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FOREWORD

This new issue of the Meissner Instruction Manual is dedicated to
the Radio Amateur, Serviceman and Experimenter. The subject matter
will be found to contain a wide variety of interest to anyone interested
in the Radio art from whatever angle.

Complete constructional data is herewith presented on the entire
1939-1940 line of Meissner kit receivers. This information includes the
detailed Pictorial Wiring Diagram, in addition to the regular Schematic
Circuit Diagram, which makes Meissner kits so easy and simple to con-
struct.

In addition to complete information on receiver kits, there is pre-
sented technical data, diagrams and operating instructions on the sev-
eral ready-wired units which were introduced in the 1939-40 line.
These include such items as the new DeLuxe Signal Shifter, Signal
Calibrator, Signal Booster and the MC 28-56 Converter.

All of the material presented is not new. Some previously published
material has been reproduced in order to make the book complete and
self-sufficient. Not only, however, have new kits and wired instruments
been included, but many pages of entirely new informative material
and charts have been added. The treatise on ‘‘Television in Theory and
Practice’’ will be found to provide excellent coverage of a comparative-
ly complex subject in a simple and understandable manner. This article,
in connection with the constructional information on the Meissner
Television Receiver, will provide a practical education on the present
stage of the art.
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THE RADIO-FREQUENCY SPECTRUM

This chart will enable the radio listener to determine the frequency chan-
nels to which he must tune when looking for reception in any of the
classified services listed at the bottom of the page.
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HOW TO TELL WHAT RESISTOR TO USE

POTENTIAL DROP

HOW TO USE THIS CHART

TO FIND

WATTS, OHMS,

VOLTS, MILLIAMPERES

With this chart it is possible to find two of the
following items— current, voltage, wattage, resistance—if
the other two are already known.

Loy o ruler or stisight-edge across the chart so that
it intersects the two scales st the points for which the values
are known. The points ot which the rule crosses the other
two scales ore the deswed values. Donot use scale B
with scale " A“—olways employ the same scoler—either

A" enclunively or B exclusively.

Since the ratingy of resitors are given for « resistor
mounted in free air (not under a radio chassis) the capacity
of resistor for radio wse w much less than its specihed
wattage. The recommended ralues for wattage are bated
on radio et practice

Ay an cnample of the method of using the chart
dotted line indicates the following relationship
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HANDY RADIO FORMULAE

Direct Current Relations
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CAPACITY
A,B

FREQUENCY INDUCTANCE
A B A B

MICRO-MICROFARADS KC MC MICROHENRIES
500 1000 ¥ 10
900 9
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Example: 100 mm

When any tvt'o of the quantities F, L, or C are known the third ean be found by drawing a straight line.
fd. and 100 microhenries tune to 1590 ke. (reading all A scales) or 100 mmfd. and 1 microhenry resonates
at 15.9 mec. (reading all B scales).




General Construction Hints

The following hints on the construction of receivers
from Meissner Kits are offered to the experimenter to call
his attention to a few of the practices that the engineer
or professional radio man uses. Their observation will.
perhaps, eliminate easily-made errors and will assure
proper operation of the completed receiver.

PICTORIAL DIAGRAM

A pictorial wiring diagram of each kit has been pre-
pared with great care to show what no circuit diagram
can show—the physical arrangement of parts and leads,
which, in many cases, is more important than some of the
values of circuit elements shown in the schematic diagram.

If the arrangement of parts shown therein is followed
closely, your kit will work with the same freedom from
trouble that characterizes the finished original Master
Models leaving the engineering department of the Meiss-
ner Manufacturing Company. Very close adherance to
the arrangement shown will bring results which cannot be
improved even if re-assembled and rewired by Meissner
Engineers.

For the sake of clarity, all pictorial diagrams are drawn
with components somewhat smaller in proportion to the
chassis than a true scale drawing would show them, but
they are shown in the proper place with respect to all
pther parts.

All components have been placed in positions that
facilitate wiring as much as possible and which give mini-
mum coupling or regeneration.

Each wire in the pictorial diagram has its color shown
to facilitate wiring and checking. The corresponding col-
ors of wire are furnished in the kit, each in sufficient
quantity to make the required connections. It is recom-
mended that you follow these colors.

AVOIDING MISTAKES IN WIRING

It has been found a good plan to go over each wire on
the Pictorial Diagram with a colored pencil as that wire is
placed in the chassis. If this plan is followed without ex-
ception, the progress of wiring is obvious from a single
glance at the marked diagram, the unfinished portion is
quickly identified, and errors in wiring will automatically
be non-existent.

WIRE LENGTH AND POSITION
All wiring should be kept as short as convenient and
should be placed close to the chassis. Wiring, particularly
a plate lead, that stands several inches from the chassis
provides much greater coupling or regeneration than wir-
ing placed close to grounded metal objects such as the
chassis, and consequently should be avoided.

INSULATING SLEEVING
Braided insulating sleeving or *‘Spaghetti Tubing” is
recommended on a few leads in most kits where there is
considerable chance for a short-circuit to occur between
that lead and some other object. Most leads, however,
will not require sleeving if arranged as shown in the
Pictorial Diagram.

LOCKWASHERS

Lockwashers are provided with all nuts so that each
nut may be adequately fastened in such a manner that
vibration will not loosen it. Put a lockwasher of appropri-
ate size on each screw before putting on the nut, then
tighten the nut until it is quite firmly seated, compressing
the lockwasher, If this is done the assembled kit will have
the same freedom from loose parts as good commercial
receivers.

SOCKETS

When mounting sockets into a chassis pay special at-
tention to the position of the Keyway in octal sockets or
to the large prongs in the older types of tube sockets.
This precaution will eliminate the distasteful and exasper-
ating task of removing all of the connections from the

socket to permit reversing it if it was originally installed
incorrectly.
PAPER CONDENSERS

Most paper by-pass condensers have one connection
marked “ground” to designate the outside foil in the con-
denser. If this end is grounded this outside foil shields
the inside foil which is the *hot” or high-potential part of
the condenser. Wherever a condenser by-passes any point
to chassis it is recommended that the *‘ground” side of
the condenser be connected to chassis.

DRY ELECTROLYTIC CONDENSERS

Dry electrolytic condensers have their positive end
marked “positive” or “plus.” When connected into a cir-
cuit the marked polarity must be observed.

WET ELECTROLYTIC CONDENSERS

Wet electrolytic condensers usually do not have their
polarity marked since the can is always negative. They
should never be operated in a horizontal position for more
than a few minutes. They all have some means of
“breathing’”” when in operation. If tuned upside down or
horizontally the fluid may leak out during operation.

CARBON RESISTORS

Carbon resistors are made in several sizes according to
the wattage or power they dissipate. The sizes for a
given rating differ slightly between the different manu-
facturers but not enough so that the rating can be easily
mistaken. The approximate sizes are as shown in Fig, 1.

ia-w =

FIGURE 1.

When operating at their rated power the resistors are
warm. The wattage dissipated may be easily calculated
from Watts = Volts x amperes, or Watts = Resistance x
amperes-squared,

The body color indicates the first digit of the resistance
value, the end color indicates the second figure and the
dot at the center indicates the number of zeros following.
The table below gives the color code:

0-——Black. 5—Green.
1—Brown. 6-—Blue.
2—Red. 7—Violet.
3——Orange. 8—Gray.
4—Yellow. 9—White.
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RESISTANCE CORDS

Equipment for AC-DC operation cannot have a power
transformer since the transformer will not work on D-C.
Where it is necessary to obtain low voltages for filaments
from a 110 volt line, the filaments are usually connected
in series and a resistance connected between the filaments
and one side of the line. Often, this resistance is built
into the line cord. When such is the case, the cord will
become quite warm in operation. It should never be cut
short for to do so would change the resistance and damage
the tubes. It should not be operated with the cord all
bunched up but should be spread out for proper cooling.

POWER TRANSFORMERS

Unless specifically marked for other service all Meiss-
ner power-transformers are designed for 110 Volt 50-60
cycle supply. They may be used on higher frequencies if
desired but cannot be used on lower frequencies. If 40
or 25 cycle transformers are necessary they must be fur-
nished special.

If any power transformer is found to hum or buzz ob-
jectionably, the mounting screws should be tightened up.
if this fails to cure the trouble, the screws should be
loosened up and the edges of the laminations painted with
heavy orange shellac, the transformers allowed to stand
for several hours, and the bolts then tigntened up.

GANG CONDENSERS

Gang condensers are instruments of precision that
should be looked upon with respect. They are made and
adjusted by experts to very close limits of uniformity so
that your kit may have the best possible ‘“‘tracking” and
accuracy of calibration. To give them the best protection
when handling them or working on any chassis on which
they are mounted, keep the condenser closed, that is,
plates fully meshed. Never bend a condenser plate unless
you are very sure that you know what will happen.

ADJUSTABLE CONDENSERS

Adjustable mica condensers are used to align many cir-
cuits. They are usually built with fine-pitch threads
(many threads per inch) to facilitate adjustment. Because
of the small size of the threads the strength thereof is
limited. Accordingly, do not force a trimmer screw ad-
justment.

RANGE SWITCHES

Range switches are so designed that their self-wiping
contacts keep themselves clean if the switch is placed in a
protected place such as inside a closed cabinet or under a
chassis. The greatest threat to satisfactory operation is
rosin on the contacting surfaces. Therefore, when solder-
ing connections to the switch lugs, heat the lug and wire
quite hot by means of the iron before applying the rosin-
cored solder so that as soon as the solder is applied it will
quickly flow around the wire forming a perfect joint with
as little solder as possible. By keeping the quantity of
solder small, the chances for the rosin to spatter or flow
onto the contacts are minimized.

SHIELDED WIRE

Shielded wire is not the panacea for all regeneration
troubles. It must be wused with discretion, remembering
that it has a relatively high capacity of not too good
power factor. When used on the grid or plate leads of
radio -frequency or intermediate-frequency circuits, the
capacity added may prevent proper tuning or trimming.
Its use,in Meissner Kits has been specified only where it
can be used to advantage safely. If it is desired to cut
the shielding back from the end of the wire to a given
oint, it will be found advantageous to solder the shield-
ng all around the wire for a length of 3-16 to 1-4 inch at
the point to which the shield is to be stripped. This gives
the wire a neat appearance, holds the shielding in place,
and prevents fraying.

BIAS CELLS

Bias cells are used in many receivers and Kits to fur-
nish grid bias, instead of using a cathode bias resistor
and by-pass condenser. They are held in clips some-times
singly, some-times in multiples. Fig. 2 shows these units
assembled in their holder as used in Meissner Kits.

FIGURE 2.

They are actually batteries of essentially constant volt-
age but very high resistance. As a consequence if a volt-
meter is connected across the cell, the meter will read a
voltage far lower than the open-circuit or no-load voltage
of the cell. It is not a good idea to measure the voltage
of a bias cell or to permit it to become short-circuited.
If, through accident, the bias cell is short-circuited for
some period of time it will probably resume its normal
operating characteristics shortly after the short-circuit is
removed. If it is desired to determine whether the bias
cell is operating properly, a single flash-light dry cell may
be substituted for the bias cell to check for similarity of
action. The outside containers of both the flash-light bat-
tery and the bias cell are the negative terminals.

DIAL LIGHTING

When dials are illuminated from the rear, uniformity
of illumination over the dial scale can sometimes be im-
proved by placing a piece of glossy white cardboard or
white painted metal behind the dial lights to act as a re-
flector.

When dials are illuminated from the front, sometimes
improvements in uniformity can be made by equivalent
treatment in appropriate places.

SOLDERED CONNECTIONS

All joints must be well soldered to insure good electrical
connections. When the solder on each joint has cooled,
test the joint to be sure that it is perfect. Attempt to
pull the joint loose or wiggle it. If the joint breaks or
the wire wiggles in the ‘“soldered” connection, insufficient
heat or solder (probably the former) was used in the first
attempt and the joint should be reheated. Use only rosin-
cored solder and plenty of heat. All surfaces must be
clean. Never use soldering-paste, acid, or other fluid flux.

SOLDERING 1IRONS

Satisfactory work can be done with any kind of a
soldering iron whether heated by gas, electricity or other
source of heat, provided that the iron is kept properly
tinned and that it has enough thermal capacity to do the
job. For most connections of wires to lugs, even a very
small iron will be satisfactory, but where connections are
soldered to the chassis or to any other large objects, a
large iron is required in order to get the chassis hot
enough to solder properly.

The first time a soldering iron is used it is necessary
to “Tin” it properly. Get the temperature high enough to
melt solder freely, file the desired surfaces until smooth
and clean, then quickly apply rosin-cored solder before the
cleaned surface has an opportunity to oxidize or discolor
badly. If rosin in the solder is the only flux used when
tinning the iron, it may be necessary to make several at-
tempts before the iron is tinned properly. A small amount
of soldering-paste applied to the cleaned surface of the
iron just before the solder is applied will facilitate tin-
ning, but the paste should never be used in soldering any
of the wiring in the Kit.

If a soldering iron is used that is heated by gas or other
flame, the tinning on the point of the iron will be best
preserved if the flame does not strike the tinned surface,
and if the temperature of the iron is never permitted to
get too high. If the iron gets red-hot, it will be necessary
to re-tin the working surface before good work can again
be done with it. It is far more satisfactory to use a
small flame heating the iron almost continuously rather
than to use a large flame heating the iron for short
periods only. In the latter case invariallly the iron will
be permitted to overheat.



RADIO COILS AND
CIRCUIT APPLICATIONS

RADIO COILS

Radio coils are frequently thought of in the light of being essen-
tially radio components, and as a part of the more general classifi-
cation “Inductance.” In order to understand the performance of coils
in radio receivers, it is first necessary to understand the fundamental
ideas about inductance and about resonant circuits.

Inductance is of two general types, “Self-Inductance” and “Mu-
tual-Inductance,” both of which are important in a radio receiver
and both of which are described below.

SELF INDUCTANCE

Self inductance is, by definition, that magnetic property of a cir-
cuit that opposes any change in current. When a current flows in a
wire, a magnetic flux is set up around that wire. If the current in-
creases, the flux increases and, as it increases, the flux generates a
voltage that tends to oppose the increase in current.

If the conductor is wound into a coil, the flux from many turns is
concentrated so that each turn in the coil encloses not only its own
flux, but also that from many other turns, thereby greatly increasing
the effectiveness of each turn. Where the turns are large in diameter
but bunched very closely together, the inductance increases practi-
cally in proportion to the square of the number of turns in the coil.

The practical unit of inductance is the “Henry” which is that
value of inductance in which one volt is generated when the current
is changing at the rate of one ampere per second. This unit of in-
ductance is of quite convenient size when dealing with problems in
power filter design, but is much too large for convenience when
dealing with problems in intermediate frequencies or in high fre-
quencies. For intermediate frequency work a one-thousandth part of
a Henry, called a millihenry, is the most convenient unit of induc-
ance, and for higher frequencies the microhenry, a one-millionth
part of a Henry, is more convenient.

When an inductance is connected in an alternating current circuit,
the current that flows is a function of the voltage across the induct-
ance, the frequency of the current, and the magnitude of the induct-
ance. The impedance to the flow of current is expressed:

X ''==2:1 FL or X, =WL where
=27 times Frequency (cycles per second),

F = frequency (cycles per second),

L = inductance in Henrys.

Impedance in an alternating current circuit is very similar to re-
sistance in a direct current circuit except that the magnitude of the
impedance changes with frequency. If it were not for this fortunate
effect, radio receivers and any other devices employing resonant
circuits would be unknown.

MUTUAL INDUCTANCE

In the section on Self-Inductance, above, the definition of “Self-
Inductance,” and the properties thereof were briefly explained. If,
in the example of the bunched winding, half of the turns formed
one circuit and the remaining half formed another circuit, a change
in magnetic flux occasioned hy a change in current in one winding,
would induce two voltages, one in its own winding opposing the
change in current, and the other in the second coil. This phenomenon
of a voltage induced in the turns of one coil by a change in current
in another coil is known as ‘“Mutual Inductance.”

The unit of Mutual Inductance is the “henry” defined as that
value of mutual inductance in which one volt is generated across
the terminals of one coil when the current in the other coil is chang-
ing at the rate of one ampere per second.

The practical units for Mutual Inductance are the same as those
for self inductance, namely the Henry, Millihenry and Microhenry.

A very convenient property of mutual inductance is that the
mutual inductance existing between two dissimilar coils is the same,
whether the current change is in the large coil and the voltage is
measured in the small one or vice versa, regardless of how dis-
similar the coils may be.

This phenomenon called mutual inductance makes the formulae
for inductances in series or in parallel much different from the for-
mulae for resistances. In the latter case, the equivalent resistance of
two resistances in series is the sum of the individual resistances;
but in the case of two inductances in series, there may be a mutual

inductance between the coils that may seriously disturb that simple
relationship. If the two coils are placed so that the wires of one
coil and those of the other coil occupy practically the same space, as
in the case of winding the second coil as a single layer directly over
the first single layer coil, or between the turns of the first coil, the
overall inductance of two equal coils wound as above, will he twice
the sum of the inductances of the two individual coils, if the coils
are connected “Aiding” and will be practically zero if connected
“Opposing.” This is a special case which seldom occurs, but shows
one of the extremes of mutual inductance which can influence the
equivalent inductance of two coils connected in series.

The general expression for any case in-
volving only two coils in series is: overall
inductance equals the sum of the individ-

Coit
ual inductances plus or minus twice the No. 1
mutual inductance. The reason for this

relationship is given in the following ex- Coli
planation. Ba.2

A current change in coil No. 1 induces
in itself a voltage proportional to its in-
ductance, and similarly in coil No. 2 a voltage proportional to the
inductance of coil No. 2. The current change in coil No. 1 induces a
voltage in coil No. 2 proportional to the mutual inductance between
the two coils, and similarly the current change in coil No. 2 induces
a voltage in coil No. 1 of the same magnitude because the mutual
inductance is the same whether measured from the first to the second
coil, or in the reverse direction. The overall inductance is propor-
tional to the total voltage induced, and is consequently equal to the
sum of the individual inductances plus or minus twice the mutual
inductance. The “plus or minus” provision is made because the
voltage induced in one coil by a current change in the other does
not necessarily aid the self-induced voltage in the coil. Inductances
themselves are positive, there being no negative inductances; nor,
strictly speaking, are there any negative mutual inductances; but a
mutual inductance may be connected into a circuit so that its effect
may oppose some other effect and can be considered as a negative
mutual inductance when so connected.

The maximum value of mutual inductance that can exist between
two coils is equal to the square-root of the product of the two in-
dividua!l inductances. In practice it is very difficult to obtain suf-
ficiently close coupling to produce this limiting value unless the two
coils are wound together, the wires from both circuits being wound
on the coil simultaneously.

COUPLING COEFFICIENT

When two coils are arranged so that some definite mutual induct-
ance exists, the coils are said to be magnetically coupled.

In many calculations, it is frequently convenient to express the
amount of coupling as a percentage of the maximum that could
possibly exist, rather than a numerical value of mutual inductance.
In such a case, the term applied to this percentage is “coupling
coefficient” which, for inductance, is defined as the quotient resulting
from dividing the existing mutual inductance by the maximum pos-
sible mutual inductance (square-root of the product of the two
separate inductances).

DESIGN OF RADIO COILS

Since almost all radio-frequency coils operate in resonant cir-
cuits, the coils must be designed for three important characteristics
— inductance, distributed capacity, and losses.

For simple geometric forms such as the solenoids, formulae are
available in many text books for calculating the above mentioned
characteristics, but for universal wound coils no satisfactory for-
mulae exist for any one of the three quantities. Within limits, the
inductance and distributed capacity are practically constant with
frequency, but the losses change with frequency, requiring different
designs for minimum losses in coils of the same inductance but
operating at different frequencies. This is the reason for the great
amount of design work required on radie-frequency coils.

The losses in a coil may be divided into the following classes:

1 — Ohmic or D.C. losses in the wire:

2 — Eddy-current losses in the conductor

3 — Eddy-current losses in the shield
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4 — Eddy-current losses in the core material
S — Skin effect

6 — Dielectric loss in the wire insulation

7 — Dielectric loss in the terminal strip

None of these items is independent of the others, and a change
to improve one usually changes one or more of the remaining factors.

Considering the sources of loss in the order named above, the
D.C. or ohmic resistance of a coil can be reduced by increasing
wire size, in which case the coil becomes larger, and, in the case of
shielded coils, brings the coil closer to the shield, which consequent-
ly increases the shield losses. In addition, because the copper cross
section increases, permitting higher eddy-voltages to he generated,
the eddy-current losses in the conductor increase.

The eddy-current losses in the conductor are minimized by sub-
dividing the conductor as finely as is economical, insulating each of
the subdivided parts from all other parts. Commercially, this is
done by the use of so-called Litz (Litzendraht) wire, which cousists
of many strands of fine wire, each strand individually insulated
with enamel, and the group of wires covered with some insulation,
usually fabric, although sometimes enamel, paper, or other covering
is used over the group.

Eddy-current losses in the shield are minimized by using a shield
as large as possible, or large enough so that further increase in
diameter produces no improvement, and by the choice of shield
material of the lowest economical specific resistance. The shield
materials in common use are copper, aluminum and zinc, named in
the order of their merit. Magnetic alloys, such as sheet iron or
silicon steel, are very high in R F losses.

A peculiar phenomenon with regard to composite shields is that
whenever a shield is made of two closelv bonded materials, the
characteristics of the shield approach the characteristics of the
poorer material. For example, a copper plated steel shield is almost
as bad as an all steel shield of equal dimensions even though the
plating is commercially heavy.

Iron cores are frequently used in coils to increase the effectiveness
of the turns of wire, thereby permitting a given inductance to be
obtained with fewer turns, and consequently with lower D.C. re-
sistance. The core itself introduces some eddy-current losses which
partially offset the improvement made by reducing the number of
turns. In some cases (usually above 6 megacvcles) the introduction
of even the highest grade of powdered iron cores results in an in-
crease in losses rather than a decrease.

Eddy-current losses in the conductor have dictated the use of Litz
wire wherever economically possible, but “Skin Effect” goes a step
farther and requires that the conductor not only be subdivided into
a multiplicity of individually insulated strands but that these
strands be arranged in a special manner. In an attempt to have
each individual strand occupy a place on the surface of the con-
ductor an equal percent of the time, so that the current would
divide equally among the many strands and thereby give the lowest
effective R.F. resistance, the original braided Litzendraht wire was
developed. Because of price, however, modern “Litz" wire as used
in radio receivers, is merely twisted, which brings different strands
to the surface at different points giving a result approaching that of
braided Litz, but at far less expense. Where Litz wire is made
without twisting, that is, with parallel strands, the results are in-
ferior to twisted Litz on two counts: (1) the losses are consistently
higher than for twisted Litz, (2) coils made with it exhibit greater
variations in resistance than coils made from twisted Litz. (All
Meissner Litz wire is twisted.)

A very important and frequently unsuspected contributor to coil
losses is the insulation of the wire. Analyzing a coil, it will readily
be apparent that the fabric insulation on the wire is the dielectric
of the distributed capacity of the coil. The losses in the insulation
influence the coil just as surely as would an external condenser of
the same capacity connected across the coil, having the same fabric
for a dielectric. With this in mind, many coil designs have been im-
proved by increasing the thickness of fabric insulation, thereby re-
ducing the distributed capacity and consequently its detrimental
effect. In many cases, this effect was so important that increasing
the insulation thickness resulted in improvement in the coil even
though smaller wire was used to give space for the insulation!

In considering the distributed capacity of a coil it must be remem-
bered that, in many instances, the terminals on the coil contribute
an important part to the distributed capacity, and that the losses
in the terminal strip should not be neglected. On some coils of high
quality, hard rubber terminal strips are used to minimize the losses
occasioned by the terminal strip.

Since all of the losses in a coil taken together make up the radio
frequency resistance of the coil, a single number can be used to
express this quantity, but the resistance alone does not give sufficient
information to judge the electrical excellence of the coil. Resistance
is usually the undesired quantity in a coil, and practically all coil
designs attempt to make it as low as possible. Reactance is the de-
sired characteristic of the coil and is the product of frequency, in-
ductance and the usual multiplier, 2. A special term has been
given to the ratio of the desired to the undesired characteristic of

the coil. This term is “Q" which is defined as the reactance divided
by the resistance.

From the foregoing discussion of the factors influencing the per-
formance of radio coils it is obvious that when Meissner lists high
“Q" coils the products offered are the results of many hours of
work on each individual design backed by the experience of years
on the same type of problem.

SHIELDING

Having consid:red, in the paragraphs last preceding this section,
the effect of high insulation loss in a radio coil or its associated
terminal strip, it immediately follows that the losses in any associated
wiring should also have an effect on the efficiency of the circuit.
Probably the most serious offender in this category is a shield on
any high potential R F hookup wire.

The common type of shielded wire, consisting of two wax im-
pregnated cotton braids over the conductor, covered with a woven
copper shield is particularly bad when used on high- “Q" resonant
circuits. Such shielding frequently has a capacity of 50-to 100-mmfd.
per foot which means that if more than a few inches are used, so
much capacity may be added to the circuits that they may not be
tunable with the trimmer condenser provided. In addition, the ca-
pacity added has high losses even when dry. It is characteristic of
this tvpe of wire that as it becomes damp its losses increase tremen-
dously, thereby greatly reducing the efficiency of high-“Q" circuits,
and, in addition, the capacity increases, detuning the circuits. This
loss in ethciency is bad enough, but when detuning is added, the
cumulative results may prevent operation of a receiver having an
appreciable amount of shielding on grid or plate leads. Because of
these humidity effects, the safe rule to follow is never to use a close
fitting shield on any R.F. or LF. circuit. If, however, it is necessary
to use shielding, some form of large diameter shielding should be
used. A piece of spiral spring, whose inside diameter is considerably
larger than the outside diameter of the insulation on the wire pass-
ing through it, makes a good flexible shield. In this case, a great
deal of the dielectric between the conductor and the shield is air.
This partially reduces the dielectric loss, but even this should be
avoided if possible.

The electrically ideal type of shielding is the partition type which
separates one tube and its associated wiring from another tube and
its wiring. Since it is not alwavs possible to employ partition shield-
ing, the next best thing to use is either rigid bare wire in a rigid
shield tube, or a small wire in a large diameter shield such as is
frequently employed on automobile antenna lead-ins.

1f a close-fitting shield must be used, the best econoemical com-
mercial insulation obtainable at present is Celanese insulated wire
such as is marketed by several firms under the name “R.F. Hookup
Wire.”

RESONANT CIRCUITS

The fundamentals of resonant circuits are covered so thoroughly
and completelv in many standard text books on radio, that no at-
tempt will be made here, in limited space, to cover the same terri-
tory. Only a very few important ideas and relationships will be
brought to your attention.

Inductance and capacity, when measured in an alternating cur-
rent circuit are found to possess “Reactance” measurable in ohms.
The reactances, although both measured in ohms, have the peculiar
property of adding to resistive ohms as if the resistance were the
base of a right angle triangle, the reactance were the altitude of
the triangle, and the overall impedance the hypotenuse of the tri-
angle. This relationship is expressed as the square of the hypotenuse
being equal to the sum of the squares on the other two sides.

The reactances of a condenser and of an inductance are of oppo-
site sign, however, so that if an inductance and a capacity are con-
nected in series, the overall reactance will be the algebraic sum, or
in this case, the numerical difference between the two reactances.

From the above statement it follows that for anv given value of
inductive reactance, a value of capacity can be chosen whose re-
actance will exactly equal the inductive reactance. A special name,
“Resonance” has been given to this condition. The circuit is re-
ferred to as being ‘“In Resonance.” Under this condition the current
is limited only by the resistance in the circuit.

When circuits are resonant, some very
astonishing things can happen. Consider s v
the circuit shown in Fig. 2. E|2 = & P
This is a theoretical case because it is
impossible to obtain both inductance and 6. Secne
capacitance without resistance, although, 'vo inductive
of the two, a perfect condenser can be 3 Pecofopes
approached closer than a perfect induct- —
ance. If all of the resistance is considered g, ——
to reside in the inductance, E, ceases to L
exist as a separate voltage that can be Figue 2

measured with a meter, but it still limits
the current flow at resonance. The voltages that then could be
measured are E; = 100 and E, = 100.005 volts.

If an indactive and a capacitive reactance are connected in paral-
lel the total reactance is higher than the highest reactance instead
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of being lower than the lowest, which is the case existing when
reactances of the same type are connected in parallel.

The reason why the effective impedance of two similar imped-
ances connected in parallel is lower than the impedance of either
separate circuit branch is immediately obvious. The second circuit
offers a second path for current, raising the total current, and,
since it is known that with constant voltage supplied, increased
currents indicate lower impedances. The reason why the impedance
rises when dissimilar reactances are connected in parallel is ex-
plained as follows:

When an inductive reactance is connected across a supply of
alternating voltage a current flows 90 electrical degrees or % of a
cycle behind the voltage. When a capacitive reactance is connected
across a similar supply, a current flows 90 electrical degrees or %
cycle ahead of the voltage. From this it is obvious that when both
types of reactance are connected to the same voltage source, the
currents will be exactly % cycle apart, meaning that the moment
the current is at its positive peak on the alternating current wave
in the condenser, the current in the inductance is at its negative
peak, or that the total current in the two circuits will be the arith-
metic difference between the two individual currents. It is obvious
then that since connecting two dissimilar reactances (one capacitive
and one inductive) in parallel reduces tHe total current drawn from
the line, the impedance must increase. If the condenser and induct-
ance both have zero losses, the same current would flow in the in-
ductance as if the condenser were absent, and the same current
would flow in the condenser as if the inductance were absent, but
no current would be drawn from the line. The impedance of the
combination must therefore be infinite.

Since radio coils do not come within 10% of being as good as
high grade condensers, and since condensers themselves are not
perfectly loss free, it follows that the infinite impedance circuit
discussed is theoretical and that it is highly desirable to have a
convenient method of calculating the impedance of actual circuits.

Starting with the formula for the impedance of an inductance of
practical design in parallel with a condenser simple algebraic
manipulation produces the very workable formula
Resonant Impedance = Q @
where Q is the “Q"” of the coil (by definition, its reactance divided
by its resistance) @ = 2 7 times frequency in cycles per second,
and L is the inductance in henrys.

ANTENNA COILS

The basic types of antenna coils have high-impedance inductive,
high-impedance capacitive, low-impedance inductive and low-im-
pedance capacitive couplings. Typical values of capacity, self in-
ductance and mutual inductance for these four types of broadcast
coils are shown in Fig. 3.

