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Television Antenna Installation
Part 2, A TV Field Strength Meter

By the Engineering Department, Aerorox Corporation

THE preceding issue consisted of
a discussion on the practical as-

pects of selecting and installing a
television antenna for the fringe ser-
vice area. Here in Part 2 we will
describe the design and construction
of a practical battery operated field
strength meter for use in obtaining
proper orientation of TV antennas.
The instrument is simple to construct,
using two readily available tubes and
a crystal rectifier, and is completely
self-contained, Its general appear-
ance is as illustrated in Fig. 1.

Just as the problems associated
with the erection of a fringe -area TV
antenna differ considerably from those
of the primary service zone installa-
tion, so do the antenna orientation
techniques differ. In a primary zone,
where the signals are strong, the major
consideration in locating and aligning
the antenna is the elimination of
"ghosts." Many times the direction-
al bearing chosen for the receiving an-
tenna is not that which gives maxi-
mum signal response, but one which
places bothersome "ghost" signals in
a null of the antenna response pat-
tern. In such cases a field strength
meter is of little use. "Ghost" elim-
ination must proceed by the labor-
ious process of testing with an actual
receiver and choosing the antenna
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bearing which produces the best com-
promise between "ghosts" and signal
strength.

In the fringe area installation, on
the other hand, the problem is some-
what different. In most rural, resi-
dential districts of normal terrain, re-
flections and re -radiation from other
objects are not so frequently encoun-
tered. Here the available signal is
weak, so that the antenna must be
accurately aligned to produce the
maximum signal at the terminals of
the receiver. For this purpose, a
method of indicating the actual
strength of the received signal must

be used. Orientation by compass
bearing is usually unsatisfactory be-
cause the actual pattern of the par-
ticular antenna may not be accur-
ately known in many cases and may
be very sharp, especially on the high
channels. Other means of finding
the optimum directional bearing by
measurement include:

(a) Connecting a TV receiver to
the antenna and finding the best lo-
cation and direction by communica-
tion between the eroof and the set
with sound -powered 'phones or other
means of signaling.

(b) Reading the rectified video
output of the television set at the
antenna site by means of a long ex-
tension cord and an indicating d.c.
meter.

(c) Using a field strength meter at
the antenna site to determine the best
location and bearing.

Of these three methods (a) and
(b) have the disadvantage of requir-
ing a line from the receiver to the
antenna. This is sometimes incon-
venient and time consuming, espec-
ially in cases where a large roof -top
area is to be surveyed for the best
antenna location. These methods
also require the availability of a TV
set at the proposed location and pre-
clude the possibility of surveying a
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marginal location before the costly
delivery of a receiver. Methods (b)
and (c), as indicated above, do not
give much indication as to the prev-
alence of "ghost" conditions. In ad-
dition, an a.c. powered field -strength
meter also has the disadvantage of
the other two methods in requiring
an extra line to be run to the antenna
site.

The ideal antenna siting instru-
ment should be ultra -portable, bat-
tery powered, tune all television chan-
nels, and be simple to operate. Abso-
lute calibration in microvolts, al-
though desirable, is not as important
as stable indication of relative signal
strengths. The unit to be described
here fulfills these requirements, be-
ing sensitive enough to indicate sig-
nals of only a few tens of microvolts,
and yet requiring less than 4 milli-
amperes of plate current, and low
filament drain.
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Design Considerations
To achieve enough gain to actuate

a meter of moderate sensitivity on
weak r.f. signals, most commercial
field strength meters require the use
of five or six vacuum tubes. One r.f.
stage, a mixer, local oscillator, two
or more i.f. stages and a second de-
tector are requently used. Such a
line-up usually requires considerable
plate and heater current, making the
use of a.c. power necessary.

An alternative method of ob-
taining the high gain required, as well
as detection, is through the use of
superregeneration. A single stage op-
erating in this manner will provide as
much gain as the r.f. and i.f. stages in
the above line-up and provide recti-
fied output to actuate an indicating
meter. In addition, greater swings in
plate current and more positive ac-
tion may be obtained through the
use of a gas -filled triode of the type
used for radio control circuits. In
this manner the use of a high sensi-
tivity meter is unnecessary; sufficient-
ly large deflections are obtained on
an inexpensive 0-1 ma. meter.

Although it is possible to indicate
the relative signal strengths of weak
television stations by using a single
superregenerative detector, this meth-
od is not satisfactory for our present

purpose because a "superregen" is
critical to antenna loading and apt
to differ considerably in sensitivity
over the required tuning range. It
is also poor engineering practice to
couple such a stage directly to the
antenna because of the serious radia-
tion produced.

