) shows what happens when a signal is intro-
duced at low level on another frequency. Several effects
can be seen: The output level on the new frequency is
somewhat below the 20-millivolt point it would reach if
the strong signal were not present; the strong signal output
is slightly reduced by the presence of the new signal [com-
pare with (b)], and a spurious component at 2f;—f, can
be seen.

As shown in Figure 51(d), increasing the second input
signal to full amplitude results in a further reduction in
gain so that both output signals at the original frequencies
are below 60 millivolts and the spurious signals increase
in amplitude. The most significant effect here is that the
gain on each channel is reduced not only by an increase
in level on that channel but also by the increase in level on
the other channel. This results in a transfer of any varia-
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tion, or modulation, on one carrier to any other carriers
going through the same amplifier. This transfer is called
cross-modulation and represents the worst effect of non-
linearity in present-day CATV amplifiers.

This effect is further illustrated in Fig. 52. Figure 52(a)
shows the output signal obtained when a sinusoidal input_
is applied to an amplifier with a small amount of third
order distortion. Figure 52(b) shows what happens when
a second signal, fully modulated, is fed through the same
amplifier, simultaneously with the original CW signal. The
output includes the modulated signal (which shows up in
the frequency spectrum as a carrier with smaller sidebands
on each side), the output at the frequency of the original
CW signal, and two spurious sideband components which
show up adjacent to the CW signal frequency as a result
of third order distortion. It is clear how this distortion

results in a transfer of modulation from one signal to the
other.

Conclusion

This chapter has attempted to describe all of the effects
which result from the simplest kinds of non-linearity,
second order and third order distortion, in amplifiers of
the type used for CATV systems. It has shown that second
order effects are generally unimportant with present-day
frequency assignments and that, of all the third order
effects, cross-modulation is the most important, represent-
ing the factor which limits the output level at which the
amplifiers in these systems may be operated without de-
grading the picture quality at the receivers served by the
system.
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CHAPTER V

A MATHEMATICAL ANALYSIS OF DISTORTION
AS IT OCCURS IN CATV AMPLIFIERS

LIST OF SYMBOLS

(in the order of their use)

Amplitudes of each of three sinusoidal input voltages.
Corresponding frequencies.
a= 27rfat, b = 27rfbt, c= 27rfct.

Constants characterizing the first, second and third order dis-
tortion of the amplifier.

The total instantaneous input and output voltages.
First Order output levels, in dBmV.

A decibel constant characterizing second order distortion defined

by:
ko

K, = 20 log,, ——\/k—2—2 Expressed in dBmV
1
V2 )

K, is always a negative number since k, << k;2.
Sum or difference beat level, in dBmV.
Second harmonic levels, in dBmV.

A decibel constant characterizing third order distortion, defined
by:

ks
K; = 20 log;, 3_V2 s Expressed in dBmV

(%)

Kj; is always a negative number since k3 << k,3.
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Labe

Lgap, Ligse, etc.
Lav LSb: L3c
Rab/a: etc.

Roasas Ravsms Racse

Rabc/a: Rabc/ba Ra.bc/c

R2nb /as etc.

B'Bn/ ar Rab/ b Rac/ c

XM, xm

€a (D)

Tape

Triple beat levels, in dBmV,
Intermodulation Component levels, in dBmV.
Third Harmonic levels, in dBmV.

The relative level of the sum or difference beat between signals
at a and b referred to the level of a, in dB. Similar symbols are
used for other pairs of signals and other reference signals.

Relative level of second harmonic, referred in each case to the
output level at the fundamental frequency, in dB.

Relative level of the triple beat, referred to each of the three
output signals, in dB.

Relative level of each of the Intermodulation components referred
to the indicated output. In this example the relative level of the
component at 2f, = f; with reference to the level at f,, in dB.

Relative level of each third harmonic component, referred to the
output level at the fundamental frequency, in dB.

XM is the NCTA standard cross-modulation ratio expressed in
decibel form, xm is the same ratio in voltage form.
XM =20 lOg 10 X1,

€max — ©min

m is the conventional modulation factor: m =
€max T €min

(100 m = % modulation).
M is the modulation factor in decibel form: M = 20 log;, m.

n is the total number of input signals applied to an amplifier,
including the test signal.

This is the amplitude of the output voltage at f, including the
effects of third order distortion. (As contrasted with the undis-
torted output = k;A.)

The voltage ratio of the triple beat output component amplitude
to the first order output at f,.

When A =B = C, 1y, = 3/2 % A2,
1

Rabc/a =20 10g10 Tabe-
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A SUMMARY OF THE DECIBEL EXPRESSIONS

OUTPUT LEVELS EXPRESSED IN dBmV

First Order Output Component Levels:

kA
L, = 20 logy, (ﬁ), at f,

L, = 20 logyo ﬁ , at £

k,C
L, = 20 log;, (\—/1:2> at f,

Second Order Distortion Component Levels:

Sum and Difference Beats:

Lab = K2 + La + Lb (at fa + fb)
Lbc = K2 + Lb + LC (atfb * fc)
Lo =K+ Ly + L (atf, = £)

Second Harmonics:

Lo, =K, + 2L, — 6, at 2f,
L2b = K2 + 2Lb - 6, at 2fb
Lo, = K, + 2L, — 6, at 2f,

Third Order Distortion Components:

Triple Beat Component Levels:

Lope = K3+ Ly + Ly + L (atf, = fy = £)

Intermodulation Component Levels:

Loap, = K3 + 2L, + Ly, — 6dB (at 2f, = f;)
Lo, = K3 + 2L, + L, — 6dB (at 2f, = f,)
Loy, = K3 + 2Ly, + L, — 6dB (at 2f, = f;)
Lgye = Kg + 2L, + L, — 6dB (at 2f, = f,)
Ly, = K3+ 2L, + L, — 6dB (at 2f, = f;)
Lo = K3+ 2L, + L, — 6db (at 2f, = f;,)

Third Harmonic Component Levels:

Ls, = K; + 3L, — 15.5 (at 8f,)
L3b = K3 + 3Lb — 155 (at Sfb)
Ls, = K5 + 8L, — 15.5 (at 3£,)
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RELATIVE DISTORTION EXPRESSED IN DECIBELS

Relative Second Order Distortion:

Relative Sum or Difference Beat

Rapa =Ko + Ly (atf, = £)
Rye/p = Ky + L (atfy, = £.)
Plac/a = K2 + Lc (at fa + fc)
Rab/b =K, + L, (atf, = fb)
Rbc/c = K2 + Lb (at fh *= fc)
Rac/c =K, + L, (at fa = fc)

Relative Second Harmonic:

R2a/a = K2 + La —6 (at 2fa)
Rovp =Kz + Ly, — 6 (at 2f;)
R2c/c = K2 + Lc —6 (at 2fc)

Relative Third Order Distortion:

Relative Triple Beat:

Rapesa = Kg + Ly + L (atf, = f, = £.)
Rabc/b = K3 + Ln + Lc (at fa *x fb * fc)
Rabc/c = K3 + La + Lb (at fa = fb = fc)

Relative Intermodulation:

Roan/a = Kg + Ly + Ly, — 6dB (at 2f, = £,)
Raap/n = K3 + 2L, — 6dB (at 2f, = £)
Ropesa = Ky + Ly + L, — 6dB (at 2f, = f,)
Roge/e = K3 + 2L, — 6dB (at 2f, = £,)
Ropesp = K3 + Ly + L, — 6dB (at 2f, = f,)
Ropese = Kg + 2Ly, — 6dB (at 2f, = f.)
Ropasa = K + 2L, — 6dB (at 2f, = £,)
Ropap = Kg + Ly + L, — 6dB (at 2f, = f,)
Roeasa = Ks + 2L, — 6dB (at 2f, = f,)
Rocaje = Ks + L + L, — 6dB (at 2f, = f,)
Roenp = K5 + 2L, — 6dB (at 2f, = f;)
Ry = Kg + Lo + Ly, — 6dB (at 2f, = £,,)

Relative Third Harmonic:

Rza/a = K3 + 2L, — 15.5dB (at 3f,)
Rapsp = K3 + 2Ly, — 15.5dB (at 3f;,)
Rsc/e = K3 + 2L, — 15.5dB (at 3f,)

NCTA Cross-Modulation

XM=K3+2L+2010g10 (n— 1)

Cross-Modulation in Terms of “M”
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INTRODUCTION:

The preceding chapter “The Fundamentals of Distortion in
CATV Amplifiers” develops, chiefly from a graphical stand-
point, the general nature of distortion as it occurs in
CATV amplifiers. It illustrates the spectra of spurious
signals generated by second and third order curvature in
the transfer characteristic, and describes the compression
and cross-modulation effects resulting from third order
curvature. In this chapter the quantitive relationships be-
tween the various distortion products will be developed
mathematically, and a consistent way of expressing them in
the convenient decibel “language” of CATV will be shown.

It must be borne in mind in considering what follows that
some of the basic assumptions necessary to permit easy
mathematical development are not completely justified in
reality. For example, the assumption that the gain and
distortion coefficients (k;, ko, and k) are constant for all
input signal frequencies is distinctly at variance with the
measured performance of practical amplifiers. These dis-
crepancies, while very significant, do not nullify the useful-
ness of the relationships developed. However, extreme
care must be exercised when drawing conclusions concern-
ing real amplifiers from the mathematical considerations.

RESULTS OF THE BASIC MATHEMATICAL
DEVELOPMENT:

Assume an amplifier with 75-ohm input and output im-

pedances and with sinusoidal input voltages at each of
three frequencies:

em=Acosa+ Bcosb+ Ccosc

(Note that A cos a and A sin a are both sinusoidal voltages.
Their waveforms are identical except for a 90° phase
difference. The cosine form is used throughout this anal-
ysis because it results in simpler expressions.)

A, B and C are the amplitudes of each voltage re-
spectively, measured in millivolts.

Also: a = 27f,t, b = 2xfyt and ¢ = 2#ft; a > b > ¢

Assume further that the transfer characteristic of the
amplifier can be accurately represented at all frequencies
by a power series containing three terms:

€out = Kq€1y + ko + kgey,®

€;, is the instantaneous input voltage as described above,
k;, ko and k; are complex numbers describing the gain,
phase shift and distortion properties of the amplifier.
Although, in a real amplifier, any phase angle may be
associated with each of these constants, in this example the
phase angle for k; and k, will be assumed to be 0°, and
that for kg either 0° (indicated by a + sign) or 180°
(indicated by a — sign).

With these conditions the output will contain the following sinusoidal components (see Appendix I, p. 105 for derivation):

First Order Components:

Components identical with the input ke = Three First Order Output Components

signals except with increased ampli- + k;A cosa These represent the result of linear

tude. + k;B cosb amplificatiop. k, is the small-signal
+ k,C cosc voltage gain of the amplifier.

Second Order Distortion Components:

kye;2 =
k,A2
+5
s k,B2 Three DC Components due to second
These represent a shift in average level. + 5 order distortion.
k,C2
+ 2
Components at frequencies which are + koAB cos(a = b) . .
combinations of input signal fre- + k;AC cos(a = ¢) Six Sltlm and Difference Beat Com-
quencies. + k;BC cos(b = ¢) ponents.
koA2 cos 2a
5
Components at twice the input signal k,B2 cos 2b
freqtzenci os. P g + 2TCOS Three Second Harmonic Components.

" koC2 cos 2¢

2
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Third Order Distortion Components:

The first three groups of Third order components contain components at frequencies differing from the frequencies of

the input signals.
ki’»ein3 =

+ 1/4k3A3 cos 3a

Components at three times each input

+ 1/4ksB3 cos 3b

Three Third Harmonic Components.

frequency. + 1/4k3C3 cos 3¢
~+ 3/4k3A2B cos(2a = b)
+ 3/4k3A2C cos(2a =+ c)
Components at frequencies which are + 3/4k3B2A cos(2b * a) Twelve Intermodulation (2a = b beat)
combinations of input signal fre- + 3/4k3B2C cos(2b = ¢) Components, and
quencies. + 3/4ksC2A cos(2c = a)
+ 3/4ksC2B cos(2c = b)
+ 3/2ksABC cos(a =b = ¢) Four Triple (abc) Beat Components.

The last two groups contain components at the frequencies of the input signals. When k3 is positive, these components
add to the first order output causing an increase in gain which is called expansion. When k,; is negative, they subtract

causing a decrease in gain which is called compression.

Components at the frequency of each + 3/4k3A3 cosa Three components causing Self-com-
input signal with amplitude determined + 3/4k3B? cosb pression when kg is negative, Self-ex-
by the input voltage of that signal + 3/4k3C3 cosc pansion when k; is positive.
cubed.

