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SECTION l    INTRODUCTION AND DESCRIPTION

1-1. SCOPE OF TECHNICAL MANU AL.
1-2.   This technical manual comprises operation and service instructions for TACAN Beacon Simulator Model HLI-103D, manufactured by Hoffman Electronics Corporation,   Military Products Division, Los Angeles 7, California.

1-3.  PURPOSE OF EQUIPMENT.
1-4.   TACAN Beacon Simulator Model HLI-103D (figure 1-1), hereinafter referred to as Beacon Simulator, simulates the range and bearing signals of a TACAN ground beacon, such as Radio Set AN/URN-3.   The purpose of these simulated signals is for testing the performance and accuracy of the airborne counterpart of a TACAN system. The Beacon Simulator provides facilities for checking the accuracy of fixed or varying range and bearing indications, checks coding and decoding of the airborne receiver-transmitter, provides a check of operational frequency on all the 126 TACAN channels, and quantitatively tests and monitors the transmitter peak power output and receiver sensitivity.   The Beacon Simulator is also compatible with and can be used for testing the range functions of DME(T) equipment.

1-5. CAPABILITIES AND LIMITATIONS.
FUNCTION
Capabilities

AZIMUTH Indication
Manually or motor driven; continuously 0…360,   ±0.2 degrees
RANGE-NAUTICAL MILES Indication
Manually selectable 0…. 312 nm  in nine range steps or

continuously adjustable from 0….300 nm


0. 5% of range, ±0. l mile (fixed positions only)
Simulator RF output
Approximately 0.25 mW output (RF)


All 126 tacan  ground channels, Xtal controlled
Identity tone
1350 CPS with equalizer pulse
SPEED-KNOTS (tracking rate) 
O to 4000 knots continuously variable, IN or OUT ward
RANGE-REPLY PERCENT
10% to 90%,  continuously variable

1-7.  EQUIPMENT SUPPLIED.
1-8.   Figure 1-3 is a table listing the equipment supplied.
1-9.  EQUIPMENT REQUIRED BUT NOT SUPPLIED.
1-10.  The Beacon Simulator is shipped completely assembled and ready for use.   
Instructions for preparing the Beacon Simulator for use are contained in Section III.
1-11. TUBE COMPLEMENT.
1-12.   Figure 1-4 is a table listing the electron tubes used in the Beacon Simulator.
1-13.  FUSE COMPLEMENT.
1-14.   Figure 1-5 is a table listing the fuses used in the Beacon Simulator.
1-15.  PILOT LAMP COMPLEMENT.
1-16.   Figure 1-6 is a table of the pilot lamps used in the Beacon Simulator.

1-17.  DESCRIPTION OF EQUIPMENT.
1-18.   TACAN Beacon Simulator Model HLI-103D  consists of four major units:  the R. F. Unit, Video Unit, Power Supply Unit, and the Electrical Equip​ment Cabinet.   The R. F. Unit, Video Unit and Power Supply Unit are individually mounted Electrical Equipment Cabinet on separate rack and roller mechanisms.   By releasing four captive screws on the front panel, and using the handles provided, the units can be withdrawn from the front of the Electrical Equipment Cabinet in the same manner as a drawer.   All operating controls for the three mounted units are located on their respective front panels.   The Electrical Equipment Cabinet is equipped with four castor rollers for ease in changing location of the equipment and it is also equipped with a full length door for gaining access to the rear of the three mounted units. This door is equipped with a safety interlock switch.
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1-19. DESCRIPTION OF MAJOR UNITS.
1-20.  R.F. UNIT.
1-21. The R.F. Unit, figure 1-1 and 6-17, consists of three assemblies: the rf multiplier, the rf oscillator-buffer, and the rf housing assembly.
1-22.   VIDEO UNIT.
1-23.  The Video Unit, figure 1-1 and 6-6 consists of two assemblies:  the main video chassis assem​bly and the noise generator.   The main chassis assembly contains all but five of the electron tubes of the Video Unit.   These five tubes are mounted on the noise generator assembly which is mounted on the rear of the Video Unit front panel.

1-24.   POWER SUPPLY UNIT.
1-25.   The Power Supply Unit, figure 1-1 is a self contained unit and contains no modular type assemblies.

1-26.   ELECTRICAL EQUIPMENT CABINET UNIT.
1-27.   The Electrical Equipment Cabinet Unit, figure 1-1, houses the R. F. Unit, Video Unit, and Cabinet Unit also contains the power receptacles, three blower assemblies, and air filter, a power cable, and four castor rollers.

1-28.  PRINCIPLES OF OPERATION.
1-29.   Figure 1-7 is a simplified block diagram of the Beacon Simulator, showing the function and relationship between the R. F. and Video Units. The signals generated within the Video Unit are applied to either the high or low band driver in the R. F. Unit for modulating the carrier frequency. The carrier frequency is developed by one of the 126 crystals in the crystal turret along with the crystal oscillator, and increased to 27 times the original operating frequency by the tripler stages. This is the composite amplitude-modulated rf signal containing all the emitted signals of a TACAN ground beacon.

1-30.  R.F. UNIT.
1-31.  The R. F. Unit generates 126 different rf signals, comprising 126 individual carrier channels that may be selected by the operator.   This selection is accomplished by the setting of the R.F. BAND SE LECTOR switch, used to select the low (1-63) or high (64-126) channels, and by the CHANNEL SE LECTOR control, used to manually rotate the crystal turrets to select the proper crystal.   The crystal-contacting elements of each crystal turret are soldered to the crystal oscil​lator circuit and the crystal with the frequency corresponding to the selected channel is rotated to these contacts.   Switching the R. F. BAND SE LECTOR switch to the low or high band turret applies the operating B+ voltage to the circuit related to the particular turret in use.

1-32.   The 126 TACAN channels are covered by 63 crystals in the low band turret and 63 crystals in the high band turret.   The crystals are the over-tone type, and the third overtone is accentuated over the fundamental crystal frequency.   The third overtone of the crystal establishes the operating frequency of the rf oscillator-buffer.   The output of the oscillator-buffer assembly is connected to the rf multiplier assembly.   The output frequency of the oscillator-buffer is tripled three times in the rf multiplier assembly which increases the third overtone of the crystal frequency 27 times.   In the driver-modulator stage and the third tripler stage, the video signal from the Video Unit is superimposed as modulating plate voltage.   The output of the rf multiplier assembly is applied to the pulse section in the main chassis of the R. F. Unit.   The preceding description is identical for either low band or high band operation.   Figure 1-8 is a table listing the crystal frequencies and their tolerances. 

1-33.   Part of the pulse section serves as an amplifier and detector for the purpose of measuring the rf output of the equipment under test and for monitoring the rf output of the Beacon Simulator. Another part of the pulse section receives and amplifies the video pulses from the Video Unit. These video pulses are applied to the driver-modulator and third tripler in the rf multiplier section to modulate the rf carrier.   This section also receives the interrogation pulses from the equipment under test, amplifies these pulses and applies them to the Video Unit.

1-34.   The low band of channels (l to 63) extend from 962 me to 1024 me, and the high band of channels (64 to 126) extend from 1151 me to 1213 me.   The frequencies between the low band and the high band are used as receiving frequencies by the Beacon Simulator, on which the equipment under test transmits range interrogations.  These range interrogation signals from the equipment under test are detected by the Beacon Simulator, amplified and applied to the Video Unit for interpolation into range-reply data.
1-35.  VIDEO  UNIT.
1-36. The Video Unit provides 15 and 135 cps modulated frequencies which are a direct simulation of the modulation that occurs in the TACAN ground beacon by means of a rotating antenna array.   As the antenna of the TACAN ground beacon rotates, it produces a 15 cps amplitude variation with a 135 cps variation super-imposed upon it.   These variations of amplitude are with respect to a relative stationary observer within the range of the ground beacon antenna.

1-37. The composite video waveform of the Beacon Simulator consists of main and auxiliary bursts, random (noise) or identity and equalizing pulses, and range reply pulses.   (See figure 1-9.) These pulses are amplitude modulated by both the 15 and the 135 cps sine waves and supply the plate voltage to modulate the third tripler and the driver-modulator stages in the R. F. Unit.   In every case the main and auxiliary bursts will occur; however the position of the RANDOM—1350 CPS switch on the front panel of the Video Unit will determine if the pulses generated are random noise or identity and equalizing pulses.   The range reply pulses will occur if the Beacon Simulator receives interrogation pulses from the equipment under test.
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Figure 1-9.   Composite Video Waveform

1-38.   AZIMUTH FUNCTION.  

 In order for the air-borne TACAN equipment under test to obtain azimuth information from the Beacon Simulator, a main burst is transmitted in one of an almost infinite number of positions with respect to the 15 cps sine wave.   When the main burst coincides with the positive crossover point of the 15 cps sine wave, the azimuth indication of the airborne TACAN equipment will be zero degrees, or north (see figure 1-9).   This zero degrees indication actually represents the direction of the beacon from the aircraft.   When the main burst coincides with the minimum amplitude point of the 15 cps sine wave, the azimuth indication will be 90 degrees, or east.   The main burst coincides with the negative crossover point of the 15 cps sine wave for an indication of 180 degrees, or south, and coincides with the maximum amplitude point of the 15 cps sine wave for an indication of 270 degrees, or west.   If the main burst coincides at any point other than the quadrant points mentioned, the azimuth indication will coincide with that point. The circuit that generates this main burst and relates it to the 15 cps sine wave is termed a 40 degree gate.   Theoretically this comparison between the position of the main burst and the phase of the 15 cps sine wave will provide 40 degree accuracy on the scale reading of the azimuth indicator with only this circuit in use. Actually, its accuracy is much greater than 40 degrees, and in all probability will resolve the azimuth indication to within 5 degrees or less. However, even 5 degree accuracy is not sufficient for the TACAN equipment to be within the required performance specifications.   Therefore, an auxiliary burst is provided, which is referenced to the 135 cps sine wave in the same manner that the main burst is referenced to the 15 cps sine wave.   Since the 135 cps sine wave is superimposed upon the 15 cps sine wave, and since 135 is the ninth harmonic of 15, then the azimuth data resolved from the auxiliary burst will have an accuracy which is nine times that of the main burst.

