Our next speaker is well known to most of us, Mr.
Ken Simons, Vice President of Research and Develop-
ment of The Jerrold Corporation. Mr. Simons received
his BSc in electrical engineering at the Moore School
of Electrical Engineering at the University of Pennsyl-
vania. He has been active in radio since 1928, active
in television since 1938 and has been active in CATV
since 1951,

It is with great pleasure that I present Mr. Ken
Simons to talk about '"Distortion in CATV Amplifiers."
Mr. Simons. (Applause)

MR. KEN SIMONS (Jerrold Electronics Corpor-
ation): Before I begin I would like to comment to Alan
Ross that we are delighted to have him refer to our
Channel Commander by name if he has something nice
to say about it. Otherwise he should call it a headend
converter. (Laughter)

THE FUNDAMENTALS OF DISTORTION IN
CATV AMPLIFIERS
by Ken Simons, Jerrold Corporation

Introduction:

Distortion in sound reproducing equipment is fa-
miliar to anyone who has heard a worn-out jukebox, or
an overloaded public address system. This harsh, un-
pleasant sound presents the essential nature of all dis-
tortion: What comes out of the system is different from
what went in! In a CATV system distortion does not
show up in the same way, but it is present, and it places
restrictions on system operation which must be under-
stood if it is to be intelligently planned and operated.

The amplifiers used in CATV have only one inr
tended function: to increase the signal levels. The
other things they do, the differences they generate be-
tween the outgoing 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 vari-
ations in amplifier frequency response are not the sub-
ject of this paper. It is concerned with only one kind of
distortion: effects due to the same causes that create
"harmonic distortion' in audio amplifiers. This dis-
tortion is due almost entirely to amplitude non-linearity
in the transistors. Its worst effect 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 un-
wanted 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 interfering one. A study of distortion will help in
understanding how CATV amplifiers can be operated to
avoid these problems.
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Distortion less Amplification:

Perhaps the simplest way to describe amplimde
distortion is to say what it is not. A distortionles’
plifier would be one which increased the amplitude 1
age swing) of the input signal without changing its
form. Suppose, for example, an amplifier could i
so that the output voltage, at each instant, was exactpjt
10 times the input voltage. A graph showing the o
voltage plotted against the input voltage would be?
straight line, as illustrated in Fig. 1. Such a grap o
called the "transfer characteristic! or "input‘o‘f
curve', for the amplifier. A transfer character’®
which iis a straight line is called a '"linear transfe’
characteristic'’. i

Mathematically, the performance of this amP
would be described by the equation: e 10 ein;d 0
where e ¢ is the instantaneous output voltage, & p;f’
is the instantaneous input voltage. Calculating for
ticular voltages would give a table: /

Cin ©out & 10 sl
0 0

-0.2 -2

-0.4 -4

-0.6 -6

-0.8 -8

-1.0 -10
in ®out & 10/ein)
0 0

+0.2 +2

+0.4 +4

+0.6 . +6

+0.8 +8

+1.0 +10

.0 0
This is the table from which the chau'actefistlc
Fig. 1 is plotted. actef
The way in which such a linear transfer C}}arFig. ’
istic results in an undistorted output is shown I~
A plot of the sinusoidal input voltage against timetime
illustrated (Fig. 2(a)). If, at each point along th°
scale, the instantaneous input voltage is projec*®y
downward to the transfer characteristic (Fig- Zl(b) ';hiﬁ
corresponding output voltage is found. PrOJ'ectlrl a0
to the right, and plotting against the same time 8 g
constructs graphically the waveform of the outpt 5
age (Fig. 2(c)). For example, when the input 1% O'VOW
volts and decreasing (point '"A"), the output i8 7'1; a0’y
and decreasing (point '"B'). Since the output VO 60“‘
each time is simply ten times the input voltag® the
put duplicates the input waveform. Each point © 0
output waveform corresponds exactly with the c% o

sponding point on the input, so there is no dist®




I Wave}‘he action has nothing to do with the input voltage
o “«'ited(?rm' Whatever that waveform is, it is dupli-
’(V‘aimil In t%le output. Fig. 3, for example, shows a
il d:r .dlagram with a pyramidal input, showing how
J  DMtically-shaped pyramidal output results.

