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M A G U I E N D U S T I E S N C 

ThoRDARSON-ME1ssNER 
MANUFACTUI N G D V s 0 N S 

IF Transformer Characteristics 

FREQ. IND. DAND W DTlt KC 
PART NO. USE KC uH Q 2X lOX ffiDE 

16-5700 Input 175 8000 51 6.5 17. 7 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 ~00 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 27.6 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 1 I. 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 
16-5742 Output 456 1125 140 13.8 38 2 
16-5782 Input 456 
16-5784 Output 456 
16-6658 Input 456 aoo 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 77 14.1 37.5 3 
16-6667 Output 456 1250 78 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 IO 
16-6770 Output 456 IO 
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 32.0 2 
16-8099 Output 1500 123 110 17.00 55. I 
16-6665 FM IF 10.7MC 350 5 
17-3484 Disaiminator 10. 7 !',C peak-peak 400KC 7 
17-3487 Ratio Det. 10. 7 !',C peak-peak 400KC 7 
17-3488 Ratio Det. 10.7MC 7 
16-6675 Input 455 656 75 14.4 37.5 G 

Output 455 656 75 17.5 47.0 
IO. 7 Mr. 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: 
1. STANDAI.D GENERAL REPLACEMENT 
2. ID Q IRON CORE STANDARD 
3. AIR CORE PLASTIC 
4. TWEET FILTER OUTPUT 
5. FM 
6. FM AM COMPOSITE 
7. 10. 7 MC. IF, DISC AND RATIO DET. 
8. NARROW BAND DISCRIMINATOR COIL 
9. "BAND EXP ANDING" 

10. 3/4" PERMABILITY TUNED LINE. 
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SELE CTED POWER T NSFORMERS, CHOKES, AUDIO TRANSFORMERS ETC 

PART NO. t:sE SEC. 11 l \OL 1 O'RRFNT NOTE mm,· 
T-24ROOU Power Trans. 240-0-240 40MA 5V-2A, 6.3V ct-2A 1 
T-22R02 Power Trans. 300-0-300 70MA 5V-2A, 6.3V ct-3A 1 
T-22R05 Power Trans. 300-0-300 120MA 5V-3A, 6.3V ct-SA 1 
T-24R02U Power Trans. 350-0-350 70MA 5V-2A, 6.3V ct-2.5A 1 
TS-24RD5 Power Trans. 350-0-350 120MA 5V-3A, 6. 3V ct-4. 7 A 1 
TS-24RD6 Power Trans. 375-0-375 150MA 5V-3A, 6. 3V ct-4. 7 A 1 
T-22R35 Power Trans. 400-0-400 340MA 5V-6A, 6.3V ct-7A 1 
T-22R36 Power Trans. 600-0-600 200MA 5V-3A, 6. 3V ct-5A 1 
T-21P93 Plate Trans. 1075-0-1075 95MA 

500-0-500 125MA 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.SV.ct. 10 AMP 7, 500 V- INS. 4 
T·21F03 Filament Trans. sv. 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-21F10 Filament Trans. 6.3V. ct. 3 AMP 1,600 V. INS. 4 
T-21Fl2 Filament Trans. 6.3V. ct. 10 AMP 1,600 V. INS. 4 
T-21F16 Filament Trans. 7.5V. ct. 8 AMP 1,600 V. INS. 4 
T-21Fl9 Filament Trans. 10v. ct. or 12 AMP 1,600 V. INS. 4 

l lV. ct. 11 AMP 
T-20C51 Choke 5/25 MA 15/35 hy. 5 
T·20C53 Choke 60/ 100 MA 8/17 hy. 5 
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. 5 

T-20AOO 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. ohms. To 80000 CT 

T-20A06 Input 1: 1 500/600 ct. ohms. To 500/600 CT 
Hum Bu::king 200/ 250 ct. ohms. To 200/ 250 CT 

Interstage 1: 2 
35/50 ct. ohms. To 500/600 CT 

T-20Al6 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-20Al9 Interstage 1: 3 l0K· 20K ct. ohms. To 90K-180K ct. 7 

T-20D77 Driver 2. 5: 1 30 MA. Pri. le: l-6C5 To 2-6F6 AB2 8 
T-20D79 Driver 5. 2: 1 30 MA. Pri. le: 'niode 6V6 To 2-6L6 AB2 8 
T-20D80 Driver 3. 2: 1 100 MA. Pri. ie: PP 6L6 To 2- lO0TH B 8 

2: 1 
T-20D84 Driver Ratio 20 WATT 500-Line To Class B Grid 8 

1/. 75-3 capacity 

T-21M52 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 6L6 

T-21M61A Univ. Modulation 60 WATT Pri: 125 MA. Sec: 125/ 250 MA. 9 
Audio ie: 5K, 6K, 7K, BK, 9K, !OK Ohm Loads 

T-21M58 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-22845 Output 3 WATT Pri: 1.5-3K Ohms. Sec: 3. 2-4 Ohms. 11 
Audio le: 6A5, 25B6, 50Lfi etc. 

T-22886 Output 3 WATT Pri: 2-14K Ohms. Sec: 3. 2-4, 6-8 Ohms 11 
At•dio Universal Single or PP plate 

11 TS-24S50A Output 5 WATT Pri: 2K Ohms. Sec: 3. 2 Ohms. 
Audio ie: 50A5, 50L6, 6B4 etc. 

TS-24651 Output 5 WATT Pri: 5K Ohms. Sec: 3. 2 Ohms. 11 
Audio ie: 25A5, 35L6, 6B4 etc. 

TS-24652 Output 5 WATT Pri: 7-l0K Ohms. Sec! 3.2 Ohms. 11 
Audio ie: 3Q5, 6B5, 6N7, 7B5, etc. 

T-22888 Output 8 WATT Pri: 2-14K Sec: 3. 2-4, 6-8 Ohms 11 
Audio Universal Single or PP Plate 

T-22874 Output 25 WATT Pri: 2. 5-14K Ohms. Sec: 1-30 Ohrrs. 11 
Audio Universal Single or PP Plate 

T-22R24 Vibrator Power or 325-0-325 135 MA 6. 3V ct. 4. 7 5 A 12 
117 V AC 

T-22R42 Photo-Flash power 2250V. DC 1.5 MA 2.5 V. @ 1.75 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: 
1. UNIVERSAL REPLACEMENT POWER TRANSFORMER 8. DRIVER TRANSFORMERS 
2. PLATE TRANSFORMERS 9. MODULATION AND UNIVERSAL MODULATION 
3. AMATEUR SPECIAL PLATE TRANSFORMER 10. SPLATTER SUPPRESSOR CHOKE 
4. FILAMENT TRANSFORMER 11. OU'IPUT SINGLE & P.P. TO VOICE CX)JL 
5. CHOKES!UNIVERSAL SWINGING AND SMOOTHING 12. VIBRATOR POWER TRANSFORMERS 
6. INPUT TRANSFORMERS 13. PHOTO-FLASH TRANSFORMERS 
7. INTERSTAGE TRANSFORMERS 14. VOLTAGE CHANGER TRANSFORMERS 
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GENERAL CONSTRUCTION HINTS 
The following hints on the constrnction of receiven 

from Me1ssne1· Kits are offered to the experimenter to call 
hill attention to a few of the practices that the engineer 
or professional radio man uses. Their observation wiil, 
perhaps, eliminate easily-made erro1·s and will assure 
prope1· 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 ,urangement of paFts and leads, 
which, in many cases, Is more important tnan some of the 
values of circuit elements shown In the schematic diagram. 

E the arr.-ngement of parts shown therein is followed 
closely, your kit will wo1·k with the same freedom fr')m 
trouble that characterizes the finished original Master 
Models leaving the engineering department of the Meiss
ner Manufacturing Division. Very close adherance to 
the arrangement shown will bring results which cannot be 
improved even if re-assembled and rewired by Meissner 
En_gineers. 

.For the sake of clarity, all pictorial diagrams are drawn 
witl, components somewhat smaller in proportion to the 
chassis than a true scale drawing would 6how them, but 
they are shown in the pl'Ope1· place with respect to all 
uther parts. 

All components have been placed in positions that 
facilitate wiring as much as possible and which ~ive 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 ls recom
mended that you follow these colors. 

AVOIDING MIST AKES 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 
~lance at the ma1·ked 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 

ahould be placed close to the chassis. Wiring, particularly 
a plate lead, that stands se•.-eral 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 nnd some other object'. Most leads however 
will not require sleeving if arranged as sho.:Vn in th~ 
Pictorial Diagram. 

LOCKWASHERS 
Lockwashers are provided with all nuts so that each 

nut may be adequately fastened in such a manner tha~ 
vibration will not loosen it. Put a lockwasher of appropri
ate 11ize on each 1crew before putting on the nut, then 
tighten the nut until it is quite firmly seated, compressing 
the lockwasher. If this is done the l\ssembled kit will have 
the Mme freedom from loose parts as good commercial 
receivers. 

SOCKETS 
When mounting sockets into a chassis pa7 apecial at

t-tion to tlae poaition of tlae Ke7way in octal socket.a or 
to the number one and seven plns in miniature 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 

1narked "g-round" to designate the outside foil in the con
denser. 1f this end is 11.rounded this outside foil shields 
the inside foil which is the "hot" 01· hi!('h-potential part of 
the condenser. Wherever a condenser by-pass!''\ any point 
to chassis it is recommended that the "groun<1" &ide of 
the condenser be connected to chassis. 

DRY ELECTROLYTIC CONDENSERS 
Dry electrolytic condensers have their positive ea4I 

marked "positive" or "plus." When connected into a cir
cuit the marked polarity nuaat be obaen·ed. 

WET ELECTROLYTIC CONDENSERS 
Wet electrolytic condensers usually do not have their 

polarity ~arked 11ince the can is always negative. Thq 
i;hould never be operated in a horizontal position for more 
th1rn a few minutes. They all have some means of 
"breathing" when in operation. If turned upside down or 
horizontally the ftuid 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 tr, con
cern himself with the problems of bypassing. However, if an 
attempt is macre 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 mizy 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 trequency 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+21i'!C 
where Xe is In ohms 

1T is 3.1416 
f 1s in 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 
mlcrofarads 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 
called on to bypass both very low and very high frequencies. 
An electrolytic condenser is a poor bypass for R. F. so in this 
special 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 aeries 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 cue; the cord will 
become quite warm in operation. It • hould n•••r be cat 
•.,ort for to do so would change the resistance and damage 
the tubes. It should not be operated with the cord all 
bunched up but should be spread out for proper cooling. 

POWER TRANSFORMERS 
Unless specifically marked for other service all Meiu

ner power-transformers are designed for 110 Volt 60-60 
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
ni1hed 11pecial. 

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

GANG CONDENSERS 
Gang condensers are instruments of prec1s1on that 

ahould be looked upon with respect. The1• are made and 
adjusted by experts to very close limits of uniformity ~o 
that your kit may have the best possible "tracking" and 
accuracy of calibration. To give them the best protection 
when handling them or working on any chassis on which 
they are mounted, keep the condenser closed, that is, 
plates fully meshed. Never bend a condenser plate unless 
you are very sure that you .Know what will happen. 

ADJUSTABLE CONDENSERS 
AdjuRtable 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 i.ize of the threads the strenj!'th thereof is 
limited. Accordingly, do not force a trimmer • crew ad
ju• tment. 

RANGE SWITCHES 
Range switches are i;o 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 a~•plied it will 
quickly flow around the wire forming a perfect joint with 
as little solder as possible. By keeping the quantity of 
solder small, the chances for the rosin to spatter or flow 
onto the contacts are minimized. 

SHIELDED WIRE 
Shielded wire is not the panacea for nil regeneration 

troubles. It must be used with discretion, remembering 
that it has a relatively high capacity of not too :?;Ood 
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 Wied 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 
aaembled 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 bt:hind the dial lights to act as a re
flector. 

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

SOLDERED CONNECTIONS 
All joints must be well soldered to insure good electrical 

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

SOLDERING 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 properfy 
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 prnperly. Get the temperature high enough to 
melt solder freely. file the desired surfaces until smooth 
and clean, then quickly apply rosin-cored solder before the 
cleaned surface has an opportunity to oxidize or discolor 
badly. If rosin in the solder is the only flux used when 
tinning the iron, it may be necessary to make several at
tempts before the iron is tinned properly. A small amount 
of soldering-paste applied to the cleaned surface of the 
iron just ht-fore the solder is applied will facilitate tin
nin,r, 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 tinninir on the point of the iron will be best 
preserved if the flame does not strike the tinned surface, 
:ind if the temperature of the iron is never permitted to 
e-et too high. If the iron ~ets rerl-hot, it will be necessary 
to re-tin the working surface before good work can again 
be done with it. It ii< 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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All resistors in Pictorial Wiring Diagrams are shown 
approximately 3/4 actual size. 
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HANDY RADIO FORMULAE 
Direct Current Relations 

VOLTS - IR .....::Jt_ ,fRw 
I 

AMPERES = + + 'If 
OHMS - ..f_ -l- ~ 

I w 
WATTS - El 12 R -f-

Resistance Relations 

- ..... N,/ 

R, ".; -~ "·~~ { fil 
RrOTo.L - R, + R z +R~ etc. _j_ = ..L+..L+...Letc 

RtoTAL lf, 1'fi Fr3 . 

Two Resistances Only 

R•o•~{IT Rt { IE1 Unknown 
OUIRED 

RTOTIIL = R, X Rt 
R, + Rt 

Unknown= RT x R, 
R, - RT 

Capacity Relations 
CTOTAL {ffi etc. 

'------u--------11---u---- CTolAL C1 Cz. Ci 
Ci C;r C, 

1 I I I 
CToTAL = -- + -- + -- etc. CroTAL - C, + Cz + C 1 etc. C1 C2 C:r 

Two Capacities Only 
CTOTIIL CT (DESIRED) 

,--~-~ 

-u II- --II It-
C1 C2. C1 Unknown 

Cro1AL -
C, X C2. Unknown= 

C, X CT 
C1 + C2 C1 - Cr 

Simple Reactance 

XL = 21i FL 

Complex Impedance 
z z ,--------------

-RY#. ,~Oh- ~ 
z -= V R1+41i2Llf2 z = 2iiFLR 

VR1+4'ii 2 L2F1 

z z 

... ~·-·· 

Resonance Form\Jlae 
I I 

F - 211 -V Le L = 411 2 F1 C 
Where F Is in cycles, L is in henries, and C in Farads 

z C 

z - 4 n~~ftc-1 
At Resonance: 

Z - Q 2'7TFL 
Where Q -.2..1Jfl--

Z • ~(2r.FL-2JFd
1
+Rl 

At Resonance~ 

Z = R 

Coupling Coefficient 

3 ME f-1~t 
M K ---- -===~ - "VL, x L2. 

K= M 
V(L,+M) (L2+M) 

~!c,xc.., xkfu, 
K

_yc,+Cm ~ 
-- c"' 

Where C ---- C3 xc. 
"' ---- CJ +C4 

Over - Coupled Circuit Frequencies 

BB i i 
i i 

f,•ffl 
f .. F 
t "'VT=1< 

Where F is the resonant 

frequency of each circuit 

independent o1 the other 

and K is the 

coupling-coefficient 
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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 shoqld enable the reader of this manual to make the 

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

·-]~ 

~ 
Ill WAYI DIODE 

8111D CONTtlOLLRD 
fllCTIP'ICATION 

PULL WAYE DISCIIIMINATION 

~ 
,uu. •wAYI RATIO 

OI.TICTOfl'" 

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. Typical circuits and components 
are shown above. 

'+ 
-~~ ! 

··· ~II ; •.-]I 

Grid Controlled Amplification is composed of five types; 
classified by the location of the bias voltage on the curve 
formed by t)le 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 Bi AND CLASS ABz-;In a class AB Amplifier the grid 
bias is fixed so that plate current nows for appreciably more 
than half but less than the entire duty cycle. The peak driving 
voltage in a class ABt Amplifier does not exceed the negative 
bias voltage. In a class AB2 Amplifier the peak driving voltage 
exceeds the negative bias voltage. 
CI.ASS B-A class B Amplifier has its grid bias at approximately 

Frequency conversion in sUi>erheterodyne receivers ls commonly 
done by pentagrid converter tubes which utilize electron stream 
injection. The input signal (E) ts beat against the mixing signal 
(E2) to give basically the following four signals in the plate 
circuit:. Et, E2, E1+E2, and E1-E2: the latter used as the IF 
signal in the receiver. 

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

FULL WAY! 

·m=-LOAD 
+ 

11• • YA"YINI INPUT 
YOLTAIIE 

Rectifiers may be tubes (Vacuum or gaseous), copper oxide, 
selenuim, etc. 

Rectifying action ts used for: 
SUPPLYING D.C. POWER: Circuits include half wave 

rectifiers, full wave rectifiers, voltage doublers, and grid 
contro)Pil Rectifiers-

LOAD 
Oft 

OUTPUT 

----'-- •:___. 
1111D CONTROL 

~~ 
CATNODI CONTROL 

•tATNOOt: POLLOW[tt • 

II. Amplification: A changing voltage of low magnetude is 
applied to control the electron stream of a higher magnetude. 

·-3~: •-?~; 
INT[II ELECTRODE OIi 

CATHODE INJ!CTIOfl [U:CTRON ITIIIUM INJECTl()k 

cut off in order that there will be no appreciable current flow 
when there is not an exciting voltage applied to the grid. 
CLASS c--A class C Amplifier has its grid bi'as fixed at a point 
exceeding cut off so that plate current nows 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. 

IV. other Circuits: These include automatic gain control, 
automatic 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 euen

tially radio components, and H a part of the more general classi~
cation "Inductance." In order to understand the performance of coils 
in radio receivers, it is first necessary to understand the fundamental 
ideas about inductance and about resonant circuits. 

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

SELF INDUCTANCE 
Self inductance is, by definition, that magnetic property of a cir

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

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

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

When an inductance is connected in an alternating current circuit, 
the current drat 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: 

XL =2TFL or XL =WL where 
W = 2T times Frequency ( cycles per second), 
F = frequency ( cycle• per second), 
L = inductance in Henrys. 

Impedance in an alternating current circuit is very 1imilar to re-
1i11tance in a direct current circuit except that the magnitude of the 
impedance changes with frequency. If it were not for thi1 fortunate 
effect, radio receivers and any other devices employing re10nant 
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 tuma formed 
one circuit and the remaining half formed another circuit, a change 
in magnetic flux occasioned by a change in currrnt 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 acron 
the terminals of one coil when the current in the other coil is chang
inJt 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 indoctance makes the formu!ae 
for inductances in aeries 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 inductancet in seriet, 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, H 
in the case of winding the second coil as a singlt" layer directly over 
the lint 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 uro if connected 
"Opposing." This is a special case which sddom occurs, but shows 
one of the extremes of mutual inductance which can influence t~ 
equivalent inductance of two coils connected in series. 

The general expression for any case in
volving only two coils in series is: overall 
inductance equals the sum of the individ
ual inductances plus or minus twice the 
mutual inductance. The reason for this 
relationship is given in the following ex
planation. 

A current change in coil No. I induces 
in itself a voltage proportional to its in

Coll .... , 
Col 
No.I 

ductance, and similarly in coil No. 2 a voltage proportional to the 
inductance of coil No. 2. The current change in coil No. l induces a 
voltage in coil No. 2 proportional to the mwual inductance between 
the two coih, and similarly the current change in coil No. 2 induces 
a voltage in coil No. l of the same magnitudt" 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 wh~n 10 ronnut~d. 

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 difficult to obtain 1uf
liciently 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 exista, 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 perct"ntage is "coupling 
coefficient" which,• for inductance, is defined as the quotient resulting 
from dividing the existing mutual inductance by the maximum poa-
1ible 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 1imple 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 re11son frr the great 
amount of design work required on radio-frequency coils. 

The losses in a coil may be divided into the following classes: 
I - Ohmic or D.C. losses in the wire 
2- Eddy-current losses in the conductor 
J - Eddy-current loue1 in the weld 
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4 - Edd~·-current losses in the core material 
5 - 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 oources of lo,s in the order named above, the 

D.C. or ohmic resistance of a coil can be reduced by increasini: 
wire sizr, in which case the coil becomes larger, and, in the case of 
shielded coils, brings the coil closer to the shield, which consequent· 
h· increases the shield losses. In addition, because the copper cro"' 
SN:tion increases, permi11in11: higher eddy-voltages 10 be generated, 
the eddv-current losses in the conductor increase. 

The ~ddv-current losses in the conductor are minimized b,· suh· 
dividing rhr conductor as finely as is economical, inrnlatin11: each of 
the subdivided parts from all other parts. Commercialh·, this i, 
done b,· the use of so-called Litz (Litzendrahr) wire, which consists 
of ma~, 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. 

Edd,-currenr losses in the shield are minimized bv using a shield 
u large a, 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 ord,r of their merit. Magnetic alloys, such u shut iron or 
1ilicon steel, are very high in R F lones. 

A peculiar phenomenon with regard to composite shields is that 
whenever a shield is made of two clo,,ely bonded materials, the 
characteri,iics of the shield approach the characteri1tics of the 
poorer material. For example, a copper plated steel shield is almoat 
as bad as an all steel shield of equal dimensions even though the 
plating is commercially heavy. 

Iron cores are frequently used in coils 10 increue the effecrivenen 
of the rurn• of wire, thereby permirring a given inductance to be 
obtained with fewer turns, and consequently with lower D.C. re· 
sisrance. The core itself introduces some eddy-current losses which 
panially offset the improvement made by reducing the number of 
turns. 

Eddv-current losses in the conductor have dictated the use of Litz 
wire ~herever economically possible, bur "Skin Elect" goes a srep 
farther and requires that the conductor nor only be subdivided inro 
a multiplicity of individually insulated strands bur rhar these 
ltrands be arranged in a special manner. In an attempt to have 
uch individual strand occupy a P,lace on rhe 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 rhe lowest 
effective R.F. resistance, the original braided Litzel\draht wire was 
developed. Because of price, however, modern "Litz" wire u used 
in radio receivers, ,. merely twisted, which bring• different strand, 
to the surface ar 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
frrior to twisted Litz on two counts: (I) the lo,ses are consistently 
higher than for twi,ted 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 un,uspected contributor to coil 
looses i• the insulation of the wire. Analyzing a coil, it will readily 
be apparent that the fabric insulation on the wire i1 the dielectric 
of the distributed capacity of the coil. The loues in the insulation 
influence the coil ju11 as surely as would an external condenser of 
rhe ume capacity connected acroa1 rhe coil, having the oame fabric 
for a dielectric. Wirh this in mind, many coil designs have been im
proved by increasing the thickne .. of fabric insulation, therebv re· 
ducing the distributed capacity and consequently ita detrim-ental 
effect. In many cases, rhis effect was so important that increasing 
tM. in,ularion thickness re1ulted in improvement in the coil even 
thou11:h smaller wire was used to give space for the insulation 1 

In considering the distributed capacity of a coil it mus! be remem
bered that, in many in1tance1, the terminals on the coil contribute 
ui important part to the distributed capacity, and that the loues 
in the terminal ,trip should not be nq;lttted. On some coils of high 
quality, hard rubber tenainal 1trips • re u..d to minimize the 1-
ottHioned by the terminal •trip. 

Siner all of the loMes in a coil taken to1ether make up the radio 
frequency resistance of the coil, a ain1le number can be used to 
upreu rhis quantity, but the resistance alone does nOf give sullicient 
information to judge the ell'Ctrical excellence of the coll. Resilltant:e 
is usually the undesired quantity in a coil, and practically all euil 
dNi«n• attempt to make it u low u possible. Ructance is the ,k. 
1i~d characteristic of the 01til and is the product of frettu~ncy, in• 
clurtantt and the usual multiplier, 2T. A 1pecial term hH bttn 
civen to the ratio of the dnirecl to tlM undesired characteristic of 

the coil. This term i1 "Q" which is defined u the reactance divided 
by the re1istance. 

From the foreit0ing discuHion of the factors influencing the per· 
formani:e of radio coils it is obviouJ that when Mei11ner list, hip 
"Q" coils the products offered are the results of many hours of 
work on each individual design backed by the uperience of years 
on the •ame type of problem. 

SHIELDING 
Having considered, in the paragraphs lut precedin,: this 1ection, 

the effect of high insulation lo,s in a radio coil or its uaociated 
terminal strip, it immediately follows that the loases 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 1hield on 
any hip potential R F hookup wire. 

The common type of 1hielded wire, con1isting of two wax im· 
pregnated corron braids over the conductor, covered with a woven 
copper ,hield is panicularly bad when used on high- "Q" resonant 
circuits. Such shielding frequeotly has a capacity of SO·to 100-mmfd. 
per foot which means that if more than a few inche• are used, IO 

much capacity may be added 10 the circuits that they may not be 
tunable with the trimmer conden1er provided. In addition, the ca
pacity added has high lones even when dry. It i1 characteristic of 
this type of wire that as it becomes damp its l051es incre .. e tremen
dously, thereby greatly reducing the efficiency of high-"Q" circuits, 
and, in addition, the capacity increases, detuning the circuits. This 
loo• in efficiency i• bad enough, but when detuning i1 added, the 
cumulative result• mar prevent operation of a receiver having an 
appreciable amount of 1hielding on ,:rid or plate Ind•- Becaute of 
the•• humidity effects, the safe rule to follow is never to u-. a cl0te 
fitting 1hield on any R.F. or I.F. circuit. If, however, it i1 necessary 
to use shielding, some form of large diameter shieldin&: should be 
u1ed. A piece of spiral spring, whose in1ide diameter i1 considerably 
larger than the outside diameter of the insulation on the wire pau
ing through it, maku a good flexible 1hield. In this cue, a great 
deal of the dielectric between the conductor and the shield is air. 
This partially reduce, the dielectric loH, bur even thi1 1hould be 
avoided if possible. 

The electrically ideal type of shielding is the partition type which 
1eparares one rube and its asM>Ciated wiring from another tube and 
its wiring. Since it is not always possible to employ panition shield
ing, the next best thing to use is either rigid bare wire in a ri«id 
shield rube, or a ,mall wire in a large diameter ,hield 1uch aa is 
frequently employed on automobile antenna lead-in,. 

I! a close-fitting shield must be used, the best economical 
commercial insulation obtainable such a.s polyethylene or 
some or the newer plastics should be used. 

RESONANT CIRCUITS 
The fundamentals of resonant circuits are covefed so thoroughly 

and completely in many standard text books on radio, rhat no :at
tempt will be made here, in limited apace, to cover the same terri• 
tory. Only a very few imponanr ideas and relationship, will be 
brQught to your attention. 

Inductance and capacity, when measured in an altern:ating cur· 
rent circuit are found to possess '·Reactance" meuurable in ohms. 
The reactances, although both measured in ohms, have the peculiar 
property of adding to ruistive ohms as if the rniatance were the 
base of a right an11;le triangle, the reactance were the altitude of 
the triangle, and the overall impedance the hypo1enuse of the tri· 
angle. This relation1hip is expressed as the 1quare of the hypotenuoe 
being equal to the sum of the squares on the Ofher 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 arr con• 
nected in aeries, the overall reactance will be the 11./9dr11.ic ,um, or 
in rhi• cate, the numerical difference between the two rnctances. 

From the above 1tatement it follows thai for any given value of 
inductive reactance, a value of capacity can be choNn wbose re· 
actance will exactly equal the inductive reactanc«. A special namr, 
"Resonance" hu been given ro this condition. The circuit is re· 
ferred to as being "In Resonance." Under thi1 condition the current 
is limited only by the resiltance in the circuit. 

When circuits are reaonant, 10me very -,,------, 
astonishing thing• can happen. Consider 
the circuit ,ho'l'l-n in Fig. 2. 

This is a theoretical use becauM it i1 
impossible to obcain both incluc:tlllHZ aad 
capacitance without rnittanea, akhouah. 1 • 
of the two, a perfect conden,er can !tr 
approached c:loMr dtu a perfect induct· 
ance. If all of the resutance is eonailll"ettd 
to reside in tbe inductance, E, ce•-n to 
exist H a separate vohqe that can ~ 
111e~ured with a _,, but it wtill limit• F9" 2 

IOO
~ --
IOO--·-

tM current flow at ..-ancc. The volta1n that then could be 
measured arc Ee= 100 aad Ea= 100.00S volt•-

lf an inductive ud a capacitive reactan« are connected in paral• 
lei the tocal reactance i1 ltiper than the ltipcst rcactancc l,......ad 
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of being lower than the lowest, which is the case existing when 
reactances of the same type are connected in parallel. 

The reawn why the effective impedance of two similar imped
ances connected in parallel is lower than the impedance of either 
~parate 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 ruwn why the impedance 
rises when dissimilar reactances are connected in parallel is ex
plained u follows: 

When an inductive reactance is connected across a supply of 
alternating voltage a current flows QO electrical degrees or ¼ of a 
cycle behind the voltage. When a capacitive reactance is connected 
across a similar supply, a current Rows 90 electrical degrees or % 
cycle ahead of the voltage. From this ii is obvious that when both 
types of reactance are connected to the same voltage source, the 
currents will be exactly ½ cycle apart, meaning that the moment 
the current is at its positive peak on the alternating current wave 
in the condenser, the current in the inductance is at its negative 
peak, or that the total current in the two circuits will be the arith
metic dilference between the two individual currents. It i, obvitJus 
then that since connecting two dissimilar reactances ( one capacitive 
and one inductive) in parallel reduces tire total current drawn from 
the line, the impedance must increase. If the condenser and induct
ance both have zero losses, the same current would Row 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 p;irallel with a condenser simple algebraic 
manipulation produces the very workable formula 
Resonant Impedance = Q W L 
where Q is the "Q" of the coil (by definition, its reactance divided 
by its resistance) W = 2 'It time-s frequency in cycles ptr second, 
and L is the inductance in henrys. 

A:STENNA COILS 
The basii: 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 u "tligh

lmpcdance Primary" is the most universal type of coupling on the 
broadcast range of household receivers. It has good image ratio, 
rusonable 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, rhis type of coupling re
sults in higher gain ar rhe 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 •mall amount of high-im
pedance capacity coupling is used. Thia capacity is connected from 
the antenna to the grid trrminals of the coil. Its size is from 3 lo 
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 primariC9, although cheaper to 

manufacture than high-impedance primaric,, arc rare on the broad
cast hand 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
[ re,1uency end than at the low-frequency end of the tuning range. 
This gives rise ro very poor image-ratio when used in a super
heterodyne receiver. 

The closely coupled low-impedance primary rdlects the antenna 
:apaciry across the tuned circuit in an amount depending upon its 
inductance and coupling coefficient. Without attempting to derive 
an cxpre.,ion for the actual magnitude of this effect, suffice it 10 
say that if rhe primary is large enough to give reasonable gain at 
the low-frequency end of the frequency range, the reflected antenna 
capacity will l>e so hiith that the secondary tuning condenser will 
noc he ahle to tune to the high-frequency end of the hand, 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 coil,, the low-impedance primary is used alm09t 
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 dir,ctly to the grid end of the first tuned 
circuit through a capacity, usually from I lo 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 capacit,· 
coupling in a broadcast receiver is as reinforcement to a high-im
pedance primary, as discussed in the paragraph on "High-Im
pedance Primaries." 

141GH• IMPt: DANCE INO\JCTIV( COUPLING HIGH - IW£D~E C_.PACITIVt: CXI.P..Ni 

Fioure 3 

d;i; .00,mfd. 
HIQh ,...;,,a,a 10 tum.Iii DC 
parhhunl\J'tdtoo,'W'NI 

Typical Antenna Coils 

LOW-IMPEDANCE CAPACITY COUPLING 

Gud 

Low-impedance capacity coupling, familiarly kno" n among radio 
engineers as the Hazeltine coupling •}·!!em, 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 l'ig. 3.) The voltage across 
this coupling condenser is multiplied by the resonance phenomena 
of the tuned circuit to give appreciahle 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 1uch 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 acro55 a high-impedance primary. For this state
ment to be strictly true, it is necesS<1ry 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 curresponding 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 lo use a tuning condenser whose antenna section 
is different rhan its R.F. section, but this can only be done whert a 
heavy production sched.ule justjfies the additional tool cost. 

\\'hen 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 recrivers 
employing this circuit, an R F. choke is connected from antenna to 
ground to provide a low impedance path for power frequ,ncies in 
order to keep hum modulation off of the grid of the first tuhe. 

R. F. COILS 
R.F'. coils may be divided cssentiall_r into four t} pcs: high-im

pedance magnetic, low-impedance magnetic, high-impedance mai:
netic with high-impedance capacity coupling, and rhoke-coupled 
circuirs. 

The high-impedance magnetically cnupl,d R. F. coil ha, charar
teristics very similar 10 the high-impedance antenna coil and th«e
fore needa linle ditcuasion. 
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The low-impedance magneticall~· coupled R.F. coil has the same 
ddidenn as the similar antenua coil and is consequently seldom 
u,ed in ·,he hroadcast range of a superhetef'od)'llt' receiver. Like the 
anrenna coil, it bu pouibilities for highu gain than the high-im
pedance type, hut usually the sdectivity is ff\oug.b worlll! In rule out 
this type of couplin11; on modem nee.riven. 

In the shortwave range, this i• the most popular ~-pc of circuit, 
because it i, the nne giving t~ ·,bjghc-,.t 11:ain and winoe, with a fixed 
capacity of gan,; condenoer, it bttome• increasi~}- mou dilncult 
to obtain high ,;,ain as the freqr,ency is increaw,d, thn circuit ,.-ill, 
iH high gain i• thr almost universal choice in spite of it• deficirncies 
in imaiJ;t~~ratio~ 

The R.F. coil ffilploying a high-impedance primary in combina
tion with high-impedance capacity oouplinl( is th., mo,it lle,cibl., 
dHign, and i, popular!) used for that reason. By shifting the pri
mar)· resonant frequency and b)· changin11; the amount of capacity 
coupling toj!;ethn with changes in "Q" of the secondar) circuit, the 
ovrrall gain of an amplifier stage can he made to have almost any 
de1ired shape with respect to frec1uenq; that is, it ma)· give high 
gain in the middle, at the high-frequency rnd, at the low-frequency 
end, or almo•t an~· shape desired, to compenute for the frequency 
charac1eri,1ics of 1he other ,rages employed in the receiver. 

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

OSCILLATOR COILS 
Oscillator coil, in modern recei,·ers exhibit less variation in types 

than any other R. F. component. They either do or do not have a 
.. ,ickier." 

Those oscilla1or> that do not have a 
tickler coil, oscillate by virtue of the ftced
hack ac.-ross thr padding condenser. A 
typical circuit of such an oscilla1or is 
shown in Fil!;. 4. t·sing a 456 KC' IF sy,
tem requiring relati\'eh· small padding 
condensers ma~es ibis type of operation figure 4 
possihle. The onh· bands that ~ave pad
ding condensers small enough to sustain 
oscillation are the lonl!; 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 1+ 
circuit. A typical ticli.ler circuit is 
shown in Fig, 5. IF TRANSFORMERS 

Intermediate-fre,1uency transformers used in radio receivers have 
taken a variety of forms and have operated at many different 
frequencies. The,· may be divided into ,everal clas!les 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 circuirs per 1ransformer hut 
such cases are ven· rare. 

The unluned IF transformer u~uall,· added practically no selec
tivity to a rt·ceiver. lrs principal purpose was to give a high ampli
fication at very little co,it. Ir was alway• used in conjunction with 
one or more tuned IF transforml'ro which supplied the required 
selectivity. 

SINGLE-TUNED IF TRANSFORMERS 
The single-tuned IF transformer ha. taken two important forms, 

the bi-filar coil and the double coil types. 
In the former case, the two wires constituting primary and 

,econdary are wnund simultaneously, forming a coil that is a sinl(le 
physical unit yet having two independent circuits. The start of the 
primary was usually the plus "B" connection and the start of the 
Kcondar,.· was j!;round. The outside of the primary was the plate 
connection and the outsidt of tht secondar.1· was the grid connection. 
These transformers wert characterizrd hy very high gain and com
paratively little selectivity. They wtre used on receivers that had no 
A.V.C. and the secondary low-potential end usually connected di
rectlv to chassis. Such a transformrr could not he used satisfactorih· 
in a· receiver employing the conventional diode type A.V.C'. circuit 
for the reason that on damp days there is enough leaka11:e between 
primary and secondary to produce a decidtdly positive hias nn the 
l!:rids of the automatically controlled tubts. 

In addition, such a structure possesses such a hi~h capacity ht:
tween windings that tht ripple in the "K" ~upply wnuld he tran,
ftrred In the diode load re,istance which would produce a had 
audio hum in tht output of the receiver. A third reason why this 
t)·pe of transformer would nnt now he acceptable, l'ven if there 
wtre no diode load resistance In pick up hum or to he incorrectly 
hiased, is the frt"<(Uent failure of windings due rn dectrolyric cor
rosion. Wherr two conductors arr run so intimately parallel for IO 

many turns, with oppositt D.C. potentials applied to the two wir", 
ideal conditions art .rt up for rapid failure due to electrolytic cor
ro,iion in the presence of moisture. 

With this transformer redesigned to have two physically separate 
coils wowid side by side, th.r objectionable features of leakage, cor
rosion and Imm transfer are re,duerd to a very small per cent of 
th.ri:r original importancr, and transformers acceptable in today', 
critical markt can be produttd. The largest remaining objection 
to thr singk-tuned transfonoer is selectivity. In a low-frequency 
amplifier operaring al 125 K.C or 175 KC, the transformers art too 
sharp for good audio fidelity, and at the higher intermediate fre
quencies such as 4S6 KC', th., tnu11formers do not add sufficient 
adjactnr-channel s,,lectivity. 

Sin,:lt-tuned tran11fonner11 may ~ divided into two classes ac
cording to the circuit tuned; IOID4' have their primaries tuned 
while the remainder have their secondaries tuned. As far as sec
ondaf}· voltage it concerned, there is not a great deal of differienct 
regardless of which winding is tuned, but if there is a question of 
single-stage oteillation in the tube driving the single-tuned 1ran1-
former, greater stability i1 had by tuning the secondary than by 
tuning the primary. 

DOUBLE-TUNED IF TRANSFORMERS 
The double-tuned IF tran1fonner is, by far, the most popular 

type. It is simplr in construction, has negligible leakage, no mea•ur
able hum transfer into diode circuits and can have its selectivity 
curvt 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, nr 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 tran•fnrmer is made sufficientl~
loo•e, the Iran.former is quite selective and has a resonance curve 
of the same general 1hape as a single circuit, except sharprr. As the 
coupling is increased, the i::ain will go up until the point of "critical 
coupling" is appro:16hed where the gain of the transformer is prac
tically constant hut· the selectivity curve is changing, particularly 
at the "nose" of the curve. As the coupling continues to increase, 
first there is a decided Aattening on the nose of the selectivity curvr, 
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 placeo on 
the dial very close together. 

Variations in mai::netic 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 abon 4-00 KC. This 
variation is 50 important that it is di,w:uued 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 possiblt to determinr the 
performance at any point, but nearly as much useful information 
can be given in a few figures where the selectivity of IF tran1-
formers is concerned. 

The Meissner catalog lists the ''Band Width" of eacb trans
fonuer at two points on the selectivity curve. These two poin'ts 
are labeled 2X, Blld lOX meBlling 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 
galn at the point specified. Tbe 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-tun~d IF transformers have been used for two general pur

poses: greater adjacent-channel 11electivity ,.-i1hout increasing the 
numbrr of tubes and transformers, or a heller shape un the nose of 
the selectivity curve to produce better audiu fidelity than is produced 
hy douhle-tuned transformen. Capacity coupling on such transform
ers is of even greater importance than in double-tuned transformers, 
especially whtre 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 u shown in Fig. 6, but actually the circuit in Fig. 7 is more 
represenfativt of true conditions. 

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

The capacity that is effectiH in the above menrioned "capacity 
coupling" is that which 4'xi1ts hetwetn any part of the plate end nf 
the primary circuit and any part of the grid end uf the ott"Undar~· 
circuit; to be more specific, the capacity between the platr an,I )(rid 
sidts of the trimmer condenstrs, the plate and grid rncl, nf 1hr 
coils, the· plate and ,:rid lead,, the grid lead and the plato: end of 
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rigure 6 Figure 7 

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 0.3S 
mmfd. if both trimmers have an even num-
ber of plates and the bottom plate of each 
trimmer (on the same base) is a high-poten-
tial ( either grid or plate) electrode. If an 
odd number of plates is used on both trim- f"lgure 8 
mers, the capacity drops to 0.07 MMF The 
difference between thtte 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 ma\· be built with the magnetic 
coupling either aiding or opposing the capacity coupling. For rea
sons of production economy, hoth 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 winding5 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 thal the circuits are considerably 
under "Critical Coupling," variations in capacity coupling are 
equally important whether the magnetic coupling aids or opposes 
the capacity coupling. In the former case, an increase in capacity 
coupling will raise the gain of the transformer while in the latter 
case an increase in capacity coupling will reduce the gain of rhe 
transformer (except in the very rare cases where capacity coupling 
predominates). 

If the transformer is at "critica I 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 capaciry coupling will increase the selec
tivity and reduce the gain. 

In all of the above cases, the effecr of increasing capacity coupling 
i, de!ICribed because transformers are ordinarily built with a certain 
irreducible minimum capacity and any changes must necessarily be 
additions. 

Whether capacity coupling aids or opposes the magnetic coupling 
in a given transformer may be determined by inspection. If the 
coils are wound in the same direction, which is the usual case, the 
magnetic coupling opposes the capacity coupling if both grid and 
plate are connected 10 rhe same ends of their respective coils. 
Ordinarily both grid and plate are connected lo the inside ends of 
the coils in order to keep the high-polenrial ends of the coils away 
from 1he hook-up leads passing the coil. 

Special precautions and conslructions are em
ployed in building Meissner IF transformers in 
order lo keep the capacity coupling uniform, so rhat 
transformers of uniform gain and selectivity char
acterisrics may be provided. Fig. 9 shows fiber 
1pacers used lo hold flexible hook-up wires in a 
pre-determined place wirh respect to rhe coils, and 
Fig. 10 shows the "Perm-a-strur" conslrucrion em
ploying ri.i;id leads for maximum uniformity of 
capacity coupling. 

In order to lake advantage of the uniformity 
built into IF transformers by means of rii.:id leads, 

or leads held in place by means of spacers, it is es
sential that the grid and plale leads remain every
where well spaced from each other Where rhe 
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 ii is customary for bo1h plate and diode leads 
to be brought out throu11:h the open bottom of the 
shield. In suc_h cases, either two separate small holes 
in the chassis, well spaced, or one large ( preferably 
I" or larger) hole should be provided so 1ha1 the 
leads may be:. well spaced from each orher. In no 
case should both grid and plate lead11 be run 
throuirh one 11mall hole toirether. 

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

As an example, in a particular triph,-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 a1 either the input circuit or the output c!ircuit 
was out of tune, but as soon as both input and output circuill 
were aligned, the center circuit had a very peculiar action. If the 
gain of the transformer is plotted I i A 
against the capacity of the middle ~ 
circuit, a_ curve simila~ t'? ~ig. 11 -! I 
was obtaint'd. From this 11 1s seen I I 
thal there is one adjustmenl (A) j 
that produces an increase in the 
overall amplification of the tr:ins
former. At this point the center 
circuit is contributing to the selec
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f"ICJlftll 
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 orher settings of its tuning condenser, the 
center circuit is so far out of rl!sonance 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 shitld 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 increued 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" midnighr hours 
listening for new stations. 

To make the receivers commercially more acceprable, simplifica
tions in tuning were imperative. To this end, designs were produced 
that had a nominal 1ingle-dial control with an "antenna compen
sator" to produce maximum results. Such receivers were essentially 
single-dial control over a limited frequency range, but required an 
adjustment of the antenna compen1ator when passing from one end 
of the tuning range to the other. This simplification in tuning per
mitted general merchandising of radio receivers 10 the average 
citiz~n. 

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 shah, in which, at any point 
in ill 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 ume station and it would no 
longer be necessary to tune each circuit separately. In the language 
of the radio man, the ci~cuits 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 rhe size of antenna had considerable effect upon 
the tracking of the first circuit, 11ut when high-impedance primaries 
were adopted on the antenna coil, true single-dial control with all 
circuits tracking became possible. 

It is not to be understood from this that a high-impedance pri
mary on _the antenna coil automatically makes the coils track prop
erly, for there are designs of high-impedance antenna coils that mi1-
track seriously. Neither is it to be inferred that a properly designed 
high-impedance antenna coil gave perfect tracking independent" of 
antenna constants. A properly designed high-impedance antenna 
coil gives reasonable gain and tracks well enough that when 
trimmed to accurate trackinic, the increase in sensitivity in the re
ceiver is not greater than 30%. 

In setting up the conditions for perfect !racking, the first reqeire
ment is identical circuirs, the second is simplicity of circuit, the 
third is 1dentical circuit inductance and capacity. 

It is much simpler lo track two ~F stages of similar circuits and 
constanu than it is to track an antenna and RF sta~, and ir is 
simpler to track two high-impedance circuits than it is one high
impedance and one low-impedance circuit. 

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

ing, is equivalent to Fig. 12-R. 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 hand with the conventional capacity gang condenser, has 
entirely too much amplification, too much gain variation from one 
end of the tuning range to the other, and too linle 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 

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 hy the tuning condenser 
and is tightly coupled to the primary which has a very small 
capacity (plate and wiring capacity) across it. This arrangement 
permits the simple circuit of 13-R 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 frequenc,· determined almost en
tirely by the secondary inductance and tuning capacity, and the 
other hy the plate inductance and the plate capacity. 

In Superheterodyne receivers, which almost universally employ 
~n 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 tht' grid circuit of the RF 
amplifier is tuned to a fre,iuency far removed from the intermediate 
fret1uency. This is particularly true of receivers employing an in
termediate frequency just below the brnadcast 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 hand, which gives high gain hut leads to consid
erable production difficulties, or lhe primar)" resonance should be 
placed well below the intermediate frequency. The latter arrange
ment is highly recommended over the former because it is more 
uniform, causes less trouble from oscillation, and produces better 
tracking. 

-,-----------
' I \ 
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The presence of the 
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- 550 •;-

cuit adjusted to have the FiQure 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 cur..:e, departing 
from the calculated values at the low-frequency end. This point is 
brought out to show that two circuits may track perfectly over part 
of their tuning range and yet badly mis-track over another part 
due to resonances from some circuit not a part of the tuned circuit. 
From thi~ it is easy to see that similarity of circuit is an aid in 
tracking. 

The amount the actual tuning curve of a high-impedance stap 
departs from the ideal curve depends upon two factors: the· prox
imity of the primary resonance to the )Qw end of the secondary 
tuning range, and the degree of coupling bdween 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 I 5% coupling coefficient. 

If the two circuits 
whose tuning curves are 
shown in Fig. 14 are to 
be tracked iogether, a 
series of compromises 
must he made. The tun
ing cutves shown may 
he accepted as satisfac
tory, or a compromise 
may he made in the 11:ain -of the stage by moving 550 KNoc,dol 

the primary resonance Agure 15 
farther away, with consequent reduction in gain, but resulting in a 
straighter tuning curve, or the inductance may be changed to make 
the low end mis-track less and the previously perfect tracking of 
the remainder of the tuning curve be less perfect. Such tuning 
curves are shown in Fig. 15. 

\\Tith the advent of superheterodyne reception, the problem of 
tracking became more complicated. The problem then beeame 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 fr,9,uncy 
di/ferena in Kilocycles. Since the oscillator frequency is almost 
always above the signal frequency, and since the oscillator must 
co,•er the same number of K;locycles fro"""! maximum to minimum, 
but cover them at a higher frequenq· th•n 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 fixed condenser in series with the 
tuning condenser to reduce its maximum capacity without materially 
chan11:ing its minimum capacity. In actual receiver design, a com
bination of both types of compression is used, producing better 
average trackin11: 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 frequenslr called upon to replace Antenna, 

RF or Oscillator coils that have failed either through corrosion, or 
because of the failure of some other component in the receiver, or 
because damaged by some outside agency such as lightning. 

l·sually 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 rapidl~- and to eliminate the possi
bility of having removed too much induct
ance and thereby ruined ~he replacement 
coil, to say nothing of the hours of labor in
stalling, checking, removing and altering the 
coil, etc., Meissner has developed "l'.niversal 
Adjustable" replacement antenna, RF and 
oscillator coils which are provided with a 
screw-driver adjustment of inductance by 
means of a movable corr of finest quality 
powdered iron. Ry means of this adjustment, 
it is as easv to add inductance as to remove 
it, and to ;iuickly obtain the optimum value Figure 16 
of inductance. A coil of this type is shown in Fig. 16. 

"When a replacement antenna or RF
0 

coil is installed in a TRF 
receiver, the process of aligning is very simple. The dial is set to 
600 KC, a du'Tlmy antenna of 200 mmfd. connrcted between the 
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hi1h 1ide 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 
sen1itivity is obtained. The receiver and signal generator are next 
tyned to 1-WO KC and the circuits aligned in the usual manner by 
adjusting the trimmer• on the gang condenser. The process 1hould 
then be repeated in order to obtain the best possible alignment at 
both checking points. It i1 best to seal the inductance adjustment 
on the coil by the application of a satisfactory cement, such Bl 

Duco Household Cement or equivalent. 
When replacin1 an antenna or RF coil on a 1uperheterodyne, 

essentially the same practice is .followed as above with the exception 
that, 1ince the 01Cillator determines the d iill calibration, if the ad
justments thereon have been distur~d, it is necessary to readjust 
the 01Cillator circuit to agree with the dial calibration at the check
ins point• before adjuating the inductance of the new coil or align
ins it. 

If a new 01Cillator coil is being installed, the 1reatnt aid to 
rapid adjustment of the new coil to proper inductance i1 an u11di1-
l11rlud jaddir19 car1drr11rr adj11slmtr1t. There are innumerable com
binations of 09Cillator 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 condenaer ltas not been di1turbed, one of theae variables i• 
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 laigb-frequency end of the band, the adjustment is practically 
u easy and rapid a, installing and adjusting an antenna or RF coil. 

If the OKillator padding condenser has been disturbed, it will 
be necenary to track the 01Cill• tor with the remainder of the re
ceiver in tlae 1ame experimental manner u u1ed in the determina
tion of the original design values. To arrive at a satisfactory align
ment, the followina experiment should be conducted 1y1tematically, 
uriti• 9 J-,, the an1wen obtained, IO that the data does not be
come confused in your mind. 

1. Align the IF amplifier at the frequency 1pecified by the manu
facturer. 

2. Adjult the padding condmter to •ome value known to be 
much /041;rr in capacity than its normal adjustment. 

J, Set the dial and signal generator (of known accuracy) to 
600 KC and adju11 the otcillator inductance by means of the ,crew 
in the top of the can until a aipal i1 heard. If no signal is heard 
within the range of the oscillator inductance adjustment, screw the 
adju11ment a1 far in as po11ible and increase the padding capacity 
until a 1ignal 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

. ductanec (by turning the screw out) of the oscillator coii' to obtain 
a new setting at 600 KC. This process should continue until both 
600 and 1400 KC are correctly indicated. 

S. ~hen both 600 and 1400 KC are correctly indicated, tune 
the receiver to the generator set at 1000 KC and make a s,,rsiti'llity 
mraur,mtnt which should be recorded. 

6 . . Now increase the padding condenser capacity sli9htly, decrease 
the mductance to give a 600 KC signal, alip at 1400 KC and 
aa~n .measure sensit!vity at 1000 KC. If the sensitivity at that 
poin_i. 1~ better than 11 was beforr, repeat this operation until the 
sen~1t1v1ty mea~urementt show llirea~st sensitivity and then atart 
falling off agam. If the steps m the process have been written 
down, rttonling the number of revolutions and fractions thereof 
OD the ldj!llring •ere~ ?f the in1uctanc:e, it should l,e cuy to return 
to. the _adJuSlllle~t g1vmg ~au'!lum 1000 KC -•itivity. W.hen 
dut ad1u11t11Wnt 11 set, seal 1t with IOffle 1atitfactory cemen,t such 
as Duco Household Cement or equivalent and then give the receiver 
a complete alignment. 

ALIGNMENT OF RECEIVERS 

Mo~~rn .radio ,rec~ivers employ from two up to eight, ten or even 
more arcu1t1 to adueve the -.electivity desired. Theae circuits, how
enr, 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 
IOIDCOll_e engaged in radio service work who has adjusted a receiver 
on !'h1ch someone has tightened all of the adjusting 5i::rews, can 
reahze how dead a receiver can sound when a11 of its tuned circuits 
att out of adjustment any considerable amount. 

The purpose of "Aligning" a radio receiver is two-fold - to 
adjust it for maximum performance, and to make the dial indicate 
wit~in two or three percent the frequency of the station being 
received. 

Since a trimmer adjustment is more sensitive when the circuit 
c!pacity i1 low, the trimmer adjustment is usually made near the 
!ugh-frequency end of the tuning range. If the adjustment i1 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 Enginurs. On shortwave bands on the same 
rrceinr, it i• a good practice to align them at the same position of 
the gang condenter. 

On a TRF receiver, itll 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 conden1er 
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 frequencie•, properly related if salisfactory performance is 
to be obtained. Beginning with the circuits closest to the output 
tubn, the intermediate-frequency circuits must all operate at the 
•ame 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 rec:eiven employing specially cut tracking platc,e in the oscillator 
condenser, serious mistracking of the o•cillator 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 receivtt 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 transformen. 
The IF tran•formers furni,hed by Mei11ner are aligned in the 
factory to the frequency specified in the catalog. If no equipment 
is available to furnish the proper aligning frequency, the trans
former• will be cl09ely enough in alignment to pass a signal from 
a local broadcasting station when the complete receiver is operating. 
The tranaformen 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 •crew is turned continuously in one 
direction, the output of the receiver will -continue to increase up to 
a certain point beyond which the signal begins to fall again. By 
revening the direction of rotation of the adjusting screws, each 
can be let for maximuin signal output. As alignment proceeds, and 
the receiver becomn progretsively more sensitive, the input should 
be reduced by retarding the setting of the sensitivitv control, if the 
receiver baa one, or. by using progressively shorier antennas or 
merely short length, of wire, or by tuning in weaker stations. The 
last expedient is not recommended unless all others fail because 
in tuning in a new nation the receiver may not be accurat~ly tuned 
and it may be necessary to slightly retune all IF circuits . 

When the alignment of the IF amplifier is completed, alignment 
of the RF and oscillator circuits should be made. If there i• 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 eapecially if tubes have been changed in the oscillator. The 
accuracy can be quickly checked by beating the· signal from the 
.ervice o•cillator against stations of known frequency using an 
ordinary radio set to receive both signals. 

If the generator has an accurate frequency calibration, set the 
frequency to an appropriate frequency for the band to be aligned 
(all aligning frequencies are specified in Meissner Kit instruction 
1hfft1) which is usually about 80% of the maximum frequency 
tunable on that band, set the receiver dial to the corresponding 
frequency, connect an appropriate "Dummy Antenna" {see following 
section, "Dummy Antenna") between the high side of the signal gen
erator output and the antenna connection of the receiver, turn the vol
ume and sensitivity controls of the receiver full on, turn the genera
tor up to high output and adjust the Oscillator trimmer until a signal 
is heard. Reduce the signal from the service oscillator as alignment 
proceeds always using as little signal input as possihle 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 he "padded" for best 
tracking with the antenna and RF circuits. If the radio set is suf
ficiently sensitive to produce a readilv diM:ernable hiss in the 
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speaker, probably the easiest way to pad the o!ICillator circuit is to 
adjust the padding condenser 
for maximum hiss or maximum 
m>ise. If the receiver is not suf
ficientlv srnsitivr to align by the 
noise method, a signal of con-
1tant amplitude should be tuned 
in, and thrn as the padding 
condenser is turned continuously 
but very slowly in onr dirution, 
the gang condenser should be 
rocked hack and forth to keep 
the siJ1;nal tuned in. If the sound 

A 

- FIQure 17 
output is plotted against time, Fig. 17 shows the result of the _above 
described operation. The padding condenser should be set as 11 was 
at point A, giving bo:st sensitivity. . 

When this point is padded, it is well to return to the h1gh
fttquency end and realign that part of the hand. 

On coils operating in the frequency range I SO to 400 KC with 
aa IF amplifier of 456 KC, the padding capacity is "" important 
in the oscillator tuning scheme that the oscillator should he 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 relativeh· constant volume, hut it is a difficult problem 
ID 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 pos¥essing 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 
ltffngth, and uf the desired fre,1uencies. 

In order to make allowance for the effect that the ot1tside antenna 
will have on the alignment of the receiver, a substitute for the an
tenna called a "Dummy Antenna" repre5enting the a<1,r.-ar1r an
tenna is used to connect the srrvice oscillator to the antenna connec
tion of the receiver. 

On frequency ranges up to 1700 KC the a,·erage antenna is es
seotially a capacity of 200 MMF if used on a high-impedance 
primary. It has an inductance nf a few microhenrys hut this small 
inductance can he negl.-cted except in the case of aligning receivers 
having a low-impedance primary or a Hazrltine low-impedance 
ccapacity coupling. 

On fre11uencies above 1700 KC', the average antenna can he rep· 
resented by a 400-ohm carh<,n r.-,istnr. 

SPURIOUS RESPONSES IN RECEIVERS 
In the dawn of Radio Broadcasting, stations were few in numh~r 

and limited in power. Receiving sets were likewise extremely simple, 
cmploying, as a rule, onl~· one tuned circuit. As the power of 
tranunitten was raised, receivers were no. longer able to separate 
the undesired signal from those desired. Consequently, receiver• of 
progressively greater selecth•ity were developed, adding tuned cir
cuit1 for greater selectivity until high quality TRF receiven used 
as many as six tuned cir<:uits, all ganged together and operating 
from one knob. The superheterodyne methnd of reception was then 
popularized, making pos•ible a degree of selectivity never ap
proached in the hest of TRF receivers. Throughout the entire 
deYelopment, spuriou• re•ponsn were, and still are, an imponant 
design and service problem. 

In TRF receivers, these unwanted responses might he 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 classe, of spurious responses became evident: 
"tweets" at IF harmonic frec1uencies, simultaneous reception of 
two stations separated by a fre,1uency difference e11ual to the IF 
frequency, reception of a •tation located llhove the dial-indicated 
frequency by a fre,1uenc)· ~ual to twice the IF fre,1uency; reception 
of stations on or close to the int.-rmediate fre11uency. 

With the exception of ''tweets" 1111 •tations which operate on a 
frequency corresponding to harmoniell nf the intermediate fre<1uency, 
all of the remainder will respond to simple treatmrnr to reduce or 
eliminate the trouble. 

SPURIOUS RESPONSES - CROSS MODULATION 
"Cross modulation" in a TRF r.-ceh·er is, by accepted defi

nition, the modulation of any desired program by some undesired 
program se\'eral or more channel• away. This can occur in spite 
of extreme overall selectivity because it is a function of the Klec
tivity prurding the first tube. 

In superhetrrodyne receivers, the term "Cross Modulation" is con
fined to those modulations which occur at some fre11uenc,· not re
lated to the desired signal' by some simple frequency relation 

involvinar the intermediate frequency, such as, frequency of 
interfering signal bdng above the desired signal by a frequency 
equal to the intermediate frequency or twice the intermediate fre• 
11uency. The•e 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 recei\'ers: (I) 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 couplins. 
( S) antenna circuits of nn· 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 rither to use a 
first tube which has le5s 
tendency to cro11s modu- -
late, such H a variable 
Mu re-note cutoff tube, or 
to reduce the amount of '---MaAnt. 

interfering signal by any 
one of the following GM. 

means: (I) Install an ap
propriate wave trap such 
as shown in Fig. 18 over 
A, tuned to the frequency ~ 18 
of the interfering station. 
( 2) If the primary circuit is reasonant near the frequency of tile 
interfering stations, change the resonant frequency by a 100- to 
200-rnmfd. condenser connected either in series with the antenna 
or connected between the antenna and ground posts of the receiver 
( 3) Shorten the antenna, if long. ( 4) If a low-impedance antenna 
coil is used and the interfering station is at the high-frequency 
end of the dial, install a new antenna coil with high-impedance 
primary. ( S) Connect a resistance across the antenna and grolflld 
terminals of the receinr using a ,·alue satisfactory for reducing. 
the effect, usually I 000 to 3000 ohms. 

SPURIOUS RESPONSES - ADJACENT-CHANNEL 
INTERFERENCE 

"Adjacent-Channel Inte-rference" is closely related to the adjacent• 
channel selectivity of a receh·er. If insufficient for certain locations 
and selections of stations, selecth·ity may be improved by the use 
of better coil~, but in TRF receinrs the effort probably does 
not justify the expense of obtaining new coils of higher "Q" that 
track properly. In superheterndyne 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 pre,ient and standard stock IF transformers 
may be used. If the original transformers had only fair selectivity, 
it is recommended that iron-core transformers similar to that abown 
in Fig. 9 be installed. If the original transformers have good eelec
tivity but still higher selectivity is desired, install triple-tuned IF 
transform~rs similar to that ,hown in Fig. 19. In the latter caee, 
the additional tuned circuits will add selectivity faster, and with 
better audio 11uality, than will iron-core IF transformers. 

IOkc Filter 

Figure 19 

To .I --Coil 

SPURIOUS RESPONSES - INTER-CARRIER 10 KC 
WHISTLE 

lntl'r-carrier 10 KC' whistles can he suppressed either !>y increa1•
ing the selecth·it)· of the receiver or by filtering out the objectionable. 
10 KC' note. B,· far tho: must convenient and economical method 
is to install a i O KC' filter such as shown in Fig. 20. It will be 
immediateh· apparent upon inspection of the circuit diagram, that 

'this filter rom,ists of two tunrd circuits, one resonant and one anti• 
re11mant, giving unusual attenuation of the 10 KC interferin,; noce. 
The c;cmstants of the filter have been chosen to permit the audio 
rnponse to carry 11111 flat very close to 10 KC before the filter -.in• 
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to attenuate seriously, When the filter does begin to attenuate, 
however, the output drops very rapidly as 10 KC is approached. 

SPURIOUS RESPONSES - IMAGE AND HARMONIC 
INTERFERENCE 

A few superheterodyne receivers have complaints on Cross Modu
lation, but usually complaints of interference on such receivers are 
closely tied up to the heterodyne operation and the interferences 
occur between stations separated by a frequency equal to the in
termediate frequenc)', 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 fre'luency, far enough from 
the frequency difference between the two local stations to avoid the 
troublr. Depending upon conditions, the shift may vary from 10 to 
25 KC either ahove or below the original frequency. Receivers 
having oscillator padding condensers should he repaddtd and re
aligned. This treatment is not recommended where receivers have 
specially cut oscillator plates on the gang condenser for purposes of 
tracking. 

"lm:ige interference," which is by far the most important type 
of superheterodyne interference, is that interference which is pro
ducd by a station located ahove the desired st:ition by a frequency 
difference equal to twice the inte.rmediate frequency. 

The cause of image interference is that the heterodyne principle 
works on a frequency difference, irrespective of whethn the desired 
signal is below or above the oscillator frequency. The first detector 
tube cannot recoitnize and differentiate bdween signals above and 
below oscillator frequency. If the fre,1uency difference is correct, 
the first detector produces an IF signal. The selection of the signal 
frequency ( usually below the oscillator fre,1uency) and the rejection 
of the image frequency ( usually a hove the oscillator frequency) is 
the function of the tuned circuits ahead of the first detector. The 
ordinary types of receiver, have only one tuned circuit ahead of 
the detector with consequeiuly poor image ratio. Commercially good 
receivers have two tuned circuits, producing much higher image 
ratios. A few very high class receivers have three tuned circuits 
producing a mtasurtd 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 bec:iuse of inadequate 
shielding. 

In general, the image rejection is a direct function of the "Q" 
of the antenna and RF circuiti. and of the number thereof, but 
there are a· few receivers employing special schemes to improve 
ima11:e 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 nnly 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 ma~· be necessary to employ a double wave 
trap such as shown in Fig. 21 whiC'h l);ives extreme attenuation to 
a narrow band of fre•1uencies. 

Flou,e 21 Dual Wave Trap 

In some cases, where it is permissible to niter the calibration of 
the receiver slightly, image trouble between a definite pair of 
stations can be eliminated by shifting the intermediate fre,1uency, 
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 eliminated by shifting the intermediate frequency. Admittedly 
this treatment merely mo,•es the interference from one to another 
station but, in general, the problem of attenuating IF tweets is so 
complex that the work of elimin:iting them is not justified unless 

the results can he applied to a l:irge number of similar receivrrt. 
Vsually, moving the inte.rmediate 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. t.:sually, two-gang superheterodynes only are troubled with 
this type of interference, but occasion:illy even three-gang receivers 
will exhibit this type of trouble when close to such interfering 
stations. The usual remedy is the use of a wave trap of the type 
shown in Fig. 18 which may be adjusted to the intermediate fre
•1uency of the receiver if the interference is weak, or the use of a 
two section trap similar to the two section image trap illustrated 
in Fig. 21 if the interference is bad. 

REGENERATION AND OSCILLATION 
In the design and construction of radio receivers, employing 

either a limited number of amplifier stages with very high gain 
per stage, in :in al!empt to obtain the greatest possible sensitivity 
and selectivity from a given investment in parts, or in the design of 
a super-sensiti,·e receiver having a multiplicity nf conservatively 
designed stages, one of the limitin1t factors in the direction of ex
treme sensitivity is regeneration, which, when extreme, results in 
osci II ation. 

Regeneration is the process of building up a voltage by re-am
plifying a voltage that has already p:issed through :in amplifier. 
It is caused by feeding hack a voltage from one point in an ampli
fier to some prf\Ceding point working at the same frequency. 

Regeneration is usually present in some de1tree in all •eceivers, 
sometimes hy design and sometimes by accident. \\'hen limited to 3 

relatively small amount, it is useful and can he bandied in •1uantity 
production of receivers with a fair degree of uniformity, hut when 
employed in large amounts, the production variations between re
ceivers is apt to he quite large, because regeneration tends to n
aggerate relatively sm:ill differences in individual set components. 
In addition, receivers employing large amounts of rev;eneration will 
usually exhibit far greater changes in sensiti,·ity, as a function of 
humidity variations, than will sets with little regeneration. 

Normally, in domestic broadcast receivers, whaten•r regeneration 
there is has heen limited b1· design constants to a \'alue that will 
not cause trouble, and there.fore no control is provided to he set by 
the user. In amateur ~eceivers, controlled regeneration is employed 
to accomplish amazing results in the hands of an experienced oper
ator attempting to obtain the maximum possible performance from 
the minimum of e11uipment, l'.sually 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 dea I to the perform:ince of a receiver. \\'hat is tn 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 recei,·er is in-
tended. · 

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

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

SINGLE-ST AGE REGENERATION 
Single-stage regeneration in amplifiers is usually the least under

stood type of regeneration trouble :ind fre'luently has baffled many 
service men and radio experimenters. It is peculiar in that no 
amount of isolation and filtering applted ·to screen, c:ithode, 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 intrr-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 biu 
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 
Jrid or plate circuit of the suspected stage while watching for 
changes in the pl:ite current in that tube as an indication of the 
starting and stopping of oscillation. The tube and associated tuned 
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Test for SinQle - stage Oscillation 

circuit• form a tuned-grid-1unt>d-plate nscillalor similar to a trans
mitting circuit thal was very popular in the early dayo of vacuum 
tuhe transmitt .. rs. 

The standard cures for this lrouhle art': 
( 1) l"se a tuhe with lower in1 .. r-t'lt"c·trnde capacity, 
(2) Neutralize the intt'r-dectrndt" capacity. 
( 3) Reduce the gain of 1he circuit hy raising the tube bias. 
(4) Reduce the value of the resonant impedance in either grid or 

plate circuits, or possibl~- both. This may he done hy using coils of 
lower Q, nr coils of the same Q hut lower inductance, or by tapping 
one or hoth of the tuned circui1s so that only a portion of the res· 
onant impedance is introduced into the grid or plate circuit. 

This type of oscillation is not confined to intermediate-frequency 
amplifiers 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 ohtain 
high RF stage gain. In such cases it is necessary to reduce the 
numher of primary 1urns until single-stage oscillation stops. 

A pe~uliar efft'ct may have heen ohserved hy some experimenters 
that they ha,•e never been ahle to explain, which can he understood 
when considered in the light of 1ingle-stage regeneration. This 
phenomenon is that a given amplifier stage may he stable when 
lined up properly, hut will he unstable and oscillate when one or 
two of the associated circuits arc misaligned. This phenomenon may 
have been observed accidentally and has not been reproduceahle 
because the reasons were not understood. Referring to Fig. 22 it 
will be seen that the resonant circuits are lettered for easy identi
fication. Consider that the middle tube is the offender, but with all 
circuits aligned it refuses to oscillate or give any other evidence of 
misbehavior. If circuit A is progressively misaligned in one direc· 
tion and circuit I) 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 variahle, if the coupling is progressively reduced. The ex· 
planation is the same in hoth cases, h111 is accomplished by a dif
ferent agency. In both cases the impedance of circuits C and )) risi,s 
until single-stage oscillation occurs through the inter-electrode ca• 
pacity of the tube. The explanation for this statement is given here 
below. 

\\'hen a single circuit is resonant it presents a definite resonant 
impedance that is a direct function of its "Q" and its reactance. 
If another similar circuit, similarly resonant to the same frequency, 
is coupled to the first circuit, and set near "Critical Coupling'' the 
resonant impedance of the combination approaches half the im• 
pedance of either circuit separately. It is this loading effi,ct that 
keeps the impedance down when all circuits are aligned, and the 
ahsence of which, when circuits A and I) 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 numher of causes. Only b}· experiment 
can the offending source of coupling he discovered and removed. 
It may he of two general t}·pes, high-impedance or low-impedance, 
or might he considered voltage feedback and current feedback al
thoug~ all feedback phenomena in radio receivers are, strictly 
speaking, voltage feedback phenomena. 

Coupling between antenna and grid or plate leads, and-couplings 
hetwern grid leads or plate leads, etc., all of which are relatively 
high voltages impressed. on the verf small capacities existing he
tween the points just mentioned are classed as high-impedance 
feedhacks. Appropriate partition type shielding t1uickh- stops this 
type of feedhack. · 

l"nder the heading of low-impec.lance feedhacks a.re pl:m.•d all 
o!ICillation troubles resultinl!: from the use of cnmmnn cathode, screen
or pl~ll" hypas• ~ndensers, common leads in high-fre11uency circuits, 
couplings re•ultmg from the common shaft of a gang condenser, 
de. Eliminating oscillation from these sourl·es r~•1uires a slml\' 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 regenerarive and 
the disconcerting fact may he discovered in some cases that isola
tion of certain circuits increases rather than decreaaes oscillation 
troubles. 

On manufactured receivers made by a reputable company which 
attempts to keep uniform quality, over-all oscillation aftet IOIDe 
time in service can usually be quickly traceil to some circuit element 
1hat changes characteristics with age. For example, if no paper 
condenser is used across the dt"ctrnlytic filter condenser to insure a 
permanent low-impedance RF path tn ground, o,·er-all IF oscillation 
can occur when the RF resistance of the electrol\'tic filter condenser 
increases with age. · 

In TRF receivers, fre,1uently high-resistance contacts between the 
gang condenser shaft and the wipers causes over-all oscillation which
can he eliminated by a thorough cleaning of the contacting surfaces. 
Common hypass condensers al!lf1 should he suspected as the cause 
of feed~ack. When they are, they are usuall_,. found very easily by 
connectmg a known good condenser across each bypass condenser 
successively until the defective unit is found. 

INTER-ELECTRODE CAPACITY 

It has heen pointed out, in the •ection on Single-Stage Oscillation 
that the cnuplinit medium for such oscillation is the inter-electrod~ 
upacity nf the tube. 

The method of measuring such small - ••·-~., T,.. 
capacities in the presence of much 
larger capacities in a network that 
cannot he opened to measure the de
sired capacity directly may be of in
terest. 

Fig. 23 represents the capacity net• 
work that exists in the tuhe as far as Flgur9 23 
feedqack capacities are concerned. 

The method of mea,urement is to have a similar network, Fig. 24, 
in operation, supplying a voltage to some measuring device and 
fed by a source with the proper characteristics. The output capacity 
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FIQure 24 
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of the tube is connected across the measuring circuit and a reading 
nhtained on the output meter; then, when the grid of the tube is 
connected ·to the source of voltage, there will he 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 capacit~· 
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 ahove metbo,-1 of checking inter-electrode capacity 
cannot he attempted; but a v .. ,-y 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 uaed to 

______ •·-- JJ 42§t FlJ:~:::: 
fi!pe 25 Comparison of Inter-electrode Capacity 

furnish a signal to a low-impedance load so that the input-im
pedanc~ of a tube may he connected across it with negligihle..chan1,'t' 
in voltage. The inter-electrode capacity feeds the signal into th.
radio rt"ceivt"r across whose input a lnw-impt"dance load has heen 
connected so that variations in the oulput capacity of the tuhe will 
he swamptd nut. An output mett·r on the receiver will serve tfl 
indicate the rdation betwt>en tuhes of difft"ring inter-t"l,-etrnde 
capaci1y. 
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The ah.we ,,·,tt'm fur comparing inter-ele<.'trode capacities has 
heen successfulh· used in a numher nf lahoratoriH aesirin11: chech 
on inrer-elt"Ctrmie capacity hul which were unable to purcha•e com
plete e11uipmrnt for makin1,1; these measuremt'nt~. It probably is not 
a measurement that anv service ·man will have occasion to UR, but 
ltOffle aJ,·anced experimenters, attempting to ohtain. the maximum 
possihle p.-rformancr from circuits, may desire to check their tube• 
fur this parameter. 

