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TWENTYFlRST WEEK. 
MASTER HETERODYNE FREQUENCY METER� 

G.B.Todd, RMle. 

QUESTION lfl. What circuit is used in the Master Heterodyne Freq­
uency Meter? 

ANSWER #1. The l�ster Heterodyne Frequency Meter uses an induc­
tively coupled method of regeneration in a tuned 
grid o scillator circuit, which is an adaption of 
the circuit used in a TV transmitter. Two condensers 
(A and B in circuit) are in series with the tuned 
grid circuit. These condensers are varied simultan­
eously so that the larger one (A) always has about 
three times the capacity of the smaller (B). Since 
they are in series, the combined capacity of the two 
is always less than the capacity of the smaller (b). 
The capacity between the grid and filament is quite 
small compared to the capacity of the condenser 
which is in parallel (A), since the grid and fila­
ment are connected only across the larger condenser. 
So, a large change in the tube element capacity will 
produce only a small change in capacity of the con­
denser (A) in parallel and a very much smaller changt 
in the combined capacity of the two condensers in 
series in the tuned grid circuit (A and B). This the 
advantage of this circuit is: constancy of frequency 
and freedom from variations of frequency on account 
of the small variations in tube interelement capaci• 
ties. The two condensers (A and B) are on the same 
shaft and are thus varied at a constant ratio to 
each other, therefore the grid voltage is the same 
for all condenser settings with a certain coil. This 
gives the circuit another advantage; that o f  being 
independent .of plate and filament voltage variations 
thruout the condenser range. No means are used to 
vary the tickler, the circuit being in the osci�la­
ting condition at all times. Any kind of phones may 
be used or the meter can be used without any phones 
and still the frequency will not vary, since the 
phones are not connected directly into the plate 
circuit, but are coupled inductively through a 

telephone transformer. 

'::::uESTION f/:.2. Explain the coil system used in the meter. 

ANSWER #2. Eight inductance coils together with tickler are 
mounted inside the aluminum case of the Master Het­
rodyne Frequency Meter • .  to cover the entire frequen­
cy range (125 to 4000 KCS). Any one of these coils 
can be connected into the circuit by depressing ana. 
locking, by turning. the proper switch, upon whioh 
is printed the frequency range of that particular 
coil. Each coil is set at an angle to the adjacent 
coil and consists of two inductances, with the com­
mon tickler between them, wound on a Pyrex glass 
form. Pyrex was used because of its low coefficient 
of expansion and its mechanical strength. 
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:2UESTION #3. What type of switching system is used in this meter? 

ANSWER #3. A unique system of connecting and looking the de-
aired coil into the circuit. The system consists 
of eight switches, each of which has four contacts; 
two connect to the inductance coil terminals and two 
connect to the tickler coil terminals. The switches 
are so arranged that when one is pushed down a bout 
a quarter of an inch and ·turned to the right about 
30° in which position it looks, none of the other 
ooiis are connected in the circuit, and none of them 
can be connected as long as this one is locked. In 
order to connect another coil in the circuit, it is 
necessary to depress this particular coil again, and 
turn it back to the left, at which point it releases 
from the catch and is sprung back into position by 
a spring, which is a part of each switch. 

QUESTION #4. Explain the type of variable condenser used in this 
meter. 

ANSWER #4. When this meter was built,the main object was to ob­
tain a constancy of frequency and a uniform oscilla­
tion over the entire range. To obtain this, the var­
iation of plate and filament voltage must have no 
effect on the frequency. This was accomplished by 
means of two condensers in series in the tuned grid 
circuit. These two condensers are variable and are 
mounted on the same shaft, the movable plates being 
connected to the shaft and are varied by a handle 
on the upper right hand aide of the aluminum case. 
This simultaneous variation of the two condensers 
keeps the ratio between them constant, thus causing 
uniform oscillation thruout the entire range and 
halping to maintain a constant frequency even tho 
the plate and filament voltages varied. The conden­
ser plates were constructed with such a shape that 
the change at the lower end of the condenser scale 
was very gradual, thus producing what is known as 
a straight line frequency curve. In order to obtain 
extreme accuracy with the meter, some method was 
needed to obtain precise readings. This is accompliab 
ed by means of a worm and gear, such that 25 rota­
tions of the condenser knob are necessary to obtain 
180° rotation of the condenser. These numbers 1 to 
25 are read thru the left hand window near the con­
denser knob. Each rotation of the condenser knob is 
divided into 100 more divisions, read thru the right 
hand window. This gives a total of 2500 divisions 
in the semi-circle of condenser rotation. The number 
in the left hand window is hundreds of divisions and 
the number read in the right hand window is tens 
and units. So that, if the number 3 is read in the 
left hand window and the number 78 is read in the 
right hand window, the reading would be 378 condenser 
divisions. The frequency corresponding to this read­
ing is obtained from the frequency curves, provided 
on charts furnished with each meter, and which will 
be discussed later. 
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QUESTION 1/:5. Describe in detail the oscillation indicator. 

