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IF Transformer Characteristics

PART N FREQ. IND. BAND WIDTH KC CODE
NO. USE KC ul Q 2X 10X
16-5700 Input 175 8000 51 6.5 17.1 1
16-5702 Output 175 8000 51 12.2 32 1
16-3731 Ct. Output 175 8000 69 9.8 23.2 1
16-5728 Input 175 8000 90 12.5 30.0 2
16-5730 Output 175 8000 90 16.5 44.0 2
16-6649 Input 175 8000 46 6.0 17.1 3
16-6650 Interstage 175 4000 50 5.7 15.0 3
16-6651 Output 175 8000 46 11.2 29.5 3
16-5704 Input 262 2000 52 6.8 18.4 1
16-5706 Output 262 3500 50 17.9 46.2 1
16-6652 Input 262 5000 56 9.5 24.7 3
16-6653 Interstage 262 4500 46 10.4 21.6 3
16-6654 Output 262 5000 52 18.0 51.0 3
16-6679 Output. 262 5000 54 12.0 34.0 4
16-6752 Input 262 10
16-6754 Output 262 10
16-6655 Input 370 3000 82 8.4 24.4 3
16-6656 Interstage 370 2500 55 11.3 30.0 3
16-6657 Output 370 2300 84 18.8 47.7 3
16-5712 Input 456 1300 104 11.1 27.7 1
16-6133 Interstage 456 666 45 14.5 36.5 1
16-5714 Output 456 1300 104 12.3 37.6 1
16-3736 Ct. Output 456 1500 70 23.2 60.0 i
16-5740 Input 456 900 136 8.4 2 2
16-5742 Output 456 1125 140 13.8 38 2
16-5782 Input 456
16-5784 Qutput 456
16-6658 Input 456 1400 63 18.8 46.6 3
16-6659 Interstage 456 1400 46 12.5 33.0 3
16-6660 Output 456 1400 63 17.5 50.5 3
16-6661 Input 456 1400 56 22.4 61.5 3
16-6662 Input 456 1300 92 11.2 30.0 3
16-6663 Output 456 1300 92 15.0 41,0 3
16-6666 Input 456 1550 7 14.1 37.5 3
16-6667 Output 456 1250 8 18.0 49.5 3
16-6668 Input 456 2150 67 22.5 54,3 2
16-6669 Output 456 2150 67 22,5 58.0 2
16-6670 Output 456 1400 63 17.5 50.5 2
16-6678 Input 456 1400 70 16.6 41.1 2
16-6678 Output 456 1400 70 18.8 521 2
16-6670 Output 456 4
17-3486 N. B. Disc. 456 peak-peak Linear 15 KC 8
16-6758 Input or Output 456 10
16-6770 Output 456 10
17-7400 Input 456 9
17-7412 Output 456 9
17-7510 Input-Interstage 456 Perm. Tuned 9
17-7514 Output 456 Perm. Tuned 9
16-8091 Input 1500 123 110 12.8 320 2
16-8099 Output 1500 123 110 17.00 55.1
16-6665 FM IF 10.7 MC 350 3
17-3484 Discriminator 10.7MC peak-peak 400KC 7
17-3487 Ratio Det. 10.7 MC peak-peak 400KC ki
17-3488 Ratio Det. 10,7 MC 1
16-6675 Input 455 656 75 14.4 31.5 6
Output 455 656 15 17.5 47.0
10.7MC 244 666.0
17-9373 Phono-Oscilator
17-6753 Beat Freq. Osc.
17-6074 Beat Freq. Osc.

CODE--These Transformers Found in the MEISSNER Catalogue Under Title Given Opposite CODE Number:

STANDAI.D GENERAL REPLACEMENT
HI Q IRON CORE STANDARD

AIR CORE PLASTIC

EWEET FILTER OUTPUT

M
FM AM COMPOSITE
10.7 MC. IF, DISC AND RATIO DET.
NARROW BAND DISCRIMINATOR COIL
‘“‘BAND EXP ANDING"
3/4"" PERMABILITY TUNED LINE.

SOOI UL =

—



LEADERS

IN COILS AND

TRANSFORMERS SINCE 1895

SELECTED POWER TRANSFORMERS, CHOKES, AUDIO TRANSFORNERS ETC.

PART NO. U'SE SEC. #1 VOLT} CI'RRENT NOTE (ODE
T-24R00U | Power Trans. 240-0-240 40MA 5V-2A, 6.3V ct-2A 1
T-22R02 | Power Trans. 300-0-300 T0MA 5V-24A, 6.3V ct-3A 1
T-22R05 | Power Trans. 300-0-300 120MA 5V-3A, 6.3V ct-5A 1
T-24R02U | Power Trans. 350-0-350 T0MA 5V-2A, 6.3V ct-2.5A 1
TS 24R05 | Power Trans. 350-0-350 120MA 5V-3A, 6.3V ct-4.7TA 1
TS 24R06 | Power Trans. 375~0-375 150MA 5V-3A, 6.3V ct-4.TA 1
T-22R35 Power Trans. 400-0-400 340MA 5V-6A, 6.3V ct-TA 1
T-22R36 Power Trans. 600-0-600 200MA 5V-34A, 6.3Vct-5A 1
T-21P93 Plate Trans. 1075-0-1075 95MA
500-0-500 1256MA 2
T-21P83 Plate Trans. 1560-0- 1560 200MA 2
1250-0- 1250
T-21P79 Plate Trans. 1875-0-1875 400MA 2
1560-0- 1560
T-21P96 Plate Trans. Lo 2450-0-2450 3
Hi 3000-0-3000 [ 500MA
T-21F02 Filament Trans. 2.5V.ct. 10 AMP 7,500 V- INS, 4
T-21F03 Filament Trans. 5V. ct. 3 AMP 1,600 V. INS 4
T-21F20 Filament Trans. 5V. ct. 15 AMP 10,000 V. INS 4
T-21F07 Filament Trans. 5V. ct. 21 AMP 1,600 V., INS 4
T-21F 10 Filament Trans. 6.3V. ct. 3 AMP 1,600 V. INS. 4
T-21F12 Filament Trans. 6.3V. ct. 10 AMP 1,600 V. INS 4
T-21F 16 Filament Trans. 7.5V. ct. 8 AMP 1,600 V. INS 4
T-21F19 Filament Trans. 10V. ct. or 12 AMP 1,600 V. INS 4
11V. ct. 11 AMP
T-20C51 |Choke 5/25 MA 15/35 hy 5
T-20C53 | Choke 60/100 MA | 8/17 hy 2
T-20C64 | Choke 100/150 MA | 3/7 hy 5
T-20C55 | Choke 150/300 MA | 2/9 hy 5
T-20C49 | Choke 200/ 250 MA | 4/5 hy 5
T-20C56 | Choke 250/375 MA | 4/8 hy 3
T-20 A00 Input 1:10 500/600 ct. ohms. To 60000 CT 6
200/ 250 ct. ohms. To 20000 CT
35/50 ct. ohms. To 20000 CT
T-20A02 |Input 1:20 500/600 ct. ohms. To 240000 CT 6
200/ 25 ct. ohms. To 80000 CT
35/50 ct. ochms. To 80000 CT
T-20A06 |Input 1:1 500/600 ct. ohms. To 500/600 CT
Hum Bwcking 200/ 250 ct. ohms. To 200/250 CT
) 35/50 ct. ohms, To 500/600 CT
T-20A16 |Interstage 1.2 7000 ohms. To 40,000 CT 7
T-20A18 Interstage 1:3 7000 ohms. To 40,000 CT 7
15000 ohms. To 40,000 CT
T-20A19 Interstage 1:3 10K- 20K ct. ohms. To 90K-180K ct. 7
T-20D77 Driver 25:1 30 MA. Pri. | ie: 1-6C5 To 2-6F6 AB2 8
T-20D79 Driver 5.2:1 30 MA. Pri. | ie: Triode 6V6 To 2-6L.6 AB2 8
T-20D80 Driver 3.2:1 100 MA. Pri.| ie: PP 6L6 To 2100TH B 8
2:1
T-20D84 Driver Ratio 20 WATT 500-Line To Class B Grid 8
1/.75-3 capacity
T-2IM52 Modulation 10 WATT Pri: 10K CT. SEC: 4.5, 3.75, 3.K 9
Audio ie: 6N7, 2-6V6, 2-6AQ5 etc.
T-21M54 Modulation 25 WATT Pri: 6.6K ct. Sec: 4000 9
Audio ie: P-P €L6
T-2IM61A | Univ. Modulation 60 WATT Pri: 125 MA. Sec: 125/ 250 MA. 9
Audio ie: 5K, 6K, 7K, 8K, 9K, 10K Ohm Loads
T-21IM58 Modulation 100 WATT Pri: 15K ct. Sec: 6.25 K
Audio ie: 811- 812 Class B
T-20C62 Splatter Suppressor 100MA DC .2 To 1.5 hy. inductance 10
T-22545 Output 3 WATT Pri: 1.5-3K Ohms. Sec: 3.2-4 Ohms. 11
Audio ie: 6A5, 25B6, S50L6 etc.
T-22386 Output 3 WATT Pri: 2-14K Ohms. Sec: 3.2-4, 6-8 Ohms 11
Audio Universal Single or PP plate
TS 24550 A | Output 5 WATT Pri: 2K Ohms. Sec: 3.2 Ohms. 11
Audio ie: 50AS5, 50L6, 6B4 etc.
TS-24S51 | Output 5 WATT Pri: 5K Ohms. Sec: 3.2 Ohms. 11
Audio ie: 25A5, 35L.6, 6B4 etc.
TS-24552 | Output 5 WATT Pri: 7-10K Ohms. Sec! 3.2 Ohms. 11
Audio ie: 3Q5, 6BS, 6NT, 7TBS5, etc.
T-22S88 Output 8 WATT Pri: 214K Sec: 3.2-4, 6-8 Ohms 11
Audio Universal Single or PP Plate
T-22574 Output 25 WATT Pri: 2.5 14K Ohms. Sec: 1-30 Ohrs. 11
Audio Universal Single or PP Plate
T-22R24 Vibrator Power or | 3250-325 135 MA 6.3V ct. 4.75 A 12
' 117 V AC
T-22R42 Photo-Flash power| 2250V. DC 1.5 MA 2.5V, @L75 A 13
T-23V23 Line Drop 110-125v 250VA 14