FIDELITY vs. SELECTIVITY 

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

The following considerations will show that it is impossible to 
meet horh specifications simultaneousl)·. In order to transmit a single 
audio frr<tuency by the double sideband transmission method which 
is standard on all typH of broadcast and shortwave entertainment 
transmissions, a carrier anJ two additional frequenciH arr required. 
These additional frequencies are located one above and one below 
the carrier frequency by an amount exactly equal to the audio fre-
11uency. 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 he shown mathematically and it 
can ac111ally be demonstrated that in the aho\"e ca,e three separate 
signals Q:ist, if a sufficiently selective receiver is used for the 
demonstration. Siner it is the American practice to assign broadcast
in11: fre11uencies at 10 KC intervals, it is obvious that the 10 KC 
tr:msmission of the 1000 KC station ahove mentioned will fall exact
ly on the carriers of the two adjacent channels and will produce 
heterodynes that will give ri•e to spurious audio responses in an~· 
receivrr having a oelectivity curve wide enou11:h to pass both side
hands on a 10 KC modulation. 

Siner ir is reasonahle to :usume rhar there will he modulation on 
hoth 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 usin11: if ir modulate• up to t-0 KC. Now if all 
three srarions are produci1111: a signal of e11ual intensity and are all 
modulating up to 10 KC the receiver will not hr able to separate 
these three programs. If, however, the pass-hand of the receiver is 
narrowed down until it accepts a hand 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 ,mall pan of the enerj!;y of speech or music 
and mnsrqurntly 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 chan1ted 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 ir can be seen tha_t "High-Fidelity" reception can 
be used only where the ratio of desired signal to adjacent-channel 
signal is very great, say I 000 times or more, and that, unless the 
receiver is confined to the reception of local stations, ii must be able 
to sharpen its selecrivity curve when it is desired to select one sta
tion whose signal strength is near or below the si1tnal s1ren1tth of 
the adjacent channels. In order to accomplish this economically, IF 
transformers, whose physical and electrical features are shown in 
Fi11:. 26, are available. In these transformers, the pass-band is varied 

Figure 26 

hy chan1ting the coupling between primary and secondary, by means 
of a tapped coil in series with one winding closely coupled to the 
other. Hy this a~rangement a ,·ery high percentage change in 
couplin11: can he accomplished with practically no change in rhe 
sdf-resnnanr fre,1uency of the tuned circuil which has hern switched. 
This arrangement permits one r~-:rivrr to he adjusted for either 
wide or narrow pass-band instead of rec1uiring rwo independent 
recrh·ns of the dt·•ired characrrristio. 

DISTORTION IN DIODE DRIVER STAGES 

\Vhen a diode detector must work at reasonably high levels, u in 
the" case of feeding a low-gain audio system such as a type-SS, -IS 
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 1tain of the diode driver tuhe is varied 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 i9 
produced at high sign a I levels. If such distortion occurs, it is prob
able that the last IF tube is not able to furnish the power output re
quired lo proprrl~· drive lhe diode circuit when this IF tube has a 
relatively high bias. The quick test for this trouble is ro remove thie 
AVC voltage from the- last IF tuhe and hold its bias constant at its 
nominal minimum ~alue ,.-hile the receiver is again checked for 
distortion. If the ahov..- test eliminates the distortion, that tuhe may 
he left without A\'(' or may have applied to ir only a fraction, us
ually ¼ to ½ of the voltage that is applied to the remaining tuba. 

MICROPHONICS 

In the ori1tinal design of receivers one of the most exasperating 
and illusive problems confronting rhe radio- engineer is that of pre
ventin11: "Microphonic Howls.'' First-class radio manufa~turen u1u
ally do rverythin1t economically practical to minimize this trouble 
but, even in spite of these efforts, this trouble still produces many 
service calls. 

The cause of the trouble is easily understood, but finding the of
fending item is usually a difficult job with many apparently correct 
answers proven wron11: 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 lesr. 
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Mechanical Vibration Test 
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The receiver is tuned to the signal generator using modulation on 
the generator, if necessary, to properly tune the receiver. The modu
lation is removed without disturbing the tuning of either generator 
or receiver and the beat frequency oscillator is started, putting into 
the speaker an output approximately equal to the full output of the 
receiver. As the beat fre11uency oscillator is run over the audio range 
from 60 to 5000 cycles slowly, various sharp peaks will he noticecl 
on the output merer. This audio output from the receiver is cauaed 
by the mechanical vibration of some part of the receiver modulat
ing the CW carrier supplied hy the generator. The actual means of 
modulation may be the vibration of a condenser changing capacity 
in time with the vibration to produce cavacity modulation of a 
tuned circuit, or vibration of a coil or coil lead may 11:ive inductive 
modulation of the tuned circuit, or vibration of the elements in the 
rube itself may give direct modulation of the electron stream. What
ever may he the modulating element, the best chance of locating it 
quickly is provided by the above setup. The beat frequency Mcil
lator is Rt to the frequency 11:iving the greatest reading on the output 
meter and a Rarch is made for the element producing this modula
tion. If the source is found, some means usually can be found to 
eliminate or reduce the trouble. 

As the frequency to which the receiver is tuned increases, the 
percentage change in frequency necessary to produce howling be
comes increasingly smaller. In the shortwave range the stability re-
11uired to eliminate howling is so great that it is practically impoui
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. Rt"Crivrn have even had 
their oscillator coil and oscillator tuning condenser poured full of 
wax to prevent vihration and still could not he kept from lr.awling 
at high volume on shortwaves! Service problems of eliminating 
microphonic howls should he undertaken with due consideration of 
the difficulties involved and of the impossibility of producing a 
100'/~ permanrnt cure if the receiver has a ahortwan ranire and 
has its •pcakcr in tile same cabinet with the receiver. 
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A BRIEF TIIEORETICAL DISCUSSION OF 

RECEIVING ANTENNAS 

GENERAL 

The types of antennas which are of principal interest tode.y 
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 
recelver 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 me 
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 anG 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 ruie 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 dependabllit:y 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 hlgh 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 si1gt1Uy different times, 
due to reflections in the transmission line. 

In analyzing the cause of ghosts, we should nrst 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 w~veM travel 
at a speed of 300,000,000 meters per second in free space. 
Converting this to the distance per microsecond we get 300 
meters per microsecond, and converting meters to feet '/1'8 
get a&JProximately 984 feet per microsecond. Now let ua 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. 
I! we look at the speclftcations for scanning time in a TV 
receiver, we find that we scan 15,750 lines per second, which 
corre:;;ponds 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 eacn 
scanning line for actually tracing the picture. If we take a 
10 inch tube with a picture width or 10 inches, then we scan 
one line 10 inches long in 53 microseconds, or we scan , 189 
inches per microseconds. For the sake o! 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 receiving a TV signal from a trans
mitter antenna located 5 miles distant or 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 signa:l. via another path as a result of the 
signal being reflected of! a tall building, and that the path or 
this signal ls 321300 feet or 5900 feet longer than the path of 
the direct slgna.1. 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 6 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 or the picture tube. The 
only means of eliminating this t.ype or ghost image is to make 
use or 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 than 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 '!uzzY' picture instead of a completely 
separate image. 

ANTENNA CONSTRUCTION 

In the construction of antennas for FM and TV, the dipole 
antenna ls 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 dlpOle 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 8')proxlmate impedanc1:1 of a half 
wJve dipole ls 72 ohms. It has been determined by practical 
e,i:perience 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 lir,e is mismatched to the antenna by as much aa 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 co1Tect 
impedance ls 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 
co1Tect impedance to match the receiver input. We have seen, 
under the discussion of ghosts, that the effect on the picture 
of a 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 transfonners provide not only for correctly matching 
the impedance but also for going from an unbalanced line to 
a balanced receiver or from a balanced line to an unbalanced 
receiver. 

Transmission lines for FM 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 matchin6 methods are used to make 
the impedance at the transmission line tenninals different 
from the natural impedance of the antenna itself in order to 
correctly match a commercially available value of transmis
sion line impedance. The co1Tect 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 dipule as 72 
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
,mce in any location. The antenna may be cut shorter than 
necessary for a given frequency in order to make the impedance 
at its tenninals appear capacitive, then tune this capacitive 
component to resonance with a small inductance placed direct
ly across the transmission line tenninals. Or the antenna may 
be cut longer than necessary for the required frequency in order 
to make its impedance appear 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 llne 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• 
na.ls 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. ln 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 impedance matching device to properly match the 
hlcher impedance ot 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 
facWUes .,e available. 

As mentioned before, the impedance or 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 as 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 ele111ents. 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 ohms. 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 an ten· 
nas, and it is very fo tlmate 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 and less 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 littie 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 multiple 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, l~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 detennined 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 
'Iransmission and Reception 

By means of Frequency Modulation, radio programs 
are now being broadcast and picked up by transmitter!! 
and receivers of new design which practically eliminates 
all natural static and man-made interference. This new 
freedom from interference is achieved by the use of 
( 1) a type of modulation which giyes to the signal 
a characteristic that cannot 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 broadcasti,1g, (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 !Jack 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 
~hows 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 INST ANT ANEOUS 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. 

••• FIG. 4 
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In the case of Frequency Modulation there is no 
such inherent limit to the modulation permissible. Com
plete modulation is that frcquen~y shift agreed upo!' by 
the engineers as 100 % modulation and all transmJtters 
and receivers 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 !'nd 
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 
wit}, less insulation in FM transmitters than in AM unit.~ 
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 100% modulation aa 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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Tbe 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 
r4!sult 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 kc, 
is fed into a phase-shifting network from which is ob
tained a very ,mall frequency shift, proportional to the 
modulating voltage. This frequency shift must be multi
plied, through a dozen or more doubler and heterodyne 
stal{es, bdore adequate frequency deviation is obtained. 

Reactance-Tube Modulation is very simple. It em
ploys a self-excited oscillator, frequency modulated by 
a renctance tube, in much the same fashion as Wob
bulated oscillators are employed in Cathode-Ray 1-F 
scanning signal generators. The e11ential refinement to 
obtain satisfactory stability of the center-frequ<.>ncy 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 kc, 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 ••· FM RECEIVERS 
Fig. 6 shows the block diagram of a conventional, 

high-quality AM receiver consisting of an RF stage, 
fint 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. 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 a 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 hiu contributed by that 
tabe. and to improve the imace ratio of the receiTer. 

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 caaea 
410 .MMF or higher. The FM tuning condenser is much 
smaller because the frequency is so much higher (88 to 
108 me• 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 16 and 20 MMF are representative for thia 
service. 

TRANSLATOR-A translator is required in both 
AM and FM receivers for the purpose of converting the 
1·eceived 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 1ower than in the conventional Broadcast receiver 
to accommodate the high signal frequency and the high inter
mediate frequency. 

1-F AMPLIFIER-Both AM and FM receivers em
ploy 1-F amplifiers for the purpose of providing the 
major part of the gain and selectivity of their respective 
receivers. The selectivity requirements are consiaerably 
different in the two cases, however, in the AM receiver 
the width of the 6and 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 
is used. The choice of a high intermediate frequency is 
also dictated by image requireme!lts. Since the FM broad
casting band extends trom 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 image 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•frequencr 
intermediate amplifiers differ from the conventional 466-
KC 1-F amplifier in having much lower gain-per-stage, 
and therefore having more stages, and in the isolating 
networks in screen, plate and A VC 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
sers 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 1-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 catho• e 
or to irround as close to the socket as possible. In this 
way, all 1-F currents associated with a given tube are 
prevented from coupling with currents from anv other 
Ft.age and interstage regeneration is he1d to a minimum. 
This point is especially impc,rtant in FM receivers be
cause regeneration sometimes puts verv sharp peaks in 
t},e selectivity curve of an amnlifier. If the set is oper
ating at surh a level that the limiter is unable to smooth 
out the peak caused by reireneration, the "S" curve of 
the discriminator will be distorted re'<ultinir 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 
rereiver .. Up t.o this point the two receivers are exactly 
alike in function and actually the FM receivrr is no 
different, except in operatinJr frequen~y ancl i,elertivitv, 
from the AM receiver. In actualitv, the FM REC.F.IVF.R 
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 caQ be very conveniently used, 
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-fr€e 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." 
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FIG. 8 LIMITER CHARACTERISTICS 

It will be shown in the explanation of the operation 
of the discriminato1· 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 is not 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 1-F transformer 
and the detector. Many of the earlier FM receive1·s 
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 
mcreases 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 is 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 result.a from the production 
of an increasing series of distortion products (harmonics), 
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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 shows 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 
:.t 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, reJ!'Rrdless of how much more the signal may 
increase. In normal operation, the signal impressed ·on 
the limiter should be great enough to give full output 
from the limiter, thereby giving maximum suppi-f'ssion 
of any amplitude modulated signals, or noise pulses, that 
might he impressed on the limiter. Because of this re
quirement, FM receivers have sensitivities seldom ap
nroarhed hv AM receivers. 
DISCRIMINATOR 

The next step in comparing 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 emp_loying 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 extt-act an audio 
voltage. 

The simplest device for converting frequency varia
tions into amplitude variations is a tuned circuit feeding 
the detector but purposely mistuned so that the mean 
carrier freQuency is well down on the side of the selec
tivity curve. A frequency ia:hift in one direction will 
obviously increase the amplitude while a shift in the 
opposite direction will decrease the amplitude thereby 
providing the detector with an amplitude-modulated sig
nal. Such an arrangement, however, is neither efficient 
nor does it balance out amplitude-modulated signals as 
does the circuit to be described next. 

The most common circuit for converting frequency 
changes into amplitude changes is shown in Fig. 11. 
This circuit is familiarly referred to as a discriminator 
circuit because its original use was in the control circuit 
of sets employing Automatic Frequency Control, in which 
case its purpose was to "discriminate" between or recog
nize those frequencies which were above the mean fre
Quency of its I-F svstem and those below the mean 
freQuency and to i:upply to the reactance tube a voltage 
of the proper polarity to cause the reactance tube to 
shift the oscillator frenuency enough to produce perfect 
tuning. 

The oneration of this circuit is of extreme importance 
in the FM receiver, and since the details of how and 
why it works are none too widely known. The theory of 
operation is explained in detail herewith. 
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FIG. 10 DUAL OR CASCADE LIMITER CIRCUIT 
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FIG. 11 DISCRIMINATOR CIRCUIT 

Fig. 11 shows the most common disdriminator circuit. 
It will be noticed that one cathode is directly grounded 
while the other is bypassed to ground, which makes it at 
ground potential as far as 1-F is concerned. When 1-F 
voltage is applied between diode plate No. 1 and ground, 
a current "I" will flow through resistance "R" back 
to the 1-F winding in the same manner as in the con
ventional diode detector system. The magnitude of the 
current will be directly proportional to the 1-F voltage 
applied. Voltage applied between diode plate No. 2 and 
ground will produce a corresponding current "12" through 
"R2" proportional to the voltage applied. 

Assume, for the moment, that the secondary is far 
removed from the primary so that no magnetic coupling 
exists between the primary and the secondary, but that 
both circuits are tuned to the same frequency: The 
same voltage will appear between diode plate No. 1 and 
arround, as between diode plate No. 2 and ground, and 
as appears across the tuned circuit in the plate circuit of 
the driver tube. With resistor "Rl" equal to "R2", the 
voltage developed across the two resistors will always 
be equal but are so connected that the net result of the 
two voltages in series is zero. If the voltage applied 
to the driver tube is varied above and below resonance 
the voltage appearing across the tuned plate circuit and 
at the diodes, if plotted against frequency, will show 
the typical resonance curve of a single circuit as shown 
in Fig. 12. 

Frequency 

FIC. 12 PRIMARY RESONANCE CURVE 

If the secondary is now brought into proximity with 
the primary, a voltage will be induced into the secondary 
by flux from the primary current. The following step
by-step explanation of the phase relations, together witt, 
reference to the vector diagrams in Fig. 13, shows the 
operation of the discriminator. 

1. The self-induced or "mutually-induced" voltages 
in two coils magnetically coupled are in exact time phase. 
This relation is fixed regardless of the condition of the 
primary circuit, whether exactly in resonance, above or 
below resonance. Resonance in the primary circuit only 
serves to change the magnitude of this voltage and the 
voltage induced in the coupled coil, which two voltages 
change in exact proportion as long as the degree of 
coupling remains fixed. 

2. At resonance, the impedance around the closed
secondary circuit looks like a resistance to the voltage 
induced in the secondary winding. Consequently, the 

current that flows is in exact time phase with the in
duced voltage. 

3. The voltage that appears across the secondary 
inductance is 90 electrical degrees ahead of the secondary 
current, which is in phase with the induced secondary 
voltage, which is in phase with the counter induced 
voltage in the primary which is in direct pliaae oppoaitioa 
to the applied primary voltage. The voltage that appears 
across the secondary is, therefore, 90 electrical degrees 
behind the applied primary voltage. Since the secondary 
is center-tapped, the phase of the voltage at one end 
of the secondary is 90 electrical degrees behind the 
applied primary voltage, while the other end of the 
secondary is in phase opposition or 90 electrical degrees 
ahead of the applied primary voltage. 

4. Since the applied primary voltage also appears 
between the center-tap of the secondary and ground, it 
is obvious that the total effective voltage between diode 
No. 1 and cathode is equal to the voltage across half 
of the secondary in series with the voltage across the 
primary. Similarly, the voltage between No. 2 diode and 
cathode is the voltage across the No. 2 half of the 
secondary in series with the voltage across the primary. 
Since it has been shown above that there is a 90 
degree phase difference between the primary voltage and 
the voltage across each half of the secondary, these 
voltages cannot be added arithmetically, but must be 
added geometrically. Fig. 13 shows the vector represen
tation of this addition. 

Voltage from diode No. 1 Voltage from diode No. 2 
to center tap -------.. ~ to center tap 

I 

/ ' : 
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' I 
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~--- --- _____ ':?ii) 

Resultan1; Voltage Primary 
diode No. 1 plate Voltage 

Resultant Voltage 
diode No. 2 plate 

to cathode 
DIAGRAM 

to cathode 
FIG. 13 DISCRIMINATOR VECTOR 

AT RESONANCE 

PHASE RELATIONS WITH SECONDARY RESONANCE 
If the frequency imposed on the tuned primary is 

slightly higher than the resonant frequency of the sec
ondary, the current through the seconqary will no longer 
maintain its 90 degree relation to the primary voltage but 
will begin to lag behind the primary voltage. The vector 
diagram then appears as in Fig. 14, wherein the perpen
dicularity between Ep and the two secondary voltages 
has been disturbed. 

Voltage from diode No. 1 to 
center tap of secondary 
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V .... 

Resultan\ Voltag~" .... ,. \ 
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to cathode Pri~ .......... ~ 
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Resultant Voltage 
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FIC. 14 DISCRIMINATOR VECTOR DIAGRAM 
SLIGHTLY ABOVE RESONANCE 

It is now obvious that the voltage applied between 
one diode and ground is greater than that applied be
tween the other and ground. Therefore, the voltages 
appearing across Rl and R2 ( in Fig. 11) are unequal 
and there is a net remaining voltage available for out
put. As the frequency of the applied voltage departs 
even more from the resonant frequency of the secondary, 
the angle between the primary voltage and the secondary 
voltage increases, tending to increase the difference 
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between the voltages appearing across the two diode 
load resistances, but at the same time the vectors are 
all becoming smaller because of departure fro_m resonance. 
The net result is a curve of output voltage vs. frequency 
deviation approximately like the curve in Fig. 16 in 
which there are three major slopes and two prominent 
points of inflection "A" and "B". 

FIG. 15 DISCRIMINATOR CHARACTERISTIC 

Usually the center slope is by far longer and 
straighter than either of the other slopes. Detection 
from this slope therefore has less distortion for any 
specified frequency excursion because of superior linear
ity, and will handle a larger frequency excursion than 
either of the other two slopes. The condition for correct 
detection is with the carrier centered where the "S" 
curve crosses the zero axis and with the frequency 
excursion restricted to the straight portion of the char
acteristic. Fig. 16 shows a point-by-point conversion of 
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frequency modulation into audio output, using the normal 
(center) slope of the "S" curve. Fig. 17 shows a point
by-point conversion of frequency modulation into audio 
output using the "back slope" of the "S" curve for de
tection. Fig. 18 shows the wo1·st possible condition of 
distortion because of mistuning an FM receiver. In thia 
case the mean carrier frequency has purposely been 
placed at the point of inflection of the "S" curve. A 
point-by-point deviation of the audio output wave from 
a pure sine wave of frequency modulation discloses at 
first the rather surprising result that the fundamental 
frequency has been lost and only second and higher 
order harmonies come out of the device! The "S" curve 
of the discriminator produces the phenomenon that many 
FM receivers tune in each station at three clo~ely spaced 
points on the dial, separated by two points of high dis
tortion. The amount of distortion at the two mid-points 
depends upon the sharpness of the upper and lower bend 
in the "S" curve and on the amount of frequency swing 
being used. 

So far the discussion of detecting frequency modu
lated waves has been confined to the characteristic "S" 
curve of the discriminator alone. In actual receivers, 
detection takes place by virtue of the effective "S" 
curve of the discriminator plus the sharpening effects 
of the 1-F selectivity curve, counteracted by the broad
ening effects of the "Limiter." The actual peak-to-peak 
separation of the points of inflection of a typical dis
criminator may be as much as 360 to 400 KC 
but the net peak-to-peak separation in a complete re
ceiver may be only 160 t.o 200 KC. In some cases, 
where the 1-F amplifier is too sharp, the effective peak
to-peak separation may be 150 KC or undE:r. If the 
separation is only 160 KC, peak-to-peak, amplitude dis
tortion will be evident on the recovered audio voltage 
whenever the modulation percentage approaches 100%. 
If the peak-to-peak spacing is less than 150 KC, serious 
amplitude distortion will be evident with lower percen
tages of modulation. 

In construction, the discriminator transformer is 
usually quite like the other 1-F transformers in the set, 
the only apparent difference being the presence of a 
coupling condenser from the center-tap of the secondary 
to the high side of the primary. In some instances, 
however, the discriminator transformer is made with 
special tuning components such as air dielectric trimmer 
condensers, or it may be permeability tuned. In general, 
it appears to be better engineering practice to make 
the discriminator physically similar to the other 1-F trans
formers so that if there is any tendency for the tran11-
formers to drift, better alignment is maintained if all 
transformers drift in the same direction in approximately 
the same amount, rather than to have the discriminator 
unusually stable and to allow the 1-F transformers to 
drift with respect to it. This latter arrangement a1?gra
vates the mistuning of the I-F and discriminator circuit 
more than the method of constructing all units physically 
similar. 

AUDIO SYSTEM: The audio systems emploved on 
AM and FM receivers are certainly not essentially dif
ferent in theory but in actunl practice consideral>lv 
more care mu!<t be given to the desi1m of the audio 
amplifier for FM than for• AM bi>cause of the wide ran!!'e 
of frequencies for which the FM audio amplifier should 
be designed and because the wider pass band makes 
distortion more irritating to the listener. In the better 
~ades of FM receivers, two speakers are used, one de
signed for effit'ient re.production of the low-and medium
frequency hands while the other is desi1med for the high-_ 
frequency band. In sets of more moderate price a <'Om
promise design single speaker is used. Such a speaker 
can admittedly be better than the present normal ~ade 
of single speaker!! for broadcast sets. but certainly <'annot 
give the wide range of tone and brilliance of which a 
properly designed dual-speaker system is capable. On 
AM receivers of the usual dei:iim, whereit, no attempt 
has been made to provide High-Fidelity reprorluction 
from local programs alone, the selectivitv is su<"h that 
there are very few frequencies in the "tweeter" ranl!'e 
traMmitted to the amplifier. Consequently, there is much 
less reason to use a "Woofer-Tweeter" combination on 
an AM set than on an FM receiver. 



MEISSNER INSTRUCTION MANUAL 27 

PRE-EMPHASIS-DE-EMPHASIS 
It has alread)· been mentioned that one of the 

major devices for reducing noise in the present system 
of FM broadcasting and receiving is "pre-emphasis" of 
high audio frequencies at the transmitter and "de-em
pbasis" at the receiver. 

"Pre-emphasis" consists in passing the audio signal 
from the microphone through an amplifier that is not 
flat in its frequency characteristic, but whQse gain in
creases with frequenc)' according to a definite mathe
matical law. The gain curve of the pre-emphasis ampli
fier ia shown in Fie. 19. 
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FIG. 19 PRE-EMPHASIS CHAJtACTERISTIC 

"De-emphasis" consists in passing the signal threugh 
a net-work in the receiver which attenuates the high 
frequencies in an amount to compenSBte for the "Pre
emphasis" at the transmitter. At first thought it •might 
seem more logical to make both systems flat in their 
gain characteristics but the real purpose of "Pre-em
phasis" ia to permit the use of "de-emphll!lis" in the 
receiver, which takes out most of the "hiu" that gets 
put the limiter. 

One needs only to consider bow the use of a 
conventional "Tone Control", suppressing high frequencies 
on an AM set tuned to a weak signal, reduces the irrita
tion caused by tube hiss, to realize what an improvement 
is made in the faithful and pleasing rendition of music 
when the beneficial effect of eliminating tube hiu is 
accomplshed without losing the high-frequency portion of 
the signal as well! The "de-emphasis" circuit, therefore, 
ia incorporated in all correctly designed FM receivers t(.\ 
take out hiss, and "pre-emphasis" of high frequencies 
is applied at the transmitter to accentuate the highs as 
much as the '"de-emphasis" circuit will later attenuate 
them. High boost, high suppreuion, bass boost, etc., 
may all be applied as desired after the "de-emphasis" 
circuit, in exactly the SBme manner as done in AM re
ceivers, to give whatever degree of control of tone 
is desired. 

A consideration of the amount of "pre-emphasis" 
employed might lead to the assumotion that the trans
mitter would be liable to over-modulate on hie:h audio 
frequencies, which it certainly would if a fidelity cu"e 
waa to be made with a constant voltae:e input givin( 
30% modulation at 400 cycles, but the frequencies which 
are amplified must have the lowest amplitude in speech 
and music and therefore the transmitter does not over
modulate on high frequencies on a normal program. 

AUTOMATIC VOLUME CONTROL 
In AM receivers, careful attention baa been given 

to the operatinir characteristics• of all tubes and circuits 
to assure an absolute minimum of amplitude distortion. 
Tubes with variable-Mu characteristics are used to main
tain reasonably constant outout voltage with wide varia
tions in input signal level. These tubes have been 
carefully designed with reference to their transconduc
tance vs. irrid bias so that this cu"e is verv smooth 
and gradual, so that as little distortion as possible results 
when progreuively larger signals operate the tubes at 
nroirreasively higher negative bias with correspondingly 
lower gain. 

In FM receivers, the above precautions are unnecea
aary since amplitude distortion ia of no imoortance be
cause the limiter operates to remove all ampliturle modµ
lation. including all amplitude distortion, before the signal 
ta deli'v_:ered to the discriminator to be detected. Accord
lngl:,, it is not neceaaar:, to -carefull:, avoid those condi-

tions which contribute to distortion in the AVC circuit 
or AM receivers. For the purpose of keeping the 
signal level at the limiter (or ratio detector if used) 
relatively constant however, AVC is sometimes used in 
the higher quality FM circuits, BY so doing, the limiter 
(or ratio detector) is not required to function over such 
a wide range of signal levels and can be designed for 
better errtciency in noise reduction. 

ANTENNAS 
The transmission characteristics of the atmosphere 

to waves above 40 megacycles ia such that the present 
FM signal can be rehed upon to cover only alight!:, 
more than the optical (direct line-of-sight) diatance be
tween transmitter and receiver. Just beyond this area 
there is a region in which rather consistent reception 
is enjoyed but the signal strength falls rather rapidly 
as the distance beyond the line of sight is increased. 
There are many instances on record of signals beins 
received over much greater distances but such reception 
is subject to heavy fading or may occur only once in 
a very great time. 

In an attempt to cover as much territory aa poa
sible FM transmitting antennas are generally placed u 
high as possible, either on top of a very tall buildins 
or tower or on top of a high hill or even the crest 
of a mountain. The antennas used are usually some 
variation of the "Turnstyle Antenna," designed to con
centrate the radiation at an angle close to the earth 
rather than p£rmittiag a large part of the radiated energy 
to go out into space, since high-angle radiation is not 
reflected down to earth as efficiently as are waves of 
somewhat lower frequency. 

In an effort to obtain the best possible FM signal. 
the receiving antenna should be as high as possible alao, 
and well away from steel buildings or other metallic 
structures. The best simple receiving antenna ia a doublet 
consisting of two horizontal rods or wires with each rod 
or wire cut to the optimum length according to the 
frequency of the signal it is desired to reinforce moat. 
The length is calc!ulated from the following simple 
formula 

L c· . h ) 2770 m me ea = Megacycles 
If all of the stations serving a given area are PIO• 

ducing adequate signal s!J'engtb the doublet may well be 
cut for 98 MC, which is the center of the band. The 
length or each rod in that case is 28 inches. In Fig. 
20 a doublet is shown constructed of bars, which is 
much more convenient to mount where a second support 
is difficult to find. 

FIG. 20 RICID DOUBLET WITH ONE SUPPORT 

In special instances, reflectors may be added to a 
doublet to increase the signal or to minimize interference 
coming from a given direction. In other cases, a multiple 
antenna array may be used to boost the input signal 
and to increase the directivity of the antenna, but all 
of tbeae latter arrangements are special cases where 
there is enough reason for improved reception to warrant 
the experimental work necessary to obtain proper opera
tion from such special antennas. 

In areas of high signal level it is probable that an 
ordfnar:, piece of wire a few feet long will se"e ac1 .. 
quately aa a receivinc antenna. 
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THE RA TIO DETECTOR 

GENERAL 

The popularity of FM reception, and hence the demand for a 
more economical receiver, led to the development of the ratio 
detector. This type of detector eliminates the limiter stqes 
and high gain IF systems which are necesury with discrimina
tors. 

The mode of operation of the ratio detector is sucb that it 
does not readily respond to changes in the amplitude of a 
signal but is sensitive to frequency variations. Consequently, 
an FM receiver can be designed to have the performance char
teristics of a standard discriminator-limiter FM receiver, but 
with fewer stages. The saving in tubes, components and labor 
results in an economical receiver of remarkaole efficiency. 

ORI VER 

When an unmodulated si&11al is being received, both diodes 
receive equal volt&&;es. The current is the same in each load 
resistor and the volta&es El and E2 are equal. The ratio of 
El/E2 is 1/ 1 and no voltage exists between point • A' and 
ground. The value of voltage E3 is proportional to the strength 
of the carrier. 

When an amplitude modulated sienal is impressed upon the 
detector, the voltqes applied- to the diodes vary with the 
modulation, but each diode receives equal volta&es. Due to 
the lon1 time constant of the load resistors and the elec
trolytic capacitor, no change occurs in the value of voltage 
E3. and there is no audio output from the detector. 
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f l c, E1 A1 

' t E3 

A2 ';' I C2 E2 
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VOLTAGE 

..__---AW.Wlli.--------------__.~IAN.AN-,.1--.z_-----ll l- AUDIO OUTPUT 

FIG. 1 f 
OPERATION 

The ratio detector is similar to a discriminator in that the 
input circuits are comparable. Here the similarity ends as 
the diodes are connected differently and the addition of an 
electrolytic capacitor makes for a marked difference in com
ponent values. 

The ratio detector circuit shown in Fi11re 1 is the type 
used in the Meissner FM Receptor. The primary and secondary 
circuits are tuned to the IF frequency, 10. 7 me, and the 
;ertiary winding is coupled to the primary. The secondary 
1s a balanced center-tapped winding designed to have hi&h Q, 
A twin diode tube, sµch as the 6AL5, is commonly used as the 
detector tube. The driver stage shown is the last IF ampli
fier, and is designed to have high gain. 

. The action of the ratio detector will be summarized briefly. 
W_1th an unmodulated signal, the voltages appearing at each 
diode a.re equal, and opposite in polarity. The diodes rectify, 
and a current flows through R 1 and R2 in series, A DC voltage 
E3 appears across the load resistors and charges the elec
trolytic capacitor CJ. This voltage is balanced to ground by 
the load resistors Rl and R2 and acts as e. bias on the diodes. 
This bias voltage is proportional to the carrier and 'fixes' the 
conducting level of the diodes. 

The values of Rl and R2 and C3 are so chosen as to have a 
time constant of approximately one quarter second. Due to 
this long time constant, the circuit cannot readily respond to 
bursts of noise which amplitude modulate the carrier. The 
circuit will, however, follow a fading of the carrier and hence 
affords an excellent source of AVC voltage. 

The values of Cl and C2 are equal, and their capacities are 
so chosen that their series reactance will afford an effective 
by-pass to the 10. 7 me IF frequency, and not affect the useful 
audio frequencies. The voltages El and E2 which appear across 
these capacitors are proportional to the currents which flow 
through resistors Rl and R2, and their sum is always equal to 
E3 or the voltage across the electrolytic. capacitor. The 
junction of these capacitors ls used as the point of audio re
covery. 

When a frequency modulated signal is being received, the 
action of the tertiary winding is snch that a voltage in quadra.
ture is impressed upon the secondary, and the diodes no longer 
receive equal voltages. The currents in Rl and R2 are no 
loncer equal, one becoming greater and the other lesser, but 
these currents are such that the volta&e across the load re
sistors E3 has not changed. Since the currents in Rl and R2 
are no longer equal, the voltaces across Cl and C2 are no 
longer equal. Since the ratio of the volta&es El/E2 is no 
loncer 1/ 1, a voltage exists at point • A' which is proportional 
to the excw-sion or deviation from the mean. This voltage at 
point • A' is the output volt&&;e of the detector and ls passed 
through a suitable de-emphasis filter and into the audio system 
of the receiver. 

A characteristic cw-ve of output voltage vs. frequency looks 
approximately like the curve shown in Fig. 15. Page 26. 

Note that there are three. slopes, the center one of which 
is longer and straighter than either of the two back slopes. 
Detection from the center slope has less distortion because it 
ls more linear and will handle more · frequency deviation than 
the other two. The condition for correct detection is with the 
carrier centered where the 'S' curve crosses the zero axis. 

Fig. 16, Page 26 shows a point-by-point conversion of fre
quency modulation into audio output, using the correct (center) 
slope of the characteristic. 

Fig. 17, Pa&e 26 shows the use c,f one of the back slo-pes 
with the distortion resulting from such mistuning when larce 
frequency deviations exceed the linear portion. 

Fie. 18, Page 26 shows the worst possible tuning condition 
with the carrier at the curvature between the normal slope and 
a back slope. This produces the surprising result that the 
fundamental frequency is lost and the second harmonic predomi• 
nates. 

_ Because of the three slopes, a receive,r with a ratio detector 
will have three points of reception close together on the dial 
with the two points of extreme distortion between, as described 
above, The center point of reception is, of course, the correct 
one. 
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TELEVISION TEST PATTERNS AND RECEIVER ADJUSTMENT 
This Chapter is taken from the Howard W. Sams PHITTOFACT Television Courae and is reproduced with the 

permission of the copyright owners, Howard W. Sams & Co., Inc., lndianapoli-s 1, Ind. It is one of 18 chapters in 
the PHOTOF ACT Television course, The other 17 chapters complete a full discussion of television circuits 
and principles of operation. Photographs of transmitted test patterns showing the effect of receiver misadjust
ments courtesy of the National Broadcasting Company and the R.C.A. Service Company, Inc. 

For a period of from fifteen to thirty minutes preceding each 
television broadcast; the station transmits a test pattern or 
chart which usually carries the station's call letters or a 
distinguishina: insia:nia. This same test pattern is freQUenUy 
broadcast for longer periods of time when no regular tele
vision pro&ram is scheduled. The purpose of the test p_11~tl!m 
is to provide the television service technician with a useful 
"tool" to assure proper adjustment of the various receiver 
controls which effect a correct presentation of the television 
picture. Another purpose of the test pattern is to give the user 
an opportunity to apjust the front panel controls for the best 
picture before the regular pro&ram s~arts. Such controls as 
horizontal and vertical hold,· horizontal and vertical centering: 
linearity in both directions, and sharp focus can all be pre• 
cisely adjusted by the use or the test pattern. In this section 
we will present a review of the use of those controls and show 
their effect upon the appe•ance of a transmitted pattern. 

Figure 1 shows the appearance of a typical transmitted 
test pattern as received on a correcUy- ad.Justed modem-tele
vision receiver. The various characteristics of the pattern are 
similar in ~plication to those of a more complex test chart 
which has been developed as a standard by the television 
transmitter committee of the R~o Manufacturers Association 
engineering department. This R..M. A. standard resolution chart 
is used in testing the performance of both television trans• 
mitters and receivers and a study of its features will serve to 
explain the use of less complicated television broadcast sta
tion test patterns such as Figure 1. 

Figure 2 is a reproduction of the R.M. A. television resolution 
chart, with the addition of explanatory letter symbols for 
some of its salient features. The chart will be seen to consist 
of a series of geometric fonns and a number of tones ranging 
from black through a series of gray steps to white. The gray 
scales are of value in determining whether all elements of 
the television system are preserving the correct ratios of light 
intensities (as Yideo modulation) to accurately reproduce the 
televised scene at the receiver picture tube, 

Fla:. 1 Normal Transmitted Test Pattern 

The "fan shaped" weda:es in both horizontal and vertical 
directions are composed of lines whose width gradually de
creases as the lines approach the center. BY observing the 
point at which the lines are no longer distinguished from 
one another, an estimate of the "resolving power" of the 
television system including the receiver under test, can be 
determined. The standard test chart shows by numbers placed 
beside the hori:znntal and vertical wedges, the corresponding 
numbers of lines which are beina: reproduced when the indi• 
vidual lines of the fan are just distinguishable from one 
another. It should be noted that the vertical fans of the test 
picture are -ued to detennine the performance of the hori:znntal 
system of the receiver and conversely the horizontal fans of 
the test pattern are used to determine vertical receiver per
formance. 

Fig. 2 R.M.A. standard Tram::nitler Test Chart (Courtesy R.M.A. Data Bureau) 
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Tests for vertical and horimntal linearity, as well as other 
requirements, such as interlace, are also provided by this 
chart and are described in the captions accompanying the 
chart. Their application in the simplified type of pattern 
represented by the station transmission of Figure 1 will be 
discussed in greater detail, as we consider the effect on the 
reproduced pattern caused by maladjustment of controls or 
malfunctioning of the various cirouits, 

CONTROLS - THEIR USES AND ADJUSTMENT: controls 
can be generally classified in two distinct groups: 

1. "Operating" or Front Panel Controls. These controls 
which are located on the front panel of the receiver are opera
ted by the user. They normally include the sound level volume 
control with an associated switch to turn the receiver on and 
off, a station selector to allow the set to be tuned to the 
desired television broadcasting station and a group of controls 
to adjust the appearance of the picture. The picture control 
group pennits the user to adjust the brilliance, contrast, 
clarity and stability of the Image. 

2. "Non-Operating" or Pre-Set Service Controls. The cir
cuit controls which require adjustment only during original 
installation or at infrequent intervals are located in such a 
position that they are not readily accessible to the user. 
Most television manufacturers, realizing that the proper ad· 
justment of these "service type" controls determines the 
satisfactory operating of the receiver, insist that thes"! con· 
trols be accessible only to well qualified, authorized tele
vision service technicians. The number and complexity of 
these pre-set or semi•fixed adjustments differ greatly between 
the designs of individual manufacturers. 

The Radio Manufacturers Association through its engineering 
standards group is attempting to standardize the names of 
controls and their functions. Due, however, to the accelerated 
pace of receiver production in its initial stage and the enthusi• 
asm of sales and advertising departments, controls have been 
called by a variety of names. 

An analysis of the receivers of leading manufacturers, in
cluding electrostatic deflection, electromagnetic deftection 
and projection types, reveals the fact that as yet, no design 
pattern has evolved to determine which controls should be 
placed on the front panel or relegated to a position within the 
receiver. 

PLACEMENT OF ADJUSTABLE CONTROLS: A representa· 
tive group of television receivers which from our analysis covers 
all of the design variations, has been studied to detennine the 
placement of controls. The results of this study are presented 
in the for111 of two charts shown as Figures 3 and 4. 

Orde1 
of 
Use 

Name of Control 

In these charts, the control function is first described by the 
name which has been suggested for radio industry standardi• 
zation and the other names following it are those which are 
still in use in the service literature of many companies. 

In the chart of Figure 3, the operating or front panel con
trols are classified lo order of frequency of use in modem 
receiver design. It will be seen that all television sets 
employ at least three of the front panel controls in common 
with one another, These are: station selector, volume, and 
contrast. In addition to these three basic operating controls, 
others are employed in the frequency shown in the chart, The 
number of front panel controls varies from a minimum of three 
to a maximum _of eight. Five percent of the receivers had 
three front panel controls, ten percent had five, forty percent 
used six, another forty percent employed seven and the re
maining five percent had eight controls. 

The functions of the station selector, volume, and contrast 
controls are properly a part of the study of RF and Video 
amplifiers. The other controls listed in the chart of Figure 3 
will be discussed in common with the "non-operating" or 
pre-set controls ana!yses in chart shown as Figure 4. 

The controls to be adjusted by the service technician and 
listed in Figure 4 are much more varied in number and di• 
versity than the front panel group. In the receivers analyzed, 
the range of usage of these types varied from a minimum of 
five in a table model to a maximum of fifteen in a large pro
jection receiver. 

The pre-set controls are mounted on any surface or plane 
of the chassis as determined by. the particular mechanical 
design. In general, the controls which will most likely require 
occasional reacijustment are located in such a position that 
they will be accessible without removing the chassis from 
the cabinet. In some designs certain of these controls are 
made available by knob or screw driver slot through the back 
panel and do not require back panel removal. 

The controls of a television receiver may be classified into 
four main groups: 

1. Those which adjust the operating conditions of the 
cathode-ray picture tube. 

a. Adjustment of ion trap position and current to 
return the beam to screen. 

b. Adjustment of the deflection yoke to position 
scanning rastei. correctly. 

c. Focus-to obtain sharp definition. 
d. Adjustment of C-R tube operating voltages to 

establish proper "black level" and highlight brightness. 
e. Control of scene brightness. 

Function of the Control 
%ol 
Sets 
Use 

1 Station Selector. Channel Selector. T. V. Tuning ................. To select the desire-cl T. V. Statlon. 100 
100 
95 

100 
85 
5~ 
40 
35 
30 

2 Volume. Volume Control, Sound Volume ..•.... , ••.•••......... To adjust the sound volume. 
3 Brl~htness, Brilliance, Backv;:round .....•.• , .• , , .•••. , ••..... To adjust average llp:hl intensity. 
4 Contrast, Picture, Picture Control· ................•••....... To adjust video signal amplUude. 
5 Fine Tuning, Sharp Tunin~. Vernier ................•..•..•.•. To tune accurately to sound channel. 
6 Focus, Focusing Contr,pl , ...••..•..•.......•..........••. To adjust C. R. tube spot definition. 
7 Horizontal Hold, Horizontal Speed, Framing ...•.•...•.......... To adjust free runnin~ period of the horizontal osclllator. 
B Tone. Tone Control. ............... , ..•.•.•.•... , ...•••. To vary audio frequency response. 
9 Vertical Hold, Vertical Speed ............••....••.•....•••. To adjust lree running period ol the vertical oscillator. 
10 High.Low Bandswitch .••.••...........•..•..•...••.••••• To select input system for hitch or low channel group. 

Order 
ol 
Use 

Fig. 3 "Operating" or "Front Panel" Controls 

Name of Control Fun,:tton of the Control 

5 

% of 
Sets 
Use 

1 Width. Horizontal Size., Horizontal Amplitude, Picture Width Control. ... To adjust the picture size in the horizontal direction. 100 
2 Hei~ht. Vertical Size. Vertical Amplitude, Picture Het~ht Control. ..... To adjust the picture size In the vertical direction. 100 
3 Vertical Linearity No. 1 .............. , , .............. , .. Tn adjust the scanning wave shape ln the vertical plane. BO 
4 Horizontal Linearity No. 1 ................................ To adjust the scannlnfi[ wave shape ln the horizontal pl:t.ne. 7~ 
5 Vertical Hold, Vertical Speed .......•....... , .............. Tn adjust tree running period of the vertical osc-illator. 70 
6 Horizontal Centerln~. Hort1.:ontal Position Control ...•••.......... To adiust the picture posttlon in the horizontal dirrrtloo. 70 
7 Vf'rlical Centering, Vertical Position Control ................... To adjust the picture position In the vertical direction. 70 
8 Horizontal Hold. Horll.ontal Speed. Framing .................... To adjust £ree runnlnR period ol the horizontal oscillator. 60 
9 Focus, Focustnp; Control .......................•......•.. To adjust C. R. tube spot definition. 45 
10 Horizontal ~cillator Frequency Adjustment, Hortz.ontal Lock ..•..••• To adjust frequency of sine•wave oscillator (A. F .C. contro)). 45 
11 Horizontal Drive. Horiiontal Peaking ......................... To adjust amplitude of peak portion of hori.t. scannin:.t wa\·e 30 
12 Horlzontal and Vertical Centerlnl! by Adjustment of Focus Coll Position . To center scannln~ raster in both plane~. 30 
13 F(){'us Coil Ad1ustment ............... , ..•.•••••..... , ... To adjust spot slze by focus coll position. 30 
14 Horizontal Linearity No. 2 ............. , ............•..•.. Same as ltem 4 (secondary adjustment). 25 
15 Horizontal Oscillator Phase Adjystm,pnt ....................... To adjust phase of hortz. oscillator to pulse rate (A.F.C. disc.) 20 
16 Picture Cut-Off or C.R. T. Btas Adjustment. ................... To adjust "black" level ol picture tube (~rid 2 \'Oltai.:e). 10 
17 Horizontal Linearity N(). 3. , .....•............••.......... Same as items 4 and 14 (tertiary adjustment). 5 
18 Vertical Linearity No. 2 .........•.........••.••. , ....... Same as item 3 (secondary adjustment). 5 
19 Ion Trap Adjustment. Beam Bender ..... , .•.••••••.. , ...•.... To adjust current through the ion trap ma;:net coils. 5 
20 Service Control. Screen Voltage Horizontal Output Tube ......•...•. To adjust output of horizontal amplifier (aux. width control). 5 
21 Coarse Focus ..... , .......•••.•....................•. To set range of main focus control. 5 
22 Phase Detector Balance,, .•...•..••. , .......••.......•••. To adtust balance of A. C. F. discriminator. 5 
23 Excitation. Anode Voltage Control of Projtttion Tube •••.... , . , •.•. To adjust operating point projection picture tube. 5 
24 Brli;:htnesi:;. BrUllance, Background .•.............•.•........ To adjust average llc;ht intensity. 5 

Fig, 4 "Non-Operating" or Pre-Set Controls (Not on Front Panel) 
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Fig. 5 Focus Coil and Ion Trap Misaligned 

2. Those which establish the correct "lock in" or hold of 
the horizontal and vertical scanning oscillators. 

a, Horizontal hold which sets the free running fre
quency of the horizontal scanning oscillator. 

b, Vertical hold which sets the free running frequency 
of the vertical scanning scanning oscillator. 

c. Horizontal sine wave oscillator frequency adjust• 
ment, in A,F.C. systems. 

d, Horizontal discriminator phase control to establish 
discriminator balance, 

3. Those which adjust the dimensions and position of the 
picture. 

a, Width control adjusts horiz.ontal size. 
b. Height control adjust· vertical size, 
c, Horizontal centering which moves the entire pic

ture in the horizontal plane. 
d. Vertical centering which moves the entire picture 

in the vertical plane. 
4, Those which determine the shape of the scanning vol• 

tage waves to produce an undistorted picture. 
a. Horizontal linearity controls the shape of the 

horizontal scanning wave. 
. b. Horizontal drive determines the ratio of pulse to 

hneer sawtooth for the voltage wave in magnetic deflection 
c, Vertical linearity controls the shape of the vol~ 

tage wave from the vertical scanning oscillator. 
The effect of misadjustment of these controls will be shown 

in the order outlined, 
FOCUS COIL AND ION TRAP ADJUSTMENT: Figure 5 shows 

the rece1_ved test pattern when the focus coil and the ion trap 
are not m correct position on the neck of the picture tube 
The ion trap rear magent poles should be positioned so that 
they are approximately over the little "flags" which are 
attached to the ion trap cylinder. 

The picture tube must be mounted in such a position that 
these ion trap flags are in a horiz.ontal plane when looking 
down upon the tube. When this has been done, and the tube 

Fig. 7 Focus Control Misadjusted 

Fig. 6 Deflection Yoke Not Properly Adjusted, (Rotated) 

secured in position, the ion trap can be moved slightly back 
and forth along the tube neck and at the same time rotated 
slightly around the tube, until the brightest raster is obtained 
on the screen, The trap adjustment screws should then be 
tightened sufficiently to hold the trap in position but still 
allow further adjustment. 

TIE focus control setting, the focus coil position, and the 
ion trap magent position ere interdependent, and in the ori• 
ginal installation procedure an adjustment of one may require 
readjustment of the others. The shadowed corner, as well 
as the poor vertical positioning shown in Figure 5, indicates 
that the electron beam is striking the neck of the tube. To 
correct this condition the focus coil should be adjusted in 
its mounting until the picture is properly centered. 

• If no raster can be obtained on the picture tube screen it 
is an indication of improper mounting of the ion trap magnet 
assembly, An inverted mounting from top to bottom or from 
front to back can cause such a condition. 

DEFLECTION YOKE ADJUSTMENT: Figure 6 shows the 
effect on the test pattern of improper mounting of the deflection 
yoke asseni>ly. 

If the lines of the raster are not horizontal and squared with 
the edge of the picture mask, it is an indication that the 
deflection yoke, me.de up of both the horizontal and the vertical 
deflection coils, is not correctly positioned. To correct this 
condition the adjustment screws which hold the yoke should 
be loosened, and the coil assembly rotated about the axis ·or 
the tube until the raster is properly lined up with respect to 
the edges of the picture mask. The yoke adjustment screws 
or wing nuts should then be securely tightened. 

The position of the deflection yoke along the picture tube 
neck will affect the deflection sensitivity (amount of scanning 
voltage for a given deflection). 

FOCUS CONTROL AND FOCl:SING ADJUSTMENTS: Figure 
7 illustrates the appearance of the received test pattern when 
the electron beam is "out of focus". The image is not sharply 
defined as in the normal picture of Figure 1. 

Fig. 8 Brightness Control Misadjusted (Brightness too High) 
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Fig. 9 Horizontal Hold Control MiaadJuated 

Electrostatically focused picture tubes require only one 
adjustment for focusing, while electromagnetically focused 
picture tubes require two separate service adjustments. The 
first ls the mechanical positioning of the focus coil as covered 
under "Focus Coil and Ion Trap Adjustments", and the second 
is the variation of the current ttlrough the focus coll by means 
of a variable resistor. 

The best focus adjustment is made by sliding the focus 
coil back and forth along the neck of the picture tube while. 
adjusting the focus control and watchin1 the test pattern for 
the sharpest picture. In some designs two varia.ble controls 
(coarse and vernier) are used. 

BRIGHTNESS CONTROL: As indicated in the chart 
of Figure 3, the brightness control is usually made one of the 
front panel group and is a "user" operated control. It is em
ployed in conjunction with the contrast control to obtain the 
best possible picture quality, It is possible to cut off the 
beam with this control, in which case no picture is seen and 
the tube remains dark. Conversely, too high a setting of the 
contrast control will result in a light "washed out" p!ciure 
as shown in Figure 8. In this case the shadows and lower 
key half tones have disappeared and the vertical retrace 
lines have become visible. 

The circuit function of the brightness control is to estab
lish the operating control grid bias of the picture tube. 

HOLD ADJUSTMENTS: Hold adjustments, both horizontal 
and vertical, enable the television technician, or user, to ad
just the free running frequency of the two receiver scanning 
systems so that a stable condition of synchronism or lock-in 
with the transmitted sync pulses is obtained. 

In "flywheel" or A,F,C. sync systems, the hold control is 
of the same type, but it is placed in the grid circuit of a sine 
wave oscillator. Its function ls to control the phase of the 
oscillator with respect to the sync pulses. 

In the case of "triggered" sync systems, these controls 
are variable resistors in the scanning oscillator circuit, 

HORIZONTAL HOLD ADJUSTMENT. Figures 9 and 10 
illustrate the effect on the receiver test pattem of two degrees 
of misadJustment of the horizontal hold control. The actual 

Fig. 11 Vertical Hold Control MiasadJusted 

Flg. 10 Horizontal Hold Control Misadjuated 

appearance of the image cannot be reproduced ln a printed 
illustration since the image is in continual motion until a 
stable lock-in has occurred. When the hold control is ad
justed to such a position that the oscillator is nearly in sync 
with the sig11al pulses, the image will first appear as a series 
of diaconal bars similar to those of Figure 12, which is an 
illustration of horizontal oscillator frequency misadjustment. 
As synchronism is approached more closely, the image will 
appear as in Figure 9 and then start to lock•in as in Figure 
10. 

VERTICAL HOLD ADJUSTMENT, Figure 11 shows the 
effect of misadjustment of the vertical hold control, The 
effects on the pict\D'e are similar to those discussed for 
"horizontal Hold" except that, in this case, the motion of the 
image, before lock•in occurs, is from the bottom to the top of 
the picture rather than from left to right. 

Careful adjustment of vertical hold is essential to avoid 
"pairing" of horiz.ontal lines of alternate fields which would 
reduce the vertical definition of the picture. 

HORIZONTAL OSCILLATOR FREQUENCY ADJUSTMENT 
(A,F.C. SYSTEMS). In the flywheel or A.F.C. system of hori
zontal sync control, the major control of the free running 
frequency of sine wave oscillation is the tuning of the circuit 
by adjusting an Iron core in the inductance. The adjustment 
of the horimntal oscillator frequency must be re-checked if 
it ls found necessary to change the discriminator phase con
trol. The hold control should be set at the middle of its range 
while making these adjustments. 

The service manuals of the television receiver manufact~ 
ers contain explicit instructions concerning the order in which 
these adjustments are to be made in the particular A.F.C. ci~ 
cult design. 

The final setting of this control should be such that, with 
the hold control at either end of its range, the scanning system 
will lock-in to signal sync. To test for this condition, tune to 
a signal while the control is its midposition. The hold control 
is then turned to its extreme position in either direction. Next 
the signal is removed by detuning the receiver. Upon retuning 
the system should pull into sync. The same check should 

Fig. 12 Horizontal Osclll&&or Frequency 
llisad.luated 
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Fig, 13 Horizontal Discriminator Phase Mlsadjusted 

then be made at the other end of the control range, If the re
ceiver will not pull into sync at both ends of the hold range, 
the horizontal oscillator frequency should be readjusted until 
this is accomplished. 

HORIZONTAL DISCRIMINATOR PHASE ADJUSTMENT, 
The discriminator stage compares the sync pulse rate with the 
horizontal oscillator rate or frequency and delivers a DC vol· 
tage for the control of the oscillator. U the voltage at the 
plates of the two diodes, impressed by the oscillator, is 
equally divided, the DC output will not be zero at the col'Tect 
time for retrace at the end ofthe horizontal line. This off· 
balance condition will result in the received test pattern shown 
in Figure 13. 

In this case, the picture is locked-in and steady but retrace 
has occurred at the wrong time in the scanning cycle, The 
black band at the right side of the picture is the blanking 
period during which horizontal retrace should have occurred. 

The adjustment of this control, for retrace at the proper 
instant, also affects the setting of the horiz.ontal oscillator 
frequency adjustment as previously described. The service 
technician should follow the service manual of the receiver 
manufacturer for the proper sequence of adjustment of these 
controls. 

PICTURE SIZE AND CENTERING CONTROLS. The 
group of controls which are used to fit the picture to the mask 
or frame are, in most instances, mounted on the back or side 
and are not "user" operated. Included in this group are: 
width, height, horizontal centering, and vertical centering. 

WIDTH CONTROL. The width control adjusts the voltage 
applied to the horizontal deflection plates or the deflection 
coil. The effect on the received test pattern, when this con
trol is not properly adjusted, is shown in Figure 14. 

Width control can be accomplished by regulating the output 
of the horizontal oscillator, or by controlling the output of 
either the discharge tube or horizontal amplifier. 

In many instances the width control is not a single adjust
ment. since the effect of changing other controls, such as 

Fie, 15 Height Control Misadjusted 

Fig. 14 Width Control Misadjusted 

horizontal linearity l}.nd horizontal drive, may require a re~ 
justment of the width control. 

HEIGHT CONTROL. The height control serves a similar 
function to that of the width control but in the vertical di· 
rection, In this case, the vertical oscillator or vertical 
amplifier is controlled in output. 

Figure 15 shows the effect of an incol'Tect adjustment of the 
height control on the received test pattern. In this case, as 
well as that of the width control (Figure 14), the picture is 
shown as "too high", or "too wide", but symmetrical with 
respect to the center of the picture; Often the picture is 
found to be both incol'Tect in size and "off center". It will 
b~ necessary to adjust the size controls · (width and height) 
simultaneously with the horizontal and vertical centering 
controls. 

The methods and circuits employed to accomplish height 
control are similar to those described for width. The same page 
and Figure references apply. 

HORIZONTAL CENTERING. Misadjustment of the horizontal 
centering control will cause an effect on the received test 
pattern similar to that shown in Figure 16. 

As shown in the chart of Figure 4, two distinctly different 
methods of centering the picture are employed. The mechani
cal mounting of the focus coil may be provided with screw ad
justments to accomplish both horizontal and vertical centering, 
or electrical circuit means for accomplishing centering may be 
used. 

When centering is accomplished by positioning the focus 
coil, it may be found necessary to make readjustments of the 
ion trap position simultaneously with the movement of the 
focus coil, as previously explained. 

VERTICAL CENTERING, Figure 17 shows the effect of 
misadjustment of the vertical centering control. As in the 
case of the horizontal centering control, just discussed 
vertical centering is accomplished either by mechanicai 
means (adjustment of the focus coil position) or by electrical 
means (voltage bias of the plates in an electrostatic pict \l'e 
tube or current bias in the case of an electromagnetic tube). 

Fig. 16 Horizontal Centering Control MlsadJusted 
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Fig, 17 Vertical Centering Control Misacijusted 

The same text references mentioned under horizontal , cen
tering apply also to the methods employed for vertical center
ing. 

CONTROLS WlllCH AFFECT SCANNING WAVE SHAPE: 
The output voltage wave of scanning oscillators of the cathode
coupled multivibrator or blocking oscillator type can be made 
sufficiently linear to satisfactorily operate the electrostatically 
deflected type of picture tube and, for this reason, linearity 
controls are not required on sets using such tubes. In the 
case of magnetically deflected picture tubes, the scanning 
current wave consists of the combination of a linear sawtooth 
an~ a pulse, In the generation of such a wave, it is necessary 
to incorporate variable controls to achieve the proper time and 
amplitude relationship of the various sections of the wave 
shape, These include linearity controls, which may include as 
many as three for the horizontal scanning, and drive controls 
which adjust the amplitude of the pulse portion. 

HORIZONTAL LINEARITY CONTROLS. Figure 18 shows 
the effect of the misadjustment of horizontal linearity. It will 
be noted that the circle of the test pattern has been rendered 
elliptical or "egg shaped". The picture has been cramped in 
the middle. 

Correction of distortion of various parts of the picture, in 
the horizontal direction, are accomplished by controls affec
ting the circuit elements which contribute these portions of 
the scanning current wave. In the case illustrated by Figure 
18, correction could be made by horizontal linearity cont:J'ol 
or a similar a:ljustment for correcting the center of the picture 
without affecting the sides, Additional linearity controls may 
be employed to correct the right hand side of the picture. 

Since the number and circuit function Qf linearity controls 
differ between receiver designs, the television service techni· 
cian is advised to study the service manual issued by receiver 
manufacturer for the particular linearity adjustment and the 
interaction of the control adjustment with other linearity and 
width controls which are invariably covered in the service 
literature. 

Fig, 19 Horimntal Drive Control MisadJuated 

Fig, 18 Horimntal Linearity Cont:J'ol Misacijusted 

HORIZONTAL DRIVE CONTROLS. The horizontal drive 
control adjusts the ratio of the pulse to the linear portion of 
the horizontal sawtooth scanning current wave, This controls 
the point on the scanning trace at which the horizontal output 
tube conducts. The. effect of its mlsadjustment is shown by 
F~gure 19, In ef~ect it is seen to be an auxiliary linearity and 
width control, since a clockwise rotation will increase the 
width, crowd the right hand side of the picture and stretch the 
left. 

Feedback is often employed in the output stage to provide 
a negative pulse from the horizontal output transformer to the 
grid of the output tube. In this case, the drive control is a 
voltage divider across a winding on the output transformer. 
The voltage pulse is fed back in series with the output tube 
grid return. 

VERTICAL LINEARITY CONTROL. Figure 20 shows the 
effect on the transmitted test pattern of the misadjustment of 
the vertical linearity control. The type of linearity control 
most often employed in the vertical circuit is an adjustmen,t 
of the operating point of the vertical amplifier. This usu.ally 
takes the form of an adjustable cathode bias resistor. Curva
ture of the plate current versus grid voltage characteristic is 
employed to produce a "counter-distortion" which corrects 
any curvature of the voltage wave applied to the grid of this 
output tube. 

1n receivers which employ more than one linearitt control, 
the secondary or additional control to that described, is made 
a variable resistor in the peaking circuit which constitutes 
the plate load of the vertical discharge tube. This control 
acts in a similar manner to the horizontal drive control pre
viously discussed. 

1n the acijustment of linearity co·ntrols of either the horimn
tal or the vertical type, it should be noted that the result of 
adjustment is interdependent with the effect of the size (width 
or height) controls. This interlocking action may necessitate 
readjustment of one of these controls if it is necessary to 
adjust the other, 

Fig. 20 Vertical Linearity Control MisadJusted 



THE CONSTRUCTION, 

TESTING, AND USE OF 

AUDIO AMPLIFIERS 

AMPUFIER CONSTRUCTION PROCEDURE AND SUGGESTIONS 

Whether an amplifier is to be used for home music install• 
ations or for public address work, the following suggestions 
will help toward producing a superior audio system. 

The first step ls to determine the parts layout and the 
chassis i.Jase size that will be required. When constructing 
any of the audio equipment described in this manual, it is 
suggested that the chassis view photo be followed in deter
mining the placement of the major components. The size of 
the standard chassis base employed on the lab model is spec• 
ified for each unit. Should a different physical arrangement 
of parts be required for this or any other audio equipment, 
the following layout procedure is applicable and should be 
followed for best results. 

Place the component ·parts that are to be mounted on top of 
the chassis in their respective positions on the work bench 
and decide what size chassis is required. These parts are 
usually transformers, chokes, condensers, and tube sockets. 
Allow at least 1/ 2" space between the units. Greater spac• 
ing is advisable between parts that generate heat, such as 
power transformers, and power and rectifier tubes. Filter 
condensers should have one inch or more space around them 
when they are next to parts giving off heat. 

If the power supply is to be on the same chassis, extreme 
care must be taken to prevent the audio transformers from 
picking up the A.c. field caused by the power transformer 
and filter choke. The power transformer and choke are usually 
placed at one end of the chassis and the input or microphone 
and interstage transformers at the ocher end. Hum pickup from 
the power transformer will be 60 cycles and from the chokes 
120 cycles. The input and interstage transformers are more 
sensitive to A.C. magnetic fields than driver or output trans
formers because of the amplification that follows. Usually 
some of the audio components are closer to the power supply 
units than others. In this case the input transformer should 
be farthest away and the output transformer closest to the 
power supply, but still as far from it as possible. TIE posi
tion of transformers is quite as important as their location. 
All audio transformers should be mounted with their cores at 
right angles to the power transformer and choke. To do this 
easily the power transformer and choke can be fairly close 
together with cores in parallel. Then the audio transformer 
cores can all be in the same plane at right angles to the 
power units. It is also important that input and output trans
formers are not placed close together, inasmuch as feedback 
or oscillation might occur due to inductive coupling between 
the units. 

It is quite important to arrange the layout so that all leads 
carrying the signal will be as short as possible. This is 
especially true of grid leads whi-ch are at high impedance 
and susceptible to electro-static pickup. 

After a satisfactory layout is made the chassis size can 
be determined. A rough sketch of the layout should be made 
on paper so that the component part positions decided upon 
will not be forgotten. A non-ferrous metal is superior for 
amplifier chassis material from an electrical viewpoint. 
However, it is more expensive and not as strong as steel. 
If a steel chassis is used, it should be cadmium plated or 
enameled to prevent rust. 

Assembly of the amplifier is usually started by mounting 
tube sockets, controls, transformers, and chokes on the 
chassis. Small bakelite strips with solder lugs can be used 
in some cases to support small resistors and condensers. If 
the strips are not available, these parts may be self sup
ported b,.Y their leads. The use of the strips, however, tend 
to make a neater and more rigid wiring job and is recommended. 

Proceed to wire the amplifier by starting with the filament 
or heater circuits. 1118 stranded pushback wire is suitable. 
As filament or heater leads usually carry fairly high alter
nating currents and set up strong magnetic fields, the usual 
practice is to twist the leads connecting to tube sockets. 
This tends to reduce the field. The current travels in opposite 
directions in the wires and the lines of force set up around 
one wire cancel those of the other wire. 

At this point in the construction procedure it is well to 
consider the manner in wnict. the chassis ground and the B 
minus return circuits are connected, as this is an important 
factor in making the amplifier hum-free. The precautions to 
observe in this regard are as follows: The electrolytic filter 
and decoupling condenser car,s as well as the low level 
imput (mic) connectors must be insulated from the metal 
chassis to avoid multiple chassis ground connections. The 
H minus circuit wiring should be started at the power 
transformer high voltage center-tap. Then, employing insul• 
ated wire, progressively join together the B minus circuits 
of each stage until the lowest level or input stage is reached. 
At a point adjacent to the input tube socket, connect the B 
minus circuit to the metal chassis. It is important to make 
only this one R minus connection to chassis ground to insure 
hum-free operation. 

Wire the power supply and finally the small resistors, 
condensers, and controls. It is quite important to use 
shielded wire where indicated in the circuit diagrams since 
hum and feedback is liable to result otherwise. Where the 
schematic diagrams show shielded resistors and condensers, 
this is accomplished by first inserting the part in a piece 
of spaghetti tubing or wrapping with insulating material 
such as varnished cambric and then covering with shielding 
braid. The shielding of the parts so indicated is important 
in the reduction of hum. Shielded leads should always he 
short to keep down the capacity effect to ground. Clqlacity 
of long shielded leads to ground is sure to impair the high 
frequency response of the system. 

Upon completion of the wiring, all connections should be 
inspected for good contacts and the circuit rechecked to see 
that it conforms to the schematic diagram. A continuity 
test or resistance analysis can be made, using the resistance 
data supplied with each circuit, this being done to eliminate 
the possibility of opens or shorts anywhere in the amplifier 
before connecting the primary power. When satisfied that 
the wiring is correct, the tubes can be inserted and the 
proper input and output circuits connected. Next, turn the 
power supply on and proceed to measure all tube electrode 
voltages, checking them against the voltage analysis supplied 
with the circuit. It is advisable td measure these voltages 
as well as the power output before the amplifier is placed in 
service. This procedure will prevent overloading of tubes or 
component parts due to improper adjustments, bad connections 
or circuit oscillation. 

Due to the high power sensitivity of beam power tubes they 
sometimes oscillate at a high inaudible frequency if place• 
ment of leads is not correct or shielding and grounds are 
insufficient. Oscillation can also be caused by improper 
phasing of the inverse feedback circuit. Reversal of the 
primary leads of the output transformer wlll change the phase 
relationship of the feedback voltage. The use or an oscillo
scope is recommended in determining whE!n these conditions 
take place and in correcting same. The article on "Perfor
mance Testing of Audio Amplifiers" will be helpful in the 
proper testing of an amplifier should operation difficulties 
be encountered. 
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ADVANTAGES OF INVERSE FEEDBACK 
IN AUDIO AMPLIFIERS: A beam power amplifier to be 

truly modern should incorporate inverse feedback. It is a 
commonly recognized fact that low plate resistance tubes 
such as the 2A3 are superior from the standpoint of low 
distortion and good quality. With inverse feedback the high 
plate resistance beam power tube may be made to take on the 
characteristics of the low-mu triode, yet retain most of its 
high power sensitivity. The important advantages obtained 
by the use of inverse feedback are as follows: first, reduction 
of wave form distortion; second, improvement of frequency re
sponse; third, reduction of hum; fourth, reduction of "hang
over" effect; and fifth, feedback provides a convenient 
means of altering the frequency response or providing tone 
control action. The only disadvantage of inverse feedback 
lies in the fact that the gain is considerably reduced. 

EXPLANATION OF INVERSE FEEDBACK: In the circuit 
of Fig. 1 a certain amount of the voltage developed in the 
plate circuit is fed back out of phase with the signal in the 
grid circuit. If without inverse feedback, a certain voltage Eo 
is developed across the output circuit with an ihput voltage 
E1 the gain of the stage is E 0 divided by E 1· If now a ce~ 
tain percentage N of the voltage E0 is fed back to the grid 
circuit in such a way that the voltage is out of phase with 
the input voltage E 1 the total input voltage to obtain an 
output voltage of Eo is (N Eo + Et) and gain of the stage is 
Eo/ (N Eo + E1), The ratio N is the percentage of the output 
voltage which ls fed back to the input circuit. It may be 
readily seen th at if N is large, the gain of the stage de
pends more upon N than upon the circult constants. 

The ratio reduction in gain by the addition of inverse 
feedback may be readily .detennined by dividing the gain 
without feedback by the gain with feedback. 

f'IG. I 

Fig. 1 illustrates a common method of applying inverse 
feedback across a single ended output stage. Fig. 2 shows a 
method of applying feedback across a push pull output stage 
using a resistor condenser network. The amount of inverse 
feedback is equal to R1/(R1+R2) assuming that the reactance 
of the condenser C 1 is negligible over the operating fre
quencies. The application of inverse feedback need not be 
limited to one stage. The feedback loop can include several 
stages as employed in the 25 watt amplifier described on page 
146. Here a portion of the output voltage from the secondary 
of the output transformer is applied back in the proper phase 
to the cathode circuit of the mixer stage. Thus all of the 
stages within the feedback loop obtain the above mentioned 
advantages that inverse feedback affords. 

REDUCTION OF DISTORTION: As was pointed out in the 
preceding paragraph, an inverse feedback circuit feeds back a 
certain portion of the output voltage to the grid circuit. If 
distortion is introduced in the amplifier stage, a certain 

amount of the distorted voltage will be fed back into the 
grid· circuit . and this will tend to cancel out the distortion 
developed in the amplifier stage. If in the circuit of Fig. 1 
a certain amount of distortion voltage R is present in the out
put circuit, the distortion voltage fed into the grid circuit 
will be N x B and this quantity multiplied by the gain of 
the stage will give the cancelling effect of the inverse feedback. 
The total distortion present in the output is then equal to the 
sum of the distortion without inverse feedback and the dis
tortion cancelled by the inverse feedback. In other words, if 
b is the distortion without inverse feedback, the total disto~ 
tion, B, wi.th inverse feedback is equal to (b+ B)xNxA, where 
A is the gain of the stage. Evaluati.fig B gives the quantity 
b/(l+NA). In other words the distortion is reduced by the ratio of 
1/(l+NA). 

C-1 R-2 

FIG.2 

REDUCTION OF PLATE RESISTANCE: In addition to the 
reduction in distortion obtained by inverse feedback, there is 
also a reduction in the effective plate resistance of the tubes. 
A high plate resistance is a definite disadvantage in the case 
of a power tube which operates into a gpeaker load which is 
more or less variable depending upon the impedance of the 
voice coil. In the circuit of Fig. 3, it may be easily seen 
that the voltage E developed across the load depends a great 
deal upon the actual value of RL which is the reflected im-
pedance of the voice coll. This is due to the fact that the 
signal current depends almost entirely upon the high plate 
resistance of the tube. Since the load resistance is low in 
comparison to the plate resistance, the voltage developed 
across the load is almost directly proportional to the impedance 
of the load which varies appreciably with change in frequency. 
In Fig. 4 it may be seen that the voltage across the load does 
not vary so much since the signal current depends both upon 
the load and upon the plate resistance of the tube. If the 
voice coil has an appreciable amount of reactance, the impe
dance rises with the frequency, causing distortion and giving 
an unnatural amount of "highs". The high plate resistance 
is unsuitable from another viewpoint, that of the amount of 
low frequency distortion which may be tolerated. This low 
frequency distortion is not due to the tubes which remain un
changed regardless of the frequency, but depends upon the 
magnetizing current in the output transformer. The magnetiZr 
ing current is a distorted nonsinusoidal wave and this current, 
on flowing through the high plate resistance of the tube, 
develops a nonsinusoidal voltage drop across the tube which, 
when subtracted from the input signal, results in a distorted 
wave across the output. Unfortunately, most amplifiers today 
are measured for distortion at 400 cps where the magnetizing 
current is practically negligible. It is not uncommon to find 
beam power amplifiers without inverse feedback which have 
only 25 per cent or the rated power at 40 or 50 cycles. This 
low frequency distortion is particularly objectionable since 
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all harmonics fall within the audible range. Inverse feedback 
effectively reduces the plate resistance so that the distorted 
voltage drop caused by the magnetizing current is exceedingly 
small, with the result that there is very little distortion 
across the output circuit. With a poor output transformer it 
is quite possible for the distortion to be as high as 30 per 
cent at 40 cycles without inverse feedback. 
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"HANGOVER" EFFECT: "Hangover effects", or transients 
caused by the loud speaker cone vibrating at its natural 
period when shock excited, are greatly reduced by the use of 
inverse feedback. The lower plate resistance provides a 
considerable amount of damping so that the oscillations or 
transients are reduced. With regUlar beam power tubes the 
shunting effect of the tube is exceedingly small with the 
result that the damping is negligible. As a result, unnat
ural "boominess" may result when the speaker is shock ex
cited and the cone vibrates at its own natural period. The 
natural period depends upon .the physical construction of the 
speaker and is usually in the neighborhood of 50 to 150 
cycles. 

