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Introduction

The availability of high quality broadcast television signals is of
considerable value in testing television receivers. ‘The antenna distribu-
tion system described in this bulletin was designed for the Industry Ser-

vice Laboratory where conditions of strong signals and severe multipath

Individual antennas are used for each of the received channels. A
central amplifier and signal-combining network make all of these signals
available over each of a number of transmission lines for distribution to
various points in the laboratory. This provides the best possible signals
by specializing the structure and location of an antenna for each channel.
Also, the confusion attending the construction of a multiplicity of an-

tennas and transmission lines for each test position is avoided.

LABORATORY ANTENNA DISTRIBUTION SYSTEM

) FRANK MURAL*
‘ Presented before the Club on October 21, 1947

. Antenna Distribiition System

An antenna distribution system must perform
the following functions: '

1. Provide an antenna signal which is rela-
tively free from multipath components. Where
'multipath receiving conditions exist a direc-
tive antenna must be used. If this requires a
multielement antenna it becomes specialized for
the reception of a single channel because of
the critical adjustment of its elements, its
orientation and its physical location. In this
case an antenna for each of the channels to be
received is necessary.

2. Provide selective circuits for each of
‘these antennas so that only the desired signals
may be obtained. ‘ )

3. Provide amplification of the signal to
overcome the attenuation inherent to the dis-
tribution system. This may be done most ef-
ficiently by means of tuned-circuit amplifiers
at the signal frequency, combining the selec-
tive and amplification functions in a single
unit.

*Research Engineer
RCA Industry Service Laboratory

"4, Provide a means for combining the signals |

of the several channels in a common network so
that all may be simul taneously available over
each of the several distribution lines. This
may be done by means of wide-band transformers,
band-pass filter circuits or a combination of
these.

5. Provide a means for isolating the distri-
bution lines so that extraneous signals intro-
duced at the termination of one line cannot
cause interference on the other lines. This is
conveniently done by means of a coupling tube.

The block‘diagram in Fig. 1 illustrates the
principal components of the antenna distribu-
tion system to be described. Fig. 2A and 2B
show respectively the top and bottom views of
the distribution-system chassis corresponding
to the central section of Fig. 1. The equipment
is designed to provide for eight television
channels and to distribute the signals to ten
test positfons in the laboratory. The eight
channels include the seven assigned to the New
York City area (Nos. 2, 4, 5, 7, 9, 11 and 13),
and Channel 1 for distributing a laboratory-

generated signal.
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The purpose of this equipmént is to provide -

the best possible signals, and to make these
available at each ot the test positionsat about
the same level of intensityIUnaltered either by
distortion or by the introduction of extraneous
disturbances. The several parts of this equip-
ment will be described in turn beginning with
the antennas.

Antennas -

Transmission
Lines

Channel
Amplifiers

Mixing
Circuits

Goupling
Circuits

Distribution
Lines

Fig. | - Block diagram of antenna system,

Antennas

“From bfefim?nary measurements it was found
‘impossible to secure signals sufficiently free
of multipath components with a simple dipole
antenna at the ]aboratory location. After con-

suderlng the. use of several types of multi-,

eiement anteonas it was decided, largely because

of space llmltatlons, to use an antenna with

“one-driven elementand three parasitic elements,
commonly known as a four-element Yagi antenna.

The constructlon of this antenna is shown

in Fig. 3, with all dimensions given in terms

of waveleéngth corresponding to the center fre-
quency of the fhannel:ﬁor which the antenna is

used. The antenna consists of ‘a folded dipole

“with two parasitic directors, shorter than the

i‘dlpole, and one parasitic reflector longer than

" the dlpole. The elements are cut from aluminum
~alloy tubing five- sixteenths inch-in outside
diameter to givean inexpensive,light and sturdy
structure.
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Fige 3 - Four-element Yagi antenna.