HIGH-IMPEDANCE PRIMARY

High-impedance magnetic coupling, usually spoken of as “High-
Impedance Primary” is the most universal type of coupling on the
broadcast range of household receivers. It has good image ratio,
reasonable gain, and, when properly designed, almost negligible
misaligning of the first tuned circuit as the size of antennas is
changed. With the usual design of coil, this type of coupling re-
sults in higher gain at the low-frequency than at the high-frequency
end of the tuning range. Sometimes, to compensate for this de-
ficiency at the high frequency end, a small amount of high-im-
pedance capacity coupling is used. This capacity is connected from
the antenna to the grid terminals of the coil. Its size is from 3 to
10 MMF.

It is to be noted that capacity coupling can reduce as well as
raise the gain of a high-impedance magnetically coupled trans-
former, depending upon the polarity of the windings. If capacity
coupling is to aid the magnetic coupling, a current entering
the antenna terminal of the primary and the grid terminal of
the secondary must go around the coil form in opposite direc-
tions, and the coupling capacity must be connected between
these two points.

LOW-IMPEDANCE PRIMARY

Antenna coils with low-impedance primaries, although cheaper to
manufacture than high-impedance primaries, are rare on the broad-
cast band of modern home radio receivers.

This type of coupling, when used with any of the conventional
household antennas, gives a great deal more gain at the high-
frequency end than at the low-frequency end of the tuning range.
This gives rise to very poor image-ratio when used in a super-
heterodyne receiver.

The closely coupled low-impedance primary reflects the antenna
capacity across the tuned circuit in an amount depending upon its
inductance and coupling coeflicient. Without attemnpting to derive
an expression for the actual magnitude of this effect, suffice it to
say that if the primary is large enough to give reasonable gain at
the low-frequency end of the frequency range, the reflected antenna
capacity will be so high that the secondary tuning condenser will
not be able to tune to the high-frequency end of the band, and

every different antenna capacity would change the amount of mis-
tracking. Because of this sensitivity to changes in antenna capacity,
and because of poor image ratio, the low-impedance primary is
seldom used on broadcast-band antenna coils.

On short-wave coils, the low-impedance primary is used almost
exclusively because the antenna gain is usually higher than with a
high-impedance primary, and the antenna is usually resonant in or
below the broadcast band. For this reason, the image-ratio does not
suffer nearly as much as in the case of using low-impedance broad-
cast coils in place of coils with high-impedance primaries.

HIGH-IMPEDANCE CAPACITY COUPLING

The high-impedance capacity coupling scheme consists essentially
of connecting the antenna directly to the grid end of the first tuned
circuit through a capacity, usually from 1 to 10 mmf. This method
of coupling has been popularly used on amateur receivers of simple
design, where simplicity of coil construction was imperative, but
is not used in broadcast receivers by recognized manufacturers be-
cause of the very poor image-ratio that results.

Practically speaking, the only use for high-impedance capacity
coupling in a broadcast receiver is as reinforcement to a high-im-
pedance primary, as discussed in the paragraph on “High-Im-
pedance Primaries.”

HIGH-IMPEDANCE INOUCTIVE COUPLING HIGHM -IMPEDANCE  CAPACITIVE COUPLING
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Figure 3  Typical Antenna Coils

LOW-IMPEDANCE CAPACITY COUPLING

Low-impedance capacity coupling, familiarly known among radio
engineers as the Hazeltine coupling system, consists of coupling the
antenna directly to the junction of the low side of the tuning in-
ductance with the high side of a high-capacity coupling condenser
which is connected to ground. (See Fig. 3.) The voltage across
this coupling.condenser is multiplied by the resonance phenomena
of the tuned circuit to give appreciable voltage at the grid.

This circuit is particularly adapted to receivers that must use a
high-capacity shielded lead-in such as an automobile radio receiver.
In such a circuit, the shielded lead-in is made part of the coupling
capacity because of the circuit arrangement and, practically speak-
ing, causes no loss in voltage as would be occasioned if this capacity
would be connected across a high-impedance primary. For this state-
ment to be strictly true, it is necessary that the shielded lead-in
have a good power factor or else the losses in the lead will slightly
reduce the effective circuit “Q,” thereby bringing down the gain in
the antenna coil by a corresponding amount.

This type of coil has high gain and excellent image-ratio. The
drawbacks to its use are that the R.F. amplifier circuit, if used,
must have a value of capacity included in its tuned circuit equal
to the antenna coupling capacity in order that proper tracking may
result.

An alternative is to use a tuning condenser whose antenna section
is different than its R.F. section, but this can only be done where a
heavy production schedule justifies the additional tool cost.

When this coupling scheme is used in household radio receivers,
precautions must be taken to prevent 60-cycle hum modulation from
being introduced into the first tuned circuit by low-frequency
voltages picked up on the antenna circuit. In the best of receivers
employing this circuit, an R.F. choke is connected from antenna to
ground to provide a low impedance path for power frequencies in
order to keep hum modulation off of the grid of the first tube.

R. F. COILS

R.F. coils may be divided essentially into four types: high-im-
pedance magnetic, low-impedance magnetic, high-impedance mag-
netic with high-impedance capacity coupling, and choke-coupled
circuits.

The high-impedance magnetically coupled R.F. coil has charac-
teristics very similar to the high-impedance antenna coil and there-
fore needs little discussion.
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The low-impedance magnetically coupled R.F. coil has the same
deficiency as the similar antenna coil and is consequently seldom
used in the broadcast range of a superheterodyne receiver. Like the
antenna coil, it has possibilities for higher gain than the high-im-
pedance type, but usually the selectivity is enough worse to rule out
this type of coupling on modern receivers.

In the shortwave range, this is the most popular type of circuit,
because it is the one giving the highest gain and since, with a fixed
capacity of gang condenser, it becomes increasingly more difficult
to obtain high gain as the frequency is increased, this circuit with
its high gain is the almost universal choice in spite of its deficiencies
in image-ratio.

The R.F. coil employing a high-impedance primary in combina-
tion with high-impedance capacity coupling is the most flexible
design, and is popularly used for that reason. By shifting the pri-
mary resonant frequency and by changing the amount of capacity
coupling together with changes in “Q" of the secondary circuit, the
overall gain of an amplifier stage can be made to have almost any
desired shape with respect to frequency; that is, it mayv give high
gain in the middle, at the high-frequency end, at the low-frequency
end, or almost any shape desired, to compensate for the frequency
characteristics of the other stages employed in the receiver.

The choke-coupled R.F. circuit is very similar to the high-im-
pedance primary with high-impedance capacity coupling, except
that, in choke coupling, the magnetic coupling has been made zero,
but design still requires that the choke have as much inductance as
a primary would have, in order that the resunance of the primary
circuit may fall outside of the tuning range of the secondary.

OSCILLATOR COILS

Oscillator coils in modern receivers exhibit less variation in tvpes
than any other R.F. component. They either do or do not have a
(1794 . ”
tickler. n

Those oscillators that do not have a . e
tickler coil, oscillate by virtue of the feed- o :‘)
back across the padding condenser. A T Tuning
tvpical circuit of such an oscillator is Condereer § T
shown in Fig. 4. Using a 456 KC IF sys- A
tem requiring relatively small padding 8+
condensers makes this type of operation Figure 4
possible. The only bands that have pad-
ding condensers small enough to sustain
oscillation are the long wave and broad- +
cast bands. In some instances the range \’"
1500 to 4000 KC can be made to oscillate —_—
if a very high Q coil is used with a tube o |\ Tumng }
of high mutual-conductance, but much mtq. | Caew
more reliable results will be obtained on PRI
this band with the conventional tickler %’Cm«n& v B+

feedback, shown in Fig. §.
IF TRANSFORMERS

Intermediate-frequency transformers used in radio receivers have
taken a variety of forms and have operated at many different
frequencies. They may be divided into several classes according to
the number of selective circuits: untuned or self-tuned, single-tuned,
double-tuned, and triple-tuned. Receivers have emploved IF trans-
formers svith more than three tuned circuits per transformer but
such cases are very rare.

The untuned IF transformer usually added practically no selec-
tivity to a receiver. Its principal purpose was to give a high ampli-
fication at very little cost. It was alwavs used in conjunction with
one or more tuned IF transformers which supplied the required

selectivity.
SINGLE-TUNED IF TRANSFORMERS

The single-tuned IF transformer has taken two important forms,
the bi-filar coil and the double coil types.

In the former case, the two wires constituting primary and
secondary are wound simnultaneously, forming a coil that is a single
physical unit yet having two independent circuits. The start of the
primary was usually the plus “B" connection and the start of the
secondary was ground. The outside of the primary was the plate
connection and the outside of the secondary was the grid connection.
These transformers were characterized by very high gain and com-
paratively little selectivity. They were used on receivers that had no
A.V.C, and the secondary low-potential end usually connected di-
rectly to chassis. Such a transformer could not be used satisfactorily
in a receiver employing the conventional diode tvpe A.V.C. circuit
for the reason that on damp days there is enough leakage between
primary and secondary to produce a decidedly positive bias on the
grids of the automatically controlled tubes.

In addition, such a structure possesses such a high capacity be-
tween windings that the ripple in the “B” supply would be trans-
ferred to the diode load resistance which would produce a bad
audio hum in the output of the receiver. A third reason why this
type of transformer would not now be acceptable, even if there
were no diode load resistance to pick up hum or to be incorrectly
biased, is the frequent failure of windings due to electrolvtic cor-
rosion. Where two conductors are run so intimately parallel for so

Figure 5

many turns, with opposite D.C. potentials applied to the two wires,
ideal conditions are set up for rapid failure due to electrolytic cor-
rosion in the presence of moisture.

With this transformer redesigned to have two physically separate
coils wound side by side, the objectionable features of leakage, cor-
rosion and hum transfer are reduced to a very small per cent of
their original importance, and transformers acceptable in today's
critical market can be produced. The largest remaining objection
to the single-tuned transformer is selectivity. In a low-frequency
amplifier operating at 125 KC or 175 KC, the transformers are too
sharp for good audio fidelity, and at the higher intermediate fre-
quencies such as 456 KC, the transformers do not add sufficient
adjacent-channel selectivity.

Single-tuned transformers may be divided into two classes ac-
cording to the circuit tuned; some have their primaries tuned
while the remainder have their secondaries tuned. As far as sec-
ondary voltage is concerned, there is not a great deal of difference
regardless of which winding is tuned, but if there is a question of
single-stage oscillation in the tube driving the single-tuned trans-
former, greater stability is had by tuning the secondary than by
tuning the primary.

DOUBLE-TUNED IF TRANSFORMERS

The double-tuned IF transformer is, by far, the most popular
type. It is simple in construction, has negligible leakage, no measur-
able hum transfer into diode circuits and can have its selectivity
curve made as sharp as two single-tuned transformers jn cascade,
or can be considerably broader at the “Nose” of the selectivity
curve than two cascaded single-tuned transformers, vet on the
broader part of the selectivity curves maintain practically the
same width as the cascaded single-tuned transformers.

If the coupling on a double-tuned transformer is made sufficiently
loose, the transformer is quite selective and has a resonance curve
of the same general shape as a single circuit, except sharper. As the
coupling is increased, the gain will go up until the point of “critical
coupling” is approached where the gain of the transformer is prac-
tically constant but the selectivity curve is changing, particularly
at the “nose” of the curve. As the coupling continues to increase,
first there is a decided flattening on the nose of the selectivity curve,
after which continued increase in coupling produces an actual hol-
low in the nose of the curve. Still greater increase in coupling can
spread the two “humps” and deepen the “hollow” in the nose of
the response curve until a station can be tuned in at two places on
the dial very close together.

Variations in magnetic coupling cause variations in the gain and
selectivity of IF transformers as described above, but this is not
the only source of variation. Variations in capacity coupling can be
equally important in transformers operating above 400 KC. This
variation is so important that it is discussed separately in the section
“Capacity Coupling in IF Transformers."

The complete selectivity characteristics of any circuit can he
shown only by a curve from which it is possible to determine the
performance at any point, but nearly as much useful information
can be given in a few figures where the selectivity of IF trans-
formers is concerned.

The Meissner catalog lists the “Band Width” of each transformer
at three points on the selectivity curve. These three points are
labeled 2X, 10X, and 20X meaning respectively, two times, ten
times and twenty times. These terms designate the place on the
selectivity curve at which the gain at resonance is two, ten, or
twenty times the gain at the point specified. The width of the re-
sponse curve has been measured at these points and has been tabu-
lated so that the comparative selectivity of transformers may be

judged.
TRIPLE-TUNED IF TRANSFORMERS

Triple-tuned 1F transformers have been used for two general pur-
poses: greater adjacent-channel selectivity without increasing the
number of tubes and transformers, or a better shape on the nose of
the selectivity curve to produce better audio fidelity than is produced
by double-tuned transformers. Capacity coupling on such transform-
ers is of even greater importance than in double-tuned transformers,
especially where both plate and diode hook-up wires come out at
one end of the transformer shield, as is the usual case with output
IF transformers.

CAPACITY-COUPLING IN IF TRANSFORMERS

The ordinary circuit diagram of a double-tuned IF transformer
is as shown in Fig. 6, but actuallv the circuit in Fig. 7 is more
representative of true conditions.

The capacity coupling, shown in dotted lines, is a very important
part of the coupling in practically all transformers operating at fre-
quencies above 400 KC. This statement applies with even greater
emphasis as the frequency, or the “Q,” of the coils is raised.

The capacity that is effective in the above mentioned “capacity
coupling” is that which exists between any part of the plate end of
the primary circuit and any part of the grid end of the secondary
circuit; to be more specific, the capacity between the plate and grid
sides of the trimmer condensers, the plate and grid ends of the
coils, the plate and grid leads, the grid lead and the plate end of
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the primary coil, and between the plate lead and the grid end of
the secondary coil.

The capacity between the two high-poten-
tial plates of a trimmer condenser such as
the Meissner unit shown in Fig. 8 is 0.35
mmfd. if both trimmers have an even num-
ber of plates and the bottom plate of each
trimmer (on the same base) is a high-poten-
tial (either grid or plate) electrode. If an
odd number of plates is used on' both trim-
mers, the capacity drops to 0.07 MMF. The
difference between these two coupling capacities, amounting to only
0.28 MMF. is sufficient to make quite a difference in the gain of
transformers operating above 400 KC.

Double-tuned IF transformers may be built with the magnetic
coupling either aiding or opposing the capacity coupling. For rea-
sons of production economy, both coils on one dowel are usually
wound simultaneously, which means they must be wound in the
same direction. For reasons of production uniformity, the insides of
both windings are usually chosen as the high-potential ends of the
coil so that the outside (low-potential) ends of the coils will auto-
matically act as spacers to keep the high-potential hook-up wires
from approaching the high-potential ends of the coils.

If transformers are designed so that the circuits are considerably
under “Critical Coupling,” variations in capacity coupling are
equally important whether the magnetic coupling aids or opposes
the capacity coupling. In the former case, an increase in capacity
coupling will raise the gain of the transformer while in the latter
case an increase in capacity coupling will reduce the gain of the
transformer (except in the very rare cases where capacity coupling
predominates).

If the transformer is at “critical coupling” and the magnetic and
capacity couplings are “aiding,” an increase in capacity coupling
will merely decrease the selectivity, while if the couplings are “op-
posing,” an increase in capacity coupling will increase the selec-
tivity and reduce the gain.

In all of the above cases, the effect of increasing capacity coupling
is described because transformers are ordinarily built with a certain
irreducible minimum capacity and any changes must necessarily be
additions.

Whether capacity coupling aids or opposes the magnetic coupling
in a given transformer may be determined by inspection. If the
coils are wound in the same direction, which is the usual case, the
magnetic coupling opposes the capacity coupling if both grid and
plate are connected to the same ends of their respective coils.
Ordinarily both grid and plate are connected to the inside ends of
the coils in order to keep the high-potential ends of the coils awa
from the hook-up leads passing the coil. 3 ’

Special precautions and constructions are em-
ployed in building Meissner IF transformers in
order to keep the capacity coupling uniform, so that
transformers of uniform gain and selectivity char-
acteristics may be provided. Fig. 9 shows fiber
spacers used to hold flexible hook-up wires in a
pre-determined place with respect to the coils, and
Fig. 10 shows the “Perm-a-strut” construction em-
ploying rigid leads for maximum uniformity of
capacity coupling.

In order to take advantage of the uniformity _
built into IF transformers by means of rigid leads, Figure 9
or leads held in place by means of spacers, it is es-
sential that the grid and plate leads remain every-
where well spaced from each other. Where the
grid lead is brought out through the top of the
shield, this is no problem, but where the high-
potential end of the secondary is connected to a
diode it is customary for both plate and diode leads
to be brought out through the open bottom of the
shield. In such cases, either two separate small holes
in the chassis, well spaced, or one large (preferably
1” or larger) hole should be provided so that the
leads may be well spaced from each other. In no
case should bbth grid and plate leads be run
through one small hole together.

T

Figure 10

Triple-tuned IF transformers, particularly output transformers
where diode and plate leads both pass through the open end of
the shield can, are particularly subject to gain and selectivity varia-
tions as a function of variation in capacity coupling.

As an example, in a particular triple-tuned output transformer
where the plate and diode leads ran close together, it was found
that in attempting to align the transformer, the middle circuit was
effective as long as either the input circuit or the output circuit
was out of tune, but as soon as beth input and output circuits
were aligned, the center circuit had a very peculiar action. If the

Ampilfication

gain of the transformer is plotted A
against the capacity of the middle

circuit, a curve similar to Fig. 11

was obtained. From this it is seen l

that there is one adjustment (A) l I

that produces an increase in the

overall amplification of the trans- -
former. At this point the center Ueii C‘?.‘"”' cl'i"" =L
circuit is contributing to the selec- tgure

tivity of the transformer. At another point (B) the amplification
through the center circuit opposes the capacity coupling from the
input to the output winding and results in a considerable decrease
in amplification. At all other settings of its tuning condenser, the
center circuit is so far out of resonance that it has no effect upon
the gain of the transformer, which for all practical considerations,
may be assumed to be a double-tuned capacity-coupled transformer.
When the capacity between the high-potential input and output
leads was reduced to a very low value by keeping the leads in op-
posite corners of the shield can, the transformer behaved as a triple-
tuned transformer should, with all three circuits effective.

TRACKING

Early models of radio receivers usually used only one tuned
circuit per receiver, but as the number of circuits was increased to
provide better selectivity, tuning a radio set became a problem be-
yond the grasp of the average citizen, and confined the sale of
receivers to the “DX” hunter who spent innumerable midnight hours
listening for new stations.

To make the receivers commercially more acceptable, simplifica-
tions in tuning were imperative. To this end, designs were produced
that had a nominal single-dial control with an “antenna compen-
sator” to produce maximum results. Such receivers were essentially
single-dial control over a limited frequency range, but required an
adjustment of the antenna compensator when passing from one end
of the tuning range to the other. This simplification in tuning per-
mitted general merchandising of radio receivers to the average
citizen.

In order to make such receivers possible, it was necessary for the
condenser manufacturer to produce tuning condensers with several
individual condenser-sections on one shaft, in which, at any point
in its rotation, the several sections of the condenser were practically
identical in capacity, and the radio manufacturer was required to
produce coils that had practically identical characteristics.

Given identical condenser sections and identical coils, it is obvious
that the resonant frequencies of the several identical combinations
of coils and condensers would be the same. In other words, such
circuits would be self-adjusted to the same station and it would ne
longer be necessary to tune each circuit separately. In the language
of the radio man, the circuits are said to “Track.” These conditions
made the single-dial control receivers possible.

As long as low-impedance magnetically coupled antenna circuits
were employed, it was not possible to eliminate the “Antenna Com-
pensator” since the size of antenna had considerable effect upon
the tracking of the first circuit, but when high-impedance primaries
were adopted on the antenna coil, true single-dial control with all
circuits tracking became possible.

It is not to be understood from this that a high-impedance pri-
mary on the antenna coil automatically makes the coils track prop-
erly, for there are designs of high-impedance antenna coils that mis-
track seriously. Neither is it to be inferred that a properly designed
high-impedance antenna coil gave perfect tracking independent of
antenna constants. A properly designed high-impedance antenna
coil gives reasonable gain and tracks well enough that when
trimmed to accurate tracking, the increase in sensitivity in the re-
ceiver is not greater than 30%.

In setting up the conditions for perfect tracking, the first require-
ment is identical circuits, the second is simplicity of circuit, the
third is identical circuit inductance and capacity.

It is much simpler to track two RF stages of similar circuits and
constants than it is to track an antenna and RF stage, and it is
simpler to track two high-impedance circuits than it is one high-
impedance and one low-impedance circuit.

The circuits which track most easily are those having the smallest
number of circuit elements. The simplest possible circuit of an
RF amplifier is shown in Fig. 12-A, which, for purposes of track-
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Figure 12

ing, is equivalent to Fig. 12-B. In this circuit there is one induct-
ance tuned bv one variable condenser, which condenser is as-
sumed to include the grid and plate capacities. This circuit, in the
broadcast band with the conventional capacity gang condenser, has
entirely too much amplification, too much gain variation from one
end of the tuning range to the other, and too little selectivity.
Where the . lack of selectivity and lack of uniform gain is not a
serious problem, the gain of the amplifier can be reduced by tap-
ping the coil to connect the plate somewlere near the middle of the
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coil as in Fig. 13-A. In order not to have the plate voltage on the
tuned circuit, a primary is usually wound on the coil, spaced be-
tween or exactly over the secondary turns, so that for all RF
purposes, the plate is a tap on the secondary, but for DC is isolated.
The RF coil now has a secondary tuned by the tuning condenser
and is tightly coupled to the primary which has a very small
capacity (plate and wiring capacity) across it. This arrangement
permits the simple circuit of 13-B to be used. Such a circuit has
two resonant frequencies, but for practical purposes the second
resonant frequency is so high that it seldom causes any trouble,
except in the case of certain high-frequency coils where the induct-
ance of leads is comparable to the coil inductance.

The high-impedance primary type of RF coil has an inductance
in the plate circuit many times higher than the inductance of the
tuning coil. Such a circuit has two resonant frequencies, both of
which are important. One is the frequencvy determined almost en-
tirely by the secondary inductance and tuning capacity, and the
other by the plate inductance and the plate capacity.

In Superheterodvne receivers, which almost universally employ
an intermediate frequency lower than the broadcast frequencies, it is
important to see that the primary-circuit resonance does not occur
at the intermediate frequency, or the RF amplifier circuits will
pass unwanted signals of intermediate frequency directly into the
intermediate amplifier, even though the grid circuit of the RF
amplifier is tuned to a frequency far removed from the intermediate
frequency. This is particularly true of receivers employing an in-
termediate frequency just below the broadcast band, such as the
456 KC now so popular. On such receivers, the primary resonance
should be placed either midway between the IF and the low end
of the broadcast band, which gives high gain but leads to consid-
erable production difficulties, or the primary resonance should be
placed well below the intermediate frequency. The latter arrange-
ment is highly recommended over the former because it is more
uniform, causes less trouble from oscillation, and produces better
tracking.

The presence of the — Mwmimm
primary circuit resonant
below the low end of the
tuning band has the ef- g

fect of lowering the sec-
ondary inductance as the
low end of the tuning
range is approached. Fig.
14 showvs the tuning curve
for a high-impedance and
a low-impedance RF cir- L e e =
cuit adjusted to have the Figure 14

same low-frequency inductance and the same maximum frequency.
The low-impedance circuit is seen to follow the frequency curve
calculated from the secondary inductance and tota!l tuning capacity,
but the high-impedance circuit does not follow this curve, departing
from the calculated values at the low-frequency end. This point is
brought out to show that two circuits may track perfectly over part
of their tuning range and yet badly mis-track over another part
due to resonances from some circuit not a part of the tuned circuit.
From this it is easy to see that similarity of circuit is an aid in
tracking.

The amount the actual tuning curve of a high-impedance stage
departs from the ideal curve depends upon two factors: the prox-
imity of the primary resonance to the law end of the secondary
tuning range, and the degree of coupling between primary and sec-
ondary. In the design of high-impedance coils, a reasonable limit
on both of these factors may be assumed as follows: first, primary
resonant frequency less than 80% of the lowest tuning frequency,
but must not occur at the frequency of the IF amplifier in a super-
heterodyne receiver; second, magnetic coupling between primary
and secondary should not exceed 15% coupling coefhicient.

If the two circuits P S —
whose tuning curves are \
shown in Fig. 14 are to
be tracked together, a
series of compromises
must be made. The tun-
ing curves shown may & N
be accepted as satisfac-
tory, or a compromise
may be made in the gain
of the stage by moving . Kineyoss -
the primary resonance Figure 15
farther away, with consequent reduction in gain, but resulting in a
straighter tuning curve, or the inductance may be changed to make
the low end mis-track less and the previously perfect tracking of
the remainder of the tuning curve be less perfect. Such tuning
curves are shown in Fig. 15.

With the advent of superheterodyne reception, the problem of
tracking became more complicated. The problem then became one
of tracking one or more circuits to cover a given frequency range
while another circuit (the oscillator) of different arrangement
must maintain not the same frequency but a constant frequency
difference in Kilocycles. Since the oscillator frequency is almost
always above the signal frequency, and since the oscillator must
cover the same number of Kilocvcles from maximum to minimum,
but cover them at a higher frequency than the antenna circuit, it
is obvious that the oscillator covers a smaller frequency ratio than
the antenna circuit.

In order to accomplish a restricted oscillator frequency-range
compared to antenna frequencyv-range if no other restrictions were
imposed, two methods are available; (1) Connect a fixed condenser
across the oscillator. This reduces the capacity ratio by adding to
the minimum capacity a much greater percentage than it adds to
the maximum; (2) Connect a fixed condenser in series with the
tuning condenser to reduce its maximum capacity without materially
changing its minimum capacitv. In actual receiver design, a com-
bination of both types of compression is used, producing better
average tracking than could be accomplished by either method
alone. Formulas have been developed for calculating the values of
inductance, padding and aligning capacities to be used to track an
oscillator coil with a given antenna or RF coil, but unless there is
access to a considerable amount of complicated test equipment,
oscillator tracking must be accomplished experimentally with simple
equipment.

TRACKING REPLACEMENT COILS

Radio servicemen are frequently called upon to replace Antenna,
RF or Oscillator coils that have failed either through corrosion, or
because of the failure of some other component in the receiver, or
because damaged by some outside agency such as lightning.

Usually the damage is confined to the primary of the coil, in which
case very frequently a new primary can be installed in place of
the old one.

If the primary is replaceable, the winding direction of the old
primary should be noted before removing it so that the new one
may be installed with its winding direction the same.

If the damaged coil is beyond salvaging by installing a new
primary, or if the secondary has been damaged, it will be necessary
to install a new coil and check its tracking with the remainder of
the tuning circuits.

In order to permit replacement coils to be
tracked rapidly and to eliminate the possi-
bility of having removed too much induct-
ance and thereby ruined the replacement
coil, to sav nothing of the hours of labor in-
stalling, checking, removing and altering the
coil, etc., Meissner has developed “Universal
Adjustable” replacement antenna, RF and
oscillator coils which are provided with a
screw-driver adjustment of inductance by
means of a movable core of finest quality
powdered iron. By means of this adjustment,
it is as easy to add inductance as to remove
it, and to quickly obtain the optimum value
of inductance. A coil of this type is shown in Fig. 16.

When a replacement antenna or RF coil is installed in a TRF
receiver, the process of aligning is very simple. The dial is set to
600 KC, a dummy antenna of 200 mmfd. connected between the
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Figure 16
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high side of the service oscillator and the antenna connection of
the receiver, an output indicator of some type is connected to the
output of the receiver, the service oscillator tuned to the receiver and
the screw adjustor in the top of the can rotated until maximum
sensitivity is obtained. The receiver and signal generator are next
tuned to 1400 KC and the circuits aligned in the usual manner by
adjusting the trimmers on the gang condenser. The process should
then be repeated in order to obtain the best possible alignment at
both checking points. I. is best to seal the inductance adiustment
on the coil by the application of a satisfactory cement, such as
Duco Household Cement or equivalent.

When replacing an-antenna or RF coil on a superheterodyne,
essentially the same practice is followed as above with the exception
that, since the oscillator determines the dial calibration, if the ad-
justments thereon have been disturbed, it is necessary to readjust
the oscillator circuit to agree with the dial calibration at the check-
ing points before adjusting the inductance of the new coil or align-
ing it.

If a new oscillator coil is being installed, the greatest aid to
rapid adjustment of the new coil to proper inductance is an undis-
turbed padding condenser adjustment. There are innumerable com-
binations of oscillator inductance, padding capacity, and trimmer
capacity that will track an oscillator circuit at two places in the
broadcast band, but these various combinations give varying degrees
of mis-tracking throughout the remainder of the band. If the pad-
ding condenser has not been disturbed, one of these variables is
eliminated, and, with only inductance to adjust for proper align-
ment at the low-frequency end of the band, and capacity to adjust
at the high-frequency end of the band, the adjustment is practically
as easy and rapid as installing and adjusting an antenna or RF coil.

If the oscillator padding condenser has been disturbed, it will
be necessary to track the oscillator with the remainder of the re-
ceiver in the same experimental manner as used in the determina-
tion of the original design values. To arrive at a satisfactory align-
ment, the following experiment should be conducted systematically,
writing down the answers obtained, so that the data does not be-
come confused in vour mind.

1. Align the IF amplifier at the frequency specified by the manu-
facturer.

2. Adjust the padding condenser to some value known to be
much loaver in capacity than its normal adjustment.

3. Set the dial and signal generator (of known accuracy) to
600 KC and adjust the oscillator inductance by means of the screw
in the top of the can until a signal is heard. If no signal is heard
within the range of the oscillator inductance adjustment, screw the
adjustment as far in as possible and increase the padding capacity
until a signal is heard.

4. Attempt to align the oscillator trimmer condenser to agree
with the dial at 1400 KC. If the adjustment cannot be made, again
increase the capacity of the padding condenser and reduce the in-
ductance (by turning the screw out) of the oscillator coil to obtain
a new setting at 600 KC. This process should continue until both
600 and 1400 KC are correctly indicated.

5. When both 600 and 1400 KC are correctly indicated, tune
the receiver to the generator set at 1000 KC and make a sensitivity
measurement which should be recorded.

6. Now increase the padding condenser capacity s/ightly, decrease
the inductance to give a 600 KC signal, align at 1400 KC and
again measure sensitivity at 1000 KC. If the sensitivity at that
point is better than it was before, repeat this operation until the
sensitivity measurements show greatest sensitivity and then start
falling off again. If the steps in the process have been written
down, recording the number of revolutions and fractions thereof
on the adjusting screw of the inductance, it should be easy to return
to the adjustment giving maximum 1000 KC sensitivity. When
this adjustment is set, seal it with some satisfactory cement such
as Duco Household Cement or equivalent and then give the receiver
a complete alignment.