1-39.   The circuit that generates the auxiliary burst and relates it to the 135 cps sine wave will not become operative until the azimuth indication is first resolved within 40 degrees by the main burst.   After this has been accomplished, the auxiliary burst on the 135 cps sine wave becomes operative and resolves the azimuth indication within an accuracy (depending upon circuit constant s of the equipment) of ±0.9 degrees, which would be sufficient for the operator of the airborne TACAN equipment to obtain an accurate fix on the TACAN ground beacon.

1-40.  RANGE FUNCTION.   For range computations, the airborne TACAN or DME(T) equipment generates and transmits to the Beacon Simulator a pair of interrogation pulses that is detected by the Beacon Simulator, delayed 50 microseconds, and then retransmitted to the airborne equipment as range reply pulses.   The 50 microsecond delay is a built-in constant to compensate for any inevitable circuit delay in the Beacon Simulator and/or the airborne equipment, the distance being simulated would be added to that constant in microseconds. The airborne equipment subtracts the 50 micro​second constant, divides the total time interval by two, and resolves the distance traveled by the pulses in one direction, which is the range information (distance from the TACAN ground beacon).   The range function of the Beacon Simulator can be operated in one of nine fixed simulated distances (O,  24, 48, 72, 96, 192, 240, 288, 312 nautical miles), or in one of the variable simulated distances (0-312 nautical miles^ and in one of the simulated fixed speeds in knots (0-4000).  
1-41.  RANGE TRACKING RATE FUNCTION.   The simulated speed, provided by the Beacon Simulator, produces the effect of an aircraft in flight, thus determining if the range indicator of the airborne equipment can maintain its range-finding capability while rapidly approaching or leaving an actual TACAN ground beacon.   The Beacon Simulator also determines the ability of the range indicator to track inbound or outbound.
1-42.  RANGE-REPLY PROBABILITY FUNCTION. 

The beacon simulator eliminates in a random manner a percentage of the range reply pulses. This simulates adverse conditions occurring during transmission and reception.   The airborne equipment under test should operate satisfactorily when receiving only 70 percent of the range reply pulses.

1-43.  IDENTITY FUNCTION.   The identity function of the TACAN ground beacon consists of periodic transmission of international morse code characters.   These morse code characters are used to key a switching circuit which temporarily changes the random prf of 2700 pps to an exact prf of 1350 pulse pairs per second.   A circuit in the airborne equipment, sensitive to an exact pulse repetition frequency of 1350 pulse pairs per second, develops voltage which triggers a tone generator.   This tone generator produces an audible reproduction of the transmitted message. In the Beacon Simulator, the operation of these circuits is duplicated but operated manually by setting the RANDOM--1350 CPS switch to the 1350 CPS position which changes the random 2700 pps to exactly 1350 pps.   While this switch is in the 1350 CPS position, a steady tone will result.   This allows detailed testing of the identity tone circuit of the equipment under test.

1-44.  WAVEFORMS GENERATED BY THE VIDEO UNIT.   The waveforms generated by the Video Unit are as follows:
a.   A 15 cps sine wave and  a 135 cps sine wave, superimposed one upon the other, which amplitude modulate the video pulses which in turn modulate the rf carrier.   (See figure 1-9.)
b.   Random pulse pairs modulated by a 15 cps sine wave and a 135 cps sine wave and averaging 2700 pulse pairs per second fill in the modulated envelope.   These pulses are replaced during transmission of identity pulses by 1350 pulse pairs per second spaced 100 microseconds (μsec) between the leading edge of the first pulse pair (identity pulses) and the leading edge of the second pulse pair (equalizing pulses).   The leading edge of the first identity pair is separated from the leading edge of the second identity pair by 740 μsec.   The identity pulses simulate the identity signal of the TACAN ground beacon.   (See figure 1-9.)
c.   A main burst which identifies a simulated 90 degree azimuth is coordinated with the 15 cps sine wave and is used as an index by the airborne TACAN equipment to obtain an approximate

azimuth indication.   The nominal main burst pulse pair characteristics are as follows (see figure 1-9):
1.   3.5 μsec pulse width at the half voltage points.
2.   12 μsec spacing between leading edges of the pulses in each pair.
3.   30 μsec spacing between the leading edge of the first pulse of each pair.
4.   12 pulse pairs in the burst.
5.   345 μsec duration of each main burst.
6.   66,667 μsec between the first pulse of each main burst.
d.  An auxiliary burst which identifies exact 40 degree divisions is referenced to the 135 cps sine wave and is used as an index within the airborne equipment to obtain the fine azimuth indication. The nominal auxiliary burst pulse pair character​istics are as follows (see figure 1-9):
1.   3.5 μsec pulse width at the half voltage points.
2.   12 μsec spacing between the leading edges of the pulses in each pair.
3.   24 μsec spacing between the leading edge of the first pulse of each pair.
4.   6 pulse pairs in the burst.
5.   135 μsec duration of each auxiliary burst.
6.   7407 μsec between the leading edges of the first pulse of each auxiliary burst.
7.   Eight auxiliary pulse groups occur between the main pulse groups while one auxiliary pulse group is blanked out by the main burst.

1-45.  POWER SUPPLY UNIT.
1-46.   The Power Supply Unit develops the regulated and unregulated dc voltages for use in the R. F. Unit and the Video Unit.   It also provides ac heater voltages for these units, and a means for connecting line voltage for operation of filament transformers located on both units.  
The ac and dc voltages provided by the power supply unit are as follows:
a.   +300 vdc regulated at 300 ma to both units.
b.    -300 vdc regulated at 200 ma to both units.
c.   +150 vdc at 400 ma to both units.
d.    -150 vdc regulated.
e.    -105 vdc regulated at 20 ma to the Video Unit only.
f.    +390 vdc at 60 ma (approximately 10 ma average) to the R.F. Unit only.
g.   6.3 vac at 20 amp. 45/65 cps to the Video Unit only.
h.   6.3 vac at 8 amp. 45/65 cps to the R.F. Unit only.
i.    Line voltage (110-240 vac, 45/65 cps) to both units.

1-47.   THEORY OF OPERATION.

1-48.   DETAILED CIRCUIT ANALYSIS OF R. F. UNIT.
1-49.  The R. F. Unit consists of three assemblies: the rf housing assembly, the rf oscillator-buffer assembly, and the rf multiplier assembly.    Figure 1-10 is a block diagram of the R. F. Unit showing the relationship between the assemblies.

1-50.  R.F. UNIT HOUSING ASSEMBLY.
1-51. Mounted on the housing assembly of the R.F. Unit is a group of subassemblies containing operational switches and adjustments.   These subassemblies are listed along with their functions in figure 1-11.   Also included in the front panel and main chassis assembly is a pulse section containing monitor, video amplifier, and cathode follower circuits.

1-52.  PULSE SECTION AND MONITOR CIRCUITS. The monitor circuits provide the means for measuring the peak power output of the equipment under test and for monitoring the power output of the Beacon Simulator.   Figure 1-12 is a schematic diagram of the power measuring circuits.   To measure the peak power of the equip​ment under test, the FUNCTION SE LECTOR switch on the front panel of the R. F. Unit is set at POWER CHECK.   This switch, referred to as S1101 in figure 1-12, activates V706A through application of B+ voltage to the screen grid and connects PEAK POWER INDICATOR meter, M1101, to the correct metering circuits (negative side to ground and positive side to R795, XMITTR PWR CALIBRATION).

1-53.  The power output from the equipment under test is conducted through a 5 db attenuator, the 30 db sampler, the coaxial switch S901 (in POWER CHECK position), and the low-pass filter to the diode V901.   The pulsed rf is detected and emerges at the cathode of V901 as a positive video pulse.   This pulse is coupled to the grid of the pulse power amplifier V706A through C720 and L720.   The capacitor and inductor coupling network prevents ripple voltages from appearing on the grid of V706A.   The output of V706A is an amplified negative pulse which is coupled to V706B through C723.   Greater circuit stability is obtained by employing feedback from the output of V706B to the cathode of V706A through the re network consisting of C724, R779, and R782.   The positive pulse output of V706B is coupled through C725 to ground by CR701.   
This rectification produces a negative dc component at the junction of CR701 and CR702, which is equivalent to the peak value of the rectified pulse.   CR702 blocks the positive pulse but conducts the negative dc voltage to the grid of V707A.   R783 produces a high discharge time to keep the rectified voltage constant.   V707A, a cathode follower, provides a bias level for the grid of V707B which is dependent upon the afore-mentioned rectified voltage for operating meter M1101.   In its quiescent state (no signal), V707B is conducting heavily, causing a large voltage drop across plate resistors R786 and R787.

1-54.  In the no signal condition, the plate voltage of V707B will drop to a point below 40 volts, the Zener level of CR704.   As long as the circuit remains in this condition, there will be zero volts at the junction of C727 and CR704 and no deflection of meter M1101.   During the presence of transmitter signal s from the equipment under test, the grid of V707B is driven more negative as explained in paragraph 1-53.   The increasing plate voltage of V707B overcomes the 40 volt Zener level of CR704. From this point, the anode voltage of CR704 will follow the plate voltage of V707B with a constant voltage differential of 40 volts.   For example, if the plate voltage of V707B rises to 45 volts, the anode voltage of CR704 will rise to 5 volts.   It is this differential voltage at the anode of CR704 that causes meter M1101 to deflect up scale.   Resistors R794 and R795 are meter multipliers which provide the proper current limitation through the meter. Diode, CR703, provides voltage limitation to protect the meter circuit of M1101.   The output of CR704 is also fed back to the cathode of peak power detector V901.   The application of this negative feedback to the cathode of V901 limits the amplitude of the detected transmitter pulses and provides linear gain of the total amplifier.   In this manner the output voltage of CR704, as measured by the peak power meter, will be directly proportional to the input at V901 times the gain of the total amplifier.

1-55.  An additional function of the pulse section is to provide Beacon Simulator power output monitoring.   A portion of the output of the Beacon Simulator (see figure 1-12) is sampled by CP904, a 12 db sampler, and detected by diode CR902. The pulse detected by CR902 is connected through R775, SIMULATOR CALI-BRATION control, to the control grids of V705A and V705B.   V705A is a cathode follower and provides the video signal observed at the SIMULATOR MONITOR, J710.   The screen grid of V705B is connected to B+ through the contacts of switch S1101.   The amplified signal from the plate of V705B is coupled through C723 to the grid of V706B.   At this point the circuit operation is the same as described in paragraph 1-53 except that the cathode output of V707A, at the junction of R784 and R785, is applied directly to meter M1101.   The output of V707B is not used during the function of Beacon Simulator monitoring.