REDUCTION OF HUM: Hum originating within the feedback 
loop is cancelled out in much the same way as distortion 
since the hum developed in the stage or stages included 
within the loop and the voltage feed into the grid circuit 
are out of phase and tend to cancel. It must be remembered 
however, that distortion or hum originating in a stage out
side the feedback loop will not be reduced by inverse feed
back. Great reductions in plate circuit distortion and plate 
resistance may be obtained by the use of large amounts 
of inverse feedback. However, the limiting factor in in
verse feedback, assuming there is negligible p!lase shift 
occurring in the stages over whtch feedback is applied, is 
the amount of desired gain from the stage in question. In 
actual design, the amount of inverse feedback is a compro
mise between the gain and the desired reduction in distor
tion. U there is enough gain in the previous stages and if 
the driver tube can supply the necessary peak voltage, it 
will be advisable to increase the amount of inverse feedback 
in order to reduce the plate resistance and the plate cir
cuit distortion. However, if the plate resistance is fairly 
low and if the plate circuit distortion is a reasonable value, 
there is not much advantage gained in further reducing the 
pin by the addition of more inverse feedback. 
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USE OF INVERSE FEEDBACK TO ALTER FREQUENCY 
RESPONSE: Inverse feedback can be advantageously utilized 
for equalization or tone control purposes. An excellent 
example of this application of inverse feedback is described 
on page 156, the article titled "dual Tone Control". Here a 
large amount of inverse current feedback, commonly referred 
to as cathode degeneration, is applied to a single stage. 
Then, by means of an inductance or capacity shunted into the 
cathode circuit, the amount of degeneration or inverse feedback 
applied at either low or high frequencies can be controlled. 
Thus, by making the feedback selective with frequency, the 
stage gain as versus frequency characteristic may be adjusted 
to produce the curves shown on page 157. 

The high fidelity 10 watt Phono-Tuner amplifier described 
on page 144 also employs inver'!:le feedback to obtain tone 
compensation. In this circuit a portion of the output voltage 
is fed back to the input cathode of the phase inverter stage. 
Sass boost is obtained by inserting a ,005 mfd. condenser 
in series with the feedback loop. A lifting or boosting of the 
bass frequencies occurs because the reactance of the con
denser increases at low frequencies, which reduces the amount 
of inverse feedback. This results in greater amplification 
in this portion of the audio spectrum. The 1 megohm control 
shunting the .005 condenser controls the amount of bass 
boost obtained. Maximum boost occurs when the control arm 
is in the counter-clockwise position. A treble boost is ob
tained in this circuit by shunting the 6SL7 input cathode 
resistor with an .03 mfd. condenser. The boosting of the 
treble or high frequencies occurs due to the lower reactance 
of this cathode condenser at high frequencies; this effectively 
shorts the cathode impedance reducing the amount of inverse 
feedback and hence raising the gain in this frequency range. 
Maximum boost occurs when the ann of the 500k control is at 
ground. Nonnai response is obtained when the control is in 
the center position. This same control provides conventional 
treble cut or attenuation action when the arm is in the maximum 
counter-clock wise position. 

In this tone control system the frequency at which maximum 
response occurs can be controlled by the proper choice of 
condenser values. The maximum amount of boost in turn is 
dependent upon the amount of inverse feedback initially ap
plied across the amplifier circuit. 

The 6SC7 pre-amplifier stage of this circuit also utilizes 
selective voltage feedback applied from plate to plate to 
obtain the bass equalization required for operation with 
magnetic phone pickup cartridges. 
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PERFORMANCE TESTING OF AUDIO AMPUFIERS 

The following ideas and suggestions will be of great help to 
the Sound Man who builds or repairs his own amplifiers. They 
are the results of long experience in the laboratory and in 
answering letters on this subject from our many friends and cus
tomers. 

TEST INSTRUMENTS REQUIRED: There are certain basic 
test instruments that should be available to every sound man 
and certain routines in their use that should be known and 
followed, if the full benefit is to be secured from them. These 
instruments include a good audio oscillator, a cathode ray 
oscilloscope, a selection of 50 or 75 watt resistors with values 
of 500 ohms or equal to output impedances to be used (these 
are to be used as substitute voice coil and line loads when 
measuring the output of an amplifier), and a vacuum tube 
voltmeter with a high range. For accurate overall gain measure
ments an accurate micro-volt meter is needed to measure the 
audio voltage applied to the input of the amplifier, and an 
output meter with no frequency discrimination. 

ELIMINATION OF HUM: One of the first problems encoun
tered by the constructor is the elimination of Hum from an 
amplifier. The oscilloscope is very useful in determining the 
frequency of the Hum. its location, and when it has been re
duced to a negligiblP quantity. 

To determine the frequency of hum, feed a portion of the 
output of the amplifier to the vertical input of the oscilloscope. 
Turn the sweep selector switch to "60 cycle". A 120 cycle 
hum will produce some form of a figure eight on the screen of 
the cathode ray tube as shown in Fig. 1. This indicates that 
the hum is coming through the power supply circuit, and is 
caused by lack of filtering or isolation of the different stages. 
On the other hand, a 60 cycle hum, usually picked up by in
duction in the wiring, transformers or chokes will produce some 
form of circle - no crossing of lines. (Fig. 1) 

The best procedure in checking hum is to pull all tubes but 
the outputs and clear up any hum that originates in that stage. 
Next insert the corrll,ct tubes and proceed to the driver stage, 

This is the reversal of the primary winding of the output 
transformer. All other sources of oscillation have been care
fully eliminated. 

The following suggestions for the cirlng of oscillation are 
given for the benefit of those building their own amplifiers 
from parts other than those recommended in this guide. 

1. Complete shielding of the entire wiring of the final 
stage. 

2. Insert a 200 ohm 1/2 watt resistor in each output tube 
grid lead. 

3. Connect a .001 mfd., or smaller, condensers from tbe 
output stage grid leads to ground, or the junction of the above 
mentioned 200 ohm resistors to ground. 

4. Connect a by•pass condenser across the self bias 
resistor. 

5. Insert 10,000 ohm or larger resistors across each half 
of the secondary of the driver transformer. 

6. Connect a resistor across the total secondary of the 
driver transformer, the value to be e.s high e.s po'Ssible and 
still stop the oscillations. 

A simple test procedure for the source of oscillation is as 
follows: First, reverse the primary winding of the out-put 
transf<rmer. Second, remove the inverse feedback system 
entirely to make certain this part of the circuit is or is not 
responsible. Third, try the various circuit changes as pre
viously ouUined. 

DISTORTION MEASUREMENTS: The most popular way to 
check the distortion in an amplifier is shown in Fig. 2. The 
output of the amplifier is fed to the vertical input of the scope 
and an audio signal with a sine wave characteristic is fed to 
the input of the amplifier. Since a sine wave is uniform, any 
deviation from it is easily recognized. 

It is not possible to distinguish distortion on the oscll• 
loscope below 5 tp 6 per cent. The only distortion which 
may be readily seen with this method is the flat top wave. 
This flat top may be caused by operating into tne curved 
portion of the tube characteristic in the case of triodes or 
by using too high a plate load in the case of a pentode. Driving 

TO AMPLIFIU~ FIG- - 1 

the interstage and the inputs successively. It will usually be 
found that hum is picked up most often in the input stages. 
For this reason they must be well shielded. Notice that the 
resistors and leads associated with this portion of the circuit 
are usually shown as being shielded in the diagrams. This is 
important in the elimination of hum and cross talk between 
inputs. Such simple things as the placement of leads, trans
formers, tone cqntrol chokes, etc., will affect the amount of 
hum present in the amplifier. Any defective condensers in 
the filter circuit will usually be shown at the first of the test 
and of course should be replaced with perfect units. 

On the oscilloscope, the height of the image on the screen 
is a measure of the amount of hum. This is shown in Fig. l 
as the distance "a" - "b". NOTE: This height is affected 
by the voice coil impedance across which the tests are made. 
The greater the impedance, the easier it is to detect hum on 
the oscilloscope. The ear will of course tell when hum is 
no longer noticeable, but will n<.t aid sufficiently in the 
location and elimination of the source. Tube hiss, which 
will appear after a gain of approximately 100 db has been 
reached, should not be confused with hum. 

CHECKING FOR OSCILLATION: Another source of trouble, 
especially in modern high gain amplifiers and those using an 
inverse feedback circuit, is parasitic oscillation. 

If the transformers shown on the parts lists in this guide 
are used, and the circuit diagrams and various constants are 
followed, there can be but one main reason for oscillations. 

a class A or AB power stage so heavily as to draw grid current 
will also cause this form of distortion. 

Where distortion is present, the leads from the vertical 
input of the oscilloscope should be moved to the output and 
input of each successive stage, beginning with the final, until 
the tlefective one is located. 

OUTPUT MEASUREMENTS: Output measurements are 
usually taken across a resistor, substituted for the impedance 
which would usually be connected to the secondary. Use an ao
curate output meter when making these measurements. From 
the formula Power (Watts) equals E2/R, it is then easy to com
pute the output of the amplifier. 

An oscilloscope is almost a necessity in measuring power 
output if usable output is to be considered. Most amplifiers 
are capable of considerably higher output than their usual 
rating, but with high distortion. An output with a maximum 
distortion of less than 8% is all that is really useful. 

Connect the vertical input of the oscilloscope across the 
same load resistor that is used for the output voltage measure
ments. Increase the output, through the use of the gain control. 
until the sine wave from begins to distort. Back the gain 
until no noticeable distortion is present, then take the output 
voltage reading. The oscilloscope will begin to show distor
wmm about 6% is present. 

A point often forgotten is that an amplifier passes many 
freQuencies, thus the watts output should be fairly constant 
over the entire frequency range if the amplifier has any qual!u 
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at all. An amplifier with 25 watts output at 400 cycles should 
also deliver 25 watts with no noticeable distortion at 50 cps 
and to at least 8,000 cps, These measurements are not possi
ble unless the laboratory equipment previously mentioned is 
available. 

GAlN MEASUREMENTS: No rating can be so abused as the 
db gain of an amplifier. This is true because of the nature of 
the measurements involved. The decibel is a unit of power 
measurement so the resistance across, which the voltage 
measuremerts are computed will influence the mathematical, 
not the actual, result. 

To compute the overall gain, a carefully measured input 
voltage is applied to the input of the amplifier and the output 
voltage measured, The gain is figured in decibels through 
the use of the formula db .. 10 log, Po/Pr, where Po is the 
power output and Pr is the power input. 

The output voltage is usually read across the load resistor 
mentioned at the beginning of this article. The input voltage 
is fed into the regular input, which is usually a 1 or 2 megohm 
resistor. 

It is this input resistor that can play havoc with the gain 
measurements. Although its value is 2 megohm, PUrPOsely a 
large value to prevent loading of the microphone, such a 
value is never encountered as an actual grid load. When 
shunted by the microphone or other input source, the resultant 
impedance is much less. For this reason the secondary im
pedance of the usual transformer, 100,000 ohms, is the general
ly accepted figure used in gain computations. An actual input 
impedanceof5megohms would obviously ruin the high frequency 
response of the stage involved. The calculated db gain will 
be less with 100,000 ohms out it will be more indicative of the 
usable gain. Always state the constants used when speaking 
of db gain. Although a higher db gain will be shown by using 
a value of 5 megohms rather than 100,000 ohms in the com
putations, the actual gain from micropt:one to speaker will be 
the same under either condition. 
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is the correct value for the 500 ohm line. In this case, if the 
total power supplied to the 500 ohm line is 30 watts, each 
speaker will take one-third of this, or ten watts. If this power 
is to be divided so one speaker receives 15 watts, one 10 
watts and one 5 watts, one must make a change in the ratio 
of the three transformers. 

The volt8.l(e developed acro~s the
0
goo ohm line is 122 volts 

(W - E2/R; W - 30, R - 500, E - 15,0 or 122 volts). Given the 
voltage across the 500 ohm line and the voltage required across 
each voice coil for the desired amount of power, it is an easy 
matter to determine the turns ratio and the impedance ratio 
necessary in the various transformers. 

For the first speaker, requiring 15 watts of audio, the voltage 
across the voice coil is 12.25 volts; (W - E2/R; W - 15, R - 10, 
E - \fioxT5 - 12.25 volts). Similarly, the voltage across the 
speaker requiring 10 watts is 10 volts and the voltage across 
the speaker requiring 5 watts is 7 volts. The turns ratio of 
the various transformers is 122/12.25 or 10:1. Also 122/10 
or 12, 2: 1, and also 122/7 or 17,5: 1. The impedance ratio 
of the transformer is the turns ratio squared and the actual 
primary impedance is equal to the turns ratio squared, multi
plied by the voice coll impedance of 10 ohms. The reflected 
primary impedances are all different. However, when the three 
are parallel. they result in an impedance of 500 ohms, which 
is the correct value for the 500 ohm line. In this case, the 
power delivered to each of the speakers is entirely different 
from the condition under Fig. 1. 

It must be remembered when using this method of calculation 
the total power in the individual voice coils must total the 
power in the primary from which the value of primary voltage 
was computed. 

Frequently it is not possible to match the impedance of the 
speaker exactly, Whenever this is not possible and whenever 
there is a sufficient number of taps on the output of the ampli
fier, it should be connected in such a way that a lower plate 
to plate load than normal is reflected. In other words, if it 
is necessary to match a 15 ohm speaker to an output transfor-
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IMPEDANCE MATCHING IN MULTISPEAKER SOUND INSTALLATIONS 

For amplifier install!ltions where some, or all, of the speakers 
are to be located at a distance from the amplifier, experience 
has shown that the installation or a 500 ohm transmission line 
offers greatest economy of sound energy, maximum ease of 
securing accurate impedance matches,and freedom from attenua• 
tion of any desired signal frequencies. 

Most amplifiers are provided with 500 ohm output tenninals 
in addition to the low impedance voice coil tenninals for this 
PUrPOSe. 

IMPEDANCE MATCHING OF SPEAKERS WITH UNEQUAL 
POWER RATINGS: It is frequently necessary to match a num
ber of speakers to a 500 ohm line in such a way that the 
speakers take unequal power. It is an easy matter to connect 
a number of speakers to a 500 ohm line so that each speaker 
takes the same amount of power, and it is also an easy matter 
to determine the correct impedance ratio of each line to speaker 
transfonner. In Fig. 1, if each of the speakers has a voice 
coil impedance of 10 ohms, the impedance ratio of the trans
formers should be 1500: 10 so that the three 1500 onm imped
ances in parallel will give an impedance of 500 ohms, which 

mer which has a 16 ohm tap and a 14 ohm tap, the 15 ohm 
speaker should be connected to the 16 ohm tap. This will 
reflect a somewhat lower value of plate to plate load so that 
it is possible to obtain slightly more power from the amplifier 
although the distortion will be somewhat greater at the peak 
output. This is much better than connecting the 15 ohm speaker 
to the 14 ohm tap, thus reflecting a higher plate to plate load 
and causing the amplifier to overload at a much lower value of 
power output. This is especially true of pentode and beam 
power tubes, where the higher value of plate to plate load 
will result iu a fiat top wave and severe distortion. 

TRANSFORMERS AS IMPEDANCE CHANGERS: The trans
former is an impedance changer and as such it is not necessari-
1 Y associated with any one value of impedance. In other words, 
if a transformer is designed to couple a 500 ohm line to a 10 
ohm voice coil, the impedance ratio of the transformer is 50: 1, 
and the same transformer for all practical purposes will just 
as effectively couple a 1000 ohm line to a 2ll ohm coil or a 
250 ohm line to a 5 ohm voice coil, provided, of course, that 
the power handling ability of the transformer ls not exceeded. 
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The only serious result of using the primary of a transformer 
for an impedance other than that for· which it was designed is 
the changing of the frequency response of the transformer and 
its operating effi~iency. In other words, a transformer designed 
for 500 ohms operation has a certain amount of inductance, 
which, when used with a 1000 ohm line, will give poorer low 
frequency response and better high frequency response. On 
the other hand, a transfonner designed for 500 ohm operation 
when used on a 250 ohm line, will provide better low frequency 
response but the high frequency response will drop off con
siderably. 

Thordarson line to voice coil transformer, TS-24S62, may be 
used to reflect a primary impedance from 500 to 3000 ohms. It 
has been designed with high primary inductance and low leak
age so that the frequency response is good over this range. 
The secondary has a number of taps, making it possible to match 
practically any voice coil impedance or obtain any desired turns 
ratio. The accompanying table indicates what turns and im
pedance ratios may be obtained as well as the voice coil im
pedances when one to six transformers are connected in parallel 
to a 500 ohm line. The table will aid in connecting voice coils 
of the same or different impedance where the distribution of 
power is equal, without the above computation. Only one 
speaker should be connected to each transformer. 

Thordarson transformer T-22S80 will couple a 500 ohm line 
to voice coils having 4, 8 or 15 at.ms impedance. It is possible 
to connect several speaker voice coils to one of the T-22S80 
transformers. If the voice coils have 15 ohms impedance 
each, two of them could be connected in parallel to the 8 ohm 
tap. Four 15 ohm voice coils can be wired in series parallel 
to the 15 ohm tap or in parallel to the 4 ohm tap. 

The wires connecting the transformer to the speaker coil 
should not be any longer than necessary. Long voice coil 
leads result in loss of power and low frequencies. Heavy 
wire should be used if the transformer is separated from the 
speaker by more than a foot. 

Table for Connecti_ng Dynamic Speakers of Various Impedances 
in Same Output System 

Secondary Matching Impedance TS-24662 Transformer 

Secondary N::i. of Transformers Paralleled Across 500-ohm Line 
Terminals 1 2 3 4 5 6 

2-4 .OS .1 .2 .2 .3 .4 
5-6 .1 .2 .4 .5 .6 .7 
2-5 .2 .4 .7 .9 1.1 1.3 
4 - 6 .3 .6 1.0 1.3 1.6 1.9 
3-6 .4 .7 1.1 1.4 1.8 2.1 
2 - 6 .6 1.2 2.0 2.7 3.4 4.0 
6 - 7 .7 1.4 2.2 2.9 3.6 4.3 
1- 2 1.3 2.7 4. 5.4 6.8 8,1 
l • 3 1. 7 3.3 5. 6. 7 8.4 10. 
l • 4 2. 4.0 6. 8. 10. 12. 
3 - 7 2.4 4.8 7.2 9.6 12. 14.4 
l • 5 2.6 5.3 8. 10.6 13.3 16. 
2 - 7 2.8 5.6 8.4 11.2 14. 16.8 
l • 6 4. 8. 12. 16. 20. 24: 
1 - 7 8. 16. 24. 32. 40. 48. 

The numbers in the table correspond to the individual voice 
coil impedances of each speaker. 

Voice coils in series: 
Total impedance in ohms· Z 1 + Z2+ Z3 

Two voice coils in parallel: 
Total impedance in ohms - Z1Z2/'Z1 + Z2 

More than two voice coils in parallel: 
Total impedance in ohms - 1/ 1 l 1 

·+·+
Z1 Z2 Z3 

Voice coils in series parallel: 
Total impedance in ohms = 1 

1 1 
--+--
Zf"Z2 Zs+Z4 

AMPLIFIER 
500 OHM OUTPUT 

TS-24S62 TS-24S62 TS-24S62 

FIG. I 
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LOUDSPEAKERS 
FACTORS IN THEIR SELECTION AND USE 

By 

TECHNICAL SERVICE DEPARTMENT 

JENSEN MANUFACTURING COMPANY, CHICAGO 

SOUND AND SOUND WAVES 

A disturbance having components in the audio frequency 
range travelling through the air, which of course the human 
ear can detect or "bear", is known as "sound" or a "travel• 
ling sound wave". It is usual to have a number of such 
sound waves, often from several sources and from different 
directions, combining at any one place; that is, sound is 
usually a complex combination of a number of simple waves. 

Since we are here only interested in home reproducing sys
tems we need only consider sound waves in air. A logical 
question is why and how do sound waves travel? Air is a 
fluid medium having uniformly distributed mass and stiff· 
ness. In such a system, a disturbance is transmitted through 
the medium just as would a disturbance in a system of inter-
connected springs and weights. · 

In the case of a simple wave, the direction of travel and 
intensity of the transmitted wave depend on the direction 
and intensity at the source which in tum de pend on the na
ture of the device causing the disturbance. The intensity 
of the transmitted disturbance or travelling wave decreases 
uniformly as it travels for reasons we will not describe 
here because it has no importance except in outdoor sound 
systems or in large theatre and auditorium reproducing systems. 

The above described transmission of a sound wave away 
from a source is called "radiation"; that is, the sound is said 
to be "radiated" by the source. Now when a sound wave is 
radiated into a room the wave is reflected when it reaches a 
wall just as light is reflected from a mirror in a certain 
direction depending on the angle at which the wave strikes. 
If the wall is hard, such as would be the case for a con
crete or painted plaster wall, the wave is reflected with 
very httle loss in its intensity. Sound waves will not be 
reflected from rather small objects such as posts, however, 
but rather will merely bend around them with little change. 
If the wall is soft as in the case of a carpetted floor a 
portion of the sound energy is lost; the carpet is said' to 
have "absorbed" some of the sound energy. The remaining 
portion of the sound wave energy is reflected. Sound ab
sorption also occurs due to soft objects in the room such as 
upholstered furniture and people. The greater the total surface 
of soft material exposed to the sound wave the greater will 
be the sound absorption. In any room, the sound will continue 
to travel about the room until it is completely absorbed. 
The time required for a loud sound to be absorbed enough so 
that the human ear can no longer hear it, is sometimes called 
the "reverberation time". 

From the above discussion it becomes apparent that the 
sound at any one place in a room is a complex thing being 
the summation of many components from many directions. It 
can be considered as made up of two major components: (1) 
the "direct" sound radiated directly from the source to the 
position in question, and ( 2) the "diffuse" sound which is 
the summation of the reflected sound coming from all direc• 
tlons. 

LOUDSPEAKERS· WHAT THEY ARE AND HOW 
THEY OPERATE 

Fudamentally a loudspeaker is a device for converting 
audio frequency electrical energy, such as that supplied by 
the output of an audio amplifier, into acoustical energy or 
sound waves in the air. This conversion must be accomplished 
so that the sound waves are a faithful reproduction of the 
electrical waves supplied to the londspea ker. This discussion 
will be limited to a class of loudspeakers known as "moving• 
coil loudspeakers" since this is the only type now used to 
any extent which has the ability to perform this function in a 
satisfactory manner. 

The most common loudspeaker type in use today, in the 
above class, is the "direct-radiator", or "cone-type" loud-

speaker. Here a relatively large vibrating structure, often 
called the "cone" or "diaphragm", radiates a sound wave di• 
recUy into the air due to its vibration. This radiating struc
ture is usually conical in shape, or nearly so, and is flexibly 
supported both at its outer edge and near its apex. A cylindri
cal coil of wire known as the "voice-coil" is rigidly fastened 
to the cone near its apex; this coll is immersed in a fixed 
radial magnetic field supplied by a magnetic structure. Now 
when a current flows through the voice coil it reacts with the 
magnetic field thus setting up a force along the axis of the 
coil; this force causes the cone to move in a direction de
pending on the direction of the current in the coil. The force 
varies as the current varies in amplitude. Thus an audio 

DIAPHRAGM 

VOICE COIL 

Figure 1. Simplified Direct-Radiator Loudspeaker. 

frequency electrical signal current causes the diaphragm to 
vibrate at the same frequency and with an amplitude depending 
on the value of this curre11t. Figure 1 illustrates these func• 
tional parts. The diaphragms of direct-radiator loudspeakers 
are usually fabricated or moulded of special paper-like material. 

MAGNETIC FIELD STRUCTURES 

As discussed in the above description of loudspeaker oper
ation, the v9ice coil is suspended in a fixed radial mag
netic field. As noted, this field is supplied by the "mag
netic structure". Two types of magnetic structures are in 
common use: (1) "permanent magnet" or "PM", and (2) ''field 
coil" or "electromagnet". 

In the first case a permanent magnet is incorporated in a 
soft iron case; the magnet is "charged" by placing the 
finished loudspeaker or the magnetic structure in a very 
strong magnetic field. When this field is removed a certain 
fixed magnetic strength is retained ca using the magnetic 
field across the "air gap" in which the voice coil is sus
pended 
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All modern loudspeakers of the permanent magnet type in
corporate magnets with specified and carefully controlled 
metallurgical composition. These magnets do not deteriorate 
with time and these loudspeakers ere therefore highly reco
mmended. 

An electromagnet structure differs in that a. coil of wire 
is incorporated in the soft iron structure. A magnetic neld 
appears across the e.ir gap when a. direct current is passed 
through the coil of wire. The field strength is increased as 
the current through the coil is increased, 

ln both of the above types the soft iron structures ere 
used to their full capabilities for the particular permanent 
magnet or field coil used. Therefore there is no reason for 
choosing either one from a performance standpoint. The 
permanent magnet loudspeaker is simpler, requiring no ex
ternal power to create the magnetic field but is a little more 
cosUy in the large sizes. Manufacturers of radio equipment 
often use the field coil type and "energize" the field coil 
from the plate power supply for the tubes. 

HORN TYPE LOUDSPEAKERS 

A second general type of moving-coil loudspeaker is known 
as the "horn type" loudspeaker. Here the vibrating struc
ture, usually known as the "diaphragm", is relatively small 
in size and does not radiate direcUy into the air. Figure 
2 illustrates the functional nature of such a loudspeaker. 
A flaring tube called a "horn" is connected to the diaphragm 
so that the sound energy created by the diaphragm enters the 
small end of the horn, called the "throat" from the "sound 
chamber" which is the space directly in front of the dia
phragm. The soillld wave then travels along the flaring horn 

Figure 2. Simplified Horn Type Loudspeaker. 

expanding as it travels Wltil it is radiated into the air from 
the large end of the horn, known as the "mouth". The effect 
is that of a large vibrating member at the horn mouth which 
can thus radiate more easily into the air. 

A horn may also be considered essentially as e.n acoustic 
transformer. It matches the mechanical impede.nee of the 
small diaphragm to the mechanical impedance of the air just 
e.s impedances are matched in electrical circuits. Tt)e flar
ing or expansion of the horn is at some specific rate deter
mined by exact mathematical formulas. 

The diaphragm of horn type loudspeakers is usually sup
ported only at its periphery and much less flexibly than in 
the case of the direct-radiator type loudspeaker. It may 
take many sorts of shapes, usually not conical. The dia
phragm is usually made of some thin light weight metal or of 
phenolic materials. It is also driven by a. voice-coil which 
is in turn suspended in a fixed magnetic field. The assem
bly comprising the diaphragm, voice-coil and magnetic struc
ture; that is the assembly exclusive of the horn, is called 
the "driver unit" and is often referred to as a "compression
type" driver unit. 

SINGLE CHANNEL LOUDSPEAKER SYSTEMS 

In the usual radio receiver, a single direct-radiator loud
speaker is used, This unit must reproduce the complete 
frequency range required, stated in another way, the fre
quency re.nge resulting is no greater than the loudspeaker 
can reproduce, It is unfortunate that in general much too 
small a portion of the total cost of the receiver ls alloted 

to that vital link - the loudspeaker, The usual loudspeaker 
used for this application has no special characteristics. 
However, single direct-radiator loudspeakers are now gen
erally available which offer definite advantages over the 
"garden var-iety" for these applications; they are known as 
"Extended Range" or "High-Fidelity" loudspeakers, 

Despite the simplicity of the direct-radiator loudspeaker, 
it is difficult to achie'\Te smooth acoustic output to very high 
frequencies and still maintain the other desirable cherac-
teristlcs. However the high fidelity single direct-radiator 
loudspeakers mentioned above meet many of the basic re
quirements of high fidelity systems discussed later. They 
are available in all sizes and represent the best perfonnance 
available for minimum cost and are highly recommended where 
the more elaborate systems may not be feasible, 

In some cases two or more loudspeakers each connected di
rectly to the amplifier and reproducing the full frequency 
range a.re used. This arrangement increases the power
handling ability and maximum available low frequency output 
as will be described later. Also extension loudspeakers are 
used extensively so that music is available at several places 
remote from the basic equipment, Here e.sain each loud
speaker must reproduce the whole frequency range result
ing, This practice is also recommended an_d methods of con
necting such loudspeakers to the basic eQuwment and of con
trolling the output loudness will be described later. 

The loudspeaker systems described above are known as 
"single channel" systems. Other examples are the public 
address systems (PA) or soWld reinforcement systems and 
wired music distribution systems in which each speaker carries 
the full frequency range. This latter application dictates simi• 
Jar loudspeaker considerations to those discussed just above, 
General PUlllOSe horn-type loudspeakers are often used for 
paging and sound reinforcement systems, Pe.r:tic~arly when in 
outdoor locations. All of these latter appllcations are of a 
professional nature and will not be discu_ssed further expli
citly since they are outside the scope of this book, 

MULTIPLE CHANNEL LOUDSPEAKER SYSTEMS 

From the discussion up to this point it may be deduced 
that any given loudspeaker performs best in some certain 
frequency range. Thus if a combination of loudspeakers 
could be connected in some way so that each loudspeaker 
operated in that frequency range best suited to it, and if 
these ranges were complementary, an improved overall effect 
might result, Such systems are known as "multiple channel" 
loudspeaker systems. The frequency range is divided into 
discrete sllghUy overlapping ranges each of which is repro
duced by a. different loudspeaker. This method then permita 
each loudspeaker or "element" to be designed for best per
formance in a relatively small range. By such a method lt 

Fig. 3 Multiple Channel Loudspeaker System With Horn Type 
Low Frequency and High Frequency Channels 
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is possible to meet many more of the requirements contribu
ting to the high fidelity reproduction which is our goal. 

The division of the frequency spectrum into ranges may be 
accomplished by means of an electrical tilter network which 
feeds the appropriate range or "band" to each loudspeaker. 
In some cases the loudspeaker element is designed so as to 
reproduce only the desired frequency range. Also combina
tions of the above two methods are used. In any case the 
frequency spectrum division must be done in such a way that 
no adverse effects occur in the overall result which defeat 
the very purpose of the combination. 

In many professional applications the various channels 
(usually two) are of the horn-type; the usual motion picture 
theatre system is an example and is illustrated In Figure 3. 
In smaller systems a direct-radiator loudspeaker in a suit
able cabinet is usually used for the low frequency range; 
Figure 4 illustrates a typical system of this type. These 
are professional applications however and will be discussed 
no further here. 

Figure 4. Multiple Ch&llnel Loudspeaker System with Enclo-. 
sure for Low Frequency Channel. 

For use in conjunction with home reproducing equipment the 
"coaxial" type of multiple channel system is ideally suited. 
In these systems the various loudspeaker elements are placed 
on a common central axis. Their prime advantage other than 
those of the multiple system is their compactness; in many 
cases no greater space is required than for the usual single 
direct-radiator loudspeakers. 

Coaxial loudspeakers may consist of direct-radiator ele
ments for all channels or one or more of the channels may 
use horn-type elements. The advantages of a direct-radiator 
elerre nt for the high frequency channel is simplicity of the 
design and the resulting low cost. Its disadvantages lie In 
the fact that uniform, constant level, undistorted output is 
difficult to maintain at very high frequencies and the "an
gular coverage" becomes small at high frequencies. 

When using horn-type high frequency elements the angular 
coverage can be controlled by the horn design. Further ad
vantages are high efficiency and smooth, uniform performance 
at relatively high frequencies. 

PHYSICAL CHARACTERISTICS OF LOUDSPEAKERS 

The performance and physical characteristics of loud
speakers are so complex that little progress has been made 
in standardizing them. Recent activities in the field or 
standardization ~hould result in some standards of particular 
value. 

Table I lists certain physical dimensions of interest for 
direct-radiator loudspeakers. The figures for maximum dia
meter and mounting hole center radius are generally accepted 
as standard by the industry. 

The magnitude of the electrical impedance of a direct
radiator loudspeaker without baffle varies with frequency 

Table I. Physical Dimensions for Direct-Radiator Loudsoeakers 

Nominal Maximum Mtg. Hole Baffle Cutout 
Size O.D. Center R. Diameter 

4 5 2-11/32 3-1/2 
5 5 2-11/32 4 
6 6-11/16 3-1/ 16 5-1/4 
8 8-1/8 3-13/ 16 6-3/4 

10 10-1/8 4-13/16 8-3/4 
12 12-1/8 5-25/32 10-1/2 
15 15-1/8 7-9/ 32 13-1/4 
18 18 8-17/32 15-3/4 

All dimensions are in inches. 
Where slotted mounting holes are provided they include the 

above mounting hole positions. 
Four mounting holes spaced at 900 are provided in all cases. 
In larger sizes eight mounting holes may be provided with 

450 spacing. 

in a manner shown in Figure 5. The low frequency at which 
the large rise in the magnitude of the impedance occurs is 
knov.n as the "resonant frequency" or "natural frequency". 
The "nominal impedance" of a direct-radiator loudspeaker is 
the value at the lowest point on the curve above the reson
ant frequency as indicated on Figure 5. The accepted stan
dard impedance for loudspeakers for use in radio. receivers 
ls 3.2 ohms. Many loudspeakers have other nominal impedance 
values for specific reasons. A value of approximately 50 
ohms is used commonly in intercommunicating systems; this 
higher value reduces line losses. Values from 6 to 8 ohms 
are also common in the larger loudspeaker sizes particularly 
for sound reinforcement systems. Horn-type loudspeakers 
normally have a nominal impedance of 16 ohms • 
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Figure 5. Magnitude of Direct Radiator Loudspeaker Impe~ 
ance as it Varies with Frequency. 

FACTORS IN ACHIEVING HIGH FIDELITY 
SYSTEMS 

The term "high fidelity" is widely used in describing sys
tems with consiqerable misunderstanding of its meaning. 
"High fidelity" can be det1ned as an exact reproduction of 
the original sound. But this definition immediately implies 
several serious restrictions. An exact reproduction of the 
original sound c&ll only be achieved in the same or a dupli
cate room or auditorium. Also the sowid sol.l'ce must be ef
fectively as large as the original, say orchestra; the direc
tional characteristics of the source must be the same at all 
frequencies as for the original instrumeits. Now it is obvious 
that the directional characteristics of musical instrume.nts 
are vasUy different and this pattern even changes with fre
quency for any one instrument. Therefore, it becomes obvious 
that this definition of "high fidelity" ls of no value for home 
reproducing systems. 

A second definltion has usefulness &lid can be directly 
applied. High fidelity reproduction can be defined as re
production which is jl.llged by the listener to sound most 
like the original. It is commqnly known that the material to 
be reproduced goes through a long chain of processes, con
versions and equipment before being reproduced. It cannot be 
emphazised too strongly that ~ link in this chain must ap
proach perfection as we approach high fidelity performance 
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or the whole system. This is true since in general the short• 
comings of any one link are added to those of all other links; 
the aggregate of a large number of small discrepancies be
comes a major deviation. 

Many interrelated factors contribute to the achievement of 
high fidelity. Of primary importance is the absence of noise 
and distortion in the reproduced signal. The subject of dis· 
tortion alone could consume many pages; let us merely con· 
sider here as distortion any new signal components introduced 
by the system. This latter definition of distortion would then 
also include noise; particularly objectionable are low frequency 
hum, high-gain amplifier hiss, and loudspeaker rattles or 
buzzes. 

The transmission characteristics must be "smooth"; i.e., 
the acoustic output must not change rapidly or erratically 
with frequency. Such variations change the overtone struc· 
ture of certain musical instruments particularly for certain 
notes and also tend to submerge certain notes of certain in· 
struments. It is also important that the low frequency out· 
put be correctly balanced with the output in the middle fre
quency and high frequency portions. The reproduced sound 
cannot sound like -the original if some portion of the frequency 
range is quite prominent. The extent of the frequency range 
must also be balanced at the high and low frequency ends. 
If a very small loudspeaker is used and thus the low frequency 
range limited, it is not feasible to extend the high frequency 
range without limit; even though frequencies are added that are 
in the original the reproduction is less pleasing and acc~table 
- the reproduction sounds less like the original. 

Good "transient response" refers to the ability of a system 
to reproduce effectively staccato and explosive type sounds 
involving extremely rapid rise or decay times. It is obvious 
that such response is important since musical sounds are pre
dominanUy of this nature. 

If the above criteria are adequately met, then considerable 
advantage may result by extending the frequency range both 
at high and low frequencies until all components of the original 
sound may be re11"oduced. Unfortunately, wide frequency 
range has often been considered as synonymous to high fidelity 
with disappointing results. Only after the important factors 
discussed above.. have been given careful attention is it desira
ble to extend the frequency range without limit. A moderate 
band width system meeting all of the other conditions above 
can be demonstrated to be much more acceptable to a listener 
than a system reproducing the complete range of frequencies 
but with distortion and noise present or poor frequency balance 
or transient response. 

All of the above factors apply equally to all parts of the 
re11"oducing system from microphone, studio and transmitter 
or recording medium through to the loudspeaker and listening 
room. Some further aspects should be given consideration and 
apply more directly to the loudspeaker. As was described 
earlier, the sound one hears in a room is comprised of that 
coming direcily from the loudspeaker and that being reflected 
from the walls one o, more times.. Now the amount of sound 
coming directly from the loudspeaker should be nearly the 
same at all points in the room where one might listen since 
the ratio of this direct to the diffuse sound should be the same 
at all such positions. The diffuse sound is here assumed to 
be reasonably constant throughout the room. Therefore the 
"angular coverage" or ''polar response" of the loudspeaker 
should be quite broad. This angular coverage must also be 
essentially constant throughout the frequency range being 
reproduced. . 

A stereophonic system is one in which two or more physi
cally separate entire transmission systems are used in such 
a way as to achieve natural three dimensional effects. This 
obviously adds a great deal to the realism. Some of these 
effects can be obtained by using two or more loudspeaker 
systems separated appreciably but reproducing the same 
electrical signal. Also, loudspeaker systems of rather large 
physical size usually sound more natural. 

HIGH FIDELITY LOUDSPEAKERS 

As stated previously, single unit direct-radiator loudspeakers 
are now available which fulfill many of the requirements for 
high fidelity performance. Reasonable care in the design and 
production processes insures against noise created in the loud• 
speaker itself; such noises are usually due to loose joints 
and wires or due to the diaphragm striking some part of the 
frame. 

Low distortion and good transient response are the result 
of good basic design; of particular importance are adequate 

size and clearance of moving parts and well designed sus
pensions. The diaphragm must have suitably distributed mass 
and stiffness and suitable reinforcement added so that it 
does not respond to many modes of vibration. 

Loudspeakers of the coaxial type described above are par
ticulady to be recommended where high fidelity signals are 
available for reproduction; Fl\1 direct pick-up signals are 
usually Quite satisfactory. It must be pointed out again that 
high fidelity speakers, however, will reproduce all signals 
that are impressed on them including any distortion or noise 
in the system. These coaxial lQudspeakers not only are capa
ble of reproducing the full frequency range that the ear can 
hear but also give proper overall balance. The models in• 
corporating compression-type high frequency elements are 
particularly good in this respect. 

LOW FREQUENCY LIMITATIONS OF LOUDSPEAKERS 

It is obvious that the acoustic energy radiated must be 
related to the amount of air in contact with the vibrating 
radiator and to its amplitude of vibration. Now the ampli
tude of vibration is limited by the mechanical character· 
istics of the diaphragm suspensions and therefore for some 
fixed amplitude the size of the diaphragm is the determining 
factor. 

The use of two loudspeakers doubles the area of the radia
tor; this is equivalent to a diameter increase of 40%. There
fore, less amplitude of vibration would be required. 

Often increased low frequency output is sought by increas
ing the electrical power (by eQuallZing the amplifier); this 
can only result in increased output if greater amplitudes of 
vibration result. When the suspensions reach a certain dis
placement they cause distortion and may even fail mechani• 
cally, The only satisfactory solution is to actually or effective
ly increase the size of the radiator. 

The above discussion applies only to maximum output in the 
low frequency region. When reproducing at relatively low 
levels, the low frequency output can be emphasized by equal
izing the amplifier and such practice is recommended. The 
low frequency efficiency can also be increased somewhat by 
proper cabinet design. This subject will be treated later. 

SIZE, FREQUENCY, RANGE AND 
POWER RATING 

When choosing a loudspeaker one is often limited by the 
maximum physical dimensions that can be accommodated. If no 
such restriction exists, then the choice can usually depend 
on the low freQuency performance desired. The following 
table can be used as a rough guide to the low frequency limit 
for various loudspeaker sizes: 

Size 

18" 
15" 
12" 
10" 
8" 
6" 
5" 

Low Frequency Limit 

40 
50 
60 
70 
80 
95 

ll5 

This table assumes an adequate baffle as discussed later. 
The high frequency range of direct-radiator loudspeakers de
pends on the dynamics of the radiating structure. It is pos
sible to obtain useful output to approximately 10,000 cycles 
for all sizes up to and including the twelve inch size; the 
15 and 18-inch sizes are limited to about 8500 cycles, No 
such limitation exists for multiple channel systems. 

The audio frequency power availab[e in most amplifiers is 
more than adequate for most home applications. In some 
cases the output power available is Quite high and provis~on 
must be made to protect the loudspeaker if it does not have 
a sufficiently high rating. 

The power rating of a loudspeaker should be the maximum 
reading of a VU meter for music signals which can be repro
duced without distortion or damage to the loudspeaker after 
prolonged use. Usually distortion is the controlling factor; 
a power of twice the rated value can usually be reproduced 
without damage. However, it must be remembered that. the 
maximum power output of an amplifier may exceed its rating 
by perhaps a factor of two also. 

The power rating of a loudspeaker is a limiting sort of 
thing and it must not be presumed that such a power must be 
available to use such a loudspeaker. The power rating is 
related somewhat to the efficiency, i.e. the higher rated 
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speakers are usually the more efficient. The question often 
arises - Can a large loudspeaker having desirable character
istics but also high power rating (and usually high efficiency) 
be connected to a small, low power amplifier? The answer 
is that the large speaker Will give more sound output for the 
same input power than does the original small speaker be
cause of the added efficiency; therefore the substitution of a 
larger loudspeaker is always feasible from this viewpoint. 

From these considerations it becomes obvious that one can 
usually improve the average radio receiver to a marked degree 
by merely changing to a more adequate loudspeaker system. 
It should also be noted in this connection that for a loud• 
speaker with higher efficiency less distortion in the amplifier 
will result for a given acoustic output since less electrical 
power is reQuired, 

ANGULAR COVERAGE OF LOUDSPEAKERS 

It was stated previously that wide angular coverage must 
be achieved in order to approach high fidelity performance. 
Now as the frequency increases the wavelength of the sound 
radiated from a diaphragm decreases proportionately; as the 
wavelength approaches the diameter of the diaphragm the 
sound tends to concentrate in a beam along the axis of vi• 
bration. This effect increases continuouslyi as the frequency 
is increased. 
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Figure 6. Total Energy Decrease with Increased Frequency 
for ·constant Axial Intensity for Various Piston 
Sizes. 

Figure 6 shows that the total sound ener&Y radiated from 
a diaphraiffi decreases as the frequency is increased assuming 
the sound intensity along the axis as constant. This means 
then that the angular coverage decreases as the frequency is 
increased. It can be seen that the angular coverage is im
proved by using a smaller diaphragm; constant total radiated 
energy would indicate the same angular coverage at all fre
quencies. 

The above discussion applies more specifically to direct
radiator units; it assumes that all parts of the diaphragm 
mo\'e together, i.e. as a rigid piston. Now as the frequency 
is increased the diaphragm begins to differ from a simple 
piston in such a way that the effective size of the piston 
is decreased, thus tending to improve the angular coverage 
or polar response. Intuition here su11ests that consider• 
able control can be exercised by altering the shape and 

Figure 7. Wavelength of Sound as it Varies with Frequency. 

structural details of the diaphragm, It is by these design 
factors that good angular coverage is achieved. 

In some loudspeakers deflecting or diffracting devices are 
placed in front of the diaphragm in an attempt to improve 
the angular coverage. Such devices must have linear dimen
sions of at least one-fourth of the wave length of the sound 
wave to be effective. Figure 7 shows the wavelength of 
sound in air under normal room conditions for all frequen
cies of interest. 

The angular coverage of horn type loudspeakers is more 
amenable to control. It can be noted in Figures 3 and 4 
that horns made up of a number of sections or cells are com
monly used in connection with high frequency channels. The 
total angular coverage can be assumed as the angle between 
the axes of the extreme outer cells plus the angle between 
adjacent cells, i.e.• the coverage per cell multiplied by the 
number of cells, lt is apparent that the angular coverage 
is in general greater in the horizontal plane than in the 
vertical plane. 

In coaxial type loudspeakers this cellular construction 
becomes more difficult since the dimensions of the low fre
quency unit resll'ict the number of cells that can be used 
and the angle between the outermost cells. These cells are 
also seen to be a major obstruction in front of the low fre
quency diaphragm and therefore modify its radiating char
acteristics, 

As described previously the sound wave from a compression 
type unit expands as the horn flares and effectively is radiated 
from the mouth of the horn. However as the frequency is 
increased the sound wave appears to "jump off" or be radiated 
progressively further back from the throat. In other words the 
angular coverage is somewhat better at some &iven high 
frequency than if radiated from the mouth (as a piston) . 
Again lntultion suggests that the rate of flare would be a most 
important factor. This is correct and horn contours have been 
developed giving essentially constant angular covera&e to 
very high frequencies. 

Figure 8. Coaxial Loudspeaker with Special Hom Contour for 
Horn Type High Frequency Channel. 

Figure 8 shows the construction of a coaxial loudspeaker 
using a horn of the above type. Here the low frequency dia
phragm is shaped to act also as part of the horn in the lower 
portion of the frequency range of the high frequency channel. 
This method has the marked advantage that there is no ob
stl'uction in front of the low frequency diaphragm. No difficulty 
is encountered due to the vibration of the low frequency 
diaphragm since it acts as part of the horn only in a region 
where the wavelength of the high frequency sound wave is 
several inohes and therefore quite large compared to the 
vibration amplitude. Unu.sual results are achieved with 
this advanced design because of the excellent polar response 
and wide frequency range. Another marked advantage is the 
fact that the angular coverage is the same in the vertical 
plane as it is in the horizontal plane just as is the case 
at lower frequencies. 

Another type of coaxial loudspeaker is similar to the 
above but the results are achieved by using an acoustic lens 
which spreads a beam of high frequency sound waves over a 
large angle. The acoustic lens is designed to operate in 
conjunction With the horn in such a way as to give essen
tially constant angular coverage in both the vertical and 
borizoatal planes for all frequencies. 



MEISSNER INSTRUCTION MANUAL 

BAFFLES AND ENCLOSURES FOR LOUDSPEAKERS 

It can be seen that sound waves will normally be radiated 
from both sides of a vibrating diaphragm. Now the sound 
waves radiated from the back of the diaphragm combine with 
those from the front of the diaphragm and the low frequencies 
tend to combine so as to mutually cancel. Therefore a direc~ 
radiator loudspeaker must be placed in a battle or enclosure 
of some type so that these components cannot cancel in the 
region of interest. 

The simplest baffle consists of a flat rigid surface of 
hard material with dimensions of the order of a wavelength 
at the lowest frequency of interest. Such a baffle is large 
and not suitable for use in a home. cabinets and enclosures 
are a refinement in which the baffle is essentially folded 
back forming a cavity, such cabinets are often closed at 
the back so that no sound waves can be radiated from the 
back side of the diaphragm. Such an enclosure is often 
called an .. infinite baffle" type cabinet. The entire inter
ior surface of such a cabinet should be covered with an ab
sorption material at least one inch in thickness. 

Another type of enclosure in common use is the Bass Reflex 
Cabinet. In this type the cabinet is completely closed like 
the infinite baffle above except that a second opening on 
the front, usually below the speaker cutout, permits the 
radiation of a supplementary sound wave. The amplitude and 
phase of this secondary wave are re lated to those from the 
front of the loudspeaker and depend on the enclosed volume 
of the cabinet, the piston area of the loudspeaker and the 
jll"ea of the auxiliary opening called the "pat". For sui~ 
ably chosen dimensions these waves are in phase in the low 
frequency region and thus more acoustic output is obtained 
because of the larger effective diaphragm size. 

Figure 9. Bass Reflex Cabinet Construction, 

Figure 9 shows the consll'uction of a Bass Reflex Cabinet 
and Table II lists preferred dimensions for various sizes of 
loudspeakers. Construction should be rigid and well braced; 
the individual dimensions are of little importance and the 
shape can be chosen to suit the particular needs. Such a 
chamber can be easily incorporated into a larger cabinet 

Table II. Preferred Dimensions for Bass Reflex Cabinets 

Nominal Cabinet Port 
Speaker Size Volume Area 

18 13900 96 
15 9990 71 
12 7690 66 
10 5980 41 
8 3530 28 
6 2310 21 

All dimensions in inches, square inches, or cubic inches. 

houslng other portions of the system. ApproXimately one
half of the interior surface of the cabinet should be covered 
with absorption material such as jute padding approximately 
one-inch thick. 

The Bass Reflex principle is best for chamber volumes 
within 10% of the figures in Table II; for volumes either larger 
or smaller than this range the infinite baffle type of chamber 
is recommended. There is also available a line of cabinets 
including a Bass Reflex cabinet and matching cabinets for 
supplementary equipment so that almost any custom assem
bled system can be accommodated. 

PRECAUTIONS IN THE USE OF LOUDSPEAKERS 

If all of the potentialities of a modern high fidelity loud
speaker are to be used to their best advantage a number 
of precautions must be observed. Many of these were men
tioned in discussing the general subject of high fidelity 
systems above. 

System distortion can often be decreased by limiting the 
frequency range; some loudspeakers are equipped with range 
control facilities for limiting the reproduced range. Such 
controls are a valuable adjunct since the system includes 
equipment over which we have no control and in Which dis
tortion often arises; such equipment includes radio trans
mitters and phonograph records. 

In addition to range limiting controls mentioned above the 
use of equalizing controls is highly recommended. Such con
trols can change the overall balance of high and low fre
quencies so as to partially correct such factors as bad room 
acoustics at either the transmitting (or recording) and re
ceiving locations. These controls are also useful in modi
fying the response to be most pleasing for abnormally soft 
or extremely loud reproduction; it is generally known that 
the ear hears differently for these two extrenies. 

Finally it must be pointed out that the amplifier and loud
speaker load must be correctly coupled to each other. Am
plifiers are designed for some nominal load impedance and 
suitable transformers must be used to achieve this. 

Any single loudspeaker of the single or multiple channel 
type represents a single load impedance value; such a load 
can be connected to the amplifier directly if a suitable im
pedance tap is available or a single amplifier to loudspeaker 
matching transformer can be used. The transformer must have 
a power rating at least equal to that of the loudspeaker so 
that distortion does not occur at this point. 

If a number Of loudspeakers of the same nominal impedance 
are to be connected to an amplifier a parallel connection is 
recommended; the resulting load impedance is then the nomi
nal impedance of each speaker divided by the number of 
speakers to be connected. Here again a transformer must be 
used to connect this load to the amplifier if a suitable tap 
is not available. The loudness at any speaker can then be 
adjusted by means of an L-pad having the same nominal imped
ance as the loudspeaker. Also any loudspeaker can easily be 
disconnected by substituting a resistor of the same value of 
the speaker nominal impedance without disturbing the dis
tribltion or impedance match. 



MEISSNER INSTRUCTION MANUAL 47 

PHONOGRAPH PICKUPS 
TlilS AR TIC LE HAS BEEN PREPARED EXPRESSLY FOR TlilS MANUAL 

By 

PICKERING and CO. INC. 

GROOVE AND STYLUS 

The only function of a phonograph reproducer is to convert 
the mechanical motion of a stylus sliding in a spiral record 
groove to electrical signal output, which can then be ampli
fied and applied to a loudspeaker. Although this is a very 
simple task, many details arise which cause great difficulty 
in the successful realization of perfect record reproduc
tion, It might well be in order to review the manner in which 
the recorded information is presented to the pickup, and then 
explore the requirements of a pickup to make use of this 
information. 

When a record is made, a formed cutting tool is forced in
to the surface of a relatively soft material in disc form which 
is being rotated beneath the cutting tool. At the same time 
the mechanism (or cutting head) which holds the cutting tool 
is advanced slowly, so that when the disc has made a com
plete revolution, the tool has moved forward a few thousandths 
of an inch and the next groove starts alongside the first one. 
This covers the entire surface of the disc with a single 
spiral groove which is continuous from beginning to end of 
the record. On an average twelve inch record this groove is 
about 800 feet long. On a microgroove record, the groove 
can be as much as 2000 feet long! The shape of this groove 
in cross-section is shown in Fig. 1. 

If we place a ball-point stylus in this continuous spiral 
groove, the stylus will be slowly drawn across the disc as 
the turntable is rotated. If the stylus holder is mounted 
on a pivoted arm, the arm will swing across the record under 
the "screw" action of the spiral groove. The st.vlus may be 
said to "scan" the entire length of the groove. A portion 
of the record surface is shown in Fig. 2a. Fig. 2b shows 
what happens to the groove if the cutting stylus is caused 
to oscillate back and forth sideways while it is cutting the 
spiral groove. Now, although the average groove configura
tion is still a spiral, there are numerous "wiggles" which 
the playback stylus must follow to remain in the groove. 
These wiggles represent the modulation or useful output in
formation to be obtained from the record. It is the func
tion of the pickup to convert this modulation of the record 
grooves into an electrical signal which can then be amplified. 

Regardless of the type of electrical generator element 
used in the pickup, whether it be crystal, ceramic, magnetic 
or moving coil, all of the mechanical motion originates in 
the fit of the playback stylus in the record groove. This 
is purely a problem in geometry, and has nothing to do with 
the electrical or mechanical properties of the pickup. Fig. 3 
shows the tip of the reproducing styli as seen from the side. 
A section through the tip at the poilt where it engages the 
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record groove would show a circle. It is obvious that the 
smaller the diameter of the tip, the finer is the detail which 
can be reproduced. However, if the tip is made too small we 
have the condition shown in Fig. 4a, where the stylus is not 
firmly held by the groove and serious "rattling" would result. 
Fig, 4b shows the fit of a stylus which is too large for the 
groove. (A standard stylus on a microgroove record would 
give something of this sort.) Fig. 4c shows the ideal condition 
which results from a perfect fit. The playback stylus should 
always be the smallest size which will not produce rattling. 
This condition will give the best frequency response, the 
lowest surface noise, and the least distortion. 

There is one serious flaw in this picture, however, which 
must be considered. Although record companies nowadays are 

PORTION OF RECORD SURFACE (UNMODULATED) 

a 
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pretty careful about groove shape, it was not ever thus. 
Some of the older records, particularly those made from worn 
stamping dies, have groove bottoms with much larger radii 
than shown in Fig. 1. In these cases the only thing pos
sible is to use a larger stylus radius, which fits better in 
the larger groove. The same condition pr~vails on new re
cords which have been badly worn by playing. A larger stylos 
radius will often make such records sound better. 

Following are the recommended radii for styli for all types 
of recordings: 

Microgroove records (Columbia LP and Victor 45): 
.0009 to .0011 

New recordings, new pressings: 
.0023 to .oo 25 

Sixteen inch transcriptions: 
.0020 to .0023 

Instantaneous lacquer discs: 
.0023 to .0025 

Old or worn records: 
.0027 to .0031 

The material of which the playback stylus is made has a 
great effect on its useful life. All of the foregoing dis
cussion was based on a playback stylus with a perfect shape, 
as shown in Fig. 3. When a stylus becomes worn, it looks 
like Fig. 5. It is readily apparent that the shape shown in 
Fig. SC cannot possibly negotiate all of the sharp kinks in 
the record groove as shown in Fig. 2B. Instead of sliding 
smoothly around a sharp bend as a perfecUy round stylus 
would, the worn one m.erely cuts off the sharp corners with 
the edges which result !rom wear. Since it cannot follow 

rapid wiggles of the groove, high frequency response is ser
iously cut down, and because of the cutting action of the 
sharp edges, the wear becomes severe at these high frequency 
passages. A worn stylus will not necessarily affect the re
cord at low frequencies when the radius of curvature is very 
large. A very slight amount of stylus wear will only affect 
the very high frequencies, but the region affected will move 
progressively lower and lower as the stylus wear increases. 
From this is can be seen that the seriousness of stylus wear 
depends on the high frequency range of the playback system. 
High quality systems cannot tolerate the slightest amount of 
wear, whereas systems which cut off at 2000 or 3000 cycles 
can use a stylus very much longer. 

It must be pointed out that the rate at which a wom sty
lus wears a record depends only on the amount of stylus wear 
and not on the material. All stylus materials are so hard 
compared to the record material that the:y all do the same 
amount of damage for a given amount of wear. The life of 
the stylus, however, varies enormously with material, Fol
lowing is an approximate evaluation of the various stylus 
materials used in a light-weight reproducer on standard 
12-inch phonograph records: 

Material No. of plays No. of plays 
Low quality system High quality system 

Steel I 1 
Chromium 10 5 
Osmium 200 25 
Sapphire 2500 200 
Diamond 50,000 (est.) 3000 

This points up the superiority of the jewel stylus mater
ials for high-Qlialit.Y reproduction, and for long life in low 
quality systems. They do have the disadvantage of being 
somewhat more liable to damage by shock. In this respect 
the diamond is much superior to the sapphire, For extrem~ly 
rough use where the pickup is likely to be dropped forcibly 
many times, metal points should be used and changed often. 
For normal use, including mechanical record players, the 
jewel styli will do much better. 

MECHANICAL SYSTEM 

Between the stylus and the eJectrical generator there must 
be a mechanical linkage to transmit the vibratory motion. 
It is this mechanical system which usually determines the 
frequency response of the pickup and the reaction force on 
the record grooves. Referring to Fig. 4c, it can be seen 
that the motion of the stylus point is transmitted by the 
record grooves by means of the groove walls, which are 
V-shaped. This means that if the part of the pickup holding 
the stylus resists lateral motion, the stylus will be forced 
up andoutofcontact with the groove walls, producing "rattles". 
To overcome this effect it is necessary to apply a vertical 
force which holds the stylus down in the groove. This is 
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called "tracking force", and is an important factor in record 
wear. It can easily be seen that, in order to make a pickup 
operate with low tracking force, all possible effort must be 
made to cause the stylus holder to move sideways very 
easily, In this way the tendency of the stylus to ride up on 
the groove walls is minimized, and less tracking force is 
required. 

Fig. 6 shows a schematic diagram of the mechanical system 
of a pickup of simplest possible construction. M represents 
the mass of the stylus and stylus holder, S is the spring 
holding the stylus centered, and A is the pickup arm, which 
usually has a mass so great with respect to M that we can 
ignore it for the present. We will ignore any friction in the 
the surface on which M is sliding. That was put there only 
to make it easy to visualize the direction of motion, shown 
by the arrows. 

~ben the stylus is property tracking the record groove, it 
is equivalent to forcing ma.ss M to vibrate at the frequency 
and amplitude dictated by the record groove at any particu
lar instant. If we , imagine that we grasp the mass M and 
slide it back and forth we will have the same situation. 
The reaction force on our hand is the force felt by the re
cord grooves. Let us first imagine that S is very stiff and M is 
fairlY massive, If we move M very slowly back and forth 
(corresponding to low frequencies) we are mainly conscious 
of the stiffness of the spring S. In other words, at low fre
quencies the stiffness of the centering spring determines 
the principal reaction force on the record groove. As we 
increase the frequency of the motion of mass M, we will 
approach a point where the spring and mass will resonate and 

M 

FIG. 7 

bounce back and forth with practically no outside force being 
necessary to maintain motion. At this point the reaction 
force is practically zero. As we move M faster and faster, 
we find that the principal effort goes into reversing its motion 
at the end of each oscillation, or in accelerating the mass, 
In fact, if we move· it rapidly enough, the spring might even 
be disconnected and we would feel no difference. From this 
it can be seen that the mass of the stylus and its holder is 
the determining factor at high frequencies. 

To sum up the mechanical system, we find that at low fre
quencies the stiffness of the centering spring produces the 
principal reaction force; at high frequencies the mass of 
the stylus and stylus holder produces the principal reaction 
force. In other words, a pickup which is too stiff will rattle 
at low frequencies, and one which is too massive will rattle 
at high frequencies, unless the tracking force is increased. 
The force produced on the record walls is a function of the 
"mechanical impedance" of a pickup. A low mechanical 
impedance means long record life and low stylus wear. A 
pickup which requires low tracking force (less than 1 oz.) 
has low mechanical impedance. One which rattles unless the 
tracking force is increased to 1 oz. or more has a high mechan
ical impedance. 

All pickups which have replaceable needles of the con
ventional type, and which have screw chucks or other massive 
parts to hold the needle, are subject to poor tracking at 

high frequencies. A considerable improvement in trackin& 
and record wear can be made, at the expense of high fre
quency response, by installing in such pickups a "bent 
shank" or "offset" needle. Fig. 7 shows the mechanical 
effect of such a system. M is the principal mass of th~ 
needle chuck and mechanical system, S is the centering 
spring, m is the mass of the stylus tip, and s is the spring
iness of the bend in the needle assembly. At some high 
frequency, determined by s and M, the tip of the needle 
m will become decoupled from the main mass M, thereby re
lieving the record of the load of accelerating the large mass 
M. Of course, this also cuts off the high frequenc-ies at the 
same point. 

If the principal mass M in Fig. 6 is made small enough 
(comparable to m in Fig. 7) it is possible to obtain flat 
response to very high frequencies without imposing a des
tructive load on the record. Because even a few milligrams 
of extra weight at this point will prevent attainment of the 
objective, all wide-range high-quality pickups are mada 
with built-in styli. In this way the mass can be kept to a 
minimum. With a low stylus mass, the stiffness S can be re
duced to provide good tracking at low frequencies. lt is 
important to maintain a good balance between mass and stiff
ness so that the lightest possible tracking force can oe 
used without running into trouble at either low or high fre
quencies. 

NEEDLE CHUCK ELECTRODES 

NEEDLE RUBBER BLOCK 

FIG.8 

ELECTRICAL GENERATOR 

Since the object of the phonograph pickup is to produce an 
electric current signal output, there must be incorporated 
in the device a means fo.r converting the mechanical motion 
into an electric current. There are many known ways of con
verting mechanical energy to electrical energy, but only a 
few of them are very satisfactory in practice, as far as phono
graph pickups are concerned. 

One of the most commonlY used devices is the Rochelle 
salts crystal, which exhibits a strong piezo-electric effect. 
This means that the crystal when subjected to wechanical 
stress develops a potential difference which- is approximately 
proportional to the applied str~ss. This voltage can be taken 
off by electrodes and amplified. Fig. 8 shows the consa-uction 
of the crystal pickup. The generating element is the crystal 
element. This is a pair of crystals cemented together, and 
is called a "bimorph" element. The force is applied to the 
crystal through the torque bar, into which the needle is fasten
ed with a set screw. The rubber block between the forked end 
of the bar and the crystal transmits the force to the crystal, 
which is securely clamped between rubber blocks at the rear. 
The crystal itself ci>es not necessarily move, but develops a 
voltage as a result of the applied force. 

The basic difficulties with the crystal generator arise 
from the fact that the crystal is inherently stiff, and the 
stylus cannot be closely coupled to the crystal without 
making the lateral stiffness of the needle very hiith. It is 



MEISSNER INSTRUCTION MANUAL 51 

necessary to use some kind of mechanical transformer, which 
in this case is the torque bar and the rubber blocks, to transmit 
the force to the crystal. This relatively long transmission 
system gives rise to a number of reasonances,and it involves 
coupling a great deal of mass ilto the stylus, which prevents 
good tcacking at high frequencies, In addition, above the 
frequency where the mass of the crystal resonates wit» the 
rubber blocks, complete cut,.off occurs. This can happen at a 
fairly low frequency, such as 4000 cycles or so. 

Various other crystal pickup designs have been made which 
extend the high frequency response by using smaller parts 
and better mechanical transformers. They all suffer more or 
less from troubles arising from · the very great mechanical 
impedance step-down which is necessary from the crystal to 
the stylus tip. Generally speaking, the wide-range crystal 
pickup has output voltages in the region of 0.5 volts or 
less, whereas the usual crystal pickup produces 1.5 volts 
or more. The high output voltage and low cost are the two 
principal advantages of the crystal pickup. Among its dis
advantages are non-uniform frequency response, suscepti
bility to damage from high temperature and humidity, and 
high output impedance. The PN type crystals were developed 
for greater resistance to temperature and moisture effects, 
but have lower output and still higher output impedance. 
So-called "ceramic" pickups are very similar to crystals in 
operation, and are electrically interchangeable. 

To avoid the necessity of having a long transmission link, 
it is desirable to have a type of electrical generator which 
is inherenily a low impedance mechanical system, which can 
then be directly coupled to the stylus tip. This avoids all 
of the losses and incidental resonances which are inherent 
in a mechanical transformer. The most effective way to 
achieve the desired results is to cause the stylus to move a 
magr,etic field. This field can be made to induce a voltage 
in a stationary coil, properly located. 

Fig. 9 shows two of the many possible configurations of 
magnetic pickups. In both cases there ls a permanent magnet 

a 

s 

b 

FIG.9 

a 

R, 

b 
FIG.10 

-7 
I -., .. _J 

with its poles marked N and S and an annature pivoted at a. 
The tip of the annature contains the stylus, which moves in 
the record groove in the direction shown by the arrows. 
This motion causes a displacement of the annatire which 
causes the fixed magnetic field to sweep through the coil 
or coils, shown in cross-section. The rate at which tt.is 
magnetic flux sweeps the coil determines ttie voltage induced 
in the coil. Because the generated voltage depends on the 
velocity or motion of the armature, a magnetic pickup is a 
"velocity" device and not a "displacement" device like a 
crystal pickup. This is an important difference, as will be 
shown later. 

Note that in the moving system of the magnetic pickups 
shown there is no impedance transforming device needed. The 
stylus drives the annature direcUy, and the centering spring 
can be made optimum for low-frequency tracking while the 
armature mass can be made very small. The voltage out,. 
put is low, usually of the order of 0.1 volt or so, but the 
output impedance is also low • from 10,000 to 100,000 ohms. 
Magnetic pickups can be made with amazingly good frequency 
response and low distortion. The record wear with pickups 
of this type is very low because the mechanical impedance is 
low, and the pickup can be made free from spurious reson• 
attces. The principal disadvantages are the susceptibility 
to inductive hum pickup and the relatively high initial cost. 

CIRCUITS 

Fig. 10 shows the equivalent circuits of crystal and mag
netic pickups connected to an amplifier. In both cases R1 
is the total effective series resistance of the pickup ele
ment and connecting leads. This quantit:v is usually very 
small compared with Rg, the amplifier grid resistance. The 
phantom capacitance shown is the sum of the shielded cable 
capadtance and the amplifier input capacitance. The effect 
of this capacity on a crystal pickup is to reduce the output 
voltage at all frequencies. Since the usual crystal pickup 
represents a capacity of approximately .001 mfd., this amount 
of capacity in the leads and amplifier input would reduce 
the output voltage to oue-half its original value, or -6 de. 
This is easily seen, since half the voltage drop appears 
across the pickup capacitance and the other half across the 
phantom capacitance. This relationship holds true only 
if R g is very high and and R1 very low, as is usually the 
case. Since the impedances in a crystal pickup circuit are 
likely to be of the order of 1 to 10 megohms, it is extremely 
important to shield all leads thoroughly. 
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The magnetic pickup, Fig. 10b, develops its voltage in 
series with an inductance, L. This inductance is of the order 
of 100 to 300 millihenrles and must be considered when 
running pickup leads any great distance, say over 6 feet. 
The phantom clll)acity shown will resonate with this internal 
inductance and produce the effect or a fairly sharp cut-off 
low pass filter. In fact, this effect can be used to. advantage 
to control high frequency response by purposely introducing 
various values or shunt capacitance. It will be found that 
the value of Rg is very important when the shunt cap~citance 
is appreciable. If Rg is too high the pickup output will show 
a peak before cut-off. If Rg is the correct value, tll! response 
will be flat to the point where the inductance L and the 
shunt capacitance resonate, above which will occur rapid 
cut-off. The value of Rg is best determined by trial for any 
given case. 

If the use of low-capacity shielded cable and all other 
reasonable precautions fail to permit the desired high fre
quency response from a high impedance magnetic pickup, it 
may be necessary to use a low impedance unit and a line-to-
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grid transformer at the amplifier. This arrangement will pe~ 
mit the use of 100 feet or more of pickup cable, 

Flg. 11 shows how the impedance of a pickup ls determined, 
and the effect of R g on frequency response. In both cases 
the generated voltage _appears in series with a reactance • 
capacitance in the case of the crystal and inductance in the 
case of the magneUc pickup. With the crystal pickup, the 
voltage drop across the capacitance will increase at low 
frequencies, and unless R 11; ls large compared to the react• 
ance of c, a large part of the signal voltage will be lost. 
This indicates that for good low-frequency response a cry
stal pickup must be fed into a high value of resistance, and 
the higher the resistance the better the low-frequency re
sponse will be. The pickup manufacturer usually will specify 
the resistance necessary for a given low frequency response. 

The magnetic pickup develops its voltage in series with an 
inductive reactance. This means that the voltage drop across 
the inductance becomes large at high frequencies unless 
Rg ls large with respect to the inductive reactance. A lower 
value of Rg will produce a roll-off at high frequencies and 
a higher value will pennit flat response to higher frequen
cies. The pickup manufacturer will specify the value to be 
used with a given pickup for flat response to a given frequency. 

EQUALIZATION 

Phonograph records are made with a magnetic cutting head 
which vibrates with a lateral velocity which is proportional 
to the input signal. This means that the amplitude of groove 
excursion increases linearly as the frequency is lowered. 
It is obvious that to continue this relatfonship down to the 
lowest frequencies desired would impose severe limitations 
on the permissable amplitude of swing because of the groove 
spacing. It is common in,ctice therefore to limit the low 
frequency amplitude by rolling off the low frequencies below 
some arbitrary frequency (usually 500 cycles) called the 
turnover frequency. 
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Because of this reduction in low-frequency velocity it is 
necessary to. build up the low frequency response on playback 
to compensate for this effect. This is called "equalization". 
It must be pointed out that equalization· is needed for the 
record characteristic, and not for the pickup. Any compensa
tion which may be added to correct for deficiencies in a given 
pickup must be treated separately from record equalization. 

Since a crystal pickup responds to the amplitude of dis
placement of the stylus, its output characteristics match 
the record characteristic from the turnover frequency down. 
However, the high frequencies will be attenuated at the rate 
of 6 db per octave starting at the turnover frequency. Fig, 
12a shows a simple ei.;ualizer for crystal pickups. R1 should 
be a high enough value to give good low frequency response, 
R2 should be O. l R l for equalization to 5000 cycles or 
0.05 Rl for equalization to 10,000 cycles. C should be 
chosen so that its reactance equals R 1 at about 1000 cycles. 
There will be a 20 db loss with R2 s 0. lR 1 and a 26 db lou 
with R2• 0,05R1. This must be made up for by additional 
amplification. 

Fig. 12b shows an equalizer for a magnetic pickup. In 
this case the pickup responds to velocity and reproduces the 
record characteristic exacUy. n is therefore necessary to 
build up the low frequencies exactly the same amount as they 
were reduced in recording, Rl should be chosen to give good 
high frequency response as discussed earlier. R 2 should be 
at most O. lR1 for equalization to 50 cycles, and 0.05R 1 for 
equalization to 25 cycles. C should be chosen so that its 
reactance equals R2 at about 250 cycles. It is important 
that any shunt resistance across the output of the equalizer 
be at least 20 times R 2 in order to prevent loading the 
equalizer at low frequmcies. If this circuit is used direcUy 
after the pickup it will be found that extreme care is necessary 
to avoid hum, because of the low signal levels involved. 
It is orten more desirable to place the equalizer after the 
first stage of amplification. In this case, Rl is the value 
needed for tube load, and the other ratios rema1n the same, 
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INSTRUCTIONS 

For The ASSEMBLY and OPERATION 
OF The MEISSNER 2-CW KIT 

The Meissner 2-CW Transmitter Kit has been designed for 
both ease of assembly and simplicity of operation. Properly 
assembled the 14 watt (input) CW transmitter will afford many 
hours of operating pleasure. 

The Meissner 2-CW was designed primarily for novice 
license operation on the 3. 7-3. 7 5 MC (coil tunes 3. 5-4) band. It 
may also be used on the novice 26. 96-27. 23 MC band with proper 
crystal and coU. The Meissner &-CW will 011.erate on the 7.0-7. 3, 
14.0-14.4, and 21.0 to 21.45 MC bands., when used with proper 
crystal and coils as an AC powered transmitter on exciter. The 
Meissner &-CW w111 operate on DC for portable or emergency 
use. The coil supplied with this kit is for 3.7-3.75 MC opera
tion. Coils for other bands are available through your Jobber. 

Assembly of the &-CW is made after you have read all of 
the instructions carefully, and studied the photographs with the 
parts la.yed out so that the entire construction can be mentally 
pictw:ed. When you are able to picture each part and its place 
in the schematic diagram you are ready to make a step by step 
construction, testing as you proceed. 

The first step is to mount the large components as given 
in t,he detailed instructions with the kit. 

The second step is to install the small parts, wiring and 
testing as you proceed. All leads should be short and direct. 
When stripping the insulation from leads cut through the insula
tion about 3/8" back from the cut end being sure to scrape the 
wire and twist the strands tightly together. This is not neces
sary on the push back wire supplied as the insulation is made 

This Kit available from 

your Local Distributor. 

to push back on the tinnea wire. 
The pictorial diagram shows proper small parts placement. 

All leads, other than insulated leads, should be kept 1/ 4" from 
the chassis. Proceed to wire and test as given in the detailed 
instructions with the kit. 

1. Connect and solder the power transformer primary 
and the on-off switch. 

2. Connect and solder the rectifier filament leads. 
3. Wire and solder the H. V. transformer leads. 
4- Test the wiring by plugging in the line cord and 

turning on the set. Meastre voltage with an AC voltmeter from 
the top of the chassis. 