+ 3/2ksAB2 cosa
Components at the frequency of each + 3/2kgAC2 cosa Six components causing Cross-compres-
input signal with amplitude determined + 3/2k3BA2 cosb sion when k; is negative, Cross-expan-
by the input voltage at that frequency, + 3/2ksBC2 cosb sion when k; is positive.
and the square of the input voltage at + 3/2ksCAZ2 cosc
one other frequency. + 3/2ksCB2 cosc

Self-compression and self-expansion describe a condition
where the gain at the frequency of one of the input signals
is decreased or increased as a result of increasing the input
voltage of that signal.

Cross-compression and cross-expansion describe a condition
where the gain at the frequency of one of the input signals
is decreased or increased as a result of increasing the
voltage of another input signal.

DECIBEL EXPRESSIONS FOR THE LEVELS
OF THE OUTPUT COMPONENTS:

Decibel expressions for the output levels of each of the AC
distortion components will now be formulated, and for
CATV purposes they are most conveniently expressed in
dBmV, the decibel ratio of the RMS voltage of the com-
ponent to one millivolt RMS. The dBmV is an expression
of power level, 0dBmV = —48.75 dBm.

First Order Output Component Levels:

Since the instantaneous input voltage at f, is A cosa,

where A is measured in millivolts across 75 ohms, the peak

input voltage is A, and the RMS input voltage is
A

——, both in millivolts.

V2
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The corresponding first-order RMS output voltage is
l\c—/l%, obtained by multiplying the input voltage by k;, the

small signal voltage gain. Since the level in dBmV is de-
fined as 20 log;, (RMS voltage in millivolts) the first
order output levels, expressed in dBmV are:

Rl

L, = 20 log;, (——), at f,

L, = 20 logy, (1—) at £,

Lc =20 loglo ("'\}-i), at fc

=~ =
5 %

Second Order Distortion Component Levels:

Sum and Difference Beats:

Expressions for second order distortion levels can be ob-
tained in the simplest form by carefully defining the con-
stant “K,” in the decibel equation. Its definition is accom-



plished in the following manner: The voltage expression
for the amplitude of a sum beat is “k,AB”, so “K, + L, +
L,” is chosen as a convenient decibel expression for its
level. With this choice, since the level of a component is
20 log,, of the RMS voltage of that component:

k,AB

K2 + La + Lb =20 log 10 (—\‘/—?>

Substituting previously defined quantities for L, and Ly:

kA kB k,AB
K, + 20 log,, <ﬁ> + 20 10%10(\/1—7_)= 20 10g10( \2/—2->

k,AB kA k;B
soK, =20 1ogm<—2—ﬁ> —201log;, (\—E) —201log;, (—%)

_ kAB 32 V2
‘2°‘°g*°[v? A B

ky

V2
K2 =20 loglo '—k‘l—z
(%)

With this definition of K, Sum and Difference beat levels
in dBmV are expressed as follows:

or

Lab=K2+Lu+Lb (atfai—fb)
Lbc=K2+Lb+Lc (atfbifc)
Lac=K2+La+Lc (atfatfc)

Second Harmonics:

The amplitude of the second harmonic output at 2f, is

o
The corresponding RMS voltage is \l/c% . %2

so the level is: Ly, = 20 logy, (\1;2_2_ . A?z >

Dividing the quantity in parentheses into convenient

factors:
ke
2
Lo, = 20 logy, (i—z)z (\l;lg A ) (_;)
V2
vi |
20 log;o V2 = K,, 20 log,, (7](—% . A)2

7
V2

= La, and 20 lOg 10 -]2; = —6dB
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So the second harmonic output levels expressed in dBmV
are:

Lo, = K, + 2L, — 6, at 2f,
L2b = K2 -+ 2Lb - 6, at 2fb
Lo, — K + 2L, — 6, at 2f,

Third Order Distortion Components:

First, a quantity “K;” is defined to provide a simple ex-
pression for each Triple Beat component:

_ 3/2 ksABC
Assume: Kg + L, + L, + L, = 20 log;, _'“'\/'——2_‘"

ks ABC ) — 20 logyy —= A
vz APC )= 20hese g

ky ky
— 20 logm \/—§ B — 20 10g10 7—£ C

K3 =20 loglo (‘g“ *

=201 3 ks ABd— 1 L
it | PRy O N VU
V2 V2 V2
ks
V2

or K;3;=20logy3/2 ———=

()

With this definition of K, the triple beat levels are given by:
Triple Beat Component Levels:

Labc=K3+La+Lb+Lc (atfaifb"_'fc)

Intermodulation Component Levels:

Since the coefficient of each of the Intermodulation Com-
ponents is 3/4, which is 1/2 of the coefficient of the Triple
Beat components, 20 log;, 1/2 = —6 dB is added to ob-
tain the decibel expressions for the intermodulation com-
ponents:

Logp = K3 + 2L, + L, — 6dB (at 2f, = f;)
Lgs. = K3 + 2L, + L, — 6dB (at 2f, = f,)
Loy, = Kg + 2Ly, + L, — 6dB (at 2f, = f,)
Lgpe = Kg + 2Ly, + L, — 6dB (at 2f, = £,)
Lo, = K3 + 2L, + L, — 6dB (at 2f, = f,)
Lo, = K3 + 2L, + L, — 6db (at 2f, = fy)




Third Harmonic Component Levels:
The coefficient of each Third Harmonic Component is 1/4,

1
which is 5 the coeflicient of each Triple Beat, component.

1
To express this in dB, 20 log,, 5=~ 15.5dB is added to

each Third Harmonic Component level:

Ls, = Ks + 8L, — 15.5 (at 8f,)
L3b = K3 + 3Lb - 15.5~(at 3fb)
Ls = K; + 8L, — 15.5 (at 8£,)

Expansion/compression

It is pointless to express the levels of the expansion/com-
pression terms in dBmV. They are considered later in this
chapter.

RELATIVE DISTORTION EXPRESSED IN DECIBELS:

In the measurement and specification of distortion, it is
common practice to deal with relative distortion, ie. to
relate the amplitude of the distortion component to the
amplitude of the undistorted output component. Harmonic
distortion, for example, is commonly described in terms of
“percent harmonic” which is 100 times the ratio of the har-
monic component amplitude to the fundamental component
amplitude.

When the levels of the undistorted (first order) compo-
nents and of the various distortion components are ex-
pressed in decibel terms it is easy to arrive at a statement
of relative distortion. The relation, in decibels, between
any given distortion component, expressed in dBmV, and
a given first order output, also in dBmV, is simply the dif-
ference (in dB) between the two levels.

Relative Second Order Distortion:

Relative Sum or Difference Beat
The level of a particular sum beat component is, for
example:
Lap =K + Ly + Ly, (atf, +£3)
and the level of the first order output at f, is L,, so the
relative sum beat is the difference of the two levels:
Rab/azLab_La=K2+La+Lb_La
=K+ L,
Where “Rgyp,,,” is read “The sum beat (at f, + f,) in dB
relative to the output level at f,.” L,, L, and K, are ex-
pressed in dBmV. R, , is expressed in dB. So for the
twelve possible combinations of sum and difference beat
components related to the three first order output levels:

Raya =Kz + Ly, (at f, = £,)
Rpesp =Ko + L (atfy = ;)
Bac/a =K, + L, (atf, = £)
Bab/b = K2 + La (at fa =+ fb)
Rycre =Ko+ Ly, (atf, £ 1£;)
Rac/c = K2 + La (at fa +* fc)
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Relative Second Harmonic:

Similarly the second harmonic of the output at f, relative
to the fundamental is given by:

Roa/a =Lga — Ly =Ky + 2L, —6—1L,
=K, +L,—6

Rz./a = K2 + La —6 (at 2fa)
R2b/b = K2 + Lb —6 (at 2fb)
Rgee = Kp + L, — 6 (at 2f;)

SO

Relative Third Order Distortion:
Relative Triple Beat:

Rapesra =Kz + Ly + Ly + L. — L,

and similarly for other terms, so:

Rape/a = K3 + Ly, + L (atf, = £, = £)
Rapesp =Kz + Lo + L, (atf, = f, = £;)
Rabe/e = Kz + Lo + Ly, (atf, = f = f;)

Relative Intermodulation:

Roan/a = Kz + Ly + Ly, — 6dB (at 2f, =+ f;)
Roab/ = K3 + 2L, — 6dB (at 2f, = £)
Roaesa = Ka + Ly + L, — 6dB (at 2f, = £;)
Roac/e = Kg + 2L, — 6dB (at 2f, = ;)
Ropesp = Kg + Ly, + L, — 6dB (at 2f, = f,)
Ropese = Kg + 2Ly, — 6dB (at 2f, = £,)
Ropasa = Ks + 2Ly, — 6dB (at 2f, = £,)
Ropa/p = K3 + Ly + Ly, — 6dB (at 2f, = f,)
Rocas = Kg + 2L, —6dB  (at 2f, = f,)
Roca/e = Kg + Le + L, — 6dB (at 2f, = £,)
Roe/n = K3 + 2L, — 6dB (at 2f, = f)
Roer/e = K3 + Le + Ly, — 6dB (at 2f + )

Relative Third Harmonic:

R3a/a = K3 + 2L, —15.5dB (at 3f,)
Rapn = Kg + 2Ly, —15.5dB (at 3fy)
Rse/e = K3 + 2L, —15.5dB (at 3f,)




Compression and Expansion:

In the foregoing the first order output levels (L,, Ly, and
L.) have been used as reference levels in expressing rela-
tive distortion. It should be carefully noted that these
are not the levels that would be measured at {,, f;, and f,
when third order distortion is present. The effect of the
self- and cross-compression (or expansion) components is
to reduce (or increase) the actual output at these frequen-
cies as compared with the first order levels, and thus intro-
duce errors in measurements of relative distortion.

In practical measurements, errors due to this effect can be
avoided by temporarily removing all input signals except
the one at the frequency of measurement (to eliminate cross-
compression/expansion effects) or by measuring output
levels with a known reduction in input levels (which re-
duces all distortion). The degree of error to be expected is
a function of output level, and is related to other effects of
third order distortion as shown below.

Compression:

The degree of compression (assuming k; is negative)
can be expressed as the dB ratio of the actual output at f,
to the first order output. This ratio is determined by the
number of input signals, and by the relative third order
distortion expressed by Rg,cs, (chosen as a convenient
measure of third order distortion) as shown in the follow-
ing table: (See Appendix II, p. 107 for derivation.)

momentarily coincided in time.

Cross-Modulation:

All the preceding developments have assumed unmodulated
input signals. The signals introduced into operating CATV
amplifiers are, of course, modulated TV picture and sound
signals. The distortion components that occur in this situa-
tion are very much affected by modulation. The triple beat
between three modulated signals, for example, carries all
three sets of modulation components.

One principle allows application of the simplified analysis
to the situation where the signals are modulated. The out-
put level of a picture-modulated signal, as normally ex-
pressed, describes its maximum excursion (at the tip of
sync). Thus, the distortion component levels obtained by
using the dBmV levels of the modulated signals in the dis-
tortion equations are those that would exist in the worst
case, where all sync pulses on the interfering signals

P

One important form of distortion, Cross-modulation, occur:
only when the input signals are modulated. It is generated
by the same effects that produce Cross-compression (or
expansion) when the inputs are unmodulated. The inter-
fering test signals used to measure cross-modulation in the
NCTA Standard method are 100% square-wave modulated.
In this case the degree of modulation on the desired test
carrier (which is otherwise unmodulated) can be devel-
oped in a reasonably simple way from the CW distortion
relationships. This is done in Appendix III, p. 107.

R.../ Total Compression in dB with the Number of Equal Voltage Input Signals Indicated
abe/ a
(= Lape — Lq) 1 2 3 12 20

—20dB —0.45dB —1.41dB —2.50dB - -
—25 —0.25 —0.76 —1.32 —9.03dB -
—30 —0.14 —0.42 —0.71 —3.92 —8.32dB
—-35 —0.08 —0.24 —0.40 —1.99 -3.70
—40 —0.04 —0.13 —0.22 —1.06 —1.88
—45 —0.02 —0.07 —0.12 —0.58 —1.01
—-50 —0.01 —0.04 —0.07 —0.32 —0.55
—55 < —0.01 —0.02 —0.04 —0.18 —0.31
—60 “ —0.01 —0.02 —0.10 —0.17
—65 “ —0.01 —0.01 —0.06 —0.10
—70 “ “ —0.01 —0.03 —0.05

Expansion: .

The degree of expansion (assuming k; is positive) can be similarly expressed, and the results are shown in the following

table: (Also see Appendix II for derivation.)