1-56.   PULSE SECTION AMPLIFIER AND CATHODE FOLLOWER CIRCUITS.   The amplifier and cathode follower circuits of the pulse section are shown in block diagram form in figure 1-13. The function of these circuits is to establish the amplitude of the modulating pulses to be delivered to the driver modulator and third tripler in the R. F Multiplier assembly (see figure 1-7).   The ampli​fier portion (see figure 1-14) consists of V701 and V702.   The amplified signal at the cathode of V703. is coupled directly to R. F. BAND SELECTOR switch S1102, and subsequently to the driver modulator in the high or low band R.F. Multiplier assembly, determined by the positioning of S1102. Cathode follower V704, with its two sections wired in parallel, isolate the modulating pulses supplied to the output of the third tripler in the R. F. Multiplier assembly from those supplied to the driver modulator.   These modulating pulses are connected to the third tripler through separate contacts of S1102.

1-57.   PULSE SECTION VIDEO AMPLIFIER AND CATHODE FOLLOWER CIRCUIT.   Video amplifier and cathode follower V711 (see figure 1-15) provides amplification and a low impedance output for detected range signals, from the equipment under test, to the range input of the Video Unit. The first section of V711 is a conventional triode
amplifier which is coupled to the grid of its second section, a cathode follower.  This presents a low impedance to the coaxial cable connected to the range input of the Video Unit.   The range interrogation pulses from the equipment under test are connected to J706 on the front panel of the R. F. Unit.   These pulses are amplified by V711. The output taken from the cathode of V711 is coupled to the Video Unit through J 70 7, located on the rear of the R. F. Unit main chassis.

1-58.   R. F. OSCILLATOR-BUFFER ASSEMBLY.

1-59.  The. rf oscillator-buffer assembly consists of two near identical circuits; the high band oscillator-buffer, V801 and V815A; and the low band oscillator-buffer, V808 and V815B.   Since the operation of these circuits will be the same, only the high band oscillator-buffer is discussed. Figure 1-16 is a partial schematic, showing only the high band oscillator-buffer.   For a schematic diagram of the complete R. F. oscillator-buffer i assembly, refer to figure 6-27.    The crystal corresponding to the channel to be selected is mounted in the high band crystal turret.   The turret is manually rotated using the CHANNEL SELECTOR control on the front panel of the R. F. Unit.   A set of contacts, connected to the cathodes of V801 and V815A, connect the selected crystal to the circuit as the turret is rotated to the desired channel.   With the crystal connected between the cathodes of V801 and V815A at J802H, a low impedance path is established between V801B and V815A.   This allows the circuit to oscillate only at the resonant frequency of the crystal, since to all other frequencies this path will represent a high impedance.   L802 in the plate circuit of V815A is tuned for maximum reading at TP801 with the highest frequency crystal connected to the circuit.   This causes the circuit of L802 to appear inductive to all lower frequen​cies.   R803 is paralleled across* this coil to keep the plate circuit damped and broadly tuned over the entire frequency range.   L801 in the cathode of V815A compensates for the capacitive effects of the wires and components associated with the crystal turret.   C873 serves as a blocking capacitor between the cathodes of the two tubes.
1-60.  The signal is coupled from the plate circuit of V815A through C802 to the grid of V801B. Since L802 is peaked with the highest frequency crystal in the circuit, the output amplitude of the oscillator would normally decrease as crystals of lower frequency were connected into the circuit at J802H.   However, since the cathodes of V801 are connected in parallel, any change in the cathode bias of V801B will be repeated as a similar change in V801A.   As the amplitude of the signal appearing at the grid of V801B decreases with the insertion of crystals of lower frequencies, the biasing voltage at the cathode will decrease proportionately.   Since the cathode voltage of the grounded-grid amplifier directly affects the gain of the stage, the gain will rise and compensate for the lower injection voltage. Conversely, when the oscillator signal rises in amplitude, the gain of the amplifier will be reduced proportionately. Thus, V801 becomes a self-compensating buffer amplifier with a constant output amplitude. Coupling transformer T802 is broadened in response by R854, and is tuned to maximum output at the center frequency of the high band.   The output of the rf oscillator-buffer assembly is taken from J811 and connected to the rf multiplier assembly.

1-61.  R.F. MULTIPLIER ASSEMBLY.

1-62.  The R. F. Multiplier Assembly consists of two near identical circuits; the low band rf multiplier, and the high band rf multiplier.   It is the function of either of these circuits to increase the output frequency of R. F. Oscillator-Buffer assembly 27 tunes.   Since the operation of these circuits will be the same, component values being the only difference, only the low band rf multiplier circuits are discussed.
1-63.   LOW BAND FIRST TRIPLER AND AMPLI​FIER.   The output of the rf oscillator-buffer is coupled to the grid of the first tripler V802, through L804 and C806 (see figure 1-17).   The principle of the tripler operation is based upon the timing of the plate circuit with respect to its grid circuit.   The grid of V802 is tuned to the output frequency of the rf oscillator-buffer while the plate circuit is tuned to a frequency three times higher.   Therefore, the signal input at the grid of V802 is highly distorted in the plate circuit of V802, creating a rich harmonic content, because of the nonlinear action of the tube.   The plate tank circuit is tuned to resonate at the third harmonic of the input frequency and this tripled frequency is applied to the low band amplifier V803. The rf energy developed across L807 is applied in push-pull to both grids of V803. This is made possible by the electrical center tap established by inductors L808 and L809 which are in series across the grids, with bias-isolating resistor R809 at their junction.   The output circuit of V803 is tuned to resonate at the input frequency^ L812 and this signal is applied in push-pull to the second tripler through coupling capacitors C810 and C811.  The even harmonies are cancelled by this push-pull action.

1-64.   LOW BAND SECOND TRIPLER AND AMPLIFIER.   The functioning of the second tripler and amplifier (see figure 1-18) is the same as the first tripler.   The plate circuit is tuned to a frequency three times that of the grid circuit, resulting in rich harmonies and a second tripling or nine times the original oscillator frequency. The rf energy developed across the plate tank of V804 is applied push-pull to the grids of the driver modulator V805 through coupling capacitors C813 and C814.   The plate and screen grid voltages for V805 consist of the pulsed video signal s that are generated in the Video Unit and amplified in the pulse section of the R. F. Unit.   To minimize cw leakage, both the driver modulator stage and the third tripler stage are pulse modulated.   This modulating video signal is applied at J809 and  conducted through the filtering network FL801.   The output of the driver modulator is coupled to the third tripler V806.                            
1-65.   LOW BAND THIRD TRIPLER OUTPUT STAGE.   To obtain the final operating frequency of the selected channel the signal must be tripled a third time.   This is accomplished in the push-pull output stages of V806 and V807 (see figure 1-19). The amplified signal from the driver modulator V805 is coupled to the cathodes of V806 and V807 through capacitors C815 and C816.   The cathode circuit is tuned to the frequency of the plate circuit of V805 by L827.   The plate tank circuit of the tripler output stage is tuned to a frequency three times that of the cathode which results in a third tripling.   The output of the third tripler is 27 times higher than the original oscillator frequency.   The plate s of the third tripler stage are modulated by the pulsed video signal generated in the Video Unit.   This modulating signal is introduced at J806, fed through the filter network FL802 and to the plate tank center tap.
1-66.  A part of the plate tuning circuit for the tripler output stage is formed by the cylindrical plates of V806 and V807.   A sliding element is attached to the elongated metallic exterior of the plates to provide a small amount of tuning in the plate circuit and to balance the push-pull output on either side of .the center tapped point of L829.   The proximity of L829 to L830 is adjusted for optimum coupling at the factory.   The greater part of the tuning in the plate circuit is accomplished with C817.   Capacitors C800L-A and C800L-B are factory adjusted.   The output of the third tripler stage is fed from a tap on L830 through a coaxial cable to P916, the R.F. IN/OUT connector.

1-67.  VIDEO UNIT.

1-68.  Figure 1-20 is a detailed block diagram, which will assist in following the output of the 135 cps oscillator V100.   This is the basic waveform of the Video Unit from which all other waveforms and pulses are generated, through the Video Unit to the output at V310 which is the composite video waveform.

1-69.  GENERATION OF BASIC WAVEFORMS.

1-70.   135 CPS OSCILLATOR.   The 135 cps sine wave is generated by a vibrating reed-type oscillator and twin-triode amplifier, V100, connected in a feedback loop.   As shown in figure 1-21, the reed oscillator control ROC101, consists of two reeds mounted on a single base block, with a coil for each reed.   The coil connected to the cathode of V101B is the driver coil.   The coil connected to the grid of V101A is the piek up coil. When the voltage on the cathode of V101B is developed across the driver coil, the reeds are caused to oscillate at their tuned frequency of 135 cps.   This signal voltage is induced into the pick up coil and applied to the grid of V101A.   The output of V101A is coupled through C101 and R103 to the grid of V101B.   The negative signal on the grid of V101B drives its cathode, in a negative direction, reducing the voltage across the driving coil, and allowing the reed to fall  back; thus completing one cycle of the 135 cps sine wave. It is in this manner that the reeds vibrate and control the frequency of the oscillator circuit. The principle of the reed action is comparable to that of a tuning fork, in that the oscillations occurring at the frequency to which it is tuned are of such greater amplitude than its harmonic frequencies that these other frequencies become negligible.   The actual harmonic content is removed by the filtering network described in the following paragraph.   It should be noted that the reed oscillator control has been selected for use in this circuit instead of the normal crystal oscillator control because the size of the crystal and other circuit components required to generate a frequency as low as 135 cps would be impracticable.