fttg‘ Amm‘cation with Distortion:
j real_ll_lfol‘tunately, amplifiers that can be built using
Bl b elfe transistors do not have a linear relationship
o :tn the input voltage and output voltage. Figure
i Tates a non-linear transfer characteristic
.. “Mght be found in a real amplifier. As the
ehangzoltage swings either way from 0, the output
i thy geS' along a curve which produces less and less
ing In output voltage as the input swings further
¢ Wey, Uther from 0. In the example illustrated,
iy,. . Output to continue increasing along a
oy 81t line at the same rate it follows near 0, it
/ instea;'each about +20 volts when the input was +1

of the +10 it actually reaches.

b
ic

ligy W.hen a varying voltage is applied to an ampli-

Yol '!h a characteristic of this sort, the output

Iy, >° Will have a different waveform from the

B rVOItage. Consider the examples shown in

Vayg 2 5. Figure 5(a) illustrates the output voltage

g ™M obtained when a sinusoidal voltage with

fo theage Swing between +1 and -1 volts is applied

b p. Aplifier whose characteristic is illustrated

Rymme:'e.‘l- Since the transfer characteristic is

Suae,. -ical, both peaks of the output voltage are

illu ¢d by the non-linearity giving the waveform
Strateq

AN

DliedA 0.5 volt peak-to-peak sinusoidal voltage ap-
ity O the input of the same amplifier and biased
V°lt8‘wvohs So that it varied between 0 and -1
i, ould produce an output varying between 0 and

0
f Ovgp Wer peak is squashed because the curve bends

) at < :

’ Tepr 1 volts input, the upper peak is faithfully
gy, c€d because the curve is very nearly a
line near 0,

b \f;educing the amplitude of the input voltage is
va.rie % Peak-to-peak and biasing it at 0 so that it
Yol *StWeen +0.1 and -0.1 volts gives the output
"&rm Shown in Fig, 5(c). Because the signal was
telnis’tic along 5 nearly linear part of the charac-

of the ! this is almost an undistorted reproduction
Susoidal input.

tg
llaltlu'e ahould be clear from these examples that the
fendent S Well as the degree of distortion is de-
e 10t only on the transfer characteristic of

irlI’Ilt Splifier but equally on the amplitude of the
and on the operating point (bias). Two

igng)

(0 ;
Thel 1S With the waveform illustrated in Figure 5(b).

very different and significant kinds of distortion are
illustrated: one where the peaks are squashed
symmetrically [Fig. Sa)] and the other where only
one peak is squashed [Fig. 5b)] . 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 . = loein" says very clearly that

the amplifier in question has 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 expressed
in some simple mathematical way which will allow
analysis of the distortion generated?'" The answer is
yes, of course, and the subject of what follows is how
this is done.

First, consider an amplifier which generates the
kind of distortion illustrated in Figure 5(b). The
transfer characteristic causing this kind of distortion
can be approximated by an equation having the form
"(eout) equals (some number times ein) plus (some

other number times einz)'”

The following may help to understand how this
works. Consider first the curve that results when e
is plotted against e. The numbers come out like this:

!: e (:‘2 2 82
’I-].O HH N0 +1.0 1 E0
- .8 cER G 1] EEONE a6
- .6 a3 0 b TG
- .4 6 TS TR 16
=2 AR ()4 S + .04
| (s 0 | 0 0

This curve is plotted in Figure 6. Notice that it
is symmetrical about 0, curving up smoothly for both
positive and negative values of e.