220-250V 50-60cy.

CODE--These Components Found in the Thordarson Catalogue under Title Given Opposite Code Number:

DU LI

. UNIVERSAL REPLACEMENT POWER TRANSFORMER
. PLATE TRANSFORMERS
AMATEUR SPECIAL PLATE TRANSFORMER

. FILAMENT TRANSFORMER

. CHOKES!UNIVERSAL SWINGING AND SMOOTHING
. INPUT TRANSFORMERS
. INTERSTAGE TRANSFORMERS

8. DRIVER TRANSFORMERS

9. MODUL ATION AND UNIVERSAL MODULATION

10. SPLATTER SUPPRESSOR CHOKE

11. OUTPUT SINGLE & P.P. TO VOICE COIL
12. VIBRATOR POWER TRANSFORMERS
13. PHOTO-FL ASH TRANSFORMERS

14. VOLTAGE CHANGER TRANSFORMERS
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GENERAL CONSTRUCTION HINTS

The following hints on the construction of receivers
from Meissner Kits are offered to the experimenter to call
hiz 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, s more important tnan some of the
values of circuit elements shown in the schematic diagram.

I¢ the arrgngement 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 Dilvislon, Very close adherance to
the arrangement shown will bring results which cannot be
improved even if re-assembled und rewired by Meissner
Engineers.

or 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
vther 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-
ste 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 number one and seven pins in minlature 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 incor-
rectly.

PAPER CONDENSERS

Most paper by-pass condensers have one connection
marked *“ground’” to designate the outside foil in the con-
denser. 1f 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 ead
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 & few minutes. They all have some means of
‘“‘breathing’” when in operation. If tumed upside down or
horizontally the fluid may leak out during operation.

BYPASSING

When circuits are built from kits which are supplied with full
constructional data, the builder does not usually have t con-
cern himself with the problems of bypassing. However, if an
attempt is made at initial design, a working knowledge of the
basic fundamentals of bypassing may mean the difference be-
ween producing a non-workable unit and producing a satisfac-
tory one.

Bypassing is always done in order to form a low impedance
AC path to ground or to the proper return point. The fre-
quencies to be bypassed may range from the highest in the
receiver to the lowest, and the value of the required bypass
condenser depends on its reactance to the lowest frequency
which it must pass, and also the impedance of the path if no
bypass were present. In general, the reactance of the conden-
ser should be many times (100 to 1000) smaller than the im-
pedance of the alternate path, Take, for instance, a pentode
tube operating as an IF amplifier at 455 kc and from a 100 volt
supply. It has a 1000 ohm resistor in its screen circuit and we
want to return the IF signal, which will be developed on the
screen, to chassis rather than let it return through the 1000
ohm resistor to the B supply where it could cause undesired
coupling with other IF amplifier stages. Looking up the re-
actance of the various size condensers to the frequency of 455
kc we find that if we want the reactance to be 300 times less
than the resistance, then it must have a value of 3-1/3 ohms
which corresponds to the reactance of a .1 mfd. condenser.
In determining the reactance of any condenser at any frequency,
the following formula may be used.

Xc(capacitive reactance) - 1+2%fC
where Xc is in ohms
@is 3.1416
f s ih cycles
and C.is in farads

It will be noted in examining circuit diagrams that the ratio
mentioned above, that is the ratio of the reactance to the
alternate path impedance, is in some cases much greater than
1000, This is particularly true at VHF and UHF where the cost
of a ceramic or mica condenser is about the same over a wide
range of values, and also at audio frequencies where an electro-
lytic condenser must be used.

A bypass condenser in combination with a resistor is some-
times referred to as a decoupling network. In this case, the
same rule still holds, the reactance should be many times
smaller than the resistance.

The same combination is also used in a slightly different
manner as a hum filter. A typical example of this is found in
the circuit diagram of the power amplifier shown on page 74 of
this manual. The B supply to all points in the amplifier, except
the 6L6 plates, comes out of the power supply through a 6800
ohm resistor, and following this resistor it is bypassed to
chassis through a 10 microfarad condenser. The resistor and
the condenser act as a voltage divider to any 120 cycle ripple
voltage coming out of the power supply. The reactance of 10
microfarads to 120 cycles is approximately 130 ohms so that
we have a voltage divider with approximately a 50 to 1 ratio,
and the ripple component will be reduced by a factor of 50 to 1.

Two special cases in bypassing are worthy of note. One is
in the case of bypassing high frequency RF. At high fre-
quencies the inductive reactance of a condenser and its leads
becomes quite high. For this reason, it is essential that the
physical size of the condenser be kept small and its leads
short. The other special case is where a bypass condenser is
calledon to bypass both very low and very high frequencies.
An electrolytic condenser is a poor bypass for R.F. so in this
speclal case it will be found advantageous to parallel the
electrolytic with a mica, ceramic or paper condenser.
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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 80 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 650-60
cycle supply. They may be used on higher frequencies if
desired but cannot be used on lower frequencies. If 40
or 26 cycle transformers are necessary they must be fur-
nished special.

f any power transformer is found to hum or buzz ob-
jectionably, the mounting screws should be tightened up.
f this fails to cure the trouble, the serews 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 xnow 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 guantity 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 used 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.

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 ecan be made by equivalent
treatment in apprcpriate 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 IRONS

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 te
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 zets 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 invariably the iron will
be permitted to overheat.
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MICA CONDENSERS & RESISTORS

Carbon resistors and Mica condensers of different manu-

facturers are marked in different manners as shown below:
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Figure 1.

