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-�· * 
·lJJQUENCI C O � I ON :  Frequency conversion in superheterodyne receiver• 

is the process or 1"educing the incoming R.F. signal to that or an intermediate 

freq�,nQ1, and wit�ut an:r other aodification of the •i&Dal· Thia interme 

diate trequenc7 then is ted through an amplifier vhich is called an interme 

diate trequenc7 amplifier vhere high signal amplification is possible vith 

good aelectivit7, �tabilit7, and relatively low distortion. To perform this 

change, a frequency converting c i rc u i t  i s  used c o ns i s t i ng  of a l oc al  R.F. 

oscillator and R . F .  mixer or d e te c t o r .  The R.F. s i gnal  and the local oscilla 

tor ligne.1 voltageef are applied to the input or the mixer or detector tube as 

ahovn in Fig. 1. HeTe a type 6L7 tube is used ae a pentagrid converter. The 
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F91G. I A t,-pe 6L7 tube used as a pentagrid lli.xer. 

local oscillator voltage,which is developed by a separate R.F. oscil lato r, is 

applied to grid G-1 and is of sufficient intensit7 to cause the amplified sig 

nal in the plate circuit  ot the type 6L7 tube to be about 10 times the inten 

ait7 ot the amplified R.F. signal.  This ratio ot oscillator to R.F. signal 

Yoltage has been found to be most desirable because mathematicians tell us ,  and 
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ac.tU$,l measurements show that under this condition of operation there is the 

�iJIIUlll production of harmonic frequencies. It is,  furthermore, easier to 

CQnt�Pl tbe oscjllator frequency and its output when it is oscillating strong- 

Jn Fig. 2 is sho\lll the electrical components for a complete converter 

circuit employing a type 6L7-G tube and a type 6J5 tube where the first tube 

acts as the mixer or detector while the latter tube serves as the oscillator. 

The R.F. signal in the primary winding of the R.F. input transformer is in 

d�ced into the secondary winding by induction. The seconjary circuit of this 

antenna coupling transformer is tuned to resonance by the variable capacitor 

C..l. The volta8e across C-1 is fed to grid G-1 of the type 6L7 tube. 
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FIG. 2 A sche!llatic diagram of a type 617 tube and a type 6J5 tube used as a 
pent.grid mixer and oscillator or a typical superheterodyne. 
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The R.F. input signal voltage is applied to grid G-1. This grid has re- 

mote cut-off charact,eristics and is especially suited for automatic volume 

control purposes. The local oscillator voltage is applied to grid G-J. This 

grid has a sharp cut-off characteristic and produces a comparatively large 

effect on plate current change for a small amount or oscillator voltage. 

The rotor or the R.F. variable capacitor C-1 is mechanically coupled to 

the rotor of the oscillator variable capacitor C-2. It will be noted that 

the rotor of these two capacitors is connected to the chassis or ground cir- 

cuit. The oscillator circuit formed by the capacitor C-2 and the winding L-2 

is coupled to the grid of the type 6J5 tube through the grid coupling capaci 

tor C-6. The resistor R-2 serves as the automatic bias supply for the 

oscillator tube. The winding L-3 is used for the purpose of producing the 

required feed-back so that oscillations may be sustained. 'nle d-c voltage, 

which is applied to the plate of the type 6J5 tube through the resistor R-3, 

does not pass to ground because the capacitor C-3 is in the circuit. This 

capacitor serves two purposes. First it prevents the shorting of the plate 

voltage applied to the type 6J5 tube and it also enables us to obtain proper 

tracking of the two tuned circuits represented by L-1 and C-1, as well as L-2 

and C-2 respectively, over the entire broadcast band when 0-1 a.nd C-2 are of 

similar construction. More information will be given later on the use or 

capacitor C-3. The tvo capacitors, which are in shunt with the capacitors 

C-1 and C-2 respecti�ely, are knO"lol!l as the high frequency trimmers capacitors 

and enable exact alignment of these circuits at the high frequency end of the 

frequency range covered. 

