SECTION

17 s

CONTROLS

RESISTANCE VALUE

What control value should I use for this circuit?
What type control of 10,000 ohms should I use?

Do I need a certain value control for a certain
use?

Here follows a complete explanation.

The most common misunderstanding is that
of resistance value of a control. This is due to the
general lack of information on the tolerance of
resistance value.

Many servicemen will be amazed to learn that this
tolerance is often very great. In one instance,
a tolerance of plus 409, minus 259, was allowed.
Think of it. This means that if the nominal value
is 10,000 ohms, the control will be acceptable
and will give good performance if its resistance
is anywhere between 7500 ohms and 14,000 ohms
inclusive. Nominal tolerance of carbon controls
is plus or minus 209, from stated value. Yet
many servicemen fear to use a 10,000 ohm control,
(of proper taper) to replace one of 11,000 ohms. This
is ridiculous.

Always Remember—‘‘RESISTANCE VALUE IS
NOT CRITICAL BUT TAPER MUST NOT BE
CHANGED.” This rule will save time and worry
because the resistance value need only be suffi-
cient to give full control. Thus, it should be
great enough that weak stations may be heard
at their full strength, and yet it should not be so
great that difficulty is encountered on local
stations. Simple, isn’t it?

Consider an actual case, wherein the specified value
is 12,500 ohms. This is readily replaceable with a
15,000 ohm control. Warning! Of the same taper.
(Remember the rule.)

In many instances this control is replaceable with a
10,000 ohm control (of the same taper). To a certain
extent, this is controlled by circuit action. (See ““Cir-
cuit Action”’—page 104.) To sum up, ‘‘RESISTANCE
VALUE” IS NOT CRITICAL BUT “TAPER” IS
CRITICAL.

TAPER

‘““Taper”’ is the most important consideration in
replacing a control.

Do you know that Taper is a complex question
involving the human ear, as well as tube
action?

Can you select the correct taper without hesi-
tating?

Why are some controls smooth and others jerky?

Make all your replacements function smoothly.

Make your work easier. Understand ‘“TAPER’’—
the most important control consideration.

Taper is the key to successful control replacement.
Taper is simple, yet there is more misinformation and
lack of information on this subject than on all others.
Let us glance at a common taper graph. Here we see a

graph with lines running in every direction, with little
if any explanation as to what they mean. But re-
member, taper is as simple as A B C, regardless of
all claims.

FIGURE 37

THERE ARE ONLY
TWO TYPES OF TAPERS

“Left Hand’’ (Yaxley No. 1) and ‘“‘Right Hand”’
(Yaxley No. 2). Period!

Popular usage has defined ‘“Linear” as a “Taper,”
therefore it will be listed as such.

In addition to the two basic tapers, Yaxley lists the
111 (3), a combination of tapers I (1) and II (2), for
“special’”’ (SRP) controls. Also, the VII (7) taper (in
wire wound controls only) for special use as a replace-
ment for Ant.-Bias circuits, or to replace shunt con-
trols for circuits designed before it was possible to
make logarithmic types of taper. It is not desirable
to have a large and confusing array of slightly
different tapers, because they are necessary only
in special circuits (for which Yaxley supplies
SRP [special] controls).

Yaxley tapers are controlled by a new and exclusive
design as shown in Figure 37.

This views a tapered element (Yaxley No. 2 right
hand taper, with switch) and shows the method of
tapering a control by ‘‘Geometric Design,’’ mathe-
matically calculated and field checked. The only
real solution to the problem of taper. Notice that
the tails of each section fade into the next section
(marked by the balland arrows) and that the ‘‘Roller”’
which does not roll, contacts a gradually in-
creasing or decreasing area of each section. This
prevents and eliminates any ‘‘step” or ‘‘jump”’
in resistance value and assures a smoothness
unknown to any other method of tapering a
control. '

WHAT IS TAPER?