5. Connect and wire the 6V6 ruament. 
6. Test to see if the 6V6 rllameit lights. 
7. Wire the choke. 
8. Connect and solder the filter condenser. 
9. Mount and solder the bleeder in place. 

10. Test this circuit with a D. C. voltmeter. 
11. Wire the GV6 cathode. 
12. Wire the parallel fed plate of the 6V6. 
13. Connect and solder the R. F. output connection 

checking continuity as given on the chart. . 
14. Mount and solder the screen bleeder and the screen 

by-passes. Check this circuit with an ohmmeter using the chart 
supplied. 

15. Connect and solder the control grid circuit of the 6V6 
checking as before. 

OPFRATICN 
AN AMATEUR RADIO LICENSE IS REQUIRED TO OPERATE THIS 1RANSMIITER. 

After the wiring has been completed and checked as given the &-CW may be resonated. 
Plug in the tubes, crystal and coil. Connect a D. c. milliameter 0-100 ma, across the metering terminals of the terminal 

strip. If you do not have a meter a ll40 mazda lamp will work. 
Connect an eight watt bulb across the output terminals. Plug in the key Jack and turn on the power. 
Allow a few seconds for the tubes to warm up, and while observing the meter close the key until the meter comes to rest. 

Note the clllTent reading on the meter or the brilliance of the bulb. 
Rotate the variable condenser through its range and notice that the meter curTent dips or the bulb dims. This point is the· 

resonance point and it is the position where the plate circuit of the oscillator is tuned to the frequency of the crystP-1. The correct 
operating point is not at absolute minimum but at a point slightly toward the side of gradual decrease of plate current as shown on 
the meter or bulb. 

Set the variable condenser at the operating point, turn off the switch, and remove the antenna load. You are now ready to con
nect the antenna. Remember, a licensed operator must operate this transmitter. There are no exceptions. 

The &-CW output circuit is designed to operate into a balanced line of any length. This may be made of 300 ohm twin lead or 
open wire line. To determine the antenna length for a balanced line using a folded doublet antenna the equation is: 

L - 468/F 
L - Required length of antenna in feet. 
F - The crystal frequency in megacycles. 

The &-CW may be operated into multipliers or other tubes or link coupled to antenna tuners. However, capacity coupling is not 
recommended if harmonic outputs w111 result in undesired television interference (TVI). 

With little change the &-CW may be operated on emergency power supplies. Should the antenna load exceed 65 ma. when 
properly tuned the antenna coupling coil should be spread slightly, moving the bottom turn away from th! large coil. Continue 
uncoupling the coll until the plate curTent falls below 65 ma. 
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MEISSNER 2-CW 
6V6 SCHEMATIC DIAGRAM 

350 -

.01 600V PAPER 

PLUG IN COIL 
:M/8-39/4 

SUPPLIED 

~NCED 
~/NE 

RF OUTPUT 
GROUND 

8-

_L_,---OH.V 
-6.J 

-.- BATTERY 

(-', 
9-,...170 o---------0 TRA'("_SMITTER 

o--------+-ns+ FROM 
RECITIFIER 

I 

~_:_S~V_'.2:'.A~ _____ _j ___ _jfl~~ 
I 
I 

,,...'------------, '------1 

~6.JV 1:'~~T I -l + '----~-OliJ T06V6 + ------------""";..,.-------1:...__.o6.J
1
1v Ac 

~ \ 
CENTER TAP OF FIL. WINDING 

6.3 V NOT US£D 

~ '_,, 
~ CAPACITY COUPLING IS NOT 

R£COMMEM)ED DUE ro 
RAD/A TION OF HARMONICS AND 
RESULTING T. V.I. 

* T·20C5"J MAY BE SuPPLlfO 2-CW KIT PARTS LIST 
DESOUPTION 

Chassis ......•.....•............... 
Transformer. . • . • . . . • • . . • • • • • . . . . . . . . 
Choke ..••..•.........•..•......... 
Filter Condenser ..........•.......•... 
Variable Condenser ••.•.•.••........... 
Socket 8 Prong . . . . • • • • . . . . . . . . • . . . • . . 
Socket 5 Prong . . . . . • . • . • • . . . . . . . . . . . . 
Crystal Socket ••..••...............•. 
Phone Jack ......•.................. 
Switch ......•...••••....•...... , ... 
RF Choke ......•...•.......•.•....• 
Line Cord ...•.......••.••..•....•.• 
Terminal Strip ••..•.....•••...•••.•••• 
.01 600V Paper Condenser ••.•.......••.•• 
. 1 600V Paper Condenser ••..•.....•.•... 
100,000 Ohm 1 Watt Carbon Resistor 20% ..... . 
18,000 Ohm 2 Watt Carbon Resistor 20%. . .... . 
2 Ins. Tie Point ...........••......••. 
30K lOW Wire Wound Resistor .•............ 
Knobs ......•••..••.....•.•..•.••.• 
Ceramic Insulator Sets ....•............. 
Hardware Kit •.•••.••.•••............. 

10-32 X 3-8 FHB Saews •.•.•••....•..•• 
10-32 Nuts ......... ............... . 

PART NO. 

06401 
T•24R02U 
T•20C52 ll-

16124 
21-5203 
9309 
29316 
29628 
19470 
19475 
19-1996 
12434 
21723 
28101 
34158 
RC30AE104M 
RC40AE183M 
16752 
R-1637 
23-8221 
27·1000 
06411 
18607 
11352 

10-32 Ext. Lockwashers .......•..••..... 
1 Ins. Tie Point. . . . . . . . . . . . • . • . • . . • . . 
1 Ins. Tie Point. . . . . . . . . . . • • . • • . . . . . . 
1/2" Grommet ............••.•....... 

Hardware Kit ....................... . 
6-32 X 3/8 RHB Screws . . . . • ••.•....... 
6-32 X 1/ 4 st. Cp. Hex Nut. . . • • • • . • • . . . • . 
.S Ext. Lock~hers. . . . . . . · , , · , · · , , , , · 
Mae West Lug #6 . . . . . . . . . . .......... . 
Omd. M>unting Plate . . . . . . . . . . . • . . . . . . 
6-32 X 3/16" BH ST CP Saew ........... . 

Hardware Kit ..•.....•.......•........ 
4-36 X 5/8 RHB CP Saew. . . . . . . . . . ..... 
4-36 X 3/16 st. CP Nut •••....•• , • , , , , , , 
6-32 X 1-1/8 RHB Screw .....•.......... 
~\~16 a-ass Nut .•.••••••••••..•. 

her . ...................... . 
6-32 Knurled Nut .••••••..••.••••••••• 
3-8 Hex Ntt •••.........•••.•.....• 
3/8 Int. Lockwasher • • . ••.•••.•...... , 
3/8 ID X 5/8 OD Flat Washer, , , , , , , , , • · , · 

Plug in Coil ..••.......•............. 
Instruction Sheet ..•...••••.•.••••••... 

PART NO. 

11604 
06402 
15787 
14223 
06412 
11212 
11322 
16642 
11422 
19286 
17668 
06413 
11204 
11336 
11215 
11303 
16639 
11347 
21336 
21619 
19470-C 
18-3914 
J-516 



56 COMPLETE INSTRUCTIONS FOR CONSTRUCTION AND OPERATION OF THE 

~ 
MODEL 28K 2 TUBE STUDENT KIT 

Parts Supplied for 2BK Kit 

Parts SUpplied for Kit No. 2BK 
1 Punched aluminum chasals 

1 680 ohm fixed resistor, R4 11 f 6 Lock washers 

1 Punched aluminum panel 
1 .1 ufd. 400 volt paper cond. Cl 
1 .00047 ufd. mica cond. C2 

1 Extruded bakelite washer 
1 Micold washer 

1 :rgang variable condenser 1 .000047 ufd. mica cond. C3 1 Brass washer 
1 Broadcast band coll, 18-3501 
2 Miniature tube sockets 

1 4-70 uufd. mica trimmer C4 2 Metal spacers 

1 5-prong coil socket 
I .01 ufd. 400 volt paper cond. CS 
1 25 urd. electrolytic cond. C6 

2 Bakelite knobs 
1 Dial pointer 

1 Phone tip connection jack 
1 4-terminal connection strip 

8 f. 6-32 X 1/4" screws 1 Length lnswating tubing 
2 Ground lugs 

1 Tie-lug, 2 insulated terminals 
4 .-,. 6-32 X 3/8" screws 
1 , 6-32 X 5/8" screw 1 Regeneration control nut, 3/8" 

Each mounting screws and washers 1 50,000 ohm regeneration control 
with switch 

1 100,000 ohm fixed resistor, Rl 
1 220,000 ohm fixed resistor, R2 

4 , :r56 x 5/ 16" screws 
10, 6-32 hexagon nuts 
4 , Z.56 hexagon nuts 

2 1 megohm fixed resistors R3 & RS 
1 , 6-32 battery nut 
4 I 2 Lockwashers 

ADDITIONAL MATERIALS RF.QUIRED 

90-volt "B" battery or two 45-volt "B" batteries 
4.5-volt "A" battery 
Headphones, magnetic type, 2,000 ohms 
Pliers with cutters, screw driver, soldering iron 
Wire, Solder, tubes {1T4, 3V4) 

ANTE~A AND GROUND: A good antenna and ground will 
provide best reception. Connect to water pipe or to iron rod 
driven ln damp earth for ground. Antenna should be 50 to 100 
feet long, well insulated, and 20 feet or more high. For local 
reception, an insulated wire 20 to 30 feet long ma.v be used 
indoors with good results, . but a ground connection should 
alwa.vs be used. 

FOLLOW THESE INSTRUCTIONS CAREFULLY 

Unpack kit with great care to avoid loss of small parts. 
Check all parts against list; report any shortage at once. 
Knock out the long oval opening at the rear of chassis. 
The connection strip and phone jack mount from the outside 

of the chassis; the tuning condenser mounts on the top of the 
chassis; all other parts mount from the inside of the chassis. 

Mount tube sockets with , 2-56 screws, coll socket with 
I 6-32 X ·3/8" screws; use lock washers under each nut and 
tighten screws firmly. Orient all sockets exactly as shown. 

Mount connection strip and phone jack at rear of chassis. 
In mounting all parts, use lockwashers under nuts as 

shown •• 
Mount regeneration control, securing it with the 3/8" nut. 
Mount antenna terminal as follows: Slip a ground lug over 

the I 6-32 X 5/8" screw; next slip on the extruded bakelite 
washer and seat the shoulder in the 1/4" chassis hole. From 
the top of the chassis slip on the fiat bakelite washer and 
screw on a nut. Slip on a brass washer and loosely screw on 
the knurled nut. 

Mount the antenna trimmer and bracket assembly as shown. 
Mount the tuning condenser on top of chassis, placing lugs 

under the mounting screws as shown. 
Wire the set exacUy as shown in Pictorial Wiring Diagram. 
Check each wiring operation against the circuit schematic. 
Use colored push-back and solid tinned wire as specified, 

aoldering each connection carefully. Be sure iron is hot and 
well-tinned; heat connection thoroughly as solder is 
applied. . 

Connect resistor and condenser leads to the points shown. 
Place them in exacUy the position shown, shortening re
sistor and condenser leads where necessary. Connect the 
grounded-foil end of paper condensers as shown. 

Use insulating tubing on one lead of the .1 ufd. paper 
condenser as shown. 

Keep all wiring close to the chassis and neatly arranged. 
Do not permit bare wires to touch other wires or chassis. 
Carefully check all wiring against both the pictorial and the 

circuit schematic, after completion. 
Attach dial pointer to large portion of tuning condenser 

abaft, using pliers to hook in place. The pointer is placed 
over the condenser shaft with the small hook polntin1 out. 

This Kil a1,ailnble from your Loct1/ Dislribu/or. 

Attach knobs to control shafts, using their set screws. 
Turn tunln1 knob to the left to close the condenser plates 

and slip the pointer until it points to O. Be sure that the 
pointer does not rub the panel when the tuning knob is turned. 

Connect batteries• as shown. Be careful to firmly tighten 
the terminals and make sure that the bare wires do not touch 
each other or other terminals, NOTE: Be sure that the set 
is turned off, with regeneration control to the left. 

Connect the antenna. ground, and headphones as shown. 
Plug in the broadcast coil, fastening the flexible lead to 

the antenna terminal. Loosen the antenna trimmer adjust• 
ment. 

The antenna trimmer should be loose when using the broad
cast band and long-wave coils. 

Put on headphones and turn the set on, turnin& regeneration 
control clockwise until the set breaks into oscillation with a 
soft hiss. Turn the tuning dial slowly until a whistle is 
heard. Tune this "beat note" to the lowest pitch and turn 
the regeneration control counter-clockwise until the whistle 
Just stops. This is the most sensitive point of operation, 

A little practice will enable you to tune stations rapidly. 
Weak stations are best tuned in by the method described 
but loud stations may be tuned in with the regeneration con
trol retarded below the oscillation point. 

Reduce volume on loud stations by turning the regeneration 
control counter-clockwise. 

Do not permit set to oscillate any more than is necessary 
to locate stations, as this allows radiation of a signal which 
may cause interference in neighborhood recel vers. 

Coils are available to give all-wave reception as follows: 
18-3500 170-540 kc 
18-3502 1.4-4.5 me 
18-3503 3.2-8.2 me 
18-3504 8 - 18 me 
18-3505 15 - 34 me 

Adjust antenna coupling on the short waves with the antenna 
trimmer, using a loose adjustment of the screw. 

Adj_ust. controls slowly and carefully on the short waves. 
The small section of the gang condenser together with the 
6 to 1 tuning ratio assures tuning ease. 

Many of the stations heard on the short waves employ radio
telegraphy (CW). These stations must be tuned in with the 
set oscillating so as to produce a beat note with the incoming 
signals. The tuning control is adjusted to make the pitch 
of the beat note such that the code can be copied. 

The set is most sensitive to weak CW stations when it ls 
barely oscillating. 

The set may block on strong CW signals so that a beat 
is not produced. This condition may usually be remedied by 
advancing the regeneration control. 

Superregeneration may be obtained on the two highest 
frequency ranges by advancing the regeneration control be
yond the normal point, as indicated by a loud rushing sound. 
'rhis ls a very sensitive condition for reception of 'phone 
signals. 

A stage of audio frequency amplification may be added to 
this set to provide loudspeaker operation. No recommended 
circuits are furnished for this, since suitable circuits we 
available in a number of radio publications. 



MEISSNER INSTRUCTION MANUAL 

2 TUBE BATTERY RECEIVER KIT MODEL 2BK. 

g ANT. 

ii C4 
0 ~--

~ : .s"'-----. 
..J: 
dS :_ -,.--1-----~.-----.'WWMII,---' 

6 

IT4 3V4 
• • C 
0 
I:. 
Q. 

g~ 
8 ~-: _--__ ~_ -----+-:__;_c_:;~-----+---------11-----t 

A+ B+ 

I====::::::!~=-=-=--=-=-~-----------------------

• • 
• 

C 
• 
C 

~Ant. 

~,m~1.~ Washer Nut 
Phones B+ A+ 8- A-

90V. 4.5V Gnd. ~L Bokel" / =~ ,te 
Chassis Screw Wosher 

57 



58 COMPLETE INSTRUCTIONS FOR THE CONSTRUCTION AND OPERATION <F THE 

~ 
MODEL 3BK 3TUBE STUDENT KIT 

PARTS SUPPUED FOR 3BK KIT 
Parts Supplied for Kit No. 3BK 
1 Punched aluminum chassis 
1 Punched alwninum panel 

1 2,200 ohm fixed resistor, R7 
1 68 ohm fixed resistor, R8 

11 ill 6 Lockwashers 
1 Extruded bakellte washer 
1 Flat bakelite washer 

1 2-gang variable condenser 
1 4-70 uufd, mica trimmer, Cl 

1 Brass washer 
1 Broadcast band coil, II- 18-350 l 
3 Miniature tube sockets 
1 5-prong coil socket 
1 Phone tip connection jack 

1 .00047 ufd. mica condenser, C2 
1 .000047 ufd. mica condenser C3 
2 .1 ufd. 400 V paper cond. C4,5 
1 .01 ufd. 400 V paper cond. C6 

2 Metal spacers 
2 Bakelite knobs 
1 Dial oointer 
1 Length insulating tubing 
2 Ground lugs 1 Tie-lug, 2 insulated terminals 

1 Tie-lug, 3 insulated terminals 

1 Electrolytic filter cond. C7 

1 50,000 ohm regeneration control 
with switch 

1 .05 utd. 600 V paper cond. ca 
1 .05 ufd. 400 V paper cond. C9 
8 16-32 X 1/4'" screws 

1 Line cord 
1 Line cord strain relief 
1 Regeneration control nut, 3/8" 
1 6BJ6 tube 1 1 megohm fixed resistor, Rl 

4 #6-32 X 3/8" screws 

1 100,000 ohm fixed resistor, R2 
1 220,000 ohm fixed resistor, R3 
1 470,000 ohm fixed resistor, R4 
1 820 ohm fixed resistor, RS 

1 I 6-32 X 5/8" screws 
6 12•56 X 5/16" screws 2 50B5 tubes 

3 Each mounting screws & washers 10 I 6-32 hexagon nuts 
6 I 2-56 hexagon nuts 

1 4, 700 ohm fixed resistor, R6 
1 # 6-32 battery nut 
6 I 2 Lock washers 

ADDmONAL MATERIALS REQUIRED 

Headphones, magnetic type, 2,000 ohms 
Pliers with cutters, screw driver, soldering iron 
ANTENNA AND GROUND: A good antenna will provide 

best reception. Antenna should be 50 to 100 feet long, well 
insulated, and 20 feet or more high. For local reception, 
an insulated wire 20 to 30 feet long may be used indoors 
with good results. No ground connection should be used with 
this set as the power line SUPplies the ground return. 

Wire and Solder 

FOLLOW THESE INSTRUCTIONS CAREFULLY 

Unpack kit with care to avoid loss of small parts. 
Check all parts against list; report any shortage at once. 
Knock out the tube socket and line cord half punched 

holes. 
The phone jack mounts from the outside of the chassis; 

the tuning condenser and line cord strain relief mount from the 
top of the chassis~ all other parts mount from the inside. 

Mount tube sockefs with f 2-56 screws, coil socket with 
I 6-32 X 3/8" screws; use lockwashers under each nut and 
tighten screws firmly. Orient all sockets exactly as shown, 

Mount phone jack at rear of chassis. 
Use lockwashers under nuts as shown in mounting all parts. 
Mount regeneration control, securing it with the 3/8" nut. 
Mount antenna terminal as follows; slip a ground lug over 

the f 6-32 X 5/8''. &<:rew, next slip on the extruded bakelite 
washer and seat .the shoulder in the 1/ 4" chassis hole. From 
the top of the chassis slip on the fiat bakellte washer, and 
screw on a nut. Slip on a brass washer and loosel,y screw on 
the knurled nut. 

Mount the antenna trimmer and bracket assembly as shown. 
Mount the tuning condenser on top of chassis, mounting lugs 
under thA mounting screws as shown. 

Run line cord through the 1/2" hole to length required and 
place strain relief parts around wire, squeezing tightly with 
pliers. Force strain relief and line cord into hole. 

Wire the set exacUy as shown in Pictorial Wiring Diagram. 
Check each wiring operating against the circuit schematic, 
Use colored push-back and solid tinned wire as specified, 

soldering each connection carefully. Be sure iron is bot and 
well•tinned; heat connection thoroughly as solder is applied, 
using only the solder furnished. 

Connect resistor and condenser leads to the points shown. 
Place them in exactly the position shown, shortening resistor 
and condenser leads where necessary. Connect the grounded
foil end of paper condensers as shown. 

use insulating tubing on one lead of the .1 ufd. paper con-
denser as shown. 

Keep all wiring close to the chassis and neatly arranged, 
Do not permit bare wires to touch other wires or chassis. 
Carefully check all wiring against both the pictorial and 

the circuit schematic, after completion. 
Attach dial pointer to large portion of tuning condenser 

This Kit available from your Local Distributor. 

shaft, using pilers to hook in place. The pointer is placed 
over the cqndenser shaft with the small hook pointing out. 

Attach Knobs to control shafts, using their set screws. 
TlD'n tuning knob to the left to close the condenser plates 

and slip the pointer until it points to o. Be s\D'e that the 
poirter does not rub the panel when the tuning knob is turned, 

Connect the antenna and headphones as shown. 
Plug in the broadcast coil, fastening the flexible lead to 

the antenna terminal, Loosen the antenna trimmer adjust
ment when using the broadcast band and long•wave coils. 

Put t>n headphones, plug line cord irto 105-120 volt AC/DC 
ouUet, and turn on the set. Allow 30 seconds for the tubes 
tQ warm UP, If the power supply is DC and the receiver does 
not operate, reverse the line cord plug in the power ouUet 
receptacle, Turn the regeneration control clockwise until 
the set breaks into oscillation with a soft hiss. Turn the 
tuni~ dial slowly until a whisUe is beard. Tune this "beat 
note" to the lowest pitch and turn the regeneration control 
countel"'Clockwise until the whistle just stops. This is the 
most sensitive point of operation. Pull out the line plug, 
reverse, and replace to determine the position of least hwn 
for AC line. 

Do not permit set to oscillate any more than is necessary 
to locate stations, as this allows radiation of a signal which 
may cause interference in neighborhood receivers. 

Coils are availabie to give reception on the folloWing 
bands: 

18-3500 170-540 kc 
18-3502 1.4-4.5 me 
18-3503 3,2-:8,2 me 
18-3504 8 - 18 me 
18-3505 15 • 34 me 

Adjust antenna coUPling on the short wave bands With the 
antenna trimmer, using a loose adjustment of the screw. 

Many of the stations .heard on the short waves employ 
radio-telegraphy (CW). These stations must be tuned in with 
the set oscillating so as to produce a beat note with the 
incoming signals, The tuning control is adjusted to make 
the pitch of the beat note such that the code can be copied. 

The set may block on strong CW signals so that a beat 
note is not produced. This condition may be remedied by 
advancing the regeneration control. 

Superregeneration ma,y be obtained on the two highest fre
quency ranges by advancing the regeneration control beyond 
the normal point, as indicated by a loud rushing sound. This 
is a very sensitive condition for reception of 'phone signals 
such as in the 14 me and 28 me amateur bands. 

A stage of audio frequency amplification ma,y be added to 
this set to provide loudspeaker operation. No recommended 
circuits are furnished for this, since suitable circuits are 
available in a nurroer of radio publications. 

CAUTION: Do not touch any part of the undel"'Chassis 
wiring when the line plug is connected. Alwa,ys remove the 
plug from the power line receptacle before wrking on the 
set. 

Never use the receiver on or near a grounded metal bench, 
radiator, sink, or other grounded metal objects. 
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COMPLETE INSTRUCTIONS FOR CONSTRUCTION AND OPERATION 
OF THE 

~~ 
MODEL 8CK 

FM Receptor Kit 

This Kit ttt•ttilttble from your Local Distributor. 

GENERAL 

The Meissner Model BCK is designed to provide superior re
ception in the 88 to 108 me FM band. It is a direct appli· 
cation of the circuits of the famous Meissner Model BC re
ceptor, A double converter system is employed which greatly 
reduces image responses. 

A ratio detector system is employed in this tuner to pro
vide distortionless and noise-free reception with a minimum of 
tubes and parts. 

The RF section, consisting of the oscillator. and two mixers, 
together with the 3-gang variable condenser is furnished 
completely assembled, wired, and aligned, thus eliminating 
the most difficult part of the construction and alignment 
work. 

The two IF transformers and the ratio detector coil fur
nished are factory aligned to work perfectly in your kit, when 
constructed and wired according to instructions. 

Almost any phonograph amplifier, power amplifier, or radio 
with phonograph input terminals may be used with this tuner. 
The audio output of the tuner is approximately 7 volts R,M.S. 

A well-filtered full-wave AC power supply is used to pro
vide long tube life, cool operation, and to minimize frequency 
drift. 

ASSEMBLY 

Check all parts against the parts list as the kit is unpacked. 
Any shortages should be reported at once. 

Mount the 4 miniature tube sockets from the underside of 
the chassis with "fl 2-56 screws, nuts, and lockwashers. Note 
the position of the socket pins and orient exactly as shown. 
Refer to the Pictorial Wiring Diagram for this and all other 
steps. 

Mount the octal socket with fl. 5-40 screws, nuts, and lock· 
washers, orienting it exactly as shown. 

Mount the dial assembly (the panel with two pulleys) using 
two -,, 6 self-tapping screws driven into the extruded holes 
near the front of the chassis. 

Mount the power transfamer with -,, 6-32 nuts and lock• 
washers. Do not remove the nuts on the transformer. 

Mount the antenna terminal strip from the rear of the chassis 
and the 3-insulated tie lug and ground lug nearby exactly as 
shown, using fl 5-40 screws, nuts, and lockwashers. Note 
that ground lugs do not require lockwashers. 

Mount the slender, tubular fastener by pushing it in the 
hole at the left side of the chassis from under the chassis. 
Next carefully push in the bakelite condenser and tie-lug 
assembly, avoiding any sideways pressure. 

Mount the volume control-switch as shown, using the 3/8" 
lockwasher and nut. 

Mount the electrolytic filter condenser from the top of the 
chassis by pushing the mounting ears through the 3 slots pro
vided and then twisting the ears with pliers from underneath 
the chassis. 

Feed enough line cord through the 1/2" hole at the rear of 
the chassis to reach the switch. Squeeze the bakelite strain 
relief parts around the cord with pliers just outside the hole 
and then force into the hole. 

Mount the input IF transformer (05452-ALl) at the right 
and the driver IF transformer (05452-AL2) at the center 
~ shown, using fl. S-32 nuts with ground lugs under them. 
Be sure the indicating holes in the bases are placed as shown. 

Mount the ratio detector coil in the same manner, with the 
3•lug end to the left. 

CAUTION: These three coils are factery aligned. Do not 
rest the set on the ends of the adjusting screws or jar the 
adjustments in any way. 

Mount the RF section in place, using the special locking 
washers and other hardware as. shown. 

Wire the set exactly as shown in the pictorial wiring die.• 
snun, checking each step against the circuit schematic. 

use a hot, well-tinned soldering iron, thoroughly heating 
the joint before app}ying the solder and allowing the solder 
to flow freely over the joint. Use only the rosin-core solder 
furnished, 

It is highly important that all parts be placed exactly in 
the position shown and that all wires and leads be run just 
as shown. Where the leads of a part are too long, shorten 
the leads as required. 

All wiring in the IF and detector circuits to the coils is 
done with 22 solid tinned wire, except for the blue insulated 
wire from ihe RF section to the input IF transformer. 

It is most convenient to wire the filament circuits first. 
Next wire the power supply, followed by the wiring between 
the power supply and the rest of the set. Then the IF and 
detector circuits can be wired, followed by all remaining 
wiring. 

Do not use too much heat in soldering the output cable 
connections, as excessive heat will melt the insulation. 

When you have completed all the wiring, check your work 
very carefully against l>oth the circuit schematic and the 
pictorial wiring diagram. Try to make your set look like 
the pictorial. Be sure all connections are well soldered. 

Check to see that no wires short together or to the chassis. 
See that the ceramic condensers and Capristors do not touch 
anything else. The coating on these is no guarantee against 
shorts. 

Slip the dial drum over the variable condenser shaft with 
the bushing side to the condenser. Mesh the condenser 
plates and turn the drum so that the opening is at the bottom. 
Now tighten the set screw on the bushing. 

String the dial cord as shown, first slipping the 1 inch 
length of plastic tubing over the tuning shaft. Note that 
the dial cord wraps around the tuning shaft two times, goes 
half way around the drum from the top pulley to the drum 
opening, and completely around the drum in a clockwise 
direction from the opening to the tuning shaft, Slip the small 
piece of tubing on the dial cord to the left between the pulleys. 
Slip the pointer over the cord and tubing and loosely pinch 
the ears in place, Now stretch the spring so that the cord 
is snugly in place and hook it in one of the holes or the hook 
on the drum, 

Place the dial scale in position on the panel and snap the 
SlJ'ing clips in place. With the condenser plates still fully 
meshed, slip the pointer so that it coincides with left hanll. 
dial scale line and then securely clamp the pointer on the 
cord. 

Plug the tubes in their respective sockets, insert the pilot 
bulb, clamp the pilot bulb in place on its bracket, and slip 
the knobs over the ends of the shafts. 

OPERATION 

The tuner should be used with an amplifier which will de
liver its full rated power output with from 6 to 8 volts R.M.S. 
aool.o at its input terminals. 

The superior quality of FM reception cannot be appreciated 
unless the amplifier- has excellent frequency response with 
low distortion. 

The use of the tuner with an AC/DC type amplifier is oot 
recommended because of the serious hum difficulties usually 
encountered. 

If the amplifier used with the tuner has a volume control, 
it should be adjusted as follows: With both the amplifier 
and the tuner turned on, turn the volume control of the tuner 
down and advance the volume control of the amplifier until 
the hum level can be detected, but not to the objectionable 
point. Now, with a station tuned in, advance the volume 
control of the tuner and see if full voluml! can be obtained 
from the amplifier. If lt can, then the amplifier is prop•ly 
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adjusted and volwne can be regulated at the tuner. 
rhe tuner should be located close enough to the amplifier 

so that the output cable will reach. Various types of plugs 
can be attached to the end of the output cable to match the 
type of socket at the amplifier, always wiring the shield of 
the cable to the frame of the plug. 

Observe that the tuner shows three points of reception, 
This is nonnal for the ratio detector system; however, only 
the center one is the correct point of tuning. The tuner 
should always be tuned to the center point of reception and 
to the point of least noise, 

ANTENNA 

This tuner is designed to use a 300 ohm antenna such as a 
folded dipole. It will work satisfactorily with ordinu;r dipoles, 
turnstile antennas, and other types of antennas which are 
not 300 ohms, provided that the transmission line is not too 
long. 

For local reception where indoor antennas are satisfactory 
an omnidirectional antenna may be made out of 300 ohm trans
mission line. 

Where indoor antennas are unsatisfactory because of steel 
construction in the bullding, large metallic obstructions 
or for other reasons, an outdoor antenna may be requlred'. 
Any of a number of excellent antennas on the market may be 
purchased. 

A dipole or folded dipole antenna is somewhat directional 
along a line at a right angle to the line of the antenna. This 
should be remembered when installing an outdoor antenna to 
provide reception from some particular station. 

ALIGNMBNT 

If the tuner has been constructed and wired carefully in 
accordance with these instructions, no alignment will nor
mally be required. The factory aligned RF section and the 
aligned IF coils should be perfectly tuned when the receptor 
ls wired Just as shown in the pictorial. 

Ordinarily, attempts to align an FM receiver without ade
qulte test equipment result in greater misalignment. For 
this reason it is strongly recommended that the slugs and 
trimmers be left alone. 

If it is desired to change the calibration of the dial slightly 
this may be done by tuning in a station in the range 105 to' 
108 me, whose frequency is accurately known. If the dial 
differs greatly from the station's rated frequency, and if 
the pointer has been attached properly, the calibration can 
be shifted by very carefully adjusting the front ceramic trim
mer on the gang condenser, turning the dial to the desired 
frequency and tuning the station in with the trimmer. NOTE: 
Do not move this trimmer more than a very small amount, 
as tuning is very sharp. 

If 1t is desired to check the alignment of the IF system, 
a high impede.nee voltmeter, 5,000 ohms per volt or more, 
should be placed across the electrolytic condenser in the 
r.atio detector circuit, observing polarities. Tune in a strong 
station to obtain a maximum meter reading. Observe the 
position of the screw driver slots in the ends of the slug 
adjustments of the two IF transformers. Very carefully ad
just them, one at a time, to obtain a maximwn meter ree.d
illl, keeping the station exactly tuned in at all times, CAU
TION: Do not rotate any slug adjustment more than 180 
degrees from its original setting. 

The bottom slug of the ratio detector coil may be adjusted 
in this same manner. At this time the rear trimmer on the 
gang may be peaked in the same manner. 

To adjust the top slug of the ratio detector coil, connect 
the negative lead of the voltmeter to the Junction of the 220 
ohm resistor and the Capristor with the 22K resistor at the 
tie lug near the left of the chassis. Connect the positive 
meter lead to the chassis. With the tuning of the set undis• 
turbed from the previous alignment step, adjust the top slug 
until the meter reads zero volts, not a minimum res.din&, 

Adjustment of the middle trimmer on the gang condenser is 
not recommended because of the pulling that exists between 
this and the oscillatcr adjustment. 

VOLTAGE CHART 

Taken with 20,000 ohms per volt meter 
Terminal Number 1 2 3 4 5 6 7 8 

6AG5 1st Conv. 0 2.5 6.3AC 0 100 100 2.5 

6AG5 2nd Conv. 0 1. 7 6,3AC 0 llO 110 1.7 

6C4 Oscillator 98 6.3AC 0 98 0 

6BA6 1st IF Amp. 0 0 6.3AC 0 77 77 0.7 

6BA6 2nd IF Amp. 0 1.0 6.3AC 0 80 80 1.0 

6AL5 Detector 0 0 4.7AC 0 0 0 0 

6X5GT Rectifier 0 0 185AC 185AC 114 6.3AC187 

6C4 Audio 55 0 6,3AC 0 55 

COMPLBTB PARTS LIST 

ESSENTIAL KIT 
1 Tuning unit, prewtred and aligned, 13-7627 
1 Input IF transfonner, aligned, 05452-ALl 
1 Driver IF transformer, aligned, 05452·AL2 
1 Ratio detector coil, aligned, 05453•AL 

COMPLETE KIT 
All parts listed above plus the following: 
1 Punched aluminwn chassis, 0596S.A 
1 Octal tube socket, ~S.8209 
4 Miniature tube sockets, 29477 
1 2-terminal strip, 16731 
1 3-insulated tie lug, 2S.6715 
1 Power transformer, 29501 
7 Lugs, 11422 
5 Special locking washers, 26658 
1 Condenser-tie lug assembly, 05449 
1 Fastener, 21347 
1 Volume control with switch, 29424 
l" Length plastic tubing 
1 Dial drwn assem>lY, 0"466 
1 Dial cord assembly, 05467 
1 Dial assembly, 05939 
1 20-20-20 ufd.- electrolytic condenser, 34102 

0 2.0 

1 25 ufd., 25 volt electrolytic condenser 28105 
1 ,05 ufd,, 600 volt metal clad condenser, 28172 
1 ,05 utd. 600 volt paper condenser, 28115 
1 4 ufd., 25 volt electrolytic condenser, 34147 
3 .01 u!d. ceramic condenser, 34111 
1 1,000 ohm-.01 ufd. type JCR-C Capristor, 34151·1 
2 68 ohm-.01 ufd. type JCR-P Capristor, 34150-1 
1 22,000 ohm•,002 ufd, type JCR•C Capristor, 34151-4 
1 6 ohm 2 watt resistor, 34130 
1 10,000 ohm 1/2 watt resistor, RC20AE103M 
2 2,700 ohm 1 watt resistor, RC30AE272K 
1 220 ohm 1/2 watt resistor, RC20AE221M 
1 1,000 ohm 1/2 watt resistor, RC20AE102M 
1 27,000 ohm 1/2 watt resistor, RC20AE273M 
1 2,000 ohm 5 watt wtrewound resistor, 34149 
1 Cable clamp, 16421 
1 Line cord strain relief, 29414 
1 Line cord, 12434 
65 Inches Shielded single conductor cable, 22850 
1 Dial ll&ht socket, 29221 
1 Length Insulating sleeving 
1 Pointer, 29425 
1 Dial scale, 05771 
2 Dial scale springs, 05938 
1 Each type 6X5GT, and 6AL5 Tubes 
2 Each type 6AG5, 6BA6, and 6C4 Tubes 
1 Dial light, 29262 
2 Knobs, 29270 
2 Knob felt washers, 19595 
2 18000 ohm ½ Watt resistors RC20AE 183K 
Supply of screws, nuts, lockwashll's and other hardware 
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64 COMPLETE INSTRUCTIONS FOR THE ASSEMBLY AND OPERATION OF THE 

~ 
MODEL 68K 

3 Band AM Receiver 

Tbis Kil available from yo11r Local Distrib111or. 

GENERAL 

The Meissner Model 6BK receiver was designed to answer 
the requirements for a three-band receiver of widest utility at 
low cost. It covers the frequency ranges of 535 ·kc to 1750 
kc, 1. 7 me to 5, 7 me, and 5,6 me to 18.5 me, giving reception 
of the American broadcast band and all short waves to 18. 5 
me in overlapping bands. 

One stage of tuned radio frequency amplllication is used 
on all bands, This, in conjunction with two high-gain iron
core IF transformers provides excellent sensitivity, select
ivity and signal to noise ratio. 

Full AVC is applied to three stages to provide exceptional 
smoothness of tuning and performance, Manual volume and 
tone controls are provided on the front panel, as well as a 
band switch to efficiently select the band desired, 

The large slid~ule dial has separate scales for each 
barn and is illuminated from the top, The large drum pro
vides a high ratio for fine tuning. 

The receiver incorporates a well-filtered power supply and 
is designed for a PM type loudspeaker. The output trans• 
former is a part of the receiver and matches a 3,2 ohm voice 
coll. A large speaker with a good baffle is recommended to 
hamle the 3 watt output of the receiver am to fully realize 
the excellent awio fidelity. 

The speaker output jack, antenna terminals and line cord 
are available at the rear of the chassis. Four lances on 
the sides of the chassis allow easy mounting. 

The receiver is designed to be used with either a 105,,120 
volt or a 210•240 volt, 50-60 cps power source. The pictor• 
ial and schematic Wiring diagrams show the connections for 
105,,120 volt line and describe the connections necessary to 
use 210•240 volt line. 

ASSEMBLY 

Check all parts against the parts list as the kit is un
packed. Any shortages should be reported at once. 

The parts should be mounted in accordance with the top 
view and the pictorial wiring diagram, The order of parts 
assentJly is unimportant except that the band switch assembly 
should not be mounted until all other mounting is finished 
and all the wiring under and around the switch is completed. 

Tube sockets, tie and ground lugs, filter capacitor mount• 
ing plate, tuning shaft bracket, output socket, antenna termi• 
nal, corner angle braces, output transformer, filter choke 
and dial bracket assent,ly mount with #. 6-32 screws, #. 6-32 
hexagon nuts and # 6 external tooth lockwashers except as 
follows: Do not use lockwashers on the tube sockets nor 
on the ground lugs where the lockwasher is an integral part 
of the stamping. 

Mount the tube sockets so that the keyway is oriented as 
shown on the pictorial diagram. Do not use lockwashers. 
Hold the nut am tighten the screw with a screw driver so 
as to avoid damage to the socket wafer. 

Be careful to mount tie lugs and ground lugs under mount
ing nuts wherever so shown in the pictorial diagram. 

Mount the power transformer by means of the nuts and lock· 
washers shipped thereon, observing that it is positioned so 
that the wiring agrees with the pictorial diagram, 

Mount the filter capacitor on its plate by pushing the ears 
of the capacitor through the slots provided and then twisting 
them with a pair of pliers. The capacitor terminals should 
be oriented as shown in the pictorial die.gram. 

Mount the Antenna., RF, Oscillator and IF coils by their 
studs with fl. 6 nuts and lockwashers. Observe that these 
units are in their correct position as shown in the top view 
and that their leads or lugs emerge through the holes in the 
chassis as shown in the pictorial diagram. 

The variable gang capacitor mounts by its studs with , 6 
nuts and lockwashers. CAUI'ION: Keep the capacitor plates 
fully meshed during the mounting am wiring process. 

The dial drum should be mourted on the tuning capacitor 
shaft with the string opening at the top when the plates are 
fully meshed. Secure the drum with its set screws. 

The volume and tone controls and be.m switch are mounted 
with 3/8" nuts and lockwe.shers. Index pins are provided to 
properly position the units and to prevent turning. 

The variable pe.dder mt>unts under the chassis as shown in· 
the pictorial diagram. 

Push the line cord through the hole provided and run it as 
shown until it reaches the switch. Then, with a pair of pliers, 
squeeze the bakelite parts of the strain relief on the line 
cord and force it into the chassis hole. 

The tuning shaft is secured with a •c• washer. 
String the dial cord after all other work is completed. 

WIRING 

Wire the set exactly e.s shown in the pictorial die.gram and 
the circuit schematic. Complete the filament and power sup
ply wiring first. The band switch should be mounted and 
wired last. 

Observe carefully the colors used in the wiring, the use 
of e. shield over the volume control wires and other features 
of the wiring. Wire the band switch with short, direct leads. 
For reasons of clarity, the pictorial diagram may show some 
of these leads slightly looped. 

Read and study again the applicable sections under GENER
AL CONSTRUCTION lilNTS. 

When you have completed the wiring, check it very care
fully against the pictorial and schematic diagrams. 

Check ea.ch connection to be sure that it is well soldered 
and not e. 'rosin' Joint. Be sure that there are no shorts to 
the chassis or to other leads. 

ALIGNMENT 

After the wiring has been checked, the tubes may be plugged 
into their respe_ctive sockets, the line cord plugged into the 
proper outlet, and the set t~ed on by rate.ting the volume 
control clockwise. 

Allow about 30 seconds for the set to we.rm up and check 
the voltages in the set with e. high impede.nee voltmeter. 
The readings which you obtain should agree closely with 
those listed in the voltage chart. A 20 000 ohm per volt 
voltmeter was used in preparing the chart· the use of a lower 
impedance voltmeter will ca.use lower• readings at some 
tenninals. A line voltage different from the nominal 117 
volts will also give different readings. If your readings 
are considerably different, look for a wiring mistake faulty 
connection, tube in the wrong socket, or a defectiv~ tube. 

If the voltages are correct, alignment may be started. An 
output meter may be connected across the voice coil of the 
loudspeaker for accurate output reference, or simply the 
audio output of the speaker may be used, 

Plug in the loudspeaker, if it is not already connected, 
and connect e. signal generator having e. 455 kc modulated 
output to pin 8 of the 6SA7 converter tube, through e. .1 mfd. 
condenser. Connect the ground terminal of the signal 
generator to the chassis of the receiver. 

Turn the bandswitch to the broadcast band, fully mesh the 
condenser plates, and fully advance the volume control of 
the receiver. use e. strong enough signal from the sipal 
generator to give a suitable indication of output from the 
receiver, but alweys use the least signal possible. 
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Adjust the four trimmers at the tops of the IF transform
ers to obtain the mll.Ximum output. As the output of the set 
rises, the output of the signal generator should be decreased 
accordingly. Repeat the adjustments carefully until the 
peaks have been reached. 

Connect the signal generator to the antenna-ground termin
als of the set, substituting a ,0002 mfd. mica condenser for 
the • 1 mfd. dummy. A<llust the dial pointer with the conden
ser still fully meshed until the pointer coincides with the 
mark on the left end of the dial scale. Secure the pointer 
to the string at this point. Tune the signal generator and 
the set to 1600 kc and carefully adjust the broadcast band 
trimmer of the oscillator coil for maximum output. On all 
three coils, the broadcast band trimmers are at the middle 
boles. Next adjust the broadcast RF and antenna trimmers 
for maximum output. Set the signal generator and receiver 
to 600 kc am while rocking the dial around the point, care
fully adjust the 600 kc padder, on the side of the chassis, 
for maximum signal output.. Repeat the entire broadcast 
alignment procedure until no further improvement can be 
made, 

Turn the band switch to short wave band # l and tune the 
set and signal generator to 4.8 me. Substitute a 400 ohm 
non-inductive resistor for the .0002 mfd. dummy. Adjust the 
oscillator trimmer, nearest the top of the can, for maximum 
output. Next adjust the RF and antenna trimmers, also at 
the tops of their respective cans, for maximum output. It 
may be necessary to rock the tuning dial back and forth 
slightly, (or the dial of the signal generator), as the RF 
trimmer is a<llusted, to take care of the pulling between the 
RF and the oscillator tuned circuits. 

Turn the band switch to short wave i/. 2 and tune both the 
receiver and the signal generator to 17 me. The RF trimmer 
(all these trimmers are at the bottom of their respective 
cans) should now be firmly tightened. (Do not force the 
screw$ Now adjust the oscillator trimmer for maximum out
put. 

At this point it is necessary to determine that the osc
illator is tuned to the correct side of the desired signal. 
(The correct oscillator frequency is 455 kc above or higher 
than the desired signal.) That the oscillator is on the cor
rect side can be determined by noting the image frequency. 
After adjusting the oscillator trimmer, change the generator 
setting to 17.91 me. A weak signal should be noted at this 
point. If so, proceed with the alignment at 17 me. If no 
signal can be heard at 17,91 me but can be heard when the 
generator is tuned to 16.09 me, the oscillator is running 
below the desired· signal and the trimmer setting must be 
changed. Reset the signal generator to 17 me and loosen 
the oscillator trimmer until a new peak is found. Check again 
for proper image frequency. When two peaks are noted on the 
oscillator trimmer, the correct peak is the one which occurs 
with the loosest (least ciwacity) setting. 

Next adjust the RF and antenna trimmers. Here, due to 
pulling between the RF and oscillator, the tuning control 
must be rocked in order to obtain the maximum possible out• 
put or proper Bllgnment. In adjusting the RF trimmer, the 
frequency ma.v be pulled off calibration and it ma.v be neces• 
sary to go back to the oscillator trimmer and reset the osc
illator to make the dial scale agree with the actual frequency. 

In adjusting the RF trimmer on the short waves, the RF 
stage ma.v break in to oscillations. This is apt to happen 
if the trimmer was loose to begin with. As the trimmer is 
tightened, the RF stage will tune through the oscillator 
frequency, at which time it ma.v oscillate. UP to this point 
the output has been increasing, whereas it now suddenly 
drops. The trimmer should not be loosened to return to this 
apparent point of maximum output as this is not the correct 
peak. The trimmer screw should be tightened further until 
the RF stage tunes through the region of oscillation. Th'e 
correct peak can now be easily determined and will be found 
on the tight side of the oscillating or 'dead' spot. 

After the preceding steps have been performed, it is ad· 
visable to start at the beginning and repeat all alignment 
steps again, to compensate for any misalignment due to re
action of one adjustment ui,on another. Only slight adjust
ments will be found necessary this second time, and the RF 
trimmer should not be tightened while adjusting the oscil• 
lator .. 

Now that your set is aligned, connect into a good antenna 
and ground system. A very short indoor antenna is suffic
ient for local broadcast reception. A good, well-insulated 
outdoor antenna will give better long-distance reception and 
is recommended for short wave reception. 

VOLTAGE CHARl 
Voltages measured to chassis with a 20,000 ohm/volt meter 

TERMINAL NO. 1 2 3 4 5 6 7 8 
6SK7 RF O 6.3AC 3.4 • 3.4 85 0 250 
6SA7 Conv. 0 0 250 85 .5• ti O 6.3AC • 
6SK7 IF O 6.3AC 3.4 • 3.4 85 0 250 
6SQ7 Det. 0 .,4• 0 -.25• -,25• 95 6.3AC 0 
6V6GT Audio O O 240 25!l 240 6.3AC 12 
5Y3GT Rect. NC 260 NC 230ACNC 230ACNC 260 

- SiighUy negative • On 10 volt scale · 
/1. Dial at 1,000 kc on broadcast 

ESSENTIAL PARTS LIST 
1 3•gang a-position band switch 24-8273 
I 3-gang variable condenser 21-5202 
1 3-band antenna coil 14-1067 
1 3-band RF coil 14-1068 
1 3-band oscillator coil 14-1069 
1 Input IF transformer 16-6662 
1 Output IF transformer 16-6663 
1 Dial scale 23-8235 

COMPLE'TEPARTSLIST 
All the parts listed above plus the following: 
1 Punched chassis 
1 Dial drum 
1 Dial scale bracket assembly 
2 Dial scale mounting springs 
1 Tuning shaft bracket 
1 Tunlng shaft 
l 'C' washer (for tunlng shaft) 
1 Power transformer 
1 Filter choke 
1 Electrolytic filter capacitor, 20·20 mfd. 450 volt 
I Filter capacitor mounting plate 
1 Output transformer 
6 Octal tube sockets 
I Speaker socket and plug 
1 Volume control, 500,000 ohms with switch 
1 Tone control, 25,000 ohm 
I Pilot lamp socket 
1 IO mfd. 25 volt electrolytic capacitor 
1 .1 mfd. 400 volt paper capacitor 
2 .05 mfd. 600 volt paper capacitors 
7 .05 mfd. 200 volt paper capacitors 
3 .01 mfd. 600 volt paper capacitors 
l .0039 mfd. mica capacitor 
1 .003 mfd. mica capacitor 
2 ,00022 mfd. mica capacitors 
l .0001 mfd. mica capacitor 
1 Variable padding capacitor 225 to 625 mmfd. 
1 330 ohm 1 watt resistor 
2 470 ohm 1/2 watt resistors 
lea. 22,000 ohm and 47,000 ohm 1/2 watt resistors 
2 22,000 ohm 2 watt 10% resistors 
1 33,000 ohm 1 watt 10% resistor 
2 220,000 ohm 1/2 watt resistors 
4 470,000 ohm 1/2 watt resistors 
1 10 megohm 1/2 watt resistor 
1 Each, line cord and strain relief 
I Panel lamp 6/8 volts, type 47 
&"Braided tinned shielding 
1 Each, type 5Y3GT, 6SA7, 6SQ7, and 6V6GT tubes 
2 Type 6SK7 tubes 
4 Each, mounting screws and washers 
4 Angle braces (for chassis corners) 
1 Dial scale pointer 
4 Knobs 
I Each, dial string and dial string spring 
2 Single insulated tie lugs 
1 2 insulated tie lug 
2 4 insulated tie lugs 
1 3 insulated tie lug 
9 Ground lugs (internal lockwasher, type I 6) 
1 Grouoo lug (for I 8 screw) 
4516-32 B.H. screws 5/16" long 
58 Ill 6-32 hexagon nuts 
37 , 6 external tooth lock washers 
3 Each, 3/8-32 nuts and 3/8 internal tooth lockwashers 
1 Each, 1/4-40 nut and 1/4 internal tooth lockwasher 
Additional part required for operation: 
1 Permanent magnet type loudspeaker with 3.2 ohm voice coil 

Wire and Solder 
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68 OPERATING INSTRUCTIONS AND CHARACTERISTICS FOR THE 

AM-FM TUNER 
MODEL # 9-1091-C 

This Tuner available from your Local Dislribulor. 

SPECIFICATIONS 

Power supply 105-125 volts, 50•60 cycles 
CAUTION: DO NOT ATTEMPT TO OPERATE ON OTHER 

SUPPLY 
Power consumption 75 watts 
Type of circuit• SUperbeterodyne 
Intennediate frequencies AM 455 kc 

FM 10,7 me 
Chassis dimensions 10-1/4" X 16-5/8" 

(Requires 1-1/4" between chassis and panel) 
Panel dimPnsions 8-3/4" X 19" 
Dial • slide rule 2" X 7-1/2" openina: 
Pointer travel 6-1/2" 
TWlina: knob ratio 15/1 
Weia:ht - less panel• 16 pounds· 

Add 4 powids for 1/8" steel panel and braces 
Output impedance - 500 ohm balanced and high impedance 

unbalanced 
Antenna impedance 

Broadcast• Standard 
F M • • • • • 300 ohms 

NOMINAL PERFORMANCE 

Sensitivity• less than 10 microvolts 
Audio fidelity 

Flat within± 2 db from 30 to 15,000 cycles 
Band width at 1000 kc 

Shlllll 7 kc 
Broad 14 kc 

Output 
Hia:h impedance 11 volts maximum for 2-1/2% distortion 
500 ohm 2 volts maximum for 2-1/2% distortion 

Distortion 
2-1/2% at full rated output 
Less at lower levels 

Tone control action 
Bass boost at 40 cycles • 12 db 
Treble suppression at 8000 cycles • 12 db 

Hum 
Maximum• 0.5 micro watts 

ACCESSORIES 

The Meissner Model 9-J091C is supplied with knobs and 
control panel escutcheons and requires no additional parts 
(except mounting screws) for mounting in a console cabinet. 

For rack panel mounting, a hardware kit is available con
sisting of 1/8" steel panel in gray or black, side mounting 
brackets, bottom cover plate and dust cover. 

Also available for table top mounting is a steel cabinet 
and panel. 

For a most excellent combination of units and one which 
will satisfy even the most discriminating listener, the Meissner 
9-1091C plus the Meissner 4AJ or 4AK amplifier in combination 
with a good phonograph turntable end pickup, and a speaker 
which will handle be high fidelity output faithfully, will 
do the job at a moderate cost .. 

INSTALLATION 

In installation in either rack panel or cabinet, the following 
precautions should be observed if the best performance is to 
be realized, 

I. Provide adequate ventilation around the unit to allow 
the natural air circulation to carry away the heat. 

2. Any other equipment which might generate strong mag
netic fields, such as phonograph motors or power transformer~ 
should be mowited far enough away from the output trans-

fcrmer on the Tuner that they will not induce hum into this 
part. 

ANTENNA-GROUND 

The two artenna tenninals on the rear of the chassis are 
for connection of a twin lead 300 ohm transmission line 
leading to an FM antenna. No separate AM antenna is re
quired. The circuits are so connected inside the chassis 
that on AM the transmission line and the FM antenna act as 
an AM antenna. 

A heavy ground connection as short as possible should be 
connected to the ground terminal on the rear of the chassis, 
Cold water pipes or a galvanized rod driven several feet into 
the earth make good grounds, but the use of hot water, steam 
pipes or metal conduit should be avoided. The use of a good 
ground connection will do much to minimize the pickup of 
electrical interference carried into the tuner by way of the 
power line. 

ln these days of loop antennas and high sensitivity re
ceivers, it is possible to get reasonably good reception with• 
out the use of a good ground connection, and the importance 
of a good ground has been all but fcrgotten. We would like 
to emphasize at this point that a good ground can be very 
important to the attainment of high quality broadcast reception 
and is usually worth all the effoct or expense that it requires. 

SELECTOR SWITCH 

The selector switch (see Fig. 1) has four :;iositions: 
Phonograph, AM Sharp, AM Broad, and FM, In the AM Sharp 
position the unit is most selective. This position should 
be used for tuning AM stations when electrical or adjacent 
channel interference is severe. The Broad position is for 
high fidelity AM reception. It will be found most useful on 
stations broadcasting high fidelity program material. A 
highly efficient 10 kc whistle filter is incorporated to remove 
the annoying 10 kc beat note caused by adjacent channel 
stat.ions and usually present in high fidelity reception. 

The FM position of the selector switch switches the cir-
cults for FM reception. 

The Phonograph position of the selector switch connects 
the audio amplifier am tone control system to the phono• 
graph input Jack located on the rear of the chassis. 

PHONOGRAPH 

A phonograph pickup of the crystal type or the high level 
magnetic type ma.y be plugged into the phonograph input jack 
located on the back of the chassis, The compensating net
=rk used is satisfactory for either type. 

This compensating network has of necessity been designed 
to compensate a wide variety of pickups, In case a high 
quality pickup is used for which the manufactlD'er recommends 
a compensating network which differs from the one used, then 
it is advisable to follow the recommendation of the pickup 
manufacturer. 

TONE CONTROLS 

Bass control is provided (see Fig. 1) to give bass boost 
up to 12 db at 40 cycles. Flat response is obtained with the 
control rotated fully clockwise, bass response increasing with 
counterclockwise rotation of the control. 

Treble control is provided (see Fig, 1) to give treble sup
pres1>ion up to 12 db at 8000 cycles. Flat response is obtained 
wit.11 the treble control rotated fully clock.wise, treble response 
decreasing as the control is rotated counter-clockwise. 

VOLUME CONTROL, SWITCH and TUNING are identified on 
Fig. 1. 
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POWER AMPLIFIER 

. If this Meissner ~uner is to be used with a power ampli
fier, a po'l'ler amplifier should be chosen which will give 
full power 01.tput when driven with the maximum output of 
the tuner (see "Nominal Performance" ratings). It is not 
essential that the PO""'.er amplifier have exactly the right 
gain, but if best results ere to be obtained the gain of the 
power amplifier should not greatly exceed the requirement. 
If, for instance, the power amplifier has an input jack for a 
phonograph pickup, then the tuner might be fed into this jack 
through a voltage divider made from a 30,000 ohm potentio
meter. This potentiometer should be adjusted to a level 
where full rated output (11 volts) from the tuner will just 
produce full power output from the power amplifier. It is 
not recotnmended that the tuner be fed into the Microphone 
input jack of a power amplifier. 

An auxiliary power outlet is provided on back of tuner 
chassis. It is controlled by the tuner on-off switch and may 
be used for the associated power amplifier if one is used. 

OUTPUT 

Output. terminals are provided on the back of the chassis 
(see Fig. 2). Two output impedances are provided, one for 
output into high impedance loads (30,000 ohms or higher) 
and one for output into a 500 ohm balanced transmission 
line. The high impedance output may be used for feeding an 
amplifier located only 11, few feet from the tuner and whose 
input impedance is 30,000 ohms or greater. If the amplifier 
impedance is greater than 30,000 ohms and if the cable cap
acity atJproaches 1000 uuf., then the high audio frequency 
response may be improved by shunting the amplifier input 
with a carbon resistor of such a value that the resulting 
impedance will be approximately 30,000 ohms. As a typical 
example, if the input of the amplifier is a 100,000 ohm po
tentiometer, then shunting it with a 50,000 ohm fixed re
sistor would result in an impedance of approximately 33 000 
ohms, which is close enough to the required 30,000. Con• 
nection should be made through a low capacity shielded 
cable. If the cable capacity greatly exceeds 1000 uuf. then 
serious attenuation of the high audio frequencies will re
sult, and a 500 ohm line should be used instead of the high 
impedance connection. 
IMPCRTANT: When using the high impedance output of the 
tuner working into a load of 30,000 ohms or greater the 500 
ohm output terminals should be connected together 'through a 
500 ohm fixed resistor. 

If a 500 ohm transmission line is used, then the amplifier 
may be located a considerable dist.ance from the tuner, and 
except in the presence of strong electric fields the line need 
not be shielded. If the amplifier is not equipped for 500 ohm 
input, a line coupling transformer with balanced 500 ohm 
winding should be used for coupling the transmission line 
into the power amplifier. It slDuld be noted that the 500 ohm 
out.put terminals on the tuner are balanced to ground; that is, 
neither of the 500 ohm terminals is grounded but the 500 
ohm winding on the transformer is center tapped with the 
center tap connected to chassis. For this reason the 500 
ohm output should not be worked into an unbalanced 500 ohm 
line. 

REPLACEMENT PARTS 

For those perts which might not be readily available in 
the average service shop, the Meissner part numbers a.re 
shown on the circuit diagram. They may be ordered from the 
manufat:tw-er by reference to these numbers. 

ALIGNMENT AM 

The AM alignment may be carried out with an AM signal 
generator and an output meter. Connect a 500 ohm resistor 
across the 500 ohm output terminals of the tuner. The out
put meter may be connected trom the high impedance output 
terminal to chassis. 

For IF alignment introduce a 455 kc 30% modulated signal 
into the signal• grid of the 6BE6 (Pin 'fl 7) through a .1 ufd. 
coupling condenser. The output of the signal generator 
should at all times be kept as low as will give a satis
factory reading on the output meter. With the selector swit.ch 
in the sharp position, adjust the top arrl bottom adjustments 
of IF transformers 04216, 04216, and 04238 for maximum 

output. Now move the select.Dr switch to the broad position 
arrl check the symmetry of the IF response curve by swing• 
ing the signal generator frequency. The response in the 
broad position should be double peaked, the dip between the 
peaks falling at 455 kc. The peaks should be equally spaced 
on either side of 455 kc and should be of approximately the 
same amplitude. The gain in the broad position will be less 
than the gain in the sharp position. If the above conditions 
do not exist, then a careful recheck of alignment in the sharp 
position should be carried out. 

Fer RF alignment introduce a 30% modulated signal through 
a 200 uuf. dummy artenna to one of the FM antenna terminals. 
First check dial pointer position by turning the gang con
denser to full mesh and setting the pointer to the last ref
erence mark at the low end of the dial scale. With signal 
generator and tuner set to 1400 kc, adjust the oscillator 
trimmer for maximum output, then adjust RF and antenna trim
mers for maximum output. 

ALIGNMENT FM 

For FM alignment a frequency modulated generator (60 to 
400 cycle modulation, 400 kc sweep) and an oscilloscope ere 
required. Connect the modulation soiree on the signal gene
rator into the horizontal amplifier of the oscilloscope. It 
may be necessary to connect a phase shifting network in this 
line between the signal generator modulating source and the 
oscilloscope horizontal amplifier in order to get the co,rrect 
pattern on the oscilloscope. Connect the tuner output to the 
vertical amplifier input of the oscilloscope. 

Introduce a 10. 7 me (400 kc sweep) signal into the grid of 
the first 6AU6 limiter tube (Pin II 1) through a .O 1 ufd. con
denser. Make the ground connection of the generator to the 
center post of the 6AU6 socket with as short a lead as pos• 
sible. Remove the last 6AG5 IF amplifier tube to avoid the 
possibility of stray signals coming through the IF system 
and confusing the discriminator alignment procedure. Adjust 
the signal generator sweep and signal amplitude, and the 
oscilloscope for a pattern like the discriminator pattern 
shown in Fig. 3. Adjust the top adjustment on the 04194 
discriminator coil for maximum vertical amplitude on the 
oscilloscope pattern and adjust the bottom adjustment on this 
coil for best symmetry of the pattern about the center. Re
peat these two adjustments until no further improvement can 
be made. This completes the adjustment of the discriminator 
coil. Replace IF tube, 

For alignment of the IF amplifier the same oscilloscope 
setup ls retained except the input to the vertical amplifier. 
Feed the input to the vertical amplifier with audio taken from 
the first limiter grid return. This point is identified as 
point X on the circuit di_agram of Fig. 3. Connection should 
be made to this point through a 1 megohm isolating resistor 
as sho\\Tl by dotted line in Fig. 3. 

Introduce a 10. 7 me (400 kc sweep) signal into the signal 
grid of the 6BE6 (Pin tf 7) through a ,01 ufd. condenser. 
Make the ground connection of the signal generator to the 
center post of the 6BE6 socket with as short a lead as pos
sible. Adjust signal generator and oscilloscope to obtain a 
pattern like the IF pattern shown in Fig. 3. Adjust top and 
bottom adjustments on the four 04193 IF coils for maximum 
amplitude and symmetry of the pattern, keeping the signal 
level from the generator as low as possible throughout the 
adjustment. If the pattern tends to become double peaked or 
badly unsymmetrical during adjustment, the trouble is pro
bably due to incorrect placement of some of the connecting 
leads in the test· setup. Corrections should be made to elimi
nate the trouble and the adjustments repeated. 

For the high frequency adjustments the same oscilloscope 
setup may be retained. In connecting the signal generator 
to the antenna terminals, the signal generator is not con
nected to chassis as in the previous connections. Connect 
t'M> 150 ohm resistors to the two antenna terminals on the 
tuner. Connect the other ends of these two resistors to the 
two generator output terminals. If the setting of the dial 
pointer has been previously checked during AM alignment, it 
is not necessary to recheck it at this point. Set the signal 
generator, and the tuner fo 106 me and adjust the oscillator 
trimmer (identified in Fig. 1) to bring the pattern to center 
on the oscilloscope. In case this is possible with two dif
ferent positions of the oscillator trimmer, use the position 
of least capacity. Adjust the RF and Antenna trimmers 
(idertified in Fig, 1) for the greatest amplitude of the pattern 
keeping the generator output as low as possible dw-ing the 
process of adjustment. 
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POWER AMPLIFIER 
This amplifier is presenterl only as a Aeneral Auide in amplifier construction. The 
essential parts, which are available from Thordarson-lleissner are indicated in the 
Parts List. (For 29511 use T-22R31, 29224 use T-20C55, 29·512 u.'le T-22S66) 

GENERAL 

The Meissner power amplifier is a four tube amplifier de
signed to be used with AM-FM tuners, public address systems, 
home radios, in schools, in factories, or in any application 
where 20 watts of audio power is required. · 

Four tubes are used as follows: A type 6SN7GT serves as a 
voltage amplifier and phase inverter to drive the· pair of 
6L6G's in class ABl. A type 5Y3GT serves as the rectifier 
in a husky, well-filtered power supply_. 

The output of the power amplifier is flat within 2 db be-
tween 45 and 20,000 c.p.s. 

Hum and noise together are down 65 db below full output. 
Distortion at full 20 watts output is only 5%. 
The audio input is through a standard type input jack. 

The input is high impedance, 500,000 ohms, Approximately 
2.5 volts R,M.S. audio is required to produce full output. 
A volume control is made an integral part of the power am
plifier to permit its use with tuners having relatively high 
output. 

A terminal strip at the rear allows the choice of a number 
of output impedances, This gives the Meissner power ampli• 
fier unusual flexibility in application to various voice coiL 
and line impedances. 

The power amplifier is designed for a 105-125 volt, 50-60 
c.p.s. power source, only. Power consumption is 90 watts, 

The Meissner power amplifier is a very compact, self
contained unit. Its clean lines and size lend it to port
ability, and increase its application possibilities. 

ASSEMBL \' ( 4AK) 

Check all parts against the parts list as the kit is un
packed. Any shortages should be reported at once, 

All small parts, such· as tube sockets, tie lugs, brackets, 
etc,, are mounted with 6-32 round-head screws 5/16" long, 
# 6-32 hexagon nuts, and ~ 6 external tooth lock washers. use 

the pictorial wiring diagram for a guide in your work. 
Mount the 4 octal tube sockets as shown, noting partic

ularly the position of the center gutde pin slot. These soc
kets mount from the under side of the chassis. 

Mount the pilot light socket as shown. 
Mount the single-insulated tie lug under the chassis as 

shown. Note that there are two single-insulated tie lugs, 
one a mirror image of the other. Be sure to use the correct 
one here. 

Mount the 2-insulated tie lug as shown, 
Mount the 4 aluminum angles at the corners of the chassis 

to strengthen it. 
Mount the 6-terminal strip at the rear of the chassis in 

the long oval opening. Note that this strip mounts from the 
outside of the chassis. 

Mount the other single-insulated tie lug as shown, at the 
rear of the chassis. 

Mount the input jack at the rear of the chassis, as shown. 
This jack mounts from th 0 inside of the chassis. 

Mount the volume control at the rear of the chassis as 
shown, securing with a 3/8" nut. 

Mount the fuse holder at the rear of the chassis as shown. 
First remove the nut and lockwasher attached to the fuse 
holder and slip the holder in the hole from the outside of 
the chassis, so that the fibre washers rests between the 
chassis and the cap of the holder. Then slip on the lock
washer and nut from the inside of the chassis and tighten 
securely, with the holder-in the position shown. 

Mount the ruby Jewel at the front of the chassis as shown, 
noting that this mounts in front of the pilot bulb socket, 

Mount the toggle sWitch at the other hole at the front of 
the chassis as shown. Both the rul;Jy jewel and the sWitch 
mowt 'With the 3/8" nuts attached. Adjust the position of 

the nuts on the switch bushing so that the bushing is flush 
with the edge of the nut at the front of the chassis, 

Mount the 4 angle feet as shown, 
Mount the power transformer from the top of the chassis on 

the side having the toggle switch. Mount with f 8-32 screws 
and lockwashers as shown. Run the leads through the chassis 
hole provided. Note that a ground lug is mounted under one 
of the nuts. 

Mount the filter choke on the under side of the chassis as 
shown, using 110-32 screws and lockwashers. t.tiunt the 
chokl! with the leads on the side next to the power transformer. 

Mount the output transformer on the top of the chassis, 
uslng fl. 8-32 screws and lockwashers. Mount so that the long 
leads come through the hole nearest to the center of the 
chassis. 

Mount the electrolytic filter condenser in the chassis 
slots provided for the mounting lugs. TWist the lugs to an 
angle of about 45 degrees from the underside of the chassis, 
with pliers. Mount so that the lugs appear as shown. Be 
sure the condenser is firmly mounted. 

Mount the 4 stand-off posts at the corners of the chassis. 
These mount With fl. 8-32 screws and lock washers, with lock
washers between the heads of the screws and the chassis and 
also between the ends of the posts and the chassis, to pre
vent any turning. 

Push the line cord into the hole at the rear of the chassis 
far enough for the cord to reach the sWitch. Determine where 
the cord should be secured to the chassis and place the two 
bakelite parts of the strain relief around the line cord at 
this place, Squeeze tightly with pliers and force into the 
1/2" chassis hole. 

You are ready to wire the amplifier. 

WIRING (4AK) 

Cable the leads from the output transformer, using the 
stitching thread provided, Run these cabled leads along the 
edge of the chassis and connect to the 6-terminal strip, 
paying attention to the color code used. 

Note that the pictorial wiring diagram tells exactly how 
to wire the amplifier, including the color of wire used. Follow 
this diagram carefully for all Wiring steps. 

Use a hot, well-tinned soldering iron in soldering 
all connections. Heat the connection thoroughly and 
allow the solder to flow smoothly over the joint. 

Connect one of the line cord wires to a lug of the 
sWitch. Carefully separate the two parallel wires of 
cord back to the fuse holder. Run the wire to the 
switch along the edge of the chassis alongside the 
u,u1ed output leads. cut the other line cord wire 
to a convenient length and connect to the fuse hold-
er'w . ire the amplifier in accordance with the pictorial wiring 
diagram, checking each wiring operation against the pictor
ial. Place each component part in exactly the position 
shown. Observe polarities on the electrolytic condensers, 
and observe grounded-foil ends of paper condensers. Where 
necessary, shorten leads on resistors and condensers. 

Keep the wirewound resistor off the electrolytic conden
sers nearby so that they will not be damaged by the heat. 

Keep the metal case of the line filter condensers from 
touching other wiring or terminals. 

Check all of your wiring when completed against both the 
pictcf'ial and the circuit schematic. 

Check every connection to be sure it is well soldered. 
Check the wiring carefully to be sure there are no short 

circuits between wires, leads, or to the chassis •• Push the 
insulation of the push-back wire up against the connections 
as added protection against sh9rts. 

Insert the pilot bulb in its socket and slip the light shield 
over the bulb to direct the rays into the Jewel. 
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Insert the tubes in their respective sockets, being sure 
that they a.re finnly seated, 

Slip the dust cover over the top of the chassis, over the 
fow- stand-offs. Place this cover on with the hand-holds 
nearest the rear. Screw down tightly with 8-32 screws and 
lock washers. 

Insert the 2 ampere fuse in the fuse holder, screwing in 
place firmly. 

Plug the unit in the proper power outlet, tw-n it on, and 
after the tubes have warmed up, take a set of voltage read
ings. Your readings should agree within reasonable limits 
with the values shown in the table. Remember that a volt
meter with lower impedance than the one used in making the 
table will cause the voltages to be lower at some of the 
tenninals. 

If the voltages are correct, fasten the bottom cover plate 
in place, using the rubber bumper feet at each corner, with 
3/8" long 6-32 round-head screws. 

INWl'ALLATION 

The amplifier should be installed as close to the tuner as 
possible. This allows the use of a short line between the 
amplifier and the tuner with very little chance for pickup 
of extraneous hum and noise. In all cases a shielded line 
must be used. 

A typical installation of the amplifier is in a large cab
inet along with the tuner and loudspeaker, and in many cases, 
an automatic record changer. 

Where necessary, the line may be several feet long between 
the tuner and the amplifier, provided it is a high quality, 
low-capacity line terminated with a resistor of such value 
that the parallel resistance of this added resistor at the 
amplifier's input and the 500,000 ohm resistance of the in
put circuit of the amplifier is approximately the same as 
the output impedance of the tuner. 

The amplifier generates a considerable amount of heat; 
consequently, it should be installed to allow free circula
tion of air about the unit. Nothing should be placed on top 
of the amplifier nor right up age.inst the sides. 

This amplifier is designed for operation from a 105-125 
volt, 50-60 c.p.s, line, only.' Be sure of the power source 
before connecting the amplifier. 

The length of the leads from the output of the amplifier 
to the loud speaker is not critical. In rwming very long 
lines at the higher impedance taps, place the line so it is 
not in the direct vicinity of 60 c,p.s. power wiring, and 
especially avoid power wiring running parallel to the line. 
In installations requiring a long line in the presence of 
strong electrical fields, a shielded line may be required. 

The amplifier should be installed, at least initially, where 
the volume control can be adjusted. If used with a tuner 
having a power outlet controlled by the on-off switch of the 
tuner, such as the Meissner Model 9-1091C, lt ls not necessary 
to bring the switch of the amplifier out to the front. It may 
be turned on and left on all the time, the unit being controlled 
by the switch on the tuner. 

To use this amplifier with a phonograph pickup, it will in 
most cases be necessary to provide some pre-amplification 
ahead of the amplifier. Most AM-FM tuners, such as the 
Meissner Model 9-109 lC, have provision ror phonograph 
input which utilizes the audio section of the tuner wWi its 
tone and volume controls. 

The output terminals of this amplifier allow a wide vari
ety or impedances to be matched to the amplifier, such as 
all the common voice coil and line impede.nee values. To 
connect a speaker having a voice coil impedance of 15 ohms, 
for example, simply connect the speaker voice coil leads to 
the output terminals marked common and 15 ohms. 

OPERATION 

The loudspeaker or speakers used with this amplifier 
should be capable of handling the nonnal 20 watts output 
safely, with adequate reserve power handling ability to take 
care of the peaks of power output. 

With the amplifier properly installed, operation becomes 
a simple procedure. Plug the audio output line from the 
tuner into the input jack of the amplifier. 

Turn on the tuner and amplifier and tune in a moderately 
strong station. Reduce the, volume control setting of the 
amplifier to the lowest setting that gives satisfactory voi. 
ume, with the tuner volume control at normal setting. 

With tuners having the bass boost control built into a tap 
on the volume control, such as the Meissner Model 9-1091, 

the volume control of the tuner should be set at approximately 
1/2 rotation and the volume control of the amplifier adjusted 
to give satisfactory volume. 