The R.F. voltage developed by the oscillator is transferred to the grid 

G-3 of the type 617 tube through the capacitor C-5. The resistor R-4 com- 

plates the grid return circuit. The resistor R-5, which is connected between 

the cathode of the type 617 tube and chassis, serves as the self-biasing 
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resistor. The capacitor C-7 is in shunt with this resistor for the purpose 

of providing a low r�actazice path for the R.F. signals in the circuit. The 

grioa G-2 and 0-4 are ;lnternall1 connected to pin 4 in the tube be.se. These 

grida prevent electrostatic coupling between grids G-1 and G-3 and 11&1 be 

ret,rred t,o as tbe screen grid. This coupling is prevented by the use ot the 

lqw reactance by-pass capacitor C-8 which allows the application of a d-c 
• 

VQltage to thilJ important electrode ot the tube. 'nle resistor R-6 serves as 

the Yoltage drQJ>ping resistor to the screen grid of the t1P9 6L7 tube. The 

capacitor C-11 provides a low reactance path for any amplified R.F. aignala 

that me.,- be present in this B plus supply lead. The capacitor C-12 and the 

refiator �-1 are used a. an A.v.c. tilter which permits the application ot 

th&, negative a..,.c. voltage to the grid G-1 or the type 6L7 tube. The oapa- 

c!to� C-12 oftera low Teactance to R.F. frequency and does not affect the 

range covered by the coil and capacitor combination represented b7 L-1 and 

c-1. 

Tbe I.F.T. ,  know as the intermediate frequency transformer, consists ot 

the two tuned circuits C-9 and L-4, as well as C-10 and L-5, the la�ter being 

the secondary winding. These two circuits are tuned to the I.F. value and 

permit the desired signal to be applied to the grid or the first I.F. a.11pli- 

fier tube. 

BROADCAST ™ FREQUENCY CONVERSION: When using a auperheterodyne re 

ceiver for the reception or signals in the broadcast band, from 550 to 1,600 

kc., the R�F. inP\lt tuned circuit will cover this frequenc7 range. 'nle local 

oscillator must cover a frequency range which is 455 kc. higher, that is, 

(550 + 455) 1,005 ltc. to (1,600 + 455) 2,055 kc. as shown in Fig. 3 bf 

curve, l an d  2. W)len receiving a signal from a station operating on 550 kc., 

and when the local oscillator is operating on 1,005 kc . ,  two strong beata 

will be produced along with the oscillator signal or 1,005 kc. in the plate 
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circuit of the mixer or detector. One will be equal to 455 kc.,  the I.F. 

amplifier frequency which is often called the difference freguencz and the 

other beat will be the 1,555 kc . ,  known as the .!Y:!! freguencz. Then, or 

course, there will be the signal produced at the fundamental frequency ot 

the local oscillator. Since the primary circuit or the first intermediate 

( I .F . )  amplifier is tuned sharply to 455 kc.,  there will be no interference 

caused by the local oscillator and sum frequency in the plate circuit or the 

type 617 tube. 
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FIG.3 A  graph shoving the tracking of the R.F. input and oscillator cir 
cuits. 
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TRACKING .Q[ !HE &L_ I!f!!! Mill OOCILLATOR CIRCUITS: In order to obtain 

maximum selectivity and sensitivity trODl the R.F. input circuit, it is 1:apor 

tant that this circuit is always tuned to the desired station. Partial 

03G52R4605 Page 5 



tracking between the R.F. and oscillator circuits is made possible by the use 

or a dual variable gang capacitor electrically symbolized in Fig. 4. Here 

the two capacitors C-1 and C-2 have the same maximum capacity. Each capacitor 

has its small trillllller (screv driver adjustable) capacitors for exact tuning 

of these circuits at the high frequency end of the band. Let us assume that 

both the R.F. and local oscillator circuits are resonant at 80 degrees on the 

calibrated dial (see Fig. 3 ) ,  that is, there is a difference in their resonant 

frequencies or exactly 455 kc. With this condition, maximum selectivity and 

conversion gain will be obtained. 

RF. osc. 

I I 

L------------J 

F'IG.  4 Symbolizing electrical ganging of a dual variable capacitor with 
high frequency trimmer capacitors. 

Now let's turn the dial for the reception of a station at the low fre- 

quency end of the band. With the dial set at 10, the R.F. input circuit 

(L-1 and C-1) will be resonant at a frequency of 580 kc . ,  as shown by curve 1 

in Fig. 3 ,  however, look what happened to the resonant frequency of the os 

cillator circuit (L-2 and C-2)J see curve 3. It is resonant at 885 kc. 

instead of (580 + 455) 1035 kc ,. ;  the required difference frequency to pro 

duce an I.F. valve of 455 kc. as shown by curve 3 in Fig. 3. The tremendous 

change in the frequency of the oscillator circuit (L-2 and C-2) is due to 

the fact that L-2 has about 30% less inductance than L-1 because the local 
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oscillator circuit is to operate at a much higher frequency than the R.F. in- 

put oirouit. 