R,/ Total Expansion in dB with the Number of Equal Voltage Input Signals Indicated

abe/ a

(= Lgpe — Ly) 1 2 3 12 20
—20dB 0.42dB 0.83dB 1.93dB 6.64dB 9.40dB
—25 0.24 0.48 1.14 4.33 6.43
—30 0.14 0.27 0.66 2.69 4.17
-35 0.08 0.15 0.38 1.62 2.59
—40 0.04 0.09 0.21 0.95 1.55
—45 0.02 0.05 0.12 0.54 0.90
—50 0.01 0.03 0.07 0.31 0.52
—55 0.01 0.02 0.04 0.18 0.30
—60 <0.01 0.01 0.02 0.10 0.17
—65 “ <0.01 0.01 0.06 0.094
-70 “ “ 0.01 0.03 0.054
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It is shown in part 1 that, for equal signal output levels
the NCTA standard cross-modulation, expressed in dB
(symbol XM) is given approximately by this equation:

XM=K3+2L+2010g10 (l'l— 1)

L is the output level of each signal (measured at the peak
of modulation when the signal is modulated), n is the total
number of input signals, including the unmodulated test
signal. This relationship is accurate within +0.5dB when
operating conditions are such that Ry, = —20dB, and
when the amplifier meets all the conditions assumed in this
analysis.

It is shown in part 2 that, for equal signal output levels
the decibel modulation factor (symbol M) is given approxi-
mately by this equation:
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M =K; + 2L + 20 logyo (n — 1) — 6dB

iie. M = XM — 6dB. This equation is accurate within
+0.5dB, when Rgp./, = —20dB + 20 logyy (n — 1), and
the amplifier meets all conditions assumed in this analysis.

CONCLUSION:

This chapter has presented a mathematical analysis of dis-
tortion, with particular reference to cable television ampli-
fiers. Although the analysis is based on a simplified mathe-
matical model, which differs from real amplifiers in several
respects, the results of the analysis prove to be useful in
understanding the behavior of real amplifiers.

The author wishes to express his thanks to Israel Polidi for
much help in developing the analysis, and in minimizing
errors in the final result.



CHAPTER Vi

CROSS-MODULATION IN CATV SYSTEMS

The Nature of Cross-Modulation

The maximum output level that is allowable in CATV sys-
tem amplifiers is almost always determined by cross-modu-
lation in the picture, “windshield wiper” effects, due to
many channels passing through a single amplifier.

Figure 53 may help to understand the nature of this distor-
tion. It shows the variation produced in an unmodulated
signal on one channel passing through such an amplifier
simultaneously with a modulated signal on another channel.
The modulation on channel “B” (the interfering signal)
caused a change in the amplifier’s gain and modulated the
signal on channel “A” (the wanted signal). In the particu-
lar case illustrated, the signal on “B” produced notches in
the signal on “A” whose depth was about 10% of the peak

amplitude of “A”. (i.e., dimension “X” is about 10% of

dimension “Y”).

Cross-modulation is illustrated onto an unmodulated signal
because the diagram is clearer for this case. In a real situ-
ation this transfer or “crossing” of modulation from the
interfering channel to the wanted one results in a weak re-
production of the picture of the interfering channel super-
imposed on the picture being viewed. Since the receiver’s
horizontal scanning is synchronized with the wanted signal
but usually not with the interfering one, the two horizontal
frequencies usually differ slightly, and the interfering pic-
ture moves back and forth across the screen, producing
slanting bars which give the “windshield wiper” effect.

(a)

CHAN. A OUTPUT - NO SIGNAL ON CHAN.B

SYNC TIP (100%)

WHITE LEVEL (12.5%)

(b)

BLACK BAR

CHAN. B SIGNAL

CHAN. A OUTPUT WITH CROSS-MOD. FROM SIGNAL ON CHAN. B

Figure 53. Cross-Modvulation.
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Fig. 53 shows negative cross-modulation (the weak varia-
tion on channel “A” has a polarity opposite to that of the
modulation on “B” that causes it). In actual systems or
amplifiers the transferred modulation may have either
polarity, although in our experience it is more frequently
negative.

Expressing Cross-Modulation in Percent:

The modulation of a television broadcast signal follows
standards established by the FCC. These standards require
that sync tip be held at a constant level regardless of pic-
ture content, and that the modulation minimum (white
level) be approximately 12.5% of this as illustrated in
Fig. 53 (b). Since TV modulation is unsymmetrical, the
usual definition for percent modulation is not applicable,
and in fact there is no general agreement on the meaning of
“percent modulation” as applied to a broadcast TV signal.
Some way of measuring cross-modulation and expressing it
in numbers must be found if CATV amplifiers are to be
rated. Fortunately a reasonable definition of percent cross-
modulation is possible without getting involved in the diffi-
culty of defining percent modulation for a TV signal.
Since it is difficult to measure cross-modulation with modu-
lation on the wanted channel, this measurement has usually
been done with a c-w signal substituted for the wanted
picture signal. Thus Fig. 53 (c) depicts the test signal as
it appears when cross-modulation is present. The simplest
measure of the amount of cross-modulation in this situation
is the ratio of the change in peak voltage (dimension X)
produced by cross-modulation to the maximum peak volt-
age (dimension Y). Since this is always a number smaller
than 1 it is conveniently expressed in percent:
Where cross-modulation exists, it results in a variation
in the peak voltage of an otherwise unmodulated sig-
nal substituted for the wanted carrier. Percent cross-
modulation is defined as 100 times the ratio of this
variation to the maximum peak voltage. This defini-
tion assumes full modulation (from sync level down to
white level) of the interfering signal(s).
The measurement of cross-modulation usually requires a
receiver, the measurement being made in terms of the vari-
ation in detector output as compared with the d-c output.
(See, for example, the procedure described on pp. 50 to
53.) With reasonable detector linearity such a measure-
ment will agree with the above definition with acceptable
accuracy.

Expressing Cross-Modulation in dB

While modulation of all kinds is usually expressed in per-
cent, and it is often convenient to express cross-modulation
in these terms, in many cases a dB expression is best. In
such cases, cross-modulation is expressed as so many “dB
relative to 100% modulation.”

Percent modulation implies a voltage measurement, so the
relation between dB and percent is:



% cross-mod.
Cross-mod. (dB rel. to 100%) = 20 log;, (—Cr(-);%(?l—o—)

% cross-mod.
100

logarithm is negative, so the dB expression for % cross-mod.
is always a negative number. 1% cross-mod., for example,
corresponds to —40 dB, 0.1% to —60 dB and so on.

A chart (V1) and tables (V4 and V5) in Chapter XI
allow accurate conversion between percent and dB.

Note that is always less than one, and its

Maximum Tolerable Cross-Modulation

As in the case of signal-to-noise ratio, there has been no
agreement in the CATV industry on the maximum cross-
modulation that can be tolerated in the picture. Bell Tele-
phone Company had a somewhat similar problem in deter-
mining the maximum flat video cross-talk permissible in
their systems. Carson! mentions 52 dB as the ratio of
wanted to interfering video signals when the interference
is just perceptible to a group of trained observers at a view-
ing distance eight times picture height. This is based on
careful subjective tests reported by Fowler2.

Although the general effects of video cross-talk and r-f
cross-modulation on the viewed picture are similar, they
are not the same. The effective cross-talk produced in the
video output of a receiver depends not only on the cross-
modulation (as defined above) but also on the luminance
level of that part of the affected picture signal. For a given
percent cross-modulation the effective cross-talk in the
lighter parts of the picture will be less than in the darker
parts.

Because of the differences between the two effects, further
subjective tests would be required to establish the limit for
cross-modulation with an accuracy comparable to that of
the cross-talk limit. Mathematical analysis indicates that,
at the average (grey) level in the picture signal, the effec-
tive cross-talk at the receiver’s video output will be 6 dB
below the cross-modulation at its r-f input. This would sug-
gest a cross-modulation limit of —46 dB for just perceptible
interference.

Our practice in the past, based on very limited tests before
many of these factors were well understood, has been to
design trunk line systems for a maximum cross-modulation
of —57 dB. The distribution amplifier was operated at a
level where it, too, contributed —57 dB. Our tests assumed
that all channels were modulated synchronously. Consider-
ing this assumption, and the fact that the —51 dB is 6 dB
below the number suggested above, it can be seen that our
past operations have been quite conservative in regard to
cross-modulation. Perhaps we have relied on this conserva-
tism to keep us out of trouble with all these practical factors
which work against system performance but which were
left out of our simplified theories!

(1) D. N. Carson, “CATV Amplifiers: Figure of Merit and the
Coefficient System.” 1966 I.E.E.E. Convention Record,
Part I, pp. 87-97.

(2) A. D. Fowler, “Observer Reaction to Video Crosstalk,”
‘Igimal of the SMPTE, Vol. 57, November 1951, pp. 416-
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The Change in Cross-Modulation with the
Number of Channels

Since there is no standard channel arrangement for which
amplifiers are rated, the number of channels used for rat-
ing their amplifiers’ output capability often varies from
manufacturer to manufacturer. The user needs a way of
converting ratings given for one number of channels to
allow for another number. The way cross-modulation in-
creases with added channels depends on the timing of the
synchronizing pulses on the various channels. The worst
case, and one that allows easy calculation, is when all
synchronizing pulses occur at the same time (synchronous
modulation).

When the modulation on all interfering channels is
synchronous, the total percent cross-mod. onto a given
channel from a number of others is the sum of the
individual percent cross-modulations measured sepa-
rately from each interfering channel.

For example, cross-modulation in a CATV amplifier onto
channel 2 from each of eight channels at a certain output
level was measured individually as follows:

From Channel % Cross-Mod.
3 0.18
4 0.15
5 0.17
6 0.17
7 0.16
9 0.14
11 0.13
13 0.05
Total 1.15%

The total cross-mod. on this same amplifier with all nine
channels passed simultaneously, at the same levels as be-
fore, with all channels synchronously modulated, was
measured at 1.0%, which roughly checks the theory.

A second relationship follows from this one for the rather
impractical case where the percent cross mod. from each
channel is the same:

With synchronous modulation, and an equal cross-
modulation contribution from each interfering channel,
the total percent cross-modulation is proportional to
the number of interfering channels.

Television signals from various broadcasting stations will
only be synchronized under -unusual conditions, for ex-
ample when they are originated from a common location.
In general, the signals on a CATV system have slightly
different horizontal frequencies so that their relative timing
changes continuously. This means that the degree of cross-
modulation interference in a system changes continuously.



This is illustrated by photos, Figs. 54, 55, 56 and 57 taken
from the screen of an oscilloscope connected to the de-
modulated output of a field strength meter tuned to a c-w
carrier with cross-modulation from three non-synchronous
signals. Each division on the screen represents 1% cross-
mod.

Each of the three interfering signals generated the cross-
mod. illustrated in Fig. 54.

Figure 54.

When all three were connected, and the three sync pulses
occurred at different times, the ’scope trace shown in Fig.
55 was obtained. The amplitude of the cross-mod. is about
the same as with one channel.

When all three pulses occurred at the same time (a condi-
tion that happened only once in ten minutes) the trace in
Fig. 57 was obtained. The cross-mod. was about three times
that obtained with a single channel.

Figure 57.

These photos illustrate the important point that cross-
modulation interference in an operating system with many
program sources varies widely from moment to moment,
and can be related to manufacturers’ specifications only
by using some kind of “worst case” or rule-of-thumb
compromise.

Two such rules are commonly used. They express the
cross-mod. in dB for convenience in calculation. Table I
shows the increase in cross-mod. with the number of in-
terfering channels for two “compromise” cases. The first
shows the worst case where modulation is “synchronous.”
The second assumes “random” addition where the cross-
mod. increases half a dB for each dB increase in the syn-
chronous case. Both cases assume an equal cross-mod.
contribution from each interfering channel.

TABLE I
Total Add dB to two-channel cross-mod.
Number
- o : for for
Figure 55. Channels | Synchronous Addition Random Addition
Observing the trace until two of the three pulses occurred 1 mod
at the same time, the trace in Fig. 56 was obtained. The 9 no crc())s O-mo : 0.0
cross-mod. amplitude is about twice that obtained from one ) '
channel. 3 - 6.0 3.0
4 9.5 4.8
‘ \ 5 12.0 6.0
6 14.0 7.0
i — 7 15.6 7.8
R 8 16.9 8.4
E: W 9 18.1 9.0
EEEEL 10 19.1 9.5
4 11 20.0 10.0
12 20.8 10.4
Figure 56.
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The Increase of Cross-Modulation in a
Cascaded Amplifier System

To find the cross-modulation in a long cascade of identical
amplifiers, when the characteristics of one amplifier are
known, requires a knowledge of the way cross-modulation
increases with cascading. This relationship is most easily
expressed when cross-mod. is measured in percent:

In a cascade of identical amplifiers, where each ampli-
fier operates at the same output level and the cable
loss between two amplifiers equals the gain of each
amplifier, the percent cross-modulation increases
directly with the number of amplifiers.