Next consider an example of what happens when a
curve of this sort is added to a linear transfer charac-
teristic. The output voltage is separated into two
parts:

for the linear part: e, = 10 ein

1

" " s =
for the "squared' part: e, 5 ein2

3 = ¥
and for the total: eout e1 e2

= 10e, + be, 2
in in




The numbers come out like this:

'{ €in ' 10 eqp I einz 5 e]-n2 e E‘jnz |§
| | 5 :
Sy ety +1 +5 | -5 ﬁ
-0.8 i +0.64 +3.2 -4.8
| -0.6 - 6 +0.36 +1.8 a0 %
-0.4 = +0.16 + .5 =3 |
=0k 2 =7 +0.04 + .2 S
0 Ut 0 0 0
+0.2 +.2 +0.04 + .2 +2.2
+0.4 - + 4 +0.16 + .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 +15 |

Fig. 7 shows the two curves plotted separately (a
and b) and the total (c). Notice the similarity between
this total curve [Fig. 7(c)] , the plot of a simple
mathematical equation, and the lower half of a particu-
lar non-linear transfer characteristic (Fig. 4).

Fig. 8 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-squashed variety.
Since this kind of distortion results from the addition
to the linear characteristic of a quantity involving e2,
it is called "second order' distortion. In these terms
it is said that Fig. 8 shows that "a square-law transfer
characteristic (or a characteristic having second-order
curvature) causes second-order distortion of the out-
put." 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 squashed, but also
the entire curve is shifted upward so that its average
is above 0.

Second-order Distortion by Addition of Components:

As has been shown, one way to study second-order
distortion mathematically is to use a square-law equa-
tion. There is a second approach which is also very
useful. This approach involves the addition of d-c and
sinusoidal voltages to produce a distorted total.

Figure 9 illustrates how this works. Because the
"parts' or '"components' that go to make up a distorted
waveform are being considered, each component is
given a name., This diagram shows how a distorted

output can be generated by adding together thre soldd"

components: the fundamental component, a sint

voltage having a frequency of 1 MHz (1 cycle i 20 o

1 microsecond) in this example; the second hafs
component, a sinusoidal voltage having twice thi L
frequency, 2 MHz (2 cycles in 1 microsecond);
positive d-c component.

0

Notice first that the total voltage has a W& o{t’y
identical with that produced when a sinusoidal ¥ o
is passed through the square-law charac’cefls"Ic dt(/
Figure 8. Now see how the three components &
gether in Fig. 9: At 0 time on the diagram, thg 015
fundamental component is 0, the second harmo 94
at its negative peak (-2.5 volts) and the d-c €Oy e
is at +2.5 volts. Adding the three together gi% e
total voltage which is 0. At 0.25 microsecol 5t 10
fundamental has gone through one-quarter cy¢ af
its positive maximum (+10 volts), the second B
monic component has gone through one-half cy° dd
its positive maximum (2.5 volts) so the three &
gether to produce the peak voltage of the total
(+15 = 2.5 + 2.5 + 10). At 0.75 microseconds !
second harmonic and the d-c are at +2.5 volts ®
they subtract from the -10 volt peak of the fu?
mental to give the squashed peak of the total
(-5 = -10 + 2.5 + 2.5),

togeﬂ
1 (1

This diagram illustrates one case of
portant general principle: Any non-sinusoida
periodic waveform can be produced by addmg_
an appropriate combination of d-c and ginuso?

e ey ™ e S i

g i ey iy

i

ponents.
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%&1 Voltage with Second-Order Distortion:
I A fory convenient way of measuring any varying
& °° 18 to plot its "spectrum'. A spectrum is

b bly 5 graph which plots in the vertical direction,
emak Vo%tage or amplitude of each sinusoidal com~-
K and in the horizontal direction, shows the fre-
iy Y at which each of these components exists. Its

Iy ?V?ilable which plot these diagrams automatically,
aﬂaly;ng tremendously useful tools for distortion

s 'S« The spectrum of a sinusoidal voltage is a
thatg :olspike showing the amplitude and frequency of

e tage. Figure 10, for example, shows the
Pjgurrum of the fundamental component voltage in