ANSWER #5. A direct-current milliammeter is inserted in the 
circuit in series with the grid-leak and is used 
to indicate oscillations. The meter is placed on 
the panel just above the condenser knob. The circuit 
is o scillating when there is a deflection on this 
meter. Some men have the mistaken ides that a dip in 
the reading of this meter indicates resonance, but 
this is not the case. The meter's sole purpose is to 
indicate oscillation. A variation of plate current 
will cause a deflection downward in the meter read­
ing. The amount of deflection is insignificant since 
it varies on the several coils from about half scale 
down to zero. 

�UESTION 1/:6. Give an explanation of the heterodyne principle. 

ANSWER #b. The heterodyne, or "beat" method of reception utili-
zes a local oscillator to partly cancel the incom­
ing frequency, leaving just enough to be within the 
audible range. Most incoming frequencies are so high 
that they cannot be detected by the humsn ear. If 
local oscillations are superimposed the frequency of 
the incoming oscillation can be completely cancelled 
out. This explains the silence band or zero beat of 
continuous wave reception. If the incoming frequency 
is 500 KCS and the local receiver is oscillating at 
500 KCS, no signal will be heard� but if the local 
oscillations are 501 KCS� the audible signal is the 
difference between the two, in this case 1000 cycles. 
This occurs on either side of the zero beat. If the 
local oscillations are 499 KCS, the audible signal 
is still 1000 cycles. The l�ster Heterodyne Frequency 
Meter makes use of this principle. on the lower freq­
encies this silence band is quite broad, therefore, 
to determine the exact point of zero beat, it is nec­
essary to tune the meter to zero beat, then vary the 
condenser up the seale until a low note is heard; 
note this condenser setting; then vary the condenser 
down the seale until another low note is heard, and 
note this setting; the correct reading is the mean 
of the two, or half way between the two. Once the 
correct reading is obtained, the frequency can be 
determined from the charts. 

7.U"SSTION :(f7. Expla in how you would use the meter to tu..11.e a recei­
ver to pick c.w. transmitter of known frequency. 

.ANSWER #7. The meter must be put into operation by the follow­
ing methods, before it can be used: The filament is 
lighted by pressing the filament switch to "on" posi­
tion and turning the rheostat until the v oltmeter 
reads 7 volts. The proper coil is connected in the 
circuit, by depressing and turning to right to lock, 
the switch corresponding to the frequency range de­
sired. An inspection of the "range in kilocycles" 
seen through the celluloid window on panel just a bawe 
the line of switches. With the switch locked down and 
the filament lighted, the oscillation indicator shouU 
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ANSWER #7. Continued. 

show a deflection. The meter is adjusted to the 
desired frequency by obtaining the condenser setting 
from the calibration curves, furnished with each 
meter. An, example; if the meter is to be set to 
315 KCS: The coil which includes this frequency, is 
depressed and locked. The condensers setting for t� 
frequency is determined from the calibration curve. 
In this case it is 1250 divisions. The condenser 
knob is turned until the left hand window indicates 
between 12 and 13, then the knob is turned until the 
right hand window indicates 50. The mater is now set 
and oscillating (if the milliammeter shows a deflec­
tion) on 315 KCS. The coils overlap each other a 
little and it will be found from operation that the 
overlap is at the upper end of the higher frequency 
coils and the lower end of the lower frequency c oils. 
In order to tune a receiver to pick up a c.w. trans­
mitter of known frequency, the meter is set in oper­
ation and adjusted to assigned transmitter frequency 
as explained above. The coupling wire must be in 
place unless none is needed. The receiver is ad­
justed to approximate frequency, then the receiver 
is varied until a high pitched note is heard in the 
receiver phones (The frequency meter phones should 
never be used, except to pick up a near-by trans­
mitter). Then, the frequency meter is shut off and 
the transmitter should be heard, if it is on the 
proper frequency and in operation. 

CUESTION #B. How would you·use the meter in tuning a local trans­
mitter on a ship ha ving a sepa ra te transmitting and 
receiving room? 