_ The directional pattern andvoltage response
of this antenna in comparison with a half-
wavelength dipole are shown in Fig, 4. These

_measurements were taken-with the transmission

e ' .

l a A w‘f

4 — ELEMENT YAG)
i
&
g
180°) oz
n 8-
I $
DIPOLE | 4} e &
RELATIVE VOLTAGE RESPONSES) = -
2IC \ 530°

240° 300° -

j z1o'

: FLg. 4 - Antenna directional pattern and voltage re-

sponse.

line matched at the antenna and at the ampli-
fner—lnput termlnals.,A shielded line of bal-
anced construction was used to avoid plckup,on
the transmission line. The measurements indicate
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that this antenna has a beam width of about 85
-degrees for half voltage response, a front-to-
back voltage response ratio of about 10, and a
vol tage gain over the half-wavelength dipole of
about 2.5. The antenna has an impedance of
about 90 ohms.

/

Transmission Lines

The choice of transmission line was deter-
~mined by two principal requirements, namely,
shielding and balance to ground. The use of: a
shielded line avoids stray pick-up of the re-
ceived signal, which would cause the same dis-
turbances observed in multipath reception. It
also reduces noise and other types of inter-
ference, and prevents irregularities in trans-
mission where the line is installed on or. near
metal surfaces. A balanced line is desirable
both for connection to a balanced antenna struc-
ture and for connection to receivers with bal-
anced -input circuits.

A suitable line, which is-commercially
available, is the cable RG-22/U. This cable has

" two flexible inner'conductors,-low—losspoly—-

ethylene dielectric, braided shield and" a tough

_weather-resistant vinyl outer jacket. It has a

surge impedance of 95 ohms, a veIOC|ty of propa-

"gation of 65.9 per cent and a loss of ‘3.4-db

per 100 feet at 100 Mc. |t is conveniently con-
nected by means of commercua]ly ava:lable plugs
and sockets.

Since the impedance of the antennas is 90
ohms the transmission lineis connected directly
to the antenna terminals. :

- The Amplifier Circuit

Each antenna is |ntended to plck up the
signal for a single channel. The antenna is

made directionally selective for the optimum
signal on this channel by means of its con-
struction and orientation. However, since the
antenna will also pick up some signal at other

. frequencies it is necessary to add selective:

circuits so that only the desired signals are

obtained. This function is provided for in the.
r—f.amplifier circuit.

Since attenuation results from ‘the combining.
of the signals from the several antennas and .

from their distribution, it is necessary to

’provude amplification to restore the signal

levels. The required ampllflcatlon is placed .in

" the circuits preceding combining and distribu-
tion, where it fits in efficiently with thev

other requirements of the r-f amplifier. This
arrangement, however, limits the signal avail-
able at the end of each distribution. llne to a
level determined by the overload character|s—
tics of the amplifier output tube. The. sig-

nificance of this Timitation will be discussed.

in the section on performance. -

In addition to -the selectivity and gain re-

1QUirements,~the r~f amplifier should keep the

signal-to-noise ratio from masking this char-

"acteristic in the receiver under test. This is

done by the use of tuned input circuits which
make possibleavoltage gain between. tfie antenna
transmission line and the grid of the first
tube.

The selectivity ‘required. to. provide effec-

thve elimination. of signals on other channels

is estimated to be about 100 to 1. The galn re-

quired to overcome the: attenuatlon in the com-.

bining and d|str|but|on circuits js estimated
to be about 40. The requured gain-is approxi-
mately provided by means of the antenna step-up

transformer and a single stage of r=f ampli-_

fication, which is coupled to the combining

circuits by means of an additional tube. |f-

four tuned circuits are usedit is: theoretncally
possible to secure a bandwidth of 6 Mc with a
rejection of 100 to 1 at a frequency 4 Mc re-

moved from the pass-band edge, which is the

worst condition in the low-frequency television

barid. However, a number of practical consuderaa

tions make this selectnvuty difficult to obtain.

Therefore two trnple—tuned circuits areusedasf
“ shown in Fig. 5.