6‘.9- It says three things: (1) this voltage is a
phstlne-wave (there is only one spike); (2) its peak
o Ude is 10 volts (the vertical reading at the top
100 of the spike).

by, Oltage of Figures 8 and 9. It shows three com-
iy, S the 2.5 volt peak, 2 MHz second harmonic;
ey, Volt, 1 MHz fundamental; and the 2.5 volt 0 fre-
y (d-c) component. (Note that most spectrum

Oy Zters do not show d-c components so that only the
WO would be displayed.)

{
| P(Iinorder Distortion:
kind € previous section it has been shown that the
linearity which results in the "one-peak-

3 "tance rests on the fact that "spectrum analyzers'

Doﬁ: Spike); (3) its frequency is 1 MHz (the horizontal

" Plgure 11 illustrates the spectrum of the distorted

Consider the curve that results when e3

is plotted
against e. The numbers come out like this:

e 83 e (.‘J
-1.0 -1.000 T B0 +1.000
> ol -0.512 ar et L OR5 12
- .6 -0.216 b +0.216
- .4 -0.064 + .4 +0.064
- .2 -0.008 + 0, +0.008

0 0 0 0

This curve is plotted in Fig. 12. It is "'skew
symmetrical'; that is, the curve for negative values
of e has the same shape as for positive values, but
is upside down.

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 negative together. Consider an

example:
for the linear part of the characteristic take:

&1

=10 e,
in

for the "cubed'" part take: e, =3 e, 3

[’ a-s ed' 1, 3 in
Sy X A" kind of distortion can be expressed by a
gy thsquare-law mathematical equation. In very to get a curve which squashes the peaks, the
ffg Wit ine Same way, the kind of distortion which re- cubed part is subtracted from the linear
] eub both peaks being squashed can be expressed by part, so the total is:
(@0 \laW equation. This equation has the form:
| x llta‘ (Some number x e, ) + (some other number =e.-e_ =10e, -3e. 3
| S0 ) in out 1 3 in in
theh} * It approximates a transfer characteristic of
TREN T
f Fig, 5?;;1‘peaks-squashed" type, as illustrated in 1B L ot il LG
’ . 3 3
&in 10 ejp ejn’ 3 ey 10 e4p-3 ejp
-1 -10 -1.000 -3.000 -7.000
’ -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 w7 +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 AVt 1536 6.464
s +10 +1.000 +3.000 7.000




Fig. 13 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. 4.

Fig. 14 illustrates graphically the way in which
the introduction of a sinusoidal voltage into an ampli-
fier having a '"cube-law' transfer characteristic
results in an output of the '"both-peaks-squashed
variety. Since this kind of distortion results from
subtracting a quantity involving e3, it is called "third
order' distortion. In these terms it is said that
Figure 14 shows that "a cube-law transfer character-
istic (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 15
illustrates the addition of a 10 volt peak, 1 megacycle
fundamental component (a) and a 1 volt peak, 3 mega-
cycle 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. 14. Because of the 3:1 frequency relationship,
the third harmonic voltage is opposite in phase to the
fundamental at its positive peak with the result that
the total is squashed, and is again opposite in phase
at its negative peak so the total is also squashed at
that time.

Spectrum of a Voltage with Third Order Distortion:

Figure 16 illustrates the spectrum of this dis-
torted voltage. Since the distortion waveform is
duplicated by the sum of two components, the spec-
trum shows only these two: a 10-volt-peak funda-
mental component at 1 MHz and a 1-volt-peak third
harmonic at 3 MHz.