Taper means that the resistance of the control
does not change “‘linearly,”’ with the rotation of
the control. Linearly means that the resistance value
varies directly with the degree of rotation of the
control. That is—at 14 rotation there is ¥4 of the total
resistance, similarly—at 14 of the rotation of the
control there is 14 of the total resistance.

WHY TAPER?

It is necessary to taper the resistance of a
control in order to give an apparent linear con-
trol of the signal, thus when the control is turned to
the “half-way on’’ position, one expects to hear a
volume of signal which will be one-half that obtained
at the full “on” position of the control. Why Taper
the resistance to obtain this action? Why not use a
linear control, won't it give %4 volume at 4 rotation?
To quote Amos and Andy, the answer is “Yes and
No — Mostly No,” inasmuch as ‘‘Circuit Action”’
and the human ear are the determining factors.

®
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FIGURE 38

Let us suppose that the control in Circuit 16 (Figure
38) is in an amplifier and that we supply a certain
measured value of signal, with the control at full “‘on”
position, then we turn down the control until the sig-
nal sounds only half as loud, and then measure the
signal at the grid of the tube.

Look! It’s almost unbelievable. Our measure-
‘ment shows that we have reduced the signal to ap-
proximately 1/10 its former value. Why is this? It
doesn’t seem sensible.

The reason for this peculiar action is that the
human ear has a peculiar characteristic in that
to double a given volume of sound requires an
increase of approximately ten times the original
intensity.

Or, more simply—if it requires a pressure of one
pound per square inch, to produce a certain volume of
sound, it will require a pressure of ten pounds per
square inch to double this volume. Sound pressures
are not measured in the large quantities given. How-
ever, the explanation is plain.
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LEFT-HAND TAPER
(Yaxley No. 1)

The taper action shown in Circuit 16 (Figure 38) is
that of the common or “Left-Hand" taper (Yaxley
No. 1). Let us see why thisis called a ‘“‘Left-Hand"’
taper.

It is common practice to have volume controls
wired so that when the knob is rotated all the way in a
clockwise direction, or as we often say, ‘‘to the right,”
we will have our full volume position. Minimum
volume or “‘off’’ position will be at the full counter-
clockwise, or “left hand’ position of the knob.

In the explanation of taper action, we pointed out
that at half volume or half rotation position of the
control knob, we need only 1/10 of the full volume
voltage. Therefore, we need only 1/10 of our total
resistance between full “left” position and the ‘“‘half-
way’’ position of our knob. This is made clear in
Figure 39.
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FIGURE 39

Note the position of the arm of the control and the
resistance values of the two halves of the control.
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FIGURE 40
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FIGURE 41

Figure 40shows the connectionsof the ohmmeter, and
Figure 41 illustrates the plotting of the complete
taper curve.

Note that the left hand half of the control has
its resistance tapered out. This is the reason for
calling this a ‘“Left Hand’’ taper. (Remember, it
is Yaxley No. 1 taper.) :
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Always use a left hand taper (Yaxley No. 1) for
all “Shunt” or ‘“‘Short Out” circuits. (See the
exceptions given in the chapter on ‘‘Circuit Action,”
page 104.) Refer to pages 117 to 121 and look at cir-
cuits numbered 1 to 6, 10 to 16 to 20, (21), (22), 23, 33
to (36), 39 to 41, 44 to 46, 50, 55 to 57, 60 to (67), (69),
72,73, 76, 77, 79, 80, 81, 83, 85, 87, 93, 94, 96, (100).
All these circuits require a left hand taper funda-
mentally. Those marked with parenthesis and a few
others use a modified or combination taper. The
reasons for this departure are given in the chapter on
“Circuit Action.” Note! Tone Controls are gen-
erally left hand taper. They usually have the
“Bass” position at the left of the knob. When *‘Bass”
position is at the right of the knob, a right hand taper
is required. See the chapter on “Tone Controls,”
page 110.

A good general rule is, “When only the center
and left hand terminals are used, use a left
hand taper (Yaxley No. 1).