For these reasons, the superregen-
erative stage is used as the i.f. and
second detector of a simple receiver
of the superheterodyne type in the
present design. A silicon crystal
mixer and an acorn tube local oscilla-
tor are added to provide some degree
of antenna isolation and to allow the
superregenerative stage to operate at
a fixed low frequency. This circuit is
shown in Fig. 2. Good stability and
sensitivity are obtained in this man-
ner since this stage requires no ad-
justment after being set initially for
optimum performance. Tuning sim-
plicity is achieved by using an i.f.
frequency of 40 mc. and operating
the local oscillator above the signal
frequency for the lower channels (54-
88 mc.) and below the signal fre-
quency in the high band (174-216
mc.). In this manner, a local oscil-
lator tuning range of 94 to 176 mc.
tunes all of the presently assigned TV
channels continuously. This tuning
arrangement is shown diagramatically
in Fig. 3.

A silicon crystal mixer, readily
available on the surplus market, is
used to convert the local oscillator
and signal frequencies to the 40 mc.
i.f. frequency. Sufficient sensitivity
is obtained to give readable meter
indications on even extremely weak
stations. The entire unit is powered
by a 671/2 volt "B" battery and a size
"D" 1.5 volt flashlight cell. A pen-
light cell is also used to provide a
"bucking voltage if upward meter
readings are desired.

Construction
The field strength meter is built in

a miniature metal cabinet measuring
6"x5"x4". Adequate space is afford-
ed in this compartment for all com-
ponents, including the batteries. No
chassis is used since the parts are
mounted on inside surfaces of the
box. A metal carrying handle is fas-
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tened to the top of the cabinet for
portability.

Fig. 4 illustrates the lay -out of the
major components inside of the box.
The batteries are mounted on the
bottom of the compartment in the
positions shown. The "B" unit is of
the 12 ounce size, measuring about
27/8x13/8x33/4 inches. It is held in
place by a metal strap secured by
6 32 screws through the cabinet. The
meter is mounted on the 6"x5" cov-
er plate of the cabinet. Clearance for
the meter must be provided when
placing parts within the box.

The local oscillator is a 957 "acorn"
tube tuned by a 35 mmfd. midget var-
iable condenser (C1). Both the tube
socket and the condenser should have
high quality ceramic insulation. These
components are mounted on a 4" x
5" wall of the box. The tube socket
is mounted on 1" stand-off insulators
and the tuning capacitor is similarly
mounted near the grid and plate con-
nections to the tube. The oscillator
inductance (L 1) is connected direct-
ly to the condenser terminals. A

flexible shaft coupler and bakelite
shaft are used to couple the conden-
ser to the tuning dial. Since the fre-
quency range covered by the local
oscillator is considerable, making sta-
tion tuning rather sharp, a good "ver-
nier" dial should be used. One having
a tuning ratio of 6: 1 was used on the
experimental model.

The superregenerative i.f. and sec-
ond detector stage is mounted on the
rear 4"x5" wall of the cabinet. All
parts are assembled on a four -prong
steatite socket which is mounted per-
pendicular to the cabinet wall by
means of a small right-angle bracket.
A single 6/32 screw supports this as-
sembly and all grounds for this stage
are made to a soldering lug on this
screw. The RK62 gas -filled tube is
mounted in an inverted position. The
smaller RK61 could be used to con-



serve space but is not supplied with
a base. The 40mc. resonant circuit
(L2 and C2) is supported by the
tube socket terminals and R2-05. The
value of R2 is somewhat critical for
maximum sensitivity. Although 3.9
megohms was found to be optimum
in the experimental model, other
values should be tried if vigorous
superregeneration and large plate cur-
rent changes are not experienced in
individual cases. C2 should be a
ceramic 5-20 mmfd. trimmer of the
rotary or compression type.

The crystal mixer may be any of
the silicon types listed in the AERO-
VOX RESEARCH WORKER for
May, 1950. Such types as 1N21,
1N22, 1N23 and other detector cry-
stals available from surplus stocks
will perform satisfactorily. A ger-
manium crystal, such as the popular
1N34, should not be used in this
application.

The crystal is mounted in a modi-
fied cartridge fuse mounting. This
fuse holder (8AG size) is converted
to a crystal socket by rotating one
clip 90 -degrees, removing one end of
it, and drilling the remaining part of
the clip to engage the small end of
the crystal cartridge, as shown in
Fig. 5. A fuse mounting having bake-
lite or fiber insulation is satisfactory
for this purpose. The i.f. resonant
circuit (L3, C3 and C4) is supported
between one terminal of the crystal
holder and a grounded soldering lug.
L3 is concentric with L2 and spaced
about 1/2 -inch from its grid end.

The untuned input coil (L4) is
mounted on the lugs of a feed-thru
type bakelite terminal strip which
serves as the external binding posts
for the 300 ohm twin -lead line from
the antenna. One terminal is ground-
ed while the other connects to the
crystal. This circuit is left untuned
for simplicity and to afford broadband
operation. However, in extremely
remote areas where only one or two
channels are concerned, additional
sensitivity would be achieved by tun-
ing this circuit to the signal frequency.
Better image rejection would also re-
sult.