A '"Beat''; the Sum of Two Sinusoidal Voltages of
Different Frequencies:

Since a major object of this article is to investi-
gate the effects that occur in broadband amplifiers
when many '"channels' are handled simultaneously, it
is necessarily 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-amplitude sine-wave
(since it is modulated with the picture information), a
great deal can be learned about the nature of distortion
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“and opposite at all times, and the total is 0 (the

in this case by temporarily pretending that it is.
first question then is: What is the waveform of
voltage resulting when two sine-waves having di
frequencies are added?

e,
(£
9ar
|
oh
a

To answer this question it is helpful first 0 &
sider the way in which two sinusoidal voltages "4
when each has the same frequency and amplitt el’lll “ a
they have various phase relationships. Fig. 1 175 "
trates several cases showing each voltage sepa” 7 \:
(a and b) and the resulting total voltage (c)- i

When each voltage is sinusoidal, the frequen
are identical, and the voltages are exactly in p
two reach their peaks at the same instant an th off
time they add directly (e.g. 1.0 + 1.0 = 2.0) 89 e
voltage of the total is the sum of the two comp?” ;
(shown as the (° condition). i,

When there is a 90° phase difference bfv‘t""een
two, the total reaches its maximum at a time W all
each of the components is at 0.7 of peak, sO the f M,
voltage of the total is reduced to 0.7 of the surt
peak voltages of the components e.g. + 0.7 * 0.7
(the +90° and - 90° conditions) . When the tW0 - e
have opposite phase (180° out of phase), they ar h&

1y
Kl

‘hi

condition). Lv

R
Next consider the addition of two sinuSoldalls (# I,
voltages having different frequencies. Figur® 1 i
and b) illustrates the waveforms of two partic® ud? |
voltages. Each is sinusoidal, with a peak 8mph b
of 2 volts. One has a frequency of 5 MHz, & tir? fte' "
per-cycle of 1/5 microseconds; the other has prait
quency of 6 MHz, and a time-per-cycle of 1/6 0590’ !
Thus, the former completes 5 cycles in a mic” h
ond while the latter is completing 6 cycles- t
ott!
Superimposing the two waveforms on eachfact, k
Fig. 18(c) shows clearly a highly s1gn1flcant L
the phase relation between them is changing olt L
stantly. Initially they are in phase (both at pos 611%5
peak). After 1/4 microsecond the 5 MHZ vols {70!
gone through 1-1/4 cycles and is 0, going neg® 16
while the other has gone through thite half’ oS
and is at its negative peak. They differ in ph ot 1t5
90°. After 1/2 microsecond the 5 MHz one i8 itl‘/e
negative peak, while the 6 MHz one is at its pos
peak, and they are 180° out of phase. As tu’ﬂe
on, they go through all possible phase relatlons’ob
coming back to the "in phase' condition onc®
microsecond.

S

s
Now what happens when these two voltag®” i
added? The total follows the principles ill4®




jg‘ 17. When the two components are in phase,
&dd to produce a maximum peak voltage, when
are 180° out they cancel, and in between the
mplitude changes from one condition toward
€. The resulting waveform is illustrated in
190z, showing the two component voltages and
total Superimposed, and Fig. 19(b), showing the
\ dlone, The total voltage reaches a 4-volt maxi-
f Peak initially when the two are in phase, the
3 .reduce on successive cycles reaching 0 after
, ‘Crosecond when the two components are 180°
#, Phase, and building up again to a 4-volt maxi-
‘ Deak after one microsecond when they come
| phase again.

i :‘lfis ""beat'" voltage, the sum of two particular

b ?ldal voltages, demonstrates several charac-

iy 'S common to all sums of two such voltages

Btit I_‘ega.rd to their frequencies. One charac-

[ty Cis the variation in the peak voltage of the
A For the sum of two equal voltages with any

JNcies, the total peak voltage varies from

} w.' to 0 and back to maximum at a frequency

i, 'S the difference of the frequencies of the

My A Nents, (In this example, the peak voltage

'neas at g frequency of 1 MHz = 6 - 5.) What

4 a_Spectmm analysis of the total voltage show?