Mathematically: (ZXM), = mx (%XM),

where: m is the number of amplifiers in cascade
(%XM) , is the System Percent Cross-Mod.

(%XM), is the Percent Cross-Mod. of a single
amplifier

In other words, if the cross-mod. for one amplifier at normal
operating level is 0.1%, two amplifiers give 0.2%, three
give 0.3%, and so on. This is true for any system where
similar amplifiers are cascaded, and where the single-
amplifier cross-mod. can be measured at the system
operating output level.

A more general relationship, which applies to any combina-
tion of amplifiers, is:

In any system of cascaded amplifiers, the total percent
cross-modulation is the sum of the percent cross-
modulation figures for the individual amplifiers. The
individual percent cross-modulation is measured with
the same channel levels and at the same gain settings
the amplifier has when in the system.

If, for example, each of two trunk line amplifiers con-
tributes 0.1% XM, and they are followed by a distribution
amplifier contributing 0.3% and a line extender at 0.2%,
the system cross modulation would be 0.1 + 0.1 4 0.3 +
0.2 = 0.7%.

The Variation of Cross-Modulation with Qutput Level

It follows from the above that to construct a system with,
for example, 50 amplifiers in cascade, requires that each
amplifier operate at an output level producing one fiftieth
or less of the maximum permissible cross-mod. If this sys-
tem were limited to 0.5% total cross-mod., each amplifier
would have to operate at the output level producing not
more than 0.5/50 or 0.01% cross-mod.

Although it is possible, it is difficult to measure 0.01% cross-
mod. accurately. Because of this difficulty, it is common
practice to measure the cross-mod. in trunk line amplifiers
at outputs higher than the normal operating levels. A level
is chosen where the cross-mod. is readily measured, and
the anticipated distortion at operating level is calculated.
This procédure works fine when the amplifier is what we
call “well-behaved,” that is, the relation between operating
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level and cross-mod. follows a simple mathematical law.
This law says that cross-mod. is a form of “third-order”
distortion and that the percent cross-mod. is proportional
to the square of the amplifier output voltage.

% XM ,
Mathematically: L= (—E—l—) 2

ZXM, \ E,
where: E; and E; are two output voltages for a given
amplifier,

% XM, and % XM, are the corresponding percent
cross-modulation figures.

The law is easier to use when the quantities are expressed
in decibels:

In a well-behaved amplifier the cross-modulation onto
any channel, expressed in dB, decreases 2 dB for each
dB decrease in the output levels of all channels.

Mathematically: XM; — XM, =2 (S; — S,)

where: S; and S, are two output levels (in dBmV) for a
given amplifier,
XM, and XM, are the corresponding cross-modu-
lation figures (dB rel. to 100%).

For example, assume that the cross-modulation in a given
well-behaved amplifier is —50 dB at + 50 dBmV output.
What will it be at +35 dBmV?

Let S; = 450, S; = +385, XM; —50, then
XM, = XM, —2(S; — Sg) = —50 — 2(50 — 85) =
—50 — 30 = —80 dB

Decreasing the output level 15 dB from 450 to + 35 de-
creases the cross-modulation 30 dB, from —50 to —80 dB.

Conversely, this relationship provides a way of finding, for
a well-behaved amplifier, the output level at a given cross-
mod. when the cross-mod. at a known output level has been
measured.

For example:

Let the distortion XM, be —74 dB as measured at an out-
put level S; of +40 dBmV; what is the output level S, for
a cross-mod. XM, of —52 dB?

From the above:

XM,; — XM
So=8; — %, then for our example
—74 + 52 —22

+40 + 11 = 51 dBmV

These rules must be applied with caution since all ampli-
fiers are not well-behaved. Fig. 58 shows plots of output
level vs. cross-modulation for two extreme cases. Curve A
shows the behavior of a tube distributed amplifier; it is
quite well-behaved, as shown by the fact that the cross-
mod. changes almost exactly two dB for each dB change
in output level.
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Figure 58. Measurement of Extreme Cases of Cross-Modulation.

Curve B shows the characteristic of a very poorly behaved
tube amplifier. As the output is reduced below 60 dBmV,
the cross-mod. decreases to a minimum, then increases,
finally decreasing at low output levels. Nowhere does it
follow a consistent two-for-one law. If cross-mod. were
measured on this amplifier for an output level of +56
dBmV, it would read about —60 dB. Applying the rule for
well-behaved amplifiers would indicate that the cross-mod.
at +46 dBmV output would be —80 dB, whereas it is
actually —50 dB, a 30-dB error!

There are two procedures that can be followed to find
out if a given amplifier is well-behaved. The simplest is to
measure the relation between cross-mod. and output level
over the widest possible range, even though this range may
not go down to the operating level. If it follows a two for
one slope over this range, it is fairly safe to assume this
action continues at lower output levels. The more accu-
rate approach is to construct a test system with 8 or
10 amplifiers in cascade, determine the cross-mod. at the
desired system level and then use the relation described
below to find the individual amplifier cross-mod. from the
system cross-mod.

Reduction in Output in a Cascaded Amplifier System

The two rules given above can be put together to show
an important relation. One rule says that percent cross-mod,
increases directly with the number of amplifiers in cascade,
or in decibel terms:

The cross-mod. at the output of a cascade of identical
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amplifiers increases 6 dB each time the number of
amplifiers is doubled.

Or, stated mathematically: System XM (in dB) = single
amp. XM + 20 log;, m (where m is the number of cas-
caded amplifiers).

From the second rule it is apparent that, to reduce the
cross-mod. 6 dB, in a well-behaved amplifier, it would be
necessary to reduce the output 3 dB, so:

In a cascade of identical well-behaved amplifiers the
system cross-modulation can be held to the same level
as that of a single amplifier if the level at the output
of each amplifier is reduced three dB each time the
number of cascaded amplifiers is doubled.

Or, mathematically: for constant XM, system output =
single amp. output — 10 log;, m.

These rules can be applied to a cascade of any number of
amplifiers by using Table H, as follows:

a) To find maximum output level for the system, sub-
tract the Cascade Factor (C) in the left column
opposite the number of amplifiers from the maxi-
mum output level of a single amplifier.

b) To find the system cross-mod. (in dB rel. to 100%)
add 2C from the right column opposite the
number of amplifiers to the cross-mod. for one
amplifier at the system output level.

(Note that cross-mod. is expressed in negative numbers,
so adding 2C to a given cross-mod. gives fewer dB).



TABLE ]

No. of No. of No. of No. of No. of
Amps in Amps in Amps in Amps in Amps in
C Cascade| 2C C Cascade| 2C C Cascade| 2C C Cascade | 2C C Cascade| 2C
0 1 0 10.41 11 20.82 || 13.22 21 26,44 || 14.91 31 29.82 | 16.13 41 32.26
3.01 2 6.02 10.79 12 21.58 || 13.42 22 26.84 |[ 15.05 32 30.10 |[ 16.23 42 32.46
4.77 3 9.54 | 11.14 13 22,28 (| 13.62 23 27.24 | 15.18 33 30.36 || 16.33 43 32.66
6.02 4 12.04 | 11.43 14 22.86 || 13.80 24 27.60 || 15.31 34 30.62 || 16.43 44 32.86
7.00 5 1400 | 11.76 15 23.52 || 13.98 25 27.96 || 15.44 35 30.88 || 16.53 45 33.06
7.78 6 1556 | 12.04 16 24.08 || 14.15 26 28.30 || 15.56 36 31.12 || 16.63 46 33.26
8.45 7 1690 | 12.30 17 2460 || 14.31 27 28.62 | 15.68 37 31.36 || 16.72 47 33.44
9.03 8 18.06 || 12.55 18 25.10 || 14.47 28 28.94 [ 15.80 38 31.60 || 16.81 48 33.62
9.54 9 19.09 || 12.79 19 25.58 || 14.62 29 29.24 || 1591 39 31.82 || 16.90 49 33.80
10.00 10 20.00 || 13.01 20 26.02 || 14.77 30 29.54 | 16.02 40 32.04 || 17.00 50 34.00
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CHAPTER VII

THE ARITHMETIC OF CASCADED TRUNK-LINE AMPLIFIER SYSTEMS

Introduction

The noise and the cross-mod. relations worked out in the
two preceding chapters can be combined to show the fac-
tors that determine the maximum length of a cascaded
trunk-line system. The system is idealized by assuming
that all amplifiers are identical, that they are all “well-
behaved,” and that they are separated by identical cable
lengths each having a loss equalling one amplifier’s gain.
The use of decibels reduces the mathematics to simple
addition and subtraction.

Definitions

Two qualities describe the noise and distortion perform-
ance of the system; they determine the quality of the pic-
ture at the end of the system, and are, in effect, the ground
rules for system design:

R, = the lowest signal-to-noise ratio (smallest
number of + dB) that will be allowed.

XM,,,, = the highest cross-mod. level (smallest num-
ber of — db) that will be allowed.

Three more quantities describe the performance of each
amplifier:

G, = the operating gain (dB) of one amplifier
(taken from manufacturer’s specifications or
worked out for best cascading).

F, = measured (or rated) noise figure (dB) of one
amplifier at this gain.

Smazc1) = measured (or rated) output (dBmV) from
one amplifier at which cross-mod. = XM .,
on the worst channel, with the channels to
be used on the system measured at the
operating gain.

Starting with these five quantities, a great deal of infor-
mation about the system can be calculated, including the
maximum number of amplifiers that can be cascaded. From
this, knowing the cable loss, the maximum system length
is easily found.

Noise Relationships (refer to Chapter III for derivation)

Starting with a single amplifier, its noise output (input
terminated ) is N; = —59 + G; + F; (dBmV). The lowest
permissible signal output (Sp;,) is found by adding the
minimum signal-to-noise ratio Ry,:

Smin(1) = N1 + Ruin = —59 4+ G; + Fy + Rpyp (dBmV)
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When many amplifiers are cascaded, the system noise char-
acteristics are found by using the cascade factor (C) which
is related to the number of amplifiers in cascade (m) by:
C =10 log;o m (See table on page 15.)

System Noise Figure F, = F; + C (dB)
=F1 + lOlogmm (dB)

Noise Output of Last Amplifier N, = N; + C

Lowest Permissible Signal Output from last amp. is:
Smin (M) = Np, + Ruin
=_59+GI+F1+C+Rmin=Smin(l) +C

Cross-Modulation Relationships
(refer to Chapter VI for derivation)

At a given output level, cross-mod. (expressed in percent)
increases directly with the number of cascaded amplifiers.
For a given system output level S, this is expressed (in
decibel terms) :

system cross-mod. (in dB rel. to 100%)
= (single amp. cross-mod.) + 20 log,, m;
thus XM,, = XM, + 2C

When “well-behaved” amplifiers are used, the system cross-
mod. is reduced 6 dB by lowering system output level 3 dB.
This says that system cross-mod. can be held at the maxi-
mum permissible level (XMp,,) by reducing system out-
put 3 dB each time the number of amplifiers is doubled:

for system cross-mod. = XM pqx:

system maximum output Spay(m) =
Smax(1) — 10 log 10 m = Spaz 1) — C

How Noise and Cross-mod. Limit System Length

To relate noise and cross-mod., the ideal of “tolerance”
is used. The tolerance of a system expresses the variation in
level that can be allowed without objectionable picture
degradation.

Tolerance is defined as the difference, in dB, between

the lowest permissible output level (determined by

noise) and the highest (determined by cross-mod.).
For a Single Amplifier:

Tolerance T (1) = Smax(1) — Smin(1)
T(l) = Smax(l) + 59 —G; — F; — Rpya



This says that the tolerance of a single amplifier is increased
by increasing its maximum output, and by reducing its
gain, its noise figure, or the minimum permissible signal-
to-noise ratio.

For a Cascaded System:
System maximum output: Spax = Spaxay — C
System minimum output:
Spin=—59 + G; + F; + C 4+ Ry,
So system tolerance is:

Ty = Smax(m) - Smin(m)5

Ty = Spax1) — C — (=59 + G; + F; + C + Rpyn); then
Ts = Smax(1y + 59 — G; — F; — Rpin — 2C, and

Ts = T(l) —2C

This says that the tolerance of a system is increased by in-
creasing the maximum output of the individual amplifier,
and by reducing its gain, its noise figure or the minimum
signal-to-noise ratio. It is decreased as more amplifiers are
cascaded (C increases).

