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CHAIRMAN SCHLAFLY: Thank you, Gay. The next speaker is Ken Simons.
It says here, Kenneth A. Simons., I don't recognize that name, Ken, Ken
has been active in radio since 1927. You started very young, didn't you?
He has been in TV since 1939 and with Jerrold some 15 years, since 1951
he has here, and is Vice President in Charge of Research and Development
it the Hatboro, Pennsylvania laboratory., He has participated in the de-
Sign of various things, like the 704B field strength meter, 900B sweep
8enerator, starline, and other of the Jerrold products. He is a member of
1the NCTA Standards Committee, and is a principle contributor to the hand-
;bOOk that his company has reissued again this year. Mr, Simons' paper
'1s on reducing the effects of reflection in CATV feeders.,

MR, KENNETH A. SIMONS (JERROLD): The pressure tap is a convenient
'and economical way of connécting the customer drop to the feeder in a CATV
iSYStem. Because of this convenience, the large majority of taps in use to-
day are of this type. Hundreds of thousands of them are providing satis-
factory service in systems all over the country, Unfortunately there is a
Denalty attached to the pressure tap's convenience, Because it must tap
Into the feeder cable with no opportunity for series compensation, the
Pressure tap inevitably introduces reflections into that cable. This ar-
ticle will show how these reflections are minimized by careful design, and
hoyw their adverse effect on the transmission of picture signals can be
8reatly reduced by grouping taps in optimum arrangements.

Up to the present time, Jerrold has manufactured four basic types of
Pressure tap, The earliest designs, Models PTR and PTC, employed a series
Tesistor or a series capacitor connect-
lng the pressure point to the center
Conductor of the drop line, as illus-
trated in Fig, 1, The resistor ‘tap
|(PTR) was used for line-to-tap losses

°f 30 db and over, the capacitive tap 2 Geln L I8 BSOS 18MT0
!for lower loss values. This design N SoRT——>—ouT —> >

Loy cost, While the capacitive tap
ad high efficiency (i.,e., the loss on
the feeder line, for a given feeder-to-
rop loss, was low compared to other
€signs) it introduced reflections on Fi6 1
he feeder that were much worse than '
those introduced by transformer taps
Aving the same line-to-tap loss. T M
Fig. 2 shows the schematic dia- o _I. r:—
|
1
|
|

ad the advantage of simplicity, and —“j o ot = b
| |
| [
l 1
| |
| |

Sram of a transformer~tap. A tightly
QoUpled auto-transformer steps up the
imDedance of the load to a high, and
Ssentially resistive impedance bridg-
Ng the feeder line, A coupling ca- ' OUT  BMT and CMT
Pacitor isolates the primary at low Teé
Tequencies, and a series resistor

Yaises the output inpedance so the tap

TaP

K197




acts as a well-matched source for the drop line., Jerrold manufactures two
kinds of transformer taps which are similar electrically but differ mechan-
ically. The CMT tap is convenient as a replacement for the older taps. It
is mechanically interchangeable with the PTR and PTC. However, the 3/8 inch
hole into which these units thread is too small for optimum electrical penr-
formance. The BMT transformer tap uses a 1/2 inch hole, and the increased
clearance allows a reduction in stray capacitance with a considerable im-
provement in high frequency performance,

Table I compares the reflections introduced into an otherwise reflec-
tionless 75 ohm line by single taps of each type.

TABLE I

Reflection Introduced into a Feeder by One Tap at the Worst Frequency (216

MHz)
Loss from Line Resistive and
to Tap at 216 MHz - Capacitive Taps Transformer Taps
35 dB PTR(6) 26 dB CMT(35) 22.0 dB BMT(35) 26.0 dB
30 dB PTR(3) 25,5 dB CMT(30) 21,0 dB BMT(36) 28.0 dB
25 dB —— CMT (25) 22,0 dB BMT(25) 29.0 dB
20 dB PTC (W) 19.5 CMT(20) 21.6 dB BMT(20) 26,7 dB
16 dB PTC(R) 16.4 CMT(16) 21,4 dB BMT(16) 25.4 dB
12 dB PTC(Y) 14.2 CMT(12) 19,5 dB BMT(12) 21.1 dB