ALIGNMENT OF RECEIVERS

Modern radio receivers employ from two up to eight, ten or even
more circuits to achieve the selectivity desired. These circuits, how-
ever, are of little benefit unless all of them are working at their
proper frequencies simultaneously. Only someone acquainted with
the alignment of receivers in a radio production department, or
someone engaged in radio service work who has adjusted a receiver
on which someone has tightened all of the adjusting screws, can
realize how dead a receiver can sound when all of its tuned circuits
are out of adjustment any considerable amount.

The purpose of “Aligning” a radio receiver is two-fold — to
adjust it for maximum performance, and to make the dial indicate
within two or three percent the frequency of the station being
received.

Since a trimmer adjustment is more sensitive when the circuit
capacity is low, the trimmer adjustment is usually made near the
high-frequency end of the tuning range. If the adjustment is made
at the very end of the range, the maximum mis-tracking over the

adjacent portion of the band will be greater than if an alignment
point is chosen some small distance from the extreme high-frequency
end of the tuning range. In the broadcast band, 1400 KC is the
usual choice and is the frequency recommended as standard by the
Institute of Radio Engineers. On shortwave bands on the same
receiver, it is a good practice to align them at the same position of
the gang condenser.

On a TRF receiver, all tuned circuits operate simultaneously
at one frequency. When aligning a factory-built receiver, or a kit
receiver having a dial calibrated to match the coils and condenser
used, the dial is set to indicate the frequency of some signal of
known frequency and the individual circuits adjusted to maximum
performance on that signal at that setting of the condenser.

On a Superheterodyne receiver, circuits must operate at three
different frequencies, properly related if satisfactory performance is
to be obtained. Beginning with the circuits closest to the output
tubes, the intermediate-frequency circuits must all operate at the
same frequency in order to give satisfactory amplification. Actually
they will work over a wide frequency range, but if they are op-
erated very far from the intermediate frequency specified for the
given dial, coils and tuning condenser, the dial indications will
be in error more than the customary few percent and, in the case
of receivers employing specially cut tracking plates in the oscillator
condenser, serious mistracking of the oscillator with other tuned
circuits will result, producing a loss in sensitivitv and reduction
in image-ratio.

The first adjustment on a superheterodyne receiver is therefore to
align the intermediate-frequency amplifier at the correct frequency.
Fortunately for satisfactory receiver operation, but unfortunately
for the home set builder, there are no steady signals on the air at
intermediate frequenceis to be used for aligning IF transformers.
The IF transformers furnished by Meissner are aligned in the
factory to the frequency specified in the catalog. If no equipment
is available to furnish the proper aligning frequency, the trans-
formers will be closely enough in alignment to pass a signal from
a local broadcasting station when the complete receiver is operating.
The transformers should be adjusted to give the strongest signal
by adjusting, in turn, each of the adjustments on all of the IF
transformers. As the adjusting screw is turned continuously in one
direction, the output of the receiver will continue to increase up to
a certain point bevond which the signal begins to fall again. By
reversing the direction of rotation of the adjusting screws, each
can be set for maximum signal output. As alignment proceeds, and
the receiver becomes progressively more sensitive, the input should
be reduced by retarding the setting of the sensitivity control, if the
receiver has one, or by using progressively shorter antennas or
merely short lengths of wire, or by tuning in weaker stations. The
last expedient is not recommended unless all others fail, because
in tuning in a new station the receiver may not be accurately tuned
and it may be necessary to slightly retune all IF circuits.

When the alignment of the IF amplifier is completed, alignment
of the RF and oscillator circuits should be made. If there is a
signal generator or service oscillator available, it should be used
as the frequency standard for alignment only if it is known to
have an accurate frequency calibration. A manufacturer's statement
of accuracy should not be assumed to hold for long periods of
time especially if tubes have been changed in the oscillator. The
accuracy can be quickly checked by beating the signal from the
service oscillator against stations of known frequency using an
ordinary radio set to receive both signals.

If the generator has an accurate frequency calibration, set the
frequency to an appropriate frequency for the band to be aligned
(all aligning frequencies are specified in Meissner Kit instruction
sheets) which is usually about 80% of the maximum frequency
tunable on that band, set the receiver dial to the corresponding
frequency, connect an appropriate “Dummy Antenna” (see following
section, “Dummy Antenna”) between the high side of the signal gen-
erator output and the antenna connection of the receiver, turn the vol-
ume and sensitivity controls of the receiver full on, turn the genera-
tor up to high output and adjust the Oscillator trimmer until a signal
is heard. Reduce the signal from the service oscillator as alignment
proceeds always using as little signal input as possible because
weak signals permit a more accurate alignment than strong signals.

Next align the RF amplifier circuit. On the bands below ¢ MC
the frequency of the RF amplifier circuit has very little effect upon
the oscillator frequency, but at higher frequencies the adjustment
of the RF circuit has a slight effect upon the frequency of the os-
cillator, and consequently it is necessary, when aligning a high-
frequency RF amplifier, to rock the gang condenser very slightly
as the alignment proceeds to be sure that a shift in oscillator
frequency has not shifted the heterodyned signal out of the range
of the IF amplifier. The antenna circuit is then aligned in the
conventional manner.

Shifting the tuning dial to a point about 10% up from its low-
frequency end, the oscillator circuit should be “padded” for best
tracking with the antenna and RF circuits. If the radio set is suf-
ficiently sensitive to produce a readily discernable hiss in the
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speaker, probably the easiest way to pad the oscillator circuit is to
adjust the padding condenser
for maximum hiss or maximum A
noise. If the receiver is not suf-
ficiently sensitive to align by the
noise method, a signal of con-
stant amplitude should be tuned
in, and then as the padding
condenser is turned continuously
but very slowly in one direction,
the gang condenser should be -
rocked back and forth to keep .

the signal tuned in. If the sound Figure 17

output is plotted against time, Fig. 17 shows the result of the above
described operation. The padding condenser should be set as it was
at point A, giving best sensitivity. )

When this point is padded, it is well to return to the high-
frequency end and realign that part of the band.

On coils operating in the frequency range 150 to 400 KC with
an IF amplifier of 456 KC, the padding capacity is so important
in the oscillator tuning scheme that the oscillator should be padded
before the high-frequency alignment, and then the circuit aligned
and padded at least twice.

Simple receivers can be aligned without instruments by tuning in
stations of relatively constant volume, but it is a difficult problem
to obtain optimum alignment on anv kind of a signal except a
constant tone. If the receiver to be aligned is complicated and no
equipment is at hand for alignment, it would be well to take the
receiver to a serviceman possessing adequate equipment and have
him align the receiver.

DUMMY ANTENNA

Receivers are aligned on signals furnished by a “Service Oscil-
lator” or “Signal Generator” because that is the only method of
obtaining truly satisfactory signals of constant tone, of adjustable
strength, and of the desired frequencies.

In order to make allowance for the effect that the outside antenna
will have on the alignment of the receiver, a substitute for the an-
tenna called a “Dummy Antenna” representing the average an-
tenna is used to connect the service oscillator to the antenna connec-
tion of the receiver.

On frequency ranges up to 1700 KC the average antenna is es-
sentially a capacity of 200 MMF if used on a high-impedance
primary. It has an inductance of a few microhenrys but this small
inductance can be neglected except in the case of aligning receivers
having a low-impedance primary or a Hazeltine low-impedance
ccapacity coupling.

On frequencies above 1700 KC, the average antenna can be rep-
resented by a $00-ohm carbon resistor.

SPURIOUS RESPONSES IN RECEIVERS

In the dawn of Radio Broadcasting, stations swere few in number
and limited in power. Receiving sets were likewise extremely simple,
employing, as a rule, only one tuned circuit. As the power of
transmitters was raised, receivers were no longer able to separate
the undesired signal from those desired. Consequently, receivers of
progressively greater selectivity were developed, adding tuned cir-
cuits for greater selectivity until high quality TRF receivers used
as many as six tuned circuits, all ganged together and operating
from one knob. The superheterodyne method of reception was then
popularized, making possible a degree of selectivity never ap-
proached in the best of TRF receivers. Throughout the entire
development, spurious responses were, and still are, an important
design and service problem.

In TRF receivers, these unwanted responses might be divided
into the following classes: cross modulation, adjacent-channel in-
terference, and intercarrier 10 KC whistle.

With the advent of the Superheterodyne method of reception the
following additional classes of spurious responses became evident:
“tweets” at IF harmonic frequencies, simultaneous reception of
two stations separated by a frequency difference equal to the IF
frequency, reception of a station located above the dial-indicated
frequency by a frequency equal to twice the IF frequency ; reception
of stations on or close to the intermediate frequency.

With the exception of “‘tweets” on stations which operate on a
frequency corresponding to harinenics of the interediate frequency,
all of the remainder will respond to simple treatment to reduce or
elimninate the trouble.

SPURIOUS RESPONSES — CROSS MODULATION

“Cross modulation” in a TRF receiver is, by accepted def-
nition, the modulation of any desired program by some undesired
program several or more channels away. This can occur in spite
of extreme overall selectivity hecause it is a function of the selec-
tivity preceding the first tube.

In superheterodyne receivers, the term “Cross Modulation” is con-
fined to those modulations which occur at some frequency not re-
lated to the desired signal by some simple frequency relation
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Time

involving the intermediate frequency, such as, frequency of
interfering signal being above the desired signal by a frequency
equal to the intermediate frequency or twice the intermediate fre-
quency. These special frequencies are classed as “Image frequencies,”
and are treated under a separate heading.

“Cross Modulation” is accentuated by the following design fea-
tures in receivers: (1) A sharp cut-off tube such as a type 24 tube
as the first tube in the receiver, (2) lack of selectivity ahead of
the first tube, (3) an antenna circuit with a primary resonant near
the frequency of a local station when connected to an antenna of
proper constants, (4) antenna circuits with extremely close coupling,
(5) antenna circuits of very high gain. All of these troubles are
caused by having too large a signal of undesired frequency present
on the first grid simultaneously with the desired signal. The actual
modulation occurs in the first tube after which no amount of selec-
tivity can remove the interfering modulation.

The cure for such
trouble is either to use a
first tube which has less
tendency to cross modu-
late, such as a wvariable
Mu remote cutoff tube, or
to reduce the amount of
interfering signal by any
one of the following
means: (1) Install an ap-
propriate wave trap such
as shown in Fig. 18 over
A, tuned to the frequency
of the interfering station.
(2) If the primary circuit is reasonant near the frequency of the
interfering stations, change the resonant frequency by a 100- to
200-mmfd. condenser connected either in series with the antenna
or connected between the antenna and ground posts of the receiver.
(3) Shorten the antenna, if long. (4) If a low-impedance antenna
coil is used and the interfering station is at the high-frequency
end of the dial, install a new antenna coil with high-impedance
primary. (5) Connect a resistance across the antenna and ground
terminals of the receiver using a value satisfactory for reducing
the effect, usually 1000 to 3000 ohms.

Figure 18

SPURIOUS RESPONSES — ADJACENT-CHANNEL
INTERFERENCE

“Adjacent-Channel Interference” is closely related to the adjacent-
channel selectivity of a receiver. If insufficient for certain locations
and selections of stations, selectivity may be improved by the use
of better coils, but in TRF receivers the effort probably does
not justify the expense of obtaining new coils of higher “Q” that
track properly. In superheterodyne receivers, the adjacent-channel
selectivity can easily be improved by installing new IF transform-
ers having greater selectivity than those previously in use. Here
no tracking problem is present and standard stock IF transformers
may be used. If the original transformers had only fair selecrivity,
it is recommended that iron-core transformers similar to that shown
in Fig. 9 be installed. If the original transformers have good selec-
tivity but still higher selectivity is desired, install triple-tuned IF
transformers similar to that shown in Fig. 19. In the latter case,
the additional tuned circuits will add selectivity faster, and with
better audio quality, than will iron-core IF transformers.
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Figure 19

SPURIOUS RESPONSES — INTER-CARRIER 10 KC
WHISTLE

Inter-carrier 10 KC whistles can be suppressed either by increas-
ing the selectivity of the receiver or by filtering out the objectionable
10 KC note. By far the most convenient and economical method
is to install a 10 KC filter such as shown in Fig. 20. It will be
itnmediate!y apparent upon inspection of the circuit diagram, that
this filter consists of two tuned circuits, one resonant and one anti-
resonant, giving unusual attenuation of the 10 KC interfering note.
‘The constants of the filter have been chosen to permit the audio
response to carry out flat very close to 10 KC before the filter begins
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to attenuate seriously. When the filter does begin to attenuate,
however, the output drops very rapidly as 10 KC is approached.

SPURIOUS RESPONSES — IMAGE AND HARMONIC
INTERFERENCE

A few superheterodyne receivers have complaints on Cross Modu-
lation, but usually complaints of interference on such receivers are
closely tied up to the heterodyne operation and the interferences
occur between stations separated by a frequency equal to the in-
termediate frequency, twice the intermediate frequency or some frac-
tional multiple of that frequency.

Where two local stations, separated by a frequency equal to the
intermediate frequency, are observed to ride in on almost any weak
program, or to come through simultaneously when the oscillator is
blocked, one is acting as the heterodyne for the other to produce the
intermediate frequency. The remedy for such trouble is to install a
wave trap tuned to the stronger of the two stations; a second
method, but one which disturbs tracking and dial calibration, is to
re-peak the IF transformers on a new frequency, far enough from
the frequency difference between the rwo local stations to avoid the
trouble. Depending upon conditions,. the shift may vary from 10 to
25 KC either above or below the original frequency. Receivers
having oscillator padding condensers should be repadded and re-
aligned. This treatinent is not recommended where receivers have
specially cut oscillator plates on the gang condenser for purposes of
tracking.

“Image interference,” which is by far the most important type
of superheterodyne interference, is that interference which is pro-
ducd by a station located above the desired station by a frequency
difference equal to twice the intermediate frequency.

The cause of image interference is that the heterodyne principle
works on a frequency difference, irrespective of whether the desired
signal is below or above the oscillator frequency. The first detector
tube cannot recognize and differentiate between signals above and
below oscillator frequency. If the frequency difference is correct,
the first detector produces an IF signal. The selection of the signal
frequency (usually below the oscillator frequency) and the rejection
of the image frequency (usually above the oscillator frequency) is
the function of the tuned circuits ahead of the first detector. The
ordinary types of receivers have only one tuned circuit ahead of
the detector with consequently poor image ratio. Commercially good
receivers have two tuned circuits, producing much higher image
ratios. A few very high class receivers have three tuned circuits
producing a measured image ratio far better than most such receiv-
ers are capable of producing when operating on a broadcast signal
rather than operating from a signal generator because of inadequate
shielding.

In general, the image rejection is a direct function of the “Q”
of the antenna and RF circuits and of the number thereof, but
there are a few receivers employing special schemnes to improve
itmage response at certain points in the band.

Generally, image ratio is a built-in function of the receiver that
it is not economical to change by the addition of tuned circuits or
improvement in coil design.

Where “Image” interference is experienced from only one local
station, a wave trap can be connected to remove that interference.
If, as is sometimes the case, the desired station is an important
out-of-town station and the interfering image station is a powerful
local transmitter, it may be necessary to employ a double wave
trap such as shown in Fig. 2t which gives extreme attenuation to
a narrow band of frequencies.

Dual Wave Trap

Figure 21

In some cases, where it is permissible to alter the calibration of
the receiver slightly, image trouble between a definite pair of
stations can be eliminated by shifting the intermediate frequency,
but such treatment merely shifts the image interference to another
station.

SPURIOUS RESPONSES — IF HARMONIC “TWEETS”

“Tyweets” on harmonics of the intermediate frequency can best
be eliminated by shifting the intermediate frequency. Admittedly,
this treatment merely moves the interference from one to another
station but, in general, the problem of attenuating IF tweets is so
complex that the work of eliminating them is not justified unless

the results can be applied to a large number of similar receivers.
Usually, moving the intermediate frequency to shift the tweets to
another station is the only economical correction to apply.

SPURIOUS RESPONSES — IF INTERFERENCE

Reception of undesired stations on or near the intermediate fre-
quency is caused by inadequate attenuation to IF ahead of the first
detector. Usually, two-gang superheterodynes only are troubled with
this type of interference, but occasionally even three-gang receivers
will ‘exhibit this type of trouble when close to such interfering
stations. The usual remedy is the use of a wave trap of the type
shown in Fig. 18 which may be adjusted to the intermediate fre-
quency of the receiver if the interference is weak, or the use of a
two section trap similar to the two section image trap illustrated
in Fig. 21 if the interference is bad.

REGENERATION AND OSCILLATION

In the design and construction of radio receivers, employing
either a limited number of amplifier stages with very high gain
per stage, in an attempt to obtain the greatest possible sensitivity
and selectivity from a given investment in parts, or in the design of
a super-sensitive receiver having a multiplicity of conservatively
designed stages, one of the limiting factors in the direction of ex-
treme sensitivity is regeneration, which, when extreme, results in
oscillation.

Regeneration is the process of building up a voltage by re-am-
plifying a voltage that has already passed through an amplifier.
It is caused by feeding back a voltage from one point in an ampli-
fier to some preceding point working at the same frequency.

Regeneration is usually present in some degree in all receivers,
sometimes by design and sometimes by accident. When limited to a
relatively small amount, it is useful and can be handled in quantity
production of receivers with a fair degree of uniformity, but when
employed in large amounts, the production variations between re-
ceivers is apt to be quite large, because regeneration tends to ex-
aggerate relatively small differences in individual set components.
In addition, receivers emploving large amounts of regeneration will
usually exhibit far greater changes in sensitivity, as a function of
humidity variations, than will sets with little regeneration.

Normally, in domestic broadcast receivers, whatever regeneration
there is has been limited by design constants to a value that will
not cause trouble, and therefore no control is provided to be set by
the user. In amateur receivers, controlled regeneration is employed
to accomplish amazing results in the hands of an experienced oper-
ator attempting to obtain the maximum possible performance from
the minimum of equipment. Usually in such cases the regeneration
control is second in importance to the tuning control, requiring re-
adjustment as soon as the receiver dial is moved an appreciable
amount.

From the above it is not to be concluded that regeneration, of
itself, is undesirable, because it can, if judiciously used, add a
great deal to the performance of a receiver. What is to be con-
cluded, however, is that in the design of a receiver, the amount of
regeneration present under the best and worst operating conditions
should be determined, and the regeneration limited to an amount
that is safe for the type of service for which the receiver is in-
tended.

In receivers which have not been properly checked for regenera-
tion, conditions sometimes exist that permit the receiver to regenerate
until sustained oscillations result under certain weather, tuning, or
antenna conditions, or when receiving signals below certain
strengths.

Regeneration may be broken down into two general classifica-
tions even though fundamentally the cause is the same. These two
classes are single-stage regeneration and over-all regeneration.

SINGLE-STAGE REGENERATION

Single-stage regeneration in amplifiers is usually the least under-
stood tvpe of regeneration trouble and frequently has baffled many
service men and radio experimenters. It is peculiar in that no
amount of isolation and filtering applied to screen, cathode, plus
“B" or grid return seems to make any improvement.

The feedback actually occurs inside of the tube in the stage that
is giving trouble. The coupling exists between grid and plate
through the inter-electrode capacity of the tube or any additional
stray capacity between these two points. To some, this may seem
unreasonable when the inter-electrode capacity is as low as .01
mmfd. or less, but it is an actual fact that is easily proven.

When single-stage oscillation is suspected, raising the grid bias
will stop the regeneration, but so will tbis change stop over-all
regeneration. The true test for this phenomena is to connect a
milliammeter (properly bypassed) in the plate circuit of the sus-
pected tube as shown in Fig. 22. Remove the preceding and follow-
ing tubes, and then place an intermittent short-circuit on either the
grid or plate circuit of the suspected stage while watching for
changes in the plate current in that tube as an indication of the
starting and stopping of oscillation. The tube and associated tuned
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Figure 22  Test for Single - stage Oscillation

circuits form a tuned-grid-tuned-plate oscillator similar to a trans-
mitting circuit that was very popular in the early days of vacuum
tube transmitters.

The standard cures for this trouble are:

(1) Use a tube with lower inter-electrode capacity.

(2) Neutralize the inter-electrode capacity.

(3) Reduce the gain of the circuit by raising the tube bias.

(4) Reduce the value of the resonant impedance in either grid or

plate circuits, or possibly both. This may be done by using coils of
lower Q, or coils of the same Q but lower inductance, or by tapping
one or both of the tuned circuits so that only a portion of the res-
onant impedance is introduced into the grid or plate circuit.

This type of oscillation is not confined to intermediate-frequency
amplifiers but is encountered in RF amplifiers as well, if the pri-
mary is closely coupled to the secondary (as most shortwave RF
primaries are) and has too many turns in an attempt to obtain
high RF stage gain. In such cases it is necessary to reduce the
number of primary turns until single-stage oscillation stops.

A peculiar effect may have been observed by some experimenters
that they have never been able to explain, which can be understood
when considered in the light of single-stage regeneration. This
phenomenon is that a given amplifier stage may be stable when
lined up properly, but will be unstable and oscillate when one or
two of the associated circuits are misaligned. This phenomenon may
have been observed accidentally and has not been reproduceable
because the reasons were not understood. Referring to Fig. 22 it
will be seen that the resonant circuits are lettered for easy identi-
fication. Consider that the middle tube is the offender, but with all
circuits aligned it refuses to oscillate or give any other evidence of
misbehavior, If circuit A is progressively misaligned in one direc-
tion- and circuit D progressively misaligned in the opposite direc-
tion, single-stage oscillation will soon result. The same results can
be accomplished on variable coupling IF circuits, that are mechan-
ically variable, if the coupling is progressively reduced. The ex-
planation is the same in both cases, but is accomplished by a dif-
ferent agency. In both cases the impedance of circuits C and D rises
until single-stage oscillation occurs through the inter-electrode ca-
pacity of the tube. The explanation for this statement is given here
below.

When a single circuit is resonant it presents a definite resonant
impedance that is a direct function of its “Q” and its reactance.
If another similar circuit, similarly resonant to the same frequency,
is coupled to the first circuit, and set near “Critical Coupling” the
resonant impedance of the combination approaches half the im-
pedance of either circuit separately. It is this leading effect that
keeps the impedance down when all circuits are aligned, and the
absence of which, when circuits A and D are detuned, that permits
the impedance of circuits B and C to climb high enough to cause
single-stage oscillation.

OVER-ALL REGENERATION

Over-all oscillation is a familiar complaint on multi-stage TRF
receivers even of good design, and on IF amplifiers of high gain.
On experimental receivers in the process of development it may be
produced by any one of a number of causes. Only by experiment
can the offending source of coupling be discovered and removed.
It may be of two general types, high-impedance or low-impedance,
or might be considered voltage feedback and current feedback al-
though all feedback phenomena in radio receivers are, strictly
speaking, voltage feedback phenomena.

Coupling between antenna and grid or plate leads, and couplings
between grid leads or plate leads, etc., all of which are relatively
high voltages impressed, on the very small capacities existing be-
tween the points just mentioned are classed as high-impedance
feedbacks. Appropriate partition type shielding quickly stops this
type of feedback.

Under the heading of low-impedance feedbacks are placed all
oscillation troubles resulting from the use of common cathode, screen
or plate bypass condensers, common leads in high-frequency circuits,
couplings resulting from the common shaft of a gang condenser,
etc. Eliminating oscillation from these sources requires a study of

the receiver and many experiments, isolating the various circuits
that are suspected of causing the feedback, until finally the real
offender is discovered.

Sometimes feedbacks are degenerative instead of regenerative and
the disconcerting fact may be discovered in some cases that isola-
tion of certain circuits increases rather than decreases oscillation
troubles.

On manufactured receivers made by a reputable company which
attempts to keep uniform quality, over-all oscillation after some
time in service can usually be quickly traced to some circuit element
that changes characteristics with age. For example, if no paper
condenser is used across the electrolytic filter condenser to insure a
permanent low-impedance RF path to ground, over-all IF oscillation
can occur when the RF resistance of the electrolytic filter condenser
increases with age.

In TRF receivers, frequently high-resistance contacts between the
gang condenser shaft and the wipers causes over-all oscillation which
can be eliminated by a thorough cleaning of the contacting surfaces.
Common bypass condensers also should be suspected as the cause
of feedback. When they are, they are usually found very easily by
connecting a known good condenser across each bypass condenser
successively until the defective unit is found.

INTER-ELECTRODE CAPACITY

It has been pointed out, in the section on Single-Stage Oscillation,
that the coupling medium for such oscillation is the inter-electrode
capacity of the tube.

The method of measuring such small Geid-to-piate Capacity of Tube
capacities in the presence of much i {. ‘

larger capacities in a network that
cannot be opened to measure the de-
sired capacity directly may be of in- \W
terest. Capocity Capacty
. . of Tube of Tube
Fig. 23 represents the capacity net-
work that exists in the tube as far as
feedback capacities are concerned.
The method of measurement is to have a similar network, Fig. 24,
in operation, supplying a voltage to some measuring device and
fed by a source with the proper characteristics. The output capacity

Figure 23
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Figure 24 Measurement of Inter-electrode Capacity

of the tube is connected across the measuring circuit and a reading
obtained on the output meter; then, when the grid of the tube is
connected to the source of voltage, there will be an increased read-
ing on the meter. The calibrated condenser is then reduced in ca-
pacity until the meter reads as before. The inter-electrode capacity
of the tube is the difference in the capacity of the calibrated con-
denser at its two settings.

The calibrated condenser for the above measurement is an elab-
orate device not available to the experimenter or service man,
therefore the above method of checking inter-electrode capacity
cannot be attempted, but a very similar method can be used to check
the uniformity of inter-electrode capacity in the manner shown in
Fig. 25. Here a signal generator or service oscillator is used to
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Figure 25 Comparison of Inter-electrode Capacity

furnish a signal to a low-impedance load so that the input-im-
pedance of a tube may be connected across it with negligible change
in voltage. The inter-clectrode capacity feeds the signal into the
radio receiver across whose input a low-impedance load has been
connected so that variations in the output capacity of the tube will
be swamped out. An output meter on the receiver will serve to
indicate the relation between tubes of differing inter-electrode
capacity.
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The above system for comparing inter-electrode capacities has
been successfully used in a number of laboratories desiring checks
on inter-electrode capacity but which were unable to purchase com-
plete equipment for making these measurements. It probably is not
a measurement that any service man will have occasion to use, but
some advanced experimenters, attempting to obtain the maximum
possible performance from circuits, may desire to check their tubes
for this parameter.

FIDELITY vs. SELECTIVITY

One of the most frequent requests from experimenters working on
high-fidelity receivers is for IF components that will permit high-
fidelity reception, yet have good adjacent-channel selectivity.

The following considerations will show that it is impossible to
meet both specifications simultaneously. In order to transmit a single
audio frequency by the double sideband transmission method which
is standard on all types of broadcast and shortwave entertainment
transmissions, a carrier and two additional frequencies are required.
These additional frequencies are located one above and one below
the carrier frequency by an amount exactly equal to the audio fre-
quency. For example, if it is desired to transmit a 10 KC nete on a
1000 KC carrier, the upper sideband will be 1010 KC and the lower
sideband will be 990 KC. It can be shown mathematically and it
can actually be demonstrated that in the above case three separate
signals exist, if a sufficiently selective receiver is used for the
demonstration. Since it is the American practice to assign broadcast-
ing frequencies at 10 KC intervals, it is obvious that the 10 KC
transmission of the 1000 KC station above mentioned will fall exact-
ly on the carriers of the two adjacent channels and will produce
heterodynes that will give rise to spurious audio responses in any
receiver having a selectivity curve wide enough to pass both side-
bands on a 10 KC modulation.

Since it is reasonable to assume that there will be modulation on
both adjacent channels it will be obvious that the transmissions of
the two adjacent channels will encroach upon the territory that the
1000 KC station is using if it modulates up to 10 KC. Now if all
three stations are producing a signal of equal intensity and are all
modulating up to 10 KC the receiver will not be able to separate
these three programs. If, however, the pass-band of the receiver is
narrowed down until it accepts a band of frequencies only 4 KC
above and below its mid-frequency, it will accept from the adjacent
channels only those frequencies above 6000 cycles which frequencies
carry a comparatively small part of the energv of speech or music
and consequently will not interfere with the desired program to as
great an extent.

If the ratio of desired signal strength to adjacent-channel strength
is now changed so that the desired signal is many times stronger
than the adjacent channel signal strength, the pass-band of the
receiver can be increased considerably without introducing appreci-
able interference.

From the above it can be seen that “High-Fidelity” reception can
be used only where the ratio of desired signal to adjacent-channel
signal is very great, sayv 1000 times or more, and that, unless the
receiver is confined to the reception of local stations, it must be able
to sharpen its selectivity curve when it is desired to select one sta-
tion whose signal strength is near or below the signal strength of
the adjacent channels. In order to accomplish this economically, IF
transformers, whose physical and electrical features are shown in
Fig. 26, are available. In these transformers, the pass-band is varied
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Figure 26

by changing the coupling between primnary and secondary, by means
of a tapped coil in series with one winding closely coupled to the
other. By this arrangement a very high percentage change in
coupling can be accomplished with practically no change in the
self-resonant frequency of the tuned circuit which has been switched.
This arrangement permits one receiver to be adjusted for either
wide or narrow pass-band instead of requiring two independent
receivers of the desired characteristics.

DISTORTION IN DIODE DRIVER STAGES

When a diode detector must work at reasonably high levels, as in
the case of feeding a low-gain audio system such as a type-55, -85
or -6R7 tube working a push-pull stage through a transformer, con-
siderable energy is required by the diode and its load resistance.

If the gain of the diode driver tube is varied by means of the
conventional AVC circuit wherein full AVC voltage is applied to
all controlled tubes, it may be found that very serious distortion is
produced at high signal levels. If such distortion occurs, it is prob-
able that the last' IF tube is not able to furnish the power output re-
quired to properly drive the diode circuit when this IF tube has a
relatively high bias. The quick test for this trouble is to remove the
AVC voltage from the last IF tube and hold its bias constant at its
nominal minimum value while the receiver is again checked for
distortion. If the above test eliminates the distortion, that tube may
be left without AVC or may have applied to it only a fraction, us-
ually 14 to ¥ of the voltage that is applied to the remaining tubes.