All resistors in Pictorial Wiring Diagrams are shown

approximately 3/4 actual size.
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HANDY RADIO FORMULAE

Direct Current Relations
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= £
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el

Resistance Relations
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GENERAL INFORMATION

INTRODUCTION

In any circuit using transformers or coils it is necessary
to know how to select the proper transformer or coil for the
specific application. All complex circuits can be broken down
into numerous simple circuits as discussed in the following
text. This should enable the reader of this manual to make the

most advantages selection of components. Along with these
basic circuits, by application, is an explanation of the theory
of design and selection to better assist in the selection of coils
and transformers.

@ LoAD

I. Rectification: An alternating current is applied to a load in
series with a device permiting high current flow inone direction
and relatively low current flow in the other direction.

I hk

OUTRUT

+ FULL WAVE DISCRIMINATION
/2 WAVE DIODE

FogTy BELE

e N
A 4
FULL ‘WAVE RATIO
OETECTOR™

GRID CONTROLLED
RECTIFICATION

DETECTION: Intelligence transmitted on an inaudible
frequency must be detected or demodulated to be understood.
The function of the receiver is to reproduce the output signal
as nearly like the original as possible.

Diode detectors employ half wave, full wave, and grid
controlled rectification. Typlical circuits and components
are shown above.
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Rectifiers may be tubes (Vacuum or gaseous), copper oxide,
selenuim, etc.

Rectifying action is used for:

SUPPLYING D.C. POWER: Circuits include half wave
rectifiers, full wave rectifiers, voltage doublers, and grid
controled Rectifiers-——-
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II. Amplification: A changing voltage of low magnetude is
applied to control the electron stream of a higher magnetude.

=3 % 3
WBE [ “ 3

Grid Controlled Amplification is composed of five types;
classified by the location of the bias voltage on the curve
forr}xeﬁ by the plate current flow plotted against the grid voltage;
as follows:

CLASS A--In a class A Amplifier the grid bias is fixed so that
plate current flows at all times.

CLASS A B} AND CLASS ABo~In a class AB Amplifier the grid
bias is fixed so that plate current flows for appreciably more
than half but less than the entire duty cycle. The peak driving
voltage in a class ABj Amplifier does not exceed the negative
bias voltage. In a class AB9 Amplifier the peak driving voltage
exceeds the negative bias voltage.

CIASS B--A class B Amplifier has its grid bias at approximately

194

P
,_

INTER ELECTRODE OR
ELECTRON STREAM INJECTION

CATHODE INJECTION

cut off in order that there will be no appreciable current flow
when there is not an exciting voltage applied to the grid.

CL ASS C--A class C Amplifier has its grid bias fixed at a point
exceeding cut off so that plate current flows only during a
fraction of the input duty cycle.

Class A Amplification finds its greatest use in receiver radio
frequency circuits. Class AB and Class B in audio power
amplifiers, and Class C in radio frequency power amplifiers.

III. Frequency Mixing: Frequency mixing can be employed in
any of the circuits of an electron tube and is converting
frequency in superheterodyne receivers, modulating radio
frequency amplifiers, and mixing speech and music.

Frequency conversion in superheterodyne receivers is commonly
done by pentagrid converter tubes which utilize electron stream
injection. The input signal (E) is beat againstthe mixing signal
(E92) to give basically the following four signals in the plate
circuit: Ey, E3, Ej+E2, and Ey~Eg; the latter used as the IF
signal in the receiver.

IV. Other Circuits: These include automatic gain control,
antomatic frequency control, bridge, limiter, oscillator, separa-
tor, superregenerative, picture tube filter, etc. Since the scope
of this manual must be limited these circuits have not been dis-
cussed. Careful analysis will show their similarity or that they
are a part of the circuits covered in topics I, II, and III.
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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, “Seif-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 ia
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 cireuit,
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:

. =2¢FL  or X, =L  where
(1) =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 turna formed
one circuit and the remaining half formed another circuit, a change
in magnetic flux occasioned by 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 induetance 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 be 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 1 ! |
inductance equals the sum of the individ-
ua! inductances plus or minus twice the
mutual inductance. The reason for this
relationship is given in the following ex-
planation. WO

A current change in coil No. 1 induces Figure |
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-
dividual inductances. In practice it is very difficuit 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 resson for the great
amount of design work required on radio-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

Calt
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4 — Eddy-current losses in the core material

§ — 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 be 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 consists
of many strands of fine wire, each strand individually insulated
with enamel, and the group of wires covered with some insulation,
usually silk, nylon, celanese, or cotton 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 closely 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 rurns 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.

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
& 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, i1s 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 contributer 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, s 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 practicaily all coil
designs attempt to make it as low as possibie. 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 foreqoing discussion of the factors influencing the per-
formange 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 ycars
on the same type of problem.

SHIELDING

Having considered, 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 frequeptly has a capacity of 50-to 100-mmfd.
per foot which means that if more than a few inches are used, s
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 type 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 efficiency 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 clectrically ideal type of shielding is the partition type which
scparates one tube and its associated wiring from another tube and
its wiring. Since it is not always 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.

If a close-fitting shield must be used, the best economical
commercial insulation obtainable such as polyethylene or
some of the newer plastics should be used.

RESONANT CIRCUITS

The fundamentals of resonant circuits are covered so thoroughly
and completely 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 oppn-
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 any 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 veey

astonishing things can happen. Consider 00 sa

the circuit shown in Fig. 2. 'E u Reactense
This is a theoretical case because it is

impossible to obtain both inductance aad 100 ot

capacitance without resistance, although, '*% Indvottee

of the two, a perfect condenser can be €y Reoctanse

approached closer than a perfeet induct-

ance. If all of the resistance is considered €, Rl

to reside in the inductance, E, ceases to  _|{

exist as 2 scparate voltage that can be Figue ¢
measured with a meter, but it still limits
the current flow at resomance. The voltages that then could be
measured are K, = 100 and E; = 100.005 volts.

If an inductive and a capacitive reactance are connected in paral-
lel the total reactance is higher than the bighest resctance 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 paraliel.

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, ur that the total current in the twe 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 tie 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@ L
where Q is the “Q" of the coil (by definition, its reactance divided
by its resistance) @ = 2 X 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 coupied 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-
heteradyne receiver.

The closely coupled low-impedance primary reflects the antenna
:apacity across the tuned circuit in an amount depending upon its
inductance and coupling cocfficient. Without attempting to derive
an cxpression for the actual magnitude of this effect, suffice it to
say that if the primary is large envugh 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 he 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.”
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Figwre 3  Typical Antenna Coils

LOW-IMPEDANCE CAPACITY COUPLING

Low-impedance capacity coupling, familiarly known among radio
enginecers 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 I7ig. 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 runing condenser whose antenna section
is different than its R.F. section, but this can only be done where a
heavy production schedule justjfies 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 charae-
teristics very similar to the high-impedance antenna coil and there-
fore needs little discussion.

11
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The low-impedance magneticallv coupled R.F. coil has the same
deficicncy as the similar antenna coil and is consequently seldom
used in the broadcast range of a superheterdodyne receiver. Like the
antenpa coil, it has possibilities for higher gain than the high-im-
pedance tvpe, but usually the selectivity is enough worse to rule out
this type of coupling on modem 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 diffhcult
to obtain high gain as the fregrency is increased, this circuit with
its high gain is the almost universal choice in spite of its deficiencies
in image-ratio.

The R.F. coi! emploving 2 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
nverall gain of an amplifier stage can be made to have almost any
desired shape swith respect to frequency; that is, it may 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 resonance 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 types
than any other R.F. component. They either do or do not have a
“tickler.”

Those oscillators that do not have a
tickler coil, oscillate by virtue of the feed-
back across the padding condenser. A
typical circuit of such an oscillator is
shown in Fig. 4. Using a 456 KC IF sys-
tem requiring relativelv small padding
condensers makes this type of operation
possible. The onlv bands that have pad-
ding condensers small enough to sustain
oscillation are the long wave and broad-
cast bands. In some high frequency
oscillators a similar circuit is used
with only the tube interelectrode capa-
cities providing the voltage dividing
feed back network and with the tuning
condensor connected across the entire
circuit. A typical tickler circuit is

shown in Fig. 5.  |p TRANSFORMERS

Intermediate-frecquency 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 employed IF trans-
formers with 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 always 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 tweo important forms,
the bi-filar coil and the double coil types.

