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PREFACE

It 15 characteristic of radio receiver design that developments
are constantly being made to improve the performance of
receivers. Viewed from a servicing angle, this has meant that
the operation of receiver circuits is constantly becoming more
complex, and that the serviceman must keep up to date on the
new developments in the field.

It is the purpose of this section to analyze some of the more
important developments which have taken place, as these in-
novations are exemplified in the receivers described in Volume
IX. Although for the most part specific receivers are singled
out for discussion in this section, the new circuit developments
which are explained in connection with these receivers are
generally applicable to other receivers which use similar cir-
cuit designs. We have felt it preferable to describe specific
receivers rather than to generalize because the former proce-
dure makes the information that much more specifie, tangible,
and usable.

Since many of the receivers described in Volume IX pro-
vide condensed alignment data, we have included in this sec-
tion a general discussion of conventional alignment procedure.
The information contained in this section explains the basic
procedure in aligning any receiver, the reasons for the various
adjustments, and the manner in which they are carried out.
For the most part, the information is generally applicable to
all receivers, but it should be understood that the manufactur-
er’s recommended procedure always takes precedence over the
conventional alignment procedure.

This Special Section is smaller than was originally intended
and advertised, because the dial mechanisms and tuning ar-
rangements selected for inclusion in this section have been
inserted in the main volume among the respective manufac.
turers’ products.
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CONVENTIONAL ALIGNMENT PROCEDURE

A Description of the General Methods for Aligning Receivers

In THIS sPECIAL sEcTioN dealing with alignment,
general information is presented on the subject of
alignment technique. To a large extent, this infor-
mation is generally applicable to all receivers and
should be considered as supplementing the specific
alignment data included in the Rider Manuals.
Realizing the importance of alignment data in serv-
ice work, we have endeavored in the production of
Volume VIII to make this alignment data as com-
plete and comprehensive as possible; however, we
have found in many cases that the data provided by
the manufacturers are often a skeleton outline of the
procedure required, and we therefore believe that
the material presented here fulfills a real need.
There is a great deal to be said for this policy of
condensing alignment data so as to exclude all gen-

eral information which should be part of the equip-

ment of every well-informed serviceman. For one
thing, it releases a considerable amount of space
which can be used to better advantage for the inclu-
sion of wiring diagrams, parts layouts, and other
pertinent information—and it makes possible the
inclusion of receivers which might otherwise have to
be omitted entirely from the manual. Even apart
from this consideration of the space taken up by
elaborate alignment instructions, it has been our
experience that most servicemen prefer a more con-
cise exposition of alignment information, such as
that provided by the tabular form of alignment
data. To the serviceman who knows his job, the
tabular form makes possible a more speedy carry-
ing out of the alignment procedure, because spread
out in front of him are the steps to be taken and the
order in which they must be taken.

Such instructions as “the output of the signal
generator must be reduced so as to prevent over-
loading of the AVC system,” “to adjust the oscil-
lator trimmer at the low frequency end of the band,
600 ke, the oscillator trimmer should be adjusted
for maximum output, then the adjustment changed
slightly, and the dial readjusted for maximum out-
put . . .,” etc—while they are essential to the
proper alignment of the receiver in question—are
characteristic of the alignment of every receiver.
It is therefore just so much wasted space and repe-
tition to repeat these same steps for each receiver.
What the serviceman really needs, as far as align-
ment procedure is concerned, is the sort of informa-
tion which appears in the tabulated data employed
in a number of cases in Volume VIII. This type of

data, in conjunction with the physical location of
the trimmers, is all that is really required for the
proper alignment of a receiver. In some cases, a
note may be required to explain some special pro-
cedure which differs from conventional alignment
practice; such cases are readily handled by includ-
ing footnotes which explain the departure from con-
ventional procedure.

Since a great deal of alignment information pre-
sented in the manual is of the condensed type, we
have felt it worthwhile in this section to explain the
basic elements of alignment procedure. This in-
formation in conjunction with the specific align-
ment data contained in Rider Manuals is all that is
necessary for the proper alignment of any receiver.
In the case of those receivers for which the manu-
facturers have not included alignment data in the
service notes, the following discussion of general
alignment procedure makes it possible for the re-
ceiver to be aligned by examining the schematic,
and locating the trimmers on the chassis. There is
nothing mysterious about the manner in which
these various steps are performed. For the most
part, the steps in any alignment procedure are
based on logical definite principles of superhetero-
dyne operation; one of the aims of this discussion
of alignment is to remove some of the mystery
which surrounds the alignment procedure of mod-
ern superheterodynes.