When replacing a control, always examine the cir-
cuit and check the taper of the original control. It is
wise to question your customer in regard to the action
of the control to learn if it was smooth or jerky in its
action. Study the circuit and refer to the chapter on
“Circuit Action” before replacing it. Often a slight
change will give better volume control and a satisfied
customer.

HOW TO FIND THE
TAPER OF A CONTROL

To find the taper of a control, set the moving arm at
the middle point or center of its arc of travel and then
(with the terminals ‘“down’ or toward you) (Figure
42) measure the resistance between the center ter-
minal and the left hand terminal and compare this
resistance value with the resistance between the center
and right hand terminals.

7000 owms

FIGURE 42

If the left-hand half of the control (Figure 42) has
a lower resistance than that of the right-hand half of
the control (Figure 43), the taper is “Left-Hand”
(Yaxley No. 1). If the resistance of the two halves are
the same (or very nearly so), the control is a “linear’
taper. If the right-hand half has the lowest resistance
value, the control has a “right-hand’ taper. (Figures
42 and 43 show a 100,000 ohm left-hand (Yaxley No.
1) tapered control Type “L’).

FIGURE 43

To determine the taper of a control wherein there
is an “open’” in the resistance element proceed as
follows:

FIGURE 44-5

Refer to Figure 44-5 wherein there is a rear view of
a wire wound control with an “open” at the point
marked “X."”

Although a wire wound control is shown, these in-
structions also apply to carbon type controls.

In Figure 44-5, note that the terminals bear the
designations R, C and L. By turning the control
around and facing the shaft end, these would
read properly; i. e., L, left hand; C, center, and
R, right hand.

To determine the taper first place the moving arm
in the center of its rotation as shown in Figure 44-5.

Second, measure the resistance between terminal
“R" and terminal “C" and make a note of this value.

Third, measure the resistance between “C’’ and the
edge of the “open” marked “B" and make a note of
this value.

Fourth, measure the resistance between terminal
“L” and the edge of the “open’” marked “D.”

Fifth, add the values obtained in steps three and
four to obtain the resistance of right hand half of the
control.

With the values of the two halves of the control
known a comparison will quickly show the taper as
explained earlier in this article.

If there is more than one “open” proceed as above
with the exception that the value of resistance between
the different‘‘open’’places will have to be obtained and
added together so that it is possible to compare the
resistance of the two halves of the control.

The foregoing method of determining taper by com-
paring the right and left halves of the resistance ele-
ment is a “rough and ready’ method applicable in
most cases. However, for those who wish to obtain the
exact shape of taper curve employed in any control
they may do so very readily by employing the 360 deg.
scale.

This scale should be made on paper, cut out and
pasted on a thin Bakelite or Wood panel with a 7/16”
or 1/2” hole at the center for the volume control
bushing.

To use this device mount the control on the rear of
the panel and fasten with the usual mounting nut or
one of the Yaxley shoulder nuts No. 11260-12 or
11260-2. Adjust the control so that when the knob is
turned all the way to the left the dial reading is zero.
Then turn the knob all the way to the right and read
the total rotation in degrees and divide by ten to get
the number of degrees for each 109, rotation. Attach
an ohmmeter to the left hand terminal and to the
center terminal of the control and with the control
rotated all the way to the left take the first reading
which in most instances will be zero.

Take a reading of the resistance every 10 percent of
the rotation from left to right and plot the readings
on graph paper.

RIGHT HAND TAPER
(Yaxley No. 2)

!

Right Hand Taper (YVaxley No. 2) is the desig-
nation applied to a control wherein the Right
Hand half of the resistance is tapered out. Right
Hand taper is used in series circuits.

We have explained the necessity of taper, because
of the characteristics of the human ear. Right Hand
taper is necessary because of the peculiar com-
bination of circuit action and the action of the
ear. Figures 46, 47, 48 and 49 give a clear picture of
the arrangement and measurement of Right Hand
Taper,



MALLORY-YAXLEY RADIO SERVICE ENCYCLOPEDIA

Section “A’’ Controls

Study these illustrations. They will help you
understand taper. Let’s take a common application
of Right-Hand Taper (Yaxley No. 2) to see why it is
necessary and how it works. The ‘“‘graph’ (Figure 50)
plots the ‘resistance against rotation” versus the
Mutual Conductance (Gm) of a tube of the remote
“‘cut-off”’ type such as a 6D6. The control—Vaxley
UC510—100,000 ohms No. 2 right-hand taper.