In the former case, the two 1wires constituting primary and
sccondary are wound simultaneously, 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 stare of the
seccondary was ground. The nutside 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 he used satisfactorily
in a receiver employing the conventional dinde 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 automaticaily 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 lnad 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 he acceptable, even if there
were no diode load resistance to pick up hum or to be incorrectly
hiased, is the frequent failure of windings due to electrolytic cor-
rosion. Where two conductors are run so intimately parallel for so

Figure S

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 bum tramsfer are reduced to a very small per cent of
their original mmportance, and transformers acceptable in today's
critical market can be produced. The largest remaining objection
ta 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 in cascade,
or can be considerably broader at the “Nose” of the selectivity
curve than two cascaded single-tuned transformers, yet 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 sufficientdy
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 approaghed 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 ahove 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 be
shown only by a curve from which it is possible to determine the
performance at any point, but nearly as much uscful information
can be given in a few figutes where the selectivity of IF trans-
formers is concerned.

The Meissner catalog lists the ‘‘Band Width’’ of each trans-
former at two points on the selectivity curve, These two points
are labeled 2X, and 10X meaning respectively, two times,and
ten times. These terms designate the place on the selectivity
curve at which the gain at resonance is two, or ten times the
gain at the point specified. The width of the response curve
has been measured at these points and has been tabulated 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-
puses: 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 audiv 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 actually 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 ahove 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-piate and grid leads, the grid lead and the plate end of
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Figure 6

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 0.3§
mmfd. if both trimmers have an even num-
ber of plates and the bottomn 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 [F 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,” wvariations 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 abave 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 hoth 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 away
from the hook-up leads passing the coil.

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 HRber
spacers used to hold flexible hook-up wires in a
Ere-delcrmined place with respect to the coils, and

ig. 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 both grid and plate leads be run
through one small hole together.

Figure 8

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 dircuit
was out of tune, but as soon as both input and output circuits
were aligned, the center circuit had a very peculiar action. If the
gain of the transformer is plotted A
against the capacity of the middle
circuit, a curve similar to Fig. 11§ T
was obtained. From this it is secen |
that there is one adjustment (A) I
that produces an in(‘rfcas; in the
overall amplification of the trans-
former. At this point the center Ty “';""ci'l-u
circuit is contributing to the selec- e
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 i3 so far out of résonance 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 werc 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 no
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 onil, 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 designéd
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 increasc in sensitivity in the re-
ceiver is not greater than 30%.

In setting up the conditions for perfect tracking, the first requaire-
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 ele . The simpl possible circuit of an
RF amplifier is shown in Fig. 12-A, which, for purposes of track-
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ing, is equivalent to Fig. 12-B. In this circuit there is one induct-
ance tuned by 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 wning range to the other, and too litle 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 somewhere near the middle of the
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Figure I3

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) acress 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 frequency 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 hut 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 praduces hetter
tracking.

The presence of the —Mmimm
primary circuit resonant
below the low end of the
tuning band has the ef-
fect of lowering the sec-
ondary inductance as the
low end of the tuning
range is approached. Fig.
14 shows the tuning curve
for a high-impedance and

a low-impedance RF cir- e N Bo
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 total 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
hrought 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 thix 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 degrec 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 coefficient.

If the two circuits p— p— —
whose tuning curves are \Y
shown in Fig. 14 are to
be tracked together, a

series of compromises
must be made. The tun- ™ Low-impedance ool
ing cutves shown may SN
be accepted as satisfac- &
"‘-vﬁ_-_

tory, Or a Ccompromise
may be made in the gain
of the stage by moving %0 Kiocyces 8O0
the primary resonance Figure IS

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 fregquemcy
difference in Kilocycles. Since the oscillator frequency is almost
always above the signal frequency, and since the oscillator must
cover the same number of Kilocycles from maximum to minimum,
but cover them at a higher frequency thnn 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 frequency-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 hxed condenser in series with the
tuning condenser to reduce its maximum capacity without materially
changing its minimum capacity. 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 frequengly 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 damnaged 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 sayv 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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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 genmerator are next
tyned 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. It is best to seal the inductance adjustment
on the coil by the application of a satisfactory cement, such as
Duco Household Cement or cquivalent.

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 didl 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.

?f a new oscillater coil is being installed, the greatest aid to
rapid adjustment of the new coil to proper inductance is an undis-
turbed paddimg 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 dewn the answers obtained, so that the data does not be-
come confused in your mind.

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

2. Adjust the padding condenser to some value known to be
much lower 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-
.ductanee (by turning the screw out) of the oscillator coil ta obtain
a new setting at 600 KC. This process should continue until both
600 and 1400 KC are correctly indicated.

S. 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 slightly, 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
dewn, recording the number of revolutions and fractions thereof
on the adjusting screw of the inductance, it should be easy to return
0 the adjustment giving maximum 1000 KC semsitivity,. 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 circuita 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 recciver 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 Engincers. On shortwave bands on the same
receiver, it is & good practice to align them at the same position of
the gang condenser.

On a TRF receiver, gll 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 sensitivity 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.trana-
formers will be closely enough in alignment to pass a signal from
a local broadcasting station when the ¢omplete 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
s certain point beyond 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 oxillator 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.

1f 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 veol-
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 6 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 casiest way to pad the oscillator circuit is to
adjust the padding cond r

for maximum hiss or maximum A
moise. 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 cond:ins;r 1sihr.\l.l!dk be
rocked back an orth to keep
the signal tuned in. If the sound Figure I7

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 any kind of a signal except a
constant tone. If the receiver to he 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 nutside antenna
will have on the alignment of the receiver, a substitute for the an-
teona called a “Dummy Antenna™ representing the average an-
tenna is used to connect the service vscillator 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 hut this small
inductance can bhe 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 400-ohm carbon resistor.

SPURIOUS RESPONSES IN RECEIVERS

In _thc. dawn of Radio Broadcasting, stations were few in numbér
and hn'utcd 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 undgsired 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 hest 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 ahove the dial-indicated
frequency by a frequency equal to twice the IF frequency ; reception
of stations on or cluse to the intermediate frequency.

With the exception of “tweets” on stations which operate on a
frequency corresponding to harmonics of the intermediate frequency,
all of the remainder will respond to simple treatment to reduce or
eliminate the trouble.

SPURIOUS RESPONSES — CROSS MODULATION

“Cross modulation™ in a TRF receiver is, by accepted defi-
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 because 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

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, (1) 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 hy 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 AN74
first tube which has less
tendency to cross modu-
late, such as a variable
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-inmfd. 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
cnil is used and the interfering station is at the high-frequency
end of the dial, install 2 new antenna cnil with high-impedance
primary. (5) Connect a resistance across the antenna and groynd
terminals of the receiver using a value satisfactory for reducing.
the effect, usually 1000 to 3000 vhma.

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 cnils, but in TRF receivers the cffort 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 he used. If the original transformers had only fair selectivity,
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.

Figure 20 10k Fiiter

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 met|
is to install a 10 KC flter such as shown in Fig. 20. It will be
immediately apparent upon inspection of the circuit diagram, that
<his filter consists of two tuned circuits, one resonant and one anti-
resonant, giving unusual attenuation of the 10 KC interfering note.
The cunstants of the filter have heen 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 flter does heg_in 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 hy 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 two 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 repaddéd and re-
aligned. This treatment is not recommended where receivers have
specially cut oscillator plates on the gany 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 azhead of
the detector with consequently poor image ratio. Commercially good
receivers have two tuned circuits, producing much higher image
ratios. A few wvery 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 schemes to improve
image 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 mayv be necessary to employ a double wave
trap such as shown in Fig. 21 which gives extreme attenuation to

a narrow hand of frequencies.
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Figure 21 Dual Wave Trap

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

SPURIOUS RESPONSES — IF HARMONIC “TWEETS”

“Tweets” on harmonics of the intermediate frequency can best
be climinated 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 tyvpe
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, emplayving
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-
plifyving 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 larze, because regencration tends to ex-
aggerate relatively small differences in individual set components.
In addition, receivers employing large amounts of regeneration will
usually exhibit far greater changes in sensitivity, as a function of
humidity variations, than will sets with little regencration.

