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DO YOU REMEMBER NAMES?

The secret of Jim Farley’s success as a politician?—He
can call 50,000 people correctly by their first names. The
average man is more interested in his own name than in all
the other names on earth put together; remember that
name and you pay him a very effective compliment, but for-
get it or misspell it and you are instantly at a disadvantage.

One of the simplest ways of gaining good will and mak-
ing people feel important is by remembering names, yet
how many of us do 1t? We are introduced to a stranger,
chat for a few minutes, and ten to one we can’t even re-
member his name when we say goodbye.

The technique of Napoleon 111 of France, who boasted
he could remember the name of every person he met, can
be used to advantage by anyone, even today. If he did
not hear a name distinctly, he politely asked that it be re-
peated; if it was an unusual name, he would request that it
be spelled out. During a conversation, he repeated the
name at every opportunity and tried to associate 1t with
peculiarities of the man’s features. If the man were some
one of importance, Napoleon would, when alone, write the
name on a piece of paper, concentrate on it for a few min-
utes, then tear up the paper.

How well do you remember names?

J. E. SmirH.
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Receiver Hum

ORIGIN OF HUM

Hum is a common trouble that the service man will con-
stantly be required to eliminate. It is evasive and hard to trace
down. Rarely indeed can a service man take his set analyzer
and by making the usual routine measurements locate hum,
especially in an A.C. operated receiver. A thoughtful and sys-
tematic procedure must be followed. In many cases, it is neces-
sary to make many investigations and measurements before
hum is finally located and overcome. In this book we will cover
important sources of hum thoroughly, so that anyone versed in
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radio servicing can locate the source of hum and make the neces-
sary corrections.

Hum may be caused by any low frequency variation in the
voltage supplies of any vacuum tube stage of an A.C. receiver,
when the variation is due to improper connection to the A.C.
supply or to inadequate filtering in the power pack. If this
variation or “hum ripple” exists in an audio or the detector
stage (second detector in superheterodyne receivers), the hum
will appear in the speaker output whether or not the set is tuned
to a station. However, a hum ripple introduced into an R.F.,
I.F., first detector or oscillator stage will not get through to the
speaker unless it is modulated on an incoming carrier or the
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beat frequency, or unless it sets up self-oscillation and forms its
own carrier.

Figs. 1 and 2 are shown to refresh your memory on the
action of tubes as amplifiers. Fig. 1 shows the variation in plate
current due to plate voltage variation, while Fig. 2 shows the
effect of a C voltage variation. Similar curves could be drawn
for changes in screen grid, filament and suppressor grid volt-
ages, the only difference being in the degree of change.

In the detector or A.F. system, any supply variation at a
hum frequency will be amplified and relayed by the associated
equipment and will therefore be heard even if the R.F. system
i1s not tuned to a station.
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If the variation takes place in an R.F. or 1.F. stage, and
the amplifier tube operates absolutely on the straight portion of
its operating characteristics (acts in a linear fashion), the cor-
responding variation in the plate current will be wiped out by
the tuned section. TUnfortunately, the characteristics of any
practical amplifier stage are far from straight. Because of this,
the incoming carrier or beat frequency will be modulated by the
undesired variation. When the R.F. or LF. system is well de-
signed,* it will take a large variation in the operating voltages

*RF. and IF. systems are always designed to have a low factor of cross-
modulation and modulation distortion. When such distortion is reduced to a
negligible amount, hum modulation in the high frequency sections of the recelver
will be negligible. The use of variable mu tubes (’35, ’51, ’58) reduces such dis-
tortion and hum modulation as well.
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to cause the introduction of hum (hum modulation). Hum
modulation may automatically take place in tubes like the ’24
or ’57 having normally a low C bias cut-off, when they are fed
with a strong carrier signal.

Because the high frequency system of a receiver is built to
have tremendous gain, every precaution is taken in the elimina-
tion of supply variations, for a high input signal may cause hum
modulation in the input stages and a low input signal may be
hum modulated in the last R.F. stages. As a service man, you
will be required to be on the lookout for defects which will in-
troduce hum modulation.

Any defect which will cause the high frequency stages to
oscillate will also allow the variations in supply voltages to in-
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troduce hum modulation. This condition is natural in the oscil-
lator of the superheterodyne and the supply voltages must be
adequately filtered to remove hum modulation. A good radio
receiver designer takes all possible precautions in the prevention
of hum in all stages of the receiver, and it is your duty to keep
defects from marring the original design qualities.

In A.C. operated receivers, voltage and current are sup-
plied to the tubes in two ways. To supply the filaments, A.C.
current is taken directly from the line and applied through a
step-down transformer. To supply the D.C. potentials the line
voltage is stepped up and then it is rectified and filtered by the
power pack of the receiver.

The alternating current applied to the filament is one source
of hum, for as the alternating current varies, it follows that the
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temperature of the filament must also vary. This is particularly
true of tubes with thin filaments, having little or no thermal lag.
This, of course, affects the electron stream from the filament to
the plate and it will vary in unison with the variations in tem-
perature.