“In the low-frequency channels the unbal-
anced circuits are capacitance-coupled, thus

"making it possible to use slug-tuned inductors.
- For the high-frequency channels this was found

to be impractical and magnetic coupling is used
throughout. Also, 6BA6. and 6AK5 tubes were used
in the low- and high-frequency channels respec-
tively to provide more comparable tube input
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loading and a diffefentfal'in gm,favoringvthe
highefrequency‘channels'to'make up, in part,
for Tower antenna step-up. - 1t should be noted

that a loading resistor is proquedclq_the.

plate circuit to reduce regenerative tendencies,.
which may be particularly troublesome during
alignment. The average gain from”antennatogrid
is about 5 in the low-frequency channels .and a
Ilttle over 2 in the high- frequency channels.

Thus deficiency at high frequencies may be.

partly attributed to the residual . induétance in
the prlmary tuning condenser -and to ‘the Timita—
tion on usable L- C ratnos imposed by physical
cons:deratlons. More antenna gain cou]d have
been obtained at hlgh,frequencues.by.uSIng a
‘push-pull ‘neutralized 6J6. This circuit was not
used, however, because the neutralizing adjust—

ment when both plate and gr:d cnrcunts are-

tuned is rather critical and stable neutrallznng
céndensers suitable for attachment to a m:nla—_
ture socket were not available.

(B) High-frequency channels

Fige 5 - Amplifier Circuits,

In designing the tuned coupled circuit pre-
ceding the grid of the first tube it is .desir-
"able that the input to this circuit present an
impedance to the transmission line equal to the
'latter s surge impedance. Assuming_that the
secondary (couplqng) circuit is a lossless
tuned link, this condition requires that the Q
of the ‘primary (antenna) cnrcunt when Ioaded
with a.resistance equal the transmnsscon line
surge |mpedance, be made equal to the 0 of the

teftiary (grid) curcuut. This Q is determaned by
the band -pass requirements of the amp]nfier.‘

“This condition is for the case of transitional

coupling but also holds very closely ‘for the
case of: slightly overcoupled circhits, which

> are used in this amplifier. Since ‘the L-C con-
“stants of the tertiary circuit are determined

by the residual capacitance of the grid cir-
cuit, the corresponding L-C constants of the’

primary circuit may be calculated through the
~relationship of equivalent Q'sJ Thus the prim-

ary and tertiary circuit constants.are uniquely

determined. The secondary circuit constants may

have any convenient practical values which per-
mit this circuit to act as a lossless. tuned
link. The couplings are adJusted for the slight-
ly overcoupled case, characterized by a.triple-
peak response, to secure more selectivity and
more uniform response in the passband. The
degree of overcoupling is limited by the allow-
able peak-to-trough varnatlon of response in
the passband, which should not -exceed 1.15 for

7the‘complete amplifier.

In the circuit following the first ampii-

- fier tube, the primary and tertlary circuit

constants are determined by the residual -ca-
pacitances in ‘the p]ate and grld circuits re-

’spectnvely, W|th the secondary carcult con- .

stants -again being. arbttrary. The unbypasSed
‘cathode resistor of the second tube in . the am-
plnfter circuit serves to compensate for input

icapac:tance ‘variation with change of bias volt-
‘age: The reason for controlling. the gain of

thls tube is to adjust the intensity levels of 
‘the sugnals and will be discussed later. The

”coupltngs of this triple-tuned circuit are also
‘adJusted for the condition of slight overcoup-

- ling, giving a response similarto that obtarned
,|n the preceding truple-tuned CIFCUIt

The structural-: details of the colls used

‘together with winding data, are given in Fig.

6. 1In appltcatuon it should be kept in mind
‘that variation in other structural:factors of
the circuit may have an apprec:able‘effect at
the -frequencies involved so that this informa-
tion should be considered only as approximate.

The Signal-Combining Circuit

. This circuit is reouired'toicombtne the
signals at the output of the channel ampli-
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Fig. 6 - R-F-coil construction data.
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fiers. This may be physically .realized through
.a number of circuit configurations. Probably
the highest efficiency of signal transfer could
be obtained by the use of wide-band transform-
ers which would not only restrict the passbands
to within the required range but also provide
separation of input and output capacstances.
Since two bands must be passed, “i.e. 44-88 Mc
and 174-216. Mc, a double band-pass network
might. also be used. This would be less complex
‘but. also less efficient than wide-band trans-
formers. The circuit actually used isa low-pass
circuit, passing up to 216 Mc, which although
still less efficient is considered adequate for
the requirements of this particular antenna
distribution system, .and is very simple.

