INSTRUCTIONS FOR OPERATING THE BL-FM

VISUAL FREQUENCY MONITOR
General


The circuit in the BL-FM frequency monitor has been chosen after months of design work.  It has many advantages.  By means of the 100 Kc. oscillator, it allows checking numerous points in each amateur band against WWV.  The circuit is so arranged that the dial may be set in an extremely high degree of precision at any checkpoint and thus, for the first time, makes possible great accuracy at reasonable cost.  Before the Browning Visual frequency monitor leaves the Laboratories, the circuits have been adjusted to correspond to the dial readings as close as possible by means of adjusting six independent variables.  It would be practically impossible to make a stamped dial accurate to several thousand cycles through its entire range.  However, through narrow ranges, a calibration will hold as closely as the dial can be read.  Therefore, if numerous accurate checkpoints are available throughout a given range and an adjustment provided for setting the dial accurately at any point, the precision of an instrument is greatly increased.  This method is used in the BL-FM, the checkpoints being suitably indicated on the dial.

Theory of Operation


The BL-FM frequency monitor is of the heterodyne type and depends for its operation upon the use of 100 and 1000 Kc. Standard oscillators which can be set to their respective frequencies by zero beating with the National Bureau of Standards station WWV.  (Station WWV operates on several frequencies – See QST for schedule – with an accuracy of better than one part in five million.)  With reasonable care, the 100 – 1000 Kc. Standard can be set with an accuracy of five parts in a million.  The standard employs an electron-coupled oscillator (BL-2FS) using an especially large ratio of capacitance to inductance to afford a maximum of frequency stability.  No trimmer condensers are employed in connection with these oscillators, the adjustments in setting them on frequency being accomplished by a movement of small brass rods which change the inductances very slightly. 


Three variable oscillators are employed in order to give bandspread on all amateur bands.  The oscillators band-spreading the amateur bands are conveniently switched by means of a front panel adjustment.


Numerous check points in all amateur bands may be obtained from harmonics of the 100 Kc. oscillator beating against fundamentals and harmonics of the three continuously variable oscillators.  So that there will be no interaction whatever between these circuits, the output of the 100 – 1000 Kc. oscillator is fed to one grid of a mixer tube while the signal from the variable oscillator is fed to a separate grid.  In the output circuit of the mixer there will be the difference between the two frequencies which, when the two are not in exact synchronism, will give a beat not which is amplified by the 25A7 (70L7) tube, the output of which is impresed on a tuning eye for accurately adjusting to zero beat.  The output is also fed to a jack provided for phones.  A TRIMMER whose control is brought out to the front panel is employed for accurately setting the heterodyne oscillator on frequency at any checkpoint.

Adjustment of the 100 – 1000 Kc. Oscillator


Before making any adjustments whatsoever on the frequency monitor, a warm-up period of at least 20 minutes and preferably 1 hour should be allowed in order that the parts nay reach constant operating temperature.


For d-c. operation, the power plug must be inserted in the outlet with correct polarity.  This may be determined by trial.  For a-c. operation, the plug should be inserted in the outlet with the polarity which gives minimum 60 cycle hum in the phones.  In general, a ground connection to the frequency monitor is not necessary.  If, for any reason, it is desired to ground the case of the frequency monitor, a ground binding post is provided on the side of the cabinet.  No power switch has been incorporated in the frequency monitor. In case it is not in use for a period of time, both oscillators may be turned to their OFF positions leaving all filaments on and the frequency monitor ready for operation at a moments’ notice. 


Before leaving the Laboratory, the 100 – 1000 Kc. Standard is accurately set on frequency.  However, it is possible in shipping for a frequency shift to occur, making slight adjustment necessary upon installation.  The position of all controls referred to in the following alignment instructions are indicated on picture of the Frequency Monitor.  The 100 – 1000 Kc. STD. May be accurately aligned by the following procedure:

1. Turn STD. Switch to 1000 Kc.

2. Turn variable oscillator switch to OFF. (BAND – to OFF)

3. Connect “O” to receiver antenna terminal.

4. Tune radio receiver to station WWV (5 mc.)  When tuned to this frequency, a whistle or low audio note should be heard in the speaker of the receiver.  (If WWV signal is not very strong, the 1000 Kc. STD. May tend to blot it out.  In such cases, disconnect the wire running from “O” at the receiver and place it parallel to the receivers antenna lead in.