What Is Alignment?

It is characteristic of all radio receivers that in
general they are able to select a particular signal
from among many signals of different frequencies,
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) Block diagram showing at what frequencies the various
circuits of a superheterodyne are aligned.

and that they are able to do this by means of one or
more tuned circuits. In the superheterodyne, with
which we are concerned in this section, these tuned
circuits are located in the radio- and intermediate-
frequency amplifiers. In order that the receiver
may operate properly and efficiently, these tuned
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circuits must be aligned or adjusted to certain fre-
quencies. The adjusting of these various tuned
circuits according to a definite scheme is what is
meant, by the alignment of a receiver.

In considering the alignment of superheterodyne
receivers, it is convenient to look upon the super-
heterodyne as consisting of several more or less
distinet units. Thus, the signal voltages in the
antenna circuit are fed to the r-f amplifier section
of the receiver; it is the function of this part of the
receiver to select the desired signal from among all
the other signal voltages present in the antenna cir-
cuit and to amplify the wanted signal at the same
time. In order to perform both of these functions
efficiently, it is absolutely essential that the tuned
circuits present in the r-f unit be tuned accurately
to the signal.

As far as the detector-oscillator sections of the
receiver are concerned, the oscillator tuned circuit
must be adjusted so that, throughout the entire
range, the frequency generated by the oscillator is
higher (or, in some cases, lower) than the signal
frequency by an amount equal to the intermediate
frequency. This oscillator voltage is fed to the
first detector ecircuit where it is mixed with the
signal voltage and produces a frequency equal to
the resonant frequency of the i-f amplifier, which is
commonly designated as the i-f peak.

The original signal is thus converted to a signal
of intermediate frequency which contains exactly
the same modulation as the original signal. It is
the function of the i-f amplifier to take this signal,
amplify it, and at the same time be sufficiently se-
lective so that it will attenuate other signals which
are close in frequency to the desired signal. In
order to perform both these functions, the tuned
circuits in the i-f amplifier must be carefully tuned
or aligned to the intermediate frequency for which
the set was designed. The greatly amplified signal
voltage is then fed to the second detector where the
audio voltage is produced, and this audio voltage is
then amplified by the audio amplifier and repro-
duced by the speaker.

The above description is not intended to be very
elaborate, but rather is more or less in the nature of
a rapid review of superheterodyne operation. For
those of you who are a bit hazy on superheterodyne
operation, this subject is covered in detail in “Serv-
icing Superheterodynes” by John F. Rider.

When Does a Receiver Need Alignment?

Whether or not the faulty operation of a receiver
is due to poor alignment or to some other cause is a
difficult question to answer, without in some cases

first actually carrying out some part of the align-
ment procedure. As a general rule, however, this
much can be said—that in entirely too many cases
there is a tendency to blame poor receiver operation
upon the alignment and to upset a perfectly good
alignment without first having investigated other
obvious defects.

This tendency unnecessarily to turn trimmers
and upset the alignment in a complicated multi-
band receiver is one that should be guarded
against, and a preliminary examination of the re-
ceiver should always be made in order to deter-
mine the cause of the trouble.

An incorrect alignment condition in a receiver is
generally accompanied by one or more of the fol-
lowing conditions or symptoms:—low sensitivity,
poor selectivity, faulty dial calibration, and distor-
tion. These conditions may occur on one or more
of the bands, and may be present to various de-
grees, depending upon which tuned circuits are out
of alignment and the extent to which they are out
of adjustment.

A few moments spent in analyzing the trouble
will often save a great deal of time. For example,
suppose that a receiver shows a fairly low sensi-
tivity on all the bands. Under these circumstances
an investigation of the i-f amplifier alignment is in
order, because misalignment of this part of the re-
ceiver would uniformly drop the sensitivity on all
bands. On the other hand, a misalignment of the
r-f trimmers would affect the alignment on only one
band, rather than on all bands. While it is per-
fectly possible for all the alignment adjustments on
all the bands to be out, the more probable condition
is that the i-f amplifier needs realignment, and
hence this is the one which should be investigated
first.