'z\vb ‘Cated in Fig. 20, the analysis shows two

Nth COmponents, one at 5 MHz and one at 6 MHz,

% is all. How can that be? The peak of the

‘Irev()ltage certainly increases and decreases at

ul‘ncquency of 1 MHz. Is there no 1 MHz "'signal"

kn "Mponent" there? The answer is that there

t, ° and the reason goes right back to what is

| i“De ¥ the term "component'. A set of lines on

Ny

“trum chart, or a statement "There are fre-
by, ¥ COmponents present at these specified

y, ICieS™ means only one thing: that the wave-
%Ci: tthe voltage in question can be duplicated
hivingely by adding together sinusoidal voltages
I“th the indicated amplitudes and frequencies.
g wexample, the initial condition showed that
D‘)flen a"_’efol‘m is generated when a 5 MHz com-
They '8 added to an equal 6 MHz component.

‘ al‘fo(ire added, nothing else was added so the
cher tage cannot, by definition, contain any
®Mponents. A basic principle is involved:

gn;y When there is non-linear distortion
th fI‘e(luency components generated in
inm(:UtDUt which were not present in the

? it‘vﬁ}}llat about the 1 MHz variation in peak voltage ?
Uy were"? Of course, it's there. It is evident
aveform, but the fact that something (i.e.

the peak voltage) in this waveform varies at a fre-
quency of 1 MHz, does not mean that there is a 1 MHz
component present. No 1-MHz sinusoidal voltage com-~
ponent is needed to duplicate this waveform. If the
variation over a full microsecond is inspected, it can
be seen that the '"beat' voltage varies in such a way
that it spends exactly as much time below 0 in each
half cycle as it does above, so on the average there is
no variation at the 1 MHz frequency.

A Beat Voltage with Second Order Distortion:

It has been shown that, when two sinusoidal com-
ponents are fed into a distortionless amplifier, the
output contains only the two original components, or
saying the same thing, the output waveform is the same
as that of the input. Fig. 21 illustrates again the wave-
form and spectrum in this case, showing how the total
peak voltage varies at the difference frequency (f2 - fl)

as the phase relation between the components changes.

Now consider what happens when the two sine-
wave voltages are added and introduced into an ampli-
fier with second order distortion. Fig. 22(a) illustrates
the result, the distorted waveform that occurs when a
""beat' voltage (the sum of two sine-waves) is fed
through an amplifier having only second order dis-
tortion.

Since the output waveform has a decidedly different
shape from the input [compare Fig. 22(a) and Fig. 21(a)],
it is clear that there must be components at frequencies
other than the two original ones. Fig. 22(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 nega-
tive peaks squashed, there is a general shift in level in
the positive direction, and there must be a correspond-
ing positive d-c component. Since the peaks above 0 no
longer average out with the peaks below 0, there is also
a component at the difference frequency (fz- f 1). For

a similar reason, there is a component at a frequency
which is the sum of the frequencies of the two originals
signals (fl— fz). And of course, each of the original

signals generates a second harmonic (at 2f1 and 2f2).

Thus, the spectrum of the output signal looks like
Fig. 22(b) with components at the two original fre-
quencies as well as at the five new ones.

An important conclusion can be drawn from this
one example: Whenever more than one sinusoidal
voltage (that is when more than one signal) is intro-
duced into an amplifier which has second order dis-
tortion, the output will include signals at certain
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frequencies differing from those of the input signals.
There will be a d-c component, a shift in the average
collector current of the distorting stage which gen-
erally does not show up in the output, a component at

a frequency which is the difference of the two origi-
nal frequencies, a component at a frequency which is
the sum of the original frequencies. When the origi-
nal signals are modulated with picture information,
each of these spurious signals will carry the modula-
tion 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 to the problem of second order distor-
tion. The usual amplifier specification states the
noise figure, gain and cross-modulation but does not
mention sum or difference frequency beats or second
harmonics. The reason for this has to do with the
standard channel frequency assignments established
by the FCC. If one takes any pair of picture carrier
frequencies in the standard 12-channel assignment,
their sum or difference does not fall in any of those
channels. Similarly, with one minor exception
(channel 6 sound carrier), the second harmonics of
all low band carriers fall between the two bands.
Figure 23 shows the spectrum obtained when 12 CW
signals on the normal picture carrier frequencies
were introduced into a CATV amplifier at levels some-
what higher than normal operating level. This shows
the spurious signals resulting from second order dis-
tortion illustrating how they 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 it is not normally considered in this case.