FIGURE 46
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FIGURE 48

Reducing the Mutual Conductance (Gm) of a tube
lowers the amplification, however, there is a limit to
this reduction because if the plate current of the
tube is reduced to the ‘‘cut-off”’ point, distortion
will occur. Be sure to read the full particulars of this
n “Circuit Action” page 104. Study the curve in
Figure 50. Note that the *‘gain” is reduced to ap-
proximately 109, when this control is at the ‘“‘middle”
point of its rotation. This is necessary if we wish to
have an apparent linear reduction of volume with
rotation of the control. Right hand taper (Yaxley
No. 2) is used in most ““Series” circuits, such as plate
voltage, screen voltage, cathode or ‘‘Bias’’ control and
“‘series losser”’ types of circuits. Note the list of Right
Hand tapered controls (Yaxley No. 2) and look at the
circuits that are specified for each one,
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FIGURE 49

QUICK REFERENCE
(Yaxley No. 2)
RIGHT HAND

TAPERED CONTROLS

Ohms
Resist- | Catalog| Type General Use
ance Number

1,000 UC500 | W. W. | Bias

2,000 C* W. W. | Bias

3,000 D* W. W. [ Bias

5,000 E* W. W. | Bias

7,500 F* W. W. | Bias

10,000 UC501*| Carbon | Bias, Losser

10,000 G* W. W. | Bias, Losser

15,000 H* W. W. | Bias, Losser

25,000 J* Carbon | Bias

50,000 K Carbon | Bias, Plate, Screen

75,000 Z* Carbon | Bias, Plate, Screen

100,000 | UC510*| Carbon | Bias, Ant.-Bias, Plate

250,000 | UC509*| Carbon | Bias, Ant.-Bias, Bias-
Audio

500,000 | UC513 | Carbon | Bias, Ant.-Bias, Bias-
Audio

5 Meg. | UC507 | Carbon Screen

*Have exclusive Yaxley “adjustable fixed bias” fea-
ture.

Note: Nearly all low resistance ‘‘Bias’’ controls

carry heavy current and are therefore wire
wound type. Don’t take a chance. Use Yaxley.

In the “‘general use” column are abbreviations of the
use of the control; Circuits follow:

Bias—Circuits 7, 8, 42, 47, 49, 58, 98.

Losser—Circuit 84.

Plate—Circuit 26.

Screen—Circuit 27,

*Ant.-Bias—Circuits 6, 69, 70 (See note).

Bias-Audio—Circuit 88.

WARNING! Right Hand taper (Yaxley No. 2)
is to be used for Ant.-Bias only with Variable
Mu or Remote Cut-Off tubes. It is usually found in
popular AC-DC receivers. Be sure to read *Circuit
Action” page 104. Look at the taper curves for Yaxley
No. 2 Right Hand taper and see the small curve at
the left hand end. This curve gives smooth action in
Ant.-Bias and Bias-Audio Circuits,
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QUICK REFERENCE
(Yaxley No. 1)
LEFT HAND

TAPERED CONTROLS

Ohms
Resist- | Catalog | Type
ance Number

General Use

500 A W. W. [ Ant. Shunt

1000 B W. W. | Ant. or Pri. Shunt

2000 C12 W. W. | Ant. or Pri. Shunt

3000 D12 W. W. | Ant. or Pri. Shunt

5000 E12 Carbon | Ant. or Pri. Shunt

7500 F12 Carbon | Ant. or Pri. Shunt

10,000 G12 Carbon | Ant. Shunt or Ant.-

. Bias Tone

15,000 H12 Carbon | Ant. Shunt or Ant.-
Bias Tone

20,000 Y Carbon | Ant. Shunt or Ant.-
Bias Tone

50,000 K12 Carbon | Screen Voltage, Tone

75,000 Z12 Carbon | Screen Voltage, Tonc

100,000 | L Carbon | AF or RF Shunt,
Audio, Tone

150,000 | UC502 | Carbon [ AF or RF Shunt,
Audio, Tone

250,000 | M Carbon | AF or RF Shunt,
Audio, Tone

250,000 | UC511%*| Carbon | Audio Control (Auto)