On the other hand, suppose we take the case in
which a receiver operates perfectly on all bands,
but shows low sensitivity and poor dial calibration
at the low-frequency end of one of the bands. This
immediately should indicate to the serviceman that
the trouble is due to misalignment of the low-fre-
quency oscillator trimmer on that band, since it is
this trimmer which controls the calibration and
sensitivity over the low-frequency end of the band.

It may be noted here that low sensitivity is a
fault which can be caused by many factors other
than misalignment. Therefore the fact that the
sensitivity of the receiver is low, is not sufficient in
itself to throw suspicion upon the alignment. How-
ever, when a condition of low sensitivity is accom-
panied by poor selectivity and inaccurate dial cali-
bration, then it is probable that the receiver needs
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realignment both to raise the sensitivity and to
restore the dial calibration.

If, as often occurs in practice, an all-wave re-
ceiver shows normal sensitivity and operation on
one or more bands, and fails to perform properly
on the other bands, then the first step should be to
check the adjustments common to that band only.
In other words, it is quite unnecessary to check the
alignment of the i-f amplifier, since the fact that
the receiver performs properly on at least one band
is direct evidence that the i-f amplifier is operating
properly.

So much for the observations as to when align-
ment is required. The discussion is brought up to
emphasize that it is not wise to tamper with align-
ment just because the receiver is not performing as
it should. It should be kept in mind that there are
many other factors which can prevent a receiver
from delivering the peak performance of which it is
capable.

What Causes the Need for Realignment?

There are a number of different factors which
operate to bring about the necessity for realign-
ment at more or less frequent intervals. Perhaps
the factor which is responsible for more realign-
ment jobs than any other is the change in the char-
.acteristics of the components associated with the
tuned circuits of the receiver. Due to vibration,
the movement of parts, the effects of humidity,
temperature, and age,—the capacity and induc-
tance associated with these tuned circuits change
their values, and the tuned circuits go out of align-
ment. In recent years, there has been considerable
imprcvement in the design and manufacture of the
components of tuned circuits, so that this change in
capacity and inductance over periods of time is be-
ing held to a minimum. Among the developments
in this connection have been the perfection of com-
pact air dielectric trimmers of various types, the
perfection of radio-frequency iron core materials,
and improved methods of construction and assem-
bly which tend to make for permanence of adjust-
_ment.

Aside from the changes in the tuned circuit itself,
there are a number of other factors which operate
to cause the need for realignment. Among these can
be mentioned the movement of r-f and i-f wiring,
since the movement of these leads changes the rela-
tive capacities and inductances associated with the
tuned circuits. Of special importance is the need
for avoiding changes in the relative positions of
wiring associated with the high-frequency bands,

and especially the ultra high-frequency band, if
the receiver is equipped with one. On the latter
band, a slight change in the position of the wiring
may cause the entire band to be inoperative, since
the leads constitute a large part of the inductance
and capacitance of the tuned circuits. Particular
mention in this connection must be made of the im-
portance of using exact replacement parts where re-
placement of resistors, condensers, and other parts
becomes necessary in or near the r-f unit. The use
of a part which has the same electrical characteris-
tics, but which has different physical characteristics
or size, will sometimes throw the receiver out of-
alignment, and in other cases may even cause in-
stability and oscillation. :

No discussion of the reasons for realignment is
complete without mention of the effect of changing
tubes on the alignment of receivers. As far as the
i-f amplifier is concerned, it is very seldom that
changing tubes will make necessary readjustment
of the i-f trimmers. This is true first because the
capacity across the i-f circuits is as a general rule
considerably higher than the shunt grid and plate
tube capacities, and secondly because the tube
capacities are held to within fairly close limits in
manufacture. On the short wave bands, and espe-
cially on the very high frequency ranges, the cali-
bration of the receiver tends to vary somewhat with
different tubes, but even here it is the exceptional
case where the receiver requires realignment be-
cause of a change in tubes.