Note: Reflection figures on this table were obtained by measurement of pro-
duction 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 16 dB tap IOSS_Q for examples the UNIFORM LOSSLESS LINE, TERMINATED
reflection from the CMT is reduced A BT e QTN
nearly 6 dB compared to the PTC, and

that from the BMT is reduced nearly (©) gt 118

10 dB. For tap losses above 30 db,

where resistive taps were used, the

transformer taps do not show the same Yoot
improvement, but still have the impor- t
tant advantage of providing a back-

matched source,

' To understand reflections on CATV

feeders it is essential to understand o e s
"periodicity", the accumulation of re-

flections from equally spaced discon-

tinuities. A series of simplified

examples may help to explain the P o
effect. Fig., 3 illustrates conditions Gy ﬂ

existing on a lossless 75 ohm trans- i V'8 regs
mission line perfectly terminated with

T ' |
S0 78 100
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a 75 ohm resistor, There is no reflec-
tion at any frequency (b), so the input
impedance is constant at 75 ohms (c),
and the application of a pulse to the
input results in no echo (d).

Now consider what happens when a

13700 ohm resistor is bridged across
‘the line at a distance from the input
'nd equal to 1/2 wavelength at 25 MHz

(Fig, 4a) This discontinuity across
4 75 ohm line produces a constant 1%
reflection at all frequencies (b); as
& result the input impedance varies

from a minimum of 73.5 ohms (75 minus

1%) when the reflected voltage wave
arrives at the input 180° out of
Phase with the input, to a maximum of
76,5 ohms (75 plus 1%) when the two
Waves are in phase (c¢). The applica-
tion of a pulse to the input results
in a single echo following the input
Pulse by a time corresponding to the
Yound 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, 5a). At zero
frequency, and at multiples of the
frequenc.y at which the spacing is one-
half wavelength, the two reflected

‘Vaves arrive at the input with the

‘Same phase,

so they add to produce a
let reflection twice either one (b).
At frequencies where the spacing is

An odd multiple of one-quarter wave-

1ength the two reflected waves

Arrive at the input 180° out of

‘Phase and cancel, so there is no net
Yeflection at those frequencies. The
lnput impedance varies as shown 1in
(0) reaching a minimum of 72 ohms at
the frequencies of peak reflection,
ind touching 75 ohms at the odd
Quarter-wavelength frequencies where
there is no reflection., Following
(he input pulse there are two echoes
d),

Four discontinuities, Fig. 6(a),
DI‘oduce complicated variations in re-
1ectlon (b) and impedance (c).

K199

UNIFORM LOSSLESS LINE, TERMINATED,
2 EQUALLY SPACED DISCONTINUITIES

o' A Ri37004

(O) AT 2!»»4

IN— %l %n }un

(b,

2%
Yo
REFLECTION
0=

T .
o 25 tmm 50 75 100

INPUT 14 MAX,

IWPELANCE

oHuS VSW
[ 104

(c

+100%

PULSE
RETURN
1+40ns
° t t

-1% -1% FIG 5

(d

UNIFORM LOSSLESS LINE, TERMINATED,
1 DISCONTINUITY

Re49.5x75: 37004

asy £
(o) RAT sinn TR ettt S LT
IN— gn -}75"

(b) HetiLcvis

765+ fmily

NeJT gs
I'PECANCE
OHNE 73s /

VEWRe 102

$100%
(d) pyse
RETURN
1+40ns i
A o

1% FIG 4




Certain general tendencies become
clear, With many equally spaced
discontinuities the reflections add to
produce relatively narrow peaks of re-
flection centered at frequencies that
are multiples of the one where the
spacing is one-half wavelength, Be-
tween peaks there are relatively broad
ranges where the total reflection is
low. This becomes even more pronounced
with eight discontinuities (Fig. 7).
This pattern with widely spaced narrow
peaks of reflection is characteristic
of "periodicity'", showing up whenever
there are many equally spaced sources
of reflection., Fig. 8 summarizes the
dependence of the reflection pattern
on the number of taps.

This effect shows up as a problem
in the manufacture of cable for CATV,.
When the manufacturing process results
in small variations in cable dimension
which are repeated at equal intervals,
the resulting small reflections can
add to produce severe effects at cer-
tain frequencies. Great care is re-
quired in the production of this cable
to avoid the problem, Figure 9 illus-
trates the reflection characteristics
of some representative reels of cable.
Fig. 9(a) shows a very carefully selec-
ted reel with a minimum of the problem
greater than 40 dB Return Loss (less
than 1% reflection) across both TV
bands., Fig. 9 (b) is typical of a
majority of the cable being used, with
a few peaks reaching 30 dB(3%). Fig. 9
(c) shows a most unusual case. This
reel showed less than 26 dB (5%) reflec-
tion at all frequencies except 195 MHz,
where there was an 8 dB (45%) peak!
Note the similarity between the shape
of these reflection peaks and those
shown in the ''synthesized'" samples pre-
ceding.