With the volume control of the amplifier adjusted as in
structed, volume may be adjusted at the tuner and there will 
be a minimum of hum, noise, and distortion. 

If there is distortion when dperating at high volume lev
els, check to see that the impedance of the voice coil is 
propedy matched by connection to the proper output termin
als, Also check to see if the loudspeaker is designed to 
handle the high output of the amplifier. 

If there is still distortion, the tuner may be producing 
it. Check this by reducing the volume control setting of 
the tuner and advancing the volume control setting of the 
amplifier. If these checks do not clear up the distortion, 
look for a defective tube. 

VOLTAGE CHART 

Measured to chassis 

Taken with 20,000 ohms/volt meter 

Terminal Number 1 2 3 4 5 6 rr 8 

6SN7GT 0 108 4.1 42 200 81 16,3ACIO 

6L6G No. 1 0 0 362 272 lo 147 16.3AC 

lo 
(tie-J!oint) 

·10 6L6G No. 2 0 0 362 272 

5Y3GT 0 372 0 365AC 0 

PARTS LIST 

1 Che.sis, 05945 
4 Angle brackets, 19197 
4 Mounting brackets, 19133 
1 Power transformer, 29511 
1 Output transformer, 29512 
1 Filter choke, 29224 
1 Pilot light socket, 19844 
4 Octal sockets, 25-8209 
1 Phono jack, 29253 
1 Tie lug, 1 insulated, 15787 
1 Tie lug, 1 insulated, 2~5732 
1 Tie lug, 2 insulated, 25-5731 
1 Toggle switch with nuts, 19354 
1 Ruby jewel with nut, 19249 
1 Fuse holder with washer & nut, 24294 
1 Fuse, 2 amp. type 3AG, 25231 
1 Volume control, 500,000 ohms, 29487 

16.3AC 

365ACP 

1 Electrolytic filter condenser, 20-20-10 ufd. 341'55 
2 Electrolytic condensers, 50 ufd., 50 V ., 28106 

22 

22 

1:m 

2 .05 ufd., 600 V .,oil impregnated metal clad condensers, 
28172 

3 .05 ufd., 600 V., paper condensers, 28115 
1 .o 1 ufd., 400 V .. paper condensers, 28119 
1 .001 ufd., mica condenser, CM30Al02K 
1 220 ohm 5 watt wirewound resistor, 28135 
1 6,800 ohm 2 _watt resistor, RC40AE682M 
1 100,000 ohm 1/2 watt resistor, RC20AE104K 
1 2,200 ohm 1/2 watt resistor, RC20AE222K 
1 1 megohm 1/2 watt resistor, RC20AE105K 
1 220,000 ohm 1/2 watt resistor, RC20AE224K 
3 470,000 ohm 1/2 watt resistors. RC20AE474K 
2 47,000 ohm 1/2 watt resistors, RC20AE473J 
1 2,700 ohm 1/2 watt resistor, RC20AE272J 
2 12,000 ohm 2 watt resistors, RC40AE123K 
1 Line cord, 12434 
1 Line cord strain relief, 29414 
1 Pilot light, 6-8 V., .15 amp., 19711 
1 Light shield, 19795 
1 Length cabling thread, 13491 
4 Stand-offs, 4-31/32'' long, 05985 
1 Dust cover, 05949 
1 Bottom cover, 05948 
4 Rubber bumpers, 14269 
1 Supply of screws, nuts, and other hardware 
1 6-tenninal strip, 21720 
1 Ee.ch, type 5Y3GT and 6SN7GT tubes 
2 Type 6L6G tubes 
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ModP I 4A 
is supplied 
in cabinet 

with hinged 
lid. 
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POWER AMPLIFIER 
Models 4A, 4AJ, and Kit # 4AK 

400V 

'I 
!! 

" f 2 . .. !! 

;; " I <! ~ .. !! 

29512 

.H 

IOOV 

···" 

" ' ~ 0 .. 

• II • ... .. 

29511 

6L3G 

I K I.Zif 

• 

6L6G 

29!112 

Top view 
Model 4AJ 

and 
Kit #4AK 

-~ 
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4 TUBE POWER AMPLIFIER KIT. MODEL 4AK 

OUTPUT IMPEOANCE 

INPUT VOLUME 



w ~-------

CIRCUITS FOR THE BUILDER FROM MANY SOURCES 

(J) 

1-
....J 
0 
> 
CJ 

ci 

(Footnoted References indicate the circuit source. Those not footnoted are from Thordarson-Meissner designed 
circuits. Thordarson-Meissner components are indicated by giving their part number. All parts may be purchased 
through reputable dealers.) · 

400 

350 r-...... 

300 I'---- ~...__ Ii..~. - I'---250 t--

1200 

150 
...._ 
~ .£ Ii.,. 

........ r--100 r--r--

~10 20 ~30 11-40 50 ~60 >-70 1>80 

MA O.C. LOAD 

LOW VOLTAGE 
T CH 

T22Rl2 ,-------

POWER SUPPLIES 

SELENIUM 
6.3 V 1.5A 

RECTIFIERS WITH 
FILAMENT 

+ 
APPROX 

250K IIOV 75MA 

~'-------------------: 6.3V 1.5A 
T22Rl2 + 

~ 

Fl~ 

40 

250K 

APPROX 
300V 75MA 

+ 
25---. 

~----------------<~6.3V·l.5A 

TRANSFORMER APPROX MA CH c-c FIL FIL 
T. DC HV DC V A 

T22R05 2215, 120 T20C53 10-ICl 6.3 5 

T24R06 250 150 T20C54 10-ic 6.3 5 

T22R35 350 t34o T20C55 10-1c 6.3 7 
T22R36 500 l'zoo T20C56 8·8 6.3 IS 

THESE MATCHED POWER SUPPLIES PROVIDE 
THE HOBBYIST WITH DIRECT CURRENT VOLTAGES 

ORDINARILY ENCOUNTERED IN AMATEUR ANO 
EXPERIMENTAL WORK. WHEN THE BLEEDER R 

IS OF SUCH MAGNETUOE AS TO DRAIN 
APPROXIMATELY 10'1. OF THE RATED CURRENT, 
THESE SUPPLIES HAVE A REGULATION OF 

APPROXIMATELY 15 'I, ANO A RIPPLE OF LESS 
THAN l'lo 

~ 
TO 
RECTIFIER 
CIRCUIT 

TO EXCITE A RECTIFIER CIRCUIT FROM THE HIGH VOLTAGE 
WINDING WHILE THE 8.3V SECONDARY SIMULTANEOUSLY 
EXCITES A FILAMENT TRANSFORMER AS A STEPUP 
TRANSFORMER ALSO DELIVERING l!SOVAC FOR ANOTHER 
RECTIFIER CIRCUIT f 6.3V 

TO SECOND 
RECTIFIER CIRCUIT 



115VAC 
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DUAL VOLT AGE 

BRIDGE RECTIFIER 

MULTIPLE LOW VOLTAGE OUTPUT SUPPLIES 

T22R36 -----~ 

1115 VAC 

T20C56P T20C56P 

aµFD 
1500V 

T20C54P T20C54P 

+2500V 

500 MA 

IIJ,IFD 
l!IOOV 

6,3V U. 
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2 
3 
0 

1 I 
+ 

MINIATURE .,.. 

STORAGE BATTERY 

0 2 SELECTOR 
SWITCH 

3 sw-2 

SELECTOR SWITCH POSITIONS 
I. il7V 50-60CY. LINE OPERATION 
2. BATTERY CHARGING 
3. BATTERY-VIBRATOR OPERATION 

SCHEMATIC DIAGRAM OF UNIVERSAL POWER PACK 
FOR HIGH SPEED PHOTO-FLASH TUBES 

I 15VAC OR 6VDC POWER SUPPLIES 

,-J---C:hP,......-C>I--T----r-o taov 50 MA 

.007 60MFD 60 ZSK~4J0V 10OMA 
1500V 2O0V Ml'D 10W 4111V 1110MA 

600V HIIV 200MA 

211MFD 6.llV rmr 
SIUELD LE,_DI TO PIIIVENT 
HASH RADIATION 

When wiring the circuit it is advisable to adhere to the 
component values as specified in the parts list if optimum 
performance is to be realized. All lead wires employed in the 
high voltage circuits should have adequate insulation to avoid 
break-down and circuit failure. The high voltage leads from 
the energy storage condense to the output connector should be 
at least 1t12 or 1tl4 stranded wire, properly insulated. Make a 
good ground circuit connection to the metal chassis. Be sure 
that all component parts are securely mounted to prevent the 
possibility of their shifting and shorting out any portion of high 
voltage circuit. To wire the selector switch SW-2, employ one 
circuit of the first gang section for the high voltage secondary 
switd:ing circuit. Use the second gang section for the three 
remairung lower voltage switching circuits. This switch 
arrangerr.ent effectively isolates the high voltage circuit and 
prevents a possible fiash-over to the other circuit contacts. 
Wire the battery-vibrator circuit with at least rtl4 stranded 
insulated conductor of minimum lead length. Take care to make 
good solder joints and see that the battery circuit connections 
are clean and tight. These measures will keep the voltage 
drop in the primary circuit to a minimum so that the full high 
voltage charge will be developed in the storage condenser. 

8 8 

1311 MA 

6.3V 4.711A 

~ r 
6.llVOC 

Use a six prong wafer type socket which will grip the 
vibrator prongs firmly. The conventional molded type of tube 
socket will not properly engage the vibrator pins as their 
lengths are shorter than the normal vacuum tube prongs. Do not 
employ a vibrator having a frequency lower than 180 cycles as 
this will result in a heavier battery current drain. Do not under 
any conditions use the pack on · "battery-vibrator" operation 
without a buffer condenser of the specified value connected 
across the secondary winding. The battery charging rectifier 
specified in the parts list is a full-wave bridge unit which has 
been connected with its elements in series-parallel to provide 
a half-wave rectifier having characteristics suitable for this 
circuit. The circuit diagram shows a pictorial connection of the 
tenninals of the modified rectifier. If a dry disc rectifier other 
than that specified in the parts list is employed in the battery 
charging circuit, the charging rate obtained into the fully 
discharged cells should be measured. This value should not 
exceed .8 amperes as gpecified by the manufacturer. If neces
sary, a limiting resistor should be placed in series with the 
rectifier to keep the charging current within the specified 
value. 
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THORDARSON MATCHED HIGH VOLTAGE PLATE SUPPLIES 

2800 

2600 

2400 

2200 
2000 

1700 

1600 

1500 
1400 
1300 

1400 

1350 

1300 

1250 

2100 

2000 

1900 

1800 

1400 
1350 

1300 

1250 

7!10 
700 
6~0 

EOO 

800 

750 
700 

850 

I 450 
425 

400 
37S 

1200 

10S0 

900 

7S0 

1000 
800 

600 

400 

... 
C, 

---.12..Q L 

"'.I ; vo, ~-
., 

t - ~ 
::.IS 

0 . n,op\. - -> - .. ,I -0 
., 

.OS 
0 I 00 DC ""'"LOAD'" "'" A,_,_ i,,.,,_ 

... 
C, .... 
C 

-- 1 - ., 
!:::i 

n,. - ::11, .. u, '""-~-0 .. .a > 
0 - ~ 

0 
,IS 

1loo DC 200L"A"3 no 4"'" ,;nr, 

Ill • 4 C, 
C 

., 
!:::i :: . 
0 ; I 
> 
0 

.,. 
0 

Ill 
C, .... 
C ... 
!:::i ::-• 
0 
> "·• 
0 

.,. 
0 .I 

... 
C, .... 
;! . -- ., 
..J 

...Y9LTAGE ,,,,..- :: .. 
0 
> "A ---o_ •t ~1PPLE -- t- .I ----~ o 50 " o.c. ,~ ,. LOAD 2 ,.,. .,.,n 

... 
C, 

~ 
..J 
0 
> 
0 
0 

... 
C, ; 
0 
> 
0 
0 

... 
C, 

~ 
~ 
0 
0 

... 
C) .. 
'J 
0 
> 
0 
0 

... 
C) 

~ 
..J 
0 
> 
u 
0 

/ .. .. 
f---..Q,_c. / VOLT --

_, 
/ :: .. 

-,..._ 
.. . 4 

./ 
0 , 01PPL --- t- .I 

100 L--200 o.c. 30 Olood400 42~ 

/ 
_<)\..'t,. -·· / _, 

~- V )L TAGI" ., ..... ---- .... .. 
.. . 4 

I- -- .,. .. --100 o.c . I~ OLOAD 20lo 2! 0 300 

----<t----:::--+----+---+-----,~-· ... 
---1~.....;=1o.4~~1+-.*---+--£.----I ;-• 
--l~----4----=F::::...-=~=---~ .. ,4 

----!::::::!!!:!!!!£~==-~-+--:-~=-+---===-i t- .I 

0 

.. 
~"..-tc---~ .... ., .. .... 

ii 
.a 

150 # 

POTENTIOMETERS NOT IN CIRCUIT USED TO INDICATE VARYING LOAD. 

79 



80 MEISSNER INSTRUCTION MANUAL 

VARIABLE D.C. SUPPLY EMPLOYING THYRATRON RECTIFIERS 
The high voltage D. C. power supply shown in the schema

tic diagram finds its main application in amateur phone and CW 
transmitters and in laboratories where a variable source of D. C. 
voltage is frequently desired. This circuit does not require the 
usual primary variac or a voltage dropping resistor to obtain 
control of the output voltage. 

In amateur transmitters the variable voltage feature is 
advantageous for tuning up operations, where a low plate 
potential will aid in preventing damage to the RF tubes during 
initial adjustments. The variable voltage feature also allows 
the operator to conveniently reduce power for local contacts and 
thus comply with the FCC communications act, section 324. 
"In all circumstances, except in case of radio communications 
or signals relating to vessels in distress, all radio stations, 
including those owned and operated by the United States, shall 
use the minimum amount of power necessary to carry out the 
communication desired." 

Three high voltage D. C. Power supplies have been 
designed employing grid controlled rectifiers. One unit employs 
type F'G-17 thyratrons and will deliver a maximum output of 
1500 volts D. C. at ,5 amps. The second power supply utilizes 
type 627 thyratrons and is capable of a maximum D. C. output 
voltage of 2500 volts at ,5 amps. The third design employs 
R. C. A. type 2050 thyratrons and has a maximum output voltage 
of 400 volts D. C. at . 2 amps. The various circuit values and 
transformer types required for each individual supply are listed 
directly below the schematic diagram. 

Inspection of the circuit diagram reveals that two thyratron 
rectifiers are employed in a conventional full wave rectifier
circuit. This is followed by a two section filter and a bleeder 
resistor. The phase shift bridge transformer, T-22R50, and its 
associated circuit components are used to apply an A. C. bias 
voltage of constant amplitude, but of controllable phase, to the 
thyratron tube grids. The shifting of the phase of the grid 
voltage controls the point on the anode voltage wave at which 
tube conduction starts and thus controls the average value of 
the rectified anode voltage and hence the supply output voltage. 
The phase angle of the grid voltage with respect to their anodes 
is controlled, in this circuit, by the resistance setting of the 
50 Kohm rheostat. When employing a rheostat of this resistance 
the supply output_ voltage can be adjusted to any desired value 
within the voltage ravges shown in Fig. 1. At the maximum 

PL 

T-22R50 

. .25MFD 
600V 

output voltage condition, the control resistance is minimum and 
the phase angle between the grids and their anodes approaches 
zero. To produce lower output voltages, the phase on the grid 
voltage is made to progressively lag the anode voltage by 
increasing the resistance of the rheostat. 

When undertaking the construction of this type of power 
supply, several precautions should be observed. Adequately 
insulate the ,25 mfd. condenser and all of the resistors from the 
chassis ground as they are· connected in the high potential D. C. 
circuit. If the rheostat is to be controlled from the panel, an 
insulated shaft extension must be employed. The 50 K ohm 
resistors should be within 10% tolerance to prevent the load 
current from being unequally divided between the two rectifier 
tubes. If full output voltage is not obtained when the rheostat 
is in the minimum resistance position, reverse the primary 
connections of T-22R50 to establish the correct phase relation 
between the anode and grid circuit. 

Transformer T-22R50 has a static shield between the 
primary and secondary to minimize the effects of line voltage 
disturbances on the rectifier grid circuit. However, it may be 
found advisable, which high RF fields exist, to connect a mica 
condenser of .00 1 mfd. from each grid to cathode. When using 
this supply, it will be found that as the output voltage is 
reduced, the amount of ripple voltage will increase due to the 
change in waveform of the rectified current pulses, which now 
flow over only a portion of the positive half cycles. When 
employing stock filter components, continuous voltage control 
from maximum down to zero cannot generally be obtained due to 
the higher values of input inductance required for continuous 
current flow as the tube firing is delayed. Instability may occur 
at one output voltage and current value somewhere below the 
minimum voltage ranges specified. 

The phase shift bridge transformer, T-22R50, can be 
employed with other types of thyratron tubes and circuit applica
tion where phase control is desired. The secondary insulation 
is rated at 5000 volts test and sufficient voltage amplitude is 
available to provide smooth, positive, phase control of the 
average rectified anode current. When using this transformer in 
other circuit applications, the R, C or L values assigned to the 
phase shift bridge arms should be such that the maximum 
secondary current rating of .03 amp. will not be exceeded. 

CH-I CH-I 

POWER SUPPLY EMPLOY! NG 
THYRATRON RECTIFIERS FOR 
OBTAINING VARIABLE DC 
VOLTAGE OUTPUT 

USE TABLE BELOW FOR DETERMINING CIRCUIT VALUES FOR VARIOUS DC RANGES 

DC VOLTAGE MAX CURRENT Tl T2 T3 CH 1 vi cl RI 

50-400V 200 MA T-21P89 T·21FIO T·22R50 T-20C54 2050 8MF'D 20K 
500-ISOOV 500MA T-21P79 T-21F02 T-22R50 T-20C57 FG 17 4MFD 50 K 
500-2500V 500MA T-21P75 T-21F02 T-22R50 T-20C57 KU627 4MFD 75 K 

NOTE= WHEN EMPLOYING THIS CIRUIT WITH TYPE 2050 THYRATONS, CONNECT THE SCREEN AND 

CATHODE Of EACH TUBE TO THE flLAMENT TRANSFORMER CENTERTAP. IT2 I 
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TECHNICAL DATA 

POWER OUTPUT: 6 WATTS 
INPUT CIRCUITS: ONE HIGH IMPEDANCE MIC. 
CHANNEL-115 DB. GAIN. ONE HIGH IMPEDANCE 
PHONO CHANNEL-72 DB. GAIN. LOW 
IMPEDANCE INPUT OPTIONAL. 

- - - - - - -'r: ____ - :_ :_-_-_-_--- _: - - 05- -i <470K ~---- -

2.2M fr0 

-=-2sµFCF 
25WV r--

CRL 
N-104 
I M·LT 

NOTE: 
UNLESS OTHER SPECIF! ED 

ALL PAPER CONDENSERS ARE 
400V RATING,AND ALL 
RESISTORS ARE 1/2 WATT, 
10~ TOL. 

SW 

BLACK 

470K 

20 

RED 

~

x 
EN 
REEN-YEL. 

EEN 
X 

\ 

OUTPUT IMPEDANCES: .4, 8 1 15,250,500 OHMS. 
FREQUENCY RESPONSE: FLAT WITHIN IDB 50110,000 CPS. 
TONE CONTROL·. ONE HIGH FREQUENCY ATTENUATOR 
TYPE. MA.XIMUM POSITION ATTENUATES 2208 AT 
10,000 CPS. 
HUM LEVEL: 60 DB BELOW RATED OUTPUT. 
TUBE COMPLEMENT: 1-65J7; l-6SJ7; 1-6L6; 1- 5Y3G. 
POWER CONSUMPTION: 70 WATTS, 110-120 VOLTS, 
60 CYCLES. 

3.3 
MEG 

IOOK 

.05 

470K 

47K 

IOµFD 

\ ,.,-1450V 

\ 
_,,/" ~ ,,, 

6L6 /6L6G 

3.--

5 

CRL 
N-102 -= 
250K 

10 
µFD 

'L450I 
I = V 

I -

------- -- - --' 

T-20C53 

_1oµFD IOJJFD 

r50V r50V ~ 

40K 
IOW 

6 WATT 

AMPLIFIER 

z 
I.LI 
I.LI I.LI 
a:: ::, 
(!) ..J 
{ m o 
0 { l&J 
in a:: 
N in ~ 
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-------LEADERS IN COILS AND ~ TRANSFORMERS SINCE 1895-------

ANT 

t 

CONVERTERS and RECEIVERS 

S1114PLE NOISE Lll,UTE:R FOIi INSERTION ACIIOSS 

VOLU114E CONTIIOL HTWl!l!N DIODE DETECTOR AUDIO INPUT 

11134nVOLUll4E 
COIITROL 

0.5JIFO 
NON·INOUCT 

T 

NOISE LIMITER 

Radio and Television News, Aug. 1950. page 46. 

SUPERREGENERATIVE R5CEIVER 

Esvu 

471(A. 
IW 

SUPERREqENERATE DETECTOR 

T22S46 

11~ 

Modified from the RCA Receiving Tube Manual, page 269. 

T22ROI p 
~1v2.u 

:~o IN 

144·146 

!10·54 

28·llC' 

C.5v c2A 

PUSH - PULL RF AMPLIFIER 

..... ~~ ........ - i.1 

11.:sypo 6T•l8ECT.318"SPACE ll18"AIRCORE 

11.IIIIFD IOT-:ZOECT. 112• SPACE l12"AIRCORE 

II jJjJFD 14.,.ZOECT. 518'SPACE !ils'"AIRCORE 

PUSH PULL RF AMPLIFIER 

E 

Lz 
4T-,8 
!l/16-0 
4T•28 
7116D 

DITTO 

'The Radio Amateurs Handbook, 1952. page 366. 



TO PLATE FM 
CONVEIITER 

TO I+ FM 
CONVERTER 

TO PLATE AM 
CONVERTER 

ALL RESISTORS 1/2 WATT 20% 
UNLESS OTHERWISE SPECIFIED. 
CONDENSERS 40011 UNLESS 
OTHERWISE SPECIFIED. 
SWITCH SHOWN IN COUNT ER 
CLOCKWISE POSITION. 
ALL CAPACITIES IN MF 0 
UNLESS OTHEIIWIIE SPECIFIED. 

117V AC 

'• 

MEISSNER INSTRUCTION MANUAL 

AM-FM IF STRP 
POWER 

WITH DETECTORS 
SUPPLY 

TO II+ AM 
CONVERTER 

AVC 

A.M. 
+120V 

..... 

NOVICE REGENERATIVE CW 
RECEIVER 

AGC HT R ... tR.,1 
4 )V 250V 

IM 

••a& 

... 
r::---t--....--ttf--o AUDIO OUTPUT 

.005 

270 V 

•X 
PILOT 
LIGHTS 

,, . 
.,, . 
.,,. 

000¥ 

T20C54 

== 

. 
D 
~ 

VOLTAGES IN AM POSITION 
+ VOLTAGES IN FM POSITION 

ll7L7 

111 

••< 

I f OVT,UT 

IZO 

, .. 

e+1111>cuu ,,av 

CASCODE HIGH 
FREQUENCY TUNER 
CAPACITORS IN µµ 
FD. RESISTORS 
1/2 WATT 

83 

000¥ 



84 T&M 
-------LEADERS IN COILS AND r TRANSFORMERS SINCE 1895-------

OSCILLATORS and TRANSMITTERS 

CODE 

2K 

BEAT FREQUENCY OSCILLATOR FOR ANY 458KC 

IF SUPER HETERODYNE 

600V 

OSCILLATOR 

ffi7Jd 
.004 

IO • II) 
N 
N 
I- RECEIVER FREQUENCY STANDARD 

IOK 
KEY 

.... :7::.·. T 
35/'/" 20/"/" 

SHIFT 

t 
0 
Ill • 

.:=-------.--1' zspt; 
TO RF 
INPUT ON 

TO L---L---___.'--------+-----''"""'-.,.,,v--41-.(11\---+ 
BEAT AGAINST WWV 150V 

"SQUELCH" OR
11 CODAN'' INTER CARRIER SILENCER 

I /2 8SL7~----~ 
.I 

:: F"=A.,.OM------<I '-------'
DETECTOR 

AVC 

l/2HL7 

SOK 

215K IOW 

LIK 
IOK 
IOW +HOV 

_250 

* ic,TE: FILMENT MUST BE C.T. TO 
GROUND TO ELIMINATE HUM 

FROM 
RCVR 
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SERIES TUNED COLPITTS!CLAPP)OSCILLATOR 

FOR 
3.IIMC 
33j)H 

E 
22µH 

+711 •ISO 

• ZERO TEMP. MICA USE MULIPLE LOW 
VOLTAGE POWER SUPPLY 

IOO-IOOOWATT SCREEN MODULATOR 

K 

DIRECT TO SCREEN 
OF 813'S, 4032'S, 
807'S, 1625'S, 
861'5, 4E27A'S, 
4·125A'8 ETC, Wint 

Horo,o HVB , Gt BYPASS LESS 
ON CW~NG !THAN .OOljlFO 

V.C CONNECT TO 1ANO LESS SCREEN 
VOLTMETER T01BLEEDER 

'---'---OAOJUST Eo2 ,,===='----,,:--;--:-:-,// 
OF FINAL WITH 

SWITCHES OFF 

O.25JJFD 
400V 

MINATURE 
TABULAR 

10,000 OHMS 
r I WATT 

r 0.1 JJFD 400V 
,l,MINIATURE TABULAR CONTROL SWITCH !CLOSE 

TO TRACK CIRCUIT TO OPERATE RELAY IN 
(SEE TEXTI RECEIVER! 

RADIO CONTROL TRANSMITTER FOR 
VR ISO'S MODEL TRAINS 

ONE TUBE AC TRANSMITTER 

ANTENNA 
APPROXIMATLY 17 1 

W9NTV CONTACTED 30 STATES 
FA BAB 0S0 10 
5 COUNTRIES 

OE W9AFI 

COLPITTS OSCll.,LATOR: Modified from The Radio Amateurs Handbook, 1952, page 133. 

SCREEN MODULATOR: Modified from Radio and Television Ne~s. Sept. 1950. page 38. 
RADIO CONTROL TRANSMITTER: Modified from Electronic Shortcuts for Hibbyists, page 23, 
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I 
L 

INPUT 
FROM BALANCED 
MODULATORS OR 
SIGNAL SHIFTUI 

MEISSNER INSTRUCTION MANUAL 

LINEAR AMPLIFIER FOR LOW LEVEL 
MODULATION OR SINGLE SIDE BAND' 

DISC NEUTRALl!ING 

~ 

I < 
0 

- _I 
0 

-i - ~ 

... L - -I 

#13µµFD 
TUBULAR MADE 
OF RG•58/U•6" 

~ I 

i i t 
+300 +600 +1000 

MULTIPLE LOW VARIABLE DC 
VOLTAGE SUPPLY SUPPLY 

BAND TURNS 
WIRE DIA LENGTH UH LINK SIZE 

Lr 
3.9 22-1,2 20E I 3/4 10 4 

14 10-112 20[ I 314 2.5 3 

L2 

3.9 25 20E I 718 11.2 4 
14 11 20[ I 3/4 2.5 3 

L3 
3.1 22 22E ,-,,4 1· 114 1.4 6 

14 12 IBE 1-114 1- 118 3.3 4 

L4 

3.9 22 I6E 2-112 2-114 20 3 
14 8 O.lllTUBE 2-112 3·314 2.3 3 

50 WATTS OUTPUT ON TEN 8 6 

5763 

EXCITATION 
CONTROL $OK 
WIRE WOUND 
4W 

A' 

+ 250 TO 
300V 

l .00I)1 
~ D19C 

[7 
r -250 

-400 

ranool 
T2IFI2 

SPACE 

1116 
1/16 

1/16 
118 

ADJ. 
ADJ. 

ADJ. 
ADJ. 

220µµ l-

Linear Amplifier: Q ST Nov. 1951. 

C 

+ 400 TO 
aoov 
IIOMA 



2 POLE 5 POS. 
ROTARY SWITCH 

.r----1~ rFr • • .005 DISC 

f ~-· .-----......... ..._..-~ 

SIGNAL 
SHIFTER 
INPUT 

-T2'1[~, 
r-,. -,Ill~~~::. 

]IG: 
:-I'-,~-,......,,_ I 

SHIELDED r -
METER I 
PANEL 

BVPASSEDI 
Wt.005 DISC1 

L - -

T20C56 T20CS6 

,4UF0.,..L :,c 0 < 13: 
2000V I 2ooov1: ~ 

":"' -==- ~ 

lJ; 
!!?2 

... 

813 L3 

I 
...J 

INPUT FROM3 
AMATEUR 
SPEECH 
AMPLIFIER 

CX) 
r--
0 
0 
C\I 
I-

MC LI L2 

3.5 
IOUH 

17UH 
7 5.2UH 

14 2.3UH I.SUH 

28 .SUH 

SWITCH 

!fl 
• I 

r--

'° II) :,: 
II) 

0 ,,, 
I 

0 

r-~~e * ~ 
=== T21F05 '=' 

~.~ 
COMPLETE MEDIUM POWER PHONE OR CW 
TRANSMITTER AND MODULATOR WITH 
SPLATTER SUPPRESSION 

L3 

43UH 
15UH 

4.2UH 

IUH 
~ 
~ -00 
00 
2! 
~ ,, 
-2! 
00 
~ ,, 
d 
~ 
~ -0 
2! 

~ 
;.., 
2! 
d 
;.., 
~ 

00 
-.:i 
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TEST EQUIPMENT 

50-0-50 DC 
JJA OR NULL 

DETECTO 

' POWER FACTOR, 

255V 

• 

IOSV 

AUDIO OSCILLATOR 

.OljJ 

220K.A. 
112W 

.27MEG. 
112w 

2.2MEG. 
112w 

KEY 

OR 

'=" T22Rl2 

PHONES OR 
TRANSFORMER 

v' 

T20C53 

+-

ll5V-AC 

LCR BRIDGE FOR AUDIO OSCILLATOR 
S NULL DETECTOR 

WHEATSTONE MEASURES 1-----IMEG 
WIEN " " IOjJjJ-IOOjJFD 

MAXWELL " IOjJH-IOOHY. 

WHEATSTONE 

-75MA 
+ RECTIFIERS 

.001 HICAP 

.,; 
< ., 

~F6 ... ! 4JJ AU7 
:i:• 150 

V 

L-COIL DATA T22Rl2 ~ 
FREQ WIRE TURNS SIZE ~ I 
~:! :: 2~~ 3/4 C~~SE ll!iVAC 

4-8 26 40 II II 

8- 16 22 24 11 OVER 1• 
16-32 18 8'112 11 CLOSE 
32-64 18 3-112 11 OVER 112 
64- 12 I II 

C·MIDGET 420JJjJll62jJJJ 
MODIFIED BY REMOVING 
6 ROTOR PLATES a 
TRIMMERS FROM 420 µµ 
SECTION WITH CALIBRATING 
DIAL 

LCR Bridge: Turner, Radio Test Instruments, Ziff Davis Publishing Company, Chicago. 

Audio Oscillator: RCA Tube Manual, page 280. 
Grid Dip Oscillator: Radio and Television News, July 1950, page 58. 



SVAC 

< 
2 
,n 

+ • 50VAC 
AC/DC < OR RF :I 

W) • < 
~ 
0 
IO 
CII IOOOVAC 

< 
~ 
0 
II) 
CII 

"¥'" 

.25JJ 200V 6C5 

~-G-___ _ 
~ _....JI.J"'-

0 

SINE WAVE "' 
INPUT SIG. 
VOLTAGE 

l 115VAC 

MEISSNER INSTRUCTION MANUAL 

5W4 

VACUUM TUBE VOLTMETER 

> 
8 .. 
::i. 
"'l 

~ 
W) 

~I ... 

SQUARE WAVE GENERATOR 

T-20A27 .5JJ 400V 6H6 

T20C53 
= 

a-a ll 
450V on 

t + + "' 5;? 

-

• N 

I-
l&J 
Cl) 

0 
« 
II.I 
N 

3 
CII 

3: 
( 

" 0 
"' 

= 

+300V 

6SJ7 

T20C52 
--

6.3V 

tJ 
TS24R02 

f9 
ll5VAC 

4JJ 600V 

SQUARE WAVE 
OUTPUT SIGNAL 
VOLTAGE. 

89 

Vacuum Tube Voltmeter: Turner Op. Cit. page 38. 
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5Y3-GT 

T-2oce2 

.2 
800V 

~~a.~:,.••----, 

2-250K DUAL 
POTENTIOMETERS 

CENTERING CONTROLS 

: 
/ i-:RG8.I:s 

3eOK DIRECT OR 
AMPLIFIERS 

NOTE• 
UNLESS OTHERWISE SPECIFIED ALL PAPER CONDENSERS ARE 
400V RATING ANO ALL RESISTORS ARE 112 W 10% TOLERANCE. 

APPROXIMATE FREQUENCY RANGE OF SWEEP OSCILLATOR (CPS) 

OPEN l.00081 .002 l.005 l.015 .05 .25 

.0001 
100¥1 

GRID 
MOOULATION 

INPUT 

HORIZONlllL 
INPUT 

DIRECT 

VERTICAL 
lll'UT 

DIRECT 

FREQUENCY CONTROL, 
VERNIER 

0 

I' 

VERTICAL 
AMPLIFIER 

INPUT 

2"CATHODE-RAY OSCILLOGRAPH 

FREQUENCY 
RANGE 

SWITCH 

8 CONT~ 
SWITCH ..L, 

tOOY 

HORIZONTAL 
· AMPLIFIER 

INPUT 

SWEEP 
SYNC. 

.oe 
200V 

~ 

~ 
~ ,.. 
00 
00 
2! 
~ ,, 
,.. 
2! 
00 
~ ,, 
d 
~ 
~ ,.. 
0 
2! 

~ 
;.., 
2! 
d 
;.., 
~ 
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MISCELLANEOUS CIRCUITS 
ELECTRONIC METRONOME 

II7N7 

IITVAC 

T·20CS2 

BLINKING LIGHTS 
Tl2Rl2 + IOMEG 

~ 20 .5 

TRANS.. 

I 

IOMEG LAMPS 

NOT TO 

• EXCEED 
2 WATTS 

KEY CLICK 
FILTER 

FM LIMITER· DETECTOR 

#930 

LIGHT 
SOURCE ro• 

2500 .... r-coNTROLLED 
PLATE RELAY!/CIR.CUIT 

ZIC"" 7110.n. 

IITVAC 

PHCT0 
CELL 
RELA'i 

The niter shown in the figure will eliminate clicks provided 
that the keyed current ls not greater than 200 ma. The 750 ohm 
resistor across the T:llC59 is correct only for this particular 
choke: a choke of higher inductance will require a lower value 
of resistor, and a choke of lower inductance requires a higher 
value or no resistor whatever. If the cathode circuit ls keyed, 
the voltace rating of the .5 Mfd condenser should be equal to or 
greater than the plate volta,e of the keyed stage. The 50 ohm 
resistor prevents the .5 Mfd condenser from discharging through 
the key contacts so rapidly that sparking results. For best 
results we recommend the use of the above filter with the 
Multi-Band transmitter. 

.01 
1------AUDIO 

OUTPUT 

CIRCUIT -----....fVo,I\A~----••+ 

INCOMI:;--- i 
,-N SIGNAL 

Photo Cell Relay: GE CR 7505K 128. 

I 

:j~ 

68N6 

I 1ouu, 

Electronic Metronome: Radio and Television News, May 1950, page 45. 
Blinking Lamp Novelty: Radio and Television News, February 1952, page 102. 

F·M 
FREQUENCY 
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CARRIER CURRENT TRANSCEIVER 

UNGROUNDED 
LINE 

A 

6S1<7 

6F7 
.00015 

6S07 

,n 
0 
0 
C! 

Ill • ,n 
,n . 
"' 

LOW-PRESSURE 
2 ELECTRODE FLASH 

6V.DC 

A 

z PDT TUBE 

+ 

ENERGY STORAGE 
CONDENSER 

TRIGGERING CIRCUIT, 
HAND SWITCH, ETC. 

FIRING CIRCUIT FOR LOW-PRESSURE 
FLASH TUBES 

+ 2250 

Z------------+-, 
HIGH·PRESSURE 3 
ELECTRODE FLASH 
TUBE 

1 
TRIP SWITCH, 

1
- RELAY CONTACTS, 

ETC. 

BASIC FIRING CIRCUIT FOR HIGH· 
PRESSURE FLASH TUBES WHICH 

REQUIRE A SEPARATE IONIZING 
POTENTIAL. 

THYRATRON 
+ 2250Y RELAY TUB!: 

z~~,-------:tBl~mno~r~ 
I MEG / EL • 

2.W. 

I MEG 
2W. 

200V 

.2 MEG 
IW. 
5V 

5000 
OHMS 

zlW 

CAMERA SHUTTER 
CONTACTS, ETC· CI MA. 
DC IN CIRCUIT) 

1slGNAL FROM PHOTO 
CELL OR MICROPHONE 

IMPROVED FIRING CIRCUIT USING THYRATRON 
RELAY TUBE TO C:OHTROL IONIZINQ POTENTIAL 

CAR 
BATTERY 

C] 
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De II TVI II ing 

Radio Transmitters 

=-~-<><::::.J L-t=~==~==~---_j 
THE MEISSNER MODEL EX SIGNAL SHIFTER BEFORE MODIFICATION 

Simple logic tells us that television interference from 
amatem radio gear should be stopped at its source for the sake 
of efficiency. Realizing that even then radiation on the desired 
frequency, but from the gear itself instead of the antenna, is 
undesirable; the second step in eleminating television interfer
ence is shielding. 

In radio transmitters the following somces of trouble are 
evident: 

1. Harmonics 
2. Parasitic Oscillations 
3, Audio Splatter 
4. Generation of the fundamental at a low frequency and 

multiplying for output (resulting in interference to 
television receivers IF frequencies.) 

Harmonics ·can be suppressed with tuned circuits-harmonic 
traps, etc., careful circuit design, and use of proper operating 
conditions. When de "TVI" ing the Meissner Signal Shifter 
harmonics are often cured by connecting a 5 or 10 mmfd ceramic 
capacitor from the plate to ground at the 6V6 tube and from the 
control grid and screen grid to ground. This same method of by
passing is applicable to the 807, When capacity is added the 
Signal Shifter should be re-aligned. Harmonic traps placed in 
the 807 plate circuit should resonate at the frequency of the 
harmonic to be suppressed. TVI traps usually consist of a 
25-50 mmfd midget variable condenser and from 3 to 6 turns,½ 
inch diameter inductance. When the inductance is adjusted so 
that the trap resonates at about half condensor capacity-with a 
grid dip meter-it may be further adjusted on the air with a TV 
picture to set minimum interference. 

Parasitic Oscillations usually result from p0or construe• 
tion or workmanship and faulty design. Cure of parasitics in the 
Meissner Signal Shifter usually can be had by changing the 
position of parts and by redressing the leads. The following 
may be helpful. 

1. Keep the R. F. Chokes in the 6V6 circuits as far part 
as possible. 

2. · Be sure the relay contacts are clean and are making 
good contact. 

3. Check alignment carefully. 
4. Keep leads close to chassis. 
5. Keep grid and plate leads separated as far as possible. 
6. Move the condensers on the 807 socket. Push these 

condensors down as close as possible to the socket. 
7. Keep all condensers ground leads very short (Disc 

ceramic condenser- used as by-passes become series 
resonant in the TV range-and thus are advisable in 
power supply leads.) 

8. Add a VHF Wave trap in the plate circuit of the 807. 
This should be fastened on to the caP of the tube. 

Audio splatter or spurious side bands caused by over 
modulation of AM can be suppressed by inserting a splatter 
choke (Thordarson T-3'.>C60, T·3'.>C61, or T-3'.>C62) network in 
the secondary of the modulation transformer. 

The only cure at the transmitter for interference caused by 
the generation of the fundamental at a low frequency and then 
multiplying for output-is to generate a higher initial frequency. 
This decreases the number of multiplying stages, and cuts down 
the poss,ibllity of IF interference. 

The following design changes are advisallle in the 
Meissner Signal Shifter. 

1. At the point where the final tubes plate choke connects 

to the Bf line, by-pass with a 0.001 microfarad disc 
ceramic condenser. A disc ceramic is recommended 
because it is series resonant in the TV range. 

2. Unwind the output coil on the amplifier's plate form, 
counting the number of turns and noticing the direction 
of winding. Insulate the plate coil with several layers 
of Duco cement or any Polystyrene liquid insulation. 
Solder a small stranded wire to a copper, brass or 
silver ribbon the width of the antenna coil and long 
enough to wrap around the plate coil without touching 
itself. Wrap this shield around the plate coil, covering 
it with several layers of insulating cement as the plate 
coil was covered. Complete this shielded coil by 
rewinding the turns that were removed, back on the 
amplifier's plate coil form and connecting as before. 

Ieplace the 300 ohm line with coax, ie: RG-6/u, RG-21/u, 
RG-54Nu, RG-59/u when the turns of the link have been 
decreased; or a shielded 300 ohm twin lead when the tllll!S 
have not been changed. 

This latter step is a shielding step. Shielding of any 
transmitter is composed of three factors: 

1. Shielding the ll'ani;mitter from radiating any frequency. 
2. Shielding the line voltage from radiating any frequency. 
3. Shielding the Antenna line from radiating any frequency 

except at the antenna. This includes filtering to cut 
down undesirable radiation. 

Shielding the Meissner Signal Shifter is best accomplished 
by inclosing the entire chassis, 6U5/6G5, and dials within a 
copper screen shield behind the panel which can be opened only 
at the top for changing tubes, but which can be removed by 
removing the panel and chassis from the cabinet. To do this on 
factory wired models it will be necessary to drill out the rivets 
holding the mounting brackets on the panel and replacing them 
with 6-32 machine screws (the kit model uses machine screws.) 
Care should be taken when shielding with copper screen to 
solder all panels to prevent slot radiation. Slot radiation is 
evident from the cabinet in the present model. Where the screen 
is held together, other than where it is soldered, a 6-32 HEX 
nut soldered to the underside of a puddled solder spot on the 
inside fold of the screen will sufficiently hold the screened 
shield when a 6-32 machine screw goes through a hole which 
lies within a puddled solder spot on the outside fold. These 
two puddled solder spots make a compression contact when the 
screw is tightened. A double folded joint will assist in holding 
up R. F. leaks. 

Shielding the power leads is readily accomplished by 
inserting a Meissner line filter No. 15-7515 for transmitters of 
less than 300 watt rating. The filter should be mounted on the 
transmitter. In addition to this filter, two disc type .01 MFD 
condensers should be connected inside the chassis between the 
line and a common ground. 

Thus, the Meissner Signal Shifter may be de "TVI" ed by 
shielding the link for harmonic radiation; by-passing the tubes 
for parasitics and harmonics; and screening the transmitter 
line and the R. F. to the Antenna or the ne:,;t stage. 

A low pass filter installed in the coaxial line feeding the 
antenna from the final amplifier, or antenna coupler will provide 
antennuation of harmonics on the antenna. A properly designed 
low pass filter will not introduce appreciable power loss at the 
fundamental frequency if the coaxial line has a low standing 
wave ratio ( 1. 5 to 1 or less.) 



94 COMPLETE INSTRUCTIONS 
FOR CONSTRUCTION AND OPERATION OF THE 

7 -tube AC ,,Utility" Broadcast 
This receiver is presented in this manual only as a general guide in receiver construction. 
The essential parts which are available from Meissner or Thordarson for receivers of similar 

·construction are noted by • in the parts list. 

The Melaaner No. 10-1103 receiver kit was dealgned to 
&newel' the requirements for a almple 110-volt 60-cycle 
receiver of excellent performance ln the broadca• t range. 

It utilize, one etage of Radio Frequency Ampllftcatlon ln 
combination with two high-gain (Iron-core) I. F. 
tranaformera, giving excellent aelectlvlty and 1en11itlnty 
over Its entire tuning range. 

The receiver baa conventional AVC obtained from a 
diode second-detector, and l1 provided with manual vol-
11me control and tone control. 

Its full vision 7-lncb slide-rule three-color dial, rear 
Illuminated, l11 very attractive whether lnatalled In an al
ready existing cablnf!t, or lnatalled in the steel cabinet 
with front panel, ftnlahed In black crackled lacquer, which 
la available to thoae who desire a special cabinet for the 
receiver. 

A "Magic Eye" Cathode Ray tuning Indicator, aocket, 
cable aud escutcheon are provided as 1tandard equipment. 

The acceuorles required are tubea aa Hated In the parta 
llat, and a dynamic apeaker having a 1600 to 2000 ohm 
fteld and output tranaformer to match a aingle 6V6 tube. 

ASSEMBLY 

Aa the kit ls unpacked, all parts should be carefully 
checked againat the Parts Liat on back of thia folder. 
Any dlacrepancles should be reported at once to the sup
plier from whom the kit wa1 purchased 

The parts should be mounted on the chaHIII In accord
ance with the top view of the receiver shown on the Sche
matic Diagram, and the bottom view shown In the Pic
torial Wiring Diagram. 

Before beginning the wiring, temporarily Install the gang 
condenser, dial and both controls so that their proper shaft 
lengths may be determined when the receiver Is placed In 
the cabinet intended for it. Mark the shafts for proper 
lengths and then remove the controls from the chants and 
u.w each one with ita shaft clamped in a vise. It Is advlsa,ble 
not to attempt to cut the shaft of any unit while mounted 
l>D the chassis, because the heavy • trains Imposed on the 
unit may cauae damage thereto. 

Mount the socket•, taking care that they are lnatalled 
In the proper places 110 that the numbers stamped on them 
will correctly Indicate the type of tube to be lnaerted. 
Obaerve also that the keyway In the •octet la properly 
oriented, lest It become necessary to remove all of the wlrea 
from the socket If It is later found to be reversed. It l1 
advisable also to •older at least one SJ>'lt ( preferably ad
jacent to a mounting screw) on each socket saddle to 
chassis. since many ground connections are made to the 
lugs on the saddle, and trouble due to poor contact may de
Telop unexpectedly unless a permanent good contact la ln
aured by soldering. 

In• tall the power transformer by mean• of the nut• ship
ped thereon, ob1.1ervlng that the terminal• on the trAns
former are properlJ placed according to the Pictorial 
Dlacram. 

WIRING 

HaYing completed tbe lBBembly operations described 
above, the actual wiring may • tart, observing the 11uggM
tlons given on the sheet "General Conatruction Hints" 
packed with each Kit. 

After bending down all l!Ocket-i;addle ground-lugs not re
quired for wiring, wire the filament circuit complete. The 
remaining wiring inay be Installed in any convenient Mo 
quence. It will be found a great help In wiring if each wlr41 
In the Pictorial Diagram 11 marked over with a colored 
pencil aa the correapondlng wire In the aet 111 lnatalled. 

VOLTAGE TEST 

If all connections are found to be correct, the tube• ma, 
be Inserted and the line-cord plug connected to a 110-volt, 
110 cycle receptacle, and the speaker (1600 to 2000 ohm 
fteld) plugged in. A slight turn of the tone control knoll 
to the right wm turn on the receiver. After a brief warm
up period the voltages shown on the Schematic Diagram 
11houllt be checked with a hlgh-realstance voltmeter, If 
available. Voltages Indicated are measured from the point 
shown, to the chasai11, with the chaasls aa the negative 
terminal. If value• measured are materlatly different than 
ahown on the diagram, a thorough recll.eck of the cir
cult should be made. Be Blll'e the receiver Is turned otl and 
the Une-cord die-connected from the power receptade while 
the wiring fa being checked. 

ALIGNMENT 
The I. F. ampltftEr is aligned In the usual manner. Con

nect a service oaclllator between the chaBSis and the grid 
of the 6A8 tube, using a condenser .0006 mfd to .26 mfd. 
between the grid and the high side of the generator output. 
Do not remO\'e the,grid clip for this operation. Set the dial 
near 600 KC, and proceed with alignment at 466 KC. 

Turn the audio volume control on full. Increase the out
put of the service oscillator until a signal Is just audible. 
AdJuat each I. F. trimmer so that maximum volume la 
obtained. It la be11t to repeat this procedure two or three 
times on each trimmer to obtain the most accurate adjust
ment. Tht-s~ trimmers are adjusted with a small screw
driver through the openings in the top of the shield on each 
I. F. transformer. 

The service oscillator should now be connected to the an
tenna and ground terminals or the reeeiver, with a 200-mmf 
condenser between the antenna terminal and the aervlc& 
osclllatnr. 

Set the dial and the service oscillator to 1400 KC and 
adjust the trimmer on the rear section of the gang con
denser for maximum output, reducing the generator out,. 
put as alignment proceeds. Follow this adjustment by sim
ilar adjustments on the middle and front sections of the 
gang condenser. After this is done the service oscillator 
should be set at 600 KC and the signal tuned In on the re
ceiver. The oscillator padding condenser at the left end of 
the chassis, ahould be turned 11lowly In one direction while 
fhe gang condenser is rocked back and forth across the 
signal until a mai.,mum is obtained. It Is advisable now to 
return to 1400 KC and re-align at that point. The receiur 
should now be ready to connect to an antenna for operation. 
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COMPLETE PARTS LIST 

7-Tube AC "Utility" Broadcast Receiver 

Only those parts followed by • are available from Meissner or Thordarson. 

No. 12-1022 ESSENTIAL KIT 

1 Punched steel chassis, 10" x 12" x 3", 11-8213 

1 Calibrated slide-rule dial and escutcheon, 23-8207 
1 3-gang tuning condenser, 366-mfd., 21-6140 * 

1 Broadcast-band antenna coil, 14-1004 * 

1 Broadcast-band R-F coil, 14-1006 * 

1 Broadcast-band oscillator coil, 14-4243 * 

1 Input 1-F transformer, 16-6740* 

l Output 1-F transformer, 16-6742 * 
1 Adjustable padding condenser, 225-650 muf. 

4 No. 2-56 x ,. " R. H. screWII for escutcheon 

4 No. 2 lockwaahen 
4 No. 2-66 brau nuts for escutcheon 

No. 10-1103 COMPLETE KIT (le .. cali,inet) 

All parts Hated above plua the following: 

1 Power transformer, Thordarson T24R02U * 
1 26,000-ohm tone control with switch, 19267 

1 600,000-ohm volume control, 19268 

1 16-~6-mfd., 460-volt filter condenser, 16124 

1 Mounting plate for 16124 condenser, 19286 
1 10-mfd., 26-volt electrolytic condenser 

1 .1-mfd., 400-volt paper condenser 

2 .1-mfd., 200-volt paper condenaera 
3 .06-mfd., 400-volt paper condensers 
6 .06-mfd., 200-volt paper condensers 
2 .006..rnfd., 600-volt paper condensers 
3 .00026-mfd. mica condenaers 
1 .00006-mfd. mica condenser 
1 300-ohm, I-watt resistor 
1 300-ohm, ¼-watt resistor 
1 600-ohm, ¼ -watt resistor 

2 30,000-ohm, I-watt resistors 

1 40,000-ohm, ¼a-watt resistor 

2 60,000-ohm, ¼-watt resistors 

2 100,000-ohm, ¼-watt resistors 
2 250,000-ohm, ¼-watt resistors 

2 600,000-ohm, ¼ -watt resistors 

1 Mallory bias cell and holder 

6 Molded bakelite octal tube sockets 

1 4-prong wafer-type speaker socket 

1 A-G terminal strip 

4 Small 1ize grid clips 
1 A-C line cord and plug 
1 Tuning indicator aS11embly and cable 

2 6.3-volt dial lamps, bayonet base 
1 1-" rubber grommet 
2 ,. " rubber irrommeta 

3 Black bakelite knobs 
1 Tie-lug, three insulated terminals 

6 Tie-lugs, two insulated terminals 

1 Tie-lug, one insulated terminal 

4 Panel spacer dowels, ¾" dia. x 11 / 16" 
1 Shakeproof type soldering lug 

4 No. 6-32 x 1" R.H. black screws 

26 No. 6-32 x ¼" R.H. steel screws 

40 No. 6 lockwashers 
39 No. 6-32 hexagon nuts 

4 No. 6 braaa washers 
7 Lengths solid hook-up wire, aasorted colors 

1 Length stranded green hook-up wire 
1 Length shielded wire 

1 Length black insulating wire sleeving, .063" 

1 Length rosin-core solder 

Note: To use a PM Speaker use 8 inch 8 ohm (Jensen PS-U or equivalent) and substitute Thordar• 
son T20C53 * filter choke in series with a 1800 ohm 10 watt resistor instead of the speaker 
field winding. For output transformer use Thordarson # T22S58 • 

2 8K7 Metal tubea 
1 IA8 Metal tube 
1 8Q7 Metal tube 

1 8V8 or 8V8G tube 
1 6Y4G rectifter tube 

1 Dynamic speaker with 4-prong plug; 1600 to 2000-
ohms fteld realatanca; output tranaformer to match 
single 6V6 In Clasa A; po_. handling capacity, 6 
watts minimum. 

No. 11-8215 Punched steel panel, black wrinkle flnhlh; 
9½" X 14¼1" X 1/16" 

No. 11-8212 Steel cabinet complete with hinged lid, black 
wrinkle finish 9 % .. x 14 % " x 11 14" deep. 

95 
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98 COMPLETE INSTRUCTIONS 
FOR CONSTRUCTION AND OPERATION OF THE 

7 -tube Broadcast & Shortwave Receiver 
This receiver is presented in this manual only as a general guide in receiver construction. The 
essential parts which are available from Meissner or Thordarson are noted by • in the parts list. 

The Meissner No. 10-1104 receiver kit was designed to 
answer the requirements for a receiver covering the Ameri
can Broadcast Band and the Short-Wave entertainment 
bands. It covers foe frequency range 540 'KC to 1600 KC, 
and 5. 9 MC to 18.8 MC. 

It utilizles one stage of Radio Frequency Amplification 
on boih bands, in combination with two high-gain Ferro
cart (Iron-core) I. F. transformers, giving excellent selec· 
tlvity and sensitivity over its entire tuning range. A Sensl-
tlvlty Control has been provided to adjust the maximum 
sensitivity of the receiver to an amount commensurate with 
the prevailing noise level at the place of operation. 

The receiver has conventional A VC obtained from a 
diode second-detector, and Is provided with manual Volume 
Control and Tone Control. 

Its fuJl-vlslon 7-lnch slide-rule dial with three scales (one 
a 0-100) in different colors, nar illuminat€d, is very at
tractive whether installed in an already· e:,xisting cabinet, or 
Installed in the ste€1 cabinet wlth front pane-I finishPd In 
black cra<'kled lacquer, which ls available to those who de
sire a specia_l cabinet for this receiver. 

A "Magic Eye" Cathode Ray Tuning Indicator Is pro
vided as standard equipment. 

The accessories required are tubes as listed In the parts 
Jlst. and a dynamic speaker having a 1500 to 2000 ohni field 
and output transformer to match a !!Ingle 6V6 tube. 

ASSEMBLY 

As the kit Is unpacked, all oarts sho1Jld be carefully 
checked against the Parts List on back of this folder. 
Any discrepancies should be reported at once to the suppl!er 
from whom the kit was purchased. 

The parts should be mounted on the chassis in ac
cordance with the top view of the receiver shC'wn on the 
Schematic Diagram. and the bottom view >1hown In the 
Pictorial Wiring Diagram. The order of assembly la of llttlt: 
impo1·tance as long as the Range Switch Is omitted until 
the wiring around the RF and Converter sockets, aud on 
the terminal strips mounted under the range switch, has 
been completed. 

Before beginning the wiring, temporarily Install the 
gang condenser, dial and all controls so that their proper 
shaft lengths may be determined when the re<c~iVP,r is 
placed In the cabinet Intended for It. Mark the shafts for 
proper lengths and then remove the controls from the 
chassis and saw each one with its shaft clamped in a vise. 
It Is advisable not to attempt to cut the shaft or any unit 
wl:iile mounted on the chassis, because the heavy straius 
Imposed on the unit may cause damage thereto. 

Mount the sockets, taking care that they are Installed In 
the proper places so that the numbers stamped on the 
sockets will correctly Indicate the type of tube to be in
stalled thneln. Obt<erve al110 that the keyway In the socket 
Is properly oriented. lest It beC'ome necessal')' to remove 
all of tht: wires from the socket IC It Is later found to be 
re,·cr:1cd. It is advisable also to solder at least 0111:; spot 
(preferably adjacent to a mounting screw) on each socket
saddle lo chassis, since many ground connections are made 
to the lugs on the saddle, and trouble due to poor contact 
may develop unexpectedly unlesa a permanent good contact 
Is Insured by soldering. 

Install the Power Transformer by means of the nuts 
shipped thereon, observing that the terminals on the 
transformer are properly placed according to the Pictorial 
Diagram. 

WIRING 

Having cumplet1e:d the assembly operations described 
above, the actual wiring may start, observing the suggeR
tlons given on the sheet "General Construction Hints'' 
packed with each Kit. 

Arter bcnciing down all socket·saddle-ground-h~s not re
quired ·for wiring, wire the filament circuit complete. The 
remaining wiring may be Installed In any convenient se
quence. It will be round a great help In wiring If ea.:h wire 
In tilP Pictorial Diagram Is marked over with a colored 
pencil as·the corn-sponding wire in the set Is in11talled. 

\\'hen all wiring has been finislu.d except the leads to the 
Range Switch, Install and wire that item, kc€piug all wires 
short and dlr€ct, and as well spaced from each other and 
from metal objects as possible. 

Connect the cable from the "Magic Eye" In accordance 
with the Schematic and Pictorial Diagram. 

VOLTAGE TEST 

If all cunnectlona are found to be correct, the tubes may 
be inst:rted and the line-cord plug connected to a 110-volt 
60-cycle receptacle and the speaker ( 1500- to 2000-obm 
field) plugged In A slight turn of the Tone-Control knob 
to the right will turn on the receiver. After a brief warm
up period the voltages shown on the Schematic Diagram 
should be chEcked with a high-resistance voltmeter, u 
available. Voltages indicated are measured from the point 
shown, to the chassis, with the chassis as the negative 
terminal. If values measured are materially different than 
shown on the diagram, a thorough recheck or the circuit 
should be made. Be surf" the receiver is turned off and the 
llnr-<'ord disconnected from the power receptacle while the 
wiring is being checked. 

ALIGNMENT 

The I. F. amplifier is aligned in the usual manner. Con
nect a !!ervlce oscillator between the chassis and the grid 
or the 6A8 tube, uaiag a c,ondenscr .0005 mfd to .25 mfd 
between the grid and the high side of the generator output. 
Do not remove the grid clip for this operation. The Range 
Switch should be turned to the Brnadcast band, and lite 
dial sf't near 600 KC; then proceed with alignment at 
456 KC. 

Turn tile Audio Volume Control and Sensitivity Controls 
on full. Increase til€ output or th€ service oscillator until 
a signal ls just audible. Adjust each I. F. trimmer so that 
maximum volume Is obtained. It Is best to repeat this 
procedure two or three times ou each trimmer to obtain 
the most accu,·ate adjustment. These trimmers are ad
justed with a small scr~wdriver through the opening In 
the top of the shield on each I. F. transformer. If no service 
oscillator Is available tune In a weak signal and adjust 
trimmers as above. If the signal becomes loud use a 
shorter antenna and continue as above. 

The service oscillator should now be connected to the 
antenna and ground terminals of the recelTer, through the 
proper dummy antenna. 
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Close the gang condenser and see that the dial pointer 
position coincides with the last line at the low-frequency 
end of the dial. If this condition does not obtain, loosen 
the set-screw on the dial-drum, make the necessary correc
tion and firmly tighten the screw. 

Turn the Range Switch to the Short Wave (extreme 
clockwise) position, set the dial and the service oscillator 
to 16 MC, connect a 400-ohm resistor between the service 
o!lclllator and the antenna binding post, as a dummy an
tenna, turn the output of the service osclllator up to max
imum, tighten the top trimmer In the oscillator coll 
(No. 14-7480) until just snug, then loosen It 4 turns, and 
then. as the trimmer Is tightened, set It to the position of 
maximum response. reducing the output of the service 
oscillator as alignment proceed:J. (If two responses arc 
found of nc-arly equal Intensity, adjust for the one with 
the trimmer farthest open). Now align the RF trimmer, 
but since tha RF adjustment has a slight effect upon the 
oscillator frequency, It will be necessary to rock the tuning 
condenser slightly to keep the signal tuned in. Now adjust 
the antenna circuit, reducing Input as alignment proceeds. 
If the receiver tends to "Motorboat", turn down the service 
oscillator output until the trouble stops. Some service os
cillators, however, leak enough signal that even with the 
output control set at zero, the receiver is still overloaded, 

in whlrh case It Is necessary to turn down the sensitivity 
and audio controls until the receiver behaves properly. 

Set the service o~cillator to 6MC and tune In the signal 
with the rP.Ceiver dial. Now, while rocking the condenser 
back and forth across the signal, turn the short-wave pad
ding condenser conflnuously in one direction until the out• 
put le the greatest. A few. minutes sp1mt In experiment on 
this adjustment will show more than a further lengthy 
explanation. Because of the fact that the adjustable pad
ding condenser Is but a relatively small portion of the 
total padding capacity on short-wave, this adjustmP.nt will 
not be very sharp. ( The short-wave padding condenser is 
the one across which ts connected the fixed mica condenser.) 

Turn the range switch to the broadcast position, sub11tl
tute a 200 mmf condenser for the 400 ohm resistor as a 
Dummy Antenna, set the dial and the service oscillator to 
1400 KC, and align the circuits again (bottom trimmers, 
In the same manner as described above. Having done this, 
set the service oscillator to 600 KC and tune the re<"elvtt 
dial for maximum respons~. Here pad the oscillator circuit 
In the ~ame manner as the Short-Wave padding described 
above. This adjuatment will be far sharper than the Short
Wave padding operation and should therefore be done care
fully. Return to 1400 KC and re-align at that frequency. 

COMPLETE PARTS LIST 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
4 
4 
4 

1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
7 
2 
1 
2 
1 

7-Tube Broadcast & Shortwave Receiver 
Note: Only those parts followed by • are a•1ailable from Meissner or Thordarson. 

No. 12-1023 ESSENTIAL KIT 

Punched steel chassis, 10" x 12" x 3", 11-8213 
Calibrated slide-rule di .. l :md escutchi!on, 23-8208 
3-gang tuning condenser, 366-mfd., 21-5140 • (remove 
Range switch, 6-pole 2- position, 24-8265 trimmers) 
Adjustable padding condenser, 22-5211 * 
BC-SW band antenna coil, 14-7476 • 
BC-SW band R-F coil, 14-7478 • 
BC-SW band oscillator coil. 14-7 480 • 
Input 1-F transformer, 16-5740 • 
Output 1-F transfo1·mer, 16-5742 * 
No. 2-66 x %" R.H. screws for escutcheon 
No. 2 lockwashers 
No. 2-66 brass nuts for escutcheon 

1 300-ohm, I-watt resistor 
2 400-ohm, ¼ -watt resistors 
1 1,500-ohm, ¼-watt resistor 
2 30,000-ohm, 1-watt resistors 
1 40,000-ohm, 'h-watt resistor 
2 50,000-ohm, ¼ -watt resistors 
2 10(),000-ohm, 14-watt resistors 
2 250,000-ohm, 1/4 -watt resistori; 
2 500,000-ohm, 1/4-watt resistors 
I Mallory bias cell and holder 
6 Molded bakelite octal tube sockets 
I 4-prong wafer-type speaker socl:et 
1 A-G terminal strip 
4 Small size grid clips 
1 A-C line cord and plug 

No. 10-1104 COMPLETE KIT (le .. cabinet) 1 Tuning indicator assembly and cable 
2 6.3-volt dial lamps, bayonet base 

All parts listed above plus the following: 1 ¼" rubber gi:ommet 
Power transformE>r. Thordarson T24R02U • 2 % " rubber grommets 
25,000-ohm sensitivity control, 19288 5 Black bakelite knobs 
25,000-ohm tone control with switch, 19257 2 Shakeproof type soldering lugs 
500,000-ohm volume control, 19258 7 Tie-lugs, two insulated terminals 
15-15-mfd., 450-volt filter condenser, 16 1 24 1 Tie-lug, one insulated terminal 
Mounting plate for 16124 condenser, 19286 4 Panel spacer dowels, 1/2" din. x 11/16" 
I 0-mfd., 25-volt electrolytic condenser 4 No. 6-32 x 1" R.H. black screws 
.1-mfd., 400-volt paper condenser 26 No. 6-32 x ¼" R.H. steel screws 
.1-mfd., 200-volt paper condenser 41 No. 6 lockwashers 
.05-mfd., 400-volt paper condensers 41 No. 6-32 hexagon nuts 
.05-mfd., 200-volt papu condensers 2 No. 6 brass washers 
.006-mfd., 600-volt paper condensers 7 Length solid hook-up wire, assorted colors 
.004-mfd. mica condenser 1 Length stranded green hook-up wire 
.00025-mfd. mica condensers 1 Length black insulating wire sleeving, .053" 
.0001-mfd. mica co'lden!!'er 1 Length rosin-core solder 

Note: To use a PM Speaker use 8 inch 8 ohm (Jensen P8-U or equivalent) and substitute a Thordarson 

*T20C53 • filter choke in series with a 1800 ohm 10 watt resistor instead of the speaker field winding. 

Fer ouLput transformer use T22S58 • • 
2 6K7 Metal tubes 1 6V6 or 6V6G tube 
1 6A8 Metal tube 1 5Y4G rectifier tube 
1 6Q7 Metal tube 

1 Dynamic speaker with 4-prong plug; 1500 to 2000 ohm11-
field resistance; output transformer to match single 6V6; 
power handling capacity, 6 watts minimum. 

Jl.·o. 11-8217 Punched steel panel, black wrinkle fl.ntsh, 
9 ._" x 14 1h ., x 1/16" 

No. 11-8212 Steel Cabinet complete with hinged lid, black 
wrinkle finish, 9 ½ .. x 14 ½" x 11 ~{i" deep 
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INSTALLATION and OPERATING INSTRUCTIONS For the 
THORDASON MODEL No. T-32W10 TRU-FIDELITY TUNER

PHONO AMPLIFIER and the T-32W00 PRE-AMPLIFIER 
This Tru-Fidelity amplifier has been expressly designed 

for home music installations and other applications wherr 
quality reproduction is required. Care should be taken in 
selecting any associate apparatus which may affect its opera
tions and limit the excellent results that are possible. If the 
following instructions are carefully followed no difficulty will 
be experienced in the installation and operation of the amplifiez: 
Before proceeding with the installation make sure that the 
power or lii;hti_ng circuit supplies the proper voltage and 
frequency as indicated on the data plate. Thordarson amplifiers 
are designed for operation on ll0·l~V-50/60 cycle current 
unless. the data plate is stamped otherwise. Amplifiers for 
operation from other voltages and frequencies are available on 
special order. 

CONTROL PANEL 

The control panel contains one VOLUME control and two 
equalizer controls marked TREBLE and BASS. The frequency 
response of the amplifier is linear when the TREBLE equalizer 
control is set at 0 or the center of the dial, and the BASS 
control set at the 111 position on the dial, The treble frequen
cies are accentuated or boosted when the TREBLE control is 
turned toward the left or MAX position. Likewise, attenuation 
occurs when this control is turned toward the right or MIN 
position. The bass frequ1mcies are accentuated or boosted 
when the BASS control is turned toward the right or MAX 
position. These controls are effective for correcting reproduc
tion due to the difference in pickups, records! speakers, or 
accoustical conditions. An AC line switch is ocated on the 
BASS control shaft. Do not turn the switch ON unless the 
amplifier and the speaker and other accessories have been 
properly connected. (SEE OPERATION SHEET) 

INPUT CONNECTIONS 
OPERATION WITH AM-FM TUNER 

OR CRYSTAL PIIONO PICKUP: 

The amplifier has one high impedance input channel 
marked PHONO-TUNER. Connect the output of the AM-FM 
tuner or crystal phono pickup to the amplifier input jack marked 
PHONO-TUNER by means of a low capacity, single conductor, 
shielded lead, using the input plug provided. To drive the 
amplifier to full rated output, the tuner or phono pickup should 
be capable of delivering approximately 1 volt of signal. If 
the installation includes both an AM or FM tuner and a phono 
pickup, a simple switching system can be employed to select 
the desired signal to be applied to the amplifier input. 

OPERATION WITH A MAGNETIC 
REDUCTANCE PIIONO PICKUP: 

An additional octal socket marked PLUG-IN-PRE-AMP is 
provided on the amplifier chassis to accommodate a Thordarson 
T-32WO0 Plug-in-Pre-Amp and Equalizer &age if operation is 
desired with a magnetic reluctance type pickup cartridge. 
This small self-contained plug-in-pre-amp is an accessory unit 
designed for use with the T•32W10 amplifier to provide the 
additional voltage amplification and bass equalization neces
sary when employing magnetic phono pickup cartridges. The 
chassis socket which receives the plug-in-pre-amp has been 
pre-wired at the factory. 

SPEAKERS 

A high graae speaker of at least 10 watts rating is 
recommended if one is desirous of making use of the excellent 
characteristic of this Tru-Fidelity Amplifier. Rest results will 
be obtained with the dual types in operating separate speakers 
for the high and low registers. A filter network is usually 
supplied to divide the output of the amplifier to the speakers. 
This filter must fit the characteristics of the speakers and 
therefore it must be designed to match the frequency response 
and impedance of the units. Speaker systems of this type are 
capable of converting electrical energy into sound energy with 
good efficiency at all frequencies from 30 to 10,000 C. P. S. or 
higher. 

Several single speaker units are available with effective 
enclosures that reproduce efficiently all frequencies from 60 to 
8000 C. P. S. Although these units are less expensive than 
the dual types, very excellent results can be obtained. 

Eitner electro-dynamic or permanent magnet dynamic 
speakers are suitable. If electro-dynamic speakers are used 
they should contain their own field supply or a separate field 
should be provided since the amplifier does not supply field 
power. 

OPERATIONS 

After the tubes have been installed and the speaker and 
input circuits connected, the amplifier is ready for operation. 
However, check all connections again to make sure they are 
correct. Insert the line cord and tum the switch ON. Allow 
about one minute for the tubes to heat up before advancinf the 
volume control. The controls should be turned up slow y at 
first so as to acquire the feel of the amplifier. 

If an objectionable hum is noted in the speaker, reverse 
the line cord polarity. To do this remove the plug and give it a 
half-turn and reinsert it in the wall receptacle. Occasionally 
hum may be caused by faulty tubes. If hum still persists due 
to power line disturbance, the amplifier should be grounded. 
Connect a wire to the 111 lug on the speaker terminal board and 
fasten the other end to a water pipe or hot water or steam 
radiator. 

A pair of mounting brackets are supplied to securely 
fasten the chassis in permanent installations. To mount the 
brackets, remove the felt mounting feet from the chassis 
bottom. Then, using the self-threading screws which hold the 
mounting feet, fasten the mounting brackets to the corresponding 
holes in the bottom cover of the amplifier. If the amplifier 
chassis is mounted in a cabinet or other confined space, 
allow sufficient room around the unit for free flow of air to 
provide adequate ventilation· of the amplifier components. 

OPERATION DATA SHEET 

Thordarson T-32WOO Plu~-in-Pre-Ampli lier 
and Equalizer Stage for Magnetic Pick-up 

Cartridges 

This small self-contained plug-in pre-amplifier is an 
accessory unit designed for use with Thordarson T-32W10 10 
watt Phli»-1\mer empllfter or any other audio amplifier or 
radio set where magnetic operation is desired. This unit, 
employing a minature 12ATI twin triode tube, provides the 
additional voltage amplification and bass equalization 
necessary when employing a magnetic reluctance phono pickup 
cartridge. 

The T-32W10 amplifier chassis socket which receives the 
plug-in pre-amp has been pre-wired at the factory. No additional 
wiring operations are required to employ a magnetic pickup with 
this amplifier. To add the pre-amp to other equipment it is 
necessary to mount an octal socket on the chassis and wire to 
it the supply voltage loads and signal connections. 

The bass equalization provided by this pre-amp is 
adequate for all popular magnetic reluctance phono pickups. 
A maximum bass boost of 15 db occurs at 100 cycles; The 
frequency response from 1000 cycles out to ~.ooo cycles is 
flat within 1; 2 db. 

The maximum signal that can be applied to the pre-amp 
at 1000 cycles is approximately 100 millivolts. To employ a 
magnetic pickup having a greater rated output will require the 
use of a voltage divided network to attenuate the signal. 
This can be readily accomplished by connecting a ½ watt 
resistor of the proper value in series with the input load. For 
example, if the output of the pickup is rated at . 5 volts, 
connect a 4 megohm resistor in series with the in11ut load. 
Since the input resistance of the pre-amp is 1 megohm, this 
will apply one fifth the voltage, or 100 millivolts to the pre
amplifier. 

The plug-in pre-amplifier also finds application as a 
microphone pre-amp stage for use with T-32Wl0 phono amplifier 
or other medhun gain amplifiers to provide the necessary gain 
when high impedance crystal or dynamic microphone operation 
is desired. For this service the pre-amp base pins 114 and fl5 
are joined together this removes the bass equalization making 
the response essentially flat from 50 to 20,000 cycles. The 
voltage gain under this condition of operation is 38 db at 1000 
cycles. 

To employ the pre-amplifier with the Thordarson T-32WI0 
Tuner-Phono amplifier, refer to the instruction sheet which 
accompanies this unit. 
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Performance Characteristics 

T-32W10 10 Watt Tuner Phono Amplifier 
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POWER OUTPUT 
10 watts or 32. 2 db. 
tion distortion So/,,. 

sources such as tuner, crystal pickup, magnetic pickup, or 
microphone can readily be selected and applied to the 

Harmonic distortion 2o/.,. Intermodula- medium level input. 