ANSWER #B. The frequency meter is set in operation, as explainec 
above, and the meter adjusted to the desired frequen· 
cy. The phone connection is plugged into the c ontrol 
board so that the man in the transmitter room can 
hear the transmitter signal in the phones that he 
is wearing. The operator transmits on low power, whDB 
the man in the transmitter room varies the transmit­
ter frequency until he hears the zero beat in the 
frequency meter phones. The transmitter is now on the 
correct frequency. After each operation the frequen c� 
meter should be shut down by pressing the filament 
switch and turning down the filament rheostat. 

�.UESTI ON #9. How would you measure the emitted frequency of a 
transmitter located on another ship? 

ANSWER #9. The receiver is adjusted to zero beat with the trans­
metter and the frequency meter is then adjusted to 
zero beat with the receiver. The condenser setting is 
noted. care being taken that the exact center of the 
silence band is obtained. This condenser setting is 
found on the calibration chart and the corresponding 
frequency noted. This is the transmitter frequency. 
Much attention should be paid to tuning the receiver 
to zero beat with the t��nsmitter as more error is 
made in this operation than in any other. 
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�UESTION #10. What 'precautions should be taken with'�ster 
heterodyne frequency meter in general� 

ANSWER #10. The general precautions which should be taken in 
the operation of the Master Heterodyne Frequency 
Meter are as follows: 

Voltages:- The proper voltages are 120 volts on the 
plate and 7 volts on the filament. A filament bat­
tery of more than 10 volts should never be used. 
Although the circuit will oscillate below 100 volts 
it is desirable to keep the plate voltage always 
above 100 volts. 

Switches:- Do not attempt to depress a coil switch 
when a nother coil is already engaged. If the switch 
will not depress and lock, inspect the other switch· 
es and see if one of them is about one quarter of 
an inch below the others� an indication that it is 
engaged. Depress and turn this switch to the left 
in order to disengage, before engaging the other. 

Condenser Settings:- Extreme care should be taken 
in reading condenser settings. An error of 100 
divisions is very easily made by reading one number 
too high in the left hand window. An example: If 
the true reading were 1599 it might easily be mis­
taken for 1699, since 16 is directly beneath the 
hairline, but a slight rotation of the condenser 
knob will turn the indicator to 1601 so it is ob­
vious that the correct reading is 1599. 

Tubes:- The tube·s furnished with the meter are for 
this purpose only and should never be used for any 
other purpose. 

Shield:- The negative filament and the negative 
plate terminals are connected to the metal s hield 
and, if the ship's line is to be used for a plate 
supply, the shield will have a potential of the 
negative side of the ship's line. 

Beats:- All settings should be made to zero beat 
( the exact center of the silence band) except when 

setting a receiver to pick up a signal, when it 
should be set off the zero beat by a bout 500 or 
1000 cycles. 

Coupling:- The coupling binding post at the back of 
the panel is simply a brass rod insulated from the 
panel and extending about 4 inches into the box. 
It furnishes capacity coupling from any coil to the 
external circuit if a wire is connected to the bind· 
ing post and connected to the external circuit by 
means of a few turns around the antenna lead-in.care 
should be taken NEVER to leave this wire connected 
to the meter when any high power transmitting is 
being done on the ship as the large transfer of po­
wer between antennae will be carried down to the 
coupling rod and the insulator which holds it will 
be charred. 
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DETAILS OF MASTER HETERODYNE FREQUENCY METER NOT COVERED BY -
�UESTIONS� 

Plate Supply Filter:- An audio filte r consisting of 
two choke s and two fixe d condense rs is conne cted in the plate 
circuit to permit the use of the 120-volt direct curre nt ship 
line as plate supply. On the line available for te st this filte r 
has be e n  found ve ry e ffective. If, howe ve r, commutator sparking 
is found to cause a notice able hum in the phone s on the unit, 
batte �ies must be re sorted to. While the unit is designed to ope r 
ate on 120 volta� a drop in the line of 30 volts from this value 
will not stop o scillations, nor will the fre que ncy be affected. 

The tube s use d are a 7t watt, type DV 210, and only 
those e quippe d with the instrume nt should be use d. These special 
tube s should be use d for no othe r purpose .  