If care is not exercised, period-
icity can cause problems when pressure
taps are installed on a feeder, With
telephone poles spaced at regular in-
tervals along the street, there is a
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INCREASE IN REFLECTION WITH
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tendency to space taps at regular intervals along the feeder cable. This
can cause severe trouble, Fig., 10 shows the neasured buildup of reflections
on a feeder with various numbers of BMT taps spaced exactly 50 feet apart
on a 1/2 inch foam-insulated cable.

The effects of cable attenuation can be seen by comparing this with
Fig, 3 to 7, inclusive This cable has an attenuation of about 1.3 dB. 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 what would happen if there were no attenuation. Table II compares the

measured peak reflections with those that would occur with no cable attenua-
tion:

TABLE I
Number of Taps With No Attenuation Measured
Return Percent Return Percent
Loss Reflection Loss Reflection
1 © 28 dB 4% 28 dB 4%
2 22,4 dB 7.7% 23 dB 7%
4 I sondB 13.3% 18 13%
16 8.3 dB 38.1% 13 dB 22%

With these severe reflection
spikes spaced every 8 MHz across the
high-band, transmission of the TV sig-
nal through the tap to the customer's
receiver is distorted., Fig. 11 shows
the frequency response through the first
and eighth taps, with response varia-
tions of more than 2 dB across a single
channel., This condition might well lead T
to ringing and smearing in the repro- HI BAND PERFORMANCE '
duced picture, THERE WAS ONE TAP IN EACH 50' INTERVAL
The problem is reduced somewhat N AU, 3
when taps are installed at irregular

intervals so that there is no repeti- nerszcrin
tive pattern. Fig. 12 shows the re- “’"“I L
flections and responses that resulted 174MHz ReNe

when the same 16 taps were installed
on the same feeder with completely ran- g 7 e
dom spacing. The reflection pattern is T Vﬁ#ﬁ?iﬁﬁﬂﬁﬁﬂﬁﬂﬁﬁiﬂTﬁﬁ
no longer regular, with reduced ampli- 33 VEVIR 51071
tude, Transmission variations are im-
proved to a little more than 1 dB in
the worst case, This still represents 3 7o)
a situation somewhat short of one that o Eﬁ@ﬁﬁfﬁﬂ&f&@E@ﬁ&E XN
would guarantee excellent picture trans- e FIG 12
mission, 3

The importance of optimizing the
design of the individual tap for minimum
reflection is illustrated by Fig. 13,

304d8
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This shows a situation identical with
Fig, 12, except that the poorer trans-
former taps (CMT) were substituted for
the better ones, This increases the
Peak reflection from 16 dB (16%) to

11 d B(28%), and increases the varia-
tion from a little over one dB, to
More than 3 dB,

The patterns obtained with simpli-
fied reflection conditions (Fig. 7, for
€xample) show narrow peaks with rela-
tively 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
hade 36 inches (for foam-insulated
Cable) the reflection spike will be at
135 MHz where this spacing is 1/2 wave-
length, and where the reflection does
Do harm, At 67 and at 201 MHz, where
the spacing is 1/4 and 3/4 of a wave-
1ength respectively, the reflections
from successive taps will cancel,caus-
ing a minimum effect for the TV chan-
hels between 54 and 88 and between 174
and 216 MHz,

Fig, 14 illustrates this. 14 (a)
Shows a plot of reflection vs., frequen-
Cy for a single transformer tap (BMT25)
It reaches a maximum of a little below
28 dB (over 4%) at 216 MHz., When two
0f these taps are attached to the line
36 inches apart, their reflections can-
Cel at the center of the low band and
the center of the high band, as illus-
trated in Fig., 14 (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, 14 (c) and four taps, 14
(d), are connected. Whereas four of

these taps could cause as low as 16 dB
Teturn loss (16% reflection) if they
Were installed so their reflections
ddded in phase, by scientific group-
ing they can be made to give less re-
flection within the TV bands than one
tap alone,

16 CMT TAPS ON 1/2" FEEDER 800’ LONG
HIGH BAND PERFORMANCE
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When four taps are to be installed
at a given location, a fairly common
situation in a CATV system, several
arrangements are possible, Fig. 15
shows the reflection plots for some of
them, The arrangement shown in Fig. 15
(a) is probably the most convenient
physically, in that the installer has
to reach out only 18" to either side of
the pole or ladder on which he stands.
Its 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., 15 (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,

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.14 (d).
Fig. 16 shows the result, (Note that
the vertical scale of 16 (a) is doubled
to exaggerate the reflections.) Group-
ing of the taps in this way increased
the feeder return loss as compared with
the conditions of Fig. 12 from as low as
16 dB to a minimum of 24 dB. Trans-
mission 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 sub-
stantially reduces the possibility of
picture degradation due to reflections
and response variations in the feeder.