F,E~~[N:i,::,~~6~~:E 

INPUT CHANNELS 
One medium level high impedance (1 meg.) input channel is 
provided. Gain • 69 db. Sensitivity • 1.1 volts rms is 
required from the tuner or phono pickup to drive the amplifier 
to full output. 

One optional high Z low level input for magnetic pickup 
cartridge or high Z microphone. 
An additional octal socket is provided on the chassis to 
accommodate a T-32W00 Plug-in Pre-amp and Equalizer 
Stage when operation is desired with a magnetic reluctance 
type pickup cartridge. The chassis socket which receives 
the Plug-in Pre-amp has been wired at the factory. No 
additional wiring operations are required to employ a 
magnetic pickup with the 10 watt amplifier - Just plug-in 
T•32WO0 Pre-amp. The Pre-amp can also be utilized to 
supply the necessary additional amplification required when 
a microphone signal source is employed. See T-32WO0 
speclricatlons for details. 

The output of the Pre-amp has been brought to a connector 
on the rear of T-_32WIO amplifier so that the various signal 

TONE CONTROLS 
A dual treble control provides a boost of 10 db. at 10,000 
cps , or an attenuation of 20 db. at 10,000 cps. 

A Bass control provides a maximum boost of 8 db. at 100 
cps. The AC line switch is mounted on this control. 

OUTPUT IMPEDANCES 
4-8· 16 ohms are available at terminal board on chassis rear 
apron. 

HUM LEVEL 
70 db. below rated output. 

TUBES 
1 6SL7·GT, 2 6V&-GT, 1 5Y3-GT. 

POWER REQUIREMENTS 
70 watts, 117 volts, 50/60 cycles. 

DIMENSIONS 
10-1/4" X 7-3/8" X 2-3/4". 
are supplied to facilitate the 
permanent installations. 

NET WEIGHT 
10. 75 lbs. 

A pair of mounting brackets 
mounting of the chassis in 
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MEISSNER MODEL 9-1093 A.M.-F.M. RECEIVER 

This Rerei11n a1111ilable from yo", Loral Distributor. 

GENERAL INFORMATION 

This receiver has two radio reception bands plus phonograph 
operation. The radio reception bands are as follows: 

Standard Broadcast 535-16~ Kilocycles 
Frequency Modulation 88-108 Megacycles 

The lroadcast band and frequency modulation band are 
calibrated on the tuning dial in kilocycles and in megacycles 
respectively. 

POWER SUPPLY 
This receiver is designed to operate from a power supply 
main of 105-125 volts, 50·60 cycle alternating current 
(AC). NEVER PLUG INTO ANY OTHER SUPPLY. 

SPEAKER 
The power amplifier is designed to operate a permanent 
magnet type of speaker with a voice coil impedance of 8 to 
16 ohms. 

ANTENNAS 
This receiver is designed to operate on the standard broad
cast band with the loop antenna which is provided, and on 
the frequency modulation band with a 300 ohm folded 
dipole antenna, which may be installed in the receiver cabi
net (see Fig. 1). In most localities these antennas will be 
found to give excellent results 

In some localities an outside dipole antenna may be 
required for FM receiption. To connect a dipole antenna for 
FM, connect the antenna transmission line to the strip 
merlced "FM Ant." 

If an· outside antenna is desired for broadcast reception, it may 
be connected to the terminal marked "AM Ant." Loop should 
remain connected at all times. 

When an outside antenna is used for broadcast reception, a 
good ground connection should also be used and connected to 
the "G" terminal of the four terminal strip. A cold water pipe 
or a metal rod driven several feet into the earth may be used 
to connect between the rod or pipe and the receiver chassis. 
Hot water, steam pipes, or metal conduit should not be used. for 
grounds. 

II OP ERA TION 

ON-OFF SWITCH AND VOLUME CONTROL; 
In the extreme counter-clockwise position, the receiver is 
turned off. As the knob is rotated the first few degrees 
clockwise, the receiver is turned on; further rotation acts as 
volume control. 

TONE CONTROL: 
Full clockwise rotation of this control gives normal or 
"fiat" response plus a small amount of treble boost. As 
the control is turned counter-clockwise, the treble boost is 
reduced and "fiat" response is obtained. Further rotation 
in this direction reduces treble response and increases the 
bass response. 

TUNING CONTROL: 
The tuning control knob is used for selection of stations in 
the standard broadcast band, and the frequency modulation 
baM. 

SELECTOR SWITCH: 
A four position selector switch provides sharp broadcast, 
high fidelity (band expansion) b~adcast, and frequency 
modulation as it is rotated from extreme counter-clock wise 
position. Phonograph operation is obtained in the fourth or 
extreme clockwise position. 
After a program has been located, make a fine adjustment of 
the tuning, watching the indicator, or eye, which has been 
provided to indicate proper tuning. Correct tuning has been 
obtained when the shadow angle on the eye pattern is 
minimum, i.e. when the eye is most nearly closed. Accurate 
tuning is essential for distortion free radio reception. 

PHONOGRAPH INPUT: 
A small input jack is provided at rear of chassis for connec
ting input from phonograph pickup. An A. C. outlet for 
operating the phonograph motor is available on cable at 
rear of chassis. 
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106 COMPLETE INSTRUCTIONS 
FOR THE CONSTRUCTION AND OPERATION OF THE 

~~ 
5- TUBE AC-DC SUPERHETERODYNE 

BROADCAST BAND RECEIVER 
MODEL No. 10-1191-A 

This Kil a11ail11bl~ from 1011, Local Dislrib11tor. 

G:IN:IRAL 
This receiver is of modern design and uses a 

built-in loop antenna. 
The frequency range is from 530 to 1620 kilo-

cycles. The followiug tubes are used: 
12SA7 - Converter 
12SK7 - I.F. Amplifier 
12SQ7 - Detector, 1st A.F. 

Amplifier and A.V .C. 
50L6GT - Power Amplifier 
35Z5GT/G - Rectifier 

Use only No. 47 dial lamp. 

ASS:IMBLY 
As the kit is unpacked, check the parts con

tained against the parts list. Any discrepaucies 
should be reported at once to the dealer from 
whom the kit was purchased. 

The following procedure is recommended to 
save time and trouble in construction: 

1. Mount tube sockets, making certain that 
keyways point as shown on pictorial diagram of 
bottom of chassis. 

2. Mount bracket on front of chassis, as shown 
in Figure 2. Mount Yariable capacitor, using 
grommets as shown in Figure 1. 

3. Mount 1.1,,. transformers, rotating them to 
give a minimum of crossed leads. 

4. Mount speaker, and place dial drum on the 
variable eupacitor shaft so that it is in line with 
the pulleys on the speaker frame. 

PULLEYS 
SH ING 

5. Mount volume control in lower hole of 
bracket on front of chassis. 

6. String dial cord as shown in Figure 2. 
7. Mount dial plate and pointer. 
8. Mount oscillator coil under chassis. 
9. Wire unit, using both the schematic and 

pictoral diagrams as guid·es. 
Read general construction hints carefully. 
It will be found most convenient to wire the 

filament circuit (Pins #2 and #7 on most tubes) 
complete, before any other wiring or parts are in
stalled; then follow up with additional wiring, 
resh1to1·s and condensers. 

After the wiring is complete and before the 
tubes and dial light are inserted in the receiver or 
the line cord connected to the power line, it is 
recomm~nded that a recheck be made against the 
pictorial drawing, in order to eliminate any pos
sible error. 

The following procedure is recommended for 
alignment: 

1. Use a test oscillator or signal generator. 
Set the generator at 455 Kc. Connect the high side 

SPACER"" 
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GROMMET 
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WASHERS 
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of the generator through a .1 mfd. capacitor to pin 
#8 of the 12SA7. Set volume control to maximum. 
Adjust the trimmers at the top of both I.F. trans
formers for maximum output.· Reduce the output 
of the signal generator until the signal iR jm;t 
audible and repeat this adjustment. 

2. Remove signal generator lead from pin #8 
of 12SA7 and connect it to yellow wire (antenna 
lead) from the loop antenna. Set receiver dial to 
1400 Kc. Adjm1t signal generator to 1400 Kc. Ro
tate oscillator trimmer ( on front section of vari
able capacitor) until signal is heard. There are 
two trimmers on the oscillator section, oue on 
either side. If the trimmer on the right side is set 
too tight, it may not be possible to pick up the 
signal, even with the trimmer on the left wi<le 
open. If 1-mch should be the case, the trimmer on 
the right should be backed off to permit the left 

trimmer to tune properly. Reduce the input to the 
receiver, and adjust the trimmer on the rear SC<'

tion of the variable capueitor for maximum out
put. 

For re<'eption of <liHtant stations, an extemal 
antenna may be connected to the antenna lead at 
the rear of the clutsHis. 

t'ollowing is a chart of proper operating volt
ag~. The finished set may be checked against 
these. 

NORMAL OPERATING VOLTAGES 

PIN NO. I I s • I • 7 I 

l18A7 0 '26.I AC 71 7t 0 0 JUAC 0 

1181[7 0 H.IAC 0 0 0 10 17.&AC 71 

l2SQ7 0 0 0 0 0 17 11.1 AC 0 

HLIGT 0 17.8 AC 106 IO 0 • 17 .• AC .., 
HZIG/GT 0 108 AC 102.AC NC t.lAC • 17.8AC 108 

COMPLETE PARTS LIST 

1 ChaSBis, #05267 
1 Variable Capacitor, #05276 
1 Pulley and Shaft, #05266 
1 Input I.F. Transformer, #03964 
1 Output 1.F. Transformer, #03965 
1 Loop Antenna, #B-14123 
1 Oscillator Coil, #03963 
1 Speaker, #05262 
1 Volume Control, # A-20365-1 
1 50-30 mfd. Electrolytic Capacitor, '# A--U>045-l 
1 .2 mfd. 400V. Paper Condenser 
1 .01 mfd. 400V. Paper Condenser 
2 .05 mfd. 400V Paper Condenser 
1 .05 mfd. 200V. Paper Condenser 
3 .01 mfd. 200V. Paper Condenser 
1 .00025 mfd. 500V. Mica Condenser, 
2 .0001 mfd. 500V. Mica Condenser, 
1 1500 Ohm 2W. Resistor, 
1 150 Ohm ~!I W. RcMistor, 
1 470,000 Ohm ¾ W. Resistor, 
2 220,000 Oh112 % W. Resistor, 

2.2 Megohm ¾ W. Resistor, 
1 10 Megohm % W. Resistor, 
1 22,000 Ohm % W. Resistor, 
1 27 Ohm t 1',~ %W. Resistor, 
5 Octal Tube Sockets 
1 Dial Cord 
1 
1 

Dial Tension Spring 
Volume Control Bracket 

1 Loop Bracket 
1 Drive Shaft 

Red, Green, B.-uwn 
Brown. Black. Brown 
Hrown. G1·een, Red 
!frown. Grl'en, Brown 
Yellow. Violet, Yellow 
Red. Retl, Yellow 
Hed. Red. Green 
Brown. Black. Blue 
Red, Red, Orange 
Red, Violet, Black 

2 Bakelite Washer ¾ O.D. x ¾ 
2 Hairpin Spring Clips 

I.D. x 1/32 

1 Insulator 
1 Shield 
J Dial Scale 

2 Spacer Dowels 
1 Dial Light Socket 
1 Dial Pointer 
1 Power Cord 
1 50L6GT Vacuum Tube 
1 12SQ7 Vacuum Tube 
1 12SK7 Vacuum Tube 
1 12SA7 Vacuum Tube 
1 :.5Z5G/GT Vacuum Tube 
1 #47 Pilot Light 
1 Palnut, %-32 

17 Nut,#6-32 x ¼ hex 
19 Lockwaahera 
3 Steel Waaher, !& O.D. x .172 I.D. x 1/32 
4 Steel Washer, % O.D. x .154 I.D. 
3 Brass Spacera 
3 Rubber Grommet 
1 Lug 
1 Tie Lug with 2 Insulated Terminals 

11 Screw, #6-32 x ¾" 
3 Screw, #6-32 x li" 
2 Screw, #6-32 x 1,oi" 
2 Self Tappinc Screw #8 x % " 
3 Self Tapping Screw #7 x l" 
1 Self Tapping Screw #6 x n" 
3 Self Tapping Screw #6 x ¾" 
1 Self Tappinc Screw #4 x %" 
2 Knoba 
2 Felt Washers 
1 Speaker Baffle 
1 Crystal 

11 ft. Black Lead Wire 
1 ft. Stranded Yellow Lead Wire 

10 ft. Solder 
4 in. Black Sleeving 
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110 COMPLETE INSTRUCTIONf,; 
FOR CONSTRUCTION AND OPERATION OF THE 

5-Tube AC T.R.F. Receiver 
This receiver is presented in this manual on.Ly as a general guide in r-eiver construction. The 
essential parts which are available from Meissner or Thordarson are noted by • in the parts list. 

Broadcast Band Only 
Model 10-1106 

The Meissner 5 tube TRF receiver kit No. 10-1106 was de
signed to fill the requirements for a receiver kit very simple 
to build yet possessing performance such that it will continue 
to give satisfying entertainment long after the thrill of 11uc
cessful construction has v.-orn off. 

This receiver tunes from 550 KC to 1600 KC and has its 
own power supply, operating from the 110-volt, 60-cycle line. 
Two stages of tuned radio-frequency amplification give the 
receiver adequate selectivity for all purpo11ea except the re• 
ception of weak distant stations on frequencies close to that 
of a local station. It has excellent tone and ample power 
output for home conditions. 

:\SSEMRl,l" 

As the kit is unpacked, all parts should be carefully 
checked against the Parts List on back of this folder. Any 
discrepancies should be reported al once to the supplier from 
whom the kit was purchased. 

The parts should be mounted on the chassis in accordance 
with the top view of the receiver shown on the Schematic 
Diagram, and the bottom view shown In the Pictorial Wiring 
Diagram. 

Note that the gang condenser Is mounted sufficiently high 
above the chassis, that the leads connected to two of the stator 
connections under the gang condenser will not be fn danger 
of short-circuiting to the cha11sis. This elevated mounting 
can be accomplished by using nuts on the mounting spade
bolts above the chassis as well as below. The condenaer, when 
properly mounted, has its lower edge approximately ¾" 
above the chassis. 

Before beglnng the "·iring, temporarily Install the gang 
condenser, dial and both co11trols so that their proper shaft 
lengths may be determined when the receiver is placed In 
the cabinet intended for it. Mark the shafts for proper lengths 
and then remove the controls from the chassis and saw each 
one with Its shaft clamped in a vice. It is advisable not to 
attempt to cut the shaft of any unit while mounted on the 
chassis, because the heavy lltralns Imposed on the unit may 
cause damage thereto. 

Mount the sockets, taking care that they are Installed 
In the proper places so that the numbers stamped on them 
will correctly indicate the type of tube to be Inserted. Ob
serve also that the keyway in the socket Is properly oriented, 
lest it become necessary to remove all of the wires from the 
socket if It Is later found to be reversed. It is advisable also 
to 11older at least one spot ( preferably adjacent to a mount• 
lo.c acrew) on each socket saddle to chassis, since many 

ground connection• are made to the lugs on the saddle, and 
trouble due to poor contact may develop unexpectedly unless 
a permanent good contact Is Insured by soldering. 

Install the power transformer by means of the nuts shipped 
thereon, observing that the terrninat_s on the transformer are 
properly placed according to the Pictorial Diagram. 

WIRING 

Having completed the assembly operations described above, 
the actual wiring may start, observing the suggestions «fven 
on the sheet "General Construction Hints" packed with eacb 
Kit. 

After bending down all socket-saddle ground-lugs not re
quired for wiring, wire the filament circuit complete. The 
remaining wiring may be installed In any convenient sequence. 
It will be found a great help In wiring If each wire In the 
Pictorial Diagram Is marked over with a colored pencil u 
the corresponding wire In the set is Installed. 

Note that grid leads must be attached to each coll bJ' 
threading the lead down through the hole In the top of the 
coil can and attaching the lead to the proper lug at the bot
tom of the coil. The coils need not be removed from the can 
In order tc- attach leads. The antenna coll, mounted closest 
to the front of the receiver, has two leads run through the 
top of the can attaching to the lug at the bottom whereas, 
the other two, although having two leads attached to the 
corresponding lug have only one through the can, the other 
crossing the bottom of the chassis to the bottom of the gang 
condenser. Small pieces of rubber tubing are provided to slip 
over the shanks of the grid clips so as to prevent contact 
between these shanks. and the metal shield caps that are 
placed over the grids to prevent oscillation. 

\"OLTAGF: TF.ST 

If all connections are found to be correct, the tubes may 
be inserted and the line-cord plug connected to a 110-volt, 60-
cycle reeeptacle, and the speaker (1500- to 2000-ohm field) 
plugged In. A slight turn of the tone-control knob to the 
right will turn on the receiver. AftPr a brief warm-up period 
the voltages shown on t~e Schematic Diagram should be 
cbecked with a high-resistance voltmeter, if available. Volt• 
ages Indicated are measured from the point shown. to the 
chassis, with the chassis as the negative terminal. If values 
measured are materially different than shown on the diagram, 
a thorough recheck of the ril,:cuit should he made. n.- su,·r 
the N'<'f"ivrr I" tun,,-d off an'1 thr llnr-rord di-..:·onnN'trd 
from th«" pow.-r receptacle while tlle wiring is IK"i114t rhr.-lu'CI. 
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ALIGNMENT 

Set the dial so that the pointer I• horizontal when the 
sang condenser Is completely closed. 

Connect a aervice oscillator or signal senerator to the radio 
set using a 200-mmf condenser between the antenna post of 
the receiver and tbe high side of the signal generator to act 
as a dummy antenna. Turn the volume control on full, set 
the dial at approximately 15, turn up the output of the signal 
generator and tune it until a signal is heard. Adjust the trim
mers on top of the gang condenser for maximum signal, re
ducing the generator output as the receiver becomes progress
ively more sensitive. If 01elllatlon (signal or whi• tle) re
aulta, retard the volume control until o•clllatlon ceases. Os
cillation is usually evidence that the receiver was not wired 

accurately according to the Pictorial Diagram, which has been 
prepared to avoid •uch troubles. Check the wiring of antenna 
lead and all grid and plate lead• usoclated with the 6K7 ud 
6J7 tubes to see that these lead• are placed u shown In the 
diagram. 

ALIGNMENT WITHOUT TEST J<:QUIPMENT 

If no test equipment is available, connect an outside aerial 
to the receiver, advance the volume control to maximum and 
tune in a local station between 1400 and 1600 KC, adjustlq 
the trimmer condensers on the gang condenser, retarding the 
volume control a• the receiver become$ progressively more 
sen• ltlve. uains always a amall output alr;nal because more 
accurate alignment can be made with a weak signal. 

Only those parts followed by * are available from Meissner or Thordarson. 

Part.s Supplied for Construction of 
5-Tube AC TRF Receiver 

1 Dial and Escutcheon 
1 Set of No. 2 Screws, Nut• and Lockwaahers 
2 6.3-volt Dial light• 
1 Antenna Coil No. 14-1004 • 
2 RF Coils No. 14-1006 * 
1 3-gang 365-mmfd. Tuning condenser Parts 21-5215 * 
1 Condenser Shield 
1 Power Transformer, Thordarson T24R02 * 
5 Molded Bakelite Octal Sockets 
1 4-prong Wafer Socket for Speaker 
1 Ant.-Gnd. Terminal Strip 
1 26,000-ohm Tone Control with Switch 
1 10,000-ohm Volume Control 
1 Line cord and plug 
1 300-obm, ¼-watt realstor 
1 400-ohm, I-watt resistor 
1 40,000-ohm, 1-watt resl1tor 
1 50,000-ohm, 1-watt resistor 
1 50.000-ohm, 14-watt resistor 
1 250,000-ohm, ¼-watt resistor 
1 500,000-ohm, ¼-watt resistor 
1 2-megohm, ½-watt resistor 
1 .0005-mfd. Mica Condenser 
1 .006-mfd., 600-volt Paper Condenser: 
1 .01-mfd .. 400-volt Paper Condenser 
2 .05-mfd., 400-volt Paper Condenser 
3 .1-mfd., 200-volt Paper Condensers 
Z .1-mfd., 400-volt Paper Condensers 

10-mfd., 25-volt Dry Electrolytic CondHaer 
2 8-mfd., 450-volt Dry Electrolytic Conde• Hr 
1 %" Rubber Grommet 
2 ¾" Rubber Grommeta 
3 Metal tube Grid Bhlelu 
J Metal Tube Grid Clips 
3 1" Black Bakelite Knobs 
3 8-32x¼" long RH Brass Screws 

30 6-3h::¾" Hexagon Steel Nuts 
20 6-32x ¼" long RH Steel Screws 
27 No. I Lockwuhera 

3 Tie Lugs, one insulated terminal 
1 Tie lur;, two ln1ulated terminal• 
1 Shakeproof Soldering lug 
I Length No. ZO Shielded wire 
1 Length Spring Shielding 
1 Length No. 20 Solid hook-up wire, Red 
I Length No. 20 solid book-up wire, Black 
1 Length No. ZO solid hook-up wire, Blue 
1 Length No. 20 11011d hook-up wire, Yellow 
1 Length No. %0 aolld book-up wire, Oraage 
1 Length No. 20 Solid hook-up wire, Brown 
1 Length No. 20 solid hook-up wire, Green 
1 Lensth No. 20 stranded wire, Green 
1 Length Black ln1ulating aleevtu.g 
1 Length Rosin core 10lder 
1 Length Rubber tubing 
1 Punched et.eel cbassl1 7" x 9" x 2 .. , 11-8230 

To use 1P,M. Speaker use 6 inch 3.2 ohm (Jensen P6-X or equivalent) and substitute Thordarson T20C59 * 
filter choke in series with 1500 ohm 10 watt re11istor instead of the speaker field. Use Thordi'.rson T-22S46 * 
out put transformer. 

ADDITIONAL PARTS REQUIRED FOR OPERA'ffON 

MODEL 
10-llOG 

2 6K7 Metal Tube• 
1 IJ7 Metal Tube 
1 51"6 Metal Tube 

1 Dynamic Speaker witll 4-pronc plus; 1500- to 2000-ohm 
field resl1tance; output tranafot'mer to match ahlcle ll"C; 
power handling capclty, i watts minia•m. 

1 6Y4G Octal bue Gia•• Tube 

Nute: No Panel or Cabinet la available (or t11ls rttelver. 
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This unit is presented in this manual only as a g~neral construction guide. No parts are available. 

Portable Phono Recorder 

The Meissner Model 9-1045 Portable Recorder is a tri-pur
pose device that performs the following functions: 

1. Cuts "Instantaneous Recording" phonograph records us
ing a microphone to· pick up the sound. 

2. Electrically reproduces phonograph music playing stand
ard records up to 12 inches and "Instantaneous Recording" 
diaca up to 10 inches. 

3. Serves as a low-power Public Address System. 

How to Make a Recording 
1. IMPORTANT-ADJUST CUTTER ARM HEIGHT TO 

AGREE WITH STYLUS LENGTH EMPLOYED. SEE SEC
TION "PRELIMINARY ADJUSTMENT OF RECORDER." 

2. Turn on the recorder by rotating the "Tone Control" in 
a clockwise direction until the switch snaps on and the 
pilot light jewel is illuminated. Allow about two minutes for 
the tubes to warm up. Do not turn the tone control any far
ther than Just enough to turn on the amplifier a'I this i11 the 
moat faithful recording condition. Advanced positions of the 
tone control are primarily for phonograph open.tion. 

8. Turn the control switch to the "Record" position. 

4. Plug the microphone connector into the receptacle in the 
recorder. Note that this plug will go in the socket only one 
way. Do not attempt to force it, because it g:,es in easily 
wlien in the proper position. 

5. Speak into the microphone in a normal tone of voice 
while turning up the volume control until the "normal" neon 
volume indicator begins to flash. 

6. Touch a finger to the aide of the stylus while speaking 
into the microphone to see that the stylus vibrates when 
sound is impressed on the microphone. 

7. Pick up the cutting head, awing it over the record and 
lower it gently onto the record at the desired starting point. 
Permit two or three grooves to be cut before beginning the 
recording so that when the record is played back it will not 
be easential that the pickup start at the beginning of the first 
sroove in order to reproduce the beginning of tl,e recording. 
Daring the entire recording Yery careful attention should be 
paid to the volume indicators as explained in the 1teCtion 
"Volume Indicators." Note: The mechanism which traverses 
the cutting head across the record is engaged automatically 
as the cutting head is lowered onto the record. Never !lttempt 
to force the cutting head side ways. Lift it first, wt. ich will 
disengage the cross-feed mechanism imd allow the arm to be 
swung freely into any desired position. Lowering the arm 
onto its rest does not engage the croH-feed because the 
mechanism does not operate at such a great ra<"ius. For the 
same reason the recorder will not cut 12 inch discs. 

8. When the recording is finished, the "thread" that the 
stylus has cut out of the disc must be removed before the 
record is played. The best device for this purpose is a camels 
hair bniah with which the thread is "picked up" rather than 

merely brushed to the center for manual removal, but if no 
brush is available, a wad of cotton, a piece of soft cloth or 
even a finger drawn lightly over the disc m •• y be used to 
gather the thread around the spindle where it can be easil,
removed. The "thread" should be depoaited in aome fireproof 
container since many of the "lnatantaneous Recording" discs 
are coated with highly inflammable cellulose nitrate (cellu
loid) although there are others coated with celluloae acetate 
(safety film) which do not require such precautions, but it 
is a very wise operating procedure to aSBuff\e that all 
''threads" are inflammable and to dispose of them accord
ingly. 

VOLUME INDICATORS 

ONE OF THE MOST IMPORTANT PaASES OF RE
CORDING IS CLOSE ATTENTION TO THE PROPER RE
CORDING VOLUME. THE BEST OPERATION IS OB
TAINED WHEN THE "NORMAL" NEON BULB IS LIT 
AS MUOH OF THE TIME AS POSSIBLE WHILE THE 
"OVERLOAD" NEON INDICATOR FLASHES ONLY AT 
RARE INTERVALS OR NOT AT ALL. A clo111e control of 
program level is required to achieve auch reaulta but every 
bit of effort expended in the attempt will be well worth 
while. 

If the volume ia too high, the recording amplifier is over
loaded and impreSBea a diatorted program on the record. Once 
this distortion is recorded, no playback amplifier, however 
perfect it may be, can reproduce the program without dis
tortion. 

If the recording level is too low, the surface noise is ex
aggerated and the playback has tc, be made with a high set
ting of the volume control. In the extreme caae of very low 
recording volume, the volume control on playback may have 
to be set so high that a low frequency "microphonic howl" 
may be aet up that can be eliminated only by turning down 
the volume control or by playing the record on an electric 
phonograph that has the speaker well isolated from the 
turntable and pickup. 

When a musical program of a limited range of volume 
levels is being recorded, the volume control should be set ao 
that the maximum volume operates the "overload" indicator 
only at very rare intervals. If the program has a very wide 
range of level, the volume will have to be turned up some
what in the aofteat paHages and reduced in the loudest p&IIB
ages. Such a practice is standard in professional recording 
and is the only way in which, for example, the tremendous 
volume range of a symphony orchestra from a single instru
mental solo to full orchestra can be recorded without having 
the loud passages "cut over" into adjacent grooves, or hav
ing the softest pasaages covered up by needle scratch. 

RECORDING STYLI 
Recording styli are made of three general types of ma

terial, ordinary hard steel, special tool steel such &B Stellita 
or equivalent, or they may he made of the still bardor 1119-
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terial, sapphire. When examples of all three types of styli 
are in good condition, it can usually be demonstrated that 
the steel styli, either regular steel or tool steel, produce 
about equal surface noise, while the sapphire stylus will 
usually produce less. 

The advantage of the special alloy steel stylus over the 
regulat steel stylus is longer playing life, but this is ac
complished at a sacrifice in ability to withstand abuse. The 
same thing applies to sapphire styli only to a much greater 
extent because the sapphire is quite brittle and can easily be 
chipped. 

The two accidents most likely to damage a stylus are: 
( 1) Dropping the cutting arm so that the stylus strikes 

some surface thereby chipping or breaking the stylus. 

(2) Cutting through the record coating into the base ma
terial. 

The latter may be caused by poor quality or damaged 
records, either by cutting through thin spots that may exist, 
or by digging in after the stylus has been thrown off of the 
record surface by bumps or hard spots. 

From the foregoing, it seems th:at in general home re
cording service, especially if the equipment may be handled 
by many people, as at parties, amateur dramatics, amateur 
concerts etc. it is more economical to use good quality regu
lar steel styli that can be discarded without regret if ac
cidentally damaged, rather than to invest in a supposedly 
long-lived, high-priced stylus, whose life expectancy may be 
greatly shortened by the careless act of some well meaning 
but uninformed person. 

RECORD BLANKS 

"Instantaneous Recording" phonograph discs are compara
tively new and consequently their manufacture is far from 
being standardized. There are good records and poor records. 
The only rule for selection is that of experience, either per
sonal or that of your dealer. The record that performs best 
for you on your recorder is the best for you to use. Concen
trate on that particular brand if you wish to produce con
sistently good recordings. 

The most important characteristics of a record are listed 
below to be used as a guide in comparing and selecting 
records: 

1. The blank should cut a clean shiny groove and produce a 
continuous thread. Records which produce a rough and dull 
looking groove, or which powder the material cut out of the 
groove, or which break the thread up into many pieces, or 
that produce a "sticky" thread, are not good records. 

2. The "needle scratch" should be low. Generally the record 
producing the smoothest looking groove will give the lowest 
needle scratch, but a more reliable method of testing is to 
cut a few blank grooves at the same radius with the same 
stylus on each of the records to be compared, and then to 
play them successively with the sall'e setting of the volume 
control for all records, selecting the one producing the least 
volume of scratch, provided that its other characteristics are 
acceptable. 

3. "Rumble" is produced on some records having very flexi
ble base materials. This is especially true of paper records. 
It is almost axiomatic that if a high quality recording is de
sired a paper (or other very flexible) base record should not 
be used, however, because of the economy that such discs 
offer they probably will enjoy the maximum volume of sale. 

,I. The "ageing" characteristics of records is a factor in
fluencing the production of consistently good recordings but 
is somewhat difficult for the home recordist to check un-

less he is on the lookout for such diffe~nces and is a 
keen observer. Some records cut beautifully at a certain 
age and less well both before and after that time. Others 
cut well only when relatively fresh, while still others ,·:ill 
not cut well until they have aged some time. This age
ing characteristic may explain why a certain make of record 
may give excellent results at one time and not at another. 

5. High Frequency Response is a characteristic in which 
wide variation can be expected. The variation between some 
makes of records is so great that only the most casual listen
ing test is required to distinguish the record with good high
frequency response from that with poor high-frequency re
sponse. Such a test should, of course, be made with the same 
stylus, the same type of program, and the same type of play
back needle. Preferably the test should be made with live 
program material having a reasonable percentage of high
frequency notes. If the program is obtained from the radio, 
the tuning should be adjusted to produce a reasonable per
centage of high notes and should not be changed between the 
several test runs because the tuning of most sets has a con
siderable influence on the high-frequency response thereof. 

6. Groove depth should be uniform. If there is any great 
difference in cutting depth a definite "pattern" will be evi
dent on the record and the variable load on the motor will 
tend to produce a "wow" or unsteadiness in tone. 

PROGRAM PLANNING 

Spontaneous, unplanned recordings can frequently be very 
amusing, especially at a party or other social gathering, but 
for records to have lasting interest they should be planned. 

The first step in planning a record is the one most easily 
overlooked until several. unsatisfactory records have drawn 
this step to the attention of the 1·ecordist. This step is to 
plan the program material to fit the recording time available 
on a given record. Either select a record size large enough 
that you are sure the program will fit, or else Ome the pro
gram material to see if it will fit. The playing time cf the 
Meissner 9-1045 recorder is 

Record Size Time 

10 inch 3½ minutes 
8 inch 21,. minutes 
6 inch 1 minute 

Give the program breathing !Space on the record. There 
should be a few blank grooves at both the start and at the 
finish of the program, just as every printed page has some 
margin all around the text. These few uncut grooves give a 
much more finished and more professional touch to the record 
than one that misses the first few words and cuts off the 
last word in the middle of a syllable. Careless, unplanned 
recordings of this type soon become tiresome, whereas well 
planned and carefully made records are a joy to be treasured 
through the years. 

Planning a record of a small child's voice and "cute saying" 
is virtually impossible if the youngster is expected to make 
the recording unaided, but if a conversation between the 
child, and an older child or an adult is recorded, the younger 
child's thoughts can be guided and stimulated, long periods 
of silence avoided which would otherwise be sure to occur, 
and the recording can be appropriately terminated at the 
proper time. 

The first time an adult is invited to make a recording the 
frequent reply is "What will I say." The interview technique 
is a very convenient way of helping the novice to "gather his 
wits" and to make a record with which he may be pleased 
or amused rather than embarassed by the awkward pauses 
that might otherwise occur, while he, unaided attempted to 
think of appropriate remarks to make. 
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PRELIMINARY ADJUSTMENT OF RECORDER 

1. Place on the turntable an uncut record of the type that 
is to be used for recording. 

2. Place stylus in the cutting head. Insert it as far as it 
will go, rotate it until the long flat on the shank of the stylus 
faces the stylus screw, then firmly tighten the screw. 

3, Raise the cutter arm well up from its rest, swing it over 
the record and carefully lowet it so that the stylus rests on 
the record near the center (which should not be revolving). 
Observe the position of the stylus screw in the slot in the 
cutter arm. If the screw is approximately in the middle of 
the slot no adjustment of the cutter arm height is required, 
but if the stylus screw is close to either the top or the bottom 
of the slot the arm should be adjusted in the following 
manner: 

(a) Lift the cutter arm into a vertical position. Under
neath the arm will be found a machine screw on which the 
arm rests. The adjustment of this screw is preserved by a 
lock nut. Loosen the lock nut and rotate this screw until the 
stylus screw occupies the center position in the slot when 
the cutter arm is in the recording position, then tighten the 
lock nut and again check the position of the stylus screw to 
see that the adjustment has not been seriously disturbed by 
tightening the lock nut. 

(b) Cut a few blank grooves (volume control at zero) 
while watchil)g the stylus screw to see that as the record re
volves, the stylus screw does not approach either end of the 
slot. If this condition holds true, the height of the cutter arm 
is properly adjusted until a new stylus is used having a 
length a great deal different than the stylus used in the 
original adjustment, or unless records of a new thickness 
are used that are sufficiently different from the original 
records to require readjustment of cutter arm height. NEV
ER ATTEMPT TO MAKE A RECORDING WHEN TWO 
OR MORE DISCS ARE ON THE TURN TABLE SIMUL
TANEOUSLY. 

If the normal position of the screw is too high, the entire 
weight of the cutting arm is placed on the stylus when the 
stylus screw hits the top of the slot. This heavy weight will 
cause the stylus to dig into the record base and ruin at 
least the record and, in all probability, the stylus as well. 
If the stylus is a sapphire it probably will be broken so bad
ly that it cannot be resharpened. 

If the stylus screw strikes the bottom of the slot, the 
normal cutting pressure is removed from the stylus which 
will cut light or perhaps may be lifted entirely clear of the 
record, and may make no groove at all for a fraction of a 
revolution of the record. 

CUTTING PRESSURE 
Variation in the hardness of different record coatings may 

require different cutting pressures for different makes of 
records. 

The normal depth of cut produces a width of groove ap
proximately equal to the width of the uncut portion left 
standing between grooves. Examine the blank grooves cut 
during the preliminary adjustment to see whether they ap
pr9ach this condition. If not, the adjusting screw exposed 
through the top of the cutting arm can be changed quite easi
ly to accomplish the desired result. If the cut is too light, the 
playback needle may not "track" and may jump out of the 
groove and scratch across the record. If the cut is too heavy 
the stylus may cut over into the adjacent groove on loud 
notes, or in cutting one groove, the stylus may push some of 
the wall material into the previously cut groove producing 
what is ca11ed an "echo", although when played back the 
"echo" precedes rather than follows the normally recorded 
sound. 

The most common error in adjusting cutting pressure is 
making the cutting pressure greater than necessary, which 
increasea the wear on the stylus, increases echo, and increases 
the difference in speed between recording and playback. 

Service Notes for Professional Servicemen 
The Meissner 10-1045 Portable recorder uses no power 

transformer, and has one side of the power line connected 
to chassis as in many AC/DC sets. Use the same caution in 
working on this amplifier as in working on AC/DC sets. 

The filaments are connected in sP.ries. A ballast tube is 
used to make the total filament voltage equal to the line 
voltage (117 average). 

A voltage-doubling rectifier circuit is employed to obtain 
adequate voltage for the power tube. The circuit i_s of such 
type that the negative "B" and "negative" side of the line 
can be connected together. 

The voltages that exist in a normal amplifier are shown in 
the accompanying table. All voltages are measured to chassis. 

The pilot light is rated at 115 volts, 7 watts, and is con
nected across the line after the line switch. It is independent 
of the tube filament circuit. Replacements can be obtained at 
almost any 5 & 10 Cent Store or electric supply house since 
this bulb is popularly used in night-lights. 

The microphone cable shield is connected to the chassis to 

prevent hum. It is insulated throughout its length and does 
not conned to the microphone shell. 

The phonograph pickup is isolated by a .1-mfd. 400 volt 
condenser in its ground side. The mounting screws for the 
amplifier are insulated from the chassis if the heads are 
exposed where they can be touched. 

The neon volume indicators are GE T-2 neon lamps. 

NORMAL OPERATING VOl/I'AGES 

On Tube Socket Terminals Designated by RMA Number 

TUBE J 2 3 4 5 • 7 8 

6Q7GT 0 0 85 0 'O 180 6.3 AC 0 

6SQ7GT 0 0 0 0 0 80 6.3AC 12.6 AC 

251,6GT NC 87.6 AC 185 106 0 NC 12.6 AC 8 

25Z6GT NC 62.6 AC 110 215 -0.7 NC 37.6 AC 115 

L65B NO NC 62.6 AC NC NC NC NC 117 AC 

NC indicates "No Connection"; all ~·oltages indicated are 
positive with respect to chassis unless otherwise marked. 
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USE AND OPERATION OF THE 

MODEL SBT 
This Tuner a1•ailable f,0,,1 yo11r Local Distrih11tor. 

The Meissner Model 8BT AM-FM tuner ls des!.gned for custom 
installations requiring a tuner of high quality and superlative 
perfonnance at moderate cost. Although the designer of such an 
installation must be guided to a large extent by the requirements 
of such an installation, the following general hints may prove 
helpful. 
POWER AMPLIFIER 

The output impedance of the 8BT tuner is 220,000 ohms and 
should be worked into an amplifier having high impedance 
i~ut. filgh irrl>edance IUJl)llfiers usually have an inPut irrl)edance 
of 500,000 ohms, but some have a lower irrc>edance than this. and 
the 8BT llDY be worked irto an il!J)edance as low as 250,000 ohms 
with no appreciable loss of low frequencies or increase in dist.or-
tion. An ampli.fter mi.Ying provision fer phonograph inPut from a 
crystal pick1') is satisfactay for use with the 8BT. but under oo 
conditions should the 8BT be worked into a microphone 
input channel. The relatively high output of the 8BT would 
cause overloading and distortion in the microphone input 
stage and the hum level would be too high to be considered 
acceptable. 

THE CABINET 
The following notes are based on a console cabinet 
installation, wt will apply also to other types of installa
tions: 
1. The cabinet should be rigid enough that there is a 

minimum of cabinet vibration caused by the speaker. 
2. The location of the speaker or speakers should be such 

that directly radiated sound waves will not strike the 
tuner chassis or the record player mechanism. 

3. Adequate ventilation should be provided for the tuner 
chassis. 

4. The baffie board on which the speaker is mounted should 
be as heavy as is practical. 

THE RECORD PLAYER (OR CHANGER} 
The phonograph system of the 8BT chassis is designed for 
use with crystal type pickups, and any record player or 
changer having this type pickup may be used. The following 
notes should be observed: 
1. The record player frame must be connected to the tuner 

chassis in order to prevent hum pickup. 
2. The record player mot.or may be plugged into the 

convenience outlet on the rear of the tuner chassis. 
3. The connecting lead from the pickup cartridge must be 

provided with a miniature phonograph plug. 

CONTROLS 
The front panel controls are, left to right: Tone Control, 
Volume Control and On-Off Switch, Tuning Control, AM-FM 
Phono Switch. 

TONE CONTROL 
This control affects both treble and bass response so that • 
wide tonal variation is avallable to fit individual listener 
preferences and receiving consitions. The bass response iAS 
maximum with this control in the extreme counter-clockwise 
position and is reduced as the control is turned in a clock
wise direction until maximum treble response is reached in 
the full clockwise position. 

VOLUME CONTROL, AC ON-OFF SWITCH 
As this control is rotated from its extreme counter-clockwise 
position, it actuates the switch to supply power to the 
receiver chassis and the phonograph motor which is connec
ted to the AC ouUet on the chassis. The speaker volume 
will increase as this control is turned further in clockwise 
direction. 

TUNING CONTROL 
This control is used for station selection on both AM and 
FM. When tuning stations, care should be taken that the 
receiver is tuned on the station and not slightly off to one 
side as this will introduce distortion. This control should 
not be used to reduce volume by detuning. 

AM-FM PHONO SWITCH 
Reception of the standard broadcast band is obtained with 
this switch in full counter-clockwise position, rotation in 
clockwise direction gives FM reception on the second 
position and phonograplt operation on the third position. 

PRECAUTION ON TUNING FM 
A three point tuning characteristic is typical of this type FM 
receiver. It will be noted that FM signals from a given 
station are received at three points on the dial very close 
to each other; two of these points will be noticeably weaker 
than the third, which is much stronger and located between 
the two weak points. The strong center tuning point ls the 
proper setting of the receiver. 

ANTENNAS 
The 8BT chassis is provided with high efficiency built-in 
antennas for AM and FM reception. In most localities these 
will give entirely satisfactory results; but for use in 
localities where built-in antennas do not give the best 
results, provision is made on the chassis for the connection 
of AM and FM outside antennas. The instructions for 
connection of outside antennas are printed on the loop 
antenna frame. 

It Is strongly recommended that a good ground connection 
be made between the receiver chassis and external ground. 
Cold water pipes or a rod driven several feet into the earth 
may be used for external ground, but hot water or steam 
pipes or electrical conduit should not be used. A good 
ground connection will do much to minimize electrical 
interference, and is well worth the effort reQUired for its 
installation. 

In installations where space pennlts, an improvement in 
signal to noise ratio may be obtained by removing the loop 
from the chassis and mounting it on the inside of the 
cabinet. The leads to the loop are long enough to permit 
this type of installation. 

Service Data 

GENERAL 
Power Supply 110-1:11) V 50-60 cycles 
Power Consumption 40 watts 
Output 1 to 15 volts 
AM I.F. 455 kc. 
FM I.F. 10. 7 me. 
Replacement part numbers - as shown on schematic diagram. 

AM ALIGNMENT 
I.F. 455 kc. 
Align Ant. and Osc, Trimmers at 1400 kc. 

FM ALIGNMENT 
Allgnmert ma,y be ctuTied out with an unmodulated R. F. 
sienal generator covering 10. 7 me. and 88 to 108 me. and a 
high impedance DC voltmeter having a low range of 1 to 5 
volts DC. 
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FM osc. ,oe MC 

TRIMMER 
•22-5230 

DIAL SCALE 
*06274 ....._ 

AM OSC. 1400 KC 

RATIO DETECTOR 10.7 MC 
ADJUST TOP f. BOTTOM 

"17-3487 

ZNDAM II' 4!!.!!>KC 
ADJUST TOP f. BOTTOM 

.. ,6-6758 

2ND l'M IF 10.7 MC 
ADJUST TOP r.. BOTTOM 
•16-3487 

1ST. FM IF 10.7 MC 
ADJUST TOP f.BOTTOM 

-,6-3487 

FM RF 108 MC 

TUBE 

6AB6 FM RF ••••••• , •••• 
12ATI FM Conv. Osc ....... 
6BE6 AM Conv. Osc. ...... 
6BA6 IF., •• , ••••••..•• 
6BA6 FM Drlver ••••••.••• 
6AL5 Ratio Det. ......... 

"M ANT. t 400 KC 

LOCATION OF TUNING ADJUSTMl!NTS 

SELF TAPPING 
*23664 

EVl!Ll!T 
""'11183 

RUBB_J!R ,;;.ROMMET 
#-29301 

1ST AM IP 41!>!!> KC 
ADJUST TOPI.BOTTOM 

#16-6758 

WOOD SCREW 
•27626 CABINET FLOOR 

DETAIL OF RUBBER MOUNTING 

RESISTANCE CHART SBT 

PIN NUMBER 

1 2 3 4 5 6 

0 0 0 0 SOOK* 500K• 
SOOK* l0K 0 1 1 SOOK• 

22K ll5 0 0 SOOK* SOOK* 
IM 0 0 0 SOOK• SOOK• 
0.5 0 0 0 SOOK• SOOK* 
6.8K 6.8K 0 0 Inf. Inf. 

7 

68 
0 
2.5M 

68 
68 
Inf. 

6AT6 Det. RF ••.••••••.. !OM 0 0 0 1.5M SOOK• 500K• 
6X5GT Rectifler • • • . . • • • • • 0 0 270 Inf. 270 Inf. 0 

8 9 

560 0 

SOOK• 

• Subject to variation depending on condition of filter condensers. Reading on 6BA6 FM RF and 12ATI with switch in FM pos. 
K 1000 M 1,000,000 

VOLTAGE CHART 

TIJBE PIN NUMBER 

1 2 3 4 5 6 7 8 9 

6BA6 FM RF ••.•.••••••• 0 0 0 6.3AC 57 97 1 
12ATI FM Conv. Osc ....... 106 Sl, Neg. 0 6.3AC 6.3AC 104 0 L2 0 
6BE6 AM Conv. Osc. • ••••• 6.8 0 0 6.3AC 96 96 Sl. Neg. 
6BA6 IF •••••••• , •.•••• Sl. Neg. 0 0 6.3AC 108 108 1 
6BA6 FM Driver ••••••••.• 0 0 0 6.3AC 102 102 1 
6Al5 Ratio Det. • ••• , •••• Sl. Pos. SI.. Neg. 0 6.3AC 0 0 SJ.. Pos. 
6AT6 Det. AF ••••• , ••.•• .5 0 0 6.3AC SI.. Neg. SJ.. Neg, 57 
6X5GT Rectifler • • . . . • • • • • 0 0 175AC • 175AC • 6-3AC ,00 

117V AC line, switch in AM position except 6BA6 FM RF and t2ATI. DC reading with 3),000 ohm/volt meter, AC reading 1000 
ohm/volt. 
• Power line tie point. 

Tie Point. 
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COMPLETE INSTRUCTIONS 121 
FOR CONSTRUCTION AND OPERATION OF THE 

MODEL T 4EK T.R.F. TUNER 
Parts List for T4EK 

This Unit available Assembled or as a Kit from your Local Distributor 

One chassis with bearing, 06279 
One bracket and pulley assembly, 06282 
One 4 gang variable condenser, 21-5223 
One gang condenser shield assembly, 25-8208 
One dial plate assembly, 05939 
One input ant. coil, 9820 
One output ant, coil, 9822 
One input R.F. coil, 9824 
One output R,F. coil, 9826 
One untuned R.F. coil, 9828 
One 500K volume control with switch, 29424 
One two-position switch, 29582 
One 100 ohm hum balance control, 29260 
One power transformer, T22R38 
One output cable assembly, 05554 
One length of shielded wire, 22850 
One length of braided shielding, 12491 
One line cord, 12434 
One 20-20-20 mfd. 250 V. electrolytic condenser, 34102 
One .1 mfd. 400 V. paper condenser, 28113GT 
One .05 mfd. 600 V, paper condenser, 28115GT 
Two .05 mfd. 400 V, paper condensers, 28103GT 
One .047 mfd. 600 V. molded condenser, 34160 
One 8 mmf. molded mica condenser, 15149 
One 25 mmf. ceramic condenser, 27165 
One ,01 mfd. ceramic condenser, 34111 
Two ,01 mfd.-470 ohm type JCR-P capristors, 34150-5 
One ,005 mfd,-10 megohm type JCR-C capristor, 34151-7 
One 150 mmf.-150 mmf.-47,000 ohm filpec, 34171-1 
Two 2,000 ohm 5 watt wire wound resistor, 34149 
Two 47,000 ohm 1/2 watt carbon resistors, RC20AE473N 
One 100,000 ohm 1/2 watt carbon resistor, RC20AE104M 
One 100,000 ohm l watt carbon resistor, RC30AE104N 
Two 470,000 ohm 1/2 watt carbon resistors, RC20AE474M 
One 2 Megohm 1/2 watt carbon resistor, RC20AE205M 
One 10,000 ohm 1/2 watt carbon resistor, RC20AE103M 

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

All parts should be mounted on the chassis according to 
the views shown in the pictorial diagram. 

Mount the lug which is used to support the shielded wires 
to the AC switch, using a 115-40 screw and nut. Mount the gang 
condenser shield with two 116-32 screws passing through 
suitable holes in the condenser end plates into the threaded 
shield brackets. Mount the gang condenser with 116-32 nuts and 
lockwashers. Note that a 2-insulated tie lug mounts under one 
of the condenser studs. Tie lugs require a lockwasher between 
the mounting foot and the chassis. Ground lugs do not require 
lockwashers. Solder each rotor contact strap to the chassis, 
bending the end of the strap as required. 

Mount the coils as shown, using 116-32 nuts and lock
washers. Be certain to mount the coils with the arrows on the 
spring clips pointing in the direction shown. Mount coil 119828 
with the green dot as shown. Mount tie lugs and ground lugs 
where indicated. 

Mount the power transformer with 116-32 nuts and lock• 
washers. Do not remove the nuts already on the power 
transformer. 

Mount the tube sockets with 1t2-56 screws and nuts with 
the socket oriented to give the lug arrangement shown. Mount 
a tube shield clip at the 6AT6 socket. 

Mount the phono input jack, AC outlet, 3-insulated tie lug 
and ant.-ground terminal with lt5-40 screws and nuts, using 

One 15,000 ohm l watt carbon resistor, RC30AE153M 
One tuning shaft, 06285 
One AC receptacle, 19794 
Four miniature tube sockets, 29477 
One tube shield clip, 29530 
One tube shield, 29531 
One phono jack, 29253 
One insulating washer for phono jack, 26624 
One 2 lug terminal strip, 16731 
One bakelite mounting plate for electrolytic condenser, 19450 
One I-insulated tie lug, 25-5732 
One 3-insulated tie lug, 25-6715 
Two 2-insulated tie lugs, 25-5731 
Six single ended lugs, 11425 • 11422 
One double ended lug, 16480 
One cable clamp, 16491 
One line cord strain relief (2 pieces), 29414 
One dial pointer, 29125 
Two dial scale retaining springs, 05938 
One dial drUII assembly, 05817 
One dial cord assembly, 06286 
One dial scale, 23-8238 
Three Felt washers, 19595 
Two knobs (plain), 29270 
One knob with dot, 05878 
One dial light socket, 29583 
One dial lamp, 29262 
One 6X4 tube, 
One 6AT6 tube. 
Two 6BA6 tubes. 
One hairpin cotter, 29493 
One piece of plastic tubing, 23440 
Supply of screws, nuts, lockwashers, and washers for assembly, 
Instructions, including circuit and pictorial diagrams. 
One mounting dimensions sheet printed full scale. 

lockwashers where shown. Be sure to insulate the phono jack 
from the chassis with the bakelite plate. 

Mount the pulley bracket with ltS-40 screw, nut and 
lock washer. 

Mount the volume control/on-off switch, phono switch, 
and hum balance control with appropriate nuts. 

Push the tuning shaft through the bakelite bushing and 
secure with a hairpin clip. Slip the plastic tubing over the 
shaft. 

Mount the dial drum with the fiat side of the drum nearest 
the gang condenser. Mount the drum in a position directly over 
the pulleys. 

Push the line cord through the chassis hole, place the 
two parts of the retainer around the line cord outside the 
chassis with the beveled edges nearest the chassis, and force 
into the chassis with pliers. 

Push the wire end of the rubber-covered shielded output 
cable through the chassis hole, drape around coil ll9828 as 
shown, and secure with the small cable clamp which mounts 
with a lt6 self-tapping screw. 

Mount the insulating mounting plate for the electrolytic 
condenser on top of the chassis with 116-10 screws, nuts, and 
lockwashers. Mount the electrolytic filter condenser in place, 
twisting the mounting lugs with pliers on the under side to hold 
securely. 

Clip the pilot light socket to the !racket on the dial 
panel and mount the panel with two lt6 self-tapping screws. 

Place the dial scale in position on the panel and snap the 
spring clips in place. 
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WIRING 
Push-back hookup wire and solder are not furnished with 

this kit. If the colors of lead wire as shown in the pictorial 
are followed, the following approximate amounts of wire will 
be required; 

Brown 5 feet 
Black 3}~ feet 
Red 2'12 feet 
Green 3 feet 
Blue 1 foot 
Orange 5 inches 
White 4½ feet 

If these colors are not available and a single color must be 
used, a total of 'JJ feet of wire will be required. 

Cotton covered solid 1122 push-back wire is recommended 
except for the white wire, which should be ll'JJ. 

A good grade of rosin core wire solder is recommended. 
Avoid excessive use of solder, applying sufficient heat to the 
joint to permit the solder to flow smoothly at the joint. 

Wire the kit as shown in the pictorial diagram, placing 
components and wiring exactly as shown. Note the use of 
twisted wires in the filament circuit, audio leads. AC line 

4 TUBE T. R . F. TUNER K IT . 
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circuits, and power transfonner. It is recommended that the 
filament and power supply wiring be done first. 

Note that the shielded wire from the phono input jack is 
pulled straight across the chassis and the shield soldered to 
the ground end of the volume control; the shield extends nearly 
to the phono switch but does not connect to it. 

Also note that the wires to the AC switch are shielded 
for a part of their length with a piece of braided shielding 
slipped over the twisted wire and soldered to the two ground 
lugs, as shown. 

Be sure to connect the striped end (ground end) of paper 
by-pass condensers to ground. 

Observe the color code used in the pictorial as an aid to 
accurate wiring 

After completing all connections, the wiring should be 
very carefully checked to make sure that no errors were made 
or wires omitted. 

string the dial as shown. With the condenser plates 
fully meshed, slip the pointer so that it coincides with the left 
hand dial scale line, and then securely clamp the pointer on 
the cord. 
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CAPACITY FREQUENCY INDUCTANCE 
A,B A B A B 

IICRO-MICAOfARADS KC MC MICROHENRIES 

500 1000 10 
uo 2.1 900 9 

400 
3 

800 a 
700 1 

500 
4 

600 6 

dO 500 5 
5 

200 
6 ~ 4 

7 
e 300 3 

9 
JD 

90--- 200 2. ----eo --------- LI 
70 - --------f 159000 20 -----kc= 1 -V$.cfd">h 90 0.9 

JO 
80 0.8 

70 0.1 

40 
60 o., 
50 

so 
2.0 eo 40 

6000 

7000 70 
30 eooo 80 

9000 90 
lQOOO 100 

10 6D 
9 
a 

aooo 
7 

IIO II 

I 
20.000 200 

5 10 

When any two of the quantities F, L, or q are known the third can be found by drawing a straight line. 
hample: 100 mmfd. and JOO mierobenri• tune to 1690 kc. treading all A scales) or 100 mmfd. and 1 microhenry reaonatN 

at 16.9 me. (readins 1111 B IC&I•>· 
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~ 
6 Tube AC-DC Kit 
BROADCAST AND SHORT WA VE 10-1199 

This Kil available from your Local DisJributor. 

GENERAL 

The Meissner 6-tube AC-DC, No. 10-1109 kit, was designed 
to answer the requirements of a two band, low cost receiver. 

It has a high impedance primary antenna coil which per
mits the use of almost any length of antenna available. It 
al!!'o has one stage of untuned R. F. and an I. F. wave trap. 

This receiver covers a frequency range of 630 KC to 1660 
KC and from 6.7 MC to 18 MC, and will operate satisfac
torily on voltages from 106 to 125, either D. C. or 50-60 
cycles A. C. Extra filtering is required if it is desired to 
operate on A. C. below 50 cycles. 

ASSEMBLY 

As the kit is unpacked, all parts should be checked against 
the parts list at the bottom of this instruction sheet. Any 
discrepancies should be reported at once to the supplier 
from whom the kit was purchased. 

The parts should be mounted in the following sequence: 
(1) Mount all sockets, making sure that the key
way in the central hole of each is turned in the di
rection corresponding to that shown in the pictorial 
diagram, which shows the bottom view of the chassis. 
(2) Mount the dial bracket on the front of the gang 
condenser. 
(3) Assemble the tuning drive in the following man
ner: 
a. Mount the dial drum on the condenser shaft. 
b. Double· the dial string and thread the doubled 

portion through the hole in the rim of the pulley 
from the inside out. 

c. Hook the free end of the spring into one of the 
holes in the flat part of the pulley. 

d. Close the gang condense, and rotate the pulley 
until the hole in the rim occupies the same posi
tion as the fiR'Ure of the hour 7 on a clock face-
then tighten the sr.t screw. 

e. Mount the tuning shaft, looping the string aro~nd 
it 2½ turns, in such a direction that_ the strm~ 
leaves the tuning shaft without crossing. Detail 
of shaft mounting-Figure (1). 

f. 

Olal Brocket , IIOUlltlftt Ser•• 
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Stt·etch the stl'ing over the rim of the pulley. 
Figure (2) i1hows the position of the a~ring in 
the completely stl'Ung up drive. 
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( 4) Mount the condenser mounting bracket on the 
rear of the gang condensers, using the 6-32xC-lr 
screw. that is supplied for this purpose. 

(5) Mount the va.'riable condenser, putting three 
soft rubber grommets in the three mounting holes 
in the chassis (one on top and two in front), 
then assemble the mounting accessories in accord
ance with the detail drawing in Figure (3). 
Tighten the mounting screw and nut snug. 

( 6) Mount the volume control and the band switch, 
seeing that the locating lug on these eontrols en
gages in the holes in the chassis provided for the 
purpose of preventing rotation of the controls. 

(7) Mount the IF transformers, rotating them so as 
to have the leads go directly to their proper term
inals with a minimum of crossed leads. 

(8) Mount the speaker, using two or more black 
bakelite washers between speaker and chassis 
(six are supplied), so the center of the speaker 
will be on the center line of the variable condenser 
shaft. Thread the leads from the ou!put trans
former through the hole at the left of tn.? speaker. 

(9) Mount the antenna coil on top of the chassis 
with the lugs protruding below the chassis. 

(10) The IF wave trap is mounted by removing the 
lock nut which lock!! the adjustable iron core and 
the small mounting scr.-w, which is also i.n the 
base. After th(, co:: 1s held in place on the 
.chassis, the lock nut is then scr-ewed on the ad
justable iron c(lre screw and the mounting screw 
tightened in its proper place. After t~e wave 
trap is adjusted, the lock nut should be tightened 
al!'ainst the chai1!'i.s. 

(11) The remaining coils and r,~rte ~houl_d be moun
ted in accordance with the p1ctor1al diagram. 

(12) The dial scale mounts on the dial bracket, using 
wood dowels as spacers between the two. 

(13) The dial light assembly clips into the upper 
left hand corner of the dial. The leads i1hould be 
threaded through the hole at the rear of the 
chassis. The leads from the filter choke also 
thread through this hole. A top view. of ~he lay
out of parts is shown on the schematic diagram. 

WIRING AND ALIGNMENT 
Having completed the nssemt,ly as above outlined, the s4:t 

is ready for wiring. The set stands inverted very conveni
ently for this operaticm. 

It will be found most convenient to wire the filament 
circuit (pins No. 2 and No. 7 on most tubes) complete be
fore any other wiring or parts are installed. Then follow 
up with additional wiring, resistors and condensers. It will 
be found a great help in wiring if each wire in the pictorial 
diagram is marked over with a c<>lored pencil as the corres
ponding wire is installed in the set. 

Lead, resistor, and condem1er placements should follow 
those shown in the nictorial di1ui:ram RR rlnMelv_ AR n_n,.11ihle. 

Ground variable condensor frame to chassis usmg the 
flexible wire provided. 

It is recommended that the wiring be rechecked before 
the tubes are inserted in the receiver or the line cord con
nected to the power line. After this check is made, the 
voltages on the tube terminals should be checked against 
the voltage cha.rt. provided, if a volt-meter is available. 

Lugs No. 4 and No. 6 on the 35Z6GT tube socket are used 
as convenient tie points, as no connection is made through 
these to the tube itself. 

Assemble the pointer on the gang condenser shaft by 
pressing the projections on the back of the pointer into the 
hole in the end of the shaft. Close the gang condenser and 
set the pointer horizontal. . 

If a service oscillator or signal generator is available for 
alignment, its use will facilitate adjustment of the receiver 
and insure maximum se,1si~ivity. 
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The signal generator should be connected to the signal 
grid or pin No. 8 of the 6SA7 mixer tube. This connection 
should be made through a .0005 to .25 mfd. condenser, the 
condenser being between the high side of the slgnal genera
tor anti the connection to the mixer grid. The signal gen
erator should be set to 466 KC, which is the IF frequency, 
and the volume control of the receiver should be set at 
maximum or extreme clockwise. The output of the signal 
generator should then be turned up until a signal is heard 
and then the trimmers on the IF transformers adjusted 
(with insulated shaft screwdriver) for maximum output, 
reducin11: the output of the generator as the receiver be
comes progressively more sensitive, always usin11: as weak 
a signal as possible. 

After the IF transformers have been properly adjusted, 
remove the connection from the generator to the mixer grid, 
reco11nectin11: the generator to the antenna binding post. 
Leaving the frequency of the signal generator at 456 KC, 
adjust the wave trap by turning the 11djusting screw which 
protrudes through the chassis. This adjustment should be 
made for the minimum of si11:nal output. The generator 
output should be increased as the adjustment proceeds to 
insure maximum IF rejection. 

When the IF transformers are adjusted. for a maximum 
sensitivity, the antenna and oscillator triinmen should be 
adjusted in the following manner: 

(1) Check the dial pointer position to see that it is 
horizontal when the gang condenser is closed. 

(2) Set the band switch in the broadcast position 
or counter clockwise. 

(3) Rotate the gang condenser until the pointer 
indicates 1400 KC. 

(4) Adjust the signal generator to 1400 KC and 
connect the output of the signal generator to the 
antenna lead, using a .0002 mfd. condenser be
tween the antenna and the high side of the os
cillator. Increase the generator output to a 
medium level and adjust the oscillator trimmer, 
which is located through a hole on the top of the 
chassis just to the right of the speaker. The 
next step is to adjust the antenna coil by adjust
ing the trimmer which is closest to the chassis. 
Both of these trimmer adjustments should be 
made for maximum output, decreasing the gen-

erator signal strength as the set progressively 
becomes aligned. Leaving connections as they 
are, turn the dtal pointer to approximatelv 600 
KC and reset the signal generator for 600 K-C, 
increasin11: the generator output until a signal 
can be heard. Adjust the padder screw, which 
is located near the center of the chassis, to maxi
mum output. The best adjustment is obtained 
by simultaneously adjusting the padder screw and 
rockin11: the tuning control around 600 KC. Varia
tion in wiring in circuit capacities may give the 
maximum output for 600 KC very slightly in 
error of 600 KC on the receiver dial. 

(Ii) In the aligning of the short wave band, the 
band switch must be turned clockwise. Replacing 
the .0002 mfd. condenser with a 400 ohm resistor 
between the antenna post of the receiver and the 
output of the generator, set the generator to 16 
megacycles and also the receiver dial pointer to 
16 megacycles. Then adjust the oscillator trim
mer, which is located through a hole on top of the 
chassis just to the right of the broadcast trimmer 
for maximum output. When adjusting the oscil~ 
lator trimmer on the short wave band, the trim
mer should be tightened and then loosened to the 
second peak. The second peak will be the correct 
peak for this adjustment. Next adjust the short 
wave antenna coil, which is a trimmer located 
near the top of the coil. As before, the adjust
ments of these trimmers should be made with as 
low a si~al level from the generator as possible, 
as the alignment proceeds. The padding of the 
short wave band is fixed. 

CAUTION 
The power line is conneded directly to thi• ch• uis. The 

rec:eiver must be suitably protected. by a non-metallic cabi
net and non-metallic knoll• •o that no - can make conlad 
with any metal part of thi• radio when in operation. A 
cabinet back must be used to prevent accidental contact 
with the c:husis. This back should have small holes or slots 
lo permit ventilation yet prevent contac:t. Mountin,: screw• 
used to hold the set In a cabinet should also be covered to 
prevent contact. 

VOLTAGE ON SOCKET PIN NUMBERS 

TUBE l 2 3 ' 5 6 7 8 
------

12SK7GT RF 0 24VAC 0 grid 1.2DC 96VDC 37VAC 76VDC 
31iZ6GT NC 110VAC ll0VAC NC 110VAC NC 76VAC 112VDC 
12SA7GT 0 12VAO 96VDC 95VDC grid 0 24VAC grid 
t2SK7GT IF 0 37VAC 0 grid l.ZDC lliVDC 50VAC 95VDC 

diode doide 
12SQ7GT 0 grid 0 plat.e plate I0VDC 12VAC ' 0 
31iL6GT 0 76VAC lliVDC 96VDC B!ld NC iOVAC 

i 
6VDC 

Mf'aaurPment" takiffl with 1,000 ohm• per volt metft', 115 volte AC line. 
NC indicates "No Connection": all YOl'ta&'N tndlcated are P<N1itive with J' .. p.ct to chuata unln1 otherwt.c marked. 

COMPLETE PARTS LIST 

1 Chassis No. 02859 
l Input IF Transformer No. 16-6658 
l Output IF Transformer No, 16-6660 
l Broadcast and short wave antenna coil No. 14-2860 
l Broadcast and shortwave oscillator coil No. 14-2862 
l Series peaking coil No. 02864 
l IF Wave trap No. 15-2866 
l PM speaker with output transformer No. 25274 
l Variable condenser No. 26128 
l Filter choke No. T-20C65 
6 Octal sockets, 25-8209 
3 Tie lugs 
l Padder 22-7007 
I 500K ohm volume control with switch, 19701 
1 Band switch, 25273 
l Dial mechanism plate, 02865 
1 Trimmer base assembly, 17738 
l Dial drum, 19706 
4 Wood dowels, 15393 
1 Dial cord and spring assembly, 02869 
l Dial Shaft, 19703 
l "c" washer for dial shaft, 16653 
1 Bakelite washer for dial shaft, 16637 
l Dial scale, 25276 
1 Pilot socket and 6-8 volt pilot light, 19710 • 19711 
l Dial pointer, 19705 

l Binding post assembly, 19740 
2 Black rubber grommets for 3/8" bole, 14211 
1 Black rubber grommet for 3/16" bole, 19216 
J Gum rubber grommets 5/32 I.D. for 1/4" hole, 19727 
l Condenser mounting bracket, 19132 
4 Chassis mounting brackets, 19133 
2 Solder lugs, 11422 
l 180 ohm resistor 5% 1/2 W. carbon, RC20AE181J 
2 470,000 ohm resistor 20% 1/2 W. carbon, RC20AE474M 
l 15 megohm resistor 20% 1/2 W. carbon, RC20AE156N 
1 3.3 megohm resistor 20% 1/2 W. carbon, RC20AE335N 
l 22,000 ohm resistor lO'I, 1/2 W. carbon, RC20AE223K 
1 2.2 megohm resistor 20% 1/2 W. carbon, RC20AE225N 
l 220 ohll resistor lO'I, 1/2 W. carbon, RC20AE221K 
1 100 ohm resistor lO'I, 1/2 W. carbon, RC20AE101K 
1 2,200 ohm resistor 20% 1/2 W. carbon, RC20AE222M 
l 39,000 ohm resistor 10% 1/2 W. carbon, RC20AE393K 
2 .02 mfd. 400 volt paper condenser, 28117 
l .002 mfd. 600 volt paper condenser, 28150 
3 .05 mfd, 400 volt paper condenser, 28103 
1 .01 mfd. 400 volt paper condenser, 28119 
l 20-20 mfd. 150 volt electrolytic condenser, 18163 
3 .00022 mfd. 20% mica condenser, CN20A221M 
1 .0036 mfd .. 2'J, silver mica condenser, CN35C362G 
I .00047 mfd. mica condenser, CN20A471M 
2 12§1(7GT tubes 

125 

3 Knobs, 19709 • 25277 
l Line cord; 12434 

leach of the following tubes: 12SA7G1', 12SQ7G1', 35L6GT, 36Z5G1'. 
Miscellaneous assortment of screws, nuts, washers, hookup wire and 
solder. 
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WIRELESS PHONOGRAPH OSCILLATOR 

Only the oscillator coil 

The Meissner Wireless Phonograph Ollclllator No. lo-6380 
la a device to permit any radio receiver to be utilized as an 
electric phonograph "1thout any wires connecting the Wire
•- PholloSl'llph Oscillator to the radio recclver and without 
In any way altering the receiver. 

WIRELESS OPERATION 
The Wlrelees Phonograph Oscillator la actually a radio 

tranemltter of very low power. (Federal laws prevent rais
ing the power output.) It wlll radiate a signal In the broad
cast band that can be picked up by any broadcast receiver of 
•ul!iclent aensltlvity within a radius of 20 to 60 feet from 
the phonograph oscillator, when the set la tuned to pickup 
the signal. Sometimes however, because of peculiar wiring 
conditions, antenna arrangements, or placement of unground
ed metallic bodies, the signal wlll radiate particularly well In 
one direction and may be picked. up on a neighbor's set If 
located sufficiently close. It Is also poselble that reception 
of the elgnal from the Phonograph Oeclllator may be ham~ 
ered by Inadequate sensitivity In the receiver or by shielding 
caused by pipes. girders, metal lath, etc. and that the useful 
range of the wlrele1111 oscillator may be leBB than the specified 
10 to 60 feet. 

In 1ucb cases It will be neceaB&ry to select a new location 
for either the set or the oscillator, run the antenna lead of 
the set closer to the phonograph oscillator, or to use the 
"Wired Connection" (which does not alter the radio set In 
any way) but requires two wires to run from the phonograph 
oscillator to the receiver. 

When using the "Wireless" arrangement it must be re
membered that the antenna of the receiver is still connected 
aad that It le capable of picking up outside signals and Inter
ference. When heavy local noise, ae from a vacuum cleaner 
motor, 11 experienced, or a local thunderstorm gives rise to 
objectionably loud 11tatic Interference, It wlll be found that 
the "Wired Connection" will give much more eat111factory re
aulta. 

WIRED CONNECTION 
In the "Wired Connection", ~he antenna le connected to 

the binding poet marked "A" on the phonograph oscillator 
and the receiver connected to the phonograph oscillator by 
means of two wiree; one connects together the "O" (or "Ond") 
binding poatll 011 both the receiver and the oscillator while the 
other wire connects the "A" (or "Ant") binding post of the 
receiver to. the green wire projecting from the top of the 
phonograph 011clllator. 

If the phonograph oscillator Is to be used onl1,1 In the 
"wired" connection it la recommended that the "coupling 
condenaer" marked In the 11chematlc and Pictorial diagram 
be omitted. Thia will reduce the likelihood of Interference 
with your neighbor's reception. 

DOUBLET CONNECTIONS 
If the receiver employe a doublet antenna for 11hort-wave 

reception and It le desired to use It In the "Wired Connec
tion" the one side of the doublet connection to the binding 
poat marked "D" on the 11et ( or any other dealgnatlon other 
than antenna and ground) should be left so connected, and 
the other antenna binding post and the ground binding post 
connected to the phonograph oscillator ae Instructed In the 
section "Wired Connection". For the "Wireless" arrange
ment. no change Is necessary. Where a fransmieslon line and 
coupler are used the "Wireless" arrangement may not work 
satlafactorlly and recourae must be made to the "Wired Con
nection." 

PHONOGRAPH PICKUP 
The phonograph pickup should be of the high-Impedance 

type, either crystal or magnetic. Ir a low-Impedance pickup 
l11 uaed a step-up tranaformer must be ueed between the pick
up and the phonograph oeclllator. A voltage dividing resistor 
network baa been provided In the phonograph oscillator to ac
commodate, to aome extent, the dll!erencea In pickups. The 
connections for thlll network are dlacussed In the section 
"Distortion". 

POWER SUPPLY 
The Meleener Phonograph Oaclllator No. 10-6380 111 design

ed to operate from a 110-volt source, either AC or DC. On 
tbe latter type current 1t may be necessary to reverse the 
Une plug (U ln the caae of all AC-DC radio devices operat-

17-9373 is available. 

Ing on DC) before the device will function. The atandard unit 
Is not recommended for 25-cycle operation, but by adding two 
4-mfd. 200-volt electrolytic condensers as Indicated by dotted 
llnee In the circuit diagram, operation will be satisfactory on 
25-cycle current. 

ASSEMBLY 
The part11 •hould be mounted on the chassis In accordance 

with the bottom view of the chasale ahown In the Pictorial 
Wiring Diagram. The order of assembly Is of little conae-
quence. 

WIRING 
Having completed the assembly operations described 

above, study the sheet of suggestions, "General Construction 
Hints," packed with the kit. When finished, start the wiring 
in accordance with the practices suggested In that 11beet, fol• 
!owing the position of wiree ehown In the Pictorial Dia.gram. 

TEST 
When the wiring has been completed and bas been check

ed for accuracy against the Pictorial Diagram. the tubes 
may be inserted, the pickup connected and the unit made 
ready for test. On the flret test It la beat to place the 
oscillator near the receiver or at least near the antenna 
leadin (which must not be shielded If wirele&11 operation la 
to be obtained.) 

The ChaBSls of the Wireless Phonograph O..clll11tor 
must not be grounded since the signal racUatt'II from the 
chassis. 