500,000 | N Carbon | Audio Control

500,000 | UC512%*| Carbon | Audio Control (Autc)

500,000 | UC515 | Carbon | Audio Control (Auto)

750,000 | UC503 | Carbon | AF Shunt, Audio,
Tone

1 Meg. | O Carbon | Audio, Tone

1 Meg. | UC514*| Carbon | Audio, Auto

2 Meg. | P Carbon | Audio, Tone

3 Meg. UC504 | Carbon | Audio, Tone

4 Meg. UC5H505 | Carbon | Audio, Tone

5 Meg. UC506 | Carbon | Audio, Tone

9 Meg. UC5H508 | Carbon | Audio, Tone

*Slotted shaft for auto receivers.

In the “General Use” column are abbreviations of the
use of the control; circuits follow:

Ant. Shunt—Circuits 1 to 5, 40, 60.

Pri. Shunt—Circuits 10, 81 (Plate control).

Ant.-Bias**—Circuits 6, 69.

Screen Voltage—Circuit 12.

Tone—Circuits 21, 22, 34, 39, 41, 44, 57, 65, 67, 72,
85, 101, 103.

AF Shunt—Circuits 15 to 18, 33, 76, 96.

RF Shunt—Circuits 13, 14, 81 (Grid).

Audio—Circuits 15 to 18, 33, 45, 46, 55, 56, 61, 73,
76, 77, 78, 83, 93, 96.

*¥Ant.-Bias circuits 6 and 69 often use a left hand
tapered control where tubes of sharp cut off char-
acteristics (such as type 24) are used: Yaxley No. 7
taper is excellent for this use.

WARNING! Be careful that the control for, circuits

6 and 69 is not too large a resistance value that plate

current ‘“‘cut-off”’ occurs at or near minimum volume

position. If cut-off is approached too closely distor-

tion will occur. Read ‘“Circuit Action” page 104.
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COMBINATION TAPER
(Yaxley No. 3)

Yaxley No. 3 taper is a combination of left and
right-hand tapers. It is necessary in only a few designs.
Supplied in SRP (special) controls only.
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LINEAR TAPER
(Yaxley No. 4)
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Yaxley No. 7 taper is almost a linear. Note that at
the left hand terminal there is a small amount of
resistance in the first few degrees of rotation. Yaxley
No. 7 taper is for use in replacing older types of Wire
Wound controls in Ant.-Bias circuits. The ‘“‘spread-
out’ portion of resistance, at the left hand end of the
control, gives a smooth control of the most
powerful signals. Controls with this taper have the
Adjustable Bias feature, explained on page 123.

A Linear control is not tapered, that is the
resistance is equal in percentage to the per-
centage of rotation. At the center of rotation the
resistance is equal in both halves of the control.
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FIGURE 52

Note the ends of the “‘curve” are tapered off so that
there will be no “hop off”’ on a weak signal.

| “LINEAR” CONTROLS I

Ohms Res’t.

Catalog No. Type

. WW
wWw
...Carbon

. WW
..Carbon

...Carbon

..Carbon
...Carbon
...Carbon
...Carbon
........Carbon
.. Y1000MP. .. .. .. Carbon
*Has exclusive Yaxley adjustable bias feature.
WW-—Wire Wound.
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CIRCUIT ACTION

Many servicemen are deathly afraid to change
a single wire in a receiver, even though they
know that the receiver is old and entirely unfit
for present day use, and that possibly a change
of the control circuit will, for example, allow
them to ‘‘turn down” the locals, yet they fear
this change. They forget that the receiver was
made when 5,000 watts was ‘“‘Hipower’’ and that
modern receivers use modern circuits.