MICROPHONICS

In the original design of receivers one of the most exasperating
and illusive problems confronting the radio engineer is that of pre-
venting “Microphonic Howls.” First-class radio manufagturers usu-
ally do everything economically practical to minimize this trouble
but, even in spite of these efforts, this trouble still produces many
service calls.

The cause of the trouble is easily understood, but finding the of-
fending item is usually a difficult job with many apparently correct
answers proven wrong before the real offender is found. Often when
one source of trouble is eliminated another shows up.

The most powerful tool for the solution of such a problem is the
combination of audio oscillator, audio amplifier, output meter and
unmodulated signal generator. Fig. 27 shows the arrangement of
parts for the test.
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Figure 27  Mechanical Vibration Test

The receiver is tuned to the signal generator using modulation on
the generator, if necessary, to properly tune the receiver. The modu-
lation is removed without disturbing the tuning of either generator
or receiver and the beat frequency oscillator is started, putting into
the speaker an output approximately equal to the full output of the
receiver. As the beat frequency oscillator is run over the audio range
from 60 to 5000 cycles slowly, various sharp peaks will be noticed
on the output meter. This audio output from the receiver is caused
by the mechanical vibration of some part of the receiver modulat-
ing the CW carrier supplied by the generator. The actual means of
modulation may be the vibration of a condenser changing capacity
in time with the vibration to produce capacity modulation of a
tuned circuit, or vibration of a coil or coil lead may give inductive
modulation of the tuned circuit, or vibration of the elements in the
tube itself may give direct modulation of the electron stream. What-
ever may be the modulating element, the best chance of locating it
quickly is provided by the above setup. The beat frequency oscil-
lator is set to the frequency giving the greatest reading on the output
meter and a search is made for the element producing this modula-
tion. If the source is found, some means usually can be found to
eliminate or reduce the trouble.

As the frequency to which the receiver is tuned increases, the
percentage change in frequency necessary to produce howling be-
comes increasingly smaller. In the shortwave range the stability re-
quired to eliminate howling is so great that it is practically impossi-
ble to eliminate. all howling on high volume. In many cases, short-
wave receivers with the speaker in the same cabinet with the radio
set cannot be operated at full volume. Receivers have even had
their oscillator coil and oscillatos tuning condenser poured full of
wax to prevent vibration and still could not be kept from howling
at high volume on shortwaves! Service problems of eliminating
microphonic howls should be undertaken with due consideration of
the difficulties involved and of the impossibility of producing a
100% permanent cure if the receiver has a shortwave range and
has its speaker in the same cabinet with the receiver.
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DESIGN AND CONSTRUCTION OF

RECEIVING ANTENNAS

This brief article will point out the features of the sever-
al types of receiving antennas recommended for use with
the receivers described in this manual. Every set owner will
have his individual problem of antenna installation but it
is hoped that the information provided here may enable him
to select the type that will best fit his needs and provide
the best possible service for the particular location and
space available.

Receiving antennas for the radio amateur may be any of
the types described herein. As a rule, however, the amateur
will make some arrangement to use his transmitting anten-
na for reception purposes, especially if he has an effecient
directive array. Television antennas are also a special type
that will not be discussed here. Some information on an-
tennas for television reception will be found on page 31.

Three general types of receiving antennas are in common
use today. These may be classified as: single-wire, doublet
and loop. Numerous modifications of these three types will
ke found in practice, many of them empirically dictated by
the particular space for installation available.

SINGLE-WIRE

The single-wire, or inverted L antenna is most commonly
used, probably because it is the simplest to install and gives
generally good results on any frequency. This type of an-
tenna is illustrated in Figure 1. Since an antenna is a “col-
lector” of radio-frequency energy it should be as high as
possible and sufficiently long to provide good signal “pick-
up.” A total length, including lead-in, of from 80 to 100 feet
is sufficient when sensitive Meissner receivers are used. The
antenna must also be provided with high-grade insulation
including the lead-in, all the way to the receiver itself.

The single-wire type may be used with any of the re-
ceivers described in this manual. The larger sets, having
three-terminal connection strips marked “A-D-G”, will have
the lead-in connected to the “A” terminal while the “D” and
“G” terminals will be connected together and to ground.
The smaller sets, having two terminals marked “A” and
“G” will have the lead-in connected to the “A” terminal
onlv, while “G” is connected to ground.

Many persons will believe that a small receiver will re-
quire only a small antenna and often try to get by with a
wire strung about the room or in the attic. Such expedi-
ents sometimes provide entirely satisfactory results for
local and strong stations but the practice is not recom-
mended for good performance. In actual fact, since the
smaller sets are usually less sensitive, they will require
more antenna than a larger set for the same signal output.
It should also be remembered that the lead-in wire of a
single-wire antenna is a part of the antenna itself, just
as much as the outside collector. Consequently, if this lead-
in has to be run down to the receiver in the vicinity of pow-
er lines, as through a house or apartment, considerable
electrical interference may be picked by this portion of the
antenna and result in very objectionable noise in the re-
ceiver output. Where trouble of this kind is experienced, a
noise-reducing doublet should be used.

DOUBLET

The doublet antenna is provided with a lead-in consist-
ing of two wires twisted together. Such a lead-in may be
run directly through an area affected by severe electrical
interference without picking up any of this energy. In this
way, the antenna proper may be located well away from inter-
ference sources and thus provide a comparatively clean

signal to the input of the receiver. The general arrange-
ment of such an antenna system is shown in Figure 2. The
two horizontal sections of the antenna are usually made
equal in length and should be one-fourth of a wave-length
long for the band most generally in use. Since this length
would be impractical for wave-lengths in the broadcast
band (about 160 feet for each half) all-wave receivers de-
signed for use with doublet antennas, such as the larger
Meissner sets, are provided with means for cutting out the
doublet action on this band and the antenna then becomes
essentially a single-wire arrangement. This switching ac-
tion is incorporated in the band-switch and is entirely auto-
matic. Antenna systems of this type may be purchased in
kit form from any radio dealer with complete directions
for installation.
LOOP

Loop antennas are receiving considerable attention at
the present time because of their portability. Their prin-
cinal application, of course, will be found in connection
with small battery-operated portable receivers such as the
one described on page 142. Many small AC or AC-DC sets
on the market today are also designed with built-in loops.
Certain large receivers are now provided with electro-stat-
ically shielded loop antennas incorporated in the console
type cabinet. These are claimed to provide excellent service
and require no outside antenna connections whatsoever.

DIRECTIONAL EFFECTS

The loop antenna takes the place of the antenna coil
secondary in the receiver circuit and is tuned to resonance
in the same manner. In addition to its portability, its di-
rectional effect is sometimes highly useful. General re-
ception will be good from either direction in the plane of
the winding and for a wide angle on either side. There is a
comparatively narrow angle, however, perpendicular to the
winding plane in which practically no signal pick-up will be
obtained. This phenomena is especially useful in helping to
eliminate noise and interfering signals as the loop may be
turned at right angles to the direction of the interference
and still provide good reception over a wide area.

The other types of antennas are also “directional” to a
certain extent. Best short-wave reception will be obtained
with a long single-wire antenna from the general direction
that the wire is pointing, both ways. A long single-wire is
not critical as to direction on the regular broadcast band.
In the case of the double antenna, the best direction for re-
ception is at right angles to the direction of the wire. Many
local factors influence this directional tendency, however,
and it can generally be disregarded when locating a new
receiving antenna system.

GROUNDS

A good ground connection should be used with any re-
ceiver provided with suitable connections for same. This is
many times neglected or considered not essential because
apparently good results are obtained without it. It will be
found, however, that the addition of a ground to a good
single-wire or doublet antenna will usually well repay the
extra effort in quieter and more consistent reception. A
ground is, of course, unnecessary with a loop antenna. It
is also advisable to use care in connecting a ground to an
AC-DC receiver. If the set is not provided with a ground
connection, do not try to use one. In connecting an AC-DC
receiver, quickly touch the ground wire to the ground ter-
minal (or wire) on the set. If a noticeable spark occurs,
leave the ground connection off.
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Television in Theory and Practice

INTRODUCTION

This discussion of television will include a brief explana-
tion of how the synchronizing and blanking signals of the
composite television signal are generated at the transmitter.
It is belived that a practical understanding of just how the
characteristic wave-shapes of a standard R.M.A. signal are
generated will lend reality to the readers notion of a tele-
vision signal. Then, when the same wave-shapes are encount-
ered in the consideration of the receiver a familiarity will
have been achieved which is most helpful in following the
signal through the various amplifying, separating and syn-
chronizing circuits.

Before a detailed explanation of the synchronizing signal
is undertaken, however, it may be well to give a very brief
description of the entire system from the transmitter to the
receiver.,

At the transmitter, light reflected from the scene to be
telecast, is collected by a lens system and focused on the plate
of the television camera tube. This plate is covered by a
“mosaic” of photoelectric cells. The camera tube also includes
an electron gun similar to that used in a standard cathode ray
tube. Scanning at the camera tube is accomplished by elec-
tromagnetic deflection of the electron beam using external
coils. These coils are energized by currents which cause the
“spot” (at which the beamn strikes the mosaic) to move hori-
zontally across the mosaic, then snap back and scan another
line in much the same manner in which the eyes follow the
lines of a printed page. At the end of 1/30 of a second the com-
plete mosaic (and hence the scene) has been entirely scanned
by a succession of 441 lines in a desired order. When the
electron beam 'strikes a bright portion of the mosaic a maxi-
mum current will flow through the output of circuit of the
camera tube, and this current will vary in proportion to the
amount of illumination on the portion of the mosaic being
scanned. These current pulses, corresponding in time se-
quence to the light and dark areas of the picture, are called
video signals. After being amplified, they are combined with
synchronizing and blanking signals separately generated. At
the transmitter, the synchronizing and blanking signals are
used to “time’” the deflection of the electron beam and to ex-
tinguish the beam during retrace time.

The method of combining the video signal with the syn-
chronizing and blanking signals is accomplished in such a
way that it causes no interference with the portion of the
signal conveying information about the picture. These pulses
can be separated from the picture and finally used for blank-
ing and synchronizing corresponding to those functions at
the transmitter. The composite video signal, of course, is us-
ed to modulate a high frequency transmitter.

At the receiver the received signal is amplified and sepa-
rated into sound, picture and synchronizing signals. The pic-
ture signal, with the blanking signal, is applied to the cath-
ode ray picture tube in such a way that the intensity of the
electron beam varies in proportion to the light and dark
areas of the scene being scanned at the transmitter. The syn-
chronizing sighals with the video portion removed take con-
trol of the sweep circuits at the receiver and keep the elec-
tron beam in the cathode ray tube in step with the electron
beam in the camera tube. Thus the receiver places on the
screen of the picture tube, the right amount of light at the
right place at the right tinre and thus produces a pattern of
light and dark areas which is a reproduction of the trans-
mitted picture.

SCANNING FREQUENCY

This over-all descripton necessarily gives little attention
to many very interesting details of the television system.
For instance, the scanning method demands additional ex-
planation before we may logically consider the generation of
synchronizing signals. The 441 scanning lines into which the
picture is horizontally divided are not successively scanned
but are “interlaced” to reduce flicker. That is, the top line
of the picture, if called No. 1, is followed by line No. 3, No. 5,
No. 7, ete., until No. 441 at the bottom is scanned. This scan-
ning (one field) is completed in 1/60 of a second after which
the spot goes back and “gets” the even numbered lines, fin-
ishing the complete picture in 1/30 of a second. Hence the
frame frequency becomes 30 per second. In motion picture
projection the frame frequency is 24 per second. In motion
pictures, however, the “frame” is the picture element, while
in television thousands of picture elements are required for
one frame. “

Some simple arithmetic involving the foregoing figures on
scanning lines and picture frequency will serve to introduce

the frequencies with which the synchronizing and blanking
generator at the transmitter are most concerned.

PICTURE SIGNAL GENERATOR CONSIDERATIONS

Since 441 lines are scanned in 1/30 of a second it is evi-
dent that the time required to scan one line is the product of
1/30 by 1/441 or 1/13,230. This 13,230 cycle frequency
(which for purposes of discussion is often referred to as 13
KC) thus becomes the first of the frequencies with which
the synchronizing generator will have to deal.

A second frequency inherently important in the picture
generator is the 60-cycle frequency since the time required
to scan one field is 1/60 of a second. An equalizing pulse at
a frequency of 26 KC must be available for injection during
a short interval to secure proper interlacing.

The frequencies involved, therefore, in the composite pic-
ture signal used to modulate the carrier are as follows:

1. Picture information, 60 cycles to 4 MC.

2. Horizontal synchronizing and blanking, 13 KC.
3. Frame frequency, 60 cycles.

4. Equalizing pulses, 26 KC.

With these three fixed frequencies in mind we may now
consider the wave shapes of the pulses at these frequen-
cies and see how they are generated and used.

In a synchronizing and blanking signal generator some
method must be used to “tie in” the 60 cycle frame frequen-
cy, the 60 cycle supply frequency and the 13 KC frequency.
This may be accomplished by starting with a 13 KC oscillator,
doubling to 26 KC and then with a series of multivibrators
di\iiding by ratios of 7, 7, 3, and 3 to arrive at a 60 cycle
pulse.

This chain of events may be pictured with a block diagram
and wave forms showing the starting 13 KC sine wave and
the 60 cycle pulse which is shaped to last exactly 7% of 1/60
of a second. See Fig. 1.

13KC 26KC
Oscillotor Doubler
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To tie the 60 cycle pulse to the 60 cycle supply and the 13
KC oscillator it is necessary to combine some low voltage
60 cycle supply frequency with the 7% pulse in a 6H6 phase
detector. Through a 6K7 control tube the resultant d.c. volt-
age is used to control the frequency of the 13 KC oscillator,
increasing its frequency if the 7% pulse lags the 60 cycle
sine wave and decreasing its frequency when it leads. Fig.
2 shows this arrangement. and will be called the timing wunit.

7% ot

1760 Sec. —] p—

[‘ q 13 KC A — - 60 Cycle -
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6K7 d
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The chain of multivibrators has been omitted in Fig. 2 to
simplify the control arrangement and to call attention to the
fact that only two wave shapes are taken from this part of
the generator, one a 13 KC sine wave and one a 60 cycle
pulse of a duration of 7% of 1/60 of a second. The 26 KC
frequency is obtained in circuits following the timer, the 26
KC oscillator in the timer being used only for purposes of
correct frequency division.

It has been stated that but three frequencies are used in
the synchronizing and blanking generator. However, in the
clipping, delayed, and narrowing circuits following the tim-
ing units the pulses at these three frequencies are altered as
to shape and duration to produce the standard R.M.A. tele-
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vision synchronizing and blanking signals. The duration of
the pulses are measured in per cent of horizontal or vertical
sweep frequency such as a .07V in the case of the vertical
blanking signal or .04 H as in the case of the equalizing pulse.

The following table (Fig. 3) shows the separate charac-
teristic synchronizing and blanking pulses:

NAME FREQENCY WAVE SHAPE DURATION
Vertical — 7v
Blanking 60 cycles _r [ 0
Horizotal
Blanking 13,230 cycles ‘ | A5 H
(Pedestal) =
Vertical - X 3

Sync. 26,460 cycles )::';aH

Pulse ——Y—f
Horizontal

Sync. 13,230 cycles I | .08 H

Pulse —

Equalizing
Pulse 26,460 cycles | | .04H

All of these pulses are formed from the 60 P.P.S. signal
and the 13,230 cycle sine wave taken from the timing unit.
Because of the great difference in duration of the five pulses
shown in the table the wave shapes are not drawn to scale,
and slight slopes are disregarded.

An inspection of the complete R.M.A. television signal
shown in Fig. 4 will now indicate how these five pulses (all
originating from the 13,230 cycle oscillator in the timing
unit) are combined. Referring to the pulses in the order in
which they appear in the table it will be seen, that:

First, the vertieal blanking signal occupies the largest part
of the portion of the signal shown, that is, from a minimum
of .07V to a maximum allowed of .10V. This signal has an
amplitude extending only up to “black level” and serves to
bias the grid cathode ray tube in the receiver to cut-off dur-
ing the retrace time. This retrace time in the receiver must
be-complete at the end of .07H.

Second, the horizontal blanking signals may be seen ex-
tending to the same (black) level as the vertical blanking
signal but lasting only 15% of 1/13,230 sec.

Third, the vertical synchronizing signal may be seen rid-
ing above the blanking signal and consisting of a series of
6 pulses each lasting more than twice as long as a horizontal
synchronizing pulse.

Fourth, the horizontal synchronizing pulse may be seen
riding above the blanking signal. The duration of this pulse
is slightly more than half the duration of the blanking pulse.

Fifth, the equalizing pulses replace the horizontal synchro-
nizing pulses for an interval which begins before the start

of the vertical synchronizing pulse interval and lasts until
after this pulse is completed. The substitution of one kind
of pulse for another is accomplished by keying circuits which
apply or remove screen voltage from keying tubes upon the
grids of which are continuously applied the pulses involved.

So far we have not considered the varying picture signal
which lies between the horizontal blanking pulses. The only
reference to this portion which need be made is to point out
that bright portions of the picture are indicated by zero
modulation amplitude while black parts of the picture are
indicated by 80% modulation amplitude, which is approxi-
mately the amplitude of the blanking signals. The proper
amplitude of the various parts of the composite video signal
are adjusted in a mixing amplifier where the amplitude of
pedestals, synchronizing pulses and picture signal may be in-
dependently controlled. When this has been done, the com-
posite video signal may be used to modulate a high frequen-
cy carrier.

MODULATION AND CARRIER FREQUENCY
RELATIONS

With the foregoing discussion of synchronizing and blank-
ing signal generation to refer to, we may now point out a
few comparisions between the television system and sound
broadcasting and make a few general observations about the
necessity for widely different modulation and carrier fre-
quencies.

In sound broadcasting a band width of 10 k.c. is required.
In television a band width of about 4 MC is required for the
picture modulation. The reasons for this great range of fre-
quencies becomes apparent if we consider more closely the
scanning method already described.

Vertical detail is determined by the number of lines in the
picture. To obtain as good horizontal detail as we have verti-
cal, we must be able to handle picture elements along a line
that are as closely spaced horizontally as are the lines spac-
ed vertically. If the picture size transmitted were square the
number would then be 441 but since the picture is longer in
the ratio of 4 to 3 there must be 588 elements in each line.

Since a pair of such adjacent elements would be required
to represent a signal voltage cycle, it must be possible while
only a single line is being scanned to transmit 588 or 294

2

cycles. Since 441 lines are traced during 1/30 of a second, it

is obvious that the output from the camera tube will cover

a great range of frequencies. A formula for this calculation

might be set up as follows:

Band width equals Horizontal picture elements x Number of
2

lines x Number of pictures per second

or
Band width equals 294 x 441 x 30 equals 3,889,620
Thus a band width of approximately 4 MC is required if
we are to have high definiton television pictures.
Having seen the necessity for a tremendous range of
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modulation frequencies, we now recognize the first reason
for using a high carrier frequency. Modulation considerations
require that the transmitter frequency be appreciably higher
than the highest modulation frequency it must handle. Of
course other practical considerations such as lack of avail-
able space in other portions of the radio spectrum also made
it necessary to go to the ultra high frequency region. At any
rate, the Federal Communications Commission has assigned
seven television bands between 44 MC and 108 MC. These
are shown in Fig. 5. In Fig. 6 is shown in greater detail the
velation between the sound and picture carrier of any one
channel.

The necessary choice of ultra high frequency carrier in-
troduce another series of problems for these frequencies ex-
hibt “line of sight” transmission, and to obtain respectable
coverage, the transmitting antennae must be placed at a
great height. The NBC transmitter, for instance, has its an-
tennae on top of the Empire State Building. A service area
in this instance, with a radius averaging 40 miles is thus ob-
tained. Other difficulties encountered are reflections of the
signals from buildings, hills and other objects, which pro-
duce multiple images at the receiver. Still another problem
is interference from automobile ignition and diathermy ma-
chinery.

As more experience and knowledge is gained, we may ex-
pect that most of the problems accompanying the use of ul-
tra high frequencies will be solved to a satisfactory degree.
Reflections can be minimized by directive antennae systems
and interference can be prevented by installation of suitable
filters and suppressors.

In order to have a complete television signal, the sounds
accompanying the scene must be broadcast. These are picked
up by a regular studio technique, amplified, and used to
modulate another ultra-high frequency transmitter operating
4.5 MC above the picture carrier frequency.

DISCUSSION OF BLOCK DIAGRAM OF RECEIVER

Having discussed the generation and transmisson of the
standard televison signal in more detail we may now turn to
a more thorough consideration of the receiver and follow the
conversion of this rather complicated sequency of signals in-
to a pattern of light and shade which reproduces the scene
at the transmitter.

To facilitate consideration of the television receiver, a
block diagram will first be employed to show, principally,
where the characteristic parts of the signal are separated,
amplified and used to perform their particular function,

~

In Fig. 7 is shown such a diagram.

The rf. circuits are broad enough to pass both carriers
and their side bands. At the first detector they are both
hetrodyned with a local oscillator placed 12.75 MC above the
picture carrier. Because of the 4.5 MC spacing between sound
and picture carriers, the oscillator frequency thus becomes
8.25 MC above the sound carrier. Thus two LF. “beats” are
produced.

Using the 44 to 50 MC channel as an example, these fre-
quency relations are shown in Fig. 8.

12.75 MC s
Picture I.F.
. 8.25 MC "
Sound |.F, )
45.25Mc'  '49.75 MG’ Fsg.00MC
Picture Sound “FIG. 8+ Local
Carrier Carrier : Oscillator

The sound LF. signals are amplified by an LF. system
tuned to 8.25 MC, impressed on the sound second detector,
detected and amplified in the conventional manner and re-
produced as sound at the speaker. )

The picture 1. F. signals are amplified by an LF. system
tuned to 12.75 MC and which passes a band up to 4MC wide,
depending on the detail desired at the picture tube. (A 12"
tube can reproduce the detail permitted by 4 MC modulation
while in the case of a 5” tube a band width of 2% MC will
allow all the detail observable with this tube). )

At the picture second detector the amplified picture LF.
signal is demodulated to recover the television signal repre-
sented in Fig. 4, already discussed. Without alteration ex-
cept for further amplification in the video amplifier, this
signal is applied to the grid of the cathode ray picture tube,
to control the instaneous intensity of the electron beam and
thus the relative illumination of the elemental picture areas.
The blanking pulses which are present in this signal serve to
extinguish the beam during retrace time since their amph-
tude brings them to the “black level.” The synchronizing
pulses need not be removed from the signal applied to the
grid of the picture tube since the pedestals (of longer.dura-
tion) have already biased the grid to “black level.” Finally,
the viedo signal must in some manner adjust the background
illumination of the received picture. This action is usua]]_y
called automatic brightness control and will be explained in
the section under circuit descriptions.

Returning now to the second picture detector, the synchro-
nizing chain may be considered. It has been stated that syn-
chronizing pulses need not be removed from the video signal
controlling the electron beam intensity. It is necessary, how-
ever, to remove the picture signal from the synchronizing
signals if the latter are to take proper control of the deflec-
tion of the electron beam. Unless this is done the synchroniz-
ing control circuit would have a tendency to respond to sig-
nals representing black picture areas and loss of synchro-
nism would result.
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Fortunately, this scparation can be readily secured be-
cause of the increased amplitude of these pulses over that of
the picture signal. By means of amplitude separation the ver-
tical and horizontal synchronizing signals may be “clipped”
from the video or picture information part of the composite
video signal. After amplication the vertical and horizontal
synchronizing signals must be separated from each other to
control the separate deflection circuits. This final separa-
tion is accomplished with filters responsive to wave shape
since the horizontal synchronizing pulses (refer now to Fig.
3) are of much shorter duration than are the vertical syn-
chronizing pulses.

The polarity of the separated vertical and horizontal syn-
chronizing pulses must be chosen for the type of deflection
to be employed. Blocking oscillators require a positive pulse
while multivibrators require the opposite polarity, for proper
control of the picture tube deflection system. The horizontal
and vertical synchronizing pulses, then, which were origin-
ally shaped from the 13 k.c. oscillator at the transmitter, are
enabled to keep the electron beam “in step” with the scan-
ning beam at the transmitter, since the deflection system of
the camera tube is controlled by pulses from the same tim-
ing unit previously referred to. (in Fig. 2). The picture in-
formation part of the signal meanwhile, controlls the bright-
ness of each elementary area of the picture and thus the
original scene is reproduced as long as this precise synchro-
nism is maintained.

CIRCUIT CONSIDERATIONS

Having considered briefly the functions of a television re-
ceiver with the aid of a block diagram, we may now study
an actual circuit, emphasizing the operational details more
readily portrayed by a typical example. To facilitate this
study, various sections of the schematic circuit of a televi-
sion receiver of the superhetrodyne type will be separately
considered; only those parts of the circuit necessary for an
understanding of its operation will be shown and a general
knowledge of radio circuits will be assumed.

The first section considered is the radio frequency circuit
of Fig. 9.

In this r.f. system each band (of which but one is shown)
consists of an antennae primary, a preselector, r.f. input and
oscillator coil. The oscillator voltage is magnetically coupled
to the mixer tube and the oscillator is provided with a small
condenser for receiver tuning. The coupling, in the case of
the 44 to 50 MC channel is adjusted to give approximately

To \.F
Transformer

Mixer

To Contrast
Control

*FIG. 9

flat transmission characteristic from 455 to 47.5 MC drop-
ping to about 40% response at 49.75 MC. The coupling be-
tween the oscillator and secondary is adjusted to give 5 volts
peak of induced oscillator voltage. With an 1852 as the mixer
tube with an unbypassed cathode resistor of 40 ohms, 5 volt
bias and 5 volt oscillator voltage gives maximum conversion
conductance.

At the plate of the 1852 mixer, the sound I.F. is taken off
thru a capacity of about 2 mmfd. to the grid of the 1853 sound
LF. amplifier, the grid circuit of which is tuned to 8.25 MC
by an adjustabe iron-core coil. A portion of the cathode re-
sistor is left unbypassed so that changes in A.V.C. voltages
will not seriously affect the input capacity with bias change.
The 1853 is followed by an iron-core tuned 8.25 MC trans-
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former, a 6SQ7 and a 6V6G. The selectivity is 200 KC at 70%
response. This portion of the receiver is shown in Fig. 10.

In Fig. 11 is shown the picture I.F. system. The three pic-
ure L.F. coils are similar, differing only in loading capacity,
coupling and presence of small coupling condensers. There is
included also a 14.25 MC trap which is needed to prevent the
sound L.F. carrier of the next lower adjacent channel from
getting into the picture L.F. signal.

Since practically all of the gain and selectivity of a super-
heterodyne type television receiver lies in the LF. stages,
it seems desirable to study each stage in detail and to note
how the overall frequency characteristic is obtained.

Two general methods may be used to get the desired fre-
quency characteristic. Either each stage may be made sub-
stantially flat over the desired pass band, or two stages may
be overcoupled, with the third stage “fillng in” the valley
between the two response peaks.

The I.F. system in question was designed to make it pos-
sible for the experimenter to align the three coils in an ac-
ceptable manner without the use of an expensive frequency
modulated generator and cathode ray oscilliscope. While the
use of this equipment is unquestionably the most satisfac-
tory and most rapid means of picture I.F. alignment, never-
theless excellent pictures have been consistently received af-
ter alignment with more modest facilities.

To further clarify the effect of each adjustment on the pic-
ture L.F. coil, it may be useful to show by means of selectivity
curves for one, two and three coils, just exactly how the pic-
ture ILF. may be aligned with a signal generator and output
meter.

Starting with the output L.F. coils, the signal generator is
connected through a coupling condenser to the grid of the
preceeding 1852. An output meter having a 0-1.5 volt range
makes a suitable indicator and may be connected through a
blocking condenser to the plate of the 1852 video amplifier.

The small condenser across the grid and plate leads of the
coil is first set at minimum capacity while both iron core
coils are tuned to 12.75 MC. At this stage the selectivity
curve appears as shown in Fig. 11a.

a b
12.75MC 1275  10.00MC 12.75 1000 MC
«FIG. 1.
| \d 50% e

1275 K000 MG 2,75 12 0 MC

Now, by slowly increasing the overcoupling capacity which
had been set at minimum, a second peak will “move out” and
can be made to appear at some lower frequency say at 10
MC, without appreciably disturbing the resonant frequency
of the original 12.75 peak. The signal generator, in fact,
may be set to 10 MC, and the overcoupling capacity slowly
increased until resonance is reached. By slowly shifting the
generator frequency through the two frequencies of 10 MC
and 12.75 MC the relative response at these two points may
be checked and equalized by a slight change in one or the
other of the coil tuning adjustments. The selectivity curve
for the output now appears as shown in Fig. 11b.

The preceeding stage is aligned in the same fashion, but
since there is now considerable gain at 12.75 MC the first
step will give the selectivity curve shown in Fg. 11c.

The increase of the coupling condenser on this stage, how-
ever, will bring up the 10 MC peak and the curve for two
stages then appears as shown in Fg. 11d.

The adjustment of the input stage is more critical since
this stage must “fill in” the valley shown in Fig. 11d.

The presence of the peaks on each side of this valley make
it more difficult to align the input coil. However, by heavily
loading the coils already aligned, their response peaks can
be temporarily erased without disturbing the correctness of
the adjustment of these stages. Specifically if the coils not
already loaded, are temporarily loaded with a 1000 ohm re-
sistor, the selectivity curve of this portion will not interfere
with the input stage adjustment. With minimum over-coup-
ling capacity, and no loading (on the input stage) both pri-
mary and secondary are tuned to 11.9 MC. The over-coupling
capacity is then slightiy increased to obtain a second peak at
10.9 MC. Finally the proper loading resistors are returned to
the input coil, the temporary loads removed from the other
coils, and slight adjustments of the input coil made to ob-

tain as flat a frequency response as possible. In Fig. 1le is
shown the overall curve which can be obtained by this sys-
tem. It is seen now that the 12.75 MC frequency is now at
the 50% response point on the overall selectivity curve.
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Following the third picture L.F. transformer is the 6H6
picture second detector shown in Fig. 12. Only one diode of
this tube is used for picture detection. This diode is followed
by a low pass filter designed to pass frequencies up to 3 MC
and to cut off below the picture I.F. frequencies. If harmon-
ics of the picture I.LF. are not attenuated, some of them
couple back into the input and produce beats which show up
as interference patterns just as harmonics of the LF. pro-
duce a whistle interference in sound receiver if allowed to
couple back into the input.