The switch on the end of the chaeala should be turned 
clock-wlee to heat up the unit. (When the unit Is operating 
the line cord wlll become quite warm. This Is normal to the 
operation of this and certain other typea of AC-DC apparatu11.J 

When the tubes have warmed up, usually about one min
ute, atart a record playing and, If there 18 a volume control 
on the pickup, turn the volume control to maximum. Turn 
the volume control on your radio 11et to approximately the 
position uaed for local broadcasting 11tatlona and tune the r• 
celver (on the broadcast range) as If looking for a local eta
tlon. The phonograph record will be heard some place on 
the dial. 

In the top of the coll can on the oscillator there la a 
hole through which an adjusting screw 111 vlalble. A abaft 
with a tuning knob also projects from this end of the coll 
can. Both of theae adjustments are tuning adjustments on 
the oscillator. The former 111 the rough adJuatment while the 
knob and abaft actuate the fine adjustment. 

If the phonograph aignal Is being Interfered with by any 
strong algnal It 111 a simple matter to shift the frequency of 
the oscillator by turning either or botk adjustments, re
tuning the aet to the new oaclllator frequency until a fre
quency free from Interference 111 found. 

If the radio hums when the phonograph pickup arm Ill 
touched, the connectton11 from the pickup to the Phonograph 
Oscillator should be reveraed. (On eome pickups this phenom
ena will not be present.) 

' DISTORTION 
The phonograph oscillator, being a miniature tranamltter, 

can fie over-modulated by too great an input voltage from the 
phonograph pickup. This overmodulatlon gives rise to objec
tionable raapy distortion on loud notes. If reproduction Is 
of poor quality on loud notes, the flexible grid connection of 
the 6F7 tube should be connected to the junction Indicated In 
the schematic and Pictorial Diagram, for pickups with high 
output voltage. 

MICROPHONE 
Where a microphone la used in connection with the phon

ograph oscillator to permit announcements to be made, It 111 
well to remember that the elgnals ma)' be picked 1111 by a 
n..-lghbor. 

CONVENIENCE OUTLET 
A power outlet bas been provided on the Phonograph 

Oscillator so that the power cord of the radio or the phono
graph motor may be plugged Into it. Power Is available at 
this outlet a.s long as the line cord Is plugged In. 

When finished with phonograph operation, turn the switch 
counter-clockwise which turns off the oaclllator and auto
matically connectll the antenna to the receiver for normal 
reception. 



MEISSNER INSTRUCTION MANUAL 

PHONOGRAPH OSCILLATOR 
r - - -- - - -- - - - - - - - - - --- - -
' ' ' 

Black 

4 mfcl. 
:_ 0!:'ST _Switch_ 

Blue 

Red 

.00025 

Dtmld 

400I 

400v. 

s 
0 
0 
,n 

2 
0 
0 
,n 

~ 

10-6380 
I .00005 

Couplln9 .,Jr 
Condenser T 

O.lmfd. 

200v. 

+r 4infd. 

; + 200v. 
~ ....... ____ -JW\IW\1'1111'1,,W.---+--'---' 

Phono9roph 
Oscillator 

I0M lw. 

. Olmfd. 

400v. 

NOTE 
Battam view shown 

on tube sockets 

Cq,1!£1ect fletdble grid lead ''c' to point 
'/i. for medium output pickups . 

Connect teod "c" to point "ff for 
hi9h output crystot plcku119. 

129 



130 OPERATING INSTRUCTIONS 
FOR USE WITH THE 

ANALYST 
The manufacture and sale of the Mtdssner Analyst has been discontin'-!ed since the Wa~. 
However the information below is given since it is applicable to. all instruments of this 
type. 

The Meissner Analyat is a tool for the rapid solution 
of difficult SPrvicf! problems. It is a devicf! to permit the 
rapid location of faults in defective radio receivers or 
sound equipment without measurements, complete voltage 
measurements on all tube elements, or tedious tracing of 
circuit wiring. The fundamental principle of the Analyat is 
that it permits the Servieeman to listen to and measure the 
signal as it passes through each of the components in a 
receiver, regardless of the level of the signal, and in spite 
of thf! fact that the signal may be at an inaudible (IF or 
RF) frequency. It is thus possible to tell exactly where 
the signal is abMnt or becomes distorted, quickly localizing 
the fault in the receiver. 

The Service instruments in.co1·porated in the device are 
as follows: 
1. (a) An audio amplifier with phone-jack output for 

headphones to be used for listening to any audio 
voltage in the radio set. 

(b) An audio voltmeter of 2-megohms impedance 
with a range of 0.1 to 1000 volts. 

2. A DC voltmeter with a resistance of 10 megohms 
covering the range O to 500 volts, either positive 
or negative. 

3. (a) A frequency meter to check oscillator frequency. 
(b) A vacuum-tube voltmeter covering the range .05 

to 50 volts and indicating frequency from 600 
KC to 15 MC. 

4. (a) A TRF Tuner with phone-jack output connec
tions for a head set to be used tor listening to 
the quality of an RF or IF signal. 

(b) A vacuum-tube voltmeter .covering the range 50 
micro-volts to 50 volts and indicating frequency 
between 100 KC and 1700 KC. 

5. A line-current ammeter. 
All of these instruments, except the D.C. voltmeter, 

have thl" additional feature of "memory," indicating any 
chanj!'e from the previous 1·eadinj!'. This feature makes the 
solution of intermittent faults simple since the indi<"ators 
can be set for the operating oonditions in the receiver and 
when a fault occurs, the indicator concerned with the fault 
will immediately indicate the chanj!'ed condition. 

The Analyat is a great aid in locating the trouble in a 
Teceiver but it is the. Serviceman who must utilize his 
knowledge of radio theory, Analyat performance, and his 
"trouble-shooting" ability to isolate the offending com
ponent defective joint, i<hort circuit or other cause of 
troubl~. after the Analyst ha11 heloed him to localize the 
fault as occurring between two points electrically close to
gether in the circuit. It is recommended that the followinl!' 
material be studied slowlv and thoroughly so that the use 
of ea.ch part of the equipment may be completely mastered. 

SHIELDED CABLES AND PRODS 
In order to make connections between the various sec

tions of the Analy.t anri the correi<ponriing points in the re
ceiver without introducing regeneration, convenient shield
ed leads have been provided with appropriate plugs on one 
end and probei; on the other. 

In order that the shiel:led leads may be used to make 
connections to various partR of the circuit in a receiver 
without seriouslv disturbing circuit performance, special 
isolating or limiting resistors or condensers have been built 
into the prod handles. The special circuit elements incor
porated together with the identifving color code on the 
prods are given in the following table: 

Section Circuit in Prod Handle Prod Handle Code 
Audio Direct Connection Black-No Stripe 
Voltmeter I-Megohm resistor Black-One Blue Sti·ipe 
Oscillato1· 1-MMF condenser Brown-No Stripe 
RF - IF 1-MMF condenser Black-Two Red Stripes 

The cables themselves have a colored tracer to 
corl'espond to the color-coding of the handles. 

THE AUDIO CHANNEL 
The Audio Channel, located at the top right-hand side 

of the panel, consists of a single-stage audio amplifier, an 
attenuator, a diode voltmeter and an electron-ray voltage 
indicator, together with associated controls and terminals. 

The Audio Amplifier, which is essentially flat in its 
frequency characteristic throughout the entire audible 
1·ange, may be used to energize a high-impedance head-set 
for listening to audio voltages, may be used as a voltage 
amplifier to drive a cathode-ray oscillograph or may drive 
its associated diode voltmeter to indicate audio voltages 
with the aid of the associated indicator tube and attenuator. 

The circuit diagram of this channel is shown in Figure 
1. A 6SQ7 tube is used as an nmplifiu and diode rectifier 
and a 6E5 electl"On-ray tube controlled by the rectified 
voltage from the 6SQ7 °is used as an indicator. A two-posi
tion multiplier and a 1·esistance attenuator permit operation 
of this channel ovu a range of 0.1 volt to 1000 volts AC. 

Signals are introduced into the Audio Channel throu~h 
a shielded <'able which plup;s into the jack marked Input m 
the upper right-hand corne1· of the panel. If th~ :4,udio 
Channel is used to check thF frequency charactenst1cs of 
an amplifier, it should be remembered that, while the am
plifier itself is flat in the audible range, the input cable 
has a capacity of appl'oximately 125 mmfd. which will re
duce the high-frequency response of any circuit having an 
impedance approaching or exceeding 1h megohm. For all 
other purposes the capacity of the input cable can usually 
be nt>f!"lected. If the voltage being measured is great enoue;h 
to w01·k the indicator when the Oscillator or RF-IF cable 
is ui;ed in place of (he Au~io cable, the above_ limi~tion on 
high-frequency response is no longer effective ~mce the 
input capacitv of the Os~illator and RF~IF' ca~le 1_s o~ly 1 
mmfd. which will not disturb a normal audio c1rcu1t of 
even unusually-high impedance. In this case, however, a 
false lack of low frequencies will be Indicated. 

If headphones al'e connected to the output of the 
amplifier to listen to an audio voltage applied to the input 
of the Analyst the phones iahould be of the high-imperlan("e 
type ( Crystal prefened). Low-im_pedance phones will ~ail 
to reproduce low frequencies, particularly hum _frequenc1~. 
When the phones are plugged into the output Jack: ~he di
ode is automaticallv dis<'onnected from the amphf1er to 
eliminate the distortion it would otherwise produce. 

The rectified current. from the diode is filtered ii.nd 
applied to the grid of the 6E5 i~dicator. tube at _the r~ht 
of the panel. This voltage-~easur1_ng device, C?mbmf,d with 
the Attenuator and Multiplier switch. makes 1t possible to 
compare the voltage of two audio sij!'n~ls, thereby d~t!!r
mining the gain or losR between two pomts .. T~e rectified 
DC voltage at the 6E5 grid appears at the pm-Jack at the 
right side of the panel for measul'ement with the Electron-
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ie Voltmeter, if it is desired to extend the voltage range 
of the Audio channel. 

The Audio section can be used in many ways for test
ing audi1> systems because of the following features~ The 
high input-impedance, 2 megohms, together with an output
impedance which matches high-impedance headphones or 
an oscilloscope input, makes listening or visual tests pos
sible at any point in the audio system without disturbing 
its operation. 

Tone quality can be tested at a diode detector out
put, or at the plate of a bias or grid-leak detector, where
as the direct connection of phones or oscillograph termin
als might cause considerable change in detector character
istics. 

The low distortion and wide frequency range enable 
the operator to <'he<'k tone quality with confidence that no 
frequency or harmonic distortion is occurring in the 
AnalJ'at. 

The wide frequency range, combined with the electron
ray indicator, enables tests to be made above and below 
the audible range. Voltage variations of low frequency will 
cause the edge of the indicator-tube shadow to waver, 
flicker or blur, depending on the frequency. 60- or 120 
- cycle hum wili cause a blurred shadow on the indicator, 
and can also be heard in the h£adphones. Frequencies 
above the audible range to approximately 50,000 cycles will 
close the shadow smoothly in the no1mal manner, when the 
proper Attenuator and Multiplier adjustment is made, but 
the signal will not be audible in the phones. 

The extreme range .of overall amplification or atten
uation will change an audio voltage tanging from 0.1 to 
1000 volts to normal. eat·-phone volume, and make head
phone listening tests possible anywhere in the audio system 
from the detector to the output plates of high powered 
amplifiers. Hum voltages and A. C. •voltages over the same 
range can also be measu1·ed. The accuracy of voltage meas
urements is not as good as with ordinary A. C. voltmeters, 
but this channel permits AC voltage measurements to be 
made in high-impedance cit·cuits where such measurements 
would be impossible with ordinary AC meters. The ac
curacy is sufficient for gain and hum measurements, and 
for approximate measurement of powe,·-transformer volt
ages. The stability of the circuit and sensitivity of the in
dicator are such that balan.ce of high-voltage secondaries, 
phase-invettcrs and push-pull stages ·can be measured very 
accurately. 

An additional convenience of the Audio section is that, 
when used with an oscilloscope, the signal level can be ad
justed for a satisfactory picture size, regard1£118 of the 
voltage being observed. 

ELECTRONIC VOLTMETER 
The Electronic Voltmeter channel, in the upper left

hand cornet·, incorporates a voltmetu tube, 6C5, a voltag<' 
divider system, and a D.C. Voltmeter. 

Four voltage ranges ate pt·ov1ded: 0 to 5, 25, 125 and 
500 volts, positive or negative with respect to the ground 
clip of 'the Analyst. A four-position switch, located at the 
left of the meter, selects the range required. The fact that 
positive and negative, readings are available will facilitate 
taking voltage readings at any point in the receiver with a 
single probe, regardless of polarity. The ground connection, 
which is clipped to the chassis, provides the return circuit 
for the Voltmeter. 

The input resistance of this instrument on all 1·anges 
is 10,000,000 ohms so that all DC operating and control 
voltages may be measured directly at the tube elements 
while the receiver is in operation, without such operation 
being affected by the measuring device. 

The operation of the E_lectroni.c Voltmeter Channel is 
explained by reference to Figure 2. The blue-coded test 
lead, having a 1-megohm resistor in the handle, is plugged 
into the input jack on the Voltmeter panel. The resistor is 
included so that grid biases can be measured directly at the 
tube grid11, without affecting any R. F. or audio voltages 
that may be present. Connect the ground clip ( at end of 
rubber covered wire) to one side of the voltage to be 
measured, usually the negative, such as the receiver chauis. 
Touch the blue prod to the ground clip and adjust the 
"Zero Set" control for a zero reading on the meter. Then 
set the "Range" control to a suitable value to cover the 
voltage to be mea9Ured. Touch the blue prod to the other 
terminal of the voltage being measured (such as B-plus 01· 
AVC) and read the voltage on the meter. 

-F1our• 2-

The accuracy of the instrument is practically inde
pendent of normal changes in line voltage and of changing 
characteristics of the voltmeter tube. The voltmeter tube 
is used in a degenerative circuit which acts as follows: 
When a given voltage is impressed on its grid, a change in 
voltage across the cathode resistor takes place which is 
ne .. rly equal to the voltage applied to its grid. It is this 
difference between grid voltage and cathode voltage which 
is measured by the meter. This allows a linear calibration 
of the meter scales; that is, the meter needle deflection is 
exactly proportional to the voltage being measured. 

The adjustment of the "Voltage Calibrator" and 
"Zero Set" are fully explained in the Appendix. Due to 
line-voltage variations it may be necessary occasionally to 
adjust the Zero Set control, which for convenience is lo
catf d on the panel. 

The large range of voltage scales and the high resist
ance of the Electronic Voltmeter make it a very useful in-
11trument. Some of the voltages which cannot be measured 
with an ordinary voltmeter without changing circuit condi
tions are A.V.C. voltages, plate voltages in resistance~ 
coupled ami,lifiers, in-id voltagei1, and bias voltages that 
are obtained from the negntive 11ide of the "B" supply 
throu1h a resistance-capacitv filter. All of these can be 
measured with the Electronic Voltmeter with an accuracy 
comparable to that obtained with an ordinary voltmeter 
when measuring voltages from low-resistance sources. The 
Electronic Voltmeter obviously can also be used for meAs
uring any othet· D.C. voltages in a receiver. 

OSCILLATOR CHANNEL 
The Oscillator Channel, con11ists of a single stage of 

tuned R. F. amplification covt:ring a frequency range of 
600 Kc to 15,000 Kc, coupled to I\ diode voltmeter tube 
and an electronic indicator tube. High gain is achieved in 
the amnlifier hv the use of a 6AC7 (television) amplifi,ir 
tube. The centrally-located tuning dial operates the single
J!'Rnl!' tuning condenser which tunes the amplifier, while 
the Ranj!'e switch at the left selects the frequency range 
del!'ired. The cir<"uit diairram, which is so simple that no 
explanation is necPSsary, is shown in Figu1·e 3. 

The oscillator channel can be used to measure and 
compare oscillator voltages and frequencies. It will show 
whethH or not the oscillator of a receiver is operating, and 
the frequency at which it is working. It will show the 
presence and frequencie~ of parasitic oscillations if they 
are within the tuning range of the amplifier. 

This ability of the Oscillator channel to measure the 
frequency of an oscillator is often of considerable utility 
in solving service problems since it is possible for an oscil
lator to change frequency, thereby stopping reproduction 
of the signal from a ~iven l!tation, yet the oscillator may 
<"ontinue to oscillate showing grid current as in the normal 
manner. In the case of intermittent rec.'eivers, sometime11 
this shift in oscillator frequency is the only clue to the de-
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fective component. 
In order to make connections from the oscillator ch-

cuit to the input of the oscillato1· channel a shielded cable 
is prnvided that has as its end a Fpecial prod having a 
built-in series capacity of only 1 mmfd. This series 
capacity is used to limit the de-tuning of oscillator 
or R. F. circuits when the prod is connected thereto. 
The small capacity reduces the a•nount of v o 1 ta« ., 
that would otherwise 1·each the grid of the fh·st tube in the 
Oscillato1· channel and is the 1·eason why a high-gain am
plifier must be used to obtain adequate sensitivity of indi
tation. 

When it is desired to check an oscillato1· frequency, 
U!lually enough voltage can be picked up from the oscillator 
if the pl'Od is held close to the stator terminal of the oscil
lator tuning condenser without actually touching the term
inal, meanwhile tuning the Oscillato1· channel dial until 
there is a slight flicker of the indicator shadow. It is to be 
noted that some oscillators have strnng harmonics and in
dications of voltage may be obtained at several frequencic11 
that a1·e integral multiples of a given base frequency. The 
h·ue oscillator frequency is the lowest frequency in the 
series and is equal to the diffnence in frequency between 
any two adjacent harmonics. 

In checking an intermittent receive1· for possible oscil
lator shift, the test prod is clipped to the stat.or of the tun
ing condensn and the receiver is adju!lted to compensate 
for the added cap:icity by tuning the receiver slightly high
er in frequency than its previous setting. The dial of the 
Analyat is then adjusted to resonance and the Attenuato1· 
set so that the indicator tube shadow juat closes. If the os
cillator shifts frequency, the shadow will spread out until 
the Oscillator channel dial· is re-tuned, in which case. when 
the shadow angle is again zero, the dial of the Oscillator 
channel will indicate the new frequency. 

If the O!ICillator voltage decreases, but its frequency 
does not change the shadow angle will increase when the 
voltage changes' but re-tuning :ilone will not return the 
shadow angle to zcro. If the volta"'e increai,es hut the fre
quency doe11 not chantre, the bright areas on the indicator 
tube will overlap. When i,uch a condition exist:< the Atten
uator should be adjusted until there is a 11mall shadow 
an,rle, and the Oscillator chanhe! dial tumed t? ~ee if 
maximum signal occurs at any other scttin,r as mchcated 
b:v the shadow closing. If the shadow doe!I not close at an:v 
other position of the dial, there obviou:dy has been no shift 
of oscillator frequency. 

R.F.-1.F. CHANNEL 
The RF-IF channel is a high-,tain th1·er-stage tuned 

RF amplifier employing three 6SK7 tubes. This amplifit;r 
is followed by a diode voltmete1· tube and an electronic 
indicator tube. The signal is fed to the input jack through 
the i<pecial input cable, and full control of the level is pro
vided bv a four-position capacitive "Multiplier" and a re
sistive •• Attenuator". Three frequency ranges are proviried. 
selected hy the "Ran,te" switch. The bands cove1·ed are 600 
to 1700 kc 240 to 615 kc and 95 to 250 kc. The rectified 
output is a~ailahle at the out.put jacks throu,th suitably de
si1med circuib1 so that headphones may_ be used to de~er
mine the qualit~• of the si,tnal at the potnt under examtnl'l· 
tion, or oi,cillo11:.raphic examination may be m11de. The D. C. 
component of the output i!I solely d4:pendent _upon tbe 
carrier voltage and the Attenuator setting, and 1s not af-

RF or IF 
Volta;• 

10 be 
Meo1.uted 

fected by the percentage modulation of the signal. The 
audio component will depend on the percentage modula
tion, in addition to the factors that determine the D. C. 
output. Both A. C. and D. C. components appear at the 
phone and pin jack muked "Output." 

The coils for this channel are contained in a fully
shielded compartment beneath th~ chasaia. The three coils 
for each stage ure located in &n individually-shielded sec
tion of this assembly in conjunction with theil· associated 
switch wafers, trimmel'8, by-pa-ss condensers and connec
tions to the conei,ponding tube socket. All connections are 
made as short and direct as possible to provide the utmost 
in electrical efficiency. 

As shown in Figure 4, the signal enters the system 
through the small condenser in the probe handle. The eapa
c 1ty of tne conductor in the cable to ground, plus circuit 
capacities ii, approximately 150 mmfd. This capacity is in 
~eries with the small capacity in the prob~, so that a small 
fraction of the volh1ge at the prod tip is impressed on the 
6SK7 grid when the Multiplirr switch is in position 1. In 
position 10, additional c:ipacity is added to the circuit, 
which makes the voltage applied to the grid l / l O of that 
in position 1. Positions 100 and 1000 similarly decrease 
the portion of the test voltage which is applied to the tube 
grid. Variable resistance "R" is a cathode-bias control, 
which varies the gain of the fint amplifier tube over a 1 
to 12 range. The gain of the second and third t.ubes of the 
amplifier is constant. The output of the amplifier is detect
ed by the 6H6 diode, and the rectified voltage is passed on 
to the output jacks nnd the grid of th~ 6E5 electron-ray 
indicator tube. 

When measuring a given signal, constant amplifier 
output is maintained hy arijustin,r the Multiplier and 
cathode-bias Attenuator until the indicator shadow is just 
closed, at the same time tuning the nsonant circuits to the 
signal frequency. The number on the Attenuator multiplied 
by the Multiplier settin,r then ,rives the rt'lative voltage of 
the measured carrier. The frequency is indicated on the 
p:ang condenser dial. The Multiplier and Attenuator are 
not calibrated in micrnvolts, but a !lignal which just close!' 
the eve with Multiplier and Attenuator both set at 1 is ap
proximately 6000 microvolts. Because the input capacity of 
the prod is so small, it has a negligible de-tuning effect on 
any circuit to which it may be connected. 

The 11ensitivity of the amplifier can be increased ap
proximately 100 timrs bv . U!'ing t_he . direct-connect~d 
(audio) prod. The use of th1i< !e11d will disturb tuneri cir
cuits, but it is sati1<factorv for checking antenna11, or an
tenna coils, if the de-tuning effect i!I co!'1pensated for by 
re-tunin,r the e-an,r condem,er of the receiver. 

The RF-IF sect.ion is u11eful for checkinv: gain. distor
tien anri noise in the R.F. ,or 1.F. portion:< of re<'eivers. It 
enablel' one to m11ke listening t<-sls at any point in the re
c·eive1· ah<"ad of the dete<"tor. or to m11ke viimal tests by 
mean!< of a cathode-ray oscilloi<cope. If higher audio out
pn1 i~ requin·d than is furni!'h('d by the RF-IF channel, 
the nuriio prod mav be inserted in the pin-jack at the riv:ht 
of thl' RF-IF section, :me! thl' signal amplified by pas«ing 
throul!'h the amplifier in the "Audio" channel. the outpu.t 
beinl!' ohtained from thl' outnut jack of the "Audio" chnn
nel. The voltav:e range cnn he inl'rea!'ed by nluv:gin,r into 
the pin jRck, the test p1·od of the El_ectronic Volt171eter and 
oh~e,-vi"ll? the mc-te1 of th(' Elc<'tron1c Voltmeter m!'<tead of 
the inriicator on the RF-IF section itself. 

.. F-IF Channel 

-P'ltut• 4-

+ • Conn,actlon lo Chot.tC I+ 
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LINE CURRENT CHANNEL 
The Line Current channel, at the bottom of the panel, 

consists of a current transforiner, a calibrated attenuator, 
a diode voltmeler tube and an electronic indicator tube. 
The circuit is shown in Figure 6. 

This channel is automatically placed in operation when 
the i•eceive1· under test is plugged into the A. C. receptacle 
at the left of the panel. A current transformer that con
verts the relatively high current at almost zero voltage 
drop to a much higher voltage, imprt'saes this voltage 
across the attenuator network actuating the diode voltmetc:· 
tube and the attached electroni.c indicator. The calibrated 
resistive Amperes control provides the current reading di
rectly, when the control is set to just close the shadow on 
the indicator. The current range is from 0.3 to 3 amperes 
which will cover practically any type of receiver. 

Where the name plate on the receiver indicates only 
the wattage of the receiver, the cun-ent that the receiver 
t1hould draw can be calculated approximately from the fol
lowing formula: Cu1·rent equals wattage divided by nine 
tenths of the line volt.ace. 

-Fleur• s-

Reulver 

110111 
60~ 

IIOvott 
60 a+ 

The nine-tenths factor ia used because of the power 
factor of the average receiver. A close approximation, 
which is much mo1·e convenient to use, is to divide Tated 
watts by 100 to obtain line current in amperes or dE'cimal 
fraction thereof. 

ACCESSORIES 
The most valuable accessory for use with the Anal,.at 

is a high-quality h~ad set of the high-impedance type. The 
most ideal type is the crystal headset which has very high 
impedance and at the same time has much better fidelity 
than the conventional mapetic type. For this reason the 
former type is highly recommended. The price is rdatiYely 
low so the Serviceman should, if at all possible, obtain 11 
pair in order that he may get the best performance from 
his .Analyat. 

The second useful accessory is a cathode-ray Oscillo
graph, but if the Se1viceman does not already have one, he 
· is hardly justified in purchasing one exclusively f01· the 
benefit that he will get from its use in conjunction with 
the Analyat. The high-quality headset is fa'r more impo1·t
ant and will give him much more' information about the 
receivers under test than will the oscillog1·aph except in a 
few rare cases. 

An ohmmeter, which practically every Serviceman has, 
is practically a necessity in service work. Strictly speaking, 
1t is not an acceuory to be used with the Anal,.at, but ia 
the one additional instrument that mu<;t be employrd to 
find the faulty component in the receiver after the Analyat 
has indicated that the trouble lies in a certain very re11trict
ed part of the receiver. 

Servicing with the Meissner Ana~vst 
TESTING ROUTINE 

The Meissner Anal,.at is a powerful tool for the solu
tion of service problems but for gnatest utility and maxi
mum saving of time in diagnosing troubles in receivers, a 
definite •1'•lematic method of uae allould a.. adopted. 

Some successful servkcmen atti·ibute much of their 
success to little extra precautions taken to show that they 
1·ealize the value of .the receiver in the Eyes of their cus
tomers. One such practice 'is to return the receiver in a11, 
neat and clean a condition as posi;ible with the expenditure 
of a few momenta with a dust cloth or a'· vacuum cleaner. 
If this, or other practices designed to promote repeat busi
ness are judged desirable, it is well to ftnish them first be
fo1 e starting on the testing and repafr routine so that when 
the repair work is finished nothing fui·ther need be done 
that might accidentally disturb any of the adjustments 
made on the receiver. 

The most logical first investigation of a receiver con
cerns the source of enerinr to ope1·ate it, for without the 
ptoper energy, no radio set can operate properly. 

The secona step is to trace the signal, step by step, 
until the fault is localized to a puticulu section oi the 
receiver. 

The third step is to find the actual defective or ab
normal circuit element and re11to1·e it to its normal condi
tion. 

The fourth step, used by some Sr rvicemen who guar
antee their work for a reasonably long period of time, is 
to replace any iteni which their experienct' has shown them 
is quite likely to fail soon m a t1et of that particular make 
and age, or to replace any item that show signs of weak
nen lt'ading to early failu1·e. 

The fifth step is to align the receiver or make any 
other obvious necessary adjustments to insut·e best per
formance for the maximum length of time. 

POWER SUPPLY 
In accordance with the above outline testing routine, 

the power supply is tested first. 
If the receiver is an AC model of the same frequency 

and voltage as the A • al,.at the name plate of the receiver 
should be inspected to ddermine the normal line current, 
or normal watts input, while the A.•alyat is warming up. 
The expected normal current, if not specified, can be 
quickly estimated closely enough by dividing the rated 
watts by 100. The "Amperes" control on the Analyat 
should be set to a value approximately twenty percent 

hicher than the expected normal cunent and the receiver 
pQwer cord plugged into the power receptacle at the lower 
left-hand corne1· of the panel. The receiver should be turn
ed on, meanwhile watching the indicato1· tube in the Line 
Current channel. 

If the indicator shadolf closes and thE' bright areas in 
the indicator tube overlap, the receiver is d1awin11: mo1·e 
than normal current and probably has a defect either in 
the power supply itself, or in some part of the receiver 
that is placing a heavy load on the power supply. It is 
hardly necessary to advise turning off the 1eceiver immecli
atel,- to avoid further possible overload on the tuhes 01· 
other components. 

If the indicator _ahadow changes but little when the 
receiver is tu1·ned on, the rec-, ive1· is drawinir much leu 
than its rated power, which will usually mean either that 
the rectifier tube it< bu1·ned out, dead or not makinl!'. con
tact, or that there ii< an open circuit in the power supply. 
Pe1·haps the speaker plu11: is not making contact, the speak
er field or a filte1· choke may he open or some other 
11imilar circuit interruption ma:v be re1<pon11ible for the small 
load on the powe1· t1ansformer. 

In the case of exees11ive cuncmt input a convenient 
nuick check is to remove the rectifier tuhe 110 that when 
the power is next turned on, the only load on the power 
b"t>nsformer will be the tnhe filament~. dial lil!'ht,s and 
transformer iron los1<es. Th£se combined loads U!!ually do 
not reach one-third of the full-load current. If the1·e should 
be a short circuit in. the power transfot·mer, it is quite like
ly that the input current with the r£ctifie1· removed will be 
nearly equal to the normal current. 

The most usual )oration of failure is in the hi,.rh-volt
age windinir itself. When this occurs, the two halve11 of 
the hiirh-voltaire windin11: usually show decidedly unbalanced· 
voltages. The suspected unbalance can be quickly checked, 
using the Audio Channel in the Analjat to measure fil'llt 
one 11ide of the hiirh-volt~e winding, then the othe1·. 

The combination of hi,rh input-current with the 1·ecti
fier or all tubes removed, and unbalanced hi11:h-voltaire out
put ia a 11ure indication of power transformer trouble. A 
final ch£ck i11 rerommencfed before removinir the powe!· 
transformer JU! defective. In the final check, all con~ec-ti~ns 
from the · power t1·11m1former to the set, exce.,t the ririmary. 
11hould be disconnected. If the input current iF 11till exce11-
11ive with all connection11 open (except the primary), the 
power transformer is defective, and must be replaced. 

ThHe are onlv two conditions under whir-h II r,-ood 
transformer with no load on any second11ry windin,r can 
draw excessive primary cunent: 
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1. Operating on a frequency lower than that for which 
the transformer was designed. As, for example, a 
60-cycle transformer operating on 26-cycle current. 

2. Operating on a line voltage considerably in -excess 
of the voltage for which the transformer was design
ed, as for example, a 120-volt transformer operating 
on 220 volts. 

If the !'u1.me plate on the receiver is read carefully 
there should never be any mistake made because of either 
of these conditions. 

lo the case where a very low input current is drawn, 
the rectifier tube should be checked for possible burne.J
out filament, which is quickly done by visual inspection of 
glass tubes to see if the filament is glowing or by feeling 
the temperature of the metal envelope in the case of metal 
rectifier tubes, or by testing the filament for continuity in 
the usual manner. 

ln the case of a burned-out filament, it is logical to 
expect an unusually heavy load on the rectifier in the form 
of a short circuit or other defect in some component thf&t 
has a relatively high voltage impressed thereon. 

tf the set has been idle for a long time before the de
fect developed, it is not unlikely that the electrolytic con
densers have lost a large part of their film formation, and 
that excessive current was drawn from the rectifier in an 
attempt to form the film up to the normal operating volt
age of the condensers. This phenomenon is usual11, much 
more pronounced in wet electrolytic condensers than in the 
dry type. The condition of the el('ctrolytic filter c.:1111:l<.>r,i;er 
should be determined with a condenser test set or an ohm
meter (observing proper polarity) and condensers that 
have lost mol.'t of their film formation should be replacer!. 
After checking the electrolvtic condenser, the entire "8" 
circuit should be checked for a posrible short circuit by 
measuring its resistance to ground with an ohm-meter. A 
short circuit is immediately obvious from the meter indica
tions, and can be hunted without endan~ering 'the new 
rectifier tube if the entire "B" circuit i~ l'hecked carefully 
while noting the resistance from plus "B" to chassis. 

When the current input is abnormally low, the recti
fier tube mav have lost its emission and should be tested 
or temporarily replaced with anotha tube known to be 
good. If the tube is good and still low input current is 
drawn there is an open circuit in the "B" supply which 
must be traced until the open circuit is found and correct
ed. In this testing, it is conveni£nt to use the Electrnnic 
Voltmeter which is a part of the Analy.t. 

If the receiver is not AC operated, the power source 
should be checked in any manner appropdate to the type 
of power supplied. 

SIGNAL TRACING 
It has already been explained that the fundamental 

idea in the use o! the A.nalyat i~ to trace the signal through 
a radio receiver to check its strength and quality at each 
point at which the signal appears. 

Starting from an antenna providing a program from 
a local station or a signal generator providing a constant 
note test signal, the operation of the antenna coil ( on the 
long-wave or broadcnst band) can be checked by connect
ing the RF-IF section of the Analyat fir!llt to the antenna, 
then to the high-potenLial side of the fit-st tuned circuit 
noting the difference· in voltage at the two points. ' 

Actually in making the above test, the voltaj.!;e is 
measured between chassis and grid and between chassis and 
antenna. The ground clip of the Analy,t is therefore at
tached to the chassis of the receiver and the RF-IF prod 
touched first to the antenna, the Attenuator and Multiplier 
set to the lowest numbers to give greatest sensitivity to 
the TRF amplifier and the dial tuned to pick up the ~iq:nal. 
Resonance may be found either by listening with head
phones in the out.put jack of the RF-IF channel or by ob-
11erving the associated indicator tube. When the prod iq 
first transferred to the high-potential side of the first tune:i 
circuit, it will be nrcessary, of course, to tune the receiver 
to t~e frequency of the signal if that operation had not 
previously been done. In a rapid test, the audible differ
ence in output between the antenna and the first grid will 
probably be an adequate indication of proper perform1nce 
of the circuit but if more accurate information is desired, 
the Attenuator can be srt to just close the indicator tube 
shadow durin~ _e~ch test and the Attenuator setting ob
served, and d1v1ding the larger Attenuator setting by the 
smaller will give the approximate stage gain. 

In a TRF receiver this process is followed from the 
first grid to the detecto1·, checking gain and quality at 
each step. 

In a superheterodyne, the same procedure ia followed 
up to the .&uxer gna. ln the very popular two-gang receiv
e1s the first gna is the ~uxer grid and consequently only 
one test at ft1'' 1s possible. u the receiver has a three-gang 
condense1·, using ·an R.l'' stage, the gain should be checked 
from antenna to ltF grid and then to Mixer grid. Three
gang receivers witnout an kF stage employ a pre-selector 
wnich may be analyzed either in one step or in two, which 
ever seems most desn·able. Usually it will be found expedi
Ent to ana1yze tn1s circuit with only one step since there 
is usually little that fails in a p1·e-selector circuit. If the 
results look peculiar, the measurement of gain from the 
antenna to tne lirsl tuned circuit can be made to vel'ify 
any pecuhar results found on the over-all measurement of 
tne complete p1·e-se1ecto1· cu-cu1t. Superheterodynes wit.ti 
four-gang conuensers &l'e somewhat rare but can be 
ana1yzed in a simuar fashion up to the Mixer grid. 

In a TRF receiver, tne signal reaches the detector be
fore changing its ti-equer,cy, alter wnich the signal is in 
the audible 1·ange and ano,ner part of the Analyat, the 
Audio sect10n, must be used for further analysis, but in a 
supernetero<1y11E, tne fl't!queucy of tne signal changes in 
tne ld1xe1· tuoe, commg 011t at inte1mtdiate frequency (if 
at au) and this frequency is still in the range of the RF-IF 
section of the Anaayat but at a different place on the dial. 

The pl'obe should be hdd on the first IF grid and the 
RF-IF tune1· dia, anu range swa,ch rntated to the approxi
mal.U frequency of the Jr am1,11ifier, 1f the frequency is 
known, 01· the intermcuiatc trequency may be determined 
by tuning until the signal 1s picked up. In either case, the 
tuning should be adJusteu for maximum response, and the 
Attenuator on the RF-If' scct,on aojusted to give appro
priate sensitivity. It is to be noted that in the output of 
any Mixer the1e a1·e at 1east four frequencies, the signal, 
thr osciuatol', the sum of the two and the difference be
tween the two. lf tne set is badiy out of alignment, one 01· 
more of the undesired frequencies may be picked up. It is 
well, consequently, to listen to the signal selected, and to 
observe its frequency to be su1e that the correct frequency 
has been selected. The ampuf1cd signal (which is not the 
desired signal) is easily recognized because it is picked up 
at the same setting that was employEd in testing the an
tenna. The oscillator is easily identified bv its lack of 
modulation and the sum frequency is usually· so high that 
it will not be found. The difference f1~qutncy, which is 
t~e desired frequency, is the only frequency except the 
~1gnal frequency that is l,kely to be picked up and that haa 
the aame modulation aa the •i&nal. Having prnperly adjust
ed the Analyat to the intermediate (diffe1·ence) fiequency, 
the signal should be traced through the IF amplifiel' to the 
second detector. 

Should the signal fail to appea1· at the first IF grid, 
the failure to appear may be due to a failure of the Mixer 
to deliver any U' signal to the IF transformer, 01· because 
it delive1s the wronc interme-t!iate frequency, or because 
a failure prevents the transformer from delivering the 
signal. The simple tests to diagnose trouble in the Mixer 
circuit are dif'CU!ll..,ed in the section on "MixErs." 

If the Mixer and oscillator are functioning properly 
and the input IF transformer is satisfactory as evidenced 
by the presence of a. signal on the first IF grid, the signal 
should be traced through the IF amplifier to the detector. 

If the signal voltage can be traced through the re
ceivn to the second detector, the RF-IF and the Oscillator 
sections of the Analyat have served their functions proper
ly. Further tracing must be dnne with the Audio channel 
of the ini-trument. The latter portion of the instrument 
consists of an attenuator, amplifier, and voltmeter tube as 
described in the first par!- of this liook. With it, the signal 
can be traced from the second detectc,r through all parts 
of the audio system even to the voice coil. In some receiv
t!rs it ha~ heen found that the signal was clear and undia
tortrd at the voice coil terminals, but the sound reproduced 
by the speaker was badly distorted. The ability to trace 
the signal right up to the voice coil thus quickly established 
the fact that the trouhle was not in the receiver at all but 
happened when the electrical impulses were converted into 
1.'0Und by the speaker. 

The above description of tracing a signal through a 
receiver has pointed out a few of the ti·oubles that mitrht 
occur, b•1t has not attemptPd to describe any particular 
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cue of trouble and its method of solution because if the 
Se"iceman can locate the site of the trouble by finding 
the place where the signal either disappears, gets weak, or 
becomes noisy or distorted, it is assumed that the Analyst 
baa performed ita chief function. The location of the actual 
circuit defect such as an open or short circuit, a leaky 
condenser, a defective volume .control or the like is the 
part of the operation where the Serviceman must use hit 
knowledge of circuit theory and of service failures to help 
him locate the ium. Obviously, all of the possible servic:? 
troubles, nor even a reasonably large percentage of them, 
can be described in detail with exemples given, but some 
of the qiost common faults in each of the representative 
circuit elements are given in the following pages. 

ANTENNAS 
The performance of an antenna can easily be checke<l 

with the Analyst either as to its ability to pick up an ade
quate voltage of the desirl!d ftequency, or as to the amount 
of noise picked up. The RF-IF section of the Analyst, as 
explained previously, is a th1·ee-gang TRF receiver (with
out antenna coil) but with an audio amplifier and output 
meter (tuning indicato1·) attached. To obtain maximum 
sensitivity in testing an antenna, the black-coded (Audio) 
test lead is used to connect the antenna to the RF-IF sec
tion of the Analyst. The ground lead m'ly be connected to 
any convenient ground connection, or it may be left un
connected, in which case the power lines act as a ground 
which is a very common practice when installing re
ceiver&. The tuning dial ia then rotated to tune in the de
ah·ed station, and the Attenuator and Multiplie1· manipul
ated to just clo~e the indicilto1· shadow if an accurate idea 
of the signal strength is to be obtained. In some cases 
where there is a strong station of undesired frequency in 
operation when the test is made, there m'ly be modulation 
of the desired signal by the strong undesired signal be• 
l'llUl'e there is no ,we~e•ection ·ahend of the first tube in the 
RF-IF test channel. Ui<ually thiil will not g1·eatly interfere 
with mea:nremcnt ·of pickup, howe,•er. 

ANTENNA COILS 

Antenna coils, of themselves, are l'3ther simple de
vices, unless there are image-suppression cii·cuits incorpo1·
atcd in them. Their causes of trouble are simple and easily 
recognized. Their characte1istics are sufficiently uniform 
to ·permit easy 1·ecojl'nition of a defel'tive unit. Their nor
mal gain in a household receiver .is from 3 to 10, and in 
an auto radio, from 8 to 40, the latte1· high gains being 
obtained from coils with low-impedance t,•pe coupling 
means such as a tap on the secondary a few turns fro:n 
the bottom en,d of the coil, or such as the low-impedance 
capacity-coupled type frequ,ntly referred to as "Hazeltine" 
antenna coils. 

The most common causes of antenna coil trouble are: 
1. Burned out primaries due to lightning ~.triking the 

antenna or due to the antenna falling across an un
insulated power line. 

2. Bl'oken leads from the winding11 to the lugs caused 
by exceMive vibrntion or by actual movement of the 
lugs. 

3. High-resistance secondal"ies due to broken st1·ands in 
Litz-wire windings, whe1·e used. 

4. Shorted windings or lugs due to poor placement of 
leads during the manufacture of the coil, or due to 
poo1· workmanship and inspection <lu1·ing the assembly 
of the receiver, or due to foreign metallic particles 
lodging between lugs 01· bare conductors causing the 
short circuit. 

The circuit may fail to pedorm properly due to condi
tions external to the coil such as the following: 

1. A VC condenser open, thereby preventing the ch·cuit 
from tuning. 

2. Shorted cathode by-pass condenser or other fault re
movinir the biis from the tube thereby permitting 
current to flow due to "Contact Potential" and put
ting a load on the tuned circuit. 

3. Leakage or short circuits from grid to any other 
element in the tube or to ground. 

4. Broken connecti<in or defrctive range switch inter
rupting the tuned circuit. 

5. Shorte-d gang condenser or trimmer. 
The Aaal,-at, a signal source, and an ohmmeter should 

permit the rapid solution of any of the troubles liste<l 
abov• 

It is important to realize the difference between test
ing the antenna coil itself, and testing the coil with respect 
to the puformance of the remainder of the 1·eceiver. In 
testing the coil without reference to the 1·emainder of the 
receiver, the RF-IF section of the Analyst is first tuned 
accurately to the signal soui·ce when the prod is connected 
to the sigpal source, and then when the prod is connected 
to the tuned circuit, the recei..-er dial is tuned for maxi
mum response on the RF-IF indicator tube, not for maxi
mum responsl! from the receiver. When the receiver 
is tuned for 1;11aximum response, and the receiver is a 
superhet, the oscillator and the IF system will determine 
the tuning almost irrespective of the antenna coil per
formance, therefore if the oscillator coil is not tracking 
well with the antenna coil, the latter coil will be as badly 
mis-tuned as the oscillator is mis-tracked, and a gain 
measurement under sueh conditions will not do justice to 
the possible performance of the antenna coil. 

TUBES 
A consideration of the methods of testing the fh-st 

tube in the receiver opens up the entire subject of tracing 
signals tht·ough tubes of all types. There are a few funda
mental ideas about tubes that, if well understood, will be 
quite valuable in locating faults. 

1. If a tube is wo1·king noi·mally a reasonably exact 
reproduction of any ~-oltage applied to the input of 
the tube will be found across any impedance placed 
in the platc circuit of the tube. 

2. The reproduced voltage may be either greater 01· 
less than the impressed voltage depending upon the 
mutual conductance of the tube and the magnitude 
of the impedance in the plate circuit to the i111preH• 
ed frequency. 

3. If the impedance in the plate circuit is essentially 
constant over thc frequency ran11:e of the impressed 
siJmals, the output frcquenl'ies should bear the 11!1.me 
relation to each other as the input frequencies bear 
to each other. 

4. If the impedanee in the plate circuit changes radical
ly over the frequency range of the input signals, the 
output frequencie11 to which the plate impedance is 
the highest will show the greatest amplification. 

With the abov(• ideas in mind, it is obvious that if a 
i,:,xn11l voltage ii< imorei,sed on the grid of a tube, such as 
the &F amplifier tube, a voltage at signal frequency must 
appeu at the plate of the tube if it is working. Since this is 
true it is possible to definitely prove whether the failure 
of an RF or IF transformer to deliver output voltage is 
due to a defect in the tran!<former or whether the trans
former is not receiving voltage at its primary terminals. 

RF COILS 

RF coils are very much like antenna coils in many re
F-P( ct!! and ·can be expect.ed to have similu types of trouble 
and requil·e similar methods of checking. There is thii< 9ne 
impo1·tant difference between antenna and RF ci1·cuits how
ever: the gain of the antt nnu coil i11 independent of the 
AVC voltage on anv tube, since the gain is measured from 
the antenna to the first grid. Thus no tube is included in 
the measured <'ircuit and tht· gain of the circuit will not be 
changed by the bias on the first tube (unless the tube loses 
all of its bias and constitutes a load on the tuned circuit). 

In the case of the RF coil the measurement is made 
from the ll"l'id of the RF tube to the g1·1d of the next tube. 
The measured circuit therefore is influenced by the A VC 
voltage on the tube included in the measured circuit. For 
hil!'he11t l{ain a weak signal should he employed so that the 
A VC voltage is a minimum and the sensitivity is a maxi
mum. Under these conditions the average gain of an RF 
stage in a two-gang TRF receiver may be as hiKh as 75. In 
receivers of the !<&me type but with more sta11.es the gain
per-stage is lower, dropping down u low as 25 in receivel"!I 
with four gangs. Multi-band superheterodyne reeeivers may 
have an RF stae:c-P"ain even lower, and may be as low as 
ten. This low gain is chosen purposely so that the sensitivi
ty on the broadcast band will· be about equal to or less 
than the sensitivity on the high-frequency bands. The rea
son for this choice is that there is a great deal more ther
mal noi11e j!'enerated in the Broadcast-band antenna coil 
than in the Short-Wave-band antenna coils and the receiver 
may therefore be made more !lensitive on the Short-Wave 
bands than on the Broadca!lt band before internal set 
noises limit the us•ful sensitivity. 
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OSCILLATOR COILS 

The conventional oscillator coil is an even simpler de
vice than the average antenna or RF coil. The method of 
checking the coil itself m:ed hardly be explained. An ohm
meter is usually all that is necessary. 

To prove that an oscillator is working, it is only neces
sary to touch the probe of the Oscillator channel of the 
Analyst to the stator connection of the oscillator tuning 
condenser, and at the same time, with the Attenuator set 
for maximum sensitivity, the dial of the Oscillator channel, 
is rotated to see if any oscillator voltage is picked up at 
any frequency within the range of the Analyst. 

If a voltage is picked up, its frequency can be meas
ured most accurately if the oscillator probe is placed not 
on the stator connection itself but merely close to it, so as 
to disturb the circuit least. When the oscillator prote is so 
placed, the pickup from the oscillator circuit may be so 
low that the indicator shadow will not close completely 
and, in fact, may give only a slight flicker as the tuning 
dial is rotated through resonance, but enough indication 
will be obtained to determine the oscillator frequency. 

Another method of checking for oscillation, but one 
that gives no hint of the operating frequency, or a 
method that may be used for checking oscillators out 
of the tuning range -of the Analyst, is to check the 
voltage developed across the grid-leak of the oscillator, 
if it has one. For this test th.e prod of the Electronic 
Voltmeter channel is touched to the grid of the oscil
lator tube and the voltage measured. The isolating 
resistor in the prod handle should prevent: the measuring 
circuit from having any influence on the oscillator un
less it was in a very unstable condition on the border 
line betwecn operating and not operating. If this method 
of testing is used it is always advisable to perform the 
test in two parts. First, chlck the voltage across the 
atrid-leak, then short-circuit the oscillator tuning con
denser to observe that the voltage drops to zero when 
the condeneer is short-circuited, proving thet the volt
age measured is actually caused by the oscillation. 

The fact that an oscillator works and delivers the 
proper amount of output voltage docs not necessarily 
mean that the oscillator circuit is free from trouble 
It may be operating at 'an incoITect frequency due to 
some fault in the padding circuit, or in the switching oi 
pads in multiple-wave receivers. In hil!'h-frequency oscil
lator circuits, the frequency is sometimes int'orrect be
cause a by-pa!!s condenser has opened up, increasing the 
length of conductor in the circuit which can cause quite 
an appreciable effect when the frequency of the circuit 
is high enough, because a large part of the circuit in
ductance is in the leads themselves. 

If the receiver is operating properly up to and 
including the Mixer, the oscillator frequency should be 
eaual to the sum of the intermcdiate frequency plus the 
input-signal frequency. 

MIXERS 
If a signal is traced to the mixer grid and yet 

no signal can be picked up on the first IF grid, the 
failure may he due to several causes. 

1. The mi:1(er tube may be defective or may be 
inoperative due to absence of proper opErating 
voltages. 

2. The oscillator may not be working. 
3. The oscillator may be operating at the wrong 

frequency, delivering an intermediate frequency 
that will not pass the IF transformer. 

4. The IF transformer may be defective. 
The first condition may be checked easily by placing 

the RF-IF probe on the plate connection of the mixer 
tube and tuning the RF-IF channel to the signal fre
quency. Even though the plate circuit is not tuned to 
that frequency, @ome signal should be picked up. A lack 
of voltage at signal fn:quency is fairly good evidence 
that the tube is not amplifying, either because the tube 
is defective, because there are some open connections 
to the tube, or because the set is not supplying the 
proper voltages to the tube. A new tube can be tried 
to check the first idea, and the second and third ideas 
can be checked with the "Electronic Voltmeter." 

If a voltage at si!l"llal frequency is picked up in the 
plate circuit of tl:e tube, but no other voltave is found 
at any frequency, it is quite likely that there is no 
oscillator voltage being injected into the Mixer either by 

internal coupling, as in the case of pentagrid -0r com
posite oscillators, or from a separate oscillator tube as 
in the case where there is no oscillator action within 
the mixer tube. In the former case, the oscillator is 
obviously not working, while in the latter case the oscil
lator may be working but some circuit fault may be 
preventing the osciUator voltage from being injected into 
the Mixer. In the !attn case, the oscillator should be 
checked, as described in the section on Os~illators. 

If a voltage is found at a frequency that does not 
correspond to the intermediate frequency of the re
ceiver, the oscillator is working at the wrong frequency 
producing a signal that will not pass the IF transformer. 
In such a case the oscillator is mis-tracked, perhaps due 
to a natural drift in the oscillator padding or trimming 
condensers, •Or because of a failure in the padding circuit 
either by a shorted padding condenser if the frequency 
is below the normal intermediate fnquency, or by a 
partially open condenser if the frequency is higher than 
the normal intermediate frequency. 

If a voltage is picked up at the proper intermediate 
frequency at the plate of the mixer tube and no voltage 
11pnears at the first IF grid the transformer is obviously 
defective. 

I. F. TRANSFORMERS 
I. F. Transformers may be divided into the following 

general classes: untuned, single-tuned, double-tuned, 
triple-tuned, discriminator, band-expanding and special 
transforme1s that have some feature peculiar to them
selves to accomplish some special purpose. A few ex
amples of the latter type are transformers with taps to 
reduce the impedance connected into the plate circuit 
of a tube, or with a tap to reduce the voltage output, 
or transformers with one or more extra windings, un
tuned but closely coupled to a tuned circuit to accom
plish the isolation of the low side of a circuit carrying 
I. F. voltage, so that delayed A VC mav be obtained, or 
some other special feature accomplished. 

All the above transformers serve the purpose of 
presenting to the plate circuit of one tube, an impedance 
appropriate to develop output voltage across this impe
danc and to trar,sfer some of these voltages to the next 
tube. The band-width of frequenciu passed on to the next 
tube is a function of the amount of selectivity in the 
circuit or circuits coupled to the primary. 

The troubles likely to occur in IF transformers are 
verv much like those that can occur in RF coils and the 
method of checking the cil'cuits is quite similar. It is 
again the process of tracin11; the signal until the point 
is discovered where t1'e voltage disappears, gets weak, 
becomrs distorted or hecome11 noisy. The normal gain for 
input IF transformers converting from RF voltage on 
the grid of the Mixer to IF voltage on the grid of the 
first IF tube varies with the design of the receiver from 
20 to 100 but may varv evrn outside these limits in 
some designs. Output IF transformers for sets with 
onlv one IF stage usually have gain from IF 30% 
modulated at the la!lt IF l!'rid to audio signal at the 
detertor output of 50 to 100. ·1n makinl!' these tests, as 
in the r11se of RF stage irain, thP signals must be weak 
enou11:h that the A VC i!I inoperative or the A VC circuit 
should be blocked while the measurements are being 
made. 

The most likelv trouble with IF transformers is 
electrolytic corrosion of the primarv winding. This is 
particularly true in damp climates and in receivers having 
little heat dissipation, such as battery-operated receivers 
U!<inv 2-volt or 1 .4-volt tubes and obtaining their "B" 
supplv from battcrie!!. 

Noisy IF transformers are frequently the warning 
that failure due to corrosion is about to take place but 
this condition is not always true. 

A. V. C. 
When a service osciilator is available, the A VC 

action of the receiver should be checked since sometimH 
the trouble in a receiver can be caused by a failure in 
that circuit. With the generator connected to the an
tenna and ground terminals of the receiver, the Elec
tronic Voltmeter should be connected to each grid in 
turn in the RF or IF sections of the receiver and the 
A VC voltae;e measured at each grid at various input
signal levels. Since there is no hard and fast rule that 
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can be set down concerning the number of tubes con
tl'olled in a receiver, or the percent of available A VC 
voltage applied to each tube, the only general state
ments that can be made are the following: 

1. In a l'eceiver with one IF 11tage it is the usual 
practice to apply full AVC voltage to the IF, 
Mixer and RF tube (if any). Sets having com
posite oscillators usually have no AVC on the 
Mixer ( composite oscillator). 

2. In receivers with two IF stages it is frequently 
the p1·actice to apply only a portion of the avail
able A VC voltage to the second IF tube. This 
portion is usually one-half or one-third. In some 
receivers of this type no A VC voltage is applied 
to the last IF tube. 

3. In high-frequency receivers, or on the h i g h e r 
frequency bands of multi-wave receive1·s the A VC 
voltage is frequently removed from the Mixer 
circuit. 

TESTING SHORT WAVE OPERATION 
The Analyst contains equipment for cnecking the 

antenna and RF portions of a Broadcast receivu or the 
Broadcast portions of a multi-wave receiver, but it does 
not have facilities for checking the RF section for short
wave ope1·ation. A device is provided, however, for 
checking the operation of the short-wave oscillator up 
to 16,000 kc. If. the set does not function on short 
waves, the oscillator is working properly over its entire 
range, and tests on the Broadcast band indicate that the 
receiver is working properly overail on that band, it is 
obvious that the failure on Short Waves must be aht>ad 
of the mixer tube. With the trouble localized to that 
extent, it should be relatively simple to locate the actual 
defect. 

INTERMITTENT OPERATION 
The Analyst is particularly adapted to solving the 

troubles that exist in receive1·s that are intermittently 
operative, that is, receivers that "cut out" for no ap
pa1·ent reason. If servicing is attempted by the ordina1·y 
methods, the mere connection of test instruments fre
quently restores the set to its normal operating condition 
and many hou1·s of effort are sometimes necessary be
fore it is possible to locate the faulty unit. 

By means of the A.nalyst, which has five indicators 
to check the performance of the receiver at as many 
strategic points simultanrnusly, it is possible to localize 
the fault to a certain 1>01·tion of thP. receiver the first 
time that. the signal fades. 

Figure 6 shows a block diagram of a conventional 
i:uperheterodyne receiver and the points where the vari
ous channels of the Analyst are normally connected fo1· 
the first test on an intermittent receiver. Figure 7 
shows, in a similar type of diagram, the most logical 
places to connect the indicators to a conventional TRF 
receiver. 

The controls can be set so that all four indicator 
1thadows just close and the Voltmeter reads the AVC 
voltage. Th£n, if a fault occurs, the appearance of 
11ome, or all, of the indicators will change, indicating the 
portion of the receiver in which operation is not normal. 
In other words, all of the necessary test instruments 11re 
connected to the receiver before the fnult occurs so that 
.they may be observed during the faulty operation of the 
receiver without disturbin~ the set. Formerly the diR
turbance occasioned by connecting test instruments fre
quently restored normal operation, and stopped any 
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chance of finding the defective part until the next fade, 
at which time again the process of testing may have 
restored normal operation making it virtually impossible 
to find the defective part except by sheer good luck or 
by the expenditure of a prohibitive amount of time. 

If the last indicator that shows normal signal, an.:l 
the first indicator that shows abno1·mal signal, a1·e sep
amted by several circuits or stages, it is usually possible 
to attach the test prods to points closer together for the 
sct"ond test to restrict the part of the receiver under 
test so that on the second fade the' defective part can 
be located more closely. Sometimes a third operation is 
possible, narl'owing down still more the region that must 
be cloRely inspet"ted for the faulty unit, but usually the 
region is so restricted bv the second test that it is a 
simple matter to locate the defective part. 

The points to which the indicators are connected 
for the second test will occur naturally to the Service
man after observing which indicators ·showed abnormal 
signal in the first test. 

NOISE 
Noise in. a radio rec~ive1· may come from any one 

of the following sources and, perhaps more: 
1. Noise in the t1·ansmitted program, which is very 

t·are except for undesired hum that often accom~ 
panics the use of temporary lines to connect an 
out.<1ide pickup to the studio. This is especially 
likely to happen if a storm has disrupted the 
normal line sel'Vice. 

2. Noise picked up on the antenna with the signal. 
Such noiRe is generally locally produced by spark
ing electrical equipment auch as elevator control 
panefa, X-Ray equipment or diathermy machines. 
Occasionally static generated by heavy belts on 
rotating machinery may · cause trouble but usually 
the atmospheric conditions must be exactly 1·ight 
for the 1>rorluction of enough electricity to be 
objectionabl,;,. Smoke and dust precipitators and 
ozone generators fl'equently produce coni1iderahle 
interference if the antenna is close enough to such 
sources. 

3. Noise voltae:('s mav be strong on the line supplyina
power to the radio set. and since many receivers 
11se no ground connection but relv on the power 
lines to provide a g1·ound connection, any noise11 
on the line arrivine: at the- receiver travel th1·ough 
the primary of the antenna coil out onto the 
antenna and produce · in th~ receiver almost as 
much noise as if the noise had originatt>d in the 
antenna and traveled through the conventional 
pnth to ground. 

4. Noi11e of thermal ag-itation i11 produced in the 
eonductors of all the tuned circuits, but only that 
produced in the first eircuit is usually of any 
i~portance since the noise produced at that point 
has the maximum amount of amplification follow
inl!.' it. The first, and in some cases the- second 
tuhe, produces 110 much noise that the noise con
tributions of the 11econd and succeeding tuned 
circuits can usually be neglectt'd. It is only when 
listeninl{ to verv weak signal11 that this type of 
noise is bothersome. It is this noise that limits 
the ultimate useful sensitivitv of a receiver. 

Occasionally a receiver will give evidence of 
this kind of noise and will l!'ive a weak respon11e 
on a strong local station. When this OCCUN it 
is quite certain that there is nmr, interruption ef 
the signal that prevents the ~tnr !rem delivPr-

Siimal 
generator 

Audio 

FIC. 7 
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ing a normal signal to the first grid, or even to 
the second grid (in 1·eceivers with high srnsitiv1ty). 
Noise may be actually generated in - the receiver 
by high-resistance leakage paths acros~ high
impedance tuned circuits. This leakage may be 
inside of a vacuum tube or may be across any 
piece of low-grade insulation that happens to be 
lCJcated in a strategic place 
Noise may be generated by some -if the more 
common agencies such as loose welds m the tubes, 
loose connections in the receive1·. or nmy even be 
generated by such agencies as tire voice coil of 
the speaker short-circuiting to the pol.i pict:e as 
it vibrates. High powered receivers have even 
been seen to generate sparks in the air-gap of 
the speaker as the voice coil rubbed aguinst t'he 
pole piece with one side of the circuit purpos~ly 
grounded because of certain design consi<leration:s. 
Noise may be generated sometimes only wht>n 
some part is in motion, as a tuning condenser that 
Is barely short-circuiting as it is turned, the wave
band switch may have dirty contact!, the wipers 
on the condenser shaft may bi· dirty. or on a 
sensitive l't>ceiver, the motion of sonw parts in 
the drive may generate noise hy intermittent con
tact in much the same way as a screwdriver point 
drawn lightly over the chassis of a scn!dtive r•?
ceiver will generate noises tht1t are reaimnahly 
loud if the set is operating at maximum sensitivity. 

In testing the receiver for noise, the same 
signal-tracing procedure is followed as in the case 
of checking a signal, but in th;s case the receiver 
is tuned to no station so that the noise may be 
heard most stronl?ly. The point in the set at 
which the noise firo:t makes its appearance can 
easily be found and appropriate steps taken to 
remedy it. 

In the case of a strong hum on all stations in 
place of an intermittent cracklin11: noise, it may 
be necessary to make the test with the receiver 
tuned to some station because the hum modulation 
may not occur without the presence of a carrier. 

DISTORTION 
Distortion can occur in almost any tube in a re

.:£iver. It is usually confined, however, to the stages 
working at relatively high levels such as the diode driver 
tube, the detector or the power output tubes. The place 
where the distortion occurs can easilv be found bv care
ful listening with the aid of the appropriate section of 
the Analyst in exactly the same fashion as tracing a 
!<hmal through the set to chcck for appropriate gain
per-stage. If an oscillograph nnd a si:mal generator are 
available, the constant tone and wave shape of the signal 
from the signal generator may be applied to the input 
of thf' receiver and the oscilloj!'l·aph may he used in 
eonjunction with_ the appropriate channels of the Analyat 
to check the wave 11haoe at each tube in the receiver. 
This method is partirularlv recommended to tho11e Srr
vicemen who have little abilitv to recoy:nize distortion 01· 

who may have defective hearing. In such cues it will 
be neces.qa1·y for the Serviceman to h'lve izomcor,e with 
keen hearim!' listen to a siimal that looks milcllv dist.orted 
on the oscillograph and obtain some idea of how badlv 
di11torted a wave may be before it sounds objectionable 
to some one with good hraring. 

Three of the most likely causes of distortion are 
li11ted l\ere below: 

1. Leaky coupling condensers in the audio circuit de
creai,e the normal bias of the tube whose grid is 
connected to the defective condenser. In some 
ca11es the leakaJre is larll'e enough to make the 
grid actually positive which will make the nuali•v 
very bad and in many cases will quickly ruin the 
tnhe, espe<"ially if the tube is an output tube. 
Tl>e ex<"f'i<sive current drawn '.inav damal"e the rec
tifier tube or powrr trani,former as well. 

2. An open fixed tone-control condenser in the pl11te 
<"ircuit of a pentode output tube will allow tht> 
harmonics generated in the tube to be rrnroduced 
in accentuated amount causing a particularly ob
ject•onable t:voe of distortion. 

3. At high 11ignnl leveliz, receivers having a diode de
trrto~ may i<h<lw h<1d di!'tnrtion at the diode or at 
the plate of the diode driver tube because of the 

inability of the tube to drive the diode when op
erating with high AVC voltage. The remedy in 
many cases is to divide the AVC voltage and 
apply to the doide driver tube only one-third to 
one-half of the available voltage. 

SPECIAL CIRCUITS 
In receivers employing separate AVC amplifier or 

detectors for the purpose of supplying amplified 01· de
layed A VC action, the process of tracing the signal is 
no different than in the conventional receiver, except 
that there is the additional branch circuit to trace. 

In receh1ers employing AFC there is almost always 
a switch to place the set in conventional operation in 
which state it ia as easy to trace the progress of the 
signal as in the standal'd type of receiver. Having proven 
the operation of the circuit satisfactory in the conven
tional anangement, it is then easy to check the action 
of the AFC circuit. 

Receivers employing "Q" or noise-suppression cir
cuits can be b·aced through at relatively high signal 
inputs so that the suppression circuits are sure to be 
unlocked if wol'king p1·operly, and then the action of 
the sappl'cssion circuit may be checked by means of 
the E1ectronic Voltmeter as the signal level is changed 
permitting the supprel!sion circuit to operate. 

ALIGNMENT WITH THE ANALYST 
For alignment purposes, the Analyat can be con

vcnie11t1y used either w1th a calibt·ated test oscillator or 
with a re~eived signal of known frequency. If the re
ceiver to be aligned is of the TRF type and has merely 
drifted out of adjustment it will probably have enough 
sensitivity to operate the speaker when the signal is fed 
into the antenna and ground terminals of the receiver. 
In such a case, the Audio prod is connected to some con
venient point in the audio system furnishing audio vol
tage, and the Audio channel used as an output meter. 
The receiver is then aligned in the conventional manner. 

If the receiver is quite far out of adjustment or if 
no signal is available strong enough to give output from 
the speaker for alignment purposes, the RF-IF section 
of the Analyat may be used in the folJowing manner: 
Set the receiver dial to indicate the frequency of the 
station or signal used for alignment. Set the gain con
trols on the RF-IF channel for maximum sensitivity. 
<.:qnnect the prod of the RF-IF section to the plate 
of the first tube in the receiver and tune the RF-IF 
amplifier to the frequency of the desired station. The 
antenna t1 immer is then adjusted for maximum signal. 
The prod may then be moved to the second plate circuit 
and the second grid circuit aligned. This' procedure may 
be followed as far as necessary, reverting to the Audio 
channel as an output meter if more convenient. 

If the receiver is a superheterodyne the RF-IF 
probe should be clipped to the plate of the mixer tube, 
the receiver dial set to the known frequency of the 
i<ignal used (somewhere near 1400 kc or any other fre
quency specified by the manufacturer as the alignment 
frequencv), tt-e Analyst tuned to the same frequency, 
the osciJlator blocked by short-circuiting its tuning con
denser, and the antenna and RF trimmer!', if any, ad
justed for maximum response. The RF-IF channel should 
then be tuned to the intermediate frequency specified 
hv the manufacturer, the short-circuit removed from 
tht> os~illator tuning condenser and the oscillator trim
mer adjusted until the signal in the RF-IF channel is 
maximum. The Analyst is then tuned to a signal near 
600 kc when the prod is connected to the antenna. The 
prod is then moved to the mixer plate, the oscillator 
Ftopped and the receiver tuned for maximum response. 
The Analyat is then set to the same intermediate fre
quency as before and the oscillator padding condenser 
adjusted for maximum responr.e i.n the Analyst. Since 
the 600 kc adjustment changes the 1400-kc adju11tment 
slightly, it is wise. to readjust tqe trimmers at 1400 kc. 
By foJJowing the "above pr<lcedure it is not necessary to 
rock the gang condenser while adjusting the padding 
condenser. 

TJ,e IF amplifier i11 then ali,med bv ad.iusting the 
input-IF trimmer with the prod of the RF-IF tuner on 
-,1,e olate of the first IF amolifier. If the set ha.'! two 
IF r.tage11, the prod is then moved to the second-IF plate 
and the 11ccond IF transformer trimmed. The Audio 
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prod is attached to any convenient . point in the audio 
system for adjustment of the output-IF amplifier. 

AC-DC RECEIVERS 
In normal operation, on an AC receiver, the ground 

clip of the Analyst is attached to the chassis of the 
receiver and permitted to remain there during the en
tire testing of the receiver. When AC-DC receivers are 
tested it must be remembered that the operating circuits 
of the receiver are not isolated from the line and there
fore the Analyst cannot be connected to the chassis or 

the minus "B" connection in the receiver and at tbe 
same time rest on a grounded metal table without exces
sive danger of trouble. If all parts of the work bench 
and the floor are of insulating material or of DRY 
wood and there are no grounded objects around such u 
a radiator or sink, it is reasonably safe to use the 
Anal:,.t on AC-DC sets with the same facility as on 
straight AC sets, but it would be unquestionably better 
practice to use a well.insulated one-to-one ratio isola
lating transformer to supply power to the Analyat and to 
the AC-DC receiver. 

PERIODIC ADJUSTMENTS 
As in almost any electronic instrument, an occa

sional adjustment is necessary to assure its greatest ac
curacy. Instructions are given below for making the 
necessary adjustments to keep the Meissner Analyst al
ways at peak efficiency. 

The Electronic Voltmeter circuit, once properly ad
justed, will hold its adjustment for long periods of time. 
lf, however, it becomes necessary to replace the 6C5 
voltmeter tube, a slight re-adjustment will be necessary 
to assure the greatest accuracy. 

The Electronic Voltmeter has two adjustments, the 
Zero Set on the front panel, and the Voltmeter Sensi
tivity Adjustment at the rear of the chassis. The sim
plest method of adjustment is as follows: 

With the Range Selector set for the 5-0-5 volt 
scale, adjust the Zero Set for zero reading on the 
meter and apply the prnd to a known ,·ol~ge of 4 to 5 
volts. This voltage may conveniently be a 4 ½-volt "C" 
battery whose voltage has been previously measured with 
a conventional 1000-ohms-per-volt metel. If the meter 
does not indicate the corrt!ct voltage, adjust the control 
on the rear of the chassis until 11. does. Remove the 
prod from the battery and re-adjust thL! Zero Set control 
for zero meter reading. For greatest accuracy, this 
procedure should be repeated several times, adjusting 
the Sensitivity Control on the rear of the chassis with 
the p1·od on the battery, then adjusting the Zero Set 
control with the prod removed from the battery. This 
is advisable because each of these controls has some 
effect on the other. 

The Voltmeter, once adjusted on the lowest scale, 
is subject to further small errors on the higher scales 
because of the tolerance on the resistors making up 
t h e multipliers. Even with the error.3 caused by 
slight deviation of the multiplier resistors from their 
theoretically correct values, the voltage _values read on 
high-impedance circuits are usuall;K a great deal more 
accurate than with an absolutely accurate meter of 
1000-ohms-per-volt resistance connected in the sam~ 
place. The latter instrument would load the high-impe
dance circuit so heavily that the meter would not 
give indications representing operating circuit conditions 
but would read the disturbed condition caused by the 
voltmeter loading. 

Greater accuracy on the multipliers is possible with 
wire-wound resiston:; but the cost is prohibitive when 
resistances of such high value as ten megohms are used. 

The Oscillator section is operative without adjust
ment but has trimmer condensers so that each ranll'e 
may be made to indicate the frequency to which the 
oscillator section is tuned. Since the frequency of a 
signal is sometimes the only evidence of trouble in a 
1·eceivP,r, it is wise to ad;ust calibration as accurately as 
possible. Signal generators. that have been in use for 
some time should not be relied upon to be cerrect in 
frequency, but should be checked for accuracy before 
being used as frequency standards for adjusting t)ie 
calibration of the ANALYST. 

The range switch should next be set to the proper 
band, the black test cable should be plugged into the 
Oscillator input jack, the prod connected to the output 
terminal of the signal generator and the ground lead 
from the ANALYST connected to the ground post of 
the signal generator. The attenuator should be turned 
counterclockwise,• th~ dial and the signal generator should 
be set to the proper calibrating frequency and the cor
responding trimmer on the small coil adjusted for mini
mum shadow angfe. If the generator output is more 
than enough to close the shadow, the attenuator should 
be adjusted so that the eye nearly closes, since a narrow 

shadow angle promotes accuracy of adjustment. The 
aligning frequencies and trimmer positions are given 
below. 

CALIBRATING TRIMMER 
BAND FREQUENCY POSlTION 

1 12.0 MC Bottom 
2 4.0 MC Middle 
3 1.4 MC Top 

The black test lt>.ad is used in the operation above 
to get enough sensitivity to operate from the signal 
generator. Ordinarily when checking the voltage from 
an oscillator tube, the brown test lead should be used. 

The RF-IF channel requires practically_ the same 
accuracy in frequency calibration as the Oscillator sec• 
tion. Accordingly, a signal generator should be used 
in adjusting the RF-IF channel so that it has an accurate 
frequency calibration. 

The connections from the signal generator to the 
ANALYST are the same as for the Oscillator adjustment 
except that the cable with the red tracer is used and 
is plugged into the input Jack of the RF-IF test panel. 

The RF-IF tuning assembly consists of a three stage 
TRF amplifier without an antenna coil and is aligned 
tn exactly the same manner as a TRF receiver. 

The range switch should be set to the desired 
range, the RF-IF tuning knob and the signal generatot 
set to the proper aligning frequency and the trimmen 
adjusted for minimum shadow angle on the RF-IF tuning 
indicator. The trimmers are reached through holes in 
the coil shield. The isolated holes at one edge of the 
unit are for band 1 trimmers, the center holes for band 
2 and the remaining holes are for band 3. The aligning 
frequencies are listed below: 

BAND ALIGN AT 
1 200 KC 
2 530 KC 
3 1400 KC 

As the aligning pr9gresses and sensitivity improves, 
the attenuator and multiplier should be adjusted to keep 
the indicator shadow angle very narrow, thereby ob
taining greatest sensitivity of indication. 

In order to calibrate the Line Current indicator with 
the greatest precision, an accurate AC ammeter is neces
sary, but since the normal power consumption of most 
receivers is not accurately known, the necessity for ex
treme accuracy is less urgent on this calibration than 
on some of the other calibrations. Therefore if an AC 
ammeter is not available, the calibration can be made 
with acceptable accui:acy by setting the calibrating con
trols when a soldering iron of known power input or a 
lamp of known wattage is connected to the power socket 
in the ANALYST. The current drawn by any resistance 
load such as a lamp or soldering iron is quickly de
termined by dividing watts by line volts; for example, 
a 100 watt soldering iron at 115 volts draws 100 divided 
by 11 Ii or .87 amp. approximately. 