Maximum Number of Amplifiers

As the number of cascaded amplifiers is increased, a point
is reached where the tolerance reaches zero. For this num-
ber of amplifiers there is a single critical operating level
which alone allows satisfactory pictures. Any increase in
level produces cross-modulation; any decrease produces
snow. Obviously this is not a practical condition since levels
in an actual system inevitably vary from channel to channel
(due to frequency response variation) and with temper-
ature as the cable heats and cools. Some tolerance is re-
quired to allow for these variations, but the condition of
zero tolerance (neglecting these variations) still gives a
workable approximation to maximum system length.

Thus, for zero tolerance of a maximum number of cascaded
amplifiers the system tolerance

T, = 0 and, from the foregoing:
T(l) —2C = 0; hence T(l) = 2C.
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This means that zero tolerance for a maximum number of
cascaded amplifiers is reached when 2C becomes equal to
the tolerance of a single amplifier.

The number of amplifiers that can be cascaded without
excessive degradation is increased by all factors that
increase the tolerance of a single amplifier.

Optimum System Operating Level

The optimum system operating level is defined as the
operating level midway between the maximum output
at which cross-mod. becomes intolerable and the mini-
mum at which noise becomes intolerable.

When the number of amplifiers is increased to the point of
zero tolerance, only one operating level is possible. This
is the same as the optimum operating level for any number
of amplifiers and is found as shown:

System maximum output Syay(m) = Smaxc1) — Cs

At zero tolerance 2C = T ;);

1) .
S0 Smax(m) = Smax(1) — — that is:

The optimum operating output level for each amplifier
in a cascaded system is found by subtracting half the
single-amplifier tolerance from ‘the single-amplifier
maximum output.

At zero tolerance the maximum and minimum system out-
puts are equal, so,
since Smin(m) - Smin(l) + C, and
at zero tolerance 2C = Ty, then:
Ta
2

Smin(m) = Sminqry +

This seems like a long way round to show that the optimum
operating point for an amplifier is half-way between the
maximum set by cross-mod. and the minimum set by noise;
but it illustrates some of the reasons why this is so, and the
calculations that can be made.



CHAPTER ViIiI

MEASURING NOISE, CROSS-MODULATION AND HUM MODULATION

MEASURING NOISE

Noise Level Measurements with a Jerrold Field Strength
Meter Model 704B

The 704B was designed to measure the r-f voltage and the
dBmV levels of c-w, f-m and television picture signals in
cable systems. Although it is not calibrated for noise levels,
with suitable correction the meter can be used for this pur-
pose. Two factors prevent it from reading noise levels di-
rectly and both must be taken into account in the correc-
tion. One source of error is the fact that the bandwidth
of the 704B is approximately 0.6 MHz. Since noise levels
in CATV are usually specified for a 4-MHz bandwidth, the
meter would read approximately 8 dB low if this were the
only source of error. (Noise power is proportional to band-
width, and a power ratio of 4/0.6 = 6.7 corresponds to
8.2 dB),

A second source of error acting in the opposite direction
is the response to noise of the peak detector in the FSM.
Since it is designed to respond to the peak of the TV pic-
ture signal, it attempts to follow the noise peaks rather
than reading the rms noise. Since noise has a higher peak-
to-rms ratio than a c-w signal; the detected output reads
high, reducing the correction required. As its output is
reduced, the efficiency of the detector is lowered and it
reads closer to rms so more total correction is needed at the
low end of the meter scale.

The curves in Figure 59 indicate the total correction re-
quired. They are based on noise calibration tests on ten
704Bs showing the variations as well as the average cor-
rection. To use the curves, the level of the noise is meas-
ured, reading the meter as if a signal was being measured.
The correction corresponding to the needle position on the
scale is then added to the measured level to obtain true
noise level.

To Determine the Signal-to-Noise Ratio
in a Trunk-line System

1. Connect the FSM input to the output of the last am-
plifier (or the output of any other amplifier where the
Signal-to-Noise ratio is desired).

2. Disconnect all signals from the input to the first am-
plifier (except the pilot tone if it is needed for normal
ALC operation) and terminate that point.

8. Tune the FSM to the highest and the lowest channels
used in the system and read the meter as if a signal
were measured.

4. Obtain the corrected noise level for each channel by
adding a correction taken from the “Average” curve.
Or, for greater accuracy, from a noise calibration of
the particular FSM as described below.
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To obtain noise level for 4MHz bandwidth:
1. Measure noise level as if it were a signal.
2. To meter reading add average correction
shown opposite needle position.

Figure 59.

5. Subtract the corrected noise level for each channel from
the normal channel level at that point in the system to
obtain the signal-to-noise ratio at that point.

Noise Calibration of a Field Strength Meter

It is sufficient to use the average curve for any 704B if
accuracy in the order of plus or minus 1 dB is acceptable.
For greater accuracy in noise measurement, the individual
Field Strength Meter must be calibrated on a known noise
source. One convenient way of doing this is diagrammed in
Figure 60. An amplifier having an accurately known noise
figure is required. The input to this amplifier is terminated,
and its output is connected through a variable attenuator
to the input of the second amplifier. The output of the
second amplifier is connected to the r-f input of the FSM.

Calibration is made as follows:

1. Tune the FSM to a convenient channel having no local
signal. Set it on the —20 dBmV (300 microvolts full
scale) range and adjust the Tuner Compensator to the
calibrated point.

2. Adjust the variable attenuator to the setting which
gives a full-scale reading on the meter (300 microvolts
or —10 dBmV).
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Figure- 60. Set-up for Noise Calibration of FSM.

. With the attenuator at this setting, measure the gain
from #1 input to #2 output, and measure the noise
figure at #1 input. (If the net gain from #1 input to
#2 input is over 15 dB, it is safe to assume that the
noise figure of the combination is the same as that of
#1 amplifier.)

. The noise output into the FSM is —59.2 + N.F. +
Gain. If, for example, the noise figure measured 8.4 dB,
and the net gain were 44.5 dB, the noise output would
be —59.2 + 44.5 + 8.4 = —6.3 dBmV.

. The correction for the FSM at full scale is the number
of dBs that must be added to the reading (—10 dBmV)
to equal this calculated noise level. (In our example,
since the noise level is —6.3 dBmV, the correction is
10 — 6.3 = 3.7 dB.

. Find the additional correction required at other points
on the scale by inserting additional attenuation, 1 dB
at a time, and noting how far below the dB marks the
needle reads.

MEASURING CROSS-MODULATION
The Basic Test for TV Cross-Modulation

The basic test for cross-mod. is a simple one; Figure 61
shows a block diagram of the set-up. A number of picture
signals at the various channel frequencies are combined
and fed through the amplifier or system under test. While
viewing one of the output signals on a good television re-
ceiver, the amplifier output levels are increased, keeping
the receiver input constant, until windshield wipers become
just perceptible. The level at which this occurs is the maxi-
mum usable output of the system.

This test has a weakness in the fact that, when viewing
TV programs, windshield wipers can be seen much more
readily on some pictures than on others. The accuracy of
the test is greatly increased if a c-w signal is substituted
for the picture signal on the channel being viewed. This
provides a white screen which does not change during the
test, so more consistent and critical observations can be
made. Since system characteristics are generally not the
same for all channels, this test is complete only when it is

- VIDEO SIGNAL SOURCE - W SIGNAL IS
W SUBSTITUTED FOR
2 lf3flalls|lellzlellollwofulle]| |&X SussTIT
- RECEIVED CHANNEL
— | -
[
INPUT NeTem
SYSTEM oUTPUT
COMBINER ATTENUATOR UNDER ATTENUATOR RECEIVER
TEST
' OUTPUT
LEVEL
INDICATOR | TO 1OmV INPUT

Figure 61. Basic Test for Cross-Modulation.
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made on each channel, the c-w signal being substituted in
turn for each of the channel signals. The maximum usable
output is that which gives barely visible interference on
the worst channel.

A Cross-Modulation Test Set

While the “white-screen” test is simple and direct, the
resulting output ratings depend somewhat on the judgment
of the person carrying out the test. For more accurate re-
sults an instrument is needed which gives repeatable read-
ings. A brief description of the test set used in our labora-
tory and factory will show the essential elements of such
an instrument.

Figure 62 shows a block diagram of the test set-up. Any
combination of the twelve crystal-controlled carriers is
available. Each one is 100% modulated with a 15.75 kHz
square-wave, except the one to which the receiver is tuned;
this carrier is unmodulated, but its amplitude is the same
as the peak amplitudes of the modulated carriers. The re-
ceiver gain is kept constant so that, when the channel levels
and attenuator settings are adjusted for full scale reading on
the d-c meter, the receiver input is standardized at a con-
venient level (0 dBmV). The amplifier output level in
dB is then the same as the dB attenuation of the output
attenuator.

The second detector output contains a small 15.75 kHz
component due to cross-modulation. This is amplified
through a high-gain, narrow-band, 15.75-kHz amplifier,
and its level indicated on a meter calibrated in dB below
100% modulation.

To carry out a test, the amplifier is connected, the desired
channels turned on, and the channel levels and attenua-
tors adjusted for rated output on each channel. The receiver

is tuned to each of these channels successively and the
cross-modulation readings are recorded. The amplifier rat-
ing is based on that channel which shows the greatest
cross-modulation. When a trunk-line amplifier is being
tested, its “behavior” is determined by changing the set-
tings of the two attenuators to alter the output levels in,
for example, 2-dB steps to find if the cross-modulation
follows the “two-for-one” law expected of a “well-behaved”
amplifier.

Measuring Cross-Modulation with a 704B
and Picture Signals

While specialized equipment like that described in the
foregoing allows rapid and accurate measurement of cross-
mod. in the laboratory, reasonably accurate measurements
can be made in the field using system signals and a selec-
tive receiver, such as the 704B, While the method is sensi-
tive enough to measure cross-mod. in complete systems, or
in distribution amplifiers, it is not sensitive enough to
measure it in trunk line amplifiers at their normal operating
levels.

The equipment set-up for this test is diagrammed in Figure
63. The required signals are obtained from the system or
directly from the head-end converters. A c-w signal is ob-
tained on the channel being measured by using a c-w signal
generator, or switching the converter to a “signal replace-
ment” condition. To make the cross-mod. readings agree
with those made on a test set of the type described previ-
ously, modulation on all channels other than the one being
measured should be synchronous. Where tuneable con-
verters are used, this can be accomplished by tuning them
all to receive the same station.

The high-pass filter shown between the video output of

15.75 kHz
SQ WAVE
GEN. EACH GENERATOR
l_ _ ¢y HAS ON-OFF SWITCH
‘ ! CHANNEL
l 5 I8 (] o]0 "]|]?2] SENERATOR RECEIVER
T ATTENUATORS ARE | SET TO 1
ADJUSTED FOR | MEDT%R FuLL !
0 dBmV HERE | TR SCALE |
| COMBINER ' FOR |
| 0dBmV |
INPUT
| Al L 14
oE, T aie
ATTEN. — ATTEN. H AND : ]
UNDER / o : !
TEST !
WHEN RECEIVER IS TUNED TO A CHANNEL, MODULATION | c%& AM; '
IS REMOVED ON THAT CHANNEL GENERATOR AND PEAK | moD.
OUTPUT SET TO SAME LEVEL AS WITH MODULATION |(d3 REL TO
P100%) ———— |
Figure 62. Jerrold Cross-Modulation Test Set.
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the FSM and the ’scope passes any cross-mod. components
(in the vicinity of 15 kHz) but rejects hum components
(near 60 Hz) so they do not obscure the measurement of
cross-mod. There is an appreciable i-f (25 MHz) compo-
nent in the video output of the 704-B. This caused a shift in
’scope centering when the Tektronix 503 ’scope we used
was set at maximum gain with a-c coupling. If this hap-
pens, tune the i-f trap for minimum shift, or for minimum
r-f voltage as measured with a VIVM at the ’scope input.

Measurement is accomplished as follows:

1. Introduce the c-w signal on one channel, and inter-
fering signals on other channels as required, into the
amplifier under test. Using the 704B as an output indi-
cator, set the channel levels and the input attenuator
to give rated output on each channel,

2. Tune the 704B to the c-w signal frequency, insert at-
tenuation in the output attenuator until the level at the
input to the 704B is close to +20 dBmV. This level is a
compromise; lower levels would have more noise,
higher levels would increase the possibility of cross-
mod. occurring in the tuner of the 704B. Now adjust
the “Tuner Compensator” for full-scale reading on the
meter.