Following the second detector load is the video amplifier
operating at zero fixed bias to obtain automatic background
control. Some method (often another diode called the D.C.
restorer is used) must be employed to enable the received
picture to follow the slow variations in background illumin-
ation of the scene being transmitted. The D.C. component is
restored in the present case as follows:
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In Fig. 13a is shown the 1852 video amplifier T! in which
the plate is connected to the grid of the cathode ray tube and
the grid to the output of the picture second detector. Fig. 13b
and 13c show how changes in the averages amplitude of the
picture changes the bias on T' and hence on the cathode ray
grid. In the absence of signal, the T bias is low, T' plate
current high and cathode ray bias is high. With application
of a picture signal a reference level is established which is
adjusted to be slightly above the pedestal height. In Fig. 13b,
the représentation of a bright picture, T1 bias is high, plate
current is low and cathode ray bias is low giving bright back-
ground illumination. When the transmitted picture has a
dark background, the video signal appears as in Fig. 13e,
where T bias is low and the cathode ray tube bias is high.

As a video amplifier, T' must of course, have excellent fre-
quency response up to 4 MC for high definition pictures. The
inductance in the plate circuit s commonly called a “peaking
coil”, and with the tube and wiring capacity it forms a band
pass network designed to obtain the necessary response.
With the video amplifier connected to the grid of the picture
tube, variations of the video voltage control the intensity of
the electron beam thus determining the relative illumination
of the many elements of the scene.



MEISSNER INSTRUCTION MANUAL 25
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It has been stated that synchronizing signals are obtained
from the composite video signal by amplitude separatign. Fig.
14 shows the portion of the circuit which “clips” these pulses
and applies them to the grid of an 1852 sync amplifier. Fig.
15 shows the amplitude relation between the horizontal blank-
ing signal and the portion removed for amplification and
synchronization. This pulse will be recognized as the .08H
pulse of Fig. 3. Since vertical sync pulses have the same
amplitude they will be similarly treated. Following the out-
put LF. of Fig. 14, We see that,

The diode Dz, with its load R2C2 and R2 separates the sync
from the picture signals. The R2Cz, that is, the 2 Meg., .1
mfd. combination have a time constant that is long in com-
parsion with the video modulation frequencies. If that was
the entire diode load, the diode voltage would be the peak
value of the modulation envelope, that is, Ea.

Now, the part of diode voltage due to R2C2 when R3 is
added is E', and is uniform through the time of one frame,
consequently providing bias for the diode which is adjusted
to be slightly above the pedestal voltage. The voltage across
Rs thus consists of the sync signals with the picture portion
eliminated. The 370 M inductance and the 500 mmfd. filter
serve to keep I.F. components out of the 1852 sync amplifier.
Increasing the 4000 ohm will take more of the sync pulse; de-
creasing it will take less.
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The 1852 sync amplifier inverts and amplifies both verti-
cal and horizontal pulses. They must then be separated from
each other and applied to the deflection system to control its
frequency and maintain synchronism. In Fig. 16 it is seen
that the horizontal sync pulse can be taken directly from the
sync amplifier plate through a 50 mmfd. condenser. The ver-
tical sync pulse is taken through a filter network in which a
charge is allowed to accumulate on the condensers propor-
tional to the time the voltage is applied. As the horizontal
pulses also present are of shorter duration their effect is
minimized.

The equalizing pulses (the .04H pulses of Fig. 3) are of
still shorter duration but their presence serves to make the
vertical pulses an odd and even field sufficiently alike so
that interlacing will result.
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Since horizontal and vertical deflection circuits are quite
simlar, only one (the horizontal) will be described here. Fig.
17 shows a sweep oscillator using a 6N7 in a multivibrator
circuit. The output of the 6N7 in a multivibrator circuit. The
output of the 6N7 is applied to a 6F86 push-pull amplifier.

To explain the action of this multivibrator it may be
worthwhile to list in order the series of actions which takes
place in each triode. Accordingly, the triodes are numbered
1 and 2 and one cycle may be analyzed as follows:

flection plates of the cathode ray tube and the multivibra-
tors are controlled by a discreet negative synchronizing
pulse, the electron beam scans the picture area at the proper
frequency thus establishing synchronization with the deflec-
tion system at the transmitter.

Electromagnetic deflection is usually used with the large
cathode ray tubes and in that case a sawtooth current must
be passed through the deflection coils. This requires special
wave-forms best generated by blocking oscillators and dis-
charge tube circuits. In the blocking oscillator, the grid is
transformer coupled to the plate and is adjusted to have a
free running speed slightly slower than the frequency of the
synchronizing pulses. These being positive will trigger the
blocking oscillator associated with the deflector circuits. One
advantage of this synchronizing system is that pulses caused
by noise, and arriving ahead of the synchronizing pulse must
have sufficient amplitude to overcome the negative self-bias
on the blocking oscillator before it can upset the synchroniz-
ing control.

POWER SUPPLY

In order to supply the high voltage at low current needed
for the cathode ray tube and the lower voltage at high cur-
rent for the amplifying tubes, two rectifiers are used in the
typical television receiver. Since the current consumption to
the cathode ray tube is very small, a resistor capacity filter
is sufficient. The voltage to the first anode must be adjust-
able so that the electron beam may be properly focused. Fig-
ure (18) shows the circuit of the high voltage power supply.
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The low voltage power supply is conventional. However, un-
usually good filtering is of prime importance.

SAFETY POINTERS

Of still greater importance, where power supplies are con-
cerned, is the necessity on the part of the experimentor to de-
velope a safety technique in the use of high voltages and
large catlrode ray tubes. All cathode ray tubes should be pro-
tected from scratches such as might be caused by sliding
tubes across a hard surface. Extreme and sudden changes in
temperature should be avoided. Especially in handling large
tubes, goggles should be worn to guard against the p0551b_111-
ty of collapse of the tube and the attendent danger of flying
glass.

When working on a portion of the receiver not requiring
high voltage, the high voltage transformer should be dis-
connected and taped up. When making high voltage measure-
ments or any measurements where high voltages are present
anywhere in the receiver, the supply line plug should be re-
moved from the outlet (rather than trusting memory or an
AC switch) while the test leads are attached. Power may then
be supplied by replacing the line plug and measurements
made without touching any part of the reciver. The line plug
should then be removed and the high voltage filter condens.-
ers shorted with an insulated screwdriver before the test
leads are removed. Above all, a good ground must always be
connected to any chassis or apparatus normally grounded
gince breakdown of the primary or secondary of a high volt-
age transformer can expose high voltage under the most
dangerous conditions, namely; at a time when the user feels
perfectly safe.
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Television Definitions

Aspect Ratio: The Aspect Ratio of a frame is the numerical
ratio of the frame width to frame height.

Audio (Latin, I hear™): Pertaining to the transmission of
sound.

Automatic Brightness Control: Automatic Brightness Con-
trol is a device for automatically controlling the average
ilumination of the reproduced image.

Automatic Volume Control: A self-acting device which main-
tains the output constant within relatively narrow limits while
the input voltage varies over a wide range.

Band-Pass Filter: A filter designed to pass currents of frequen-
cies within a continuous band limited by an upper and a
lower critical or cut-off frequency and substantially reduce
the amplitude of currents of all frequencies outside of that
band

Blanking Pulse: Pulses produced during the return time of
the cathode-ray beam to “blank out™ the undesirable signals
produced by the return lines in both the Iconoscope and
Kinescope. Sometimes referred to as the “pedestal.

Brightness Control: Brightness Control is the receiver control
which varies the average illumination of the reproduced image.
Carrier: A term broadly used to designate carrier wave, car-
rier current, or carrier voltage.

Carrier Frequency: The frequency of a carrier wave.

Coaxial Cable: Special telephone cable suitable for conveying
television signals.

Contrast Control: A knob on the recciver for adjusting the
range of brightness between highlights and shadows in a
picture.

Cycle: One complete set of the recurrent values of a periodic
phenomenon.

D.C. Transmission: D.C. Transmission means the transmis-
sion of a television signal with the direct current component
represented in the picture signal.

Distortion: A change in wave form occurring in a transducer
or transmission medium when the output wave form is not a
faithtul reproduction of the input wave form.

Electron Emission: The liberation of electrons from an elec-
trode into the surrounding space. In a vacuum tube it is the
rate at which the electrons are emitted from a cathode. This
is ordinarily measured as the current carried by the electrons
under the influence of a voltage sufficient to draw away all
the electrons.

Fidelity: The degree to which a system, or a portion of a
system, accurately reproduces at its output the signal which
is impressed upon it.

Field Frequency: Field Frequency is the number of times per
second the frame area is fractionally scanned in interlaced
scanning.

Focus: Adjustment of spot definition

Frame: One complete picture. Thirty of these are shown in
one second on a television screen.

Framing Control: A knob or knobs on the receiver for cen-
tering and adjusting the height and width of pictures.

Frame Frequency: Frame Frequency is the number of times
per second the picture area is completely scanned.

Fundamental Frequency: The lowest component frequency of
1 periodic wave or quantity.

Ghost: An unwanted image appearing in a television picture
as a result of signal reflection.

Harmonic: A component of a periodic guantity having a fre-
quency which is an integral multiple of the fundamental fre-
yuency. For example, a component the frequency of which
is twice the fundamental frequency is called the second
harmonic.

Horizontal Centering: Adjustment of the picture position in
the horizontal direction

Horizontal Hold: Adjustment of the free-running period of
the horizontal oscillator.

Height: Adjustment of the picture size in the vertical direc-
ton.

Iconoscope: A type of electronic cathode-ray pickup tube
which has been developed by RCA.

It serves the dual purpose of analyzing the visible picture
projected on its mosaic into elements and produces electrical
impulses for each of these picture clements.

Interference: Disturbance of reception due to strays, undesired
signals, or other causes; also, that which produces the dis-
turbance.
Interlacing: A technique of dividing each picture into two
sets of lines to climinate flicker.
Kinescope: A type of electronic cathode-ray receiver tube
which has been developed by RCA. .

It converts clectrical impulses into picture elements which
are visible to the eye.
Line: A single line across a picture, containing highlights,
shadow. and half-tones; 441 lines make a complete picture.
Linearity Control: Adjustment of scanning wave shapes. May
be cualiied by the adjectives “Top,” “Bottom,” “Right,
“Left.”
Megacycle: When used as a unit of frequency, is a million
cycles per second.
Modulation: Modulation is the process in which the ampli-
tude, frequency, or phase of a wave is varied in accordance
with a signal, or the result of the process.
Mosaic: Photo-sensitive plate mounted in the Iconoscope. The
picture is imaged upon it and scanned by electron gun.
Negative Transmission (Modulation): Negative Transmission
(Modulation) occurs when a decrease in initial light intensity
causes an increase in the radiated power.
Panning: A horizontal sweep of the camera. (From ‘‘pan-
orama.” )
Polarization: The particular property of an antenna system
which determines its radiation characteristics.

1.e.—Vertical or horizontal polarization.
Positive Transmission (Modulation): Positive Transmission
(Modulation) occurs when an increase in initial light intensity
causes an increase in the radiated power.
Progressive Scanning: Progressive Scanning is that in which
the scanning lines trace one dimension substantially parallel
to a side of the frame in which successively traced lines are
adjacent.
Radio Channel: ‘A band of frequencies or wave lengths of a
width sufficient to permit of its use for radio communication
The width of a channel depends upon the type of trans-
mission.
Return Line: Trace of the cathode-ray beam in returning
from bottom to top of the picture. (Return trace from right
to left between lines usually not visible.)
Sawtooth: A wave of electric current or voltage employed in
scanning.
Scanning: Scanning is the process of analyzing successively,
according to a predetermined method, the light values of pic-
ture elements constituting the total picture area.
Scanning Line: A Scanning Line is a single continuous narrow
strip which is determined by the process of scanning.
Side-Bands: The bands of frequencies, one on either side of
the carrier frequency produced by the process of modulation
Signal: The intelligence, message cr effect conveyed in
communication.
Spot: The visible spot of light formed by the impact of the
clectron beam on the screen as it scans the picture.
Spottiness: Spottiness is the effect of a television picture
resulting from the variation of the instantaneous light value
of the reproduced image duc to electrical disturbances be-
tween the scanning and reproducing devices.
Television: Television is the electrical transmission and re-
ception of transient visual images.
Tilting: A vertical sweep of the camera.
Vertical Centering: Adjustment of the picture position in the
vertical direction.
Vertical Hold: Adjustment of the free-running period of the
vertical oscillator.
Vestigial-Side-Band Transmitter: A Vestigial-Side-Band Trans-
mitter is one in which one side band and a portion of the
other are intentionally transmitted.
Video Frequency: The Video (Latin, "' see™) Frequency is
the frequency of the voltage resulting from television scan-
ning.
Width: Adjustmert of the picture size in the horizontal
direction.
Yoke: Produces magnetic deflection of an Iconoscope or

Kinescope when supplied with sawtooth currents of proper
voltage and phase.
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COMPLETE INSTRUCTIONS
FOR CONSTRUCTION AND OPERATION OF THE

e

Television Receiver
Model 10-1153

The Meissner No. 10-1153 receiver kit was designed
to answer the requirements for an easily built, safe re-
ceiver for television sight and sound. It covers only the
two lowest frequency American television channels
44-50 MC and 50-56 MC, but provisions have been made
for two additional channels when the need for them
arises.

The sound channel operates simultaneously with the
picture—one control serves to tune both channels. The
sound channel has a wide acceptance band giving a mugh
higher degree of fidelity than can be obtained in the nor-
mal broadcast band.

The receiver employs 17 tubes in all, divided as follows:

1 Oscillator 6J5

1 Mixer 1852
2 Picture L. F. Amplifiers ...1852
1 Picture Detector . > 6H6
1 Picture Video Amplifier 1852
1 Picture Tube (Kinescope) 1802-P4
1 Sound 1. F. Amplifier 1853
1 Sound Detector 6SQ7
1 Sound AF Amplifier 6V6G
2 Sweep Oscillators . 6N7
2 Sweep Amplifiers 6F8G
1 Synchronizing Pulse Amplifier .. 1852
1 Rectifier, high voltage 879
1 Rectifier, low voltage 5V4G

A single mixer and a single oscillator serve as the input
to both sight and sound channels. The video (sight)
channel utilizes two L.F. stages, a second detector, a video
frequency amplifier and a Cathode Ray tube. The sound
channel utilizes one I.F. stage, a conventional combined
diode detector, AVC and 1lst Audio amplifier, and a power
amplifier.

The sweep circuit oscillators are multivibrators of simple
design. Sweep voltage amplifiers are provided so that the
picture will occupy the desired area on the screen without
the use of excessive voltage on the multivibrators. Con-
trols on the input circuits of the sweep amplifiers permit
easy adjustment of the picture size.

Synchronization is accomplished through the aid of
synchronizing pulses transmitted between successive lines
and frames of the picture. These synchronizing signals are
selected by a synchronizing pulse separator circuit, ampli-
fied by the synchronizing pulse amplifier and applied to
the sweep oscillators to control their frequency.

The sound channel is provided with conventional AVC.
The picture channel has only manual control because of
the complications introduced by the use of satisfactory
AVC on the sight channel.

The high voltage supply for the Kinescope has been care-

fully housed in a completely closed compartment so that
accidental contact with dangerously high voltage is im-
possible unless the safety devices provided are purposely
made inoperative. Two safety switches are provided which
cut off the high voltage whenever the cover is removed
from the compartment housing this high voltage. One is
in series with the primary of the high voltage power
supply so that the high voltage transformer is inoperative
whenever the cover is removed from the safety compart-
ment, and the other switch short circuits the high voltage
filter condensers so that there can be no residual charge
to produce an unpleasant or dangerous shock. The voltages
that are of the same magnitude as in ordinary radio sets
are given no special protection.

The high frequency tuning unit is furnished pre-
aligned and tested. The I. F. transformers are easily ad-
justed to the desired band width or sensitivity by follow-
ing the simple instructions given, using as an aid, the
common service oscillator possessed by every radio shop.

The receiver is furnished with a black crackled metal
front panel which serves to carry the main control knobs
and furnishes adequate support for the viewing end of the
Kinescope. The receiver may be used without cabinet, may
be mounted in a cabinet that the constructor may have
on hand, or may be enclosed in the handsome wood cabi-
net of modern design built especially for this receiver and
available through the same dealers handling this kit.

The kit is sold complete with speaker and all necessary
tubes. No extra parts need to be purchased in order to
make the set operative. The wood cabinet is not included
in the price of the kit.

MAKE HASTE SLOWLY

This television receiver has a great many parts but each
part is simple. The proper performance of the receiver
depends upon the complete cooperation of all of the circuit
elements. “Make haste slowly” by being perfectly sure that
each part is installed in the proper place, that is, has the
correct value, that it is installed in the correct direction and
that it is connected to the proper lugs. See that each coil
has the proper part number since there are several coils
that look alike but are electrically different. See that each
resistor has the proper resistance by checking the color
code carefully. See also that its size is correct for the wat-
tage rating specified. Mica condensers should have their
capacity checked by the same color code as resistances.
The values read indicate micro-microfarods. Volume con-
trols should be checked for part number.

The best aid toward accuracy is to use a colored pencil
to mark over each component or wire in the Pictorial Dia-
gram as the corresponding part or wire is installed in the
receiver. When the receiver is completed, it is wise to
have someone who has not worked on the receiver check
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over all values of components, and all wiring. Care in doing
each small operation perfectly cannot be overemphasized.
Take care of each detail and the aggregate will take care
of itself.

ASSEMBLY

There are three principal sheet-metal pieces which carry
most of the parts: the chassis. the front panel and the
front wall of the safety compartment. The assembly and
wiring of the first and second items are clearly shown in
the Pictorial Wiring diagram Fig. 1. while the assembly
and wiring of the Safety Compartment is shown in figures
2.3.4.5and 7.

The simplest method of construction is to assemble onto
any one of the metal parts as many small items as possible,
and to wire up as much as possible before fastening the
three major metal parts together.

Starting with the front wall of the safety compartment,
first assemble the Cathode Ray tube socket. (This socket
is- the only one with eleven pins.) A special fastener that
appears to have too small an inside diameter is furnished
for mounting this socket. The bakelite part is inserted into
the mounting hole from the front of the panel, the panel
placed on a table (with the front side down) and the
mounting ring forced down around the socket. A screw-
driver is a convenient tool to use for this purpose, pressing
down on the clip in a number of places successively. going
around the clip until the mounting ring touches the back
of the metal panel. Do not force the ring down too far,
however. as it probably will be necessary to turn the
socket slightly to line up the vertical and horizontal
edges of the picture with the true vertical and horizontal
direction. The remainder of the parts on the wall of the
safety compartimnent may be assembled in any convenient
sequence. If a ground connection is made to a socket
saddle or to a mounting lug on a terminal strip. it is neces-
sary to clean the mounting surface so that a good metal
contact is made and so that the mounted part can be
soldered to the sheet metal to form a permanent good
ground connection. These soldered ground connections are
very important,

Having completed the assembly outlined above. prepare
the large chassis for assembly. Practically every major
item has at least one connection to chassis. These connec-
tions should all be well soldered. To help the soldering
operation a spot on the chassis should be lightly cleaned
with sandpaper or a knife. Every socket saddle, every
metal electrolytic condenser mounting plate, and every
terminal strip supporting lug (to which a wire is con-
nected). should be soldered to chassis. “Make Haste
Slowly.”

Having bonded all grounding lugs to chassis the fila-
ment circuits should be wired complete. Note that there
are two independent 6.3 volt circuits for the purpose of
preventing the scanning circuits from interfering with
either sound or picture reproduction. These circuits must
be wired according to the diagram. “Make Haste Slowly.”

Many sockets contacts are connected to the chassis. It
will probably be found convenient at this point to make
all of the necessary ground connections on all of the
sockets. “Make Haste Slowly."”

The next items most conveniently wired are the electro-
Iytic condensers which should now be assembled. Take
great care to see that the condenser with the proper
capacity and voltage rating is installed in the proper posi-
tion. The ratings are stamped on the sides of the cans so

that the parts are easily identified. Note that some con-
densers are grounded to the chassis, in which case metal
mounting plates are to be used, while in other cases the
condensers must be insulated from the chassis, in which
case bakelite mounting plates must be used, In the former
case, the metal mounting plates should have one spot on
each plate soldered to the chassis.

The condensers are mounted by pushing the mounting
lugs through the slots in the mounting plates and then
giving each mounting lug a slight twist with a pair of
pliers. The amount of twist is only enough to hold the unit
tightly, usually one-eighth turn is adequate. At least one
mounting lug of each condenser should be soldered to the
mounting plate if the plate is metallic. “Make Haste
Slowly.”

Because of the electrolytic condensers projecting above
the chassis, making it impossible to lay the chassis down
flat on a table, it will be found quite convenient to mount
the front wall of the safety compartment and the front
panel of the receiver, which are of essentially the same
height, permitting the chassis to stand level on these parts
with the bottom side up for convenient work. “Make Haste
Slowly.”

Next assemble all coils except the high frequency coil
assembly on the chassis, paying special attention to the
location of terminals on coils that have no color code, and
watching carefully to see that the position of the colors
on color-coded terminal strips agrees with the position
shown in the diagram. Check also to see that the coils of
correct part numbers are installed in their designated
places. “Make Haste Slowly.”

The assembly of the two power transformers and the
filter choke may well be delayed until late in the program
since these items are heavy and are not actually required
until the wiring is almost complete.

Pick out on the Pictorial Wiring Diagram the long leads
that connect items located considerable distances apart.
These wires should be installed first, followed by the
shorter wires. “Make Haste Slowly.”

The by-pass condensers may well be installed next, pay-
ing particular attention to the capacity and voltage ratings.
Wherever one side of a by-pass condenser is connected to
the chassis, it is recommended that the end so connected
be the “Outside Foil” or the “Ground” end of the con-
denser. “Make Haste Slowly.”

After the by-pass condensers have been installed, the
mica condensers and carbon resistors may be installed in
any convenient sequence. The resistance or capacitance of
these items, as the case may be, should be very carefully
checked against the color code which is explained in the
sheet “General Construction Hints" packed with the kit.
It is very easy to misinterpret the color code, therefore
utmost caution is urged.

When all of the above work has been completed, the
filter choke, low voltage and high voltage transformers
should be installed. The high voltage transformer, which is
mounted under the chassis. is connected to a rectifier tube
mounted inside of the safety compartment. Leads from
this transformer are heavily insulated to prevent acci-
dental shock. Great care should be exercised to see that
the sleeving on these leads extends up through the rubber
grommets and that the sleeving is adequately anchored
above the grommet by wrapping tape around the sleeving
to prevent it from slipping back. Do not connect the pri-
mary leads of the high voltage transformers until the vol-
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tage test is completed on the receiver. As an added pre-
caution against accidental operation of the high voltage
transformer, the primary leads should be wrapped to-
gether and taped until such time as it is necessary to use
the high voltage. The only remaining item, the high Fre-
quency Coil Assembly, should now be installed and con-
nected.

SAFETY SWITCHES

There are two safety switches furnished with the kit of
parts. One is of conventional design, and is the primary
interlock switch which opens the circuit from the A.C. line
to the primary of the power transformers. The second
switch short circuits the output of the high voltage power
supply. Both of these switches operate whenever the cover
is off of the safety compartment.

The line safety switch is mounted on a pair of brackets
so that it is recessed below the chassis an appropriate dis-
tance. Fig. 3 shows the assembly of this switch and its
brackets. In order to insure permanent alignment of the
parts it is recommended that the brackets be soldered to
the switch as shown. The actuator for the switch is at-
tached to the Safety Cover in accordance with Fig. 4.

The high voltage shorting switch is of special design
to arrive at an efficient unit that will satisfactorily
withstand the high voltage employed in the Cathode Ray
tube. The switch itself consists of two contact arms or
springs which are in contact with each other whenever the
cover is removed from the safety compartment. These
springs mount on the terminals of the output filter con-
denser in accordance with the details shown in Fig. 5.
The actuator for the switch is mounted on the inside of
the safety cover and is shown diagramatically in Fig. 4.

SAFETY SWITCH TESTS

Having installed two safety switches in a receiver, the
constructor naturally has a feeling of complete protection
which may lead to his undoing unless he proves that the
safety devices are functioning correctly.

With the line cord disconnected from the line, the cover
to the safety compartment should be slid down as far as
possible. By the time the cover is in its proper position, the
line switch should have snapped on. When the cover is
removed very slowly the line switch should snap off by the
time the cover has been lifted about one inch. Try the
switch with the fingers slowly to see that it always snaps
regardless of how slowly the switch arm is moved.

The high voltage shorting switch should be tested for
adequate pressure by attempting to push a thin piece of
stiff paper or a playing card down between the springs.
They should offer considerable resistance to the move-
ment of the card. If the springs are not stiff enough they
can be bent with a pair of pliers to give adequate stiffness
to be perfectly sure that the springs will make good con-
tact when the safety cover is removed.

A special recheck should be made of the connections
between the line, the power transformers and the safety
switch to avoid the possibility of the safety switch being
inactive because of improper connections.

VOLTAGE TEST

If all connections are found to be correct, the most logical
next step is to check the voltage that exists on each of the
tube elements. Since one of the tubes to be checked has its
socket inside of the safety compartment, the first checks
should be made without the high voltage operating. In

that manner, voltage tests on that tube can be made with
safety.

With the primary of the high voltage transformer dis-
connected (and for safety's sake taped up) and with all
tubes except the Cathode Ray Picture tube in place, turn
the receiver upside down so that it will be convenient to
work on and plug the line cord into a receptacle supply-
ing 105 volts to 125 volts at 50 to 60 cycles. Turn the
“Contrast Control” to its clockwise extreme of rotation.
This turns the current on and adjusts the Picture L F.
amplifier for maximum gain. Turn the range switch to the
counterclockwise extreme position (lowest band). The
voltages between the various tubes elements and the
chassis are listed in the table shown in Fig. 10. These
measurements were made on the lowest possible range of a
0-705-75 300-600 voltmeter with a resistance of 1000 ohms
per volt. All readings, unless marked negative, indicate
that the tube elements are positive with respect to chassis
by the amount shown.

A few important voltages that do not appear directly
on any tube elements are shown on the Pictorial Wiring
Diagram.

In order to measure the voltages on the 6F6 Video
amplifier it is necessary to remove the safety cover. Re-
moving this cover opens the line switch so that it will be
necessary to have someone hold the line switch closed
while the measurements are made. Before having someone
hold down the safety switch be sure the high voltage trans-
former primary is disconnected. Note: Some of the electro-
lytic condensers in the Safety Compartment are several
hundred volts from chassis potential. Do not touch their
containers at the same time the chassis is touched if the
voltage is on. As soon as the voltages are measured, re-
store the safety cover.

If the values measured are materially different from
those shown on the Pictorial Diagram or in the table of
voltages. turn off the receiver, disconnect the power cord
from the line, and recheck the wiring.

Having completed the voltage check satisfactorily it is
time to connect the primary of the high voltage power
transformer and to insert the Cathode Ray tube. The front
end of this tube is supported by the heavy rubber bands
supplied with the kit.

PRELIMINARY ADJUSTMENT

Fig. 6 shows two views of the completed receiver giv-
ing the name and location of each control. To start the re-
ceiver turn on the current by rotating the “Contrast Con-
trol” clockwise. but turn it only far enough to snap the
line switch. After a brief warm-up period. the picture tube
should show some kind of a rectangular pattern of light,
even if there is no television signal on the air. If no light
is visible on the picture tube. turn the “Brilliance Control”
clockwise until the picture tube shows some illumination.
Tke “Framing Control” on the front surface of the Safety
box should be adjusted to center the rectangle of light
on the screen of the picture tuhe. The “Picture Size Con-
trols” should be adjusted until the rectangle of light oc-
cupies the desired area on the screen of the picture tube.
Note: The speed controls have some effect on the size of
the picture and the “Horizontal Size Control” will have some
effect upon the Horizontal speed. When adjusting the
synchronizing on a signal it may require several adjust-
ments of the horizontal controls to obtain both proper
speed and proper size. The vertical dimension should be
adjusted to be approximately three-fourths of the hori-
zontal dimension. If the bottom and sides of the rectangle
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of light are not exactly horizontal and vertical respectively,
proper position may be obtained by rotating the picture
tube. Note: The receiver should be turned off while the
picture tube is being rotated. Sufficient allowance has
been provided in the wiring and mounting of the picture
tube to permit this limited rotation. The “Brilliance Con-
trol” should be set at the lowest value that will give satis-
factory illumination. The “Focusing Control” should be
adjusted until the lines in the rectangle of light are as clear
and sharp as possible. The above preliminary adjustments
are all that can be made until the I. F. and R. F. circuits
are’adjusted and until a signal is on the air. Once adjusted,
the picture size and centering controls seldom need read-
justment.

Should the picture tube fail to behave as described above,
disconnect the power cord. open the Safety box and care-
fully examine the wiring for possible short circuits. open
circuits, or incorrect connections. Note that the screen may
not show a solid rectangle of light until the speed con-
trols are adjusted. If the speed controls are set too far from
their proper position there may be wide spaces between
lines. These gaps can be eliminated by rotating the speed
controls and are automatically eliminated when the sweep
circuits are synchronized with the transmitter. The rec-
tangle of light will also show diagonal bright lines but
these are suppressed entirely by the blanking impulse in
the picture signal which completely darkens the tube
momentarily as the beam retraces to start a new line or
a new frame.

ALIGNMENT

The alignment of this television receiver is similar in
many respects to the alignment of a conventional Super-
heterodyne. with the exception that the peaks on the cir-
cuits are not sharp since the receiver must pass a very
wide band of frequencies in order to give satisfactory de-
tail. The instruments required are possessed by practically
every reasonably well-equipped Service Man. An oscil-
lator covering at least the range 8 MC to 15 MC with an
output voltage of .15 to .2 volts (150.000 to 200,000 micro-
volts) and an output meter having a low scale of 1.5 volts
form a good combination.

The first step in aligning the receiver is to disconnect the
primary of the high voltage power transformer.

The second step is to attach an output indicator to the
Picture channel. Since the picture channel has very little
amplitication following its detector, it is a convenient aid
in alignment to add to the picture channel the amplifica-
tion available in the Sound Audio System. This temporary
change in the circuit can be made by running a wire from
the junction of the two 15-7501 chokes through a coupling
condenser of any convenient capacity between .01 and .25
MFD to the high end of the audio volume control which is
the terminal nearest the speaker. The lead already con-
nected to this lug is permitted to remain. The output meter
should be connected between plate (No. 3 pin) and screen
(No. 4 pin) on the 6V6G tube socket. with a blocking con-
denser of any convenient capacity between 0.1 and 1.0
MFD in series. (No leads are removed from the socket
when making these connections.)