Adjusting The Circuits
After the components are installed

and wired, the local oscillator should
be adjusted for smooth oscillation
over the range of 94 to 176 mc. The
tuning range is regulated by spread-
ing or compressing the turns of the
oscillator coil (L1). The frequency
of oscillation may be measured by
inserting a milliameter in the oscil-
lator plate lead and tuning a closely
coupled absorption wavemeter until
a sharp maximum is observed in plate
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C2,C3- 5 to 20 mmfd. ceramic trimmer
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C9, C10 - .003 mfd. mica, Aerovox Type 1464
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current. A grid -dip meter or other
reliable method might also be em-
ployed. Oscillator injection is pro-
vided by a piece of insulated wire
from the plate end of L1 twisted once
around the lead between L4 and the
crystal holder.

The superregenerative i.f. and sec-
ond detector stage is next adjusted.
The regeneration control (R3) is ad-
vanced until characteristic superre-
generative "rush" is heard in a pair
of earphones in the RK62 plate cir-
cuit jack (J1). This should start at
about 200 microamperes and become
quite vigorous at about 1 milliam-
pere plate current. With the "buck-
ing" voltage circuit shown in Fig. 2,
this will correspond to zero reading
on the plate current meter if a 0-1
ma. movement is used. Under this
condition, a signal generator tuned
through the operating frequency of
the RK62 stage will produce an up-
ward deflection on the meter. If the
stage is functioning properly, the de-
flection should be at least half scale
even with the signal generator remote
from the meter and no intentional
coupling. The meter should also give
some indication when the signal gen-
erator is tuned to frequencies to which
the i.f. frequency is harmonically re-
lated. The tenth harmonic of the sig-
nal generator used in aligning the ex-
perimental model was easily detect-
able.

After L2 and G2 have been adjust-
ed to approximately 40 mc. with a
signal generator and checked for sen-
sitivity, the i.f. primary circuit (L3,
C3 and C4) is set at 40 mc. by tuning
the trimmer, C3, for an upward load-
ing effect on the RK62 plate current.

Operation
When these adjustments are com-

pleted, the field -strength meter is
ready for use. An antenna is con-
nected to the terminals provided and
switches S 1 and S2 are closed. The
meter is then adjusted to zero with
R3. Tuning the oscillator throughout
its range should then produce many
signal indications on the meter. The
signals may be initially identified by
the use of the earphones and marked
on the dial or a calibration chart. In
addition to the TV stations, some FM
stations will be noted and these may
cause confusion since they appear
near the same dial settings as chan-
nels 7, 8, and 9. This follows since
the local oscillator, when tuned to
140 mc. will produce a 40 mc. i.f. by
beating with either a 100 mc. FM
signal or a 180 mc. TV signal as in
Fig. 3. However, once the station
has been identified, the local oscil-
lator is sufficiently stable to make the
dial calibration entirely dependable.

Because the local oscillator radiates
somewhat more than a standard TV
receiver due to the absence of an
r.f. stage, the meter should be used
sparingly during regular program
transmission periods, and preferably
only during test periods.

In addition to its usefulness in sur-
veying a roof -top location with a test
dipole for areas of maximum signal
and orientation of the final antenna in-
stallation, many other applications for
this instrument will suggest them-
selves to the user. Since it tunes the
TV channels and has high sensitivity,
amateurs will find it a valuable aid
in locating and eliminating sources
of TVI.
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THERE IS SOMETHING NEW IN SIZES!
Here are four typical examples of these Aerovox
"Space Misers" worthy of your careful considera-
tion at this time:
Type SRE or Bantam electrolytics. Aluminum tube.
Hermetically -sealed. Insulating jacket. Stud ter-
minal for minimized diameter yet maximum leak-
age path between terminal and can.

Type 89ZXY metallized -paper tubular. Hermeti-
cally -sealed metal can. Available with insulating
cardboard or plastic sleeve, and with or without
mounting bracket. Ideal for extreme operating
conditions, particularly voltage surges.

Type P85 paper tubulars, with Duranite ' end fills,
providing mighty rugged capacitors at economical
cost.

Type 83Z or Microminiatures. " Metallized -paper
tubulars with unique single -layer dielectric and
both plates, for amazing compactness. Molded in
thermo-plastic case.

Yet, there are adequate voltage and capacitance
ratings in these new types to meet your needs.

These "Space Misers" are featured and
listed in the latest Aerovox catalog. See

them at your Aerovox Distributor. He
stocks them, as well as many other Aero-
vox types, for your convenience, satisfac-
tion, and up-to-dateness.

CAPACITORS  VIBRATO

"trade -marks

RS  TEST INSTRUMENTS

AEROVOX CORPORATION, NEW BEDFORD, MASS., U. S. A.  Sales Offices in All Principal Cities

Export: 41 E. 42nd St.. New York 17, N. Y.  Cable: AERDCAP. N. Y. In Canada: AEROVOX CANADA LTD.. Hamilton, Ont.