~VWWy
E)

. L ‘ . L
Jr TI TI TI T
(A} Basic clrcutt

DISTRIBUTION LINE GOUPLING 'TUBES
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] ' u"
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1

.

+
1

{
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.

(B) Application
Fig. 7 - Signal combinlngocircﬁft.

‘in Fig. 7. C is the
and since

V'The circuitvié shown
residual capacitance of the circuit,
end-to-end attenuation in the network

,tircuit may be uniformly distributed.
residual capacitance amounts to about 20 ppf.
Using standard formulas such as found in Shea,
T. E., Transmission Networks and Wave Filters,
L is calculated to be 0.1 microhenry and R. 69
“ohms. ' ' : ’

Distribution Line Coupling Circuits .

These circuits couple the output df the
signal-gombining circuit to each of the bal anced

_resistive n- seqtlon
'consideration\both the effects of cathode de-

.current,

‘ is neg-
ligible, the plate and grid connections to the
This

at the same time providing
foraminimum of reaction between. the individual
lines. The circuit used is given in Fig. 8. The
tube in the circuit acts as an unbalanced-to-
balanced transformer and provides isolation be-
tween distribution |ines.

distribution lines,

AAAAA :
vvvvv‘W'—

1

AAAAA ~©-

tll
q

. Fig. 8 = Distribution line coupling circuit.

Since it is not possible to secure both
balanced |mpedanceand voltage conditions simul-
taneously with .a simgle cathode resistor the
.is used. This takes into

generation and the higher effective g of the
cathode circuit due to the presence of screen
‘but does not include the effects of

capacntance currents.
The signal fed through the grid—t04cathqde

capacitance is balanced out by the capacitor. C,

- connected between grid and plate. This provides

isolation so that externally applied signals at
‘the termination of any distribution line are to
a high degree prevented from being fed into any

of the other distribution lines. The attenua-

tion of such signals was measured to be of the

‘order of 1000 to 1. In this circuit arrangement
the neutralizing capacitor had a value of 4.2
puf. The capacitor is adjusted by feeding a
signal in at the termination of one distribu-
tion line and connecting a sensitive receiver
.tuned to receive this signal at the termination
of a second distribution line. Capacitor C, in

- the coupling circuit of the first distribution
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line is then adjusted for minimum signal at the
receiver.

Performance

The circuit diagram for the antenna dis-
tribution system is shown in Fig. 9. The trans-
mission characteristics for each of ‘the chan-
nels, from the antenna input at the amplifier
to the distribution line coupling tube output,
are given in Figs. 10 and 11. Since these meas-
urements do not include the loss in the dis-
tribution lines, which is a variable element,
the results should be modified by consideration
of the latter in any application.

®
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Fig. 10 — Overall transmission from antenna input to
distribution lines for low-frequency channels.

‘with normal

"which the second and first tube,

An important consideration in the perform-
ance of this circuit is the signal level hand-
ling capacity. Because of the gain in the r-f
amplifier the highest signal level will occur
at the grid of the second tube. Fig. 12 shows
an overload characteristic taken on Channel 4
bias voltage on this tube. The
points of interest are the change in slope oc-
curring near 15,000 and 100,000 microvolt
put. These correspond roughly to the points at
respectively,
overload. The occurrence of overload may be ob-
sérved in its effects on the performance of a
receiver. These effects are due to threeprinci-
pal causes, i.e. cross-modulation of the sound
and picture carriers, production of harmonics
of the r-f signal, and distortion of the pic-
ture and synchronizing signal modulation. Cross-
modulation of the sound and picture carriers
may result in-an ‘interference pattern in the
picture and rumble in the sound. There is also