: It is interesting to compare the
performance of pressure taps under these
optimum conditions,; with the results
obtained using the tapping device hav-
ing, electrically, the best possible
characteristics. This is the direc-
tional coupler multi-tap., It has

three important advantages over the
pressure tap:
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l, 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 approximately 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 termina-
tion 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) can be very high,

3, Multiple Outputs: This means that fewer units are needed with corres-
pondingly fewer possibilities of reflection. Our new Model DCM coup-
ler has four outputs, so only one-quarter the number of units are re-
quired as compared with a pressure tap.

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

1, 1Installation: To install a multi-tap the feeder cable must be cut.
This takes time and interrupts service, so the pressure tap is more
convenient,

. Pre-loading: A complete coupler must be installed before one customer
can be connected, so the use of multi-taps requires more advance plann-
ing and investment,

To allow comparison of directional coupler multi-tap performance with the

fOreg01ng pressure tap arrangements, the 800' feeder was equipped with
four DCM units at 200’ intervals, The reflection and response character-

‘this suggests the use of the coupler PPt el 0 e I 8 o e it

lstics are shown in Fig. 17. It can be seen that the coupler has slightly
higher return loss (28 dB vs. 24 dB)
As compared with the best arrangement
0f pressure taps (Fig. 16) and less
fesponse variation (about 9.3 dB vs.
0.5 aB), but their performance is
Quite comparable, The coupler re-
Quires no care in regard to spacing, FWRW“”%xxﬁgggagigﬂew'mm
and has the other advantages listed k— 200" —l
above,
This article has presented a
technique for minimizing the reflec-

tions from pressure taps by careful e 216w
8rouping. While the best results are W NSRS S
Obtained with the better type of trans- (b) A A AN e
former taps (BMT), the same improve- \
Ment will be experienced with any “,Zm-*~-“m—-~v-~~1“’c£“a
dressure taps. The directional coup- i TR T e BT T
ler multi-tap is shown to have

Slightly better performance than the - ©

COUPLER

best that can be obtained from pres-
Sure taps. With its other advantages

2 . (e)
for situations where the very best B TR

Performance is desired and where the det
Becessity of cutting the cable is not

e

COUPLER
FIGI17
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too great a deterrent, and the use of pressure taps in other situations,

CHAIRMAN SCHLAFLY: Thank you, Ken, Our next speaker is Mr. Edward
Wuermser of Entron Inc., to speak on UHF to VHF converters for CATV.

MR, EDWARD WUERMSER (ENTRON INC.): The general public is showing in-
creased interest in Ultra High Frequency (UHF) TV programs and, therefore,
this service must be added to CATV systems. UHF, as transmitted, is at too
high a frequency to be compatible with present CATV systems because of the
high cable losses (Figure 1) and dif-
ficulty in constructing distribution
system amplifiers for UHF frequen-
cies, In addition, all present CATV
systems would be obsolete, since by 101
present system standards for ampli-
fier spacing, the number of ampli-
fiers required would be increased two
and one-half times, Also, the view-
ing audience would be limited since a
majority of existing TV sets do not
have all-channel capability; i.e.,
channel 2 through channel 83, There-
fore, conversion to the present VHF
frequency band is required.

There are many UHF to VHF con-
verters available for home TVs, but
these are unacceptable for CATV head- ok . . L
end use because of high noise figures 0 00 1
and frequency drift, Breaking a typ- FREQUENCY IN MEGAHERTZ
ical converter into functional blocks FIG. |
(Figure 2) one finds at the input, a
tunable filter which; in turn, feeds
a diode mixer, The converting local
oscillator or (LO) is tunable so that
the unit will tune over the entire LocaL
UHF spectrum, The output of the mixer g
is fed to a filter to reject the un-
wanted signals. In some cases VHF iNpUT L LOWPASS L ourpur
amplification is provided. There are
variations using a transistor mixer or MIXER
using one transistor as a mixer-oscill-
ator,

Considering the noise figure of this type of converter, most of the
diodes used for mixing have published noise figures of 14 db to 16 db, with
conversion losses in excess of 6 db. Using a 7 db noise figure for the
amplifier following the converter, gives an overall noise figure at the
head-end of 16.1 db. See Table I,
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