5. By means of the set screw adjustment provided on the 1000 Kc. STD., adjust the frequency of the standard until exaqct zero beat is heard in the loud speaker.  This zero beat adjustment can be made within a few cycles if sufficient care is taken.  In the event that WWV is not on the air at a time when it is desired to check the standard or in the event that this station can not be received in a given location, the standard may be checked against any American short wave broadcasting station whose frequency is a multiple of 1000 Kc.  The frequency of these stations is definitely within 50 cycles and is more likely to be within 10 cycles of the assigned value.

6. With the receiver still tuned to WWV or the broadcast station, set the STD. at the 100 Kc. position.  An audible note should be heard in the receiver.  (A connection from “O” to the receiver antenna terminal may be necessary as the 50th harmonic of the 100Kc. oscillator is not nearly as strong as the 10th harmonic of the 1000 Kc. oscillator.) [They mean 5th harmonic if the WWV frequency is 5.0 mc.]

7. Tune the 100 Kc. standard by means of the screw provided until absolute zero beat is obtained.  Zero beat occurs due to the beating of the 50th harmonic of the standard with station WWV.  Therefore, if the 100 Kc. oscillator is adjusted to within 10 cycles of zero beat, its frequency is 100 Kc. within 1/5 cycle.

After the 100- 1000 Kc. oscillators have been carefully adjusted, the dial calibration may be checked as follows:

1. Disconnect the lead from “O” to the receiver.

2. Turn variable oscillator to Band 5-6.  (The example given will apply only to band 5-6 but the principle involved applies to any band.)

3. Turn STD. To 1000 Kc.
4. Set main dial exactly to 2.0 mc.

5. Vary TRIMMER to obtain zero beat as indicated by eye and in the phones.  (The iris of the eye will flutter near zero beat indicating the cycles per second.  At zero beat the eye will open.)
6. Switch STD to 100Kc. – Zero beat should again be obtained.  If zero beat is not obtained and a note is heard which is quite high in pitch, either the 100 or the 1000 Kc. STD have been set incorrectly and they should again be adjusted against WWV by means of the receiver (as per previous instructions).
7. With STD. Set on 100 Kc., move the tuning dial to any of the checkpoints above or below the line on band 5-6.  A low-pitched whistle or zero beat should be heard in the phones.  The checkpoints should give zero beat within at least ½ to ¾ of a division of their correct position.
Points on the dial, the fundamental frequencies of which are multiples of 1000 Kc., may be checked by beating harmonics of the 1000 Kc. oscillator 

with the variable oscillators, while points on the dial, the fundamental frequencies of which are multiples of 100 Kc., may be checked by beating harmonics of the 100 Kc. oscillator with the fundamentals of the variable oscillators.  The sub checkpoints indicated below the line are the harmonics of the variable oscillators.  The beat notes heard at these points will be weaker than those heard at fundamental checkpoints (indicated by arrows above the line).  These check points are, of course, just as accurate as those due to fundamentals.  There are also higher order harmonics which may be heard when tuning the variable osc. with the 100 Kc. STD. on; but these are weaker in signal strength and do not in general fall on even kilocycles and, as a consequence, are not indicated on the dial.  This applied to all bands.  Checkpoints will be found at end of every amateur band with the exception of the 160-meter band. 


There are the following number of check and sub-check points indicated on the various bands of the dial:

                                                  6 on the 160-meter band

  6 on the   80-meter band

  7 on the   40-meter band

  5 on the   20-meter band

11 on the   10-meter band

11 on the     6-meter band

For greatest accuracy in determining a frequency, always check the 100 Kc. STD. against WWV and then check this against the nearest checkpoint, setting the main dial exactly on this check point and adjusting the TRIMMER so that zero beat is obtained.  The 3 mmf. trimmer used has insufficient variation to allow setting on an incorrect checkpoint.  The 100 Kc. STD. may then be turned OFF and the desired frequency determined by zero beating against the variable oscillator.

Determining Transmitter or Exciter Frequency

(1) After allowing an ample warm-up period, attach a rigid wire a few inches long to binding post “I”.

(2) Check 100 Kc. STD. against WWV obtaining zero beat as before described.

(3) Set BAND switch on proper range.

(4) Turn 100-1000 Kc. STD. to OFF.

(5) Rotate main dial of frequency monitor until zero beat is heard in the phones and is indicated by the electric eye.  The frequency thus determined is read directly from the dial calibration.  (If it is desired to check the frequency of a low-powered oscillator, it may be necessary to have a wire from this oscillator paralleling the short pick-up wire of the BL-FM in order to put sufficient signal into the monitor to obtain a strong beat note.)