in-

TRANSM|SSION—OUTPUT VOLTS/ INPUT VOLTS

70 100 % 200 20 220 20
FREQUENGY — MEGACYCLES PER SECOND

Fige Il - Overall transmission from antenna to dis-

tribution lines for high-frequency channels,
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Fig. 12 — Overload characteristic measured on Channel 4.
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a tendency for the horizontal synchronization
to fail. The production of harmonics makes it

possible -for a signal on the lower channels to’

interfere with one in the higher channels. For
example, using a receiver with a 22-26 Mc pic-
ture - i-f amplifier, signals on Channel 2 pro-
duce a pattern in the background of a picture
being.received on Channel 4. In this case the
second harmonic of the signal on Channel 2 was
higher ‘than the local oscillator frequency of
the receiver by approximately the i-f frequency.
Other effects of overload such as loss of con-

trast and strengthening'of "ghosts" are not as
readily discernible. The significance of this
consideration is that the full gain of the am-
plifier should be used only with signals below
a value of about 10 millivolts at the input of
the amplifier. For signals which are greater
than this but less than 100 millivolts the gain
should be adjusted for about 10 millivolts out—
put. For signals stronger than this an attenuat-
ing pad should be irserted in fhe antenna input
circuit or gain control should be applied to
the first tube also. )

g
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MODEL 84
U.H.F. STANDARD SIGNAL GENERATOR

300 10 1000 megacycles, AM and Pulse Modvulation

MODEL 62
VACUUM TUBE VOLTMETER

0101
MODEL 78-FM STANDARD SIGNAL GENERATOR 0 100 volts AC, DC ond RF

86 to 108 megacycles. Output: 1 to 100,000 microvolts

MODEL 71 SQUARE WAVE GENERATOR . - MODEL 58 U.H.F. RADIO NOISE

5 10 100,000 cycles : , o AND FIELD STRENGTH METER
Rise Rate 400 volts per microsecond : : - o 15 1o 150 megacycles

MODEL 65-B . . = MODEL 80
STAMNDARD SIGNAL GENERATOR § & 2 : 3 STANDARD SIGNAL GENERATOR
75 10 30,000 kilocycles . . o : 2 to 400 megacycles
M.O.P.A., 100% Modulation” - s G AM and Pulse Modulation

MODEL 79-B PULSE GENERATOR

50 to 100,000 cycles
0.5 to 40 microsecond pulse width

S
-
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Type 7047 Inputuner with
dial assembly. Complete
with spring-compression
tube shields. Only five
.color-coded leads for sim-
plified wiring.

*TRADE-MARK.

Solve Your TV-FM Tuning Problems

Looking for an r-f head with a wallop?
Check the Du Mont Inputuner. High gain and
uniform band-pass characteristics over all TV
channels, It's an outstanding feature of. all Du
Mont Telesets and other top performance TV
receivers.

Looking for really simple tuning?

Something with real sales appeal? Try the In-
putuner. Here’s continuous dial tuning over all
TV plus standard FM channels. No switching.
Only one knob for coarse and fihe adjustments.

Looking for performance?

Test the Inputuner. Reliability surpassing that
of finest switching systems, Excellent frequency
stability — low oscillator radiation. Signal to
noise, image suppression, and LF. ratios make
. the Inputuner a must where quality counts,

® Write today for 1949 manufacturers’ price list now
prepared. Detailed literature on request. Let us collctbora

your TV-FM tuning problems.

Looking for ease of assembly?

See the Inputuner. It's a compact, sturdy, pre-
aligned, rf head-end package requiring only
three screws for mounting.

Looking for immediate delivery?
Buy the Inputuner. Rapidly expanding product-
ive facilities have so far been able to keep pace

with demand. Further plant expansion is sched-
uled before the end of this year.

Looking for low-cost TV-FM tuning?

Buy the Du Mont Inputuner. You can’t beat the
Inputuner for dollar value. Full television cov-
erage plus superlative FM at a new low manu-

i

facturers’ price! ggl"!“‘ Hiwgiﬂl@ﬂéi,

Electrdnic Parts Division, Allen B. Du Mont Labordtories, Inc., 1000 Main Ave.. Clifton, N. J.
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