I 
I 

c-a 

C-3 L-2 

I 

I G"4 I 

L--------�-------J 

FIG. 5 A fixed low padding condenser is used in parallel with an adjustable 
capacitor in the oscillator circuit of a superheterodyne for proper tracking. 

� FREQUENCY PADDING CAPACITOR: To prevent this large change in the 

local oscillator frequency, we can do several things. One of the best known 

ways of accomplishing this, with satisfactory results, is to insert an ad- 

justable capacitor having a relatively high amount of capacity about three 

times the capacitances of C-2. The exact amount will be obtained when align 

ing a superheterodyne receiver employing a series low frequency padding 

capacitor (see Fig. 5) .  With the dial set to the desired station frequency 

of about 580 kc.,  adjust the series padding capacitor to cause reception of 

the desired station, that is,  the production of the difference frequency of 

455 kc. This will cause the oscillator resonant frequency to fall on curve 2 

(see Fig. 3) .  Tnis method of obtaining low frequency tracking has several dis- 

advantages. Frequency drift of the oscillator is possible due to the changing 

of the capacity of C-3 and C-4 caused by a change in the operating temperature 

of the receiver parts. This generally causes improper tuning several minutes 

after the set has been turned on. The fidelity of reproduction will drop and 

even another station may be received with a reduction in conversion gain. 

ALIGNMENT PROCEDURE USING ! 1QH. FREQUENCY PADDING CAPACITO.�: When employ- 

ing padding, a special procedure for obtaining correct alignment over the 
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entire band is required. For example: Let's  assume we have already adjusted 

the high frequency trimmer capacitors for the reception or a broadcast 

station operating at the high frequency end of the broadcast band, and with 

the dial calibration corresponding with the frequency upon which the station 

is known to be operating. Then we will turn the dial for the reception or a 

low frequency station operating on the known frequency of 580 kc. We will 

set the dial to the frequenc,- calibrated on the dial tor the station, or 580 

kc. ,  and adjust the low frequency padding capacitor C-4 for maximum volume 

and clear reception of the station. Now if capacitor C-4 required several 

complete turns, we will find that proper high frequency alignment will be no 

longer obtained. Now here's where most servicemen run into trouble, but 

don't let it disturb you. Merely repeat the original procedure of aligning 

the two circuits (L-1 and C-1) and (L-2 and C-2 with C-3 and C-4) at the fre 

quency of a high frequency station operating on about 1400 kc. 

ROCKING ADJUSTMENT: Rotate the dial to the low frequency setting of 580 

kc. and adjust the series padding capacitor for maximum signal. Now try, 

what servicemen call, the rocking adjustment, setting the dial of the receiver 

first 10 kc. below, and then 10 kc. above the station frequency of 580 kc. and 

after each setting, adjust the series padding condenser for maximum a.v.c. 

voltage. This a.v.c.  voltage can be measured several ways. 

1. By measuring the d-c voltage across diode load resistor. The greater 

this voltage, the greater the conversion gain. 

2. By measuring the voltage across the cathode self-biasing resistor of 

a R.F. or I.F. amplifier tube which is A.v.c. controlled. The great 

er the voltage, the greater the conversion gain. 

3. By measuring the cathode to chassis current. The lower the current, 

the greater the conversion gain. 

4. By measuring the plate current. The lower this current, the greater 

the conversion gain. 
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If we find th�t the co�v�rsion gain is higher at the 590 kc. setting of 

the �ial, then we know the dial has slipped on its shaft or requires reset 

ting. Before doing this, however, ve should try the 600 kc. setting and make 

sure the point of maximum conversion gain has been obtained. Final setting 

of the shaft of the variable tuning capacitor will be where maximum conversion 

gain is obtained and when the dial is finally showing the correct calibration 

for both the high and low frequency broadcast stations. Before actually at 

tempting this alignment procedure, you must be absolutely certain that the 

I .F .  4ffipljfier is tuned to 455 kc . ,  the correct frequency for the receiver be 

ing aligned. 

The process of aligning a superheterodyne is one that takes a little 

practice because there are a number of factors to be taken into consideration, 

each of which affect the other and naturally the over-all results received 

from a set of this type will also be affected. It takes experience to quickly 

deteF?lline what can be done to receivers in the various price ranges to improve 

their performances by aligning the circuits of the frequency converters. 

CAPACITORS� SPECIAL Q1lI ROTOR PLATES: Many receiver manufacturers 

have found it more economical to use a dual variable capacitor that has the 

oscillator capacitor C-2 with special cut rotor plates as sho'Wll in Fig. 6. 