The third step is to loosen the adjusting screws on all
of the adjustable trimmer condensers mounted on the
bottom of the Picture I. F. transformers. These trimmers
should be set approximately 5 turns from the tight position.

The fourth step is to remove the 6J5 high frequency
oscillator tube.

The fifth step is to connect the signal generator and be-
gin the actual adjustment. The low potential or ground
side of the generator output should be connected to chassis
and the high side connected through a blocking condenser
of .01 MFD capacity (or greater) to the grid (pin No. 4)
of the second Picture I. F. amplifier tube. No connections
need be removed when making this temporary connection.
The generator should be set to 12.75 MC, the audio and
contrast controls advanced to their clockwise extreme of
rotation, the output of the signal generator turned up until
a signal is audible. and the adjusting screws on top of the
17-3463 transformer rotated for maximum output. The
signal generator frequency should be shifting successively
to both sides of 12.75 MC to see that the transformer shows
only one hump in the selectivity curve. If more than one
hump is evident. the adjustable trimmer should be opened
several turns more and the transformer again realigned
for maximum output. Having obtained a single hump at
1275 MC., the adjustable condenser should be screwed
in slowly, meanwhile shifting the generator frequency un-
til a second hump appears in the selectivity curve. Still
further increase the adjustable capacity until one hump
moves down to 10 MC. The other hump will not have
shifted noticeably.

The signal generator high potential lead should now be
shifted to the grid (No. 4 terminal) of the first Picture
I F. amplifier tube and the second Picture 1. F. transformer
aligned in the following manner: Set the signal generator
to 1275 MC and adjust both adjusting screws in trans-
former No. 17-3162 for maximum output. Slowly in-
crease the capacity of the ceramic base coupling con-
denser on the bottom of the I. F. transformer until again
two humps are obtained in the response curve, one at
10 MC and the other at 1275 MC exactly in the same
manner as the output picture I.F. transformer was ad-
justed. Note that if one peak is materially higher than
the other a slight readjustment of the four adjusting
screws will permit the high peak to be reduced some-
what and the low peak to be increased a little. When the
adjustment is completed so far. remove the leads con-
necting the signal generator to the grid of the first Picture
[. F. tube and prepare to align the input picture L. F. trans-
former.

First turn the adjusting screw in the 14 MC trap (part
No. 15-7500) until it is as far out as possible, and the ad-
justing screws of the second I. F. transformer No. 17-3464
and the sound input grid coil No. 17-3467 are as far in as
possible.

At the grid of the mixer tube disconnect the lead that
runs from the grid (No. 4 pin) to the high frequency coil
assembly. Temporarily connect any convenient resistor of
10,000 or more ohms from the grid to the wire just re-
moved, and connect the signal generator between chassis
and the grid of the mixer tube through a blocking con-
denser of any convenient capacity above 001 MFD. The
leads used for connecting the generator to the receiver
should be shielded when aligning the mixer stage to avoid
regeneration.

Temporarily connect across the secondary terminals
(green and yellow dots) of the interstage picture I. F. trans-
former No. 17-3462, and across the primary terminals (blue
and red dots) of the output picture I F. transformer
No. 17-3463, resistors of approximately 2000 ohms each.

Set the generator at 12 MC. not 1275 MC. and turn
the adjusting screws of the input picture I. F. transformer
No. 17-3461 for maximum output. Now slightly increase
the capacity of the coupling condenser, but in this case
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the capacity should be increased only enough to cause the
selectivity curve to lose its sharpness and begin to show
evidence of flattening out as the generator is shifted above
and below the 12 MC setting. If the amplifier starts to
oscillate as the input picture I F. transformer is brought
into alignment, the contrast control can be rotated slightly
to reduce the gain of the amplifier, but the gain should not
be reduced if shielding on the leads to the receiver will
stop the oscillation. Finally, the two 2000-ohm resistors
temporarily installed should be removed. A check of the
selectivity of the entire amplifier should now show a
peak at 10 MC and at 12 MC and the response should
be fairly uniform between peaks, with the amplification
about one-half as much at 12,75 MC as it is at 12 MC.
If these results are not obtained, the curve shape can be
altered by slight readjustment of any or all of the six
adjustments concerned.

If the output of the signal generator cannot be reduced
sufficiently to give a coavenient indication on the output
meter, the audio gain being used may be reduced by moving
one end of the temporary lead (between the 15-7501 choke
and the audio volume control) from the volume control to
the grid (pin No. 5) of the 6V6G sound output tube, thus
removing the gain of the 6SQ7 first audio tube.

The generator should next be set at 14.25 MC and the
trap No. 15-7500 adjusted for minimum response. This
trap really need not be adjusted unless there are two
stations on adjacent television channels receivable at the
location of the receiver. If any difficulty is encountered in
getting enough signal to properly adjust this wave trap,
and only one station is receivable, the coil may be left with
its adjusting screw all the way.out.

The generator should next be set for 8.25 MC and the
sound L F. transformer No. 17-3464 and the sound grid
input circuit No. 17-3467 adjusted for maximum response.
The two heavy wires extending away from the terminal
strip of transformer No. 17-3464 constitute a small coup-
ling condenser of a capacity too small to be obtained in a
condenser of more conventional construction. They may be
moved closer together to expand the sound I. F. channel
if desired.

The over-all picture selectivity curve should again be
checked to see that adjusting the sound trap and sound
L F. system has not changed the picture selectivity curve
shape, or if it has changed, the adjustments may be
touched up again to obtain the best picture selectivity
curve shape.

The leads from the signal generator to the grid of the
mixer should be removed and the' connection from the
mixer grid to the coil assembly restored to its original
condition. The temporary connection from the junction
of the two No. 15-7501 chokes to the sound volume control
should be removed.

Plug in the 6J¥ oscillator tube and the receiver is ready
for operation. The antenna coil trimmer and the mixer grid
trimmer shown in Fig. 8 may best be adjusted on an
actual television signal since few generators will reach
the television frequencies and still fewer have a frequency
calibration that can be relied upon at such frequencies.
An antenna of the general characteristics discussed in the
section “Antenna” should be connected to the two end
terminals on the antenna terminal strip and a ground
connection attached to the middle terminal. A television
signal should be tuned in as described in “Operation” and
the antenna and mixer grid circuit alignments touched

up. This adjustment is best made with an insulated screw-
driver since the capacity of the screwdriver is appre-
ciable compared to the tuning capacities employed.

ANTENNA

The most satisfactory, and the only recommended an-
tenna for this receiver is a short wave doublet antenna.
There are several commercial antenna kits available that
are very convenient to assemble and install, and which
give excellent results. The dealer from whom this re-
ceiver was purchased probably has complete information
on them. If you desire to make your own antenna, di-
rections are given herewith. Excellent results can be ob-
tained from either type of antenna if the following con-
siderations are followed.

With television antennas, the important points to con-
sider are:

1. To place the antenna as far as possible
away from automobile traffic, elevator con-
trol panels, diathermy machines, and any
other type of electrical equipment that may
produce interference.

2. To place the antenna in a position that is,
if possible, above all surrounding objects.
It should not be in the radio shadow of
any large building, bridge, trestle or simi-
lar structure; in other words, there should
be' no tall metallic structure between the
antenna and the transmitter, especially if
the obstruction is close to the antenna, in
which case it will cast a deep shadow, that
is, give very low signal level.

3. To make the antenna length the optimum
for the signal frequency to be received.

4. To point the antenna in the direction giv-
ing the best results. If the antenna is well
up in a clear space the best position will
usually be with the antenna wire at right
angles to a line connecting the receiver and
the telecasting station. If the antenna is
between some tall buildings and the tele-
casting station, there may be both direct
and reflected signals reaching the antenna.
When this occurs there may be double
images on the picture tube. The antenna
usually can be then rotated until one of
the images is very clear and the “echo”
images disappear.

5. The directive property of the antenna can
sometimes be used to advantage to cut out
a strong source of interference, because
the antenna receives poorly through a
small angle on-either side of the direction
in which the antenna conductors point,
but receives reasonably well for a large
angle on either side of the line perpen-
dicular to the direction of the antenna con-
ductors. The region of poor reception fre-
quently may be aimed at the interferente
(unless it is directly in line with the trans-
mitting station) thereby greatly reducing
the interference, yet receiving the de-
sired signal with reasonable strength.
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The following table gives the length of the antenna,
over-all, for best reception of the different channels.
44—50-MC—119-inches
a4 | —50—56 MC 105 inches
#%— 66—72 MC 81 inches
#4 — 1884 MC 69 inches
#5 8490 MC 64 inches
Whergtg;\e ar?taem‘;aé r/r:’ust work on several bands, the
antenna length should be the average of the best working
length for each of the desired bands or it should be ad-
justed to give greatest improvement to the station deliver-
ing the poorest signal.

The antenna itself can be made either self-supporting,
in which case thin-wall metal tubes form the antenna
conductors which extend out from a central insulating
support, as in the case of several commercially available
designs, or the antenna may be of ordinary wire supported
on a simple wooden framework. Fig. 9 shows a suggested
antenna construction.

Probably the most convenient plan is to make the an-
tenna and lead-in in one piece without any splices or
soldered joints. The lead-in can well be the conventional
two conductor twisted lamp cord available at almost every
hardware or electrical supply store. The antenna can most
conveniently be made by untwisting the required length of
lamp cord and then winding the cord with strong string
or tape to prevent further untwisting. The ends of the
antenna wires should be fastened to porcelain insulators
or equivalent.

The lead-in should run to the set in as short and direct
2 path as possible unless such a path passes through a
zone of high interference, in which case a detour of
reasonable length to avoid the interference is desirable.

Where the lead-in enters the house, a porcelain insulat-
ing tube is recommended. This tube should run uphill
as it enters the house so that there will be no tendency
for rain to run into the house after running down the lead-
in. If the lead-in makes a small loop below the level of
the outside end of the porcelain tube the rain should
drip off this loop with practically no tendency to run into
the porcelain tube.

RECEIVER LOCATION

The receiver should be located in a place where the
screen of the picture tube can readily be seen by a group
of people, and where the light is subdued. In direct sun-
light the picture on the tube will hardly be discernible,
in subdued light the picture will be clearly visible, but
the optimum results will be obtained when the lighting
corresponds closely to that very subdued light present in
the average movie theater.

ADJUSTMENT OF PICTURE

When it is known that a picture signal is on the air, and
the receiver has been aligned and the adjustments de-
scribed under “Preliminary Adjustments” have been
made, the “Television Station Selector” should be set for

the channel on which the station is telecasting, the
“Contrast Control” advanced, and the “Vernier Control”
tuned to produce a strongly mottled pattern on the picture
tube. One speed control should then be slowly rotated until
the mottled appearance of the screen begins to assume
some semblance of stationary spots on it, then rotate the
other speed control until the pattern stands still and a
picture is visible. If there are two pictures, one above the
other, the Vertical speed control should be rotated until
there is only one picture. If the picture seems to be torn
apart or to be slipping sideways, or if there are two pictures
side by side, the Horizontal speed control should be turned
to obtain proper operation. Detail in the picture may some-
times be improved by rotating the “Vernier Control”
Audio volume is controlled in the conventional manner
by means of the “Sound Volume Control.”

PICTURE DEFECTS

If the picture appears right side up but reversed right
for left so that all printéd matter is reversed, the leads from
the Cathode Ray tube deflecting plates to the plates of the
Horizontal amplifier have been interchanged. Reversing
these leads at the plates of the horizontal amplifier will
give correct scanning. If the picture is inverted, the leads
to the Vertical amplifier have been reversed. Interchang-
ing them at the plates of the vertical amplifier will turn
the picture over.

The connections shown in the Pictorial Diagram are ar-
ranged for the picture to be in the proper position when
viewed from the front of the receiver when the receiver
is placed in the conventional position. If it is desired to
view the tube by means of a mirror, the necessary rever-
sal of picture can be accomplished as described above.

Numerous wavy lines in an essentially vertical direction
are the result of interference. If the wavy lines appear
and disappear in a reasonably rapid rate the interference
may be from code transmissions. When code is suspected,
it may readily be recognized by the pulsating appearance.

Picture distortion in the form of wavy lines that do
not have the sharp definite pulses characteristic of code
interference is sometimes present. It is probable that this
interference is from some sound service such as speech or
music. The simple circuit change employed to add the
amplification and speaker of the sound system to the sight
channel may be used to listen to the interference with
the probability that it can be easily identified.

Distortion in the picture is sometimes the result of set-
ting both the “Brilliance Control” and the “Contrast” too
far clockwise. Readjusting both of these controls some-
times improves picture quality. The best position for the
“Brilliance Control” will usually be found most quickly
by revolving the “Contrast Control” counterclockwise as
far as possible without snapping the line switch off, and
then adjust the “Brilliance Control” until the rectangle of
light is just barely visible. Then advance the ‘“Contrast
Control” to obtain satisfactory picture reproduction. Before
turning off the receiver, the “Brilliance Control” should be
rotated to the extreme counterclockwise position.
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5 DIAGRAM — FIG. 1. 10-1153
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COMPLETE INSTRUCTIONS
FOR CONSTRUCTION AND OPERATION OF THE

“Traffic Master”

14-tube, 5-Band Communication Receiver
Model 10-1174

The Meissner “Traffic-Master” is a 14-tube superhetero-
dyne receiver, supplied in kit form, designed for the advanc-
ed radio amateur who requires a high-grade receiver of su-
perior performance for consistent radio communication un-
der any conditions. ) ]

A brief survey of the circuit features will reveal first the
improved Meissner Band-Spread Tuning Unit incorporating
the RF, Mixer and Oscillator stages with a frequency cover.
age of 530 ke to 31 mc in five overlapping ranges. The 456-
ke output of this unit is fed into a two-stage Intermediate
Frequency channel incorporating a Crystal Filter and Lamb
tvpe Noise Silencer. A variable-pitch Beat Frequency Oscil-
lator is coupled to one side of the full-wave diode detector
which feeds directly into the grid of the audio-amplifier
phase-inverter tube. The push-pull output of th!s tube pro-
vides full excitation for the grids of the 6V6’s in push-pull
class AB, providing an undistorted output of 8.5 watts. A
VR150 voltage regulator is used to provide stable operating
voltages for the oscillator circuits while a 5V4G rectifier sup-
plies the high-voltage DC for the set. .

The Tuning Unit used with this receiver incorporates all of
the circuit components up to the input of the L.F. amphﬁer.
These include individual Antenna, Mixer and Oscillator coils,
range switch, band-spread tuning condenser, dial, tube sock-
ets and all associated resistors, by-pass condensers, pad(.iers.
etc. compactly assembled and wired on a mall sub-chassis to
be mounted in the receiver as a unit. The entire unit is fac-
tory tested, aligned and calibrated and- requires little or no
adjustment. . .

The tuning condenser is a specially designed unit having
three 280-mmfd. sections with ceramic insulation and is pro-
vided with auxilliary band-spread sections controlled by a
separate shaft. The 9” linear-scale dial is also specially de-
signed for this receiver and has separate control knobs for
the main and band-spreading tuning. Fly-wheels are provided
on each shaft for rapid coverage of the scale when required.
Coils incorporated in the tuning unit are wound on separate
forms and each is provided with its own air-dielectric trim-
ming condenser. Ceramic tube sockets are used for the RF,
Mixer and Oscillator tubes for improved high-frequency per-
formance.

The “Mono-Unit” Crystal Filter unit is easily mounted and
wired into the receiver in the same manner as an LF. trans-
former. It includes the crystal input and output L.F. trans-
formers. combined crystal-phasing condenser and crystal
short-circuiting switch, air-dielectric trimmers and mounted
456-ke crvstal, all factory wire and tested.

Ferrocart, iron-core, I.F. transformers with air-dielectric
trimmers are used in the input and output positions of the
I.F. channel. The Beat Frequency Oscillator unit and Noise
Silencer transformer are also air-tuned for maximum sta-
b.lity.

foch attention has been given in the design of this receiv-
er to provide the utmost in consistent performance and un-
usual frequency stability. To this end, the plate and screen
supply circuits of the oscillator stage and the plate supply of
the beat-frequency oscillator are controlled by a voltage regu-
lator system which minimizes voltage variations and conse-
quent frequency drifts.

An “R” indicating meter is provided whose scale is direct.
lv calibrated to indicate the strength of the received signal.
This meter also operates as a tuning indicator to enable the
receiver to be set in exact resonance with the received sig-
nal.

The receiver incorporates its own power supply and oper-
ates directly from 110 volts, 60 cycles. A sturdy and attrac-
tive steel cabinet and professional-appearing front panel are

separately available to complete this receiver. In addition to
the parts supplied in the kit, a set of tubes is required, as
listed below the Parts List, and also a P-M dynamic speaker
with suitable output transformer to match the push-pull
6V6’s in class AB.

ASSEMBLY

The entire kit should be carefully unpacked and all parts
laid out for examination and identification. Check all parts
against the parts list and report any discrepancies at once to
your supplier. After making sure that all parts are in order,
set aside the tuning unit and dial and begin the assembly of
the smaller parts on the main chassis. Follow the Pictorial
Wiring Diagram carefully at all times in assembly and wir-
ing of the receiver as this accurately shows the placement of
all parts and wiring to provide the best possible performance.

Determine the front surface of the panel to be used with
the receiver and mark all contrel shafts to be cut so that
they will extend %" in front of this surface. This is best done
kv temporarily placing the controls in position to determine
the proper length of shaft. Remove controls and saw off the
shafts while the free end is held in a small vise. Do not at-
tempt to saw shafts while the control is mounted on the chas-
sis as the strain may cause damage to the control.

Mount all tube sockets on the chassis, using the 6-32 x 14"
steel screws supplied for all assembly work. Be sure to use
a lockwasher under each nut to insure a tight fit and free-
dom from later trouble. Note that in some cases there are
tie-lugs to be mounted on the same screw that is used to
mount the socket. These should be put in place and held by
the same nut, while the sockets are being mounted. It is also
very necessary to observe the position of the “key-way” in
the central hole of each socket. This should be turned so that
it occupies the position indicated on the Pictorial Diagram.

Next install the Power Transformer, Filter Condensers,
LF. Transformers, Crystal Filter Unit and Beat Frequency
Oscillator. The Filter Chokes should be left until after the
wiring to the 5V4G socket has been completed. Other small
parts are then installed, such as the RF Choke, speaker sock-
et, rubber grommets and tie-lugs not previously mounted.
The four variable resistor controls are then mounted on the
front of the chassis and the two small adjustors (Gain and
Meter) on the chassis surface as shown in the Pictorial Dia-
gram.

In mounting the Phone Jack, some variation will be neces-
sary according to whether a front panel is to be used or not.
If no panel is used, the Jack Mounting Plate is fastened over
the large hole in the chassis at this point and the Jack mount-
ed as shown on the diagram. The three toggle switches are al-
so placed in positions shown on the front surface of the chas-
sis. If a panel is used, however, these parts will all be fas-
tened to the front panel, the Jack extending back into the chas-
sis through the large opening. The toggle switches have long
bushings which will permit the body of the switch to remain
behind the front surface of the chassis and still extend
through the panel on which the switch will actually be fas.
tened. Before the panel is mounted, however, these parts may
be temporarily placed on the chassis as indicated and the
change made at any later time.

WIRING
Before starting the wiring, all points covered in the “Gen-
eral Construction Hints” should be well in mind. High-grade
rubber-covered hook-up wire is supplied in ample quantity of
each color to conform to the color markings on the Pictorial
Diagram. A good pair of side-cutting long nose pliers or
plain long-nose and diagonal cutters should be available. The
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rubber-covered wire is easily stripped at the end by mashing
the insulation about % inch from the end and removing the
rubber. Be sure that all connections are well soldered.

A small spot of solder should be applied to each socket sad-
dle at one side near a mounting nut in order to insure good
electrical connection to the chassis. Have the soldering iron
good and hot for this operation as the chassis will conduct
the heat away rapidly and a good joint can not be secured.

Begin wirng by connecting the colored wires from the pow-
er transformer to their proper points in the set. Then wire all
heater circuits (terminals 2 and 7 on each socket), using a
pair of black wires twisted together. Mark over each wire on
the diagram as it is connected in the receiver, using a colored
pencil or crayon. This will make it easy to see just what has
been done and whether anything has been overlooked when
the wiring is completed.

Connect the wires from the Crystal Filter and Beat Fre.
quency Oscillator units to the proper points and install the
heavy shielded wire shown at the back of the tuning unit
opening. The Line Cord should then be installed, using the
braided wire shielding to cover a portion of it as shown. Note
that one wire is cut near the 56V4G socket and the two ends
connected to the insulated terminals on the adjacent tie-lug.

The remainder of the wiring may be completed in any con-
venient order although it will be found to simplify the pro-
cedure somewhat if all wire-lengths are picked out and con-
nected first before attempting to place and connect the resis-
tors and paper condensers. All wiring may thus be neatly ar-
ranged close to the chassis in exactly the positions shown
while the resistors and condensers, installed later, will be ar-
ranged on their self-supporting leads so they clear all other
parts and wiring. The black braided insulating sleeving is sup-
plied for use on bare wires wherever there is any likelihood
that such wire may touch the chassis or some other wire and
cause a short.

Check the wiring as it progresses, making sure that each
connection is made to the proper terminal and that it is pro-
perly soldered, and it will be hardly necessary to make a fin-
al check. Such a check should be made, however, as a- matter
of safety and to provide additional assurance that every-
thing is correct.

TUNING UNIT

After all other wiring has been completed, the Tuning Unit
may be installed and connected into the circuit. Set the unit
in the chassis opening and mark the area covered by the side
flanges. This space on the chassis should be cleaned of paint
in order to provide a solid “ground” connection when the
unit is mounted. Next assemble the tuning dial to the tuning
unit by inserting the two condenser shafts into the central
hubs of the two large drums on the back of the dial. Loosen
the set screws if necessary. Then set the entire assembly on
the chassis and insert the four brass 8-32 screws through the
front of the chassis into the dial frame but do not tighten
them. Use six screws to mount the Tuning Unit to the chas-
sis and tighten down firmly. Then turn the condenser shafts
so that the plates are completely meshed and set the main
tuning control on the dial directly on the end mark at the
low-frequency end of the scale. Tighten the set screws on the
main condenser shaft while in this position. Then set the
band-spread control to exactly “0” and tighten the set screws
on the band-spread condenser shaft. The four brass screws
may then be tightened to firmly mount the dial to the front
of the chassis making sure that no bindng results and that
the mechanical action is free and clear.

The nine colored wires shown entering the space occupied
by the tuning unit (on the Pictorial Diagram) represent
wires which are already on the tuning unit and which are
now to be wired to their respective points as indicated. This
will complete the wiring of the receiver with the exception of
the dial lights and “R” meter which may be mounted and con-
nected as shown. The dial lights are inserted in the two bayo-
net-type sockets provided which, in turn, are inserted into
the large rubber grommets. These grommets are supplied
with the dial and are to be placed in the two holes provided
in the dial frame just back of the scale on either side of the
center.

FRONT PANEL MOUNTING

If the Meissner steel front panel is used with this receiver
it should be mounted next. Four small wooden spacers are us-
ed between the front surface of the chassis and the back of
the panel, two at each end of the chassis. The 6-32 x %"
black screws are used for mounting the panel. The dial es-
cutcheon and etched aluminum indicator plates should be fas-
tened on the front of the panel before mounting. Small black
2-56 screws are provided for this purpose.

YOLTAGE TEST

Insert all tubes in their respective sockets as indicated on
the top view of the receiver. Make sure that the four top
grid connections are properly made, using the grid-clips pro-
vided. Have the speaker properly connected to a five-prong
plug as shown on the circuit diagram and insert this plug in
the speaker socket. Turn the Stand-by switch to the “Re-
ceive” positon and the Tone control all the way to the left
so that the line switch is turned off. Plug the line-cord into
a 110-volt receptacle and turn on the receiver by turning the
Tone control to the right. After a brief “warm-up” measure
voltages at the points indicated, using a high-resistance DC
voltmeter. The voltages shown are positive with respect to
chassis which will be used as the negative connection for the
meter. If these voltages are not reasonably close to the val-
ues shown. disconnect the receiver at once and re-check the
wiring to determine the cause. If the receiver appears to be
operating normally, permit it to run for at least a half-hour
before proceeding with the alignment.

ALIGNMENT

The Band-Spread Tuning Unit has been aligned and tested
in the factory before shipment; if tubes of the proper type
are used the circuits should be very close to maximum effi-
ciency. Do not disturb any of the adjustments on this unit
until all other instructions given below have been followed.

With the receiver on and the Stand-by switch set to “Re-
ceive”, set the remainng controls as follows: Noise Level,
fully to the right (clock-wise); BFO, off; AVC, on; RF Gain
(sensitivity), full on; Audio Gain (volume), full on. Adjust
the 1. F. amplifier channel in the usual manner except for
location of the crystal frequency.

Connect the high side of the output of a service oscillator
to the grid of the 6K8 mixer tube through a fixed condenser
having a capacity of .0005 to .25 mfd. Do not remove the grid
clip from the tube. Set the range switch to the Broadcast
band and the main tuning dial indicator to about 600 ke¢. Turn
the Crystal Phase control all the way to the right which
shorts out the crystal and proceed with a general alignment
of the input, output and crystal I.F. transformers at 456 kc.
Keep the output of the service oscillator as low as possible at
all times as the best adjustments may be made with a weak
signal. Turn the Phase control to the left which places the
crystal in the circuit and search for the crystal frequency in
the following manner: cut off the modulation in the service
oscillator and swing its frequency rapidly across the range
between 450 and 460 kc until a peculiar “chirp” is heard. This
point will be very sharp and it may be difficult to set the
oscillator exactly on this frequency.

It should be set as accurately as possible, however, and
then the six I. F. trimmers re-adjusted for maximum re-
sponse on this frequency as indicated by the “R” meter read-
ing.

To adjust the Noise Silencer Transformer, using the same
456-kec signal, increase the output of the service oscillator
until a reading between 5 and 8 appears on the “R” meter.
Turn the Noise Level control until there is a just-percept-
able decrease in the meter reading and leave it there. Then
align the Noise Silencer Transformer for maximum decrease
in the meter reading. As alignment proceeds, re-adjust the
Noise Level control to keep the effect of the silencer circuit
just visible on the meter. In this way the sharpest align-
ment will be obtained.

Turn on the Beat Frequency Oscillator switch, set the Pitch
Control to its mid position and adjust the beat-note to zero
beat by means of a screw-driver through the hole in the top
of the shield on the BFO unit, No. 01010.

If a good all-wave signal generator is available, final ad-
justments may be made on the antenna and mixer circuits to
bring them to peak performance. However, if no such instru-
ment is at hand, it will be much better to leave these adjust-
ments strictly alone. The generator is to be connected to the
antenna post of the receiver, through a suitable dummy an.
tenna. This should be a 200-mmfd. condenser for the broad-
cast band and a 400-ohm resistor on all other bands. Connect
the “D” and “G” posts together and to the low side of the
generator. Adjust the antenna and mixer trimmers only for
each band, the dial being set in each case to the alignment
frequencies given in the table included in the instruction
sheet packed with the tuning unit. No adjustment should re-
quire more than two turns of the adjusting screw. If greater
adjustment is necessary it is highly probable that the wrong
type of tubes or of dummy antenna has been used.

If a complete alignment of the Tuning Unit is thought de-
sirable, consult the instruction sheet packed with the unit.
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ANTENNA

A conventional single-wire antenna is connected to the “A”
post on the rear of the tuning unit while the “D” and “G”
posts are connected together and to ground. A doublet anten-
na has its two-wire lead-in connected to the “A’” and “D”
posts while the “G” post is again grounded.

OPERATION

The operation of all controls except, perhaps the Noise
Silencer, is readily apparent from the names of the controls
and the markings on the front panel. Experiments with them
will soon familiarize the operator with their performance.

The Noise Silencer is a device of great assistance in the re-
ception of signals through certain types of interference.
such as ignition noise from automobiles or other types of
high-intensity pulses of short duration. When properly ad-
justed the Noise Silencer makes it possible to actually read
code signals or understand phone conversations that previ-
ously could not even be distinguished beneath the blanket of
noise. Against a steady, grinding, low-amplitude interfer-
ence, however, the Noise Silencer is much less effective. A
little experimenting with this part of the receiver will soon
demonstrate the sphere of its effectiveness.

“R” METER
A meter, calibrated in the “R” series of signal-strength des-
ignations is provided for measuring the relative strength of

the received carriers. It is not affected by the percentage
modulation on the received signal. An electrical zero adjustor
is provided to compensate for differences between tubes and
a mechanical zero adjustor on the meter case to set the point-
er with respect to the ‘“no-current” position on the meter
scale.

With the receiver turned off, the zero adjustor on the case
of the meter should be set, if necessary, to cause the pointer
to coincide with the extreme right-hand line on the scale.
Then, with the receiver turned on and warmed up, short the
antenna and ground input of the receiver by connecting a
wire across the “A” and “G” posts. Have the AVC turned
“On” and the RF Gain control set at maximum. Then adjust
the meter adjustor on the surface of the chassis just back of
the meter to make the pointer coincide exactly with the last
line at the left end of the scale.

AUXILLIARY GAIN ADJUSTOR

The small 5,000-ohm control mounted on the surface of the
chassis at the left end is designed to provide for differences
in amplification characteristics of tubes made by various
manufacturers. With certain makes of tubes, this control will
have to be re-set so that the set will not oscillate. In any
case, adjust this control so that the set is in a stable opera-

ting condition with the main RF and Audio Gain controls full
on.

PARTS SUPPLIED FOR CONSTRUCTION OF
MEISSNER “TRAFFIC-MASTER?”