Try to help your customers. Here is a complete
analysis of circuits that tells why and what takes
place in the various circuits. Why does one re-
ceiver require 10,000 ohms and another, having
the same circuit, require 20,000 ohms? Increase
your knowledge! Get those ‘“‘hard jobs’’—they
pay. Read this chapter on ‘‘Circuit Action.” It
will pay you well.

ANTENNA CONTROL
CIRCUITS

The most simple type of control circuit is that gen-
erally called the ‘““‘Antenna Control.”’ This type of
control came into popular use with the introduction of
the AC Tube, the filament rheostat having been
widely used as a volume control previous to that time.

The reason for using this type of circuit was not so
much to gain “volume control” but was to allow
single dial tuning because at this early date,
antenna coil design had not been developed sufficiently
to allow a tuned antenna circuit to ‘“‘track’ with the
other tuned circuits. In addition the “AC" tube
filament current could not be successfully varied so as
to give control of volume.

This type of ‘‘Antenna’ control functions as a
regulator, controlling the amount of signal fed
to the grid of the first RF amplifier. Circuits 1 to 5,
40 and 60 on pages 117 to 121, are variations of this
type of control circuit. Circuit 1 (Figure 54), illus-
trates the simplest circuit of this type.

G)

FIGURE 54

The antenna is directly connected to the right
hand terminal of the control, the left hand termi-
nal being connected to the ground, and the moving
arm (center terminal) is connected directly to the grid
of the first RF amplifier tube. This connection gives
maximum volume when the control is turned to the
right (clockwise).

Thus, we see that the full antenna voltage of all
signals, affecting the antenna, is applied directly
across the control and that any portion of this voltage
may be applied to the grid of the first tube, depending
upon the setting of the moving arm of the control. The
resistance value of this type control varies from a
minimum of 450 ohms (see the older Atwater Kent
receivers) to a value of about 10,000 ohms maximum,
inasmuch as a resistance value greater than this tends
to isolate the grid of the tube, and causes hum.

TAPER! Refer now to the previous article on
“Left Hand” taper and note that, here, we have the
same conditions; i. e.,a control shunted across the
source of signal, therefore the same rules will apply to
this or to any other circuit so connected, as apply to
the circuit given as an illustration in that article.

The taper for the Antenna type control is, in
general, of the left-hand, or Yaxley No. 1 type.
Many of the earlier receivers used wire wound con-
trols, which are difficult to make with logarithmic
taper, and inasmuch as the antenna voltages de-
veloped by the earlier low-power transmitters were
not of any great magnitude, it was not necessary to
pay much attention to taper, although a slight amount
of taper in the form of a low resistance winding,
generally 10 to 25 ohms and spread over about 209,
(1/5) of the rotation, at the left hand side of the
control, was often used. .

It is found that this type circuit, using the earlier
type wire control, does not give good attenuation,
because of the high antenna signal voltages de-
veleped by modern transmitters. This condition
may be overcome by using a left-hand taper car-
bon control (Yaxley No. 1). This will allow smooth
attenuation of powerful local signals. TROUBLES
usually encountered with this type of circuit are:
Poor attenuation or “hop off,” that is, a sharp
“‘cutting off”’ of the signal (usually on local stations),
and generally poor control of all signals, as previously
mentioned, a simple change from the original wire
type control to the Yaxley No. 1 left-hand tapered
carbon control will often cure the trouble. It has been
reliably reported that a sure cure of this trouble will be
had if a Yaxley DRP241 or DRP243 control is in-
stalled with the low resistance section connected as
the original antenna control ‘and the high resistance
section connected as per Circuit 16 (Figure 38),
so as to give a dual control of both the input signal and
of the output. This overcomes chassis pick-up due to
lack of, or poor shielding,

Circuit 2 (Figure 55), illustrates the second type of
‘“Antenna’’ control circuit.
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