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 he set by
the user. In amateur receivers, controlled regeneration is employéd
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 cheched 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 type of regeneration trouble and frequently has bafled 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 this change stop over-all
regeneration. The true test for this phenomena is to conpect 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-¢lectrode capacity,

(2) Neutralize the inter-clectrode 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 he done by using coils of
lower Q, or coils of the same Q but lower inductance, or by tapping
one or hoth of the tuned circuits so that only a portion of the res-
anant impedance is introduced into the grid or plate circuit.

This type of oscillation is not confined to intermediate-frequency
amplifiers hut 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 heen 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
mishehavior. If circuit A is progressively misaligned in one direc-
tion- and circuit 1) 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 ) rises
until single-stage oscillation occurs through the inter-electrode ca-
pacity of the tube. The explanation for this statement is given here
helow.

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 tn 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 loading effect that
keeps the impedance down when all circuits are aligned, and the
absence of which, when circuits A and 1) 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 vers small capacities existing be-
tween the points just mentioned are classed as high-impedance
feedbacks. Appropriate partition type shielding quickly stops this
tvpe of feedback.

Under the heading of low-impedance feedbacks are placed all
oxcillation troubles resulting from the use of common cathode, screem
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 studv 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 aftet 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 ostillation whick
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 W,-'--urywndmo
capacities in the presence of much 1f 1
larger capacities in a network that ‘
cannot be opened to measure the de-
sired capacity directly may be of in- ot /
terest. c.-w,m

Fig. 23 represents the capacity net- o
work that exists in the tube as far as Figure 23
feedhack capacities are concerned.

The method of measurement is to have a similar network, Fig. 24,
in operation, supplving a voltage to some measuring device and
fed by a source with the proper characteristics. The output capacity
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Figure 24 Measurement of Inter-electrode Capacity

of the tube is connected acruss 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 he 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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Figwe 25 Comparison of infer-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-electrode 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 ahove svstem for comparing inter-clectrode capacities has
been successfully used in a number of laboratories desiring checks
on inter-electrade capacity but which were unable to purchase com-
plete equipment for makini these measurements. Tt 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 ta check their tubes
fur this parameter.

FIDELITY vs. SELECTIVITY

One of the most frequcnt requests from experimenters working on
high-fidelity receivers is for 1F components that will permit high-
fidelity reception, yet have pood adjacent-channel selectivity.

The following considerations will show that it is impossible to
meet hoth specifications simultaneousiy. 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 note 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 1o 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-
Iy 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-
hands on a 10 KC modulation.

Since it is reasonable to assume that there will he 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 interisity and are all
modulating up to 10 KC the receiver will not be able to separate
these three programs. If, however, the pass-hand 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 energy 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 ratic of desired signal to adjacent-channel
signal is very great, say 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

Ta AVC

Figure 26

by changing the coupling between primary and secondary, by means
of a tapped ceil in series with one winding closely coupled to the
other. By this arrangement a very high percentage changc in
coupling can be accomplished with practically no change in the
self-resonant frequency of the tuned circuit swhich 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 dinde 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 varigd by means of the
conventional AVC circuit wherein full AVC voltage is applied to
all controlled tuhes, 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 10 remove the
AVC voltage from the last IF tube and hold its bias constant at its
nominal minimum walue while the receiver is again checked for
distortion. If the abovy test eliminates the distortion, that tube may
be left without AVC or may have applied to it only a fraction, us-
vally 14 to V7 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 tlle 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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Figurs 27 Mechanical Vibration Test

The receiver is tuned to the signal generator using modulation oo
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 heat 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-
cver may be the modulating clement, the best chance of locating it
quickly is provided by the above setup. The beat frequency oscil-
lator is set to the frcq,uency giving the greatest reading on the
meter and a search is made for the clement pruducms 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 shurtwave range the stability re-
yuired 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 oscillator tuning condenser poured full of
wax to prevent vibration and still could not be kept from lrawling
at high volume on shortwaves! Service problems of eliminating
microphonic howls should bhe undertaken with due consideration of
the difficulties involved and of the impossibility of producing a
100 permanent cure if the receiver has a shortwave ranze and
has its speaker in the same cabinet with the receiver,
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A BRIEF THEORETICAL DISCUSSION OF

RECEIVING ANTENNAS

GENERAL

The types of antennas which are of principal interest todey
are those known as resonant antennas, and are used prin-
cipally in the FM and TV bands. Other types of resonant
antennas are used for amateur and commercial communications,
but have been covered so thoroughly in other publications that
they will not be discussed here.

The Broadcast band has become so crowded with stations
that in general only local stations tan be depended upon for
interference free reception. Since they are local stations, no
elaborate antenna installatiun is required, and usually a plain
straight wire is used for Broadcast band reception, or if the
receiver is equipped with a loop antenna, no outside antenna
is used at all. ,

As we shall see later under the discussion of ‘Ghosts’ and
also under the discussion of antenna bandwidths, the princi-
pal difference between the requirements for FM and TV lies in
(1) the accuracy of transmission line matching and termination
(far greater accuracy is required for TV), and (2) in the band-
width characteristics of the antenna. We can therefore discuss
FM and TV antennas at the same time since the same princi-
ples apply.

As mentioned elsewhere in this Manual, the transmission
characteristics of the atmosphere to waves above about 40 mc
is such that these frequencies can be relied upon to cover
only slightly greater distance than the optical or direct line
of sight distance between the transmitting and receiving
antennas. Actually these waves do not travel in a direct
straight line, but the path is bent slightly around the curvature
of the earth as the wave travels through the atmosphere, and
so will cover a slightly greater distance than the line of sight
distance before extreme attenuation sets in, This does not
mean that no signal can exist beyond the line of sight. Al-
though the wave suffers high attenuation beyond this distance,
some field strength does exist and under some rare conditions,
both TV and FM signals have been received at distances con-
siderably greater than the line of sight distance. It appears
that the amount of ‘bending’ effect changes with the condition
of the atmosphere, causing very erratic reception in those
‘fringe’ areas which lie beyond the line of sight distance.

It is a good working rule that dependable reception of
either FM or TV cannot be obtained over distances greater
than 40 to 50 miles from the transmitter., This, of course,
varies depending on the exact nature of the terrain in any
given locality, and in fringe areas the dependability of re-
ception can only be determined by experiment. It follows of
course from the line of sight:transmission theory that in
fringe areas the antenna should be located as high as possi-
ble. The height referred to is the actual height above sea
level, not necessarily the height above the ground.

GHOSTS IN TV RECEPTION, that condition which causes
one or more weaker images to be received, displaced to the
right of the main image, can be caused by two things: (1) Re-
ception of the signal over two or more different reception paths
which differ in length; and (2) Reception of multiple signals
at the receiver itself, all arriving at slightly different times,
due to refiections in the transmission line,

In analyzing the cause of ghosts, we should first have a
look at the speed at which TV (or radio) waves travel in space,
and also at the speed which the cathode ray spot travels on
the face of the picture tube. We know that radio waves travel
at a speed of 300,000,000 meters per second in free 8pace.
Converting this to the distance per microsecond we get 300
meters per microsecond, and converting meters to feet we
get approximately 984 feet per microsecond. Now let us have

a look at the speed of the cathode ray spot on the face of the
picture tube and the distance it will travel in one microsecond,
If we look at the specifications for scanning time in a TV
receiver, we find that we scan 15,750 lines per second, which
corresponds to a time of 63.5 microseconds per line., In each
line approximately 10.5 microseconds are used up by blanki
pulses and retrace time, leaving 53 microseconds of eac
scanning line for actually tracing the picture. If we take a
10 inch tube with a picture width of 10 inches, then we scan
one lne 10 inches long in 53 microseconds, or we scan ,189
inches per microseconds. For the sake of simplicity we will
say we scan 3/16 inch per microsecond. In summation, we
have found that the picture signal travels 984 feet while the
scanning spot on the picture tube is traveling 3/16 inch. Now
let us assume that we are recelving a TV signal from a trans-
mitter antenna located 5 miles distantor 5 X 5280 - 26,400. Let
us also assume that we are receiving not only the signal which
travels directly from antenna to antenna but that we are re-
ceiving the same signal via another path as a result of the
signal being reflected off a tall building, and that the path of
this signal is 32,300 feet or 59000 feet longer than the path of
the direct slgna.{. Since this reflected signal travels 5900
feet farther than the direct signal and since it travels 984
feet per microsecond, then it will arrive at the receiving
antenna 6 microseconds later than the direct signal, Since
during this 6 microseconds the scanning beam will have
traveled 8 X 3/16 inch or 1-1/8 inches, we will have a second-
ary or ghost image of the picture displaced 1-1/8 inches to the
right of the direct image on the face of the picture tube. The
only means of eliminating this type of ghost image is to make
use of the directional characteristics of the receiving antenna
to reduce the signal from the undesirable path to a point where
it is not objectionable,