1-71.   135 CPS AMPLIFIER, FILTER, AND PHASE SPLITTER.   (See figure 1-22.)   The output of the 135 cps oscillator is coupled through C103, R168 and level control R108 to the grid of the isolating stage V101A.   The function of V101A is to isolate the loading effect of the oscil​lator stage.   The plate circuit of VIOLA contains no load resistor and therefore the output of that stage will show no gain.   However, the affect of  the signal on the grid of V101A will be impressed upon the cathode circuit.   Since the cathodes of V101 are connected in parallel, the isolation stage of V101A can be said to be cathode-coupled to the amplifier and filter stage V101B.   The filter network is a parallel T filter tuned to 135 cps by R114 and connected in the circuit between the grid and plate of V101B.   All frequencies other than 135 cps are fed back to the grid as a negative signal.   This substantially reduces the gain of the amplifier and literally cancels all other frequen​cies.   At 135 cps, the signal fed back to the grid will be positive and will receive high gain through V101B which is a high gain amplifier, displaying the characteristics of a grounded grid amplifier.   The output of V101B is coupled to the grids of the paralleled sections of V102.   With the cathode and plate resistors being of equal value, V102 is a conventional phase splitting circuit, the output at the plate being 180 degrees out of phase with the output taken from the cathode.   These two outputs are coupled through C108 and C109 respectively, to the grids of trigger former V103.

1-72.   TRIGGER FORMER AND 45 CPS COUNT​DOWN MULTIVIBRATOR.(See figure 1-23.)   

V103 is a dual triode, both sections operating as class B push-pull amplifiers.   The tube is biased so that at O volts the plate current levels off and -3 volts is the cut-off point.  With approximately 70 volts of sig​nal driving it, the tube forms square waves at a frequency of 135 cps.   The following stage V104, is a multivibrator used to count down from 135 cps to 45 cps.   It has a free running frequency of approxi​mately 40 cps.   This frequency is stabilized at 45 cps by the triggering action of the 135 cps square wave.   Every third 135 cps square wave prematurely triggers the multivibrator into conduction.   The remaining square waves of the 135 cps fall below the point that will drive the tube into conduction and although they will cause an increase in plate current of the multivibrator, no increase in frequency or amplitude will result.   With every third square wave triggering the multivibrator, no increase in frequency or amplitude will result and a count-down of three, or a 45 cps square wave will be the output of V104.

1-73.   15 CPS COUNT-DOWN MULTIVIBRATOR, 15 CPS FILTER AND PUSH-PULL AMPLIFIER. (See figure 1-24.)   The 45 cps square wave output of V104 is coupled through capacitors C114 and C115 to V105.   V105 is also a count-down multi​vibrator, with a free-running frequency of approximately 10 cps.   V105 operates very much in the same manner as V104, with the exception that it is stabilized by 45 cps square waves.   The output of V105 is a count-down of three, or 15 cps square waves, in phase with the 135 cps sine wave. Interaction between the two multivibrators is minimized by taking the triggering output from the cathode of V104.   The output of V105 is coupled to a network for filtering the harmonies from the 15 cps square wave.   This network also provides a phase shift of 180 degrees which, when added to the 180 degree phase shift that takes place in the amplifiers, V106 and V107, results in a full swing of 360 degrees.   This is required to keep the 15 cps signal throughout the circuit in an exact phase relationship with the 135 cps sine wave, and because the two frequencies must be exactly synchronized at the input of their mixing stage, V307 (figure 1-37).

1-74.   Changing the square waves into sine waves 
is the result of the filter presenting a low impedance to the 15 cps and a high impedance to all other fre​quencies.   Since a square wave is the net result of a fundamental sine wave in combination with its odd harmonic, the resultant waveform applied by the filter will be a sine wave.   This is accomplished by the filters inherent ability to discriminate between the single frequency of 15 cps and the harmonic frequencies that make up the square wave.   The filter contains an inherent phase lag of 170 degrees. This lag, in conjunction with an additional phase lag of 10 degrees caused by R154-C124 and R153-C127 in the plate circuit of V106 and V107, compensates fort he 180 degree phase shift that occurs in these tubes.   A balancing control R144, is provided in the grid circuits of these tubes to maintain an equal bias on each grid, thereby causing the plate current of each tube to be equal.   The values of R153 and R154 are selected at the time of assembly.

1-75.   SINE POT CATHODE FOLLOWER AND SYNCHRO-DRIVE CATHODE FOLLOWER.   (See figure 1-25.)   

The amplified 15 cps sine wave out​put of V107 and V106  is coupled through capacitors C125 and C126, respectively, to the grids of V108. V108 is connected as a cathode follower to present a low impedance to the sine potentiometer RB501 and to isolate it from the previous stages.   The 15 cps sine wave is coupled from the cathode of V108 through a phase shift circuit to the input of the following stage.    This phase shift is accurately controlled and is adjustable by means of the 15 CPS PHASE control R281.    The provision of an adjustment for shifting the phase of the 15 cps sine wave (15 cps modulation) a full 40 degree increment, with respect to the 135 cps sine wave (135 cps modulation), allows the operator of the Beacon Simulator to simulate conditions which the equipment under test encounters during actual flight operations.   For normal test signal operation, the 15 CPS PHASE control, located on the front panel of the Video Unit, is set and locked at O degrees to provide an in phase condition between the 15 and 135 cps modulating signals.   FILTER ADJUST, R169, and DIAL CALIBRATION, R280, are provided for calibrating the amount of phase shift for -20 degrees and +20 degrees respectively.   The actual phase shift is accomplished by coupling the 15 cps signal through the re combination of C216 and R281 before it is applied to the 15 cps and 135 cps mixer stage V307.   V109 is a cathode follower which presents a low impedance to the synchro resolver B501 to isolate it from the previous stages.   The 135 cps output taken from the cathode circuit of V109 is connected across the synchro resolver.   The function of the circuit of V109 is to the 135 cps sine wave as the circuit of V108 is to the 15 cps sine wave.   In this manner the 15 cps and 135 cps are held in exact synchronization upon entering the sine potentiometer and syn​chro resolver respectively.   The input signal to V109 is taken from the input circuit of trigger  former V103 which is the phase split 135 cps sine wave.   It is this signal on the cathodes of V109 that is used to drive the synchro resolver.   Phase shift due to resolver inductance, in the circuit of V109 is compensated for by capacitors C128 and C129.

1-76.   TRIGGER FORMING.

1-77.   15 CPS AMPLIFIER AND 15 CPS TRIGGER FORMER.   (See figure 1-26.)   

The 15 cps sine wave output of V108 is shifted in phase by the sine poten​tiometer, and at the same time, the 135 cps is shifted in phase by the synchro resolver.   The sine potentiometer and the synchro resolver are geared together in such a manner that the resolver turns nine times for every revolution of the potentiometer. Thus, the phase of the 135 cps sine wave will be shifted a full 360 degrees for every 40 degrees of phase shift for the 15 cps sine wave.   Therefore, the phase relationships of the outputs with respect to the inputs at any given instant will depend upon the position of the geared drive that rotates the two phase-shifting components.   The phase-shifted 15 cps sine wave from the sine potentiometer is con​nected to the grids of push-pull amplifier V201, through two 90 degree phase shifting networks, C201-C202 and C203-C204.   The signal applied to the grids of V201 is not of sufficient amplitude to cause rapid cut-off of the tube.   As a result, the output waveform is not a true square wave.   V202 is a 15 cps trigger former, forming square waves from the output waveform of V201.   The output cf V201 is of sufficient amplitude to drive the grids of V202 into cut-off which results in the square wave output at a 15 cps rate.   The output of V202 is direct coupled to the plate of the 40 degree gate multi-

1-78.    40 DEGREE GATE MULTIVIBRATOR.    (See figure 1-27. )   

The square wave output from the plate of V202B is applied to the 40 degree gate multivibrator, V203.   A negative spike, produced by the differentiator C208 and R211, is coupled to the grid of V203A.    This drives the normally conducting V203A into cutoff.    Capacitor C209 couples the positive pulse from the plate of V203A to the grid of V203B, overcoming the negative bias,  causing V203B to conduct.   Capacitor C208 discharges through R211 and R213 until the grid of V203A becomes sufficiently positive to return to its normally conducting state.   V203B conducts for slightly less than 7400 μsec or approximately 40 degrees of one cycle (the time constant of C208, R211, and R213). The waveform produced at the cathode of V203A  is coupled to the cathode of the main trigger gate V204A.    The waveform produced at the cathode of V203B is coupled to the cathode of the auxiliary trigger gate V204B.
1-79.   135 CPS AMPLIFIER-PHASE SPLITTER, SQUARE WAVE SHAPER AND TRIGGER FORMER. (See figure 1-28.)   

The output of the synchro resolver (refer to paragraph 1-75) is coupled to the grid of V214A through the 90 degree phase-shifting network composed of C229, R270,  andR271.   R233 and R234, in the grid circuit of V209, are parasitic suppressors.   It is the function of V214A to amplify the 135 cps sine wave which is to be applied to the grid of V214B.   V214B is a conventional phase sputter and the 135 cps signals are coupled from its plate and cathode to V209 in push-pull arrangement. V209 is a square wave former operating in the same manner as V103 described in paragraph 1-72.   The square wave produced by V209 has a rise time of 150 μsec.   The objective of this portion of the cir​cuit is to trigger the bearing bursts, however, this rise time will not give the desired accuracy and amplitude of trigger.   Therefore, the output of V209 is coupled to another pulse shaping stage, V210.   V210A is cathode coupled to V210B and the output is taken from the plate of that stage.   The signal at the plate of V210B has a rise time of 3 μsec with a peak-to-peak amplitude of 70 volts. This amplitude and rise time is considered sufficient for good trigger accuracy.

1-80.  BURST TRIGGER GATES AND BURST MULTIVIBRATORS.   (See figure 1-29.)   
The output of V210 is differentiated by C220 and R246 and the resulting pulse is applied to the grids of V204A and V204B.   V204A is the main trigger gate and V204B is the auxiliary trigger gate.

NOTE
In azimuth circuits, the prefix main or auxiliary burst is related to the 15 or 135 cps sine waves respectively.