3. Close the switch shorting out the high-pass filter, and
adjust ’scope gain and centering until the trace is on
the bottom line of the screen with the signals tempo-
rarily removed from the input, and on the top line with
the signals connected. Assuming 10 divisions on the
’scope screen, this sets the relation between c-w level
and ’scope deflection so that one division on the ’scope
corresponds to a 10% change in c-w level, and thus to
10% cross-modulation.

4. Open the switch, increase the ’scope gain 10 times,
.center the trace vertically, sync the ’scope to the hori-

zontal line frequency and observe any modulation of
the c-w due to the other channels.

Each division on the ’scope now corresponds to a 1%
change i1 c-w level and thus to 1% cross-mod.

With one interfering channel, or when all the inter-
fering channels have a common sync source, the indi-
cated cross-mod. will vary somewhat with the degree
of white in the interfering picture signal. Accuracy is
increased by observing the ’scope until a maximum of
cross-modulation is seen, corresponding to the time
when the interfering signal is experiencing a maximum
variation,

When the interfering signals derive their sync from
various sources, their horizontal frequencies will differ
slightly so that the relative timing of the various hori-
zontal sync pulses will change constantly. The maxi-
mum cross-modulation under this condition will occur
when a number of the sync pulses occur momentarily
at the same time, and it will be necessary to observe
the ’scope trace for some time to estimate the deflection
corresponding to this maximum condition.

To be sure that there is no cross-modulation in the 704B
circuits, nor in the mixing circuits where the various
input signals are combined, it is advisable to test the
cross-modulation with the input signals connected to
the 704B input via the attenuators, with no amplifier.
Adjust for equal levels near +20 dBmV at the 704B
input, tune to the c-w signal and measure cross-mod.
as above.

The video output from the 704-B is approximately 1 volt
p-p when the meter reads full scale. When using a
’scope with a sensitivity of 1 mV/cm, the gain can
generally be increased up to 100 times for a maximum
sensitivity of 0.1% cross-mod. per division.

MOUNT HI-PASS FILTER AND |-F TRAP

IN SHIELD CAN NEAR 'SCOPE
TO MINIMIZE HUM _l
SIGNAL LEVEL
+20 dBmV 704 B 50—
FSM DIRECT
COMBINED 002 uF C-OUZ%ED
CW AND DISTR. .002.u SC
picTure—s| __'NPUT AMR OR | 4| OUTPUT RF VioEo [ oV IN
SIGNAL ATTENUATOR SYSTEM ATTEN. IN  ouT o
INPUT UNDER TEST 8-50pF :
L ||F-HTRAP s IR
_" 56K3

18T #20,1" ¢

Figure 63. Set-up for Cr
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M ement with 704-B,
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An Example of Cross-Modulation Measurement with
TV Modulation

The following photographs illustrate the measurement of
the cross-modulation in an amplifier onto a c-w carrier from
one video-modulated carrier. The amplifier was a solid-state
Model SA-1 with both signals at +60 dBmV (1 volt rms)
output. The c-w was on channel 13, the modulated signal
on channel 2. The oscilloscope used was a Tektronix Model
503 with a maximum sensitivity of 1 mV/cm.

o, pe

Figure 64.

The 704B was set on the +10 range, reading full-scale on
either signal with 40 dB attenuation inserted. With the
704B tuned to the c-w signal, ’scope gain and centering
were adjusted so that the trace was on the bottom line
(Fig. 64) with the r-f input temporarily disconnected, and
moved up 10 divisions to the top line (Fig. 65) with the
r-f input connected and the meter at full scale. The ’scope
vertical input attenuator was on the 0.1 volt-per-division
step.

Figure 65.

The switch was opened, inserting the high-pass filter, and
the ’scope gain increased 100 times. The trace was ob-
served until a maximum variation occurred (indicating full
modulation of the interfering signal) and then photo-
graphed with the result shown in Fig. 66. The peak-to-peak
deflection is about 7 divisions (averaging the fuzzy sync
tip) indicating 0.7% cross-mod. The same amplifier when
tested on our cross-mod. tester under the same conditions
showed —43 dB, almost exactly matching this result.

Using Sine-wave Modulated Signals for Measuring
Cross-Modulation

When picture signals are not available, the signals from
laboratory signal generators with sine-wave modulation can
be used to measure cross-modulation. Because of the differ-
ent form of modulation, corrections must be made if the
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results of these measurements are to agree with measure-
ments made with TV modulated signals. The following sec-
tion describes the necessary corrections.

Definition of Terms

Ep.x designates the r-f peak voltage at the modulation
maximum;

E.i, designates the r-f peak voltage at the modulation
minimum;

m designates the modulation factor for symmetrical sine-
wave amplitude modulation; it is a number between
0 and 1, defined by:

Emax - Emin .

Emax + Emin ’

100 m is the percent modulation, between 0 and 100%;

R designates the modulation ratio for any form of amplitude
modulation; it is a number between 0 and 1, defined by:

Emin .

Emavx ’

Modulation factor and modulation ratio are related as

follows:

Since_Emin = REpax

m =

R =

m= Emax - Emin _ Emax - REmnx _ 1—-R
Emax + Emin Emax + REmax 1+R
1—m
and conversely R = .
1+m

Relation between Apparent Cross-Modulation and
Modulation Ratio

The definition for cross-modulation (p. 40) assumes that
the interfering signal(s) is a TV signal fully modulated
down to white level. Since the FCC specifies a nominal
white level at 12.5% of sync peak, the modulation ratio for
such a signal is 0.125.

For sine-wave modulation 'a modulation ratio of 0.125
would correspond to approximately 78% modulation since:

1-R 1-0125 0875

METFR 140125 1.1%5

Many laboratory signal generators cannot be modulated to
this extent, so it is convenient to know the correction that
is required for other degrees of modulation.

=0.778

For a “well-behaved” amplifier or system, mathematical
analysis shows that the apparent cross-modulation is given
by:



Apparent cross-mod. (in percent) = 100 KE? (1 —RJ?)
where K is a constant determined by system distortion

E; is the rms output voltage of the interfering signal

at sync tip.

R; is the modulation ratio of the interfering signal.
Table K is calculated from this relationship. It shows that
correction to be applied when a sine-wave modulated signal
generator is used to measure cross-modulation in order to
find the percent cross-modulation as defined in Chapter V1.

This table also shows that with very little error, no correc-
tion is required when the modulation on the interfering
carrier is between 70% and 100%. The fact that the inter-
fering carriers on our cross-mod. set are modulated 100%,
for example, introduces no appreciable error.

Determining RMS Voltage Corresponding to Peak with
Sine-Wave Modulation

Since all level measurements with TV modulated signals
are expressed in terms of the rms voltage corresponding to
sync peak, it is necessary to express levels in these terms
when using other forms of modulation if the measurement
results are to agree. Where symmetrical sine-wave modula-
tion is used, levels are commonly expressed in terms of the
rms voltage of the unmodulated carrier. In such a case the
rms voltage corresponding to the peak of modulation can be
found from the relation: E, = E, (1 + m)

where: E, is the rms voltage at the peak of modulation
E, is the unmodulated carrier voltage
m is the modulation factor (% modulation -+ 100).

A Field Strength Meter is usually available and can con-
veniently be used for measuring output levels. When this
is done no correction is needed since the meter measures
a modulated signal (with either TV or sine-wave modula-

tion) in terms of the rms voltage corresponding to the
modulation maximum.

Examples of Cross-Modulation Measurement with
Sine-Wave Modulation

To illustrate the procedure, the cross-modulation in the
same amplifier used in the TV signal example was measured
using two commercial signal generators. The equipment
set-up is diagrammed in Fig. 67. The output signals from
the two generators, one on channel 2 and the other on
channel 13 picture carrier frequency, were combined
through a high-pass, low-pass band-splitting filter to pre-
vent one from cross-modulating the other. The combined
signals were introduced into the amplifier and the output
levels set at +60 dBmV (1 volt rms at modulation max.)
as indicated on the FSM. A modulation frequency of one
kilohertz and three different modulation settings were used
on the modulated generator. For each one the output set-
ting was readjusted to give 460 dBmV output as read on
the FSM.

MODULATED

SIGNAL GEN.
LOW-PASS/HIGH-PASS
55.25MHz | pviDING FILTER

LO INPUT I /

JERROLD | | arr | | sar | 7048 | Q

LHS-76 ,
SCOPE

HI INPUT I

C-W SIGNAL
GENERATOR
211.25 MHz

Figure 67.

TABLE K

Cross-Modulation Correction when Modulation of Interfering Signal is Non-Standard

On Interfering Signal To obtain cross-mod. corresponding to
TV Signal Modulation:
% Modulation Modulation Ratio Multiply indicated Add dB to
(for Symmetrical Mod.) _E_m_ir_ % XM by: O indicated XM (in dB)

10 0.818 2.97 9.5

20 0.666 177 4.9

30 0.538 1.39 2.9

40 . 0.429 1.21 1.7

50 0.333 1.12 1.2

60 0.250 1.06 0.5

70 0.177 1.02 0.2
77.8% 0.125 1.00 . 0.0

80 0.111 1.00 0.0

90 0.053 0.99 —0.1
100 0.000 0.99 —-0.1

#Corresponding to full modulation of a TV Signal.



Fig. 68 shows ’scope photos indicating the demodulated
output of the FSM when tuned to the interfering (modu-
lated) signal. In each case the ’scope was operated in the
d-c mode, with gain and centering adjusted so that 0 input
corresponded to the bottom line on the screen and 1 volt
rms to the top line. Note that, since the maximum is at
1.0 volt in each case, the voltage at the minimum should
equal the modulation ratio (0.54 for 30% modulation, and
0.33 for 50% modulation).

IVrms—»

(a)
30%
MODULATION

o—»

(b)
50%
MODULATION

(¢)
100%
MODULATION

S -
e

Wi
AT
HA\VANE \

Figure 68. Demodulated Output—Interfering Signal.

Fig. 69 shows ’scope photos indicating the demodulated
output of the FSM when tuned to the wanted (c-w) signal.
In each case the ’scope was operated in the a-c mode and
the gain increased so that each division corresponds to
0.1% cross-modulation. Applying the correction factors from
Table K to each measurement gives the following result:

% Modulation of Apparent Corrected %
Interfering sig. | % Cross-mod. | Correction | Cross-mod.
30% 0.5% 1.39 X 0.7%
50% 0.6% 1.11 X 0.67%
100% 0.7% 1.00 X 0.7%
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Figure 69. Demodulated Output—CW Signal.

Comparing these results with those obtained on the same
amplifier with the cross-mod. tester and with TV signal
modulation, it is apparent that there was good agreement.

MEASURING HUM MODULATION
Measurements with a 704B Field Strength Meter

Since most CATV amplifiers are powered with 60 cycle a-c,
the possibility exists that power supply ripple will modulate
the signal going through the amplifier. Hum modulation
can show up on the customer’s receiver as horizontal bars
that move slowly up or down, so it is necessary to test am-
plifiers and systems to be sure this effect is not present.

With a direct-coupled ’scope and a hum-free source of c-w
signal, a 704B field strength meter can be used for measur-
ing hum modulation. Because some hum is inherent in the
instrument, the test is limited to relatively high levels of
hum modulation (—50 dB or worse). Thus the 704B can
be used for testing hum modulation in complete systems,

-but is not good enough for testing individual amplifiers

intended for trunk line service.



For testing hum modulation, proceed as follows: Thus a peak-to-peak variation of 10 divisions would
represent 50% modulation, 2 divisions would represent

1. Connect the Signal source to the input of the amplifier 10% and so on
or system under test, and the 704B to its output, as ’
shown in Fig. 70. ' 5. For convenient measurement, switch the ’scope to a-c
coupling without changing the gain, and center the
trace vertically. If the % mod. is so low that it cannot be
FIELD measured, increase the gain of the ’scope 10 times.
STRENGTH 'SCOPE
10, GEN. AMP. OR ; METEsloso VERT Now percent mod. = 0.5 x peak-to-peak variation.
WITH LOW [— SYSTEM | = L_T T_ m . ’
HUM MOD. UNDER TEST I Al o 6. To be sure the signal source, the FSM or the ’scope
ADJUST INPUT FOR NO GROUND ON is not producing a hum indication, it is a good idea to
NORMAL LEVEL HERE 'SCOPE CASE test the system first with the source output connected
directly to the FSM. Under this condition, the hum
Figure 70. modulation should be well below that measured on
the amplifier or system, if that measurement is to be
2. Set the source to a convenient frequency (the center trusted.
of the band is usually a good choice), and adjust its
output so the amplifier or system output is at normal Example: The ’scope photographs in Figs. 71 to 74 illus-
level. trate the technique.