This is particularly true of tubes in which the filaments are
electron emitters such as the ’26, "7T1A, ’45, ’47 and ’50. It is less
noticeable in the case of tubes whose cathodes are indirectly
heated, such as the 24, ’27, '35 and ’56. If correct voltages are
applied to a ’26 tube, the hum may not be of sufficient magnitude
to be troublesome. However, if incorrect voltages are applied
or if the tube filament deteriorates through long use, hum will
result.
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These circuits are typical of the output A.F. stages in modern receivers.
They have been used in the R.F. and intermediate A.F. stages of old
receivers.

The plate and grid voltages of the A.C. tubes are supplied
by an alternating current rectifier and filter as shown in Fig. 3.
The voltage from such a source is never the pure unvarying
voltage that can be obtained from batteries, but has, in addi-
tion to the regular rectified voltage, small variations super-im-
posed on it. These variations correspond to a 120 cycle fre-
quency in the case of an ’80 type rectifier and a 60 cycle fre-
quency in the case of an ’81 rectifier. The variations, although
small, may result in hum if they are present in the grid bias,
sereen grid, or plate voltage supply.

In battery operated receivers hum is generally absent un-
less the battery supply is replaced by A and B eliminators. Then
the receiver is A.C. operated and we have the same problems as
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in receivers employing power packs—it is impossible to filter
out all the “ripples” in the rectified A.C. and there are small
variations in filament, plate and bias voltages.

Hum voltages may also be introduced into tube circuits by
magnetic induction. The strong alternating magnetic field of
a power transformer may reach out and influence other parts of
a receiver, for example, the audio frequency transformers. If
the audio transformer is so placed that the magnetic field from
the power transformer links with it, there will be a small volt-
age induced in the audio transformer which will be amplified,
resulting in a hum. This is often true even though both trans-
formers are well shielded. In many cases, the lead wires to the
audio transformers pick up enough magnetic energy from the
power pack to cause a hum output.

Electrostatic induction is another cause of hum. About the
rectifier tubes there exists a strong electrostatic field due to the
high voltage alternating current applied to this tube. This field
may influence parts of the receiver, such as the detector tube or
its circuit. The circuits or parts so influenced pick up electro-
static voltages which are amplified.

In most manufactured receivers, hum has been guarded
against by careful shielding and placement of parts, but you can
readily see how any abnormality in the receiver may result in
slight hum voltages which through amplification, quickly reach
large magnitudes.

HUM IN A.C. FILAMENT TUBES

The filaments of A.C. tubes are supplied with raw alternat-
ing current. In order that hum in receivers be kept down to a
minimum, the filament circuits must be connected to the signal-
carrying circuits in such a way that the A.C. ripple is balanced
out of the amplifying circuit. (It must be remembered that the
filament or cathode is the common return for all circuits.) Figs.
4 and 5 show the connections to an A.C. filament type tube and
the method employed in obtaining the grid bias. This method
is common for all direct heater type tubes such as the 26 in
R.F. stages or the direct heater power tubes such as the ’45,
47 or ’50. The filament voltage is supplied through a low volt-
age step-down transformer. The plate current flows through a
resistor connected between B negative and the center tap of the
low voltage secondary as in Fig. 4 or the center of a resistor

placed across this supply secondary as in Fig. 5.
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In some circuits, the center tap connection may be made
through an adjustable resistor connected directly across the
winding, and the bias resistor is, of course, connected to the
center tap. In any case, the center point must be a true elec-
trical balanced center, for if any alternating voltage from the
filament is applied to the grid of the tube, it will be amplified
and appear as a loud hum. Notice that the grid is connected to
the A.C. filament by means of the grid bias resistor. When
point A is positive, point B is negative. This is fundamental in
any A.C. circuit. If the biasing resistor R is connected to either
point A or B, the grid will receive in addition to the bias volt-
age, a strong A.C. voltage which will cause hum. Somewhere
between the positive point A and the negative point B, there is a
balanced neutral point, where the A.C. voltage between A and B
changes from positive to negative. If the grid resistor is con-
nected to this point, no A.C. voltage will be applied to the grid—
consequently no hum voltage will be amplified. This point is the
electrical center of the circuit. The two halves of the trans-
former filament winding must be perfectly balanced if the cen-
ter tapped winding method is used. If a hum adjuster is used,
this neutral point may be found by adjusting the resistance to
the point which gives minimum hum. In the same way, all other
transformer windings for any tubes require this balance for
minimum hum. Anything that tends to upset this balance, no
matter what it is or in what circuit, will cause hum.

HUM DUE TO RECTIFIER TUBES

We will now consider hum which can be traced to the rec-
tifier tube in the power pack. Hum from this circuit is in many
cases caused by a defective tube or connection.