Both of these grids are biased to cut-off by the voltage divider R245-R246.   Therefore, V204A will be held at cut-off when V203A is conducting because of the positive cathode voltage and the negative grid voltage.   V204A is held at cut-off until V203A is triggered by the 15 cps signal from the square wave shaper V20J.   When this occurs, V203A no longer conducts and the cut-off voltage is removed from the cathode of V204A, allowing it to conduct when the positive pulse from the 135 cps trigger former, V210, is applied. V204A conducts for the time duration of only one pulse be-fore being driven to cut-off again by V203A. This is because the duration of the 15 cps pulses applied to V203A corresponds to less than one cycle of the 135 cps signal (40 degree gate). The output ofV204A is coupled to the main gate multivibrator V205.
1-81.  V204B operates similar to V204A except that it has a common cathode resistor with V203B, and its output produces a different gate width.   Since V203B   is normally non-conducting, all positive pulses from V210 will trigger V204B into conduction until V203 is triggered by the 15 cps signal.   This corresponds to V204B conducting for eight trigger pulses before being driven to cut-off by the triggering of V203B.   The output of V204B is coupled through the common plate load resistor R250 to V211, the auxiliary gate multivibrator.   Therefore, V211 is triggered at a rate of 135 cps.   Eight trig​ger pulses are coupled from V204B to V211 for every single trigger pulse coupled from V204A to V205.   The significant factor is a nine to one ratio in the rates of the auxiliary and main gates.

1-82.  V205 is a bistable one-shot multivibrator. 

V205B is normally conducting when no signal is applied.   The negative pulse output of V204A is direct coupled to the plate of V205A and capacitor coupled through C211 to the grid of V205B.   When V204A conducts, the negative output pulse drives V205B into cut-off.   V205A and V205B are cathode coupled, and the effect of the negative pulse on the grid of V205B is a drop in the cathode voltage of V205A.   This causes V205A to conduct for a short period with a relatively slow decay time.   The result is an output at the plate of V205B similar to waveform 30, figure 6-23.

1-83.   The auxiliary gate multivibrator V211 operates in the same manner as the main gate multivibrator V205 with the exception that the coupling capacitor C222 in the grid circuit of V211A is of much smaller value.   Because of the time constant of C 222, the output at the plate of V211A will be a near perfect square wave similar to wave​form 38, figure 6-23.

1-84.  GATE MIXER, PHASE SPLITTER, AND BURST PULSE GENERATOR.   (See figure 1-30.) 

The circuit of V213 operates as a gate mixer and phase sputter.   The tube is normally cut-off by connecting both grids of the tube to -25 volts, through R265 and R266 respectively.   The positive auxiliary gate from V211 is coupled to the grid of V213A and the positive main gate from V205 is coupled to the grid of V213B.   Since the gates never appear at their respective grids simultaneously, only one section of V213 will conduct at any given time.   The inverted negative gates are coupled from their respective plates and are used for pulsing the main bearing pulse generators V206 and V212.   The cathodes of V213 have a common resistor, and a mixed gate is obtained from them which is coupled to the grid of gated amplifier V301.   The output of the plate circuit of V213is an individual square wave negative gate of approximately 210 vac peak-to-peak.   The output of the cathode circuit of V213 is a positive square wave mixed gate of approximately 100 vac peak-to-peak.

1-85.   Main bearing pulse generator V206 and auxiliary bearing pulse generator V212 are identical in operation.   Section B of each tube is connected as a Hartley oscillator and section A is used to control the period of oscillation.   The oscillator section uses a coil tapped at one-third of its winding and the cathode of section A uses this coil for its ground return.   When section A is conducting, its cathode impedance is low.   This effectively dampens L201 (part of Z201) and prevents oscillations.   When a negative pulse of sufficient amplitude is applied to the grid of Section A, the cathode impedance becomes high, permitting section B to function as a Hartley oscillator.   The potentiometers in the cathode circuits of V206 and V212 provide adjustment of the oscillator feedback.   The switches in the grid circuits of these tubes can be closed to cut-off the grids of sections A for a frequency check.

1-86.   BURST CATHCDE FOLLOWER AND TRIG​GER FORMER.   (See figure 1-31.)   

The outputs at the grids of V206B and V212B are direct coupled to the grids of V207A and V207B respectively.   V207A functions as a cathode follower with a negative cathode return.    This tends to cause its grid circuit to be a high impedance load for V206B, and prevents excessive loading of the Hartley oscillator.   V207A and V208A are cathode coupled and have a common cathode resistor.   With the grids of V208 grounded, the tube functions as a grounded grid amplifier. Thus, the cathode of V208A is clamped to ground during the negative portion of the sine wave and only the positive portion of the sine wave appears on this cathode.   During the positive sine wave signal, V208A becomes highly degenerative and a square wave output is obtained at the plate.   V207B and V208B operate in a similar manner to V207A and V208A.   Since both halves of V208 have a com-mon plate load resistor, a mixed output of main and auxiliary bursts is obtained.    This output is coupled through C310 to cathode mixer V304A.

1-87.   PULSE FORMING AND MODULATION.

1-88.   GATED AMPLIFIER.    (See figure 1-32.)   The output from the paralleled cathodes of V213 (figure 1-30) is the result of the mixed main and auxiliary gate signal applied to its grids (refer to paragraph 1-84).    This mixed signal is coupled from the cathode of V213 through C308 to the grid of V301A  as a means of gating the stage in step with the burst signals at the grid of V213.   Through the use of paralleled cathodes, V301A provides the gating action for V301B.   V301B is biased to pass the 2700 pps random from the noise generator assembly or the 1350 cps identity signal from the 1350 cps oscillator via pulse shaper V315A,  and the 100 μsec multivibrator V315B, and the identity tone circuit output stage V314B.    How-ever,  when the bearing gates are coming in from the cathode of the gate mixer (V213) to the grid of V301A,  the positive pulse on the grid causes the paralleled cathodes of V301 to go more positive with respect to the fixed grid bias, effectively in-creasing V301B into cut-off.    Therefore, when the gating pulses are being applied from the gate mixer, the 2700 pps random signal is blocked and kept from occurring during the reference bursts. Blocking of the 1350 cps identity signal occurs in the identity tone circuit,  and no identity signal reaches the grid of V301 during a reference burst. The output of V301B is coupled through C307 to the grid of the trigger mixer V302A.
1-89.    IDENTITY TONE CIRCUIT.   (See figure 1-32.)   The identity tone circuit generates a series of 100 μsec pulse pairs with a repetition rate of 1350 pulse pairs per second.   One of these pulse pairs is blanked out, leaving a gap 740 μsec (±50 μsec) wide in the wave shape.    This is later filled by a 130 μsec series of pulses referred to as the auxiliary burst.    This arrangement prevents the identity signals from interfering with the reference bursts, thus maintaining accurate bearing indications for the equipment under test.
1-90.   The operation of the identity circuit    is governed by two inputs to its composite stages.   These inputs are supplied from the trigger former V210. The output of V210 is also used to trigger the auxiliary bursts, thus providing the proper time relationship between the reference bursts and the identity signals.   The output of V210A is coupled through C326 to the grid of V314A and is used for triggering the 1350 cps oscillator.   The output of the 1350 cps oscillator generates the signal at the plate of the pulse shaper.   This output is used for trig​gering the 100 μsec multivibrator.   The output signal of V210B is used as a blanking pulse for assistance in acquiring the total delay time of 740 μsec.   This blanking pulse is coupled to the grid of the pulse shaper, V315A, and drives the tube into cutoff before the arrival of the 1350 cps signal.

1-91.    1350 CPS OSCILLATOR.    (See figure 1-32.) The 1350 cps oscillator is the pentode section, V314A, operating as a shock excited oscillator. V314A is biased below cutoff by the 30 volt potential developed across the voltage divider network R361 and R362.   The oscillator is triggered by the 135 cps square wave from the plate of V210A, which has been delayed and differentiated by the re network connected to the grid of V314A.   After differentiation, the square wave becomes sharp positive and negative spikes as shown in waveform A, figure 1-33. When the first positive spike reaches the grid of V314A, it will drive the tube into conduction and send an instantaneous surge of current through the tube.   The surge of current will shock the coil (L303) in the plate tank circuit and cause it to oscillate.   These damped oscillations will continue until another positive spike triggers the tube and recharges the coil, thus starting the cycle again. The plate tank circuit will oscillate a total of ten times for each positive trigger,  thus providing an output frequency of 1350 cps, or the tenth harmonic of the input frequency of 135 cps.   The output is taken from the screen grid of V314A. therefore the first oscillation will swing in a positive direction.

1-92.   Approximately 50 μsec after the 135 cps triggering pulse leaves the plate of V210A, the resulting 1350 cps wave from V314A is coupled to CR302.   This diode is connected so that it passes only the negative half cycles of the 1350 cps wave. Therefore, the first half cycle, being positive, is blocked.   This delays the 1350 cps signal for 370 μsec or one half cycle of the 1350 cps sine wave. The first negative half cycle is coupled through CR302 to the grid of the pulse shaper V315A approximately 420 μsec after the triggering and blanking pulses left the plate of the trigger former, V210.

1-93.   PULSE SHAPER.    (See figure 1-32.)   

When the first negative half cycle of the 1350 cps wave reaches the grid of V315A, the tube is in cutoff because of the high negative potential placed there by the blanking pulse.   The blanking pulse is coupled from the plate of V210B, through diode CR303, and capacitor C327 to the grid of the pulse shaper with relatively no delay and is differentiated as shown in waveform B, figure 1-33.   The slow discharge rate of C327 holds a large enough nega​tive potential on the grid of V315A to hold the tube in cutoff until the arrival of the 1350 cps signal. When the 1350 cps signal reaches the grid of V315A, it will increase the negative potential on the grid and hold the tube in cutoff for an additional 320 μsec. The point at which this negative potential releases the tube and allows it to conduct is shown by wave​form C, figure 1-33.   The pulse shaper will now conduct until the next negative half cycle of the 1350 cps signal increases the negative potential on the grid and drives it into cutoff.   This cycle occurs each time a negative 1350 cps signal reaches the grid, until the tenth half cycle arrives.   The tenth half cycle will drive the tube into cutoff, as did the previous cycle, however, before the negative voltage on the grid decreases enough to allow the tube to conduct, the next negative blanking pulse arrives from V210B.   This negative pulse and the discharge time of C327, hold the tube in cutoff to provide the 740 μsec gap in the pulse train for the auxiliary burst (refer to paragraph 1-89).    The result of the mixed 1350 cps signal and the 135 cps blanking pulses is shown in waveform D, figure 1-33. This waveform represents the signal appearing at the plate of the pulse shaper V315A.