3. Connect the video output of the 704B to the ’scope ver-
tical input with a shielded lead as shown on the dia-
gram. To minimize stray hum loops, be sure there is
no other ground on the case of the ’scope. If it has a
three-pin power plug, use a 2-pin adapter (which has . Ed
no ground pin). Sync the ’scope to the “line” at a fre- Ed
quency of 30 or 60 cycles.

HHHHHHHH

4, Set the 704B to “Manual Gain” and adjust gain until
meter reads full scale (100). Now adjust ’scope gain
and centering so that, with the signal source tempo-
rarily disconnected, the trace is on the bottom line
of the ’scope screen, and with the source re-connected
it goes up to the top line. Assuming the screen has 10
divisions, this adjustment sets the relation between
’scope deflection and c-w level so that each division Figure 71.
on the screen represents a 10% change in level. Since
hum modulation is usually symmetrical (varying both
above and below the unmodulated level) percent
modulation follows the rule:

Fig. 71 shows the trace at the bottom of the screen with
no input to the amplifier.
Em x ~ E i
percent mod. = 100 m = 100 X —— =%
Emax + Emin
Since the average (or unmodulated) level is
Emax + Emin
2

the peak-to-peak variation = Ep,x — Epin,

, and

P PREES FYTTE Y
HHHHHH

p-p variation

it follows that: percent mod. = 100 X

2 X ave. level

— 50 x p-p variation T
B unmodulated level

In this case the ’scope has been adjusted so that the un- Figure 72.
modulated level corresponds to 10 divisions, so:

p-p variation (in div.)

100 m = 50 X - Fig. 72 shows the trace. with the input set for normal
10 div. amplifier output, and ’scope gain is set so the average de-
= 5 X p-p variation (div.) flection is 10 divisions,
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Figure 73.

Fig. 73 shows the ’scope trace centered, with no change
in gain. The peak-to-peak deflection is 2 dijvisions, indi-
cating modulation of 5 x 2 divisions or 10%: This degree of
hum modulation would be excessive in an amplifier in-
tended for CATV use; the photo was made while using an
amplifier whose hum had been increased above normal by
removing a filter capacitor.

?

Figure 74.

Fig. 74 illustrates the hum modulation with a high-grade
commercial signal generator connected directly to the
input of a 704B. All of the steps have been followed, and
the scope gain increased 10x, so the percent modulation

indicated, with a deflection of about 0.7 div. p-p is about
0.5 x 0.7 or about 0.35%, which is quite good.

Expressing Hum Modulation in dB

It is often convenient, particularly when dealing with
cascaded systems, to express hum modulation in dB rather
than as a percent. The percent figures from measurement
are converted to dB as follows:
Hum Modulation (dB rel. to 100%) =
201 % modulation
o
g10 100

For example:

Hum Modulation %
(dB rel. to 100%) Modulation
—6 50.0
—20 10.0
—40 1.0
—60 0.1

(See curve p. 49).

Hum Modulation in Cascaded Amplifier Systems

When each one of a chain of cascaded amplifiers produces
a certain amount of hum modulation, the system hum mod-
ulation will increase directly with the number of amplifiers,
unless the phase of the modulation from some of the
amplifiers is different from that of others. To be safe, it is
good practice to calculate system hum modulation based
on the “worst case” where they are all in phase.

In this worst case, the percent hum modulation is doubled
each time the number of amplifiers is doubled; or in dB
terms, the hum modulation (in dB rel. to 100%) increases
6 dB each time the number of amplifiers is doubled (i.e.
the negative dB number gets smaller). To aid in system
calculations, Table L shows the increase in hum modula-
tion for up to 50 cascaded amplifiers.

TABLE L
INCREASE OF HUM MODULATION IN A CASCADED AMPLIFIER SYSTEM
WORST CASE:
ASSUMING IDENTICAL AMPLIFIERS, AND PHASED HUM
To get system To get system To get system To get system To get system
mod. (dB) mod. (dB) mod. (dB) mod. (dB) mod. (dB)
No. of ADD TO No. of ADD TO No. of ADD TO No. of ADD TO No. of ADD TO
Cascaded | dB MOD. || Cascaded | dB MOD. |[Cascaded| dB MOD. |[ Cascaded | dB MOD. [|Cascaded | dB MOD.
Amplifiers [FOR 1 AMP. || Amplifiers | FOR 1 AMP. {|Amplifiers| FOR 1 AMP. || Amplifiers | FOR 1 AMP. ||Amplifiers { FOR 1 AMP.
1 0 11 20.82 21 26.44 31 29.82 41 32.26
2 6.02 12 21.58 22 26.84 32 30.10 42 32.46
3 9.54 13 22.28 23 27.24 33 30.36 43 32.66
4 12.04 14 22.86 24 27.60 34 30.62 44 32.86
5 14.00 15 23.52 25 27.96 35 30.88 45 33.06
6 15.56 16 24.08 26 28.30 36 31.12 46 33.26
7 16.90 17 24.60 27 28.62 37 31.36 47 33.44
8 18.06 18 25.10 28 28.94 38 31.60 48 33.62
9 19.09 19 25.58 29 29.24 39 31.82 49 33.80
10 20.00 20 26.02 30 29.54 40 32.04 50 34.00
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CHAPTER IX

REDUCING THE EFFECTS OF REFLECTION IN CATV FEEDERS

Introduction

The pressure type tap is a convenient and economical way
of connecting the customer house drop cable to the feeder
cable in a CATV system. Because of this convenience the
large majority of taps in use today are of this type. Hun-
dreds of thousands of them are providing satisfactory serv-
ice in systems all over the country. Unfortunately there is
a penalty attached to the pressure tap’s convenience. Be-
cause it must tap into the feeder cable with no opportunity
for series compensation, the pressure tap inevitably intro-
duces reflections into that cable. This chapter shows how
these reflections can be minimized by careful tap design,
and how their adverse effect on the transmission of picture
signals can be greatly reduced by grouping taps in optimum
arrangements.

Improvements in Pressure Tap Design

Until recently Jerrold has manufactured four basic types
of pressure taps. The earliest designs, Models PTR and
PTC, employed a series resistor or a series capacitor con-
necting the pressure point to the center conductor of
the drop line, as illustrated in Fig. 75. The resistor tap
(PTR) was used for line-to-tap losses of 30 dB and over,
the capacitive tap for lower loss magnitudes. This design
had the advantages of simplicity and low cost. While the

capacitive tap had high efficiency (i.e., the loss on the
feeder line, for a given line-to-tap loss, was low compared
to that of other designs) it introduced reflections on the
feeder that were much worse than those introduced by
transformer taps having the same line-to-tap loss.

Fig. 76 shows the schematic diagram of a transformer tap.
A tightly coupled auto-transformer steps up the impedance
of the load to a high, and essentially resistive, impedance
bridging the feeder line. A coupling capacitor isolates the
primary at low frequencies and a series resistor raises the
output impedance so the tap acts as a well-matched source
for the drop line. Jerrold manufactures two kinds of trans-
former taps which are similar electrically but differ me-
chanically. The CMT tap is convenient as a replacement
for the older taps. It is mechanically interchangeable with
the PTR and PTC. However, the ¥ inch hole into which
this unit threads is too small for optimum electrical per-
formance. The BMT transformer tap uses a % inch hole;
this increased clearance allows a reduction in stray capaci-
tance with a considerable improvement in high-frequency
performance.

Table M compares the reflections introduced into an other-
wise reflectionless 75-ohm line by single taps of each type.

FEEDER CABLE

N TAp i roINT  © oVUT TAP/N POINT
I r—— ——" =

I | ' |

| I | c |
el T

|

| | | |

| | | |

ouT ouT
PTR PTC
Figure 75.

. .
i TAP /NPOINT

out BMT and CMT

Figure 76.

TABLE M Reflection Introduced into a Feeder by One Tap at the Worst Frequency (216 MHz)

Loss From

Line to Tap Resistive and Transformer

at 216 MHz Capacitive Taps Taps
35 dB PTR(6) 26. dB CMT(35) 22.0 dB BMT (25) 26.0 dB
30 dB PTR(3) 25.5 dB CMT(30) 21.0 dB BMT (20) 28.0 dB
25 dB — CMT(25) 22.0 dB BMT(16) 29.0 dB
20 dB PTC(W) 19.5 CMT(20) 21.6 dB BMT(12) 26.7 dB
16 dB PTC(R) 16.4 CMT(16) 21.4 dB BMT(35) 25.4 dB
12 dB PTC(Y) 14.2 CMT(12) 19.5 dB BMT(36) 21.1 dB

Note: Reflection figures on this table were obtained by measurement of production units selected at random. Published specifications

show somewhat greater reflection in each case.




Notice the substantial reduction in reflection accomplished
by the use of transformer taps at low tap losses. At a 16-dB
tap loss, for example, the reflection from the CMT is
nearly 6 dB less than that from the PTC, and that from
the BMT is nearly 10 dB less. For tap losses above 30 dB,
where resistive taps were used, the transformer taps do not
show the same improvement, but still have the important
advantage of providing a back-matched source.

Periodicity

To understand reflections on CATV feeders it is essential
to understand “periodicity,” the accumulation of reflections
from equally spaced discontinuities. A number of simple
examples may help to explain the effect. Fig. 77 illustrates
conditions existing on a, lossless 75-ohm transmission line
perfectly terminated with a 75-ohm resistor. There is no
reflection at any frequency (b), so the input impedance
is constant at 75 ohms (c), and the application of a pulse
to the input creates no echo (d).

(a) IN—>

Yrsa

(b) rercecTion "
0 [

1
0 25 MMz so 75

INPUT 5

1 1 [
(c) mpepance ! 25 tMHz %0 75 100

100%
(d) puLse J-l
RETURN

TIME —

Figure 77. Uniform Lossl Line, Terminated in its Characteristic
Impedance, No Discontinuity.

Now consider what happens when a 3700-ohm resistor is
bridged across the line at a distance from the input equal
to one-half wavelength at 25 MHz (Fig. 78 a). This dis-
continuity across a 75-ohm line produces a constant 1%
reflection at all frequencies (b); this results in a VSWR of
1.02 and as a result the input impedance varies from a
minimum of 73.5 ohms (75 <+ 1.02) when the reflected
voltage wave arrives at the input 180° out of phase with
the input, to a maximum of 76.5 ohms (75 X 1.02) when
the two waves arrive in phase (c). The application of a
pulse to the input results in a single echo following the
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Figure 78. Uniform Lossless Line, Terminated, 1 Discontinuity.
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Figure 79. Uniform Lossless Line, Terminated, 2 Discontinvities.

input pulse by a time corresponding to the round trip
delay from the input to the discontinuity and back (d).
Next, two equal discontinuities spaced at equal distances
are bridged across the line (Fig. 79 a). At zero frequency,
and at even multiples of the frequency at which the spac-
ing is one-half wavelength, the two reflected waves
arrive at the input in phase, so they add to produce a net
reflection twice that of either wave (b). At frequencies
where the spacing is an odd multiple of one-quarter wave-
length the two reflected waves arrive at the input 180°
out of phase and cancel, so there is no net reflection at
those frequencies. The input impedance varies as shown
in (c), reaching a minimum of 72 ohms at the frequencies
of peak reflection, and touching 75 ohms at the odd
quarter-wavelength frequencies where there is no reflec-
tion. Following the input pulse there are two echoes (d).

Four discontinuities, Fig. 80(a) produce complicated varia-
tions in reflection (b) and impedance (c). Certain general
tendencies become clear. With many equally spaced dis-
continuities the reflections add to produce relatively narrow
peaks of reflection centered at frequencies that are mul-
tiples of the one where the spacing is one-half wavelength.
Between peaks there are relatively broad ranges where the
total reeflction is low. This becomes even more pronounced
with eight discontinuities (Fig. 81). This pattern with
widely spaced narrow peaks of reflection is characteristic
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cable for CATV. When the manufacturing process results
in small variations in cable dimension which are repeated
RERCECTION at equal intervals, the resulting small reflections can add
to produce severe effects at certain frequencies. Great care
(a) is required in the production of such cable to avoid the
problem. Figure 83 illustrates the reflection characteristics
of three reels of cable selected to point out the problem.
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° 25 fMir 80 s 100 a minimum of the problem by having a return loss greater
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npuT being used, with a few peaks reaching 30 dB (3%). Fig.
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(b) MAX. than 26 dB (5%) reflection at all frequencies except at
‘{f&"\\u 195 MHz, where there was an 8 dB (45%) peak! Note
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Figure 81. Uniform Terminated Line,
8 Equally Spaced Discontinuities.

of “periodicity,” showing up whenever there are many
equally spaced sources of reflection. Fig. 82 summarizes
the dependence of the reflection pattern on the number of
taps.
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when pressure taps are installed on a feeder. With tele-
phone poles spaced at regular intervals along the street
there is a tendency to space taps at regular intervals along
the feeder cable. This can cause severe trouble. Fig. 84
shows the measured build-up of reflections with various
numbers of BMT taps spaced exactly 50 feet apart on a
feeder of one-half inch foam-insulated cable.