Check the arc of rotation of the line current pointer. 
It should stop exactly at the last line at the high-current 
end of the travel. If it does not do so, it should be so 
adjusted. 

Set the poin,er to indicate the current being drawn by 
the load, whether radio set, lamps, soldering iron, or what 
not. The value of current either being measured on an 
AC ammeter or calculated as described above. 

Adjast the line current calibrating control at the 
bottom and rear of the chassis until the tuning indicator 
shadow just closes. 

The audio channel requires no calibration or ad
justment. 
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FOR OPERATION OF THE 

SIGNAL CALIBRATOR 

"This ,aJibrator is presented in this ma,,11aJ only as a general g11ide in the ,onstr11,1ion of Amateur Gear. The essential parts 
whfrh are available from Thordason-Meissner are marked • 011 the diagram." 

The rules of the F. C. C. prov:de 
that the licensee of an amateur sta
tion shall provide for measurement 
of the transmitter frequency and es
tablbh procedure for checking It reg
ularly. The measurement-"shall be 
made by means independent of the 
frequency control of the transmitter 
and shall be or sufficient accuracy to 
assure operation within the frequency 
band used." 

Since It Is known that most receiver 
calibrations cannot be relied upon 
Wi!h sufficient accuracy to satisfy the 
Commission requirements, and since 
most operators are not content to 
work well within the band. but prefer 
rather to work close to the edge of 
the band, a device of high accuracy 
Is required to satisfy both the ama
teur's desire to be near the edge and 
the Commission's requirement that 
operation be confined within the fre
quency band used. The Meis3ner 
Signal Callbrator Is a device that an
swers not only the requirement of 
marking the edges of the main ama
teur bands accurately, but marks also 
the edges or the phone sub-bands and 
provides markers every 10 kc so that 
Interpolation may be used with con
fidence to ,find the frequency of any 
station within, the band, since the 
frequency markers are spaced at suf
ficiently close Intervals to virtually 
eliminate the curvature of the tuning 
curve a• a corltrlbutlng factor to er
rors In frequency measurement. Only 
one amateur band edge Is not accur
ately marked, the low frequency edge 
of the 160 meter band, but marker!! 
are provided at a separation of only 5-
kc above and below this edge (1716 
kc) ao that even this band edge can 
be determined with a high degree or 
precl• lon. 

The fr~uency 1tafldard 11 a sllnr
plated quarts bar clamped between 
knife edsea. This rather expenalYe 
conatructlon la uaed In preference to 
the more conventional pressure type 
or air-gap type of crystal hoider In 
order to avoid frequency modulation 
of the crystal due to the vibration 
or the chassis as the various switch 
buttons are operated. An air-dielec
tric condenaer Is connected acrosa the 
crystal to permit the frequency of 
oaclllatlon to be shifted o·nr a ranee 
of about 16 cycles either aide of ex
ac,tly 100 kilocycle•. 

The 50-kc aerie• of harmonica l1 
o'lltalned from a multlribrator con
tro1led by the 100-kc bar. It• fre
quency la exactly one-half of the crys-
tal frequency, and therefore It bu 
the aame percentage accuracy of cali
bration a• the cry• tal. 

The 10-kc serlea of harmonic• I• 
obtained from a second multlvlbrator 
circuit, controlle,t bJ' the 60-ltc multi-

vibrator, which generates a series of 
harmonics at 10-kc Intervals, all as 
accurate In frequency as the 10-0-kc 
crystal. 

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

Modulation i• accomplished by 
placing a 60-cycle AC voltage on the 
suppressor grid of one or the ampUfler 
tube•. 

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

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

The Signal Calibrator Is tested and 
sold with a proper set of tubes In 
place. It Is recommended that at 
least the multlvibrator ( 6N7G) tubes 
be left in their proper sockets. If the 
tubes are Interchanged. the multlvl
brator may require readjusting since 
they are used In a manner not covered 
by the usual production Inspection of 
tubes. More variation may be ex
pected or tubes in the multlvibrator 
cir~ult thap In normal amplifier serv
ice. Complete Instructions are given, 
how.ever. for adjusting the device 
• hould It get out or adjustment acci
dentally or requfre replacement or 
tubes. 

The tube complement l1 as follows: 
6K8 crystal oscillator. 6SK7 buffer 
amplifier, 6N7G 50-kc multivibrator, 
6N7G 10-kc multlvlbrator, Z-1862 out
put ampllller•, 6X5O rectifier. 

ACCURACY 

The Mela•ner Signal Calibrator Is 
capable of extreme accuracy If prop. 
er)J' adju,ted and If u•ed at the prop
er temperature. The o,clllator circuit 
uNd with the cry• tal l1 one that Is 
practically Independent of llne-volt
aire ftuctuatioll•; therefore, the char
actert.tlea of the ,1ry1tal lt.Nlf larirelJ' 
d,termln~ the _JtabllltJ' of the unit. 

Since tlae ery• tal has a •mall tem
perature characterlatlc, the equip
ment •hould be uaed at a• near coll
atant temperature u po111ble, or It 
• hould be calibrated under the temper
ature of uae If the equipment must be 
uHd under extr•••• of heat and cold. 
Ample ventilation makes tbe actual 
• blft In frequenoy durlnir the warm
up period very •mall and the warm-up 

period short. For a high degree of 
accuracy It Ii; recommended that the 
warm-up period be at least 1h hour. 

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

FREQUESCY STANDARDS 

Since any highly precise standard 
or frequency must be adjusted under 
actual service conditions If maximum 
accuracy is to be obtained. the Signal 
Calibrator should be adjusted after 
being placed in operation. 

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

With this wide choice of stations 
there naturally comes the question of 
which stations are the best to use as 
frequency standard3. It i;eems a safe 
rule to asslune that the highest-pow
ered stations have the best equip
ment and consequently maintain the 
greatest accuracy of frequency, but 
this is only an assumption that should 
be verified before being used. Actu
ally the best standard· of frequency 
against which to adjust the Signal 
Calibrator Is tbe Standard Frequencv 
Service broadcast frequently ( almost 
dally) by the Bureau of Standards 
Station WWV at Washington, D. C. 
This station has a schedule of trans
missions on various frequencies !IO 
that the user of a Signal Calibrator 
should be able to pick up at least one, 
If not several of the atand.ard frequen
cie• broadcast regardle11 of hi• loca
tion. The •chedule of tran1ml11lon 
may be checked agaln• t the publl•hed 
data on WWV In QST Magar.lne. 

THE CIRCUIT 

The circuit of tile 81snal Calilwatw 
la shown In Fig. 1. ID thll dlairram 
the Yarlous part• of the circuit are 
segregated to facilitate under• tand
tnir It. 

The o•cillator, ahown on the left 
• Ide of Fig. 1, I• extremely stable 
asatn•t frequencJ' Yariatlon• lndace4 
by· llne-voltase chanire• or agasut 
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Cr:,stot 
01cllloto1 

Buffer 
Amplifier 

Ooe .... ., ... __ ,. --··-
changes caused by tbe reaction of cir
cults following the oscillator. Its 
principle uncontrolled variation l:i 
ca-used by tem•erature changes In
fluencing the crystal lt;;elf. Its only 
controlled change In frequency Is ef
fected by shifting the capacity of a 
small air-dielectric condenser that Is 
connected In parallel with the crystal 
for that purpose. 

The buffer amplifter, shown next to 
the osclllator portion of the circuit 
serves the purpose of providing satis
factory selection of the 100-kc funda
mental and suppres3lon of the unde
sired harmonics so that the following 
multlvlbrator circuit may have ~ 
wave of good shape to control Its fre
quency. Setting the adjustments In 
their mid-point gives reliable stable 
operation. 

The circuit of the 50-kc multivl
brator la shown In Figure 1 next to 
the buffer ampllfter. Examination of 
the circuit wlll show It to be of con
vent:onal type. The frequency adjust
ment Is made by varying the capacity 
of the coupling condensers. The con
trol voltage 13 Injected In series with 
the low end of both grid leaks. 

The fundamental circuit of the 10-
kc multlvlbrstor Is similar to that of 
the 50-kc. The unusual feature of 
both multlvibrators Is the method of 
coupling them togethei;.. A mutual 
Inductance in series with the plate 
circuit of the 50-kc multlvlbrator and 
the grid circuit of the 10-kc multlvl-

SIGNAL CALIBRATOR 
50 KC 

Multivibrator 
6N70 401t 

10 KC 
Multi vibrator 

Output 
Amplifier 

@Q • ltYO,o~- 0 
tlY O IHI 

INTG 

~ 
IOOKC IOKC 10 IIC 

,. .. ___ "' 
~ ... , .. .,.

Figure 

brator delivers to the grid circuit of 
the 10-kc multlvlbrator a sharp pulse 
at the beginning of each plate current 
cycle. It ts these sharp pulses, applied 
to the grid circuits of the 10-kc multl
vlbrator, that maintain synchronism 
over a wider range of adjustment of 
coupling condensers In the 10-kc cir
cult than could be obtained without 
such aid. 10-kc atablllty Is therefore 
maintained to the extent that no nor
mal line-voltage fluctuation wlll dis
turb the freqllency of the 10-kc multi
vibrator and that portion of the Instru
ment may be started and stopped at 
will with the as•urance that It wlll al
ways pull Into Its proper operating 
frequency when turned on. 

The output ampllfters are high mu
tual-conductance television tubes In 
an aperiodic circuit which has been 
dealgned to auppres• the low frequen
cies to aome extent since they are 
naturally the atrongest harmonics and 
do not require much ampltftcatlon. 

AUDIO MODULATION 

Audio modulation la available ou 
all frequencies without any trace of 
frequency modulation because It 111 
Introduced after the slgnala have 
passed through adequate Isolation In 
the form of buffer amplifier stages. 

The modulatln.fi frequency Is 60 
cycles because this frequency la avail
able without the use or the extra 
tube that would be required to gen
erate any other frequency. 

.... --
o .... , 

• 1500 KC Coils 16-8092 
Power Xformer 19465 
Filter Choke 19256 

Because of the fact that the modu• 
lating tube Is alao used as a variable
gain amplifier, the modulating char
acterlatlcs of the tube are not con
stant but vary with the aettlng of the 
output control. As the 011tput la In
creased, the modulating efficiency la 
reduced and the percentage modula
tion on the algnal Is lowered. As the> 
output ·1s reduced, therefore, the per
centage of modulation Increases. Un-• 
der some conditions, the signals are\ 
over-modulated and aound quite 
ragged, but the Modulation control 
can always be retarded until the d~
sired degree of modulation ls ob• 
talned. 

If the modulator tube la ope1·ated 
at fixed bias, so as to maintain con
stant modulating efficiency. the out
put variation possible with control 
voltage on only one tube la ln1ulll
cient. 

The tact that the modulating volt
age Is Introduced Into the output am
pllfter, together with the fact that 
there naturally 111 some radiation di• 
J"ectly from the oscillator and from 
the multlvlbratora, means that, es
pecially at the low frequencies, the 
output may be fairly large before 
modulation Is po111lhle. Jt 111 obvious 
that there must be output from ihe 
amplifier over and above the direct 
signal radiated from the oaclllator or 
rnultlvibrators before modulation 111 
possible. This phenomenon drops otr 
rapidly with Increases In frequency 
and usually la not of any consequence 
In the Amateur Banda. 
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CALIBRATION 

The Slanal Calibrator la adjusted 
at the factory to have the appropriate 
harmonic at zero beat with the Stand
ard Frequency tran11ml11lon from 
WWV but It can be expected that thia 
adjustment may change slightly dur
ing shipment and handling. It Is de
• lrable therefore to check the calibra
tion when first set up and at intervals 
thereafter. 

The Signal Calibrator bas been built 
In a<.'cordance with the beat engineer
Ing practice short of temperature con
trol on the crystal which was avoided 
because of expense. The slight tem
perature coefficient should therefore 
be recognized when considering ex
tremely accurate measurements. The 
Nll'lpon~lblllty for the a.cc-y of the 
Signal Calibrator re~ts with the useT. 
Be must adjust It and check Its ac
curacy from time to time, the lnten'als 
between l'hecks being governed by the 
aCCW"a.cy ·demanded. 

The llrst step In calibrating Is to 
choose a standard of frequency. Hav
ing made the choice, tune in the 
11lgnal on any receiver sufficiently 
sensitive. It Is highly desirable to 
use a receiver with some kind of a 
tuning Indicator so that a true zero
beat may be obtained . Very few re
celters will reproduce as low as 
thirty cycles and still fewer people 
can hear this frequency which Is still 
an appreciable difference from zero
beat particularly If the comparison Is 
made at a relatively low frequency, 
since the error In zero-beat setting 
ts multiplied In proportion to the ratio 
of the desired high-frequency point di
vided by the frequency on which 
standardization la being accomplished. 
In other words-If the admitted zero
beat error Is thirty cycles at 700 kilo
cycles the error at 28 megacycles ls 
1200 cycles. 

In the event that a tuning Indicator 
ls not available or cannot be connect
ed to the receiver, a person with keen 
hearing can check zero-beat by the 
rise and fall In signal strength as the 
voltage from the Signal Callbrator 
alternately aids and opposes the volt
age picked up from -the station chosen 
aa the frequency standard . It will be 
necessary to adjust the output of the 
Signal C.allbrator, or the degree ot 
coupling between the receiver, and the 
calibrator or the antenna, In order to 
get the best beat note effect. If at 
all possible, the visible method of 
sero-beat determination ls preferred 
above the aural method because In
herently greater accuracy la po111lble. 

Having found the proper method 
of getting a satisfactory beat note, 
the 100-kc adjustment on the front 
panel Is adjusted for zero-beat after 
an appropriate warm-up period. A 
minimum of ½ hour Is recommended 
for high accuracy. If there are dras
tic changes In room temperature or 
audden drafts across the Calibrator 

a few cycles shift In frequency can be 
expected ln the amateur bands, be
coming progreeslvely leas as the fre
quency selected Is lower. 

ADJUSTING MULTIVIBRATORS 

A frequency-dividing multlvlbrat.or 
Is oue whoae natural uncontrolled 
cycle la longer than the desired con
trolled Interval, and which cycle ls 
shortened by the application of the 
controlling voltage. The first step In 
adjusting a multlvlbrator Is therefor3 
to remove the controlling voltage. If 
the 50-kc muttlvlbrator Is to be ad
justed, the crystal controlled voltage 
Is removed which la most easlly ac
complished by removing the crystal. 
Should a receiver be available that. 
will cover the range 50-kc to 100-kc 
the output frequency of the uncon
trolled multlvlbrator can be checked 
directly with the receiver. IC only a 
Broadcast and Short-Wave receiver 
ls available, the harmonics ot the 
uncontrolled multlvlbrator are picked 
up on the receiver on Its lowest fre
quency range so that the greatest 
dial separation Is obtained between 
harmonics. If the frequencies of a 
number of harmonics are determined 
by the calibrations on the dial, the 
base ( uncontrolled natural) frequen
cy of the multivibrator can be de
termined by the average of the dif
ferences between adjacent pairs of 
harmonics. Actually the base fre
quency Is equal to the frequency dif
ference between any two adjacent 
harmonics but the average Is recom
mended to compensate as much as 
possible for the receiver calibration 
t'!rrors. The trimmers on the 60:ke 
multivlbrator should be adjusted (ap
proximately In equal amounts) until 
the base frequency Is somewhere In 
the neighborhood of •o kilocycles. If 
the crystal Is now Installed the multi
vibrator will be pulled into a Z to 1 
frequency ratio with the controll1ng 
voltage and will consequently 1"ork at 
60 11:c. 

The 10-kc multlvlbrator Is adjusted 
ln a similar manner, removing the 
50-kc multlvlbrator tube and the 
crystal so that there can be no volt
age to lnftuebce the natural uncon
trolled period. The multlvlbrator Is 
adjusted to have a frequency slightly 
lower than 10 kilocycles and when thP 
50-kc multlvlbrator tube and the crys
tal are Installed the 10-kc multlvl
brator should operate at 10-kc con
trolled by the pulses from the 50-1:c 
source. Because of the fact that the 
10-kc multlvlbrator Is operating at 
considerably greater fre1111,.11~y-1Jivi11-
lon ratio than the 50-kc mulliv;brator, 
6 to 1, Instead of 2 to 1. the range 
of adjustment giving satisfactory op
eration Is more limited In the 10-kc 
circuit than In the 50-kc circuit, anil 
accordingly the 1 0kc multivlbrato,· 
may not pull Into proper relation with
out slight readjust men ls of the low
frequency coupllfli condensers. The 
proper adjustment is obtained when 
there are four carriers IM-twN·n ad
jacent 60-kc harmonics. The 50-kc 

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

If a cathode-ray oecillograph Is 
available the fastest method of ad
justing the multlvlbrator coupling 
cu11d1msers le to use Li3sajous figures 
on the cathode ray tu bes when one 
set of deflection plal'cls Is connected 
to the 100-kc source and the other 
Is connected to the 50-kc circuit wh:le 
adjusting the 50-kc coupling condens
ers, and then connecting the oscl\lo
graph to the 50- and lo the 10-kc cir
cults while the coupling condensers of 
the latter circuit are adjusted. In the 
complete circuit diagram the suggest
ed points for attaching the cathode
ray oactllograph are shown . The con
nections from the cathode-ray Input 
amplifiers lo the circuits in the t;tgnnl 
Calibrator should be made through 
small condensers located close to the 
Calibrator. These condensers should 
have a capacity between 10 and 25 
mmfd. so as not to ·disturb lhe circuits 
unduly. 

Fig. 2-A 

30-kc ADJUSTMENT 

Horizontal plates to "A" and chaasls. 
Vertical plates to "B" and chassis. 

Fig. 2-B 

10-kc AD.JUSTMENT 

Horizontal plates to "B" and chaesls. 
Vertical plates to "C" and cha.uts. 
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Fig. 2 shows a representative pic
ture or the Lissajous figures for the 
100- to 50-kc division and for the 
50- to 10-kc division. The frequency 
ratio Is read from the figure by count
ing the number of places where the 
figure becomes tangent or touches a 
pair of lines drawn at right angles to 
each other and acting, so to speak, 
as two adjacent sides of a frame for 
the figure. In Fig. 2-A the ratio ts 2 
to 1 and In Fig. 2-B, the ratlo Is 5 to 
1. The Imaginary "half frame," and 
the points of tangency are marked on 
the dla,trams. 

USES AND OPERATING 
INST&UOTIONS 

The uses for the Signal Calibrator 
are numerous and will occur In tn
cre,-slng number as greater use ls 
made of the Instrument. In Amateur 
Radio stations Its principal purposes 
are to accurately measure the fre
quency of transmitters, to measure 
the frequency of received signals, and 
to mark the edges of the bands beyond 
which the Amateur may not go, and to 
pre-set receivers or transmitters to 
deftnlte frequenciea In order to faclli
tate keeping schedules with other sta
tion•. Suggeated methods of accom
plishing these results are given below. 
In addition to these functions, how
ever, other uses for the equipment wlll 
be obvious to the user. 

CHECKING TRANSMJTTER 
FREQUENCY 

To check the transmitter frequency 
It Is necessary to have either a re
ceiver that Is well enough designed 
and shielded that It will not block and 
become Inoperative when the trans
mitter Is turned on, or a well-shielded 
heterodyne monitor. If the monitor 
has a fundamental frequency at the 
frequency of the transmitter, there 
Is less chance for error and the re
sults are easier to Interpret than tr 
a monitor harmonic beats with the 
transmitter signal. The method of uae 
Is to Inject enough signal from the 
Signal Calibrator Into the monitor to 
locate on the monitor the 100-kc har
monic next above and next below the 
transmitting frequency. The 60- O!' 
the 10-kc algnals are then turned on. 
whichever serves the purpose better, 
and the transmitter frequency brack
eted between two known markers 
10-kc apart. The deviation of the 
carrier from one or the other marker· 
Is easily estimated by Interpolation. 

CHECKING FREQUENf:Y OF 
RECEIVED SIGNALS 

The method of checking the fre
quency of a received signal Is e91en
tlally the same as outlined above for 
transmitters. except that a receiver Is 
used for reception of a distant signal 
In place of a monitor being used to 
pick up a local alcnal. 

CHECKING BAND EDGES 

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

OHECKING E. C. O. 's 

The amateur who has a good elec
tron-coupled oscillator naturally de
sires to use It for operation close to 
the band edges tr he has confidence In 
Its calibration, or If he has any way 
of checking Its frequ_ency to be sure 
that the signal is stlll within the 
specified band. A convenient method 
of obtaining this assurance Is to use 
the f;lgnal Callbl'&tor to mark the 
band edges In a receiver and to listen 
to the frequency of the E. C. 0. In tha 
receiver with the transmitter Itself 
turned off. In this way the frequency 
or the E. C. 0. can be checked with 
certainty before the signal goes on 
the air and the operator can therefore 
be sure that he Is within the legal 
limits of frequency. Naturally the 
cloeer he chooses to work to the edge 
of the band, the more frequently he 
must check his E. C. 0. but with the 
convenience of the Signal Celibrator 
only a moment ls consumed In this 
checkup. 

In the operation of phone trans
mitters It la to be remembered that 
the law requires all of the sidebands 
of an amateur phone to lie within the 
specified band. It ls obvious then, 
that the carrier must be at lea.at as 
far away from the edge of the band 
as the hlgheet audio frequency· trans
mitted. When working particularly 
close to the edge of a band, a low
paSB filter In the audio system Is 
recommended to cut off all frequencies 
above 2000 cycles In order to restrict 
the width of· the aide bands, and since 
most receivers are uaed In a highly 
selective condition when lllltenlng to 
a.mateur phone algnala the loBB of fre
quencies above 2000 cycles wlll not 
be noticed on long distance tran•-
m lNlon. 

LOCA'ftNG SIGNALS FOR 
8CHEDULE8 

In the crowded condition of the 
amateur bands it 13 a great conveni
ence to be a.ble to locate a given fre
quency In the band just prior to a 
echedule and to have both the re
ceiver and transmitter within a few 
cycles or the specified frequency. 

To set the receiver, the 100-kc ser
lee of harmonics Is turned on and th<.? 
receiver tuned to the· harmonic near
est to the desired frequency. The 

10-kc series Is then turned on and the 
receiver Is tuned toward the specified 
frequency counting the 10-kc "larkers 
that ate passed until the desired fre
quency Is bracketed between two 
known 10-kc harmonics. The exact 
frequency can then be located verv 
closely" by Interpolation. 

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

3-KC BEAT 

Many receivers pass a band wide 
enough that when the receiver (with 
beat-frequency oscillator working) la 
tuned midway between two 10-kc 
markers, there wlll be a 5-kc beat 
note with each of the 10-kc harmonlr11 
and a secondary zero-beat will be 
heard between the two 5-kc audio 
notes. When this zero-beat Is ob
tained another calibration spot l:1 
available midway between two 10-kc 
harmonics, and known with Just u 
great accuracy as the 10-kc aerie•. 
or the 100-kc fundamental. The all
Important thing Is to be sure that no 
beats have been missed or spurious 
outside signals counted In determin
ing an unknown frequency. As .a 
check It Is wise to count over to where 
the next 50- or 100-kc marker should 
be and then turn off the 10-kc mark
er• to see if the receiver Is still tuned 
to a marker from the Signal Cali
brator. If the count has been correct 
a 50- or 100-kc marker should remain 
In tune when the 10-kc markers are 
shut off. 

The most frequently noticed spuri
ous responses are the Images or har
monics or the Signal C'aUbrator. These 
Images may be very close to a desired 
signal since a harmonic differing by 
approximately twice the Intermediate 
frequency from the desired signal may 
be emitted by the Signal Calibrator 
simultaneously with the desired sig
nal. To avoid apparently strong Im
ages, It Is desirable to operate the 
Signal Calibrator at the lowest con
venient level so that the A VC in the 
receiver will not tend to equalize the 
signal and the image. 

Extreme care has been taken to 
make the stability of the crystal cir
cult enough· so that there wou Id be no 
audible shift In frequency at 28 meg
acycles when switching from one ser
ies of harmonics to another. In some 
receivers there wlll appear to be a 
difference due to the difference in sig
nal strength between one series of 
harmonics and another changing the 
receiver osclllator slightly. IC the 
output control or the SlftllJll Calibrator 
Is adjusted so that each series of 
harmonics gives the same reading on 
the "R" meter of the receiver, the 
beat note will be found to be prac
tically Identical. 
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HIGH FIDELITY 10 WATT PHONO-TUNER AMPLIFIER 

This amplifier is presented ill this ma..ual 011ly as a ge11eral guide in the ,011slru,tion 
of amplifiers. The power and output transformers and the filter ,hoke are a11aila6le. 

This high fidelity amplifier has been designed for home 
music installations or other applications where quality re
production is required. In addition to accommodating AM-FM 
tuner or crystal pickup signal ;;ources, this amplifier in
cludes a 6SC7 pre-amplifier. This stage provides the addi
tional voltage amplification and bass equalization required 
for operation With a magnetic reluctance phone cartridge. 
By means of a slight modification (see diagram) the equali
zation can be removed so that this stage can function as a 
conventional pre-amplifier where a microphone signal source 
is desired. The output of the pre-amplifier has been brought 
to a tenninal board on the rear apron of the amplifier chassis 
(lugs 1 & 3) so that the various signal sources such as 
tuner, crystal pickup, magnetic pickup, or microphone can 
be readily selected, by means of a simple sWitching arrange
ment and applied to the medium level input (lugs 2 & 3), If 
the amplifier fs to be used only for crystal pickup or tuner 
applications, this pre-amplifier stage can be omitted when 
constructing the unit, 

The control panel contains a volume control and t'I\O tone 
controls which are treble and bass. The tone control action 
provided is produced by means of an inverse feedback cir
cuit, The frequency response of the amplifier is linear when 
the treble control is set at zero or the center of the dial, 
and the bass control set at the 1 position. The treble 
frequencies are boosted when the treble control is turned to 
ward the left. LikeWise, attenuation occurs when this con-

TECHNICAL DATA 

Power O11put: 10 watts or 32, 2 db 
(less than 3% distortion). 

Input Circuits: One high impedance in-
put for AM-FM tuner or crystal phone 
pi-ckup. One optional high impedance 
pre-amplifier input for magnetic re
luctance pickup or high impedance 
microphone. 

Output Impedances: 4, 8, 16 ohm. 
Frequency Response: ± 1 db from 20 

to 20,000 CJ>li measured through phono
tuner channel. Equalized pre-amp 
has a fixed bass boost of plus 15 db at 
100 cps. 

Tone Controls: One bass control pro-
viding a maximum bass boost of plus 8 
db at 100 cps, One dual treble con
trol providing a maximum treble boost 
of plus 10 db at 10,000 cps or a maxi
mum treble attenuation of - 20 db at 
10,000 cps, 

Gain: Phono-tuner channel, 69 db; pre-
amplifier stage, 113 db; measured at 
1000 cps. 

Hum Level: 70 db below rated output. 
Tube Complement: 1 6SC7; l 6SL7GT; 

2 6V6GT; 1 5Y3GT. 
Power Consumption: 70 watts, 110-120 

volts, 60 cy, 
Cbaasis Size: 7 X 12 X 3", Bud -# 792 

or equivalent. 

trol is turned toward the right position, The bass frequen
cies are boosted when the control is turned toward the right 
position. These controls are effective for correcting reiro
duction due to differences in. pickups, records, speakers, or 
acoustical conditions. An AC line switch is located on the 
bass control shaft. 

A high grade speaker of at least 10 watts rating i<; recommen
ded if one is desirous of making use of the excellent character
istics of this amplifier. Best results will be obtained with 
the dual types incorporating separate speakers for the high 
and low registers. Speaker systems of this type are capable 
of converting electrical energy into sound with good efficiency 
at all frequencies from 30 to 10,000 cycles. There are, how
ever, single speaker units available with effective enclosures 
that will reproduce all frequencies from 60 to 8,000 cycles. 
Although these units are less espensive than the dual types, 
excellent results can be obtained. The speaker voice coil 
connections are made to the terminal board located on the 
rear apron of the amplifier. Correct impedance matching ls 
importart for good quality reiroductlon. The speaker i~ 
pedance taps provided on this unit will match the majority 
of the high fidelity speakers on the market today. There 
are, however, several dual speaker units whose impedance 
rating is 500 to 600 ohms. To properly match such a speaker 
to this amplifier, employ a Thordarson T-22S80 500 ohm line 
to voice coil transformer. 
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146 THDRDARSDN 
25 WA TT AMPLIFIER 

This t1mt,lifif'r is presented ;,. this mt1tfut1l otfl1 tis " genert1l guide in the ,onstr11,tion 
of t1tnplifiers. The power and 011tp11t transformers t1nd the filter ,hoke t1re t111t1ilt1ble. 

This 25 watt amplifier is a general purpose public address 
amplifier having excellent fidelity characteristics. The oliput 
tubes are operated in Class AB2 under which condition a 
small amount of driving power is required. A single 6N7, 
plates and grids paralleled, supplies sufflcient excitation 
thro11&h the T-20D79 driver transformer. The 6L6 output 
tubes are operated within the manufactmer's maximum elec
trode ratings to insure long trouble-free operation. The 6L6 
·screen voltaa:e is obtained from a divider network and the 
grid bias ls obtained from a seml•fixed voltage source. De
Jeneration or inverse feedback is applied across this ampll• 
lier from the secondary of the output transformer back to the 
cathode of the mixer stage to reduce distortion and improve 
the frequency response. 

The input circuits will accommodate two high impedance 
microphones and an AM-FM tuner or pbono pickup. If low 
impedance microphone operation is required, include a T•lAS0 
or T-1A70 line to grid transformer. Mixing of the signal 
sources takes place in the second stage by means of a re
sistor network which ls more simple and economical than 
electronic mixing. The control action ls smooth, and the 
changina: of one control setting does not affect the others. 
It ls important, however, to shield the mixing resistors and 
the leads shown in the diagram to avoid hum pickup and cross 
talk. 

The frequency response can be adjusted by means of the 
two tone controls; one for bass and the other fer treble. With 
the tone controls in normal position, the response is flat 
from 30 to 15,000 cycles. There ls a 5 db response accentu
ation at 100 cps, which has purposely been included by mak· 
illi the inverse feedback circuit frequency selective. This 
boost of the bass frequencies is desirable for tuner and 
record reproduction but can, however, be eliminated for voice 
work by means of the bass tone control. The bass and treble 
tone controls are effective in elimlnatllli feedback when bad 
acoustical conditions exist. 

To insure good quality reproduction, several PM speakers 
having a diameter of at least 12 inches are recommended. The 
units should be capable of efficiently handling 15 watts of 
audio power each, if the full 25 watt output of the amplifier 
is to be utilized. In most cases two speakers are prefe1Ted 
so that the proper distribtt.lon of the SOWld will OCCID', Audio 
fMdback to the microphone is usually reduced when two 

speakers are used, since the volume of eacn speakers is con
siderably less than would be necessary with a single speaker. 
School and hotel installations, of course, require a great 
a great number of smaller speakers. 

Speaker voice coll er line connections to the amplltier 
can be made to the two speaker connector receptacles. The 
rotary switch determines the impedance available at the re
ceptacles. Turn it to the number which indicates the imped
anc e required. When using the receptacles, v01ce coil or 
line connections are made to contacts 5/6/7 or 8 and ground 
connections to l•:.¼-3 or 4 as lllustrated in the drawing. Where 
one speaker ls used, turn the impedance switch to the number 
co1Tesponding to the voice coll or llne illiledance of the 
speaker. If a speaker is connected to each receptacle, turn 
the switch to the number having half the value of each speaker 
impedance. This ls necessary because the receptacles are 
wired in parallel. For instance, with two 8 ohm speakers 
turn the switch to 4 ohms. Correct impedance matching ls 
important for good quality. 

TECHNICAL DATA 

Power Output: 

Input Circuits: 

Output Impedances: 
Frequence Response: 

Tone Controls: 

Gain: 

Hwn Level: 
Tube Complement: 
Power Consumption: 
Chaaaia Slze: 

25 watts or + 36. 2 db (less than ~ 
distortion). 

Two high impedance microphone cb.
nels, (or two optional low impedance 
microphone lnptt.s). One high im
pedance phone channel. 

4, 8, 15, 125, 250, 500 ohms. 
Within ± 1 db trom 30 to 15,000 cpa 

with a 5 db bass boost at 100 cps. 
One bass control, maximum position at

tenuates 50 cps 20 db. 
One treble control. Maximum position 

attenuates 10,000 cps 15 db. 
Hi1h impedance microphone input, 114 

db 
Phone input, 72 db 
65 db below rated output. 
2 6J'7; 1 6SJ7; 1 6N7; 2 6L6; 1 5U40. 
137 watts, 110-120 \rOlts, 60 cy. 
14 XlO X 3", 
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148 THORDARSON 

AMATEUR SPEECH AMPLIFIER 

UTILIZING THE T-20C73 SPEECH FILTER 

The circuit diagram illustrates the application of the Thordar
T•20C73 Speech Filter in a typical amateur speech amplifier 
and driver wiit. This compact audio band pass filter has been 
specifically designed for amateur, police, and emergency radio 
service. It provides several worthwhile operating advantages 
when installed in the speech section of transmitters employed 
for voice commwiication. 

The main requisite for communication work is signal read
abillyt and intelligibility, not "broadcast quality". Extensive 
tests have proven that adequate speech transmission can be 
obtained with no noticeable reduction in articulation by em• 
ploying an audio band of approximately 200 to 3500 cycles. 
This band pass range has been employed in the Thordarson 
T•20C73 filter. The advantages gained by utilizing this 
bandwidth restriction are two-rold: First, the attenuation 
of all frequencies below 200 cycles permits an increase in 
the modulation level or' those frequencies which contribute 
the most to signal readability. In explanation, the audio 
frequencies lying below 200 cycles contain a large share 
of the speech energy and, therefore, are the first to cause 
ovei-modulation. However, as these frequencies contain 
only a small percentage of the signal intelligibility, they can 
be readily eliminated so as to confine the modulating power 
to the middle register which contributes the most to signal 
intelligibility. The suppression of a voice frequency above 
3500 cycles results in little reduction in articulation. The 
advantage gained by this action is that it limits the number 
of high freq11ency side bands transmitted, causing the phone 
signal to occupy less spectrum space. This results in a 
redu::tion in adjacent channel interference and will aid ma
terially in producing additional room for stations in the con
gested amateur phone bands. 

The filter also provides the added advantage of suppress
ing the effects of hum pickup which often occurs in the low 
level speech amplifier· stages. This same unit may also be 
advantageously inserted in the audio amplifier circuit of 
communications receivers. Tests have shown that the amount 
of Interference noise passed by a receiver is proportional 
to its audio band width. By employing this speech filter to 
limit the audio response range, high pitched heterodynes and 
other extraneous signals wW be suppressed. 

Electrically this unit has been designed to work from a 
source impedance of approximately 10,000 ohms as afforded by 
medium Mu triodes (6C5, 6J5, ½6SN7, or triode connected 6J7) 
to a 100,000 ohm grid circuit or to a 500 ohm line. When 
employing the 100,000 ohm output tap, a 1 to 3.15 voltage 
stepup will be realized through the filter. The 500 ohm 
line tap is provided for connecting to a low impedance line 
when the low level speech amplifier section is located on 
the operating desk or at a point" reDK>te trom the driver and 
modulata sections. The 20C73 Speech Filter will. fwiction 
satisfactorily at any signal level up to approximately 8 db 
which corresponds to lOV RMS measured across the 100,000 
ohm filter output circuit. In all applications the plate cii
cuit of the tube connection to the filter input must be shunt 
fed. A plate blocking condenser will not be necessary as it 
is incorporated in the filter ci~uit. 

The circuit shown in the schematic diagram comprises an 
effective amateur speech amplifier and river unit due to the 
excellent voltage regulation of the alt.put signal. This de
sirable driver characteristic has been obtained bY using a 
6AS7G twin triode t.-ie which possesses a very low AC plate 
to plate resistaoce. This tube Is capable of supplying a 
clean 10 watts of audio power which is adequate for driving 
any of the popular Class B modulator tubes having output 
ratings up to 500 watts. The voltage gain of the wilt Is quite 
adequate for high impedance dynamic or crystal microphones. 

The speech amplifier illustrated has been constructed on a 
7" x 15" x 3" chassis base. All of the large components, 
such as the transformers, filter condensers, and tubes are 
mowited on the top of the chassis. The one exception is the 
filter choke, which has been mowited on the underside di• 
rectly beneath the power transformer. U any other mechanical 
arrangement of parts is employed, be sure to locate the speech 
filter and the interstage transformer well away from the power 
transformer and filter choke to minimize hum pickup from these 
sources. 

The circuit wiring is simple and straight-forward. The 
manner in which the chassis ground and the B minus return 
circuits are connected will have a large bearing on making 
the low level stages hum-free. Precautions to observe are 
as follows: .Insulate the electrolytic filter and decoupling 
condenser cans and also the microphone input connector from 
the metal chassis. The B minus circuit wiring should be 
started at the power transformer high voltage center tap. 
Then progressively join together the B minus circuits of each 
stage as indicated on the schematic diagram by the heavy 
line until the 6SJ 7 Input stage is reached. At a point adjacent 
to the GSJ7 socket, connect the B minus circuit to the metal 
chassis. It is important to make only this one B minus circuit 
connection to the chassis to obtain hum-free operation. Use 
shielded conductors at the points shown in the schematic 
diagram. 

The choice of an output or driver transformer for the 6AS7G 
stage is dependent upon the location of the speech amplifier 
in relation to the rest of the transmitter. U the speech ampli• 
fier is mounted within several feet of the Class B modulator 
stage, a driver transformer should be employed and the second
ary leads connected to the Class B grids by a length of three 
conductcr cable. Select a stock Thordarson driver transformer 
with the correct stepdown ratio for the particular Class B 
tubes being employed. To determine the correct driver ratio, 
refer to the information supplied in the driver and modulator 
combination chart contained in your latest Thordarson 400 
transformer catalog. If the speech amplifier is located a con
siderable distance from the modulator chassis, use stock 
output to line transformer T-22S70, The. 500 ohm secondary 
of this transformer can then be matched to the Class B grids 
by employing a T-20D84 multi-match 500 ohm line to grid 
driver transformer. 

TECHNICAL DATA 

Power Output: 

Input Circ ult: 
Output Impedance: 

Frequency Response: 

Gain: 
Hum Level: 
Tube Complement: 
Power Consumption: 
Chassis Size: 

10 watts or + 32.2 db (less than 5% 
distortion) adequate to drive Class B 
modulator tubes up to 500 watts out
put rating. 

one high impedance microphone channel. 
Optional 500 ohm line or Class B modu

grids. 
Audio bandwidth restricted to 200 to 

3500 cps. Response attenuated 20 db 
at twice cutoff frequencies (100 and 
7000 cps). 

High impedance microphone input, 116 db 
65 db below rated output 
1 6SJ7; 2 6J5; 1 6 AS7G; 1 5U4G. 
100 watts, 110-120 volts, 60 cps. 
7 X 15 X 3" Pai-Metal B-4515 or 

equivalent. 
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150 THORDARSON 
so WA TT BOOSTER AMPLIFIER 
This a•Plifier is ptese,ued i• this maMual oMly as a general guide in the rnnstru,:tion 
of amplifiers. The power """ output transformers and the filter ,:hoke are available. 

This amplifier, as the name implies, ls used to supplement 
or boost the power output of an existing.. P.A. amplifier or 
pre--ampllfier. The power output of the unit is adequate for 
large indoor or outdoor sowld installations, The booster has 
a 500 ohm input circuit so that it can be operated from a 
pre-amplifier a.nd mixer unit having a 500 ohm output trans
former. Due to the low impedance input of the booster it may 
be operated several hundred feet from the pre-amplifier unit, 
if required. As the overall ga.in of the booster ampl1fier is 
40.4 db, full output will be obtained when a signal level of 
than O db {1. 73 V across 500 ohms) is applied to the iDDut. 

This amplifier may also be excited from a.ny existing P.A. 
amplifier when the audio power requirements are greater than 
could be supplied by the P.A. amplifier alone. For example, 
the booster amplifier could readily be used with the 25 watt 
amplifier shown on paa;e 146. To do this, connect the normal 
speaker load to the 25 watt amplifier; then connect the in
put of the booster across the 4 ohm input impedance tap. When 
employing any other ampllfier to• excite the booster, al ways 
connect the iDDut across the lowest impedance voice coil 
tap available. The audio level delivered to the booster spealrr 
ers can be conb'olled independently by the booster gain con• 
trol. 

This amplifier employs two type 807 tubes in the output 
stage operati?II Class AB2, The driving power is supplied 
by a pair of 6V6 tubes trrode connected. The output trans• 
former has a selection of secondary taps so that an impedance 
match may be obt&l.ned for any speaker load, 

The power supply ls located on the ampllfier chassis. The 
807 screen and 6V6 plate potential is obtained from a tap on 
the power supply bleeder resistor. The il'id bias for the 807 
tubes is obtained from a semi-fixed voltage sow-ce, 

When constructing this unit, position the input transformer 
well away from the power suwly components to keep inductive 
hum pickup to a minimum, Also shield the leads so indicated 
on the schematic diagram, 

TECHNICAL DATA 

Power O~put: 50 watts or + 39.2 db (less than 8% 
distcrtion), 

Input Circuit: One 500, 250, or 50 ohm input. 

Output Impedances: 4, 8, 15, 250, 500 ohms. 

Frequency Response: ± 2 db from 50 to 10,000 cps. 

Gain: 40.4 db with 500 ohm iDDut. 

Hum Level: 70 db below rated output. 

Tube Complement: 2 6V6GT; 2 807; 2 5U4G. 

Power Consumption: 190 watts, 110-120 volts, 60 cy. 

Chassis Size: 8 X 17 X 2 .. Par-Metal # B-4531 or 
equivalent. 

Panel Size: 8•3/ 4 X 19 X 1/8" Par-Metal * 6604 
or equivalent. 
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152 TH•RDARS•N 
QUICK HEATING PAGING AMPLIFIER 

This amplifier is presented in this man11aJ only as a general g11ide in tbe constr11ction 
of amplifiers. The power and 011tp11t transformers and the filter choke are available. 

This self contained unit finds the main application in small 
offices or business establishments for paging purposes. 
Here the owner often W1 shes to call his secretary to his 
office or call other employees to the telephone. 

The unit uses quick heating battery type tubes and a sele
nium rectifier so that the primary circuit will be energized 
only during the period when the push•to-talk switch is .de• 
pressed. This feature, while providing a savings in power, 
also allows the amplifier to be constructed as a very com
pact assembly; as the heating of components is not a factor 
due to the intermittent operation. 

The 3Q5 output stage is capable of approximately 300 
milliwatts of audio power. If efficient speakers are used, 
this is adeQuate for moderately quiet office applications. 
A -4 inch PM speaker effectively functions as a microphone. 
A volume control is provided to adjust the sound level at 
the remote speakers. The T-22Rl2 power transformer pro
vides AC line isolation for th& half wave selenium rectifier 
circuit. The 50 Ma, battery tubes receive their filament cur
rem from the high voltage B. supply. Wben wiri111 the cir-

cuit, it should be noted that the series connection of tbe 
3Q5 tube is used. Before placing the unit into operation, 
be sure to adjust the 500 ohm potentiometer to 4.2 volts or 
a 50 Ma. DC cUJTent through the filament circuit. When con
stzucting the unit, the main precaution to observe is to posi• 
tion the T-20A04 V,C. to grid tzansformer well away from the 
power transformer and filter choke. Also rotate this input 
transformer to obtain minimum hum pickup. 

If a selective call system is desired, a single pole multi· 
position selector switch should be connected into the oi&put 
circuit so that any remote speaker station desired can be 
selected at will. When wiring up tbe remote speakers, use 
at least # 18 twisted pair wire to keep the audio power drop 
in the line resistance as low as possible. 

This unit may also be made to function as a conventional 
two-way inter-communication system by means of a simple 
circuit modification. This change requires the addition of a 
low capacity D.P.D;T. lever action switch, which tzansfers 
the local and remote mic-speakers from the output to input 
circuit or from "listen" to "talk" position. 



NOTE: 
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DIAGRAM USE 

LOW 
PASS 

R-C 

HIGH 
PASS 

R-C 

R1 

ATTENUATION IN DB. 

0.0 
0.2 
0.4 
0.6 
0.8 
1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
a>.O 
30.0 
40.0 
50.0 
60.0 
80.0 

100.0 
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R L AND C NETWORKS 

FORMULA DIAGRAM USE FORMULA DIAGRAM USE FORMULA 

LOW 
T•RC PASS L 

T: ii° 
R-L 

:•,.10~ HIGH 

~ PASS L T•RC T:R E OU 
R-L 

ATTENUATOR NETWORK 
SYMMETRICAL T AND H 

2-=500 OHMS 

LOW 
PASS 

L-C 

HIGH 
PASS 

L-C 

RI RI --r 2 

SERIES ARM R1 IN OHMS SHUNT ARM R2 IN OHMS lOOO/R2 

0.0 Inf. 0.0000 
5.8 21.75K 0.0461 

11.5 10.85K 0.0921 
17.3 7.23K 0.1383 
23.0 5.42K 0.1845 
28.8 4.33K 0.2308 
57.3 2,152 0.465 
85.5 1,419 0.705 

113.1 1,048 0.954 
140.1 822 1,216 
166.1 669 1.494 
191. 2 558 
215.3 473. l 05' 
238.1 4')5.9 ::, :;-
259,7 35L4 ,-,i,a 
409.1 101.0 go 
469.3 31.65 en j; 
490.1 10.00 ()£" 
496.8 3.162 i2-::-, 
499.0 1.00 §"' 
499.0 o. 100 ::, 
500.0 0.01 

f _0.1592 -VL'c 

f 0.1592 
-V"C'l: 

LOG 10 R2 

OS' ::, ... 
~ 

;i,a _o 
en j; 
n£" 
e.::o 
§"' 
=! 

2,826 
2. 747 
2.675 
2.608 
2.546 
2.004 
1.500 
1.00 
0.50 
0.00 

-1.00 
-2.00 



J'oluge Po..,.,r 
Rlllio Ro1io -4b+ 

1.0000 1.0000 0 
.9886 .9772 .I 
.9772 .9550 2 
.9661 .9333 .3 
.9550 .9120 .4 

.9441 .8913 .J 

.9333 .8710 .6 

.9226 .85ll .7 

.9120 .8318 .8 

.9016 .8128 .9 

.8913 .7943 1.0 
.8810 .7762 I.I 
.8710 .7586 1.2 
.8610 .7413 1.3 
.8511 .7244 1.4 

.8414 .7079 l.5 

.8318 .6918 1.6 

.8222 .6761 1.7 

.8128 .6607 1.8 

.8035 .6457 1.9 

.7943 .6310 2.0 
.7852 .6166 2.1 
.7762 .6026 2.2 
.7674 .5888 2.3 
.7586 .5754 2.4 

.7499 .5623 2.5 

.7413 .5495 2.6 

.7328 .5370 2.7 

.7244 .5248 2.8 

. 7161 .5129 2.9 

.7079 .5012 3.0 
.6998 .4898 3.1 
.6918 .4786 3.2 
.6839 .4677 3.3 
.6761 .4571 3.4 

.6683 .4467 3.5 

.6607 .4365 3.6 

.6531 .4266 3.7 

.6457 .fl69 3.8 

.6383 .4074 3.9 

.6Sl0 .3981 4.0 
.6237 .3890 4.1 
.6166 .3802 4.2 
.6095 .3715 4.3 
.60K .3631 4.4 

.5957 .3548 4.5 

.5818 .3467 4.6 

.5821 .3388 4.7 

.5754 .33ll 4.8 
~9 .3236 4.9 

.5625 .5162 5.0 
.5S59 .3090 5.1 
.549S .3020 52 
..s.33 .2951 5.3 
.5370 .2884 S.4 

.5309 .2818 5.5 

.5248 .2754 5.6 

.SIii .2692 5.7 

.5129 .2630 5.8 

.5070 .2570 5.9 

.5012 .2512 6.0 
.49S5 .24S5 6.1 
.4898 .2399 62 
.4842 .2344 6.3 
.4716 .2291 6.4 
.4732 .2239 6.5 
.4677 .2188 6.6 
.4624 .2138 6.7 
.4571 .2089 6.8 
.45.19 .2042 6.9 
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VOLTAGE, DECIBEL and POWER CHART 

The DB chart below indicates DB level for any ratio of 
voltage or power up to 1:Jl DB. To interpolate this chart for 
values over :J> DB subtract :J>, 00 or 40 DB etc. from the 
total until the remainder falls in the first part of the chart, 
than add the values subtracted as taken from the last part of 
the chart. As an example: A voltage ratio of 300 is desired: 
the corresponding DB for 100 is 40. This leaves a balance 
voltage ratio of 3, which is approximately 9.8 DB, 
9.8 40 49.8 DB. 

Voliag,. Power JI oltag" Power Voltage l'nwer Voltage Power 
Ratio Ratit1 Ratio Ratio --<lb+ Ratio Ratio Ratio Ratio 

l.000 l.000 .4467 .1995 7.0 2.239 5.012 .1995 ;03981 
1.012 1.023 .1416 .1950 7.1 2265 5.129 .1972 .03890 
1.023 1.047 .H65 .1905 7.2 2.291 5.248 .J9j0 .03802 
1.035 l.072 .4315 .1862 7.3 2.317 S.:l,O .1928 .03,15 
1.047 1.096 .4266 .1820 7.4 2.344 5.4% .1905 .03031 

1.059 1.122 .4217 .lii8 s C 2.371 5.623 .1884 .03548 LJ 

1.072 1.148 .4169 .1738 7.6 2.399 5.754 .1862 .03467 
1.084 1.175 .4121 .1698 7. 7 2.427 S.888 .1841 .03388 
1.096 1.202 .40i4 .1660 7.8 2.455 6.026 .1820 .03311 
1.109 1.230 .402, .1622 7.9 2.483 6.166 .1799 .03236 

I.122 1.259 .3981 .1585 8.0 2.5)2 6.310 .1778 .03162 
1.135 1.288 .3936 .1549 8.1 2.541 6.457 .I 758 .03090 
I.I-t8 Ul8 .3890 .1514 8.2 2.570 6.607 .1738 .03020 
t:161 1.349 .3846 .1479 8.3 2.600 6.761 .1718 .02951 
1.175 1.180 .3802 .1445 8.4 2.630 6.918 .1698 .02884 

1.189 1.-ill .3758 .1413 8.5 2.661 7.079 .16i9 .02818 
f202 1.445 .3715 .1380 8.6 2.692 7.244 .1660 .02754 
1216 l.4i9 .367:l .1349 8.7 2.723 7.413 .IMI .02692 
1.230 I.SU .31>31 .1318 R.8 2.i54 7.586 .1622 .02630 
1.245 1.549 .3589 .1288 8.9 2.786 i.762 .1603 .02570 

J.259 ].585 .3548 .1259 9.0 2.818 7.943 .1585 .02512 
l.274 1.622 .3508 .1230 9.1 2.851 8.128 .1567 .02455 
1.288 1.660 j467 .1202 9.2 2.884 8.318 _l;,49 .02399 
l.303 1.698 . 428 .1175 9.3 2.917 8.511 .1531 .02344 
1.318 l.738 .3388 .1148 9.4 2.951 8.710 .15H .02291 

l.334 l.7i8 .3350 .1122 9.5 2.985 8.913 .1496 .02239 
l.349 l.820 .3311 .1096 9.6 3.020 9.120 .1479 .02188 
l.365 1.802 .32i3 .1072 9.7 3.05~ 9.333 .1462 .02138 
l.380 1.905 .3236 .1047 9.8 3.090 9.550 .1445 .02089 
l.396 1.950 .3199 .1023 9.9 3.126 9.772 .1429 .02042 

l.413 1.995 .3162 .1000 10.0 3.162 10.000 .1413 .01995 
1.429 2.042 .3126 .09772 IO.I 3.199 1023 .1396 .01950 
1.445 2.089 .3090 .09550 10.2 3.236 lo.47 .1380 .01905 
l.462 2.138 .3055 .09333 10.3 3.273 10.72 .1365 .01862 
l.479 2.188 .3020 .09120 10.4 3.3ll J0.96 .1349 .01820 

1.496 2.239 .2985 .08913 10.5 3.350 ll22 .1334 .01778 
1.514 2.291 .2951 .08710 10.6 3.388 11.48 .1318 .01738 
1.531 2.344 .2917 .08Sll 10.7 3.428 ll.75 .1303 .01698 
1.549 2.399 .2884 .08318 10.8 3.467 12.02 .1288 .01660 
1.567 2_45:; .2851 .08128 10.9 3.508 12.30 .1274 .01622 

1.585 2.512 .2818 .07943 11.0 3.548 12.59 .1259 .01585· 
1.603 2.570 .2i86 .07762 11.1 3.589 12.88 .1245 .01549' 
1.622 2.630 .2i54 .07586 11.2 :1.631 13.18 .1230 .01514 
1.641 2.692 .2723 .07413 11.3 3.673 13.49 .1216 .01479 
1.660 2.754 .2692 .07244 11.4 3.715 13.80 .1202 .01445 

l.679 2.818 .2061 .07079 11.5 3.758 14.13 .1189 .01413 
l.698 2.884 .2630 .0691R 11.6 3.802 14.45 .1175 .01380 
l.718 2.951 .2600 .06761 11.7 3.846 l4.71J .1161 .01349 
l.738 3.020 .25i0 .06607 11.8 3.890 15.14 .1148 .01~18 
l.758 3.090 .2~41 .06457 11.9 3.936 15.49 .l LIS .01288 

1.778 3.162 .2512 .06310 12.0 3.981 15.8:i .I 122 .01259 
l.799 3.236 .2483 .06166 12.I 4.027 16.22 .1109 .01230 
l.820 3.3ll .2455 .06026 12.2 4.074 16.60 .1096 .01202 
1.841 3.388 .2427 .05888 12.3 4.121 16.98 .1084 .01175 
l.862 3.467 2399 .05754 12.4 4.169 17.38 .1072 .01148 

1.884 3.548 .2371 .05623 12.5 4.217 17.78 .1059 .01122 
l.905 3.631 .2344 .05495 12.6 4266 1820 .1047 .01096 
l.928 3.715 .2317 .05370 12.7 4.315 18.62 .1035 .Ol0i2 
1.950 3.802 .2291 .05248 12.8 4.365 19.05 .1023 .01047 
l.972 3.890 2265 .05129 12.9 4.416 19.50 .1012 .01023 

1.995 3.981 .2239 .05012 13.0 4.467 19.95 .1000 .01000 
2.018 4.074 .2213 .04898 13.1 4.519 20.42 
2.042 4.169 .2188 .04786 132 4.571 20.89 10 3 

2.065 4.266 .2163 .04677 13.3 4.624 21.38 10 2 10 t 

2.089 4.365 .2138 .04571 13.4 4.677 21.88 10 5 

2.113 4.467 .2113 .04467 13.5 4.732 2239 
10 3 10· 0 

10·1 
2.138 4.571 .208Q .04365 13.6 4.786 22.91 10 4 10 8 
2.163 4.677 2065 .04266 13, 7 4.842 23.44 10 ~ 
2.18R 4.786 .2042 .04169 13.8 4.898 23.9Q 
2.213 4.898 .2018 .04074 13.9 4:955 24.5~, Io:; 10 10 
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Voltage Power 
-db+ Ratio Ratio 

14.0 5.012 25.12 
H.I 5.070 25.70 
14.2 5.129 26.30 
14.3 5.188 26.92 
14.4 5.248 27;54 

14.5 5.309 28.18 
14.6 5.370 28.84 
14.7 5.433 29.51 
14.8 5.495 30.20 
14.9 5.5;,9 30.90 

15.0 5.623 31.62 
JS.I 5.689 32.36 
15.2 5.754 33.11 
15.3 5.821 33.88 
15.4 5.888 34.67 

15.5 5.957 35.48 

I 
15.6 6.026 36.31 
15.7 6.095 37.15 
15.8 6.166 38.02 
15.9 6237 38.90 

16.0 6.310 39.81 
16.1 6.383 40.74 
16.2 6.457 41.69 
16.3 6.531 42.66 
16.4 6.607 43.65 

16.5 6.683 44.67 
16.6 6.761 45.71 
16.7 6.839 46.77 
16.8 6.918 47.86 
16.9 6.998 48.98 

17.0 7.079 50.12 
l 7.1 7.16-J. 51.29 
172 7244 52.48 
17.3 7.328 53.70 
17.4 7.413 54.95 

17.5 7.499 56.23 
I }.6 7.586 57.54 
I .7 7.674 58.88 
17.8 7. 762 60.26 
17.9 7.852 61.66 

18.0 7.943 63.10 
18.1 8.035 64.57 
18.2 8.128 66.07 
18.3 R.222 67.61 
18.4 8.318 69.IR 

18.S 8.414 70.79 
13.6 85ll 72.44 
18.7 8.610 74.13 
18.8 8.710 75.86 
18.9 8.811 77.62 

19.0 8.913 79.43 
I 9.1 9.016 81.28 
19.2 9.120 83.IR 
19.3 9.226 85.ll 
19.4 9.333 87.10 

19.5 9.441 89.13 
19.6 9.550 91.20 
19.7 9.661 93.33 
19.8 !1.772 95.50 
19.9 9.886 97.72 

20.0 10.000 100.00 
30 103 
40 102 104 

so )06 
60 }()3 104 

70 107 

80 JOt 108 
90 JOO 

JOO 105 1010 
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DUAL TONE CONTROL 

Thordarson's development of this "Dual Tone Control" was 
prompted by the many requests of sound men for an effective 
tone compensating system to boost or attenuate the bass or 
treble frequencies independently of each other. Examination 
of the schematic diagram will show that the final circuit is 
simple am not at all complicated to construct. It is con• 
structed on a small chassis, making it adaptable to practi• 
cally any existing amplifier. 

Operation is based on degeneration in the cathode circuit 
of a 6C5 or equivalent tube. If resistance is introduced in 
the cathode circuit, any signal developed by the tube will 
also appear across the resistance. This signal voltage is 
opposite in phase and in series with the voltage impressed 

11>n the grid and cathode of the tube. Degeneration takes 
place and the amplification of the tube is reduced. In this 
application the plate loading resistor R-6 is made small and 
the cathode resistor R•3 large so that a greater part of the 
voltage developed by the tube appears in the cathode cir
cuit. 

Since the circuit is resistive, there is little or no frequency 
discrimination at audio frequencies, and all frequencies are 
degenerated an equal amount. U the cathode resistance is 
shunted with an inductance (of the proper value), the re
sistance at low frequencies is practically shorted out due 
to the low reactance of the choke at low frequencies. There
fore, degeneration of the low frequencies is eliminated and 
the greater part of the signal developed by the tube appears 
across the load resistor R,.6. The result is an increase in 
the low frequency response of the circuit. Likewise if a 
condenser (of the proper value) is shunted across the cathode 
resista, the low reactance of the condenser at high frequen
cies reduces the impedance of the circuit and degeneration 
of the higher frequencies is reduced. The high frequency 
response of the circuit is thus increased. 

Attenuation of the low frequencies can be accomplished by 
shwting the grid circuit of the following stage with a choke 
or inductance. It so happens that the value of the choke 
(described above) used in the bass boost circuit also has the 
cotTect value for an attenuation circuit. The high frequencies 
can be attenuated by shunting the same grid circuit with a 
suitable condenser. 

The function of control R-5 ls to introduce the choke CH-1 
into either the cathode circuit for bass boost or the grid cir
cuit for bass decrease. Control R-4 applies condenser C-2 
to the cathode circuit for treble increase, or C•3 to the grid 
circuit for treble decrease. The controls are coupled to the 
cathode through condenser C-4 and to the following grid by a 
shielded lead. The small pictorial drawing lllustrates clearly 
how connections are made to the controls. 

To install the tone control unit into an existing ampli• 
fier, locate the coupling condenser in a resistance coupled 
stage (preferably the plate circuit of the phone or mixer 
stage of the amplifier, or at a point in the circuit where the 
maximum signal voltage applied to the tone stage grid circuit 

will never exceed 3.5 V. rms). Remove the condenser from 
the circuit and conn.ct the shielded lead of condenser C-1 
and the shielded lead of C•5 in its place. Make sure that 
the lead from C-1 connects to the plate to the tube preceding 
the tone control unit. Ground the shields of these leads to 
the amplifier to complete the ground circuit. Connect the 
unshielded lead to a well filtered point of the amplifier B 
supply circuit. A pair of twisted wires not over 3 feet long 
may be used for the filament supply. 

It is also possible to build the tone control into an ampll• 
fier if there is adequate room and care is taken not to mount 
the choke am controls near the power transformer. The 
voltage gain of this tone stage measured \\1th the controls 
in normal position is approximately unity or one. Cirves are 
shown on opposite page illustrating the tone cortrols in the 
various positions. 

Diagram 
Number 
CH-1 
R-4 
R-5 

Resistors 
R·l 
R-2 
R-3 
R•6 

C•l 
C-2 
C-3 
C-4 
c-s 

Condensers 

Tube 

PARTS LIST 

Thordarson Part Nwnber 

Tone Control Choke, T•20C74 
Dual Tone Control, R•l068X 
Dual Tone Control, R•l068X 
Ohms Watts Type 
250,000 1 /2 me BTS 

1,000 1 me BTA 
20,000 1 me BTA 
20,000 1 me BTA 

Mfd. Voltage Type 
.1 400 Cornell•Dubiller DT-4Pl 
.05 400 Comell•Dubilier DT-4S5 
.01 400 Comell•Dubiller DT-4S1 
12. 250 Aerovox PRS-250 
.1 400 Comell•Dubiller DT-4Pl 

1 Type 6C5 

Miscellaneous Parts 
1 Chassis 6" long, 3•1/2" wide, 3" high 
1 Chassis b<ttom plate 
4 5•lug resistor mtg. strips 
2 2--lug resistor mtg. strips 
1 2-screw terminal board 
l Octal socket Amphenol S8 
2 Control knobs 
2 "Tone" control plates 

NOTE: The brands and types specified in the parts list were 
used in the original laboratory models. Parts of equivalent 
quality may be substittted except where physical limitations 
prohibit. 
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IF TRANSFORMER COLOR CODE 

Blue-Plate 
Red-•B+ Lead 
Green-Grid or Diode 
Black!-Grld or Diode return 
•When the secondary is center tapped, the second diode plate 

lead is green and black striped, and the black is used for 
the center tap lead. 

A. F. TRAKSFORMERS 

Blue--Plate lead of primary 
Red-B+ Lead (single or center-tapped) 
Brown-Plate lead on Center-tapped primaries--Used as start 

lead when polarity is important. 
Green-Grid lead to secondary 
Black-Grid return (single or push pull) 
Yellow--Grid lead on centel'-tapped secondaries-Used as 

start when polarity is important. 

POWER TRANSFORMERS 

Black-Primary or Primary Common 
Black and Yellow striped-Primary Tap 
Black and Red striped--Primary Finish 
Red--High voltage plate 
Red and Yellow Striped--High voltage center tap 
Yellow--Recti!ier filament winding 
Yellow and Blue Striped-Rectifier center tap 
Green--Filament winding No. 1 
Green and Yellow Striped-Center tap 
Brown-Filament winding No. 2 
Brown and Yellow Striped-Center tap 
Slate-Filament winding :r-:o. 3 
Slate and Yellow Striped-Center tap 
Blue-Filament winding ~!o. 4 
Blue and Yellow striped--Center tap 
Orange--Filament winding No. 5 
Orange and Yellow striped-Center tap. 

LOUDSPEAKER VOICE COILS 

Green-Finish 
Black-Start. 

LOUDSPEAKER FIELD COILS 

Black and Red-start 
Yellow and Red--Finish 
Slate and Red-Tap. 

PILOT-LIGHTS-·WITH MINIATURE BASE 

No. Bead Color Base Volts Amp 

40 Brown Screw 6-8 0.15 
41 White Screw 2.5 0.50 
42 Green Screw 3.2 0.35or0.5 
43 White Bayonet 2.5 0.5 
44 Blue Bayonet 6-8 0.25 
45 White or Green Bayonet 3. 2 0. 35 or 0. 5 
46 Blue (Frosted) Screw 6-8 0.25 
47 Brown Bayonet 6-8 0.15 
48 Pink Screw 2.0 0.06 
49 Pink Bayonet 2.0 0.06 
50 White Screw 6-8 0.2 
51 White (Frosted) Bayonet 6-8 0.2 
55 White Bayonet 6-8 0.4 
292 White Screw 2.9 o. 17 
292A White Bayonet 2.9 0. 17 
1455 Brown Screw 18.0 0.25 
1455A Brown Bayonet 18.0 0.25 
NE-51 Neon Glow Bayonet 65/90 V25 Watt 

Various units are used in Radio work, and it is often 
necessary to change from one form to another. The table 
given below will aid in changing quickly from one unit to 
another. 

MULTIPLY 

Amperes 

Amperes 

Amperes 

Cycles 

Cycles 

Farads 

Farads 

Henries 

Penries 

Kilocycles 

Kilowatts 

Megacycles 

Mhos 

Mhos 

Microamperes 

Microfarads 

Microhenries 

Micromhos 

Micro-ohms 

Microvolts 

BY TO GET 

1,000,000,000,000 Micro-microamperes 

1,000,000 Microamperes 

1,000 Milliamperes 

.00000 1 Megacycles 

.00 1 Kilocycles 

1,000,000,000,000 Micro-microfarads 

1,000,000 Microfarads 

1,000,000 Microhenries 

1,000 Millihenries 

1,000 Cycles 

1,000 Watts 

1,000,000 Cycles 

1,000,000 Micromhos 

1,000 Millimhos 

.000001 Amperes 

.000001 Farads 

.00000 1 Henries 

.00000 1 Mhos 

.000001 Ohms 

.000001 

Micro-microfarads .000000000001 

Micro-micro-ohms .00000000000 1 

Volts 

Farads 

Ohms 

Amperes Milllampere s 

Millihenries 

Millimhos 

Millivolts 

Milliwatts 

Ohms 

Ohms 

Ohms 

Volts 

Volts 

Watts 

Watts 

.oo 1 

.00 1 Henries 

.001 Mhos 

.001 Volts 

.001 Watts 

1,000,000,000,000 Micro-micro-ohms 

1,000,000 Micro-ohms 

1,000 Milliohms 

1,000,000 Microvolts 

1,000 Millivolts 

1,000,000 Microwatts 

,001 Kilowatts 
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MACHINE SCREW SIZE CHART 

NUMBERED DRILL SIZE AND DECIMAL EQUIVALENTS 

DIAMETER IN MILS FRACTION NUMBERED DRILL SCREW CLEARANCE SCREW TAP-IRON 

0 31.25 1/3~ 
062.5 1/16 
063 5 52 
073 49 2-56 
08" 45 3-48 
08' 43 2-56 
093 42 4-36 & 4-40 
093.75 3/32 
099.5 39 3-48 
110 35 6-32 
113 33 4-36 &. 4-40 
125 1/8 
136 29 8-32 
140 28 6-32 
149.5 25 10-24 
156,25 5/32 
159 21 10-32 
166 19 12-al 
169.5 18 8-32 
177 16 12-24 
187.5 3/ 16 
191 11 10-24 
193.5 10 10-32 
209 4 12-al 
213 3 14-24 
218 7/32 
221 2 12-24 
250 1/4 
281. 25 9/32 
312.5 5/ 16 
343. 75 11/32 
375 3/8 
406. 25 13/32 
437.5 7/ 16 
468. 75 15/32 
500 1/ 2 
!531. 25 17/32 (To change mils to decimal fractions of an inch • 
562.5 9/ 16 Move the decimal three digits left.) 
593. 75 19/32 
625 5/8 
656.25 21/32 
687.5 11/ 16 
718. 75 23/32 
750 3/4 
812. 5 13/ 16 
875 7/8 
937. 5 15/ 16 

1000 1 inch 

COPPER WIRE TABLE 

B&S DIA. OF DIA. APPROXIMATE TURNS CURRENT FEET CARRYING AWG BARE WIRE SINGLE PER LINEAR INCH•• s.s.c. s.c.c. CAPACITY PER SIZE 
SIZE IN MILS FORMVAR• FORMVAR 1500 CM/ AMP POUND 

10 IO 1.9 IO 5.5 8 9.3 6.9 34.7 10 
12 80.81 082. 7 10 11.5 4.4 55. 19 12 
14 64.08 065.9 13 14. 2 27 87.75 14 
16 50.82 052.4 17 18.9 17.9 1. 7 139.5 16 
18 40.30 041.8 21 23.6 22.0 1.1 221.9 18 
20 31.96 033. 4 26 29.4 27.0 .68 352.8 20 
22 25.35 026.6 33 36.5 34.1 .43 560.9 22 
24 20. 10 021. 3 42 45.3 41.5 .27 891.9 24 
26 15.94 016.9 52 55.6 50.2 .17 1,418 26 
28 12.64 013. 5 64 68.6 60.2 . 11 2,225 28 
30 10.03 010.9 80 83.3 71.5 .067 3,586 30 
32 7.95 008.8 98 101 83.6 .042 5,701 32 
34 6.3)5 007.0 124 lal 97 .026 9,065 34 
36 5.00 005.6 155 143 111 .017 14.410 36 
38 3.96 004.5 193 166 126 .010 22,9:ll 38 
40 3. 145 003.6 239 194 140 .006 36,440 40 

•Formvlif and Enamel are approximately the same. 
• •The apparent discrepancy of formvar is due to rmnufactlrers data - insulation thickness varies with different rranufactum-s. 
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CONSTRUCTION Hf NTS FOR THE NOVICE 

The following sequence for construction and checking Tbordarson
Meissner kits and suggested circuits is offered to the hobbyist as it 
was found practical in beginning radio , construction classes. This 
sequence of construction is applicable to kits and other circuits, to both 
the beginner or novice and the exPerienced builder. It is an educational 
technique and not a manufacturing practice. 

FAMILIARIZE YOURSELF WITH THE COMPONENTS 

Learn to know the parts by their catalogue names and to identify 
them by value at a glance. It is alwa_ys well to know with what you are 
working. This "thing-a-ma-Jig" method doesn't help you visualize 
your work. A mental picture-spatial relationship-of each components 
comparative size, structure, construction, function, location of leads, 
and identification markings are necessary to build with ease. see page 
6 for identification. 

FAMILIARIZE YOURSELF WITH THE CffiCUITS 

Learn to know the total circuits and each circuit of which it is 
Composed. An easy wa_y to learn the circuits is as follows: 

a. Block Diagram the job. Blocks might include Power Supply, 
Output Stage, Driver Stage, Detector, IF, Mixer, RF, etc. 

83 
82. 
81 
150 

79 
78 
77 
76 
75 
74 
73 
72 
71 
70 
69 
68 
(;7 
66 
.;5 

~ 
22 
21 
20 
19 
16 
17 
16 
15 
I 4-

CITIZEN RADIO 

890MC 
,r-

UHF 
TV 

,~ 
470MC 

b. Diagram or trace the filament or heater circuit (which is 
common to all blocks) placing the tube socket prong numbers 
in their sequential location. sequence Is particularly important 
in AC-DC receiver circuits, as hum can be picked up with 
improper sequence. 

c. Diagram or trace the B + source locating each tapped voltage. 
Note that B + comes from the cathode of the rectifier (tube or 
dry disc.) check the B + return to the high voltage source. 
This is usually the grounded center tap of the power trans
former. 

LAND MOBILE PHONE
460 

MC 

d. Diagram or trace the parallel circuits from B - to the cathode 
to each tube and from the plate to the load and thence back to 
B+ • Notice that dropping resistors are by passed for either 
Audio or R.F. currents and. that the output voltage is isolated 
from and serves as drive for the next stage. 

e. Diagram or trace the series parallel circuits from B- to the 
cathode of each tube and from the screen grid (G2) to B+ • 
Notice that the screen grid current flows through tile cathode 
circuit. This is important to remember when computing a 
replacement for these parts as well as for power transformers. 

f. Diagram or trace the control grid circuits (G1 or G3) from the 
source of voltage, condenser or coil, to the grid and from the 
cathode to the grid return resistor or coll. 

g. Diagram or trace any other cll'cuits (i.e. suppressor-G3, 
Anodes, diodes, focusing electrodes, deflecting plates, etc.) 

h. Study the pictoral diagram for location of parts and leads. 
After familiarizing yourself with proper names of components, 
the schematic diagram, and the pictoral diagram you are 
ready to mount the parts and wire the circuits, testing as you 
proceed. 

I. Mount the large parts using lockwashers as described in tbe 
paragraph on lockwashers. Locate as shown on the pictai.al 
diagcam. 

II. Wire the power transformer primary or batteey connection and 
the filament or heater circuits. 

III. Test the filament or heater circuits by inserting the tubes and 
seeing if they light. 

IV, Remove the tubes and wire the power supply. 
V. Plug in the rectifier tube and test the power supply with a 

D.C. voltmeter. Remember 100 MA through the heart will kill 
you! To be safe make all connections with the plug out. 
Using the plug as a switch. 

VI. Wire the output stage lf it can be tested with a signal input 
stage. 

VII. Test the wiring with a signal or test the wiring with an ohm
meter or voltmeter using the chart supplied with the kit or 
diagram. 

IX. Proceed stage by sta~e. 
X. Test stage by stage. 

AMATEUR 

GOVERNMENT 
AND 

ASSORTED 
SERVICES 

AMATEUR 
GOVERNMENT 

13 
12 
11 
10 
9 
.R 
7 

GOVERNMENT 
AND OTHERS 

AMATEUR 

GOVERMENT 
AND AERO 

FM 
6 
5 

MO~ILELFIXED PHONE 
+ 
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l 

AMATEUR 

450MC 

42.0MC 
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225MC 
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216MC 
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