1-94.   100 ΜSEC MULTIVIBRATOR.  (See figure 1-32.)   The 100 μsec multivibrator consists of V314B and V315B.    The grid of V315B is connected to +300 volts through R370, holding that section of the multivibrator in heavy conduction.    This is done to prevent a positive swing on the plate of the pulse shaper from triggering the multivibrator, which would cause improper timing of the pulse pairs and gaps in the pulse train.   Multivibrator section V314B requires a negative trigger pulse.    The decaying or trailing edge of the positive signal on the plate of V315A is used as the negative pulse required for triggering the 100 μsec multivibrator.   The signal at the plate of V315A, waveform D, figure 1-33, is coupled through C334 and C335 to the grid of V315B. C334, a variable capacitor is the EQ. SPACE control (equalizing pulse spacing control), and is used for adjusting the pulse pair spacing of the 100 μsec multivibrator.   The signal appearing at the grid of V315B is similar to waveform E, figure 1-33. The negative spike on the grid of V315B, triggers the multivibrator resulting in a positive gate,  100 μsec in width as shown in waveform F, figure 1-33. This 100 μsec gate pulse is coupled from the plate of V315B through C337 to the grid of V314B.   Wave​form G, figure 1-33, is the signal at the grid of V314B.   The difference between waveforms F and G is caused by C337.    The positive 100 μsec pulse at the grid of V314B results in a negative going gate pulse in the plate circuit,  100 μsec in width.   This output signal is shown as waveform H, figure 1-33.

1-95.   CR304 and CR305, connected in the plate and cathode circuit of V314B, form a full wave rectifier circuit.    These diodes are connected to pass only positive pulses in order to obtain the desired 100 μsec pulse pairs.   The re network, consisting of C338 and R375 in the plate circuit of V314B and C339 and R376 in the cathode circuit differentiates the 100 μsec gate, formed by V315B, into pulse pairs.   When the negative 100 μsec gate pulse appears on the plate of V314B, C338 will charge and discharge through R375 to form the negative and positive going pulses shown in waveform I, figure 1-33.   In the same manner, when the cathode of V314B receives the 100 μsec gate in a positive going direction, C339 will charge and discharge through R376 to form the positive and negative going spikes as shown in waveform J, figure 1-33.

1-96.   In order to form a positive pulse pair, the first pulse of the pair must be taken from the cathode since the plate pulse will be negative and cannot pass through CR304.    100 μsec later, the plate pulse will go positive and will be passed by CR304 while CR305 is blocking the negative pulse on the cathode.  The output of V314B and the full wave rectifier circuit is coupled through C340 and the RANDOM--1350 CPS switch, S503, to the gated amplifier V301.  (For operation of the gated amplifier circuit V301, refer to paragraph 1-88.)

1-97.   TRIGGER MIXER AND CATHODE FOL-LOWER.   (See figure 1-34.)   

The grid of the trigger mixer, V302A receives pulses from two different sources.   Random and range reply pulses or 1350 cps pulses (depending upon the position of the 1350 CPS--RANDOM switch, S503) will be coupled from the output of the gated amplifier VSO l through capacitor C307; the encoding pulses (discussed in paragraph 1-99) from the output of the 12 μsec multivibrator V305, will be coupled through capacitor C314.   These pulses are mixed in V302A and coupled through C309 to the grid of the cathode mixer V304B.   In this stage these pulses are mixed with the main and auxiliary burst pulses from the burst trigger former V208 which are coupled through C310 to the grid of V304A  (refer to paragraph 1-86 for operation of V208).   V304 is a cathode follower, and mixing occurs in this stage because the separate inputs are applied to the individual grids, and the cathodes are connected in parallel.   The output of the cathode follower is coupled through C313 to the grid of the composite trigger former V303.

1-98.   COMPOSITE TRIGGER FORMER,  LOCK-OUT DIODE AND COMPOSITE MULTI VIBRATOR. (See figure 1-35.)   
The output of the cathode mixer, V304, contains all the pulses of the composite video waveform that are present at the out​put of the Video Unit.   These pulses are coupled through C313 to the grid of the composite trigger former V303.   V303 is normally at cut-off due to the negative bias on its grid.    The positive going pulses at the grid become sharp negative going trigger pulses at the plate and are conducted through the trigger lock-out diode V308B.    The function of V308B is to pass the negative going pulses to the composite multivibrator, V302B, for triggering purposes and to prevent the multivibrator pulses from feeding back to the composite trigger former.   V302B and V306 comprise a bi-stable, one shot multivibrator that is triggered by the pulses from the lock-out diode, and for every trigger pulse arriving, a new pulse will be generated.   V306 is normally conducting because of the positive bias placed on its grid through R329.   The sharp negative going pulses from V308B, coupled through C322 and C315, drive V306 into cut-off.   The resulting nega​tive voltage impressed upon the cathode is coupled to V302B which generates a negative pulse in the plate circuit for every triggering pulse.   These new pulses will always be of the same amplitude, regardless of the amplitude of the triggering pulses, thereby having a leveling action and preparing the pulses for modulation.   A portion of these pulses is coupled from the cathodes of the multivibrator cir​cuit through C316 to the grid of the encoder-trigger former V313.

1-99.   ENCODER-TRIGGER FORMER AND 12 ΜSEC MULTIVIBRATOR.   (See figure 1-36.)   V313A is a pentode, used as an amplifier and inverter.   V313B is a triode, and is used as a cathode follower.   The composite video waveform coupled to the grid of V313A is amplified and inverted at the plate and coupled to the grid of V313B through C319.   The triode section of V313 is biased to cut-off by the -25 volts and therefore, only the positive pulses from V313A will appear on the cathode of V313B. These positive pulses are used for triggering V305, the 12 μsec multivibrator.   V305 produces pulses of 12 μsec duration which are differentiated and coupled to the grid circuit of the trigger mixer V302A.   Since the grid is at ground potential, the positive 12 μsec pulses are rectified by the low impedance path offered by the grid to cathode cir​cuit of V302A.   The negative 12 μsec pulses cause the tube to conduct and appear at the plate of V302A 12 μsec after the pulse from the gated amplifier V301.    This action creates a pulse pair with a 12 μsec spacing.   If this process were allowed to continue, a third pulse would appear 12 μsec after the second pulse, and a fourth pulse 12 μsec after the third and so on.   Since the object is to produce pulse pairs with a 12 μsec spacing, it is necessary to halt this pulse chain action after the addition of the second pulse at the grid of V302A.   This is accomplished by coupling the differentiated output of the multivibrator from the plate circuit of V305B through C320 to the input of the multi​vibrator at the grid of V305A. CR301, in the grid circuit of V305JJ, is connected to create a short circuit to ground for the positive pulses.   Since the negative going edge on the 12 μsec pulse appearing at the grid of V305A has a large amplitude, as compared to that of the output of the cathode follower V313B, it will effectively cancel the 12 μsec repeat pulse at that point.

1-100.   15 GPS AND 135 CPS MIXER.  

 (See figure 1-37.)   

The 15 cps signals from V108 and the 135 cps signals from V102 are coupled through the 15 CPS MODULATION control and the 135 CPS MODULATION control to the grid of V307A and V307B respectively.   The modulation controls, R122 and R148, are provided for adjusting the percentage of modulation required for optimum performance and operation of the equipment.   The VIDEO LEVEL control R345, is provided for adjusting the bias of the modulator stage V309, indirectly by setting the bias voltage of the mixer, V307.   V307 is a cathode follower and its cathodes are externally connected together through R342 and R343.   The separate signals are applied to the individual grids of V307. The signal applied to the grid of V309 is a combination of these two sine waves due to the mixing that occurs in the output of the paralleled cathodes of V307.

1-101.   MODULATOR, CLAMPER DIODE AND CATHODE FOLLOWER OUTPUT.   (See figure 1-38.) The mixed 15 cps and 135 cps sine waves from the cathode of V307 are direct coupled to the grid of the modulatorstage V309.The modulator, when  conducting, functions as a clamping device for the composite multivibrator V306.   When V306 is at cut-off, its plate voltage rises to the same potential as the plate of V309 since the plates of the two tubes are directly connected.   The mixed 15 and 135 cps sine wave at the grid of V309 varies its plate volt​age at the same mixed rate.    This varying plate voltage is used as a clamping voltage for amplitude modulating the pulse output of V306.    Correct phase relationship is maintained by the 180 degree phase shift between the grid and plate of V309.   To reduce the duty cycle of V309, the screen grid is pulsed by the cathode output of V310.   The application of this negative feedback also provides modulation linearity.   The amplitude modulated pulses at the plate of V309 are coupled through C321 to the cathode of the clamper diode V308A and to the grids of the paralleled sections of V310.   V308A functions in the manner of a dc restorer by maintaining the operating bias of V310 at -25 volts and acting as a charging circuit for C321.   The discharge path is through the long time constant re network consisting of C321 and R356.   The result of these functions is that the pulses applied to the grid of V310 will maintain a constant time duration and amplitude. V310, with its two sections connected in parallel, is a conventional cathode follower.   The positive out​put of V310, taken from the cathode, is amplitude modulated pulses which are connected to the cathode follower and amplifier V701, in the R. F. Unit  (referenced in paragraph 1-56) through the output connector P503.

1-102.   RANGE REPLY PULSE GENERATOR.

1-103.   RANGE TRIGGER FORMER.   (See fig 1-39.)   

The range interrogation signals from the equipment under test are detected by CR901 and amplified by V711 (refer to paragraph 1-57) in the R.F. Unit before being connected to the circuit of V404B through J502 (DME input).    CR403 provides a low impedance to ground for any negative pulse or portion of a pulse that might be present at that point.   V404B functions as a blocking oscillator with its grid biased to cut-off.   The positive interrogation pulses from the equipment under test trigger the oscillator to produce a pulse.   This pulse is taken from the third winding of the three winding, three μsec pulse transformer, T401.   CR402 provides a low impedance to ground for positive pulses, and therefore, only negative pulses are coupled to the trigger diode V411.