As a general rule, the replacement of tubes with
tubes of the same type will not often influence the
alignment of a receiver to the extent that a notice-
able change in performance will be noted. How-
ever, it should be observed that where a receiver is
originally equipped with octal-based glass tubes,
these tubes should not be replaced by the corre-
sponding all-metal types, unless the receiver is to
be realigned. The reason for this condition is that
the capacities of metal tubes are different from
those of glass tubes, and this difference in capacity
appears across the several tuned circuits and hence
causes incorrect alignment. The extent of the dif-
ference between the capacities of metal tubes and
the glass equivalents is often sufficient to cause an
appreciable difference in the performance of the
receiver, and it is recommended that the original
type tubes with which the receiver was equipped be
used when replacement becomes necessary. This
statement, of course, does not apply to tubes which
are used in the audio amplifier or in the power

supply.
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General Notes

When the serviceman has satisfied himself that
the performance of the set can be improved by re-
alignment, the first step is to consult the manu-
facturer’s instructions relative to the alignment of
the receiver in question. Reference to such data is
necessary and desirable in order to determine the
recommended procedure, the alignment frequencies,
and the location of the several adjustments. The
importance of reference to the manufacturer’s data,
as contained in the Rider Manuals, cannot be over-
estimated; in the last analysis, the proper pro-

cedure depends upon the design of the receiver and -

the manufacturer is best qualified to state the spe-
cial steps to be followed in aligning his set.

As a general rule the alignment procedure for all
receivers should be carried out under conditions
which simulate as much as possible the conditions
under which the receiver normally operates. This
means, for instance, that if any of the coils happen
to be exposed, then the alignment should not be
carried out with these coils close to a metal-top
workbench which will change the inductance of the
exposed coils; it means, if the receiver has a metal
bottom, that this bottom should be in place before
the alignment adjustments are changed; it means
that the receiver chassis should be grounded, that
all the tube shields should be in-place, and that the
line voltage should be set at the average value
which is encountered in the customer’s home (im-
portant for AFC-equipped receivers) ; it means that
the receiver should be allowed to reach its normal
_ operating temperature by having been in'operation
for at least 15 minutes before the final alignment
adjustments are made.

“Trimmer” Adjustments

In the course of the following discussion on con-
ventional alignment procedure, there will often be
occasion to refer to the adjustment of such and
such a “trimmer.” By this reference, it is not
necessarily meant that the adjustment of the tuned
circuit is accomplished by adjusting a trimmer, but
rather this designation should be taken to mean
the adjustment of any part of the tuned circuit
which is effective in changing its tuning.

In some receivers, this will take the form of the
usual trimmer condenser which may be of the mica
or air dielectric type. If of the air dielectric type,
the condenser may be of the type in which adjust-
ment is accomplished by the rotation of one set of
plates; or, on the other hand, it may be of the
plunger type, where adjustment is accomplished by
an axial movement of one condenser plate. In other

cases, the tuning adjustment is effected by varying
the inductance of the two windings; this latter type
of adjustment is generally carried out by the move-
ment of an iron core associated with each of the
primary and secondary windings, but in the re-
ceivers of at least one manufacturer, the adjust-
ment is made by moving one part of each winding
with respect to the other part, each of the windings
being in two sections. Regardless of which type of
adjustment is provided, the phrase, “the trimmer”
should be understood to take in all these various
types of adjustments which are effective in chang-
ing the resonant frequency of tuned circuits.

Adjusting Trimmers

In the course of aligning a receiver, there is often
a marked tendency for the output to drop as the
alignment tool is removed from the trimmer. This
action takes place because the metal in the align-
ment tool tends to detune the circuit being adjusted,
so that the resonant frequency changes as the tool
is removed; it is especially noticeable in the adjust-
ment of the oscillator trimmers on the high-fre-
quency bands. For this reason the alignment tools
should contain a minimum of metal, and if the tool
is made entirely of fiber or bakelite, so much the
better.

Experience is of great.assistance in minimizing
error from this source. It will be found, if the
trimmer is first adjusted for maximum output and
the setting then increased slightly clockwise, that
the output will rise to its previous maximum value
as the tool is withdrawn. If the correct adjustment
is not obtained the first time, the adjustment should
be repeated until the output rises to approximately
the same value, with the tool removed, which was
obtained when the trimmer was adjusted for maxi-
mum output with the tool on the trimmer.

A trimmer should never be left loose in its mini-
mum-capacity position; if necessary, the end plate
should be bent so that the plate rests firmly against
the nut. When the alignment is completed, it is
sometimes advisable to seal the trimmer or tighten
the lock nut as the case may be. In carrying out
this operation, care should be exercised to see that
there is no change in the output meter reading, as
the trimmer is being sealed or locked.

Signal Generator Connection

It is good general practice to use a shielded lead
in connecting the signal generator to the appropri-
ate point in the receiver, in order to avoid coupling
the output of the generator to other points in the
receiver. In this same connection, it is advisable to
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