Fig. 7 is a picture of two dual ganged variable capacitors with special cut 

rotor plates for the oscillator circuit. Again high rrequency trimmer capa 

citors are employed to provide high frequency alignment adjustments. Many 

manufacturers serrate the outer plates of the R.F. circuit capacitor as shown 

in Fig. 8. Exact alignment is obtained by bending the sections of the outer 

plate at A and B to, or away from the rotor plates a small amount. These sec 

tions cover the respective lower rrequency portions of the range of frequen 

cies covered. When bending the plates with parallel long nose pliers, it is 
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important that the dial is set on the proper dial calibration every tilae the 

conversion gain is checked. 

STATOR 

rlG.6 The shaded portion or the rotor or this dual ganged eapaeitor shove 
the relative size and amount or reduction in capacity or the oscillator tun 
ing capacitor. 

FIG. 7 A three-gang capacitor at the left, and a two-gang-capacitor at the 
right, both with special shaped rotor plates and high frequency trimmer capa 
citors. The third section or the three-gang capacitor is used for tuning the 
first stage or R.F. amplification. 
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F I G . 8  Serrated variable tuning 
capacitor plates. 

Fig. 9 shows a method of obtaining an 

oscillator and frequency mixer .combined 

in the same envelope. Such tubes as 

the types 6A7 and 12A7 tubes may be 

used in this circuit. Since five tube 

elements are used, the tube is called 

a pentagrid converter. These penta- 

grid converters operate in a manner 

very similar to the arrangement shown 

in Fig. 2 ,  however, a separate oscillator tube is not employed. The R.F. sig- 

nal voltage received from the antenna is applied to the primary winding L 
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An oscillator and mixer in tne same envelope. 
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and induced in L-1, the secondary winding of the input transformer. Thia 

second81'1 winding is t une d �  resonance with the incoming or desired signal 
� 

by the R.F. section C-1 or the dual gang tuning capacitor. The capacitor C-3 

serves as a means of applying the minus a.v.c. voltage to grid G-4 or the 

type 6A7 tube. This grid has a remote cut-off characteristic and is very sat 

isfactory- for use with receivers employing a.v.c. circuits. The resistor R-1 

serves as the isolating or decoupling filter in conjunction with C-3, that 

is, R-1 and C-3 serve to isolate the low R.F. voltages that might exist across 

C-J which has extremely low reactance to the R.F. voltages present in the 

resonant circuit formed by L-1 and C-1. Then, too, the resistor prevents a117 

I.F. voltages that might be fed back from the diode load or a.v.c .  voltage 

source from reaching the grid G-4 of the pentagrid converter tube. 

The resistor R-4 serves as the self-bias resistor. The d-c voltage dro� 

across this resistor is caused by the total current of all the screen grids 

and the plate electrode or the type 6A7 tube. The capacitor C-6 provides a 

low reactance path for all a-c currents in the cathode to ground circuit. 

Note that the resistor R-3 provides a n.c. return path for grid G-1 to the cathode. 

This grid serves as the grid electrode for the (triode) oscillator circuit 

of which grid G-2 is often referred to as the anode. 

The capacitor C-5 serves as the coupling between the oscillator tank cir- 

cuit formed by L-2 and C-2. Again C-1 and C-2 have high frequency trimmer 

capacitors for proper alignment of the two respective circuits in which they 

are placed. No low frequency padding capacitors are shown because the capaci 

tor C-2 has tapered rotor plates. 

The winding L-3 serves as the plate coil providing the necessary feedback 

voltage to sustain oscillations. The d-o supply voltage for the (anode) 

screen grid electrode G-2 of the type 6A7 tube is obtained from the most positive 



terminal or the power supply through the voltage dropping resistor R-2. The 

capacitor C-4 pr�vides the low reactance path required to make L-J effective. 
,,.----. 

The d-c electrode voltage required for the screen grid G-3 is obtained 

through R-5. The capacitor C-7 provides the low reactance path for the a-c 

voltagee in this circuit and also prevents electrostatic coupling between the 

grids G-2, G-4 and the plate electrode or the t7J>e 6A7 tube. 

In the plate circuit of the type 6A7 tube is the I.F.T. or intermediate 

frequenc7 transfonaer. The primary winding L-4 is tuned to the I.F. value b7 

the adjustable capacitor C-9. The plate voltage is applied to the lower ter 

minal of the winding L-4,and C-8 is used to provide a low reactance to all 

a-c signals that ma.r exist in this circuit. 