The second cause for ghosts in TV receivers arises from
improper impedance matching of the antenna to the transmis-
sion line, or the transmission line to the receiver. If improper-
ly matched, the signal will be reflected from the receiver back
to the antenna and back to the receiver again where it arrives
at a time (depending on the length of the transmission line)
later thean the original signal and appears as a ghost. This
form of ghost cannot be displaced from the main picture nearly
as much as in the previous case because of the relatively
short length of the transmission line, and usually appears not
as a displaced image but appears so close to the main image
that it produces a ‘fuzzy’ picture instead of a completely
separate image.

ANTENNA CONSTRUCTION

In the construction of antennas for FM and TV, the dipole
antenna is the basic unit from which most of the complex ar
rays are made. A dipole consists of two quarter wave anten-
nas mounted end to end, but not connected to each other in
the center., The transmission line is connected to these ad-
jacent or the inside ends. The dipole antenna is balanced to
ground and should be used with a balanced transmission line,
although some commercial antennas which have been entirely
successful in the field have used unbalanced (coaxial or
concentric) transmission lies with balanced antennas with
no serious ill effects. The approximate impedance of a half
wave dipole is 72 ohms, It has been determined by practical
experience that if the transmission line is terminated at the
receiver end in the correct impedance that no serious ill
effects will result other than a very slight loss in efficiency
if the lire is mismatched to the antenna by as much as 2 to
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1, This is an important point to note when working with some
of the more complex antenna arrays which have odd values of
impedance for which no transmission line of the cormect
impedance is available commercially, While it is possible
to have considerable mismatch between the antenna and
transmission line without any serious ill effects, matching
between transmission line and receiver is more critical and
every effort should be made to use a transmission line of the
correct impedance to match the receiver input. We have seen,
under the discussion of ghosts, that the effect on the picture
of & mismatch at this point can cause ‘fuzzy' or ‘smeared’
pictures.

In the selection of a transmission line it should also be
observed that some receivers have balanced input, in which
case a balanced line should be chosen if possible; and other
receivers have unbalanced input, for which an unbalanced
(coaxial) line should be chosen. In the event that it is im-
practical to choose an antenna, a transmission line, and re-
ceiver all of which fit into such a matching pattern, then
matching transformers are available in models which will
match practically any transmission line to any receiver.
These transformers provide not only for correctly matching
the impedance but also for going from an unbalanced line to
a balanced recelver or from a balanced line to an unbalanced
receiver.

Transmission lines for M and TV are readily available in
impedances of 52 and 72 ohms for the unbalanced type, and in
impedances of 72, 150, and 300 ohms in the balanced type.

In some arrays various matching methods are used to make
the impedance at the transmission line terminals different
from the natural impedance of the antenna itself in order to
correctly match a commercially available value of transmis-
sion line impedance. The correct length for a half wave dipole
at any one frequency is exactly a half wavelength long only
if the antenna elements are of very small diameter and if the
antenna is mounted in free space with no objects in its field
which would cause losses. In actual practice this condition
is never achieved and a more practical length for the antenna
is shorter than the theoretical length. A good workable length
under most conditions is 95% of the actual half wavelength,
In considering the impedance of the half wave dipole as T2
ohms, one can assume this impedance to be purely resistive
at only one frequency. At frequencies higher than the natural
frequency, the resistance becomes lower but the reactive
component which is inductive goes up and the impedance is
principally reactive and may be several times higher than
the 72 ohm resistive component at resonance. At fre-
quencies lower than the natural frequency of the antenna the
same thing happens except that the impedance becomes princi-
pally capacitive instead, This principle has been used ex-
tensively in order to more perfectly adjust antennas to reson-
ancein any location. The antenna may be cut shorter than
necessary for & given frequency in order to make the impedance
at its terminals appear capacitive, then tune this capacitive
component to resonance with a small inductance placed direct-
ly across the transmission line terminals., Or the antenna may
be cut longer than necessary for the required frequency in order
to make its impedance appesar inductive and tune this inductive
component to resonance by the addition of a small capacity.
The inductances and capacities used for tuning in the above
cases are usually obtained from an approximate quarter wave
section of transmission line shorted at one end and connected
across the antenna terminals at the other end. Such a line, if
less than a quarter wavelength, presents an inductive reactance
to the antenna and if greater than a quarter wavelength, pre-
sents a capacitive reactance to the antenna. The magnitude
of this reactance depends on how far from an actual quarter
wavelength the line actually is, and is greatest at a length
corresponding approximately to a quarter wave plus 20% and a
quarter wave minus 20%, When tuned in this manner the
antenna impedance is resistive at the transmission line termi-
nals but may be several times higher than the original antenna
impedance. In order to correctly match the impedance of the
transmission line, the line is usually attached to the quarter
wave matching stub at a point close to its shorted end which
will give the correct impedance. In this case the quarter
wave matching stub is used not only as a tuning element to
tune the antenna to resonance at the required frequency, but
also as an lmpedance matching device to properly match the
higher impedance of the antenna to the lower impedance of the
line. Such systems are rather difficult to adjust properly, and
adjustment should not be attempted unless proper measurement
facilities are available.

As mentioned before, the impedance of a half wave dipole
is a pure resistance only at one frequency. If the diameter of
the elements is quite small, then the impedance is very critical
to frequency and changes quite rapidly ms the frequency de-
parts from the actual frequency of the antenna, but if the
diameter of the antenna elements is relatively large, then the
resistance changes much more slowly as the frequency is
changed, and remains fairly constant over a much wider fre-
quency range. For this reason, antennas have been developed
having elements of quite large diameter (as large as 1/20
wavelength), Also, various types of conical shaped elements,
fan shaped elements, and various kinds of loading rings have
been used for the purpose of increasing the effective diameter
of the elements. For dipoles having elements of very large
diameter, the length corresponding to 95% of a half wavelength
no longer holds, and the correct length becomes as short as
75% of a half wavelength.

THE FOLDED DIPOLE: A commonly used variation of the
dipole antenna is the folded dipole, which consists of two
half wave dipoles placed parallel to each other and at a dis-
tance such that the surge impedance (if considered as a trans-
mission line) is 300 ohms, which corresponds to the antenna
impedance which is also 300 ochms. The spacing of the,parallel
elements in order to obtain this 300 ohms impedance depends
of course on the diameter of the elements. One of the elements
is exactly like the half wave dipole previously discussed, and
is broken in the center for connection to the transmission line;
but the other element is not broken-in the center {a continuous
rod approximately half wave long). They are connected to-
gether at their outer ends. The principal advantage of the
folded dipole is the fact that its impedance is 300 ohms, which
matches one popular type of transmission line. Another
lesser advantage is the fact that the parallel construction
gives a much larger effective element diameter and so will
allow it to operate over a wider frequency range with less
change of impedance. Of course the same effect can be ac-
complished with a dipole having the same effective element
diameter.