The effects of cable attenuation can be seen by compar-
ing Fig. 84 with Figs. 77 to 81, inclusive. This cable had
an average attenuation of about 1.3 dB between 174 and
216 MHz. As a result the reflections from the more distant
taps are reduced in amplitude, so the shape of the patterns
and their peak amplitude is reduced as compared with
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what would happen if there were no attenuation. Table N

compares the measured peak reflections with those that
would occur with no cable attenuation:

TABLE N
With No Attenuation Measured

Number of] Return - Percent Return Percent
Taps Loss Reflection Loss Reflection

1 28 dB 4% 28 dB 4%

2 22.4 dB 7.7% 23 dB 7%

4 17.5 dB 13.3% 18 13%

16 8.3 38.1% 13 dB 22%

Figure 83. Reflection vs. Frequency—
3 Reels of CATV Cable Showing Effects of Periodicity.
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Figure 84. Addition of Reflections, Pressure Taps Spaced at
50" Intervals Along V2” Foam Cable.

With these severe reflection spikes spaced every 8 MHz
across the high-band, transmission of the TV signal through
the tap to the customer’s receiver is distorted. Fig. 85
shows the frequency response through the first and eighth
taps, with response variations of more than 2 dB across a
single channel. This condition may well lead to ringing
and smearing in the reproduced picture.
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Figure 85. 16 BMT Taps on »” Feeder, 800’ Long, 50 Foot Spacing,
High-Band Performance.

The problem is reduced somewhat when taps are installed
at irregular intervals so that there is no repetitive pattern.
Fig. 86 shows the reflections and responses that resulted
when the same 16 taps were installed on the same feeder
but spaced completely at random. The reflection pattern
is no longer regular and shows reduced amplitude. Trans-
mission variations are improved to a little more than 1 dB
in the worst case. This still represents a situation some-
what short of one that would guarantee excellent picture
transmission.
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Figure 86. 16 BMT Taps on V2" Feeder 800’ Long, Hi-Band Performance.
There was one tap in each 50’ cable section but spacing was random.

The importance of optimizing the design of the individual
tap for minimum reflection is illustrated by Fig. 87. This
shows a situation identical with Fig. 86, except that the
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Figure 87. 16 CMT Taps on »"” Feeder 800’ Long High Band
Performance. There was one tap in each 50° interval
but spacing was random.
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poorer transformer taps (CMT) were substituted for the
better ones (BMT). This increases the peak reflection from
16 dB (16%) to 11 dB (28%), cnd increases the variation
from a little over one dB to more than 3 dB.

Using Periodicity to Minimize Reflections

The patterns obtained with simplified reflection conditions
(Fig. 81, for example) show narrow peaks with relatively
broad areas between where the reflections were low. This
effect can be used to reduce reflections in the TV bands
by installing taps in periodic arrays with peaks outside of
these bands. If the spacing between taps is made 36 inches
(for foam-insulated cable) the reflection spike will be at
135 MHz, where this spacing is one-half wavelength and
where the reflection does no harm. At 67 and at 201 MHz,
where the spacing is one-quarter and three-quarters of a
wavelength respectively, the reflections from successive
taps will cancel, causing a minimum effect for the TV
channels between 54 and 88 and between 174 and 216
MHz.

Fig. 88 illustrates this. Fig. 88 (a) shows a plot of reflec-
tion vs. frequency for a single transformer tap (BMT25).
It reaches a maximum of close to 28 dB (over 4%) at
216 MHz. When two of these taps are attached to the
line 36 inches apart, their reflections cancel at the center
of the low band and the center of the high band, as illus-
trated in Fig. 88 (b). The net effect is that the two taps
cause somewhat less reflection than one! An even more
dramatic effect is obtained when three taps, Fig. 88 (c)
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Figure 88. Reflection vs. Frequency—

BMT Pressure Taps on V2" Cable.



and four taps, Fig. 88 (d), are connected. Whereas four
of these taps could cause as low as 16 dB return loss (16%
reflection) if they were installed so that their reflections
would add in phase, by scientific grouping they can be
made to give less reflection within the TV bands than one
tap alone.

When four taps are to be installed at a given location, a
fairly common situation in a CATV system, several arrange-
ments are possible. Fig. 89 shows the reflection plots for
some of them. The arrangement shown in Fig. 89 (a)
probably is the physically most convenient, in that the in-
staller has to reach out only 18” to either side of the pole.
The electrical performance, however, is poor, showing
excessive reflection on channels 6, 7 and 13. Either of
the other arrangements shown is good; the one shown in
Fig. 89 (c) with taps close together at the center, and
the other two spaced 36" on either side, seems to be the
best from both the electrical and the mechanical point of
view.
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Figure 89. Reflection vs. Frequency—
4 Pressure Taps in Various Possible Arrangements.

To show the. improvement that can be obtained by this
simple technique, an 800-foot feeder was equipped with
the same 16 BMT taps used in the earlier examples. They
were installed in four groups of four, each group arranged
in the pattern illustrated in Fig. 88 (d). Fig. 90 shows
the result. (Note that the vertical scale of Fig. 90 (a) is
doubled to exaggerate the reflections.) Grouping of the
taps in this way increased the feeder return loss as com-
pared with the conditions of Fig. 86 from as low as 16 dB
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to a minimum of 24 dB. Transmission variations across any
one TV channel were reduced from about 2 dB down to
about 0.5 dB. With no increase in equipment cost, tap
grouping substantially reduces. the possibility of picture
degradation due to reflections and response variations in
the feeder.

This technique is quite evidently useless where signals are
distributed covering the entire spectrum between the low
frequencies and the upper end of the band. Since the
reflection patterns achieved by grouping of taps improve
conditions within the two bands at the expense of the
region between the bands, the grouping method is useless
where this region too has signals.
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Figure 90. 16 BMT Taps on 2” Feeder 800’ Long, Grouped for
Minimum Reflection—High-Band.

Directional Coupler Multi-Taps

It is interesting to compare the performance of pressure
taps under these optimum conditions with the results ob-
tained when using a tapping device having, electrically,
the best possible characteristics. This device is the direc-
tional coupler multi-tap. Where low-reflection performance
is desired throughout the entire spectrum, the directional
coupler multi-tap is the best device and has three other
important advantages over the pressure tap:

1. Directivity: It is more sensitive to waves coming down
the feeder than to waves traveling back up the feeder,
and thus discriminates against reflections or spurious
signals coming from taps or receivers further down the
line. ’




2. Lossless Backmatch: With a transformer tap approxi-
mately half the energy tapped off the line is lost in the
backmatch resistor. With a directional coupler none
of this energy is lost, the reverse termination acts only
to absorb energy reflected from the receiver. Thus the
efficiency of a directional coupler (which determines
the line loss for a given tap loss) can be very high.

3. Multiple Outputs:. This means that fewer units are
needed with correspondingly fewer possibilities of re-
flection. The Jerrold Starline series of couplers (e.g.
Models DCM) have four outputs, so only one-fourth
the number of units is required as compared with pres-
sure taps.

The multi-tap has three disadvantages as compared with
pressure taps:

1. Installation: To install a multi-tap the feeder cable
must be cut. This takes time and interrupts trans-
mission in systems already in operation, so the pressure
tap is more convenient.

2. Pre-loading: A complete multi-tap must be installed
even if only one house drop cable is to be connected
initially; thus the use of multi-taps requires more ad-
vance planning and investment.

8. House-drops: Although the multi-tap is usually located
at a point on the feeder cable where the average
house-drop can be kept as short as practical, some of
the house drop cables will be longer than they would
be if pressure taps were used.

To allow comparison of directional coupler multi-tap per-
formance with that of the foregoing pressure tap arrange-
ments, the 800’ feeder was equipped with four DCM units
at 200’ intervals. The reflection and response character-
istics are shown in Fig. 91. It can be seen that the coupler
has slightly higher return loss (28 dB vs. 24 dB) as com-
pared with the best arrangement of pressure taps (Fig. 90)
and less response variation (about 0.3 dB vs. 0.5 dB)
but their performance is quite comparable. The coupler
requires no care in regard to spacing, works equally well
across the entire spectrum, and has the other advantages
listed above.
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Summary

This chapter has presented a technique for minimizing the
reflections from pressure taps by careful grouping. While
the best results are obtained with the better transformer
type of taps (BMT), the same improvement will be ex-
perienced with any pressure taps. The directional coupler
multi-tap is shown to have slightly better performance
than the best that can be obtained from pressure taps.
With its other advantages this suggests the use of the
coupler for situations where the very best performance is
desired and where the necessity of cutting the cable is not
too great a deterrent; in other situations the use of pres-
sure taps may be quite adequate.



CHAPTER X

SWEEP FREQUENCY TESTING OF COAXIAL CABLE

Introduction

Sweep testing is essential for coaxial cables used in ETV
and CATV distribution systems. This chapter compares
three basic methods: measurement of transmission loss,
measurement of input impedance, and measurement of
reflection coefficient.

The technical requirements for flexible coaxial cable were
organized in Military Specification JAN-C-17, originally
issued in 1944. This specification and its subsequent re-
visions spell out in detail the requirements for physical
construction and a number of electrical parameters, in-
cluding attenuation and dielectric strength of the cable.
Regarding the characteristic impedance, JAN-C-17 speci-
fied the nominal impedance which was determined by a
calculation involving the total measured capacitance of a
reel of cable, and the delay factor measured on a short
sample. For cables of relatively short lengths, this specifi-
cation was adequate; but the advent of CATV systems,
where TV signals are transmitted through many miles of
cable, uncovered the need for an additional specification.

The problem first came to light in our organization about
twelve years ago when one of our field engineers returned
to the laboratory a reel of cable which, he claimed, would
not pass TV channel 6.

Figure 92 shows the measured attenuation of this reel of
cable, indicating an attenuation spike 50 dB deep at 87
MHz!
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Loss versus frequency for 2,000 feet of defective RG11/U
cable

Figure 92.

Investigation showed that this effect was due to periodic
discontinuities, Something in the manufacture of the cable
produced variations in characteristic impedance recurring
at precisely spaced intervals throughout the length of the
cable. Due to this precise spacing, many reflections, pre-
cisely phased at a certain frequency, arrived back at the
input end of the cable, causing this severe distortion of the
transmission characteristic.

To prevent the recurrence of this problem, a program of
factory tests was begun. The original test method involved
measuring the transmission loss through each reel of cable
over the frequency bands then in use. A reel of cable was
rejected if the loss in these bands dipped more than 0.25
dB below the smoothed attenuation characteristic.

After this transmission loss measurement method had been
used for several years, it became evident that a more sensi-
tive test was needed. It was found that a measurement
of the input impedance at each end of a reel of cable gave
a more sensitive indication of the existence of periodic
reflections. Experience with the impedance measurement
method showed two major defects: it was difficult to
arrive at an accurate calibration, and the measured devia-
tion was a critical function of cable length. Removing two
or three feet from the end of the cable would change the
entire pattern.

To overcome these defects, a test method was developed
employing a bridge; this method allowed observation and
measurement of the reflections from the cable end, elimi-
nating uncertainty and allowing easier calibration. This
reflection measurement method has been used by a number
of cable manufacturers during the past five years and has
provided a satisfactory way of controlling periodic defects.

The relative merits of the three methods of sweep fre-
quency cable testing can perhaps best be developed by
describing each method in some detail and comparing
results.

Transmission Loss Measurement

Figure 93 shows a diagram of the equipment used in the
sweep frequency technique for measuring cable loss vs.
frequency. A wide-band sweep frequency transmission
measuring set is connected alternately to the cable under
test and to a variable standard attenuator. This arrange-
ment provides an attenuation reference line on the oscillo-
scope against which the loss of the cable can be compared.®
For accurate measurement it is essential that the cable
face a well-matched impedance at each end. 10-dB fixed
attenuators are used to establish this condition.

® See the author’s article SWEEP MEASUREMENTS MAKING THE TOUGH ONES EASY, in ELECTRONICS, Vol. 36, No. 16,

April 19, 1963.
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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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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.
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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.
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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.
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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.
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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.
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Figure 109. Reflection Test on Same Reel Near Worst Defect.

T 40dB

| |
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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

68

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
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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:

105

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
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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
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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.






BM—7/74 Printed in US.A. =} @® 32531