In the ’80 type rectifier, there are two plates. Each plate
rectifies one-half of the alternating current wave and the com-
plete action results in full-wave rectification. If one plate or
circuit is open, only one-half of a wave is rectified, and we get
a 60 cycle ripple instead of one of 120 c.p.s. The filter system
designed for a full-wave rectifier is not as efficient as one de-
signed for half-wave rectification. Therefore, if one of the
plate circuits becomes open, a loud hum results, because the fil-
ter system is not designed to filter out 60 cycles. An open of this
type might occur in the tube prong where the lead wire from the
plate is not properly soldered to the prong. A drop of solder
will, of course, correct this. Look for a defect in the tube, or
a bad socket grip on the tube prongs.
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If the filter system following a full-wave rectifier is of the
brute force type, unbalanced rectification up to a certain degree
will not produce noticeable hum. But if insufficient filtering is
used or just enough to reduce hum to an acceptable amount, any
unbalance is likely to lead to increased hum. The use of a tuned
filter is bound to result in serious hum when the two halves of
the rectified waves are unequal. This is because the resonant
filter is tuned to twice the frequency of the power line. Un-
balance results in harmonics which are only partially filtered.
The greater the unbalance, the greater the possibility of hum.

Unbalanced rectification may result from mechanically un-
symmetrical elements in a full-wave rectifier tube, an internal or
external open between the plate and filament of one rectifier
section, or an internal or external leak between one plate and the
filament.* Examine the tube socket. It should be free of dirt,
dust and sticky oil. If high voltage has broken down the wire
insulation or charred or carbonized the socket in spots, a new
socket should be used and the wire insulation replaced. The
tube should be checked for unequal rectification and open ele-
ments. It must be assumed that some unbalance can be tolerated.

Where two half-wave rectifiers are used in a full-wave man-
ner, the possibility of having unequal rectification is greater.
Low emission on one tube, gas in one tube are possible sources
of trouble.

When a full-wave rectifier becomes gassy, usually indicated
by a pink or blue haze or glow around the tube elements, the
rectified current is so much distorted that the filter will be un-
able to properly filter out the ripples. A heavy current will flow
in the choke coils, cutting down their effective inductance and in
that way introduces hum. Any gas in the tube will give rise to
so-called “gas oscillation” which may be radiated to the signal
system of the receiver. In this way hum may be introduced.
A gassy tube may cause the input filter condenser to break down,
destroying the filter system or the power transformer. On the
other hand, a leaky input filter condenser may make the rectifier
gassy. Before replacing the gassy tube, be sure that there are
no defective parts which will make the new tube gassy. A
quick test for a shorted filter condenser is obtained by connecting
an ohmmeter between the chassis and a filament socket terminal
of the rectifier.

* A short between the elements will destroy the tube.
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Mercury vapor tubes depend on ionization for their opera-
tion. They glow continuously. Special precautions are taken
to remove noise due to the ionization action, usually recognized
as a fuzzy or ragged hum. The tube should be enclosed in a tube
shield, the latter having many holes to allow sufficient circulation
of air. These tubes must not overheat. It is usual to insert a
1 to 6 millihenry R.F. choke in the plate leads, close to the plate
electrodes. As a further aid in reducing hum, a 0.1 mfd. high
voltage buffer condenser may be connected from plate to cathode
or filament. The power transformer should have an electro-
static shield or a line filter to prevent outgoing hum radiation.
All primary and secondary leads should be twisted. Never
remove the line fuse always built into apparatus using a mercury
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vapor rectifier. If the fuse is of correct value and blows re-
peatedly, the rectifier is being overloaded. Bear all these facts
in mind when servicing such systems.

HUM TRACED TO POWER TRANSFORMERS

The power transformer is supposed to deliver two equal
A.C. voltages to the two plates of a full-wave rectifier. A great
many of the causes for unbalanced voltages may be traced di-
rectly to the power transformer. A number of the common ones
will be considered here.

An open high voltage secondary winding as shown in Fig,
6 at X will result in unbalanced voltages. No voltage reaches
the lower plate of the rectifier and it acts like a half-wave rec-
tifier. A partial short may exist across one half-section of the
secondary or part of the circuit. In this case that plate circuit
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receives less voltage and the voltages applied to the two plates
af the rectifier are unequal. This invariably results in hum.
An A.C. voltmeter would show the absence of voltage on one
plate or unequal voltages on both plates if it were connected
between the center tap of the transformer and the plate of the
rectifier. If the windings are shorted, it would be evidenced
by the overheating of the transformer. If the open is at the
terminal leads, it may be corrected by soldering. However, if
it is internal or the short is internal, the transformer should be
replaced.

The same conditions of an open or partial short may exist
in any of the low voltage windings which have center taps for
balancing purposes. Center taps are to be found at the recti-
fier filament winding and at the secondaries supplying filament
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power as shown in Fig. 6. The voltages on each side of the taps
must be equal. The same tests for unbalance apply here as for
the high voltage winding except that a low voltage A.C. volt-
meter should be used.

Poorly soldered joints are a frequent source of hum. Some-
times resoldering a joint will clear up the hum. The resistance
of a poorly soldered joint at one end of a transformer winding
may be sufficient to cause unbalanced voltages. All terminals
should be carefully examined to see that they are not corroded
or poorly soldered.

If there is an electrical leak between windings, hum may
result. This is due to poor insulation between windings or a
break-down of the compound in which the transformer is em-
bedded. With the transformer disconnected from the receiver,
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