REFLECTORS AND DIRECTORS: The dipole and the
folded dipole possess a useful directivity characteristic,
having the ability to receive signals best which are on a line
perpendicular to the axis of the antenna, and to receive very
little signal from points which are on a line with the axis.
it is most desirable to improve the directivity of some anten-
nas, and it is very fo tunate that when the directivity is im-
proved in favor of reception from a certain direction, that the
antenna gain to signals from this direction goes up and that
its response to signals from all other directions goes down,
The most common method of accomplishing this result in FM
and TV antennas is by the use of directors and reflectors.
A reflector is an approximate half wave element placed parallel
to andless than a half wavelength from the antenna on the side
away from the source of the signal it is desired to reinforce.
A director is the same kind of an element except that it is
placed on the .side of the antenna toward the source of the
signal it is desired to reinforce. In an antenna which has
three elements, that is the antenna, one reflector and one
director, the length of the reflector is usually about 5% longer
than the antenna and the length of the director about 4%
shorter than the antenna., The exact spacings are best deter-
mined experimentally. The action of a reflector is such that
there is very little field existing behind the reflector and so
very little can be gained by the addition of more reflector
elements, but in the case of the director an indefinite
number of elements can be added to give increased directivity
and gain. In such an array, the length and spacing of the
elements is too difficult to calculate mathematically and is
determined by experiment.

A Japanese named Yagi did the initial work on arrays con-
sisting of the antenna, a reflector and muitiple directors, so
today such arrays are commonly called Yagi arrays. The
practical limit in the number of elements that can be used for
television reception is three directors. More than this gives
too narrow a bandwidth for satisfactory reception, but for
services other than TV, up to 18 directors have been used.

STACKED ARRAYS: All of the antennas discussed above
are of the type which contain all the elements in the same
horizontal plane. Where additional gain is required, it-is com-
mon practice to take two or more of the above arrays and stack
them one above the other vertically. The vertical distance
between arrays is determined by the method of feeding the
transmission line, but in general is about a half wavelength.
Stacked arrays not only give added gain, but also add some
vertical directivity which in some cases is desirable,
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FREQUENCY MODULATION

Transmission and Reception

By means of Frequency Modulation, radio programs
are now being broadcast and picked up by transmitters
and receivers of new design which practically eliminates
all natural static and man-made interference, Thig new
freedom from interference is achieved by the use of
(1) a type of modulation which gives to the signal
a characteristic that eannot be duplicated accidentally by
nature or the usual sources of electrical interference, (2)
by the use of receivers which do not respond to static,
man-made interference, or the type of modulation now
commonly used for broadcasting, (3) by emphasizing the
high frequencies at the transmitter so that at the re-
ceiver a de-emphasis circuit can be used to bring the
high-frequency notes back down to their correct level
while at the same time heavily attenuating tube hiss.

It is the purpose of the following discussion to bring
out the points of similarity and of difference between
amplitude and frequency modulation and between the
receivers and transmitters employed for each system.

CARRIER MODULATION

The present system of radio broadcasting called “Am-
plitude Modulated” (abbreviated AM for convenience)
employs a carrier of constant frequency whose amplitude
is varied at the same rate and in the same degree as
the sound pressure that actuates the microphone. Fig, 1
shows the relations between the voltage generated by
the microphone by loud and soft notes of high and low
pitch. The corresponding signal output from an AM
transmitter is shown in Fig. 2. The signal emitted by
a ‘“Frequency Modulated” (abbreviated FM) transmitter
is shown in Fig. 3. Note that the vertical axis in Fig. 3
shows the INSTANTANEOUS FREQUENCY of the carrier
whereas the vertical axis in Fig. 2 shows the instantaneous
amplitude of the carrier.
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There is an interesting point of difference between
the two types of modulation in regard to the limit of
modulation. In the case of amplitude modulation there
is a very definite limit to the amount of modulation
that can be imposed on the carrier before distortion be-
gins. By definition, complete or 100% modulation is
obtained when the envelope of the RF signal touches
the zero axis. Under this condition the maximum am-
plitude of the signal reaches twice the value of the
unmodulated carrier.

An AM transmitter cannot modulate without dis-
tortion above 100% (on sine waves) because then the
signal would be completely absent for a small portion
of each audio cycle, as shown in Fig. 4, which would
produce an audio signal such as that shown in Fig. 5
in which the distortion in the negative peaks is quite
evident.

In the case of Frequency Modulation there is no
such inherent limit to the modulation permissible. Com-
plete modulation is that frequency shift agreed upon by
the engineers as 100% modulation and all transmijtters
and receiverg have to be designed to operate satisfactorily
with this frequency deviation (swing). Most FM trans-
mitters of good design will actually modulate without
distortion far above 100%. The limit of modulation is
usually to be found in the FM receiver selectivity and
limiter action, which will be explained in another section.

COMPARISON OF TRANSMITTERS

Transmitters for FM differ so radically from AM
transmitters that it is difficult to give a step-by-step
comparison of the two types. In general, it can be said
that FM transmitters employ a greater variety of circuit
functions than AM transmitters, but require an almost
negligible amount of modulator equipment, regardless of
the power of the transmitter, and require smaller power
supplies per Kilowatt of power output than do AM
transmitters.

In an FM transmitter, the only tubes that are not
purposely run Class “C” are the small tubes used for
frequency control. All of the remainder are usually run
with high bias and high excitation to maintain high plate-
circuit efficiency. The high powered circuits can be built
with less insulation in FM transmitters than in AM units
because the FM transmitter always runs with the same
plate voltage and the same RF output voltage. There is
no doubling of output voltage at 1009% modulation as in
the case of the AM signal. For the same reason the
output tubes can be operated at higher levels because
there will be no surges on them.
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The huge and expensive chokes or modulation trans-
formers, characteristic of high-level modulation in the AM
transmitter, are conspicuous by their absence in FM trans-
mitters.

There are two principle methods in use for modulat-
ing the FM carrier. One is known as ‘‘Phase Modulation”,
the other as ‘‘Reactance-Tube Modulation”. The final
rgsult is the same kind and amount of Frequency Modu-
lation, however.

Phase Modulation has the advantage of having its
center-frequency directly controlled by a crystal, but the
nu'nber of tubes employed in generating the required
frequency shift is relatively large, although the tubes
themselves are small. In this system, a crystal controlled
signal at some relatively low frequency, such as 200 ke,
is fed into a phase-shifting network from which is ob-
tained a very small frequency shift, proportional to the
modulating voltage. This frequency shift must be multi-
plied, through a dozen or more doubler and heterodyne
stages, before adequate frequency deviation is obtained.

Reactance-Tube Modulation is very simple. It em-
ploys a self-excited oscillator, frequency modulated by
a reactance tube, in much the same fashion as Wob-
bulated oscillators are employed in Cathode-Ray I-F
scanning signal generators. The essential refinement to
obtain satisfactory stability of the center-frequency of
the carrier is a frequency-drift corrector, which consists
of a crystal-controlled mixer which heterodynes the out-
put signal to a relatively low frequency, say between
1000 and 2000 k¢, and passes the resulting I-F into a
discriminator which sends back to the reactor tube an
AFC voltage to keep the oscillator center-frequency cor-
rect. It is obvious that it takes only a few tubes in this
system to bring the signal up to the level where power
tubes are required.

AM vi. FM RECEIVERS

Fig. 6 shows the block diagram of a conventional,
high-quality AM receiver consisting of an stage,
firsy detector or translator (which may have a separate
oscillator, as shown in dotted outline, but which usually
employs a pentagrid converter), the IF amplifier, which
may be one or several stages, the second detector, audio
amplifier and power supply.
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FIG. 6 BLOCK DIAGRAM OF AM RECEIVER
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FIG. 7 BLOCK DIAGRAM OF FM RECEIVER

Fig. 7 shows a similar diagram for an FM receiver.
Comparing the latter receiver to the former it is obvious
that there are many functions common to both receivers.
In & step-by-step comparison, the following similarities
and differences are noted:

RF STAGE—shown on both receivers. It amplifies
the signal at the received frequency before it is hetero.
dyned to intermediate frequency. Its purpose is to
furnish a higher level signal to the translator to reduce
the importance of the tube hiss contributed by that
tube, and to improve the image ratio of the receiver.

In many of the lower priced receivers, however, no RF
stage is used.