The coupling between th� primary winding L-4 and L-5 is at an optillua 

value to give not only an e.tficient transfer or the desired signal voltage but 

al.so the required band width tor the reception of the broadcast prograa. The 

.apacitor C-10 tunes the secondar., winding of the I.F.T. to the I.F. value. 

!H! FljNTAGRID CONVERTER: The pentagrid connrter is uaed extensively be 

cause it provides a high conversion gain without the necessity of special 

adjustments. The electron stream in the plate circuit and naturall.7 the pri- 

mary winding or the I.F.T . ,  which is in series with it, are due to the cam- 

bination of the oscillator and signal frequencies. The latter being the 

controlling element since G-4 receives the a.v.c. voltage. The grids G-3 and 

G-5 are connected together and also accelerate the electron stream and also 

shield grid G-4 electrostatically from the other electrodes. 

Pe11tagrid-converter tubes are good frequency converting devices at aediUll 

R.F. frequencies but their performance is better at lower frequencies than at 

the higher ranges. This is because the output of the oscillator section drops 

down as the frequency is raised and further certain undesirable effects are 
r> 
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produced by inter-action betveen oscillator and signal sections of the tube 

increase as the operating frequency is increased. The transit time for the 

electrons to travel and the inductive properties of the leads to the respec- 

tive electrodes in the pentagrid converter tube cause serious trouble at these 

high frequency ranges, however, in the broadcast band, very satisfactory re- 

sults are obtained. 

To minimize these effects at high frequencies, several of the pentagrid 

converter tubes are designed so that no electrode functions alone as the os- 

cillator anode. In these tubes, grid G-1 !unctions as the oscillator grid, 

and grid G-2 is connected within the tube to the screen grid G-4. The com- 

bined two grids G-2 and G-4 shield the signal grid G-3 and act as the composite 

anode of the oscillate� triode. Grid G-5 acts as the suppressor. Converter 

tubes of this type are designed so that the space charge around the cathode 

is unaffected by electrons from the signal grid. Furthermore, the electro- 

� static field of the signal grid also has little effect on the space charge. 

The result is that r-f voltage on the signal grid produces little effect on 

the cathode current. There is, therefore, little detuning of the oscillator 

by the a.v .c.  bias because changes in a.v .c .  bias produce little change in 

oscillator transconductance or in the input capacitance of grid G-1. Examples 

of the pentagrid converters discussed in this paragraph are the single-ended 

type 1R5 and 6SA7 tubes. 

Another method of frequency conversion utilizes a separate oscillator 

having its grid connected to the grid G-1 of a mixer hexode. A tube utilizing 

this construction is the type 6KS. The top view of this tube is shown in Fig. 

10. Here we can see the electrode arrangement. The cathode, triode grid 0-1 

and triode plate form the oscillator section of the tube. The cathode, hex- 

ode mixer grid G-1, hexode double screen G-2 and G-4, hexode mixer grid G-3 

and hexode plate constitute the mixer section. The two internal shields are 
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connected to the phell of the tub(, and act as a suppressor for the hexode sec- 
' 

./ 

tion. 'file action of the t� 6K8 tube in converting a radio-frequency signal 
,,.....,. 

...o an intermediat� fTequenc7 depends on (a) the generation of a local fre- 

quenc1 by the triodo unit, (b) the transferring of this frequency to the hexode 

grid G-1 and G-J, tb� mixing in the hexode section of this frequency with that 

of the r-f signal $pplied to the hexode grid G-J. 

Grid 

Internal Shield 

Hexode Grid No. 4 

er Screen Section) 

Shell 

�:...:J��..,..,,_.--Triode (Oao. )  Plate 

H�xode {Jtixer) Plate 

Internal Shield 

Hexod• {llx•i-) 
Grid No. l 

Hexode Grid No. 2 
(Mix,r Sore,n Section) 

F' I G . 1 0  Top view of a hexode tube used in frequenc7 converters. 

The type 6K8 tube is not critical to changes in oscillator-plate voltage 

or signe.l grid bias anq, therefore, is used in all-wave receivers to minimize 

frequency-shift effe(:ts at the higher frequencies. 

F' I G . 1 1  The socket or base connections 
for the type 6K8 tube are shown to the 
left. Pin 1 is the metal envelope, Pin 3 
is the hexode plate, Pin 4 is the hexode 
screen grid, and Pin 5 is the connection 
to the first grids of the triode and hex 
ode sections. The cap is the hexode grid. 
Pin 6 is the plate of the triode section. 
Pin 8 is the conunon cathode. 
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