1-104.   RANGE TRIGGER DIODES.   (See figure 1-40.)   V411 is a dual diode, each section acting in a similar manner, but affecting different portions of the circuit.   
The cathode of V411A is connected to the RANGE NAUTICAL MILES switch S502.   This section of the tube couples the dc voltage corresponding to a particular range position of S502 to the plate of the variable delay phantastron V403. Therefore, it is the function of V411A in conjunction with S502, to establish the plate voltage level of V403 and thereby, the delay time.   The trigger pulses formed by V404B are rectified by'V411A and coupled from its plate through C403 to the grid of V403.   V411B performs a similar function except that it affects the fixed delay phantastron V407.

1-105.   VARIABLE DELAY PHANTASTRON.   (See figure 1-41.)   

The plate voltage level of the variable delay phantastron V403 is determined by V411A and the setting of S502.   The plate volt​age can be set to one of nine different voltages, corresponding to one of nine different range positions:   O,  24, 48, 72, 96, 192, 240, 288, and 312 nautical miles.   R515 is used for adjusting the phantastron delay for 24 miles.   R407, in the grid circuit of V403, adjusts the slope of the phantastron "rundown".   The combination of these two adjustments establish the delay of the phantas​tron.      When the RANGE-NAUTICAL MILES switch, S502, is in the DIST. position, the plate voltage for V403 is coupled from the cathode of the Miller integrator V402B through S502 and V411A.   This voltage is varied by R516 to give a manually operated variable delay for simulating distances from O to 300 nautical miles.   R519 is adjusted for zero distance voltage with the Beacon Simulator operating in the variable distance function.   With S502 in the DIST. position, V401 and V402 function as a dc amplifier for the "rundown" voltage established across R516.   With S502 in the SPEED position, V401 and V402 function as a Miller integrator.
Therefore, the plate voltage of V403 is varied by the Miller integrator "rundown" in the SPEED position and manually varied by the DISTANCE-NAUTICAL MILES control R516 in the DIST. posi​tion.   The initial screen grid and suppressor grid voltages are established by R409, R410, and R411. This resistance network also establishes the dc coupling path between these grids.   C404 couples the high frequency pulses from the screen grid of V403 to the suppressor grid.   These pulses are caused by the arrival of a trigger pulse from V411A.   CR406 and the divider composed of R457 and R459 clamp the positive excursion of the sup​pressor grid and prevent it from remaining positive for too long with respect to its normal bias.

1-106.   MILLER INTEGRATOR.   (See figure 1-42.) V401 and V402 with their associated components form a Miller integrator circuit.   C402 is the coupling capacitor between the cathode of V402B and V401.   V402A functions as the plate load for V401, giving V401 a high ac impedance and a low dc impedance path.   With S502 in the SPEED posi​tion, the starting point for the integrator is deter-mined by the setting of R516.   The grid of V401 is returned to a voltage, determined by R501, R502, R503, R504, R505, R520, and R522.   R520, the SPEED 4000 ADJUST control is used for adjusting the grid voltage to a point where, with the SPEED-KNOTS control R502, at the mid position, the Miller integrator is in equilibrium and no "rundown" occurs.   R522 adjusts the end voltages of R502, and thus the speed.   Assume that when S502 is switched, R502 is in a position that applies a posi​tive voltage to the grid of V401.   This would ordinarily cause the plate of V401 to go negative. However, because of the Miller effect, the capacitance between the grid and plate is multiplied by he factor (l + G), where G is the gain of V401 times the gain of V402B.   The grid of V401 does not rise immediately to the voltage as deter​mined by R502, but at a rate determined by R508, C402, and the Miller effect.   This rate of increase in grid voltage at V401 causes the voltage on the cathode of V402B to decrease at a linear rate, subsequently giving the variable delay phantastron, V403, a linear change in delay time.   If R502 were adjusted for a negative voltage, the cathode of V402B would increase in voltage at a linear rate. The rate of this change depends upon the position of R502, which provides a manually adjustable rate of change on the delay time of the phantastron, and thereby, control of the simulated speed of an air-craft traveling toward or away from the simulated surface beacon.

1-107.    COINCIDENCE OUTPUT AND PULSE FORMER.    (See figure 1-43.)   

The output of the variable delay phantastron, V403, is coupled from its screen grid through C407 to the control grid of V404A.   The grid of V404A is returned to +150 vdc through R414 and R416 in all positions of S502 except SPEED and DIST.   The output of V403 is a positive pulse whose duration is  proportional to the distance selected with the front panel controls.   The grid of  V404A is zero biased and the positive going phantastron pulse from V403 at the grid causes no change in plate voltage since the tube is operating near saturation.   However, grid current will flow, charging C407 to the same potential of the phantas​tron pulse through R409, R416, and the grid to cathode resistance of V404A.   When the phantastron pulse falls to zero, a negative voltage equal to the amplitude of the phantastron pulse will appear on the grid of V404A causing it to cut off for a period of time determined by the time constant of C407 and R414 and the cut-off point of the tube.   During the cut-off period of V404A, its plate goes positive. This positive pulse is applied through C408 to the suppressor grid of V405 as a coincidence gate on the fixed ranges.   In the SPEED or DIST. position of S502, R415 is shorted to ground by the arm of S502D.   The grid of V404A is at this time only slightly positive a-id the time constant, being estab​lished by R415, R-i09, and C407, is shorter.   This shorter time constant, and subsequently shorter cut-off period for V404A, provides a sharp pulse which is coupled to the suppressor grid of the coin​cidence output V405.   The control grid of V405 is grounded through the arm of S502E, and the pulse supplied to the suppressor grid is the range reply pulse.

1-108.   FIXED DELAY PHANTASTRON.    (See fig​ 1-44.)   The fixed delay phantastron V407 has its plate voltage level determined by V411B and the divider network consisting of R430, R431, and R432. R431 is used to adjust the phantastron for a 50 μsec delay.   This 50 μsec is a constant delay, simulating the normal system delay of the surface beacon in replying to the interrogation pulse transmitted by the airborne equipment and corresponds to zero miles between the aircraft and the surface beacon.   In addition to establishing the plate voltage level of  V407, V411B supplies the range interrogation trigger pulses from the trigger former V404B. The output of the phantastron, at the screen grid, is differentiated by C417 and R464, giving a positive and a negative pulse.   The negative pulse occurs at the time necessary to obtain the required 50 μsec delay.   The suppressor grid of V407 is clamped by CR407 at a positive voltage determined by the net-work of R461 and R462.   This clamping maintains the same positive voltage on the suppressor when the tube is conducting as in its quiescent state.

1-109.   300 MILE, GATE GENERATOR.   (See fig 1-45.)   The pulse from the fixed delay phantastron is coupled through CR404 to the cathode of the 300 mile gate generator V408A. This circuit is a one-shot, cathode coupled, multivibrator, with a period set for approximately 4000 μsec.   This period is greater than the delay experienced by the signal transmitted by the airborne equipment in an aircraft 300 nautical miles from the surface beacon.   The output of the multivibrator is taken from the negative going plate of V408A and coupled through C419 to the control grid of V409.

1-110.   24 MILE MARKER OSCILLATOR.   (See figure 1-46.)   The circuit of V409 is a Hartley oscillator.   V409B is the Hartley oscillator and V409A controls the period of oscillation.   L401, tapped at one-half of its winding is connected to V409B.   V409A uses this same coil for its cathode return.   As long as V409A is conducting, its cathode impedance will be low.   This effectively dampens L401 and prevents V409B from oscillating.   When a negative pulse of sufficient amplitude to cut-off V409A is applied to its grid, the cathode impedance becomes high, and V409B functions as a Hartley oscillator.   R451 is an oscillator feedback adjustment for controlling the frequency of oscillation. S401 is provided so that when it is closed V409A is

\ cut-off and a frequency check of the oscillator may be performed.   The oscillator frequency is 3369.2 cps, and each cycle corresponds to a period equal to the delay of a signal transmitted from a distance of 24 nautical miles, plus the return.

1-111.   PULSE SHAPER AND CLAMPING DIODE. (See fig 1-47.)   V410 and its associated components form a pulse shaping circuit.   The grid of V409B is direct coupled to the grid of V410B.   This stage has its cathode returned to the negative source. V410A is connected as a diode and functions to damp the negative excursion of the cathode to O volts de.   Thus, the paralleled cathodes of V410 can go only in a positive direction, while the negative half of the sine wave causes V410B to be driven into cut-off.   When the grid of V410B goes positive, that section of the tube functions as a cathode follower with high degeneration.   Consequently, the output at the plate is a symmetrical square wave with its slope near the cross-over point of the sine wave signal.   The cut-off potential of the tube will determine how close to the cross-over point this slope occurs.   This positive output is differentiated by C409 and R420, giving positive triggers to the control grid V405 at a spacing corresponding to a 24 nautical mile period.   Note that in the SPEED and DIST. positions of S502, the control grid of V405 is grounded and these pulses have no effect.   (Refer to paragraph 1-107.)

1-112.   COINCIDENCE OUTPUT.    (See fig 1-48.) V405 and its associated components form a coincidence circuit that supplies the range reply pulses accordingly with the setting of the RANGE-NAUTICAL MILES switch S502.   The control grid and suppressor grid of this stage are both biased at the cut-off potential by returning them to the -300 vdc source through the voltage divider networks R418-R420 and R419-R421 respectively.   Therefore, only positive going pulses on both of these grids will cause the tube to conduct.   An interrogation pulse at the range interrogation input, J502, causes the variable delay and fixed delay phantastrons to be triggered.   The fixed delay phantastron triggers the 300 mile gate generator which in turn gates the 24 mile oscillator.   The 24 mile oscillator output is shaped and differentiated and the pulses are applied to the control grid of V405.   Thus the control grid has a positive pulse applied at 24 mile spacing.   In order for V405 to conduct, a coincidence pulse of positive polarity is required at the suppressor grid.   The desired period of delay from the variable delay phantastron is selected by the positioning of S502(A).   The trailing edge of the phantastron screen grid output is shaped by V404A and applied to the suppressor grid of V405 as the coincidence pulse.   The coincidence output is connected to the plate of the noise amplifier and multivibrator trigger, V503, and to the grid of the dead time multivibrator V504B on the noise gen​erator assembly through CR409.   The coincidence pulse is also applied to the grid of V408A in order to stop the 24 mile oscillator after coin​cidence has occurred.   When the RANGE-NAUTICAL MILES switch S502(A) is at the SPEED or DIST. position, the control grid of V405 is grounded and any pulse at the suppressor grid will appear at the output.   It is in this manner that the trailing edge of the waveform from the variable delay phantastron as set by R516 (S502 in the DIST. position) and the linearly varying trailing edge as set by the Miller integrator (S502 in the SPEED position) are used to form the range reply pulses.