In the AM set for the standard broadcast band the
tuning condenser is usually 366 MMF or in some cases
410 MMF or higher. The FM tuning condenser is much
smaller because the frequency is so much higher (88 to
108 mc) that the capacity must be reduced in order to
obtain enough circuit impedance to obtain a gain from
the tube. These condensers usually have 3 to 7 ‘“double
spaced” plates giving very low tuning capacities. Values
between 156 and 20 MMF are representative for this
service.

TRANSLATOR—A transiator is required in both
AM and FM receivers for the purpose of converting the
received frequency to intermediate frequency for further
amplification. Either the AM or the FM set, or both,
may employ separate oscillator tubes but in most modern
designs when cost is a factor, both types of receivers em-
ploy pentagrid converter or heptode converter tubes. The
only essential difference between the converter in the
broadcast AM receiver and the FM receiver is that
the capacities and inductance in the FM receiver are
much iower than in the econventional Broadcast receiver
to accommodate the high signal frequency and the high inter
mediate frequency.

I-F AMPLIFIER—Both AM and FM receivers em-
ploy I-F amplifiers for the purpose of providing the
major part of the gain and selectivity of their respective
receivers. The selectivity réquirements are considerably
different in the two cases, however, in the AM receiver
the width of the band of frequencies passed by the IF
amplifier is quite restricted in order to provide ample
discrimination against stations 10 KC or 20 KC away
from the assigned frequency of the station it is desired
to receive. The FM I-F amplifier must pass a much
larger band of frequencies because of the requirement
that the carrier swing 76 KC each side of its nominal
frequency to give 100% modulation. In order to obtain
this wide pass band without complex band-pass circuits
that are difficult to adjust, a high intermediate frequency
ig used. The choice of a high intermediate frequency is
also dictated by image requirements. Since the FM broad-
casting band extends from 88 to 108 MC, a spread
of 20 MC, it Is desirable that the intermediate fre-
quency be selected above one-half of 20 MC so that
no FM station will be the lmage of any other FM sta-
tion. The present choice of intermediate frequency seems
well standardized at 10.7 MC but there are some receivers
with other intermediate frequencies. These high-frequency
intermediate amplifiers differ from the conventional 458-
KC I-F amplifier in having much lower gain-per-stage,
and therefore having more stages, and in the isolating
networks in screen, plate and AVC circuits to prevent
interstage coupling. It must be remembered that at the
higher frequencies, even straight hookup wires become
inductances that cannot be ignored and by-pass conden-
serg have a certain amount of inductance in the con-
denser itself as well as in the leads. To avoid the
parasitic couplings resulting from the inductance of leads
and of bv pass condensers, the common practice at pres-
ent in I-F amplifiers on FM receivers is to isolate each
screen and each plate return from the common “B”
supply by means of resistors, by-passed directly to cathode
or to ground as close to the socket as possible. In this
way, all I-F currents associated with a given tube are
prevented from coupling with currents from any other
stage and interstage regeneration is he!'d to a minimum.
This point is especially important in FM receivers be-
cause regeneration sometimes puts verv sharp peaks in
the selectivity curve of an ampvlifier. If the set is oper-
ating at such a level that the limiter is unable to smooth
out the peak caused bv regeneration, the “S’ curve of
the discriminator will be distorted resulting in corres-
ponding distortion in the audio output from the detector.

LIMITER—The next step in comparing an FM re-
ceiver with an AM receiver shows the FM receiver to
have a “Limiter” which has no counterpart in the AM
receiver.. Up to this point the two receivers are exactly
alike in function and actually the FM receiver is no
different, except in operating frequency and =selertivitv,
from the AM receiver, In actualitv, the FM RECEIVER
IS AN AM RECEIVER AS FAR AS THE LIMITER.
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All of the circuits can be measured and aligned with
a conventional AM generator or, for alignment alone, a
Cathode-ray oscillograph and ‘““Wobbulated” (Frequency-
Modulated) generator cag be very conveniently wused,
showing the I-F curve shape of the FM receiver in
exactly the same manner as for the AM receiver.

As stated at the beginning of this article, one of
the three cardinal principles for noise-free reception is
to construct the receiver so that it will not respond to
the type of signals that Nature can produce. In order to
prevent response to static, man-made interference (and
all amplitude-modulated signals) a new device is incor-
porated in the receiver. This device is called a “Limiter.”

Complete Limiting

Limiting Begins

Output

Input
FIG. 8 LIMITER CHARACTERISTICS

It will be shown in the explanation of the operation
of the diseriminator that a signal at the center-frequency
of the discriminator produces equal currents in the two
diode circuits, which are connected in such a way that
the net effect of signal is zero output regardless of the
input strength. At this frequency, therefore, amplitude
modulation is balanced out by the back-to-back connec-
tion of the detector circuits. If, however, the signal
impressed on the discriminator js mnot on the ceuter-
frequency, the signal in one diode will be stronger than
in the other and consequently any amplitude modulation
on the signal will be reproduced. In order to prevent
amplitude modulation from reaching the detector, a
“Limiter”” is installed between the last I-F transformer
and the detector. Many of the earlier FM receivers
employed a single tube as a “Limiter” but some of the
more recent designs employ two tubes in a “Dual Limiter”
or “Cascade Limiter” circuit for more perfect elimination
of amplitude modulation. It is the function of the
“Limiter” to deliver its output signal at a constant level,
devoid of amplitude modulation, regardless of the level
of the signal input to the device. It is obvious, of course,
that there must be a lower level of signal input below
which the fixed output voltage cannot be maintained,
because if no input signal is supplied to the tube it can-
not give output. Therefore the limiter must have an
input-output characteristic similar to Fig. 8. Its output
increases up to a certain point as the input signal in-
creases to a certain value. Beyond that value of input
there is no increase in output. A somewhat, but not
exactly, similar condition exists in any radio set in
which the volume control ig turned up too high. The out-
put SOUNDS LOUDER for increasing amounts of over-
loading but the actual measured output does not increase
materially beyond the point that distortion becomes
serious. The louder sound results from the production
of an increasing series of distortion products (harmonics),

Discriminator
0001 Transf.
6
05

LLY

() =

6877
Limiter [" 6H8 6001
} h
’ ’
I 0000 100,000

[~-2%-3
=% 33
P SIS Q
o001 2 3+ g
=3 ) 2% Audio Outpug to
= o ' 2 de-emphasiy
K1 3 Circuit and
+ = Audic System
© =~ of Receiver

+B 115 volts

FIG. 9 SINGLE LIMITER CIRCUIT

to which the ear is more sensitive. The ‘‘Limiter” in an
FM receiver works in much the same fashion but has
this very distinct advantage: that the distortion products
occur at frequencies not reproduced by the system and
the discriminator following the limiter is not sensitive
to distortion products but to FREQUENCY VARIATIONS.
The I-F amplifier can be designed, therefore, without
regard to harmonic distortion, because the *“Limiter”
takes all signals above its “limiting” or threshold value
and (amplitude) distorts them unmercifully in producing
constant output.

Fig. 9 shhows a common circuit arrangement for a
single limiter, while Fig. 10 shows the circuit of a Dual
Limiter. Limiters, either single or cascade, are operated
at low screen and plate voltages so that the tube quickly
reaches its maximum output as the signal is increased,
and beyond that value, no increase in output signal
occurs, regardless of how much more the signal may
increase. In normal operation, the signal impressed on
the limiter should be great enough to give full nutput
from the limiter, thereby giving maximum suppression
of any amplitude modulated signals, or noise pulses, that
might be impressed on the limiter. Because of this re-
quirement, FM receivers have sensitivities seldom ap-
nroached hv AM receivers.

DISCRIMINATOR

The next step in eomparing the FM with the AM
set shows a “discriminator’” or frequency detector in the
FM receiver without a counterpart in the AM receiver,
although AM receivers employing Automatic Frequency
control have a similar device used for a slightly different
purpose.

It is the purpose of the discriminator to convert the
output of the limiter—a constant voltage (within limits)
at variable frequency into a variable amplitude propor-
tional to frequency shift so that the detector can be
supplied with a signal from which it can extract an audio
voltage.

The simplest device for converting frequency varia-
tions into amp