Pre-aligned Band-spread Tuning Unit, 13-7613
Calibrated Dial and Escutcheon, 23-8229
Punched Chassis, 11-8223 A

“R” Meter with mounting screws, 19345

“R” Meter Light Assembly, 9119

Crystal Filter Unit Complete, 01008

Beat Frequency Osc. Unit Complete, 01010
Input Align-Aire LF. Transformer, 16-6643
Output Align-Aire I.F. Transformer, 16-6139
Noise Silencer I.F. Transformer, 17-6869
Power Transformer, 110-v, 60-cycle, 19282
Filtey Choke, 19251

Filter Choke, 19466

30-mfd.., 450-v. Electrolytic, Condenser, 16111
15-15 mfd., 450-v. Electrolytic Condenser, 16124
R.F. Choke, 19-5590

Molded Bakelite Octal Tube Sockets

b-prong Wafer Type Speaker Socket
2560,000-ohm Tone Control with Switch, 19287
500,000-ohm Volume Control, 19258
10,000-ohm Noise Level Control, 19338
3,500-ohm Sensitivity Control, 19338
5,000-ohm Midget Adjustors, 19544

Toggle Switches, 19354

Phone Jack, 3 Yaxley, 19360

10-mfd., 25-v. Electrolytic Condenser

.1-mfd., 400-v. Paper Condensers

.1-mfd., 200-v. Paper Condenser

.05-mfd., 400-v. Paper Condensers

.05-mfd., 200-v. Paper Condensers

.01-mfd., 400-v. Paper Condensers

.006-mfd., 600-v. Paper Condenser
.00025-mfd., Mica Condenser

.0001-mfd. Mica Condensers

.00005-mfd. Mica Condensers

.000005-mfd. Mica Condenser

200-ohm, 3-watt Fixed Resistor

300-ohm, %-watt Fixed Resistors

1500-ohm, %-watt Fixed Resistors

2000-ohm, !4 -watt Fixed Resistor

65000-ohm, 3-watt Fixed Resistor

7500-ohm, % -watt Fixed Resistor

p—t
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10,000-ohm, %-watt Fixed Resistor
20,000-ohm, 1-watt Fixed Resistors
20,000-ohm, Y% watt Fixed Resistor
30,000-ohm, %-watt Fixed Resistor
650,000-ohm, %-watt Fixed Resistor
50,000-ohm, 1-watt Fixed Resistor
50,000-ohm, 1 -watt Fixed Resistors
100,000-ohm, %-watt Fixed Resistors
200,000-ohm, % -watt Fixed Resistors
500,000-ohm, % -watt Fixed Resistor
Tie-lug, 3 insulated terminals

Tie-lugs, 2 insulated terminals

Tie-lugs, 1 insulated terminal

Stand-by Terminal Strip

Mounting plate for Phone Jack
Mounting plate for Filter Condenser
AC Line Cord and Plug

Grid Clips

%" dia. shaft for Crystal Filter Phase
Insulating shaft coupler

Front bearing support bracket

Front bearing and nut for Phase Control
6-32 x %" steel machine screws

6-32 x 14" hexagon steel nuts

$+6 steel Lockwashers

8-32 x %" brass machine screws, dial mounting
2-56 x %" steel screws for eschutcheon
2-56 x %" black screws for panel plates
2-56 brass nuts

2 steel lockwashers

Lengths #20 Colored Hook-up Wire
Length Shielded Wire

Length Tinned Braided Shielding
Length Insulating Wire Sleeving
Length Rosin-Core Solder

5-piece Tube Shield for 6C8G tube
Black wood panel spacers, %" dia. x %" long
6-32 x %" black screws for panel mounting
6.3-volt dial lights, bayonet base
Etched aluminum panel plates

Black bakelite control knobs

Pk ok ok [=r X2 T3
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ADDITIONAL PARTS REQUIRED FOR OPERATION

1853 Metal tube 1 6L7 Metal tube
6K8 Metal tube 1 6J7 Metal tube
8J7G Glass tube 1 6K7 Metal tube
10” or 12” P-M Dynamic Speaker with 5-prong connection

plug; output transformer primary impedance 10,000 ochms

bt ok ok ek

2 6H6 Metal tubes 1 VR150 Glass tube

1 68SJ7 Melal tube 1 5V4G Glass tube

1 6C8G Glass tube 2 6V6 or 6V6G tubes
to match 6V6's in push-pull, class AB; power-handling
capacity, 8 watts.

MEISSNER ACCESSORIES AVAILABLE

No. 11-8219 Steel Front Panel, completely puched, black
wrinkle finish, 19”x10%"x&"

No. 11-8224 Steel Cabinet complete with hinged lid, black
wrinkle finish, 19” long x 10%” high x 13%” deep.
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COMFLETE INSTRUCTIONS FOR

BAND SPREAD
TUNING UNIT & MULTI-WAVE COIL ASSEMBLY

PART 1—TUNING UNIT

The Meissner All-Wave Band-Spread Tuning Unit, No.
13-7614 (280 MMF condenser) embraces all of the radio-fre-
quency coinponents of a Communications receiver ahead of
the I. F. amplifier.

It consists of a special dial and Band-spreading tuning
condenser, Multi-wave Antenna, R. F., and Oscillator coils,
range switch and shields. padding and aligning condensers,
tuhbe sockets and all necessary resistors and condensers
mounted on a sub-chassis that can be mounted through a
hole cut in any chassis three or more inches deep.

The dial has five scales calibrated in frequency for the
band-setting portion of the condenser and one scale cali-
brated linearly for the band-spreading portion. One pointer
covers the five frequency-calibrated scales while a short
pointer covers the single band-spreading scale. Two inde-
pendent knobs located at opposite ends of the dial. drive
the pointers and condenser rotors, with the drive cords so
assembled that slippage of the cord on the drive shaft can
have no eftect on the calibration. Both drive shafts are
provided with flywheels to facilitate rapidly traversing the
dial scale. )

One stage of R. F. amplificaticn is used on all bands to
give good signal-to-noise ratio and good image suppression.

The Tuning Unit is provided with Antenna. Doublet and
Ground connections and special contacts on the range switch
to automatically select doublet or conventional antenna,
whichever is Letter for the band selected. The switch also
shorts-out all unused coils that might cause objectionable
absorption losses.

The circuits are all aligned with air-dielectric condensers
(Meissner "align-aires™) having a very smooth action and
permanence of adjustment not approached by the usual
mica-dielectric trimmer condensers.

The unit is aligned, calibrated and tested for sensitivity
before leaving the ractory, and should not require adjust-
ment when instalied in the receiver.

The frequency ranges of the Band-Spread Tuning Unit
are given in Figure 2.

If no changes are made in the setting of the Alignaires
and padders before placing the receiver in operation, good
reception should be obtained on all bands, providing the
rest of the receiver is functioning properly. Inasmuch as
the coil assembhly is already connected to the associated
parts of the circuit, and was factory tested in this condition,
it is very improbable that any improvement can be made
by re-aligning or adjusting the padders on this unit. If
for some reason these adjustments have been accidentally
changed or it is thought desirable to re-align the unit, this
may be readily accomplished by referring to the aligning
instructions for the Band-Spread Coil Assembly included in
this instruction sheet.

The dial, because of its size and design cannot be sup-
ported from the Tuning Unit, and consequently is provided
with mounting holes in both its front and back surfaces
so that it may be mounted either in front of a chassis or
dropped through openings in the top of a chassis so that
it can be fastened to the back of the front flange of the
chassis.  Proper mounting and clearance holes are pro-
vided on ali Meissner kits. On sets designed by the Con-

structor. care should be taken to lay out the dial-mounting
holes carefully lest they cause misalignment of the dial.

When mounting the dial, care should he exercised to see
that it is placed so that there is no binding or stiffness in
the bearings of the tuning condenser. The end supports
should be tightened first, and then the screws holding the
tuning-shaft bracket should bhe tightened to clamp this part
firmly to the Tuning Unit sub-chassis. The condenser plates
should be fully meshed (condenser closed), and the dial
pointer set to the last mark at the low-frequency (small-
number) end of the dial before tightening the set-screw
holding the dial drum on the condenser shaft.

CIRCUIT

The complete schematic diagram of the wired Tuning Unit
is shown in Fig. 3. All parts shown thereon, except tubes are
furnished in the Tuning Unit which is completely wired. A
regulated “B” voltage supply is recommended for use with
this unit to eliminate frequency shift of the oscillator. This
voltage suply circuit, using a VR-150 tube, is used to provide
practically constant voltage to the oscillator tube plate and
screen and to the mixer tube screen.

The full regulated voltage (150 volts) is applied to the
osc. plate (white & yellow) and screen (green wire) on the
tuning unit. The mixer screen is fed from the same source
thru 30,000 ohms with 50,000 ohm bleeder to ground.

If a regulated supply circuit is not used, the oscillator
plate is fed from a 200 to 250-volt source thru 10,000 ohms
and the screen thru 40,000 ohms. The mixer screen (orange)
is supplied with 80 to 100 voits. All necessary by-passes are
located inside the tuning unit.

PART 2—MULTI-WAVE COIL ASSEMBLY

The Coil and Switch Assemblies used in the Meissner
Band-Spreading Tuning Units are available separately for
use in receivers designed without a Tuning Unit sub-chassis,
such as the Meissner 9-Tube Communication Receiver, or
for use in special receivers to suit the individual construe-
tive requirements.

The trequency ranges of the Band-Spread Coil Assembly
are as follows:

Band -13-7603 13-7605
1 540-1580 K.C.
3 1.5- 4.5 M.C. 1.5- 45 M.C.
3 4.1-12.2 M.C. 41-122M.C.
4 7.3-18.8 M.C. 7.3-18.8 M.C
5 11.2-31.6 M.C. 11.2-31.6 M.C.

5

‘T'he Tuning ranges of the complete band-spread Tuning
Unit No. 13-7614 are the same as the ranges listed for Coil
Assembly No. 13-7603 .

These units may be used successfully in almost any kind
of a4 receiver if a few important considerations are observed.

(a) The proper gang condenser must he used. This
should be a high-grade, bar-type low minimum capacity
electrical band-spread condenser such as Meissner No.
21-5143-B, 280 nmimf condenser.

If the electrical type of band-spreading is not desired, a
conventional tuning condenser of 260 mmf maximum
capacity and of bar type construction for low minimum
capacity, such as Meissner No. 21-5227, may be used if the
trimmer condensers thereon are removed

(b) The Tuning condenser should be mounted as nearly
as possible directly over the coil assembly.

(¢) The sockets for R. F., Detector and Oscillator tubes,
the gang condenser and the coil assembly should be mount-
ed with respect to each other in the relation shown in
Fig. 1.

(d) On no account should the heavy braided leads
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which connect to the tuning condenser be materially length-
ened or shortened.

Examination of the above mentioned heavy braided leads
will show that one lead from each section of the coil as-
sembly is hrought out from the front section of the band
gwitch, while the other lead from each section connects to
a ground bus connecting the two wafers in the Ant., RF.
and Osc. sections of the switch. The former braided leads
connect to the stators of the gang condenser while the latfer
braided leads connect to the rotor wipers.

Schematic Diagram, Fig. 3. shows the circuit of both the
complete Tuning Unit and the Coil Assembly alone. The
section enclosed within the dotted lines is the Coil Assembly,
while the entire circuit shows the complete Tuning Unit.

All ieads which are brought out of the coil assembly to he
connected to the remainder of the circuit are color-coded
and clearly indicated near the dotted lines of Figure 3. The
heavy braided cables mentioned above are indicated on
this diagram as ‘‘stator’ and ‘‘rotor”’. The *'stator’ cables
shonld be brought through the chassis through large in-
sulating grommets at least 34" in diameter and so'dered
to the stator terminals of the condenser. The ‘“‘rotor”
cables of eaclh coil section should be brought through sim-
ilar insulating grommets and soldered directly to the
corresponding section of the condenser rotor wiper.

The remainder of the circuit diagram (Figure 3) indi-
cates the connections of a sunitable R. F., Mixer and Oscil-
lator arrangement which have been found to operate most
efficiently with this coil assembly. Careful observation of
these circuit components will result in utmost success and
satisfaction with this coil assemhly.

ALIGNMENT

The Align-aires (air-dielectric trimmers) and padders on
these coil assemblies have been factorv-adjusted to the cor-
rect capacities. If other parts of the receiver circuit are
functioning properly, reception should bhe obtained on al!l
bands without further adjustment. Due to variation in lo-
cation of parts and circuit wiring it is necessary to prop-
erly align and pad the coil assembly, however, to obtain
most efficient operation of the receiver. For this purpose
a high-grade signal-generator or service-oscillator and out-
put-meter must be used.

The proper Dummy Antenna must be used between the
signal-generator and the receiver if the antenna circuit is to
be properly aligned. On the Breadcast band a 200-mmf
condenser should be used between the Antenna post of the
generator and the ‘““A™ connection of the receiver. Oun the
remaining bands a 400-olhun resistor should bhe used in
place of the 200-mmf{ condenser as a ‘‘dummy’’ antenna.
The ““D” connection on the receiver should he connected to
the '‘G" connection and to the ground side of the signal-
generator.

The alignment procedure is essentially the same as
usually emploved in aligning any superheterodyne re-
ceiver. The intermediate-frequency channel must be ac-
curately adjusted to 456 KC. Reference to the alignment
table in Figure 2 will indicate the aligning and padding
freqencies for each band as well as the low and high
freqency limits of the band.

The lowest freqency band should be adjusted first by
feeding into the antenna circuit a signal equivalent to the
high-frequency end of that band (see column 2 in table in
Fig. 2) and adjusting the zorresponding oscillator Align-aire
to give maximum response The band switch must be in
the proper position and both rotors of the Tuning Con-

denser at minimum capacity (open). The generator should
then be set to the aligning frequency listed in the third
column of the aligning table, the signal-tuned in on the
recciver (using only the band-setting knob) and the An-
tenna and R.F. Align-aires adjusted to give maximum re-
sponse. The generator frequency should now be dropped
to the value given for padding and the signal tuned in-by
adjusting the BAND-SETTING control of the receiver.
The padding condenser for the band being aligned should
now be adjusted while rocking the band-setting control
to obtain maximum response. It is now well to return the
generator frequency to the aligning point and adjust the
receiver to receive this signal and check the Antenna and
R.F. Align-aires for maximum response. The Oscillator
Align-aire must not be readjusted

If these adjustments are carefully made the band should
track with the dial calibrations, which has been made with
the band-spreading condenser open. The same procedure
should now be repeated on the remaining bands progressing
toward the higher frequencies. In each case the Oscil-
lator Align-aire should be carefully adjusted to the high-
frequency end of the band with the tuning condenser at
minimum capacity, the Antenna and- R.F. Align-aires ad-
justed with the receiver tuned to the alignment frequency
and the padders adjusted near the low-freqency end of the
band while rocking the gang condenser.

It will be noted that on the two highest-freqency bands
there are no padding adjustments to be made. The coils
for these bands will be found to give sufficiently accurate
tracking as they are wound within very close limits to
proper inductance.

AMATEUR BANDS

It will be noted that the amateur bands are designated on
the scale by heavy lines but have not been named because
of congesting the dial. The calibration is made with the
band-spreading portion of the condenser open. For opera-
tion on the 10, 20, and 40 meter bands it is suggested that
the band setting condenser be set to the high end of the
band and then the band-spreading knob be used to tune
down through the band. On these bands the band-spreading
condenser will tune through the entire band with some
to spare.

On the 80-mmeter band, if the band-setting dial is set ta
3900 KC. the hand-spreading dial will just cover the CW
portion of the band (3%900KC-3500KC). For Phone recep-
tion the band-setting dial should be set to 4000 KC, in
which case the band-spreading control will cover the entire
phone-band and a poition of the CW band.

On 160 meters the band-spreading dial covers such a
small portion of the band that it probably will be found
desirable to use only the band-setting knob for tuning

ANTENNA CONNECTIONS

The coil Assembly has heen provided with leads to con-
nect to three inpat terminals. On Meissner Kits a triple
terminal strip marked A", “D” and “G"” is provided. The
leads from the coil Assembly are color-coded so that they
may be connected in accordance with the schematic wiring
diagram in Figure 3.

If a conventional Antenna is used. it should be connected
to binding post “A” and post “D” should be connected to
post “G’" which is connected to the nearest good ground.

If a noise reducing doublet Antenna is used, one side of
the Doublet-Antenna is connected to ‘A’ and the other side
to D", while “G’ is connected to ground. The range
switch automatically cuts out one side of the Doublet when
turned to the Long-Wave or Broadcast bands.
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INSTRUCTIONS FOR
USE AND OPERATION OF THE

@ SMeissner

SIGNAL BOOSTER

Model 9-1008

The Meissner “Signal Booster” is a two-stage radio-fre-
quency amplifier to be used as a pre-amplifier ahead of an
ordinary short-wave receiver to obtain improved signal-to-
noise ratio, greater sensitivity and a better image ratio than
is obtainable from the receiver alone.

A small variable condenser is provided on the first tuned
circuit to permit adjusting the antenna cofl to compensate
for the effect of various antennas. This control, when once
adjusted, need not be changed over a relatively-wide frequency
range or unless antennas are changed. Compensation is par-
ticularly necessary when changing from a doublet antenna to
a single-wire type of antenna.

Tubes of very favorable noise characteristics have been
utilized to minimize the noise contribution from this source.
A test of the unit will quickly show that most of the noise in
the preselector is noise of thermal agitation in the antenna
coil which completely masks the small noise contribution of
the first tube, until the antenna coil secondary is short cir-
cuited to remove its noise voltages.

A tuned, step-down utput transformer that tracks with
the antenna and RF coil delivers to the receiver the maxi-
mum amount of energy so as to over-ride the tube or circuit
noises generated in the receiver, particularly in the case of
superheterodyne receivers having no RF stage and conse-
quently burdened with a high tube noise from the converter
tube.

A Gain control has been provided that permits adjusting
the amplification of the unit over a wide range. It will be
found that under some conditions, the “Signal Booster”
will oscillate in spite of all precautions to shield the input
from the output, but that under certain other conditions the
unit will not oscillate at the same line voltage and Gain con-
trol setting. If the gain of the unit was restricted to such
a value that the unit never oscillated under any normal con-
dition, its best performance would necessarily always be
inferior to the performance possible from the unit as it is
now designed, which difference may be all that is necessary
to make readable those signals that are barely audible. The
reason for this difference in ability to oscillate is that some
receiver circuits place a heavier load on the tuned output
transformer than others. Some antennas also place a heavier
load on the input circuit than others with the result that
there is much less tendency to oscillate under these conditions
than when the input and output loading is light.

INSTALLATION AND CONNECTIONS

Install the Signal Booster in a convenient location as
close as possible to the receiver with which it is to be used.
Refer to the rear-view diagrams in the lower right corner
of the circuit for connections.

In order to realize the maximum useful amplification from
the “Signal Booster”, the input circuit should be as well
isolated as possible from the output by properly locating
the unit with respect to the receiver, and the antenna and
output leads with respect to each other. If the output lead
to the receiver is a piece of low-capacity concentric wire
flexible cable such as is used to connect a transmitter to an
antenna, greater useful amplification before oscillation can
usually be obtained than if spaced wires or twisted pair are
used for this purpose.

Note that if a single-wire lead-in is employed, this should
be connected only to the “A’" terminal on the input terminal
strip, the “D” and “G” post being connected together and
to ground. In a similar manner, on the output connections
to the receiver, only two wires will be necessary, one con-
necting the two antenna terminals together and the other
connecting the two ground terminals together. The “D” and
“G” terminals on the output of the “Signal Booster” are
strapped together also.

In case the receiver is provided with only antenna and
ground terminals, a doublet antenna may still be used if
desired by properly connecting it to the input of the “Signal
Booster” as shown on the diagram. The “D” and “G” termi-
nals on the output side of the unit must be connected to-
gether, however, and the two connections made to the ‘“A”
and “G" terminals of the receiver in the same manner as
when a single-wire lead-in is used.

Install two 1852 metal tubes in the two ceramic sockets
and a 5Y4G in the bakelite socket at the opposite side of the
chassis. Turn the “Gain” control all the way to the left to the
“Off” position. Connect the line plug to a 110-volt AC (50 to
60 cycle) outlet and turn the “Gain” control a quarter turn
to the right to start operation of the unit.

OPERATION

The uses of the central tuning control and the Range
switch are self-evident. The operation of the Compensator was
discussed in the general description of the instrument.

To secure the maximum amplification, the Gain control
should be set just below where the “Signal Booster” oscil-
lates in a manner,very similar to adjusting the regeneration
for the reception of weak phone stations on a regenerative
receiver. When the receiver and ‘“Signal Booster” are tuned
to exactly the same frequency, the amount of usable gain is
greater than when they are tuned to different frequencies.
This, again, is due to the heavier loading of the output cir-
cuit that results when the receiver is exactly tuned to the
“8ignal Booster” frequency. In consequence of this tuning ac-
tion influencing the loading on the output circuit it is pos-
sible for the “Signal Booster” to be stable when tuned ex-
actly to the receiver frequency and for it to oscillate as soon
as it is detuned by a small amount.

When using the “Signal Booster” it will usually be found
advantageous to retard the IF gain control on the receiver so
as to make use of as much amplification as possible in the
preselector and only as much as is useful in the intermediate
frequency amplifier of the receiver. Such adjustment usually
results in the greatest signal-to-noise ratio and the most fav-
orable image ratio.

The “IN-OUT” switch is conveniently arranged to complete-
ly cut out the “Signal Booster” thus connecting the antenna
directly to the receiver. It does not turn off the tubes, so
that the unit is ready for immediate action as soon as the
change-over switch is rotated to the “IN” position.

When listening to a very weak station with the “Booster”
“OUT”, the operator may sometimes be surprised to find the
signal absent with the “Booster” turned “IN” instead of the
stronger signal that he expected. In such cases, the signal
was being receiving as an image on the receiver. Then when
the “Signal Booster” is turned on, the signal disappears be-
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cause the unit digscriminates against images. It is important
therefore, to make sure that the receiver is properly tuned
to the true signal frequency in order to obtain maximum re-
sults from the combination when using the “Signal Booster.”
The preselector and receiver dials, in other words, should
always be set to the same frequency.

dial pointer to see if it is exactly on the last line at the low-

frequency end of the dial.

If it is not, the dial should he

re-set on the condenser shaft so that the above condition is
fulfilled.

3. Connect a signal generator or service oscillator through

When the “Signal Booster” is used in combination with a

a dummy antenna of 400 ohms to the input terminals of the
“Signal Booster” and the receiver to the output terminals.

regenerative receiver having no RF stage. considerable sig-
nal-tuning effect will be had from the unit since it has actually
greater non-regenerative selectivity than the receiver. In such
a case the ‘“Booster” and the receiver will probably work best
it neither is shifted very far in frequency without a corres-

Set the signal generator, of known accuracy, to the alignment
frequency specified on the circuit drawing, and with the
“Booster” switch “OUT”, tune the receiver to resonance with
the signal from the signal generator.

ponding shift in the other.

Regenerative receivers with one

stage of RF amplification built-in may exhibit similar per-

formance.

ALIGNMENT

In order to maintain the highest efficiency, the alignment
of the *“Signal Booster” should be checked periodically as

follows:

1. Remove the instrument from the cabinet.

2. Close the gang condenser and check the position of the

4. Turn the “Signal Booster” dial to the specified fre.
quency, switch the ‘““Booster” “IN”, reduce the signal input
or the sensitivity of the radio set to maintain relatively low
output from the receiver and adjust the compensator con-
denser for maximum response.

5. Adjust the Align-Aire trimmers on the RF and output
coils until maximum response is obtained. These trimmers
are mounted directly on the coils in the middle and rear sec-
tions of the coil assembly and are adjusted from the bottom
of the chassis.
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INSTRUCTIONS FOR USE AND OPERATION OF THE

& Moissrnan

MC 28-56

5 AND 10 METER CONVERTER
MODEL 9-1009

The Meissner MC 28-56 is a 5 and 10 meter converter, de-
signed to extend the frequency range of existing receivers
to include the popular high frequency bands of 5 and 10
meters. The high gain and complete stability of this con-
verter make it especially valuable, even though the existing
receiver may have 5 and 10 meter coverage.

Basically the converter consists of three tuned circuits:
an 1852 RF amplifier, a 6F6 high-C oscillator and an 1852
mixer. These circuits are ganged together and tuned by a
precision type condenser. Tuning is accomplished by a mi-
crometer type dial with an auxiliary fine-tuning control.

Conditions of frequency drift and signal instability due to
voltage variations in the converter power supply have been
eliminated by the use of a voltage regulated rectifier circuit
employing a VR-150 regulator tube. The rectifier tube is a
type 6X5.

Tubes of very favorable noise characteristics have been
utilized to minimize the noise contribution from this source.
Low noise level in addition to the high signal gain of the MC
28-56 provide effective performance: performance dependent
only upon transmission conditions and antenna efficiency.

A tuned, step-down output transformer with an adjustable
tuning condenser delivers to the receiver the maximum
amount of energy so as to over-ride the tube or circuit noises
generated in the receiver, particularly in the case of super-
heterodyne receivers having no RF stage and consequently
burdened with a high tube noise from the mixer tube in the
receiver. The use of the variable tuning condenser in the
output transformer of the converter is explained in the
‘‘operation’ notes which follow.

A Gain control is provided to permit the adjustment of
amplification over a limited range. This control may be set
to meet existing operating conditions.

INSTALLATION AND CONNECTIONS

Install the MC 28-56 converter in a convenient location as
close as possible to the receiver with which it is to be used.
Refer to the rear-view diagrams in the lower left corner of
the circuit for coneections between converter and receiver.

As shown in the rear-view diagram of the converter, the
use of three antennas is recommended: one designed especi-
ally for 5-meter reception; the second for 10-meter reception;
and a third for general short wave and broadcast reception.
The latter may be the ordinary type commonly used with re-
ceivers of all types.

The antennas should be connected to the converter ex-
actly as shown on the diagram. To minimize interference
from strong stations, the antenna lead-ins should be as well
isolated as possible from the receiver input line by properly
locating the converter unit with respect to the receiver and
the antenna and output leads with respect to each other. If
the output lead to the receiver is a piece of low-capacity
concentric wire flexible cable, such as is used to connect a
transmitter to ar antenna, receiver pick-up of 40-meter
signals on this lead will be further minimized. This arrange-
ment is preferable over spaced wires or twisted pair.

Note that if a single wire lead-in is employed, this should
be connected only to the “A” terminal on the input terminal
strip, the “D” and “G” posts being connected together and
to ground. In a similar manner, on the output connections
to the receiver, only two wires will be necessary, one con-
necting the converter output “A” post to the receiver input
“A” or antenna post and the other connecting the “D” and
“G"” posts of the converter output strip to the ground and
doublet ground posts of the receiver.

If only one antenna is available for use, it should be con-
nected to each of the three converter antenna posts. This
may be accomplished by connecting the antenna to the posts
normally used by the 5 meter antenna and jumping across to

the 10 meter antenna posts and ‘general’ antenna posts with
two wires.

In case the receiver is provided with only antenna and
ground treminals, a doublet antenna or antennas may still
be used if desired by properly connecting it to the input of
the converter as shown on the diagram. The “D” and “G”
terminals on the output side of the unit must be connected
together, however, and the two connections made to the “A”
and “G” terminals of the receiver in the same manner as
when a single-wire lead-in is used.

Install two 1862 metal tubes in their proper sockets, to-
gether with the 6F6, VR-150 and 6X5 tubes. Turn the “Gain”
control all the way to the left to the “Off” position, connect
the line plug to a 110-volt AC (50 to 60 cycle) outlet and
turn the “Gain” control a half turn to the right to start
operation of the converter.

Tune the receiver to a frequency slightly outside the 40-
meter amateur band. The frequency of 7,315 KC is a desir-
able spot due to the absence of interfering stations. The
frequency setting is NOT critical and it may be set without
exactness.

With the receiver adjusted to a frequency of approximate-
ly 7,315 KC or to a point nearby where no signal is heard,
with the receiver operating in normal manner, the output
transformer of the converter should be tuned for maximum
converter output. This is accomplished by raising the lid of
the converter and adjusting the trimmer condenser. The
slotted shaft of this condenser, located near the center metal
tube at the left side of the chassis, may be reached through
a hole in the chassis and adjustment made with a screw
driver. The point of maximum ‘noise level’ heard in the re-
ceiver, indicates maximum converter output, and the trimmer
adjusted until this point is reached.

The uses of the central tuning control and the range
switch are self-evident. The control on the front panel at the
extreme left is the “Trimmer” control and may be effec-
tively utilized as a vernier or fine-tuning control. Critical
tuning adjustments are made with this control.

To secure the maximum amplification, the Gain control
should be set to the extreme clockwise position. This set-
ting may be varied to correspond with existing operating
conditions. When using the MC 28-56 converter, it will us-
ually be found advantageous to retard the IF gain control
on the receiver so as to make use of as much amplification
as possible in the converter. Such adjustment usually results
in the greatest signal-to-noise ratio and the greatest re-
jectign of signals on the frequency to which the receiver is
tuned.

The “Range” control is conveniently arranged to connect
the proper antenna to the coverter and to connect the con-
verter to the receiver. In the “Out” position, the ordinary
antenna is coupled directly to the receiver and in this po-
sition it is not necessary for the converter to be turned on.
The converter is turned on only when 5 and 10 meter re-
peplt:ion is desired, with the range control adjusted accord-
ingly.

NOTE:— The tuning control on the receiver should not be touched
after it hds been set to a frequency just outside the 40 meler amateuy
band (7,315 KC suggested). The tuning control on the converter is
used to tune in 5 and 10 meter signals. However, the audio and RF
gain controls on the receiver should be used in normal manner.

ALIGNMENT

Alignment of the “MC 28-5G” converter is seldom neces-
sary because of the high inherent stability of the ceramic-in-
sulated coils and condensers. However, it may be necessary
when new tubes are installed, due to the possible difference
in inter-electrode capacities. Misalignment will be indicated
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by the tuning dial not covering the desired frequency range
of 28 to 30 MC or 56 to 60 MC. It may also be indicated by
loss of sensitivity.

To align the converter, a generator with harmonics on the
5 and 10 meter bands and a monitor, crystal controlled or
otherwise, calibrated accurately enough to mark the band
edges, is required.

1. Connect the output of the converter to a receiver and
set the receiver frequency at approximately 7,315 KC.
2 Close the converter three-gang tuning condenser and

check the tuning dial. With the condenser closed, the tuning
dial should read “0”. If this reading is not present, the dial
should be re-set on the condenser shaft.

3. Connect the generator to the 5-meter antenna terminal
through a 50 or 100 ohm resistor. Connect the doublet and
ground terminals together and to the ground terminal of the
generator. Set the generator in operation and tune it to a
point where one of its harmonics falls within the 5-meter
band. This may be checked by the monitor. The generator
should have a high-frequency fundamental output to produce
a strong harmonic on the 5-meter band. The recommended
alignment frequency is 60,000 KC. With the 60,000 KC har-
monic_established and checked by the monitor, the tuning
dial of the converter is set at the “84” division mark and the

“Trimmer” control set at zero. Adjust the 5-meter oscillator
trimmer, ie., the five-plate air condenser on the switch
assembly, until the 60,000-KC signal is tuned in. This should
take place with the trimmer approximately % meshed. Ad-
just the ceramic-base mica trimmers on the RF and antenna
sections for maximum response, operating with the generator
output low enough to insure the AVC in the receiver being
inoperative.

4. Turn the range switch on the converter to the 10-meter
band and connect the generator to the 10-meter antenna
terminals in the same maner as it was connected to the 5-
meter antenna terminals.