To tune a local transmitte r whe re transmitte r and re­
ce ive r are in same room:- First, de te rmine if the signal of the 
diffe rent transmitters can be heard distinctly on the frequency­
meter phones where it is installed. If n ot, run an insulate d wire 
from the coupling binding post on the fre que ncy meter up near the 
re ceiving-ante nna le ad-in or'some other part of the circuit carry 
ing radio-freque ncy curre nts. The wire may te rminate in a coil of 
se veral turns but should not touch any part of the transmitter 
circuits. The amount of coupling require d will depend on how we ll 
the transmitte r is shielde d and wh en this is de te rmine d it should 
be re corded for re fere nce . If, in tuning a low-powe r transmitte r 
s uch as the CW-938A, by liste ning on the heterodyne fre que ncy 
mete r phone s, a louder note is desired, due to excessive local 
noises, the following method is employed: 1. Instead of listening 
on freque ncy meter phone s, tune the SE-1420 or othe r rece ive r to 
zero be at with fre que ncy meter se t on the transmitter frequency. 
The n·� with rece iver phone s still on, tube the CW-938A transmitte r 
to zero be at with the receiver. With coupling to give a signal 
in frequency meter phone s, tune the transmitter to ze ro be at. 

To calibrate an ordinacy service fre que ncy meter:- ( con 
sisting of a coil, a co nde nser, and a current-indicating de vice } :• 

This must be done through the medium of s ome vacuum tube oscilla­
tor such as the L.A. drive r. L. Set the condense r of the ordin ary 
service meter at a point desired and adjust the driver to re son­
ance with it, as indic ated on the current-indicating instrument� 
or, in the case of the L.A. drive r. by a "dip" on the me te r. De ­
tune the service frequency me ter. 2. Tune the Master He terodyne 
Fre quency Me ter to ze ro beat with the driver. With the two only 
a foot or two apart, the be at note should be ·heard in t he frequen­
cy me te r phone s. 3. Read the frequency from the calibration curves 
Repeat the procedure for any number of points desired. 

Harmonics :- Be s ide s the e nergy e mitte d on the fundaments 
freque ncy, all vacuum tube oscillators radiate . a relative ly small 
amount of energy on exactly twice this frequency, on thre e times 
this frequency, and s o  on. These are calle d harmonics of the fund 
amental frequency. A transmitter, a receiver, and the master hete­
rodyne frequency me ter, when set at 150 KCS radiate also at 300 
KCS, at 450 KCS. and so on, each succee ding harmonic growing a 
little weake r than the proceeding one . Harmonies are undesirable 
as they re prese nt a powe r loss and be cause t hey are an interfering 
note on fre quencies which are an inte gral multiple of the funds- / 
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mental frequency. But they may be used for certain practical pur­
poses. By their use the range of the Master Heterodyne Frequency 
Meter may be, in effect, extended below 125 KCS. 

How to use harmonics to determine frequencies below 125 
KCS ( assume that it is desired to tune a receiver to "stand-by" 
for a 76-KC station) :- 1. Set the master heterodyne frequency 
meter at exactly twice this frequency - 152 KCS. 2. Tune receiver 
circuits roughly to 76 KCS by dial calibration. If primary cir:Jui· 
is uncalibmted, increase inductance coupl ing and vary primary 
circuit to secure "resonance click" in phones. Now tune receiver 
slowly to pick up a high-pitched note with frequency meter. This 
is the oscillating receiver harmonic at double its fundamental 
frequency, beating with the fm1damental of t he frequency meter. 
3. Shut off the frequency meter. The receiver is now set to hear 
the 76 KC station. The expl anation is as follows: The harmonic 
of the receiver, at twice the fundamental frequency is tuned to 
give an audible· beat frequency with the fundament a 1 of the heter­
odyne frequency meter. The frequency meter is set at 152 kilo­
cycles. Therefore, if a kilocycle beat note is heard in the 
receiver phones� this harmonic of the receiver is 1 kilocycle 
above or below 152 kilocycles. Assume it is 151 KCS. Then the 
receiver fundamental is one-half this frequency, or 75.5 KCS. 
This w ould give a 500 cycle beat note with a transmitter ( or tube] 
on 76 KCS. When a loud note can be heard with the receiver funda­
mental tuned to the frequency meter fundamental, then this harmon• 
ic should give an audible note. If the receiver were set at aroun� 
300 KCS, smother harmonic might be heard; but this w ould be the 
harmonic of the heterodyne frequency at �wice the fundamental 
(152 x 2) beating with the receiver fundamental. 

How to tell the fundamental from harmonics:� 1. The 
note between fundamentals is louder than that heard on a harmonici 
2. The beat notes due to harmonics fall at twice� three times, 
etc •• or one-half, one-third, etc. , the fundamental of the freq­
uency meter. With any rough calibration of a transmitter or 
receiver as a guide, no harmonic should ever be taken for the 
fundamental. If harmonics are heard on a receiver, determine if 
the fundamental of the heterodyne frequency meter can be picked 
up without the coupling wire. 
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