Greatest frequency precision may be obtained by the following procedure:

(a) Set the main tuning dial at the nearest checkpoint to the frequency which it is desired to determine.

(b) Turn STD. to 100 Kc.

(c) Adjust TRIMMER to zero beat at this position.

(d) Turn STD. to OFF.  Check transmitter frequency as before described, reading the frequency directly from the dial.  (It should be appreciated that a transmitter frequency of 7.0 mc. will also be indicated at 14. – 28. – 56 mc. etc.)

Adjusting Transmitter or Exciter to a desired Frequency


The following procedure enables the transmitter or exciter to be readily set at the desired frequency:

(1) Attach a rigid wire, three or four inches long to “I”.

(2) Check 100 Kc. STD. against WWV obtaining zero beat.

(3) Set BAND at the desired frequency range.

(4) Set dial at the nearest main check point to the desired frequency.

(5) Adjust TRIMMER to zero beat at this checkpoint.

(6) Turn STD. to OFF.

(7) Set main tuning dial at the exact frequency desired.

(8) Adjust transmitter or exciter to zero beat as determined by the    BL-FM visual indicator and by zero beat in the phones.

Determining the frequency of a Received Signal


With the FM in operation, set the variable oscillator to the desired Band and the 100 –1000Kc. STD. OFF.  Turn the dial slowly.  The signal from the FM will beat with the incoming signal in the radio receiver and may be adjusted as before to zero beat.  There is sufficient leakage so that in general no lead should be attached to “O”.  As before, for greatest accuracy, the dial should be set accurately on calibration by means of the TRIMMER at the nearest check point by means of zero beat with the 100 Kc. oscillator.  

Extending the Frequency Range of the BL-FM


In some cases it may be required to check frequencies outside the amateur bands.  Suppose, for instance, it is required to determine frequency between 6.8 and 7 mc.  This may readily be accomplished by using the harmonics of one of the variable oscillators.  Set the band switch to 5-6.  The 4th harmonic of this oscillator, when the dial reading is 1.7 will be 6.8, while if the dial reading is 1.75, the frequency will be 7.0.  Points in between will be obtained by multiplying the band 6 dial reading by 4.  By this principle the frequency range of the FM on band 5-6 (the widest band) is as follows:

                   5.1 to 6.0 mc.
         -
     multiply band 6 readings by 3

                   6.8 to 8.0 mc.
         -
     multiply band 6 readings by 4

                   8.5 to 10.0 mc.
         -
     multiply band 6 readings by 5

                 10.2 to 12.0 mc.
         -
     multiply band 6 readings by 6

                 11.9 to 14.0 mc.
         -       multiply band 6 readings by 7

                 13.6 to 16.0 mc.
         -
     multiply band 6 readings by 8

                 15.3 to 18.0 mc.              -       multiply band 6 readings by 9

                 17.0 to 20.0 mc.              -       multiply band 6 readings by 10

                 18.7 to 22.0 mc.              -       multiply band 6 readings by 11

etc.

The circuit is so designed that harmonics up to about the 50th are sufficiently strong as to be readily utilized.


Frequencies which are even multiples of 100 Kc. can be checked by utilizing the 100 Kc. STD. as a generator turning the variable oscillators to OFF and making coupling from a short rigid wire attached to binding post “I” and determining zero beat by the phones and electric eye.


The 1000 Kc. STD. may be used in similar manner to obtain check points 1 mc. apart throughout the frequency spectrum.  This is of particular advantage in checking signal generators and similar equipment.

[note:  the BL-FM which I have is listed as Type M3.  The schematic for the BL-FM which accompanies this operating manual shows that the tube lineup is as follows:  Oscillators – 2 each 6SK7, Mixer – 1 each 6SA7, Audio Amplifier/Rectifier – 1 each 25A7G and Electric Eye tube – 1 each 6U5.  The M3 version has an updated tube lineup:  Oscillators – 2 each 12SK7, Mixer – 1 each 12SA7, Audio Amplifier/Rectifier – 1 each 70L7 and Electric Eye tube 1 each – 6N5.  The updated tubes have 0.15 Ampere filaments and their total filament voltage equals 112 Volts and thus does not require the 220 Ohm filament dropping resistor used in the older version.]
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