Beat Voltage with Third Order Distortion:

Figure 25(a) illustrates the appearance of the out-
put voltage of an amplifier having third order distortion
when a beat input signal similar to Figure 21(a) is in-
troduced into the input. The squashing of the larger
vertical peaks is clearly evident. A spectrum diagram
showing the frequency components in the output is shown
in Figure 25(b). In addition to the two original sinusoidal
components (at fl and f2) spurious signals occur at the

following frequencies:

2f -f

15 This falls below f1 at a spacing cor-

responding to the frequency difference
- between fl and fz.
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Zfl—fl This falls above f2 at a spacing
corresponding to the frequency i
ference between f1 and f 9°

3f 1 and These are the third harmonics a“gm‘
spacing between is three times t

3f, F
spacing between f1 and f2.
s i

2f1 i f2 This falls above 3f1 at a spacing 4 4

g L
responding to the frequency diffé*
between fl and fz.

. 0%

2 +f, This falls below 3f, at a spacif ¢
responding to the same differenc®

Cross-Modulation and Compression:
8
g : . .d o1
The spurious signals generated by third i’

distortion in present CATV systems. This i5
modulation', one of two important effects of th*
order distortion which do not result in compO® 4
at new frequencies. Each of these effects reP of
a change in gain at the channel frequencies ¥# iy
than the generation of new frequency component
Figure 26 illustrates these effects. Thesé spen
diagrams illustrate the input and output compgis’ '
in an amplifier which has severe third orde*
tortion. The upper diagrams illustrate the 1" ff
signal components, the lower diagrams ﬂlustf'ﬁer}
resulting output signal components. The amp g
voltage gain, for small signal input, is 10 tirm® 9
Thus, as illustrated in Figure 26(a), an input Omilli‘
millivolts gives an output of approximately 2 311)’"
volts. It can be seen by inspecting the shap® 013(1))
third-order distortion characteristic [Figur®
exa.mple] that the effective gain decreases as
signal amplitude increases. Thus, as show? 1.5
Figure 26(b), increasing the input signal of thl it o
fier to 10 millivolts results in an output of abouldbo
millivolts, rather than 100 millivolts which W(f)fects
obtained if the gain were not reduced by the etioﬂiﬂ;
third order distortion. This effect, the redu(? de iﬂ‘ |
gain at a single frequency as the signal a-mp,l &g,
creases, is called compression and results 1 ulated
tortion of the modulation envelope on any M {8
signal going through such an amplifier. Whene v
effect occurs in an amplifier carrying a sing 0
modulated signal, it results in a squashing &
sync peaks which is called "sync comprGS?IO is
Figure 26(c) shows what happens when a 5!
introduced at low level on another frequency on ¥
Several effects can be seen: The output lev‘? w,olt
new frequency is somewhat below the 20

Ry LN L=
Y




it Would reach if the strong signal were not
s the strong signal output is slightly re-
by the presence of the new signal |compare
)|, and a spurious component at 2f1—f2 can be
!d it
1e
s Shown in Figure 26(d), increasing the second
slgnal to full amplitude results in a further re-
20% N in gain so that both output signals at the
1] frequencies are below 60 millivolts and the
us signals increase in amplitude. The most
lea-nt effect here is that the gain on each
ulat Lis reduced not only by an increase in level
04 * Channel but also by the increase in level on
°r channel. This results in a transfer of any
“ 10, or modulation, on one carrier to any
‘: ‘arriers going through the same amplifier.
Yansfer is called cross-modulation and repre-
g che worst effect of non-linearity in present-
| Ty amplifiers.