5. With the generator set so that an accurate harmonic
is emitted at 30,000 KC, adjust the 10-meter trimmer, which
is the large air trimmer on the coil assembly, until the 30,000
KC generator signal is heard. This should occur with the
trimmer approximately % meshed.

6. Align the 10-meter antenna and RF trimmers for maxi-
mum response. These are the mica trimmers mounted on the
long insulating strip on the coil assembly.

NOTE:— “Jumpy tuning” or erratic operation is some.
times due to dirty contacts in the switch assembly. These
contacts should be kept in a clean condition, free from dirt
or grease.
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SIGNAL CALIBRATOR

The rules of the F. C. C. provide
that the licensee of an amateur sta-
tion shall provide for measurement
of the transmitter frequency and es-
tablish procedure for checking it reg-
ularly. The measurement—'shall be
made by means independent of the
frequency control of the transmitter
and shall be of sufficient accuracy to
assure operation within the frequency
band used.”

Since it is known that most receiver
calibrations cannot be relied upon
with sufficient accuracy to satisfy the
Commission requirements, and since
most operators are not content to
work well within the band, but prefer
rather to work close to the edge of
the band, a device of high accuracy
is required to satisfy both the ama-
teur’s desire to be near the edge and
the Commission’s requirement that
operation be confined within the fre-
quency band used. The Meissner
Signal Cualibrator is a device that an-
swers not only the requirement of
marking the edges of the main ama-
teur bands accurately, but marks also
the edges of the phone sub-bands and
provides markers every 10 kc¢ so that
interpolation may be used with con-
fidence to find the frequency of any
station within the band, since the
frequency markers are spaced at suf-
ficiently close intervals to virtually
eliminate the curvature of the tuning
curve as a contributing factor to er-
rors in frequency measurement. Only
one amateur band edge is not accur-
ately marked, the low frequency edge
of the 160 meter band, but markers
are provided at a separation of only 5
kc above and below this edge (1715
ke) so that even this band edge can
be determined with a high degree of
precision.

The frequency standard is a silver-
plated quartz bar clamped between
knife edges. This rather expensive
construction is used in preference to
the more conventional pressure type
or air-gap type of crystal holder in
order to avoid frequency modulation
of the crystal due to the vibration
of the chassis as the various switch
buttons are operated. An air-dielec-

tric condenser is connected across the
crystal to permit the frequency of
oscillation to be shifted over a range
of about 15 cycles either side of ex-
actly 100 kilocycles.

The 50-kc series of harmonics is
obtained from a multivibrator con-
trolled by the 100-kc bar. Its fre-
quency is exactly one-half of the crys-
tal frequency, and therefore it has
the same percentage accuracy of cali-
bration as the crystal.

The 10-kc series of harmonics is
obtained from a second multivibrator
circuit, controlled by the 50-kc multi-

MODEL 9-1006

vibrator, which generates a series of
harmonics at 10-kc intervals, all as
accurate in frequency as the 100-ke¢
crystal.

An amplifier, consisting of two
stages of 1852 television amplifier
tubes, is used for the purpose of pro-
viding strong harmonics of 10 kilo-
cycles up to at least 30 megacycles
and as a means of introducing modu-
lation without disturbing the multi.
vibrators or causing frequency modu-
lation of the crystal.

Modulation is accomplished by
placing a 60-cycle AC voltage on the
suppressor grid of one of the amplifier
tubes.

Controls are provided to regulate
the gain of the output amplifier and
the amount of modulation.

A push-button switch has been pro-
vided to conveniently change from
one series of harmonics to another
merely by pressing the desired button.
No damage can result if two or more
buttons are pressed s:multaneously.

The Signal Qalibrator is tested and
sold with a proper set of tubes in
place. It is recommended that at
least the multiwibrator (6N7G) tubes
be left in their proper sockets. If the
tubes are interchanged, the multivi-
brator may require readjusting since
they are used in a manner not covered
by the usual production inspection of
tubes. More variation may be ex-
pected of tubes in the multivibrator
circuit than in normal amplifier serv-
ice. Complete instructions are given,
however, for adjusting the device
should it get out of adjustment acci-
dentally or require replacement of
tubes.

The tube complement is as follows:
6K8 crystal oscillator, 6SK7 buffer
amplifier, 6N7G 50-kc multivibrator,
6N7G 10-kc multivibrator, 2-1852 out-
put amplifiers, 6X5G rectifier.

ACCURACY

The Meissner Signal Calibrator is
capable of extreme accuracy if prop-
erly adjusted and if used at the prop-
er temperature. The oscillator circuit
used with the crystal is one that is
practically independent of line-volt-
age ftuctuations; therefore, the char-
acteristics of the crystal itself largely
determine the stability of the unit.

Since the crystal has a small tem-
perature characteristic, the equip-
ment should be used at as near con-
stant temperature as possible, or it
should be calibrated under the temper-
ature of use if the equipment must be
used under extremes of heat and cold.
Ample ventilation makes the actual
shift in frequency during the warm-
up period very small and the warm-up

period short. For a high degree of
accuracy it is recommended that the
warm-up period be at least % hour.

The ultimate accuracy depends
upon the accuracy with which the
Signal Calibrator is set to zero beat
with a good standard of frequency.
Visual methods of checking the beat
note are recommended because such
methods are sensitive to differences of
a fraction of a cycle per second where-
as audible methods of comparison are
usually not sensitive to closer than
10 cycles or more, depending upon
conditions and upon the hearing of
the operator.

FREQUENCY STANDARDS

Since any highly precise standard
of frequency must be adjusted under
actual service conditions if maximum
accuracy is to be obtained, the Signal
Calibrator slould be adjusted after
being placed in operation.

There are numerous standards
against which it may be adjusted, the
most common of which is a broad-
casting station. With the 10-kc series
of harmonics from the Signal Calibra-
tor available, it is possible to use any
American broadcasting station as a
frequency standard since all of them
operate, at the present time, on fre-
quencies that are integral multiples
of 10 kilocycles.

With this wide choice of stations
there naturally comes the question of
which stations are the best to use as
frequency standards. It seems a safe
rule to asstime that the highest-pow-
ered stations have the best equip-
ment and consequently maintain the
greatest accuracy of frequency, but
this is only an assumption that should
be verified before being used. Actu-
ally the best standard of frequency
against which to adjust the Signal
Calibrator is the Standard Frequencv
Service broadcast frequently (almost
daily) by the Bureau of Standards
Station WWYV at Washington, D. C.
This station has a schedule of trans-
missions on various frequencies so
that the user of a Signal Calibrator
should be able to pick up at least one,
if not several of the standard frequen-
cies broadcast regardless of his loca-
tion. The schedule of transmission
may be checked against the published
data on WWY in QST Magazine.

THE CIRCUIT

The circuit of the Signal Calibrator
is shown in Fig. 1. In this diagram
the various parts of the circuit are
segregated to facilitate understand-
ing it.

The oscillator, shown on the left
side of Fig. 1, is extremely stable
against frequency variations induced
by line-voltage changes or against
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changes caused by the reaction of cir-
cuits following the oscillator. Its
principle uncontrolled variation is
caused by temperature changes in-
fluencing the crystal itzelf. Its only
controlled change in frequency is ef-
fected by shifting the capacity of a
small air-dielectric condenser that is
connected in parallel with the crystal
for that purpose.

The buffer amplifier, shown next tn
the oscillator portion of the circuit
serves the purpose of providing satis-
factory selection of the 100-kc funda-
mental and suppression of the unde.
gired harmonics so that the following
multivibrator circuit may have a
wave of good shape to control its fre-
quency. Setting the adjustments in
their mid-point gives reliable stable
operation.

The circuit of the 50-k¢ multivi-
hrator is shown in Figure 1 next to
the buffer amplifier. Examination of
the circuit will show it to be of con-
ventional type. The frequency adjust-
ment is made by varying the capacity
of the coupling condensers. The con-
trol voltage i3 injected in series with
the low end of both grid leaks.

The fundamental circuit of the 10-
ke¢ multivibrator is similar to that of
the 50-ke. The unusual feature of
both multivibrators is the method of
coupling them together. A mutual
inductance in series with the plate
circuit of the 50-kc multivibrator and
the grid circuit of the 10-kc¢ multivi-

brator delivers to the grid circuit of
the 10-kc¢ multivibrator a sharp pulse
at the beginning of each plate current
cycle. It is these sharp pulses, applied
to the grid circuits of the 10-kc multi-
vibrator, that maintain synchronism
over a wider range of adjustment of
coupling condensers in the 10-kc¢ cir-
cuit than could be obtained without
such aid. 10-kc stability is therefore
maintained to the extent that no nor-
mal line-voltage fluctuation will dis-
turb the frequency of the 10-kc¢ multi-
vibrator and that portion of the instru-
ment may be started and stopped at
will with the assurance that it will al-
ways pull into its proper operating
frequency wheu turned on.

The output amplifiers are high mu-
tual-conductance television tubes in
an aperiodic circuit which has been
designed to suppress the low frequen-
cies to some extent since they are
naturally the strongest harmonics and
do not require much amplification.

AUDIO MODULATION

Audio modulation is available on
all frequencies without any trace of
frequency modulation because it is
introduced after the signals have
passed through adequate isolation in
the form of buffer amplifier stages.

The modulating frequency is 60
cycles because this frequency is avail-
able without the use of the extra
tube that would be required to gen-
erate any other frequency.

Because of the fact that the modu-
lating tube is also used as a variable-
gain amplifier, the modulating char-
acteristics of the tube are not con-
stant but vary with the setting of the
output control. As the output is in-
creased, the modulating efficiency is
reduced and the percentage modula-
tion on the signal is lowered. As the
output is reduced, therefore, the per-
centage of modulation increases. Un-
der some conditions, the signals are
over-modulated and sound quite
ragged, but the Modulation control
can always be retarded until the de-
sired degree of modulation is ob-
tained.

If the modulator tube is operated
at fixed hias, so as to maintain con-
stant modulating efficiency, the out-
put variation possible with control
voltage on only one tube is insuffi-
cient.

The fact that the modulating voit-
age is introduced into the output am-
plifier, together with the fact that
there naturally is some radiation di-
rectly from the oscillator and from
the multivibrators, means that, es-
pecially at the low frequencies, the
output may be fairly large before
modulation is possible. It is obvious
that there must be output from the
amplifier over and above the direct
signal radiated from the oscillator or
multivibrators before modulation fis
possible. This phenomenon drops off
rapidly with increases in frequency
and usually is not of any consequence
in the Amateur Bands.
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The Signal Calibrator is adjusted
at the factory to have the appropriate
harmonic at zero beat with the Stand-
ard Frequency transmission from
WWYV but it can be expected that this
adjustment may change slightly dur-
ing shipment and handling. It is de-
sirable therefore to check the calibra-
tion when first set up and at intervals
thereafter.

The Signal Calibrator has been built

in accordance with the best engineer-
ing practice short of temperature con-
trol on the crystal which was avoided
because of expense. The slight tem-
perature coefficient should therefore
be recognized when considering ex-
tremely accurate measurements. The
responsibility for the accuracy of the
Signal Calibrator rests with the user.
He must adjust it and check its ac-
curacy from time to time, the intervals
between checks being governed by the
accuracy ‘demanded.

The first step in calibrating is to
choose a standard of frequency. Hav-
ing made the choice, tune in the
signal on any receiver sufficiently
sensitive. It is highly desirable to
use a receiver with some kind of a
tuning indicator so that a true zero-
beat may be obtained. Very few re-
ceivers will reproduce as low as
thirty cycles and still fewer people
can hear this frequency which is still
an appreciable difference from zero-
beat particularly if the comparison is
made at a relatively low frequency,
since the error in zero-beat setting
is multiplied in proportion to the ratio
of the desired high-frequency point di-
vided by the frequency on which
standardization is being accomplished.
In other words—if the admitted zero-
beat error is thirty cycles at 700 kilo-
cycles the error at 28 megacycles is
1200 cycles.

In the event that a tuning indicator
is not available or cannot be connect-
ed to the receiver, a person with keen
hearing can check zero-beat by the
rise and fall in signal strength as the
voltage from the S8ignal Calibrator
alternately aids and opposes the volt-
age picked up from the station chosen
as the frequency standard. It will be
necessary to adjust the output of the
Signal Calibrator, or the degree of
coupling between the receiver, and the
calibrator or the antenna, in order to
get the best beat note effect. If at
all possible, the visible method of
zero-beat determination is preferred
above the aural method because in-
herently greater accuracy is possible.

Having found the proper method
of getting a satisfactory beat note,
the 100-k¢ adjustment on the front
panel is adjusted for zero-beat after
an appropriate warm-up period. A
minimum of % hour is recommended
for high accuracy. If there are dras-
tic changes in room temperature or
sudden drafts across the Calibrator

a few cycles shift in frequency can be

expected in the amateur bands, be-
coming progressively less as the fre-
quency selected is lower.

ADJUSTING MULTIVIBRATORS

A frequency-dividing multivibrator
is one whose natural uncontrolled
cycle is longer than the desired con-
trolled interval, and which cycle is
shortened by the application of the
controlling voltage. The first step in
adjusting a multivibrator is therefor=
to remove the controlling voltage. If
the 50-kc multivibrator is to be ad-
justed, the crystal controlled voltage
is removed which is most easily ac-
complished by removing the crystal.
Should a receiver be available that
will cover the range 50-kc to 100-kc
the output frequency of the uncon-
trolled multivibrator can be checked
directly with the receiver. If only a
Broadcast and Short-Wave receiver
is available, the harmonics of the
uncontrolled multivibrator are picked
up on the receiver on its lowest fre-
quency range so that the greatest
dial separation is obtained between
harmonics. If the frequencies of a
number of harmonics are determined
by the calibrations on the dial, the
base (uncontrolled natural) frequen-
cy of the multivibrator can be de-
termined by the average of the dif-
ferences between adjaceni pairs of
harmonics. Actually the base fre-
quency is equal to the frequency dif-
ference between any two adjacent
harmonics but the average is recom-
mended to compensate as much as
possible for the receiver calibration
errors. The trimmers on the 50-k¢
multivibrator should be adjusted (ap-
proximately in equal amounts) until
the base frequency is somewhere in
the neighborhood of 40 kilocycles. If
the crystal is now installed the multi-
vibrator will be pulled into a 2 to 1
frequency ratio with the controlling
voltage and will consequently work at
60 kec.

The 10-kc multivibrator is adjusted
in a similar manner, removing the
60-kc multivibrator tube and the
crystal so that there can be no volt-
age to influence the natural uncon-

trolled period. The multivibrator is
adjusted to have a frequency slightly
lower than 10 kilocycles and when the
50-kc multivibrator tube and the crys-
tal are installed the 10-k¢ multivi-
brator should operate at 10-kc con-
trolled by the pulses from the 50-kec
source. Because of the fact that the
10-kc¢ multivibrator is operating at
considerably greater frequency-divis-
ion ratio than the 50-kc¢ multivibrator
6§ to 1, instead of 2 to 1, the range
of adjustment giving satisfactory op-
eration is more limited in the 10-ke¢
circuit than in the 50-kc circuit, and
accordingly the 10kc multivibrator
may not pull into proper relation with-
out slight readjustments of the low-
frequency coupling condensers. The
proper adjustment is obtained when
there are four carriers between ad-
jacent 50-kc¢ harmonics. The 50-kc

markers can easily be located near the
low end of the receiver being used
for calibrating and checking, and the
number of carriers counted between
these points when the 10-kc series of
harmonics is turned on.

If a cathode-ray oscillograph is
available the fastest method of ad-
justing the multivibrator coupling
condensers is to use Lizsajous figures
on the cathode ray tubes when one
set of deflection plates is connected
to the 100-kc¢ source and the other
is connected to the 50-kc¢ circuit while
adjusting the 50-kc coupling condens-
ers, and then connecting the oscillo-
graph to the 50- and to the 10-kc cir-
cuits while the coupling condensers of
the latter circuit are adjusted. In the
complete circuit diagram the suggest-
ed points for attaching the cathode-
ray oscillograph are shown. The con-
nections from the cathode-ray input
amplifiers to the circuits in the Signal
Calibrator should be made through
small condensers located close to the
Calibrator. These condensers should
have a capacity between 10 and 25

mm{fd. so as not to disturb the circuits
unduly,

Fig. 2-A
50-kc ADJUSTMENT

Horizontal plates to ““A"” and chassis.
Vertical plates to ‘“B"” and chassis.

Fig. 2-B
10-k¢ ADJUSTMENT

Horizontal plates to ““B” and chassis.
Vertical plates to *“C’’ and chassis.
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Fig. 2 shows a representative pic-
ture of the Lissajous figures for the
100- to 50-kc division and for the
50- to 10-kc division. The frequency
ratio is read from the figure by count-
ing the number of places where the
fizure becomes tangent or touches a
pair of lines drawn at right angles to
each other and acting, so to speak,
as two adjacent sides of a frame for
the figure. In Fig. 2-A the ratio is 2
to 1 and in Fig. 2-B, the ratio is 5 to
1. The imaginary ‘‘half frame,” and
the points of tangency are marked on
the diagrams.

USES AND OPERATING
INSTRUCTIONS

The uses for the Signal Calibrator
are numerous and will occur in in-
creasing number as greater use is
made of the instrument. In Amateur
Radio stations its principal purposes
are to accurately measure the fre-
quency of transmitters, to measure
the frequency of received signals, and
to mark the edges of the bands beyond
which the Amateur may not go, and to
pre-set receivers or transmitters to
definite frequencies in order to facili-
tate keeping schedules with other sta-
tions. Suggested methods of accom-
plishing these results are given below.
In addition to these functions, how-

ever, other uses for the equipment will
be obvious to the user.

CHECKING TRANSMITTER
FREQUENCY

To check the transmitter frequency
it 18 necessary to have either a re-
ceiver that is well enough designed
and shielded that it will not block and
become inoperative when the trans-
mitter is turned on, or a well-shielded
heterodyne monitor. If the monitor
has a fundamental frequency at the
frequency of the transmitter, there
is less chance for error and the re-
sults are easier to interpret than it
a monitor harmonic beats with the
transmitter signal. The method of use
is to inject enough signal from the
Signal Calibrator into the monitor to
locate on the monitor the 100-kc har-
monic next above and next below the
transmitting frequency. The 50- or
the 10-kc signals are then turned on,
whichever serves the purpose better,
and the transmitter frequency brack-
eted between two known markers
10-kc apart. The deviation of the
carrier from one or the other marker
is easily estimated by interpolation.

CHECKING FREQUENCY OF
RECEIVED SIGNALS

The method of checking the fre-
quency of a received signal is essen-
tially the same as outlined above for
transmitters except that a receiver is
used for reception of a distant signal
in place of a monitor being used to
pick up a local signal.

CHECKING BAND EDGES

The Sigmnal Calibrator is an excel-
lent device to spot the edges of either
CW or Phone bands. It may be
coupled to the receiver and set at
such a level that the markers at the
band edges are just audible and op-
erate continuously. The level of the
markers may be changed instantly to
make them strong enough to be
picked out of the strongest interfer-
ence or to be just as quickly elim-
inated so that a weak signal on the
band edge can be read.

CHECKING E. C. O.'s

The amateur who has a good elec-
tron-coupled oscillator naturally de-
sires to use it for operation close to
the band edges if he has confidence in
its calibration, or i{f he has any way
of checking its frequency to be sure
that the signal is still within the
specified band. A convenient method
of obtaining this assurance is to use
the S8ignal Calibrator to mark the
band edges in a receiver and to listen
to the frequency of the E. C. O. in the
receiver with the transmitter itself
turned off. In this way the frequency
of the E. C. O. can be checked with
certainty before the signal goes on
the air and the operator can therefore
be sure that he is within the legal
limits of frequency. Naturally the
closer he chooses to work to the edge
of the band. the more frequently he
must check his E. C. O. but with the
convenience of the Signal Calibrator
only a moment is consumed in this
checkup.

In the operation of phone trans-
mitters it is to be remembered that
the law requires all of the sidebands
of an amateur phone to lie within the
specified band. It is obvious then,
that the carrier must be at least as
far away from the edge of the band
as the highest audio frequency trans-
mitted. When working particularly
close to the edge of a band, a low-
pass filter in the audio system is
recommended to cut off all frequencies
above 2000 cycles in order to restrict
the width of the side bands, and since
most receivers are used in a highly
selective condition when listening to
amateur phone signals the loss of fre-
quencies above 2000 cycles will not
be noticed on long distance trans-
mission.

LOCATING SIGNALS FOR
SCHEDULES

In the crowded condition of the
amateur bands it i3 a great conveni-
ence to be able to locate a given fre-
quency in the band just prior to a
schedule and to have both the re-
ceiver and transmitter within a few
cycles of the specified frequency.

To set the receiver, the 100-ke¢ ser-
fes of harmonics is turned on and the
receiver tuned to the harmonic near-
est to the desired frequency. The

10-kc series is then turned on and the
receiver is tuned toward the specified
frequency counting the 10-kc markers
that are passed until the desired fre-
quency is bracketed between two
known 10-k¢ harmonics. The exact
frequency can then be located very
closely’ by interpolation.

With the receiver set as specified
above, an electron-coupled exciter may
easily be tuned to the receiver fre-
quency making it possible to start
exactly on frequency with no time
lost in looking for the operator with
whom the schedule was set up.

53-KC BEAT

Many recelvers pass a band wide
enough that when the receiver (with
beat-frequency oscillator working) is
tuned midway between two 10-kc
markers, there will be a 5-kc beat
note with each of the 10-kc harmoniecs
and a secondary zero-beat will be
heard between the two 5-kc¢ audio
notes. When this zero-beat is ob-
tained another calibration spot is
available midway between two 10-kc
harmonics, and known with just as
great accuracy as the 10-kc series.
or the 100-kc¢ fundamental. The all-

important thing is to be sure that no
beats have been missed or spurious
outside signals ‘counted in determin-
ing an unknown frequency. As a
check it is wise to count over to where

the next 50- or 100-kc marker should
be and then turn off the 10-kc¢ mark-
ers to see if the receiver is still tuned
to a marker from the Signal Cali-
brator. If the count has been correct
a 50- or 100-kc marker should remain
in tune when the 10-kc markers are
shut off.

The most frequently noticed spuri-
ous responses are the images of har-
monics of the Signal Calibrator. These
images may be very close to a desired
signal since a harmonic differing by
approximately twice the intermediate
frequency from the desired signal may
be emitted by the Signal Calibrator
simultaneously with the desired sig-
nal. To avoid apparently strong im-
ages, it is desirable to operate the
Signal Calibrator at the lowest con-
venient level so that the AVC in the
receiver will not tend to equalize the
signal and the image.

Extreme care has been taken to
make the stability of the erystal cir-
cuit enough so that there would be no
audible shift in frequency at 28 meg-
acycles when switching from one ser-
ies of harmonics to another. In some
receivers there will appear to be a
difference due to the difference in sig-
nal strength between one series of
harmonics and another changing the
receiver oscillator slightly. If the
output control of the Signal Calibrator
is adjusted so that each series of
harmonics gives the same reading on
the ““R” meter of the receiver, the
beat note will be found to bé prac-
tically identical.
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COMPLETE INSTRUCTIONS
FOR THE CONSTRUCTION AND OPERATION OF THE

"C‘us’rom" 12

5-Band, High Fidelity Superheterodyne Receivers
Models 10-1155 and 10-1156

The Meissner “Custom’” 12 is a radio receiver kit
which has been designed to fill the discriminating require-
ments of custom set constructors. It is a high-quality, all-
wave receiving set having unusual attention given to both
flat frequency response, commonly known as fidelity, and
wave-form purity, ordinarily described as tone quality. It
{s provided with phonograph terminals which makes it a
superior quality record reproducer when a turntable is
provided and a high-impedance pickup is attached.

It i8 available in two models, one with ‘‘Magic Eye"
tuning indicator 10-1156, the other with ‘“Push-Button-Tun-
ing for broadcast stations 10-1155. The chassis proper is
identical for the two models, the only difference being the
way in which the leads from the ‘‘Magic-Eye” or Push-
Button unit, are .connected to the chassis wiring.

The “Push-Button-Tuning” unit is the popular Meissner-
Ferrocart permeability-tuned unit (Meissner No. 9-1004)
with coils and core assemblies so designed that only one
adjustment is required per station, and that adjustment
is easily made by means of an adjusting knob projecting
through the front panel directly above the corresponding
station Push-Button.

For all-wave coverage the receiver utilizes the Meissner
No. 13-7616 All-Wave Standard Tuning Unit, trimmed by
air-dielectric condensers, which tuning unit is pretuned
and thoroughly tested before leaving the factory.

Good high-frequency response is obtained by use of
‘‘Band-Expanding” 1. F. transformers giving freedom from
“gside-band cutting” when the program being received can
utilize the wide frequency band. When adjacent-channel
interference is bad, the transformers can be switched to a
highly selective condition to reduce or eliminate the inter-
ference.

For good low-frequency response in the audio system,
the now popular Inverse Feedback scheme for flattening
the audto response and reducing harmonic distortion in the
output stage has been combined with a ‘‘Bass Boost'’ cir-
cuit that permits adjusting the low-frequency response
from that fiat ideal furnished by the inverse feedback, to
a 12 D, B. increase in low frequencies when it is desired
to boost low frequencies to compensate for stations or
programs deficient in the low register.

This receiver contains its own power supply and oper-
ates directly from 110-volt, 60-cycle line. A sturdy and at-
tractive steel panel and cabinet are available for the re-
ceiver to make it a complete ensemble worthy of the high
quality parts and first-class engineering features provided.

The accessories required are a set of tubes as listed in
the parts list and a dynamic speaker with a fleld resistance
of 2000 to 3000 ohms, output transformer to match a pair
of 6L6 tubes in Push-Pull Class A, and capable of hand-
ling 15 watts peak power.

ASSEMBLY

As the kit is unpacked, all parts should be carefully
checked against the Parts List. Any discrepancies should
be reported at once to the supplier from whom the kit was
purchased.

All parts should be mounted on the chassis according to
the top and bottom views shown in the Pictorial Diagram.
It will be found best to mount the small parts, such as ter-
minal-strips and sockets, first. Mount the Tuning Unit,
first removing the black crackle lacquer around each mount-
ing hole, permitting the clean metal to be exposed for a
diameter of at least 3% inch. ¥ would be even better if the
paint is removed from the chassis for practically the entire
area of contact between it and tha Tuning Unit sub-chassis.

This can most conveniently be done with a sharp knife and
sand-paper.

Temporarily install the Tuning Unit and Dial, mount
the receiver in whatever cabinet is intended for it, and de-
termine the length of shaft desired on the tuning shaft
and all other shafts. Having determined these lengths,
remove the chassis from the cabinet, and the dial from the
chassis. Fasten the dial shaft in a vise and saw it with a
fine-tooth hacksaw. In a similar manner cut the shafts
on the various controls and switches. It is advisable not to
attempt to cut the shaft of any unit while mounted on the
chassis because of the heavy strains imposed on the unit
which may cause damage thereto.

Remove the nuts from the power transformer and install
the latter unit in the chassis by means of these nuts. Be
sure that the position of the transformer leads corresponds
to that shown in the Pictorial Diagram.

Finish mounting the small parts including all controls
and switches. Do not mount the filter choke, the push-
pull input transformer, the second I. F. transformer, or the
Tuning Unit until later.

Cut off the top lead of the 2nd I. F. transformer in such
a manner that it will not short-circuit td the can, or, for a
more finished job, carefully remove the transformer from
the can, by taking off the top nut and sliding it out of the
can. Remove the top connection completely, then reassemble
the transformer, and mount it on the chassis.

WIRING

Having completed the assembly operations described
above, the actual wiring may start, observing the hints
given under ‘“General Construction Hints.” It probably will
help also if all unused lugs on the socket mounting saddles
are bent down against the chassis.

The filament connections should be made first, twist-
ing the wires tightly together, seeing that the twist con-
tinues up close to the sockets. This is necessary to prevent
hum from being induced in the push-pull input transform-
er secondary. Once induced in this manner, no amount of
filtering will remove this hum. The cable attaching the
“Magic Eye” or the ‘““Push-Button’ unit to the set should
be put in last. The actual order of. wiring the remainder
of the chassis is of little consequence, since all of the wir-
ing is accessible until the audio-transformer is installed.

The Tuning Unit does not interfere with wiring; but it
is recommended that it be omitted until all other wiring
is finished, in order to prevent possible accidental damage
to the coils while wiring the remainder of the set.

Socket-mounting saddles should be soldered to the chassis
at one point each. Paper by-pass condensers should be
connected with their ‘‘ground’” ends to chassis wherever
the condenser has one end grounded. Electrolytic conden-
ser polarity must be observed. Shielded wires should have
both ends of the shield soldered to the chassis. Where
shielded wires are long, the shielding should be soldered
to the chassgis every three or four inches to hold it in place
and present a neat appearance.

When all of the chassis has been wired except the filter
choke, Tuning unit and push-pull audio transformer, the
first and second items should be mounted and connected
as shown in the Pictorial Diagram.

The sub-assembly of Push-pull input audio transformer,
resistors, condensers, leads and tie-lug should be made in
the following manner on the transformer before it is
mounted in the chassis: First, tin a spot on top of the
transformer, then tin the bottom of the mounting bracket
on the tie-lug. Now place the two tinned parts together
in position shown in the Pictorial Diagram and sol-
der them together. Finish the sub-assembly as shown and
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then mount the finished sub-assembly of transformer re-
sistors and condensers in the chassis, making the connec-
tions as shown in Pictorial Diagram.

Connect the cable from the ‘‘Magic Eye’” or the Push
Button Tuner to the proper poiuts in the chassis. These
points have been designated by letters in the Pictorial
Diagram. The color code of leads corresponding to these
letters is shown on the upper and lower left-hand corners
of the Schematic Diagram.

In the model using the ‘“‘Magic Eye’ bring all wires in
the cable through the large grommet in the chassis near
point ““C”, cutting the wires to proper length for a neat
job. Connect point “E” to point “H” thus grounding the
oscillator cathode. In the model using the ‘‘Push But-
ton Tuner,” bring all the wires except the blue one through
the large grommet mentioned above, and bring the blue
wire through the small grommet near point “D’, Cut all
wires to appropriate lengths before attaching. Note that the
brown wire connects to point ‘‘E” while point “H" is left
unconnected.

VOLTAGE TEST

If all connections are found to be correct, the tubes may
be inserted and the line-cord plug connected to a 110-volt
60-cycle receptacle, and the speaker (2000 to 3000 ohm
field) plugged