 1-113.   DUTY CYCLE MULTIVIBRATOR.    (See figure 1-49.)   V406 functions as a free-running multivibrator to provide the duty cycle or RANGE REPLY PERCENT of the Video Unit.   Its purpose is to eliminate a portion of the range reply pulses in simulation of various types of adverse operating conditions.   This elimination process is variable with R517 (front panel control RANGE REPLY PERCENT) and may be turned off entirely by S501 which is mechanically linked to one side of the control.   The grids of V406 are returned to +150 vdc through R426 and R427 respectively, and both through the duty cycle potentiometer R517.   R517 is used to adjust the non-symmetric al waveform in either direction, depending upon its setting.   V405, having a common cathode resistor with V406A will be driven to cut-off whenever V406A is conducting, regardless of the pulses supplied to its control grid and suppressor grid.   The period at which V406A conducts is controlled by R517, thus limiting the number of reply pulses at the output of V405 in proportion to the setting of the potentiometer.

1-114.   RANDOM PULSE GENERATION.    (See Video Unit schematic diagram, figure 6-24.)   The  source of the noise trigger is the gas triode noise generator V501.   This trigger is coupled through C501 to the grid of the noise amplifier V502A. V502A is a conventional triode amplifier and its output is coupled through C502 to noise amplifier and trigger former V503.   In V503, the pulses are amplified and shaped for triggering the dead-time multivibrator V504.   V504 is triggered by both the random noise pulses from V503 and the range reply pulses from V405.   This results in a mixing action of the random and range signals.   The output signal of the dead-time multivibrator, consisting of the mixed random and range pulses at an average prf of 2700 pps, is amplified by pulse amplifier V502B and applied to the control diode V505.   V505 functions to provide adjustable agc for the trigger former V503.   R534 sets the backup voltage on the diode, thereby establishing a threshold that will vary with the output of the multivibrator.   This backup voltage is the bias for the trigger former V503.   The random pulses from V504 are also coupled through C508 to the RANDOM-1350 CPS switch S503.   In the RANDOM position of this switch, these pulses are used to trigger the pulses that fill in the body of the waveform envelope.   When S503 is placed in the 1350 CPS position, these ran​dom pulses will be supplanted by the 1350 cps pulse pairs from the identity tone circuit.   (See paragraph 1-89.)

1-115.   POWER SUPPLY UNIT.

1-116.   The Power Supply Unit provides all the operating voltages for the Beacon Simulator. The vol​tages generated by the Power Supply Unit are developed from the external primary input voltage  (115-240 vac). The method of connecting the transformer taps for the primary input voltage is specified in paragraph 3-10.
1-117.  A functional block diagram of the Power Supply Unit is shown in figure 1-50.   The individual rectifier and filter circuits of the Power Supply Unit are conventional in operation and are readily understood.   However, the theory of operation for the individual voltage regulator circuits may not be immediately evident and a discussion of these stages is given.   
These voltage regulator stages are: the +300 vdc regulator, the -300 vdc regulator, and the -105 vdc regulator.
1-118.  +300 VDC REGULATOR CIRCUIT.   
(See figure 1-51.)
1-119.   Approximately +390 vdc is delivered from the bridge rectifiers to the +300 vdc series regulators V603 and V604. Resistors R612 R613, R614j and R615, in series with the plates of V603 and V604 are protective devices acting as fuses.   V603 and V604 are series regulators and function as resistances, which are variable by the relative potential applied to their grids.   The control grids of V603 and V604 are connected through parasitic suppressor resisters R608-R609 and R610-R611 to the plate of their regulator control tube V605.   The plate of V605 will assume a potential, resulting from the voltage drop across R607, from one of the series regulator tubes.   The screen grid of V605 will assume a potential resulting from the voltage drop across both of the series regulators and the voltage divider network of R617-R616.   The potential on the control grid of V605 will be the direct result of the output of the dc amplifier V607 which is fed by the output of the series regulator tubes.   In this manner, any change in the voltage at the cathodes of the series regulator will cause a proportional change in the grid bias of the regulator control tube V605.   This change in grid bias at V605 will reflect a change in voltage at its plate, consequently, a change in the grid bias of the series regulator tubes, and subsequently, a change in the impedance that these series regulators present to the circuit.
1-120.  As an example, assume that an upward surge occurs in the 115 vac primary power source. This causes the positive potential on the cathodes of the series regulators and the control grid of V607B to rise several volts.   The same rise in potential at the control grid of V607B is reflected on its cathodes.   The grid of V607A is held at a con​stant reference voltage by the gaseous regulator V606.   Therefore, the increase in cathode voltage will not cause a change in the grid voltage.   How​ever, driving the cathode more positive has the same effect as driving the grid more negative.   By this analogy, that the grid of V607A goes more negative, then the voltage drop across R621 will be smaller giving a rise in plate voltage for V607A. This rise in voltage will drive the control grid of V605 in a positive direction, with respect to its grounded cathode, and cause the tube to draw more current because of the increased conduction.   Since the grids of V603 and V604 are connected to the plate of V605, they will be driven in a negative direction by this action and will effectively increase the resistance of the series regulators.   It is this latter action that reduces the original increase in voltage to the point of desired regulation.
1-121.  If the line voltage would decrease instead of increasing, it can then be seen that the same action would occur only with a reversal of the affecting polarity throughout the circuit.   R6^5 is provided in the grid of V607 to adjust the operating point of the regulator circuit.   Since this adjustment is inter-posed between the +300 vdc and the -150 vdc, it functions to set the grid bias of the dc amplifier, and thereby the point at which regulation occurs

.
1-122.   -300 VDC REGULATOR CIRCUIT.
1-123.  The operation of the -300 vdc regulator is almost identical to the +300 vdc regulator.   Series regulator V615, regulator control V616 and dc amplifier V618 perform the same functions as V603-V604, V605, and V607 respectively.   Minor differences in the operation of the two supplies can be readily recognized and understood by referring to the complete Power Supply schematic diagram, figure 6-25.

1-124.   INOPERATIVE-PROTECTIVE CONTROL CIRCUIT.   (See figure 1-52.)

1-125.   A protective circuit is provided in the Power Supply Unit that will cause the separate dc supply lines to be opened during short circuit conditions.   This is accomplished by placing the coil of relay K601 in the plate circuit of V619.   In order for K601 to remain energized, all dc voltages that are delivered to V619 must be within a specified tolerance of the correct potential.   When these proper voltages are present, V619 conducts sufficiently to energize the coil of K610.   Should any one of the +300, -300, +150, or -150 vdc lines fail or fall below their specified tolerance, K601 will be de-energized.   In its de-energized position, K601 will no longer conduct 115 vac to the coil of power relay K602, but through its de-energized contacts to the INOPERATIVE indicator lamp DS602 to give a visible indication of trouble in the dc power lines.

1-126.   -105 VDC REGULATOR CIRCUIT.  (fig 6-25.)

1-127.   In the circuit of the gas regulator V620, -105 vdc is obtained from the regulated -300 vdc. V620 functions as a shunt across the -300 vdc supply line to provide the -105 vdc.   The -105 vdc is furnished to V102, V109 and V214 as a bias voltage with negligible current drain.   The regula​tor and its associated circuit can be seen in the complete schematic diagram of the Power Supply Unit, figure 6-25.
1-128.   ELECTRICAL EQUIPMENT CABINET 
1-129.   The Electrical Equipment Cabinet Unit houses the R. F. Unit, the Video Unit, and the Power Supply Unit.   In addition it houses the inter-connecting cabling and the cooling fans.   The 110, 115, 127, 220, 230, or 240 vac, 45-65 cps source is connected through a plug and cable to a receptacle box on the inside of the cabinet.   This box has three receptacles:   one connects the ac voltage to the crystal oven in the R. F. Unit; the  third, designated Power Supply, connects the ac voltage to the Power Supply Unit.   

A cable from J603 on the Power Supply Unit connects power from the Power Supply to the center plug.   This plug supplies the two fans and the first (upper) outlet for the crystal oven.   The Electrical Equipment Cabinet contains a safety interlock switch which is actuated only when the rear door is closed.   The switch breaks electrical contact when the door is opened and removes primary power to the Beacon Simulator.
Attenuator, fixed     Provides a fixed 5 db loss factor between Beacon and equipment under test.

Attenuator, variable     Provides a variable loss factor (R. F. LEVEL DBM).
Blower   Exhaust fan for the R.F. Unit.
Crystal oven heater  Maintains constant temperature in crystal turrets.
Crystal oven thermostat  Controls the cycling of the oven heater. Indicates cycling of thermostat and heater.
Crystal oven indicator   Contains crystals Y1001 to Y1063H and provides mechanical  linkage for selection.
Diode head (dummy load)  Provides detection and control of transmitter pulses of equipment under test for power measurement.
Filter, low pass  Attenuates frequencies above 1200 mc.
Filter, video  Shapes video pulses.
Fitting, Type BNC To Type N  Adapts BNC coaxial fitting to Type N coaxial fitting.
Fitting, BNC right angle  Couples V901 to the low pass filter.
Meter  Indicates peak power output of Beacon Simulator or equipment under test.
Directional coupler  Provides sampling and detection of range reply pulses of equipment under test.
30 db sampler  Provides sampling and detection for monitoring Beacon Simulator output.
SIMULATOR R. F. LEVEL SET  Controls video modulating voltage and thereby the Beacon Simulator rf output.
FUNCTION SELECTOR  Switches meter circuit for power measurements of  a) Beacon Simulator (dBm) or b) equipment under test in kW pk.
R.F. BANDSELECTOR  Switches between low and high band channels.
Switch, meter protect  Shorts M1101 when in danger of damage from abnormally high voltage. (Linked mechanically to variable attenuator AT901.)
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Figure 1-7. Beacon Simulator, Simplified Block Diagram
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