0%,

ntS Thls effect is further illustrated in Fig. 27.

Pl 7(a) shows the output signal obtained when
o \ 150ida] input is applied to an amplifier with a
5 [ aInOunt of third order distortion. Figure 27(b)
LfJ i What happens when a second signal, fully

il 2ed, is fed through the same amplifier. The
| ih 1nc1udes the modulated signal (which shows
€ frequency spectrum as a carrier with

fr Sidebands on each side), the output at the
OnCy of the original CW signal, and two

Q U8 sideband components which show up ad-
)ty 10 the CW signal frequency as a result of
Iﬂ' rordel‘ distortion. It is clear how this distor-
of J& esults in a transfer of modulation from one
k| % the other.

elusiOn:

v
U 'ﬂe his article has attempted to describe all of the
il (SH Which result from the simplest kinds of
571y earI'Cy, second order and third order distor-
) ‘%111 a'mphflers of the type used for CATV sys-
f t%e thas shown that second order effects are
¥ unimportant with present-day frequency
II‘ents and that, of all the third order effects,
leﬂting Odulation is the most important, repre-
| he factor which limits the output level at
f?ed € amplifiers in these systems may be oper-
%e Mg °‘1t causing disturbance to the customer's
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CHAIRMAN TAYLOR: Thank you very much.
Does anyone have any questions?

I have a question regarding the effects of cross-
modulation on the weaker carriers in a system. If we
take a hypothetical case involving one strong carrier
and say 8 or 9 weak ones, does the cross-modulation
affect all channels equally or is there a difference ?

MR. SIMONS: At this point I believe it is nec-
essary to bring out something that was not stressed
in my paper. In this presentation I have been talking
about ""mathematical' amplifiers. By a "mathemat-
ical'" amplifier, I mean one which follows exactly
the same way at all frequencies. With such an amp-
lifier the cross-modulation from all channels on to
any one channel would be identically the same.

The unfortunate thing about this approach is it
doesn't work. Real-life amplifiers just don't behave
this way. Generally speaking, the cross-modulation
which shows up on any one channel in an amplifier
is not the same as that showing up on any other
channel. These differences are not very great so
it is still useful to consider the ""mathematical"
amplifier as an approximation, but the differences
are such that we must measure all combinations of
channels if we are to be sure of amplifier perform-
ance. Generally speaking, there is no difference
between weak channels and strong channels, the
difference has more to do with the frequency of the
particular channel.

CHAIRMAN TAYLOR: Are there any other
questions? Thank you very much, Ken. I think it is
quite significant in a matter with which I am quite
pleased at this convention that we have several sys-
tems operators presenting ideas that they have de-
veloped in their systems which can be of use to
other operators. This is so in the next paper.

Mr. Robert Scherpenseel is the general man-
ager and microwave technician for the Northwest
Video of Kalispell, Montana, a system I know a
little about. He was chief engineer with WEVR FM
of Troy, New York, chief engineer with KBTK radio,
and engineer with KMSO-TV electronics technician
at Montana State University in installing and main-
taining their television and radio and recording
systems. Mr. Scherpenseel is going to talk on
"A Low Cost TDR". (Applause)

A LOW COST T.D.R.
By
Robert H. Scherpenseel

We are probably being a little facetious in calling
this instrument a low cost time domain reflecto-

meter. The 1967 catalogue price is $875.00. In
way it is a TDR but with limitations.

displa‘
I33111t1.

Actually, it is a high quality oscilloscope that has a
calibrated time base and a vertical amplifier with 01 '
pass of DC to 10 megaHertz. This is a limiting ﬂé |y,
cause no determination can be made concerning ¢ |
quency characteristics of the information dlsplayed

10 megaHertz, |

NEXT SLIDE PLEASE (#2)

ik
This is a picture of the scope with the came¥? " | g
in place.
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