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ABSTRACT

This report covers the development at the Naval Research Laboratory of
a standardized 200 Mc/s high power search rader for shipboard use. This
equipment was designated at the Laboratory and is the XBF and the first
of the SR series. '

The Radar XBF was constructed in two sections; one a Transmitter
Console containing the high power oscillator, keyer units, power supply,
the R.F. and first I.F. circuits of the receiver. The second section, the
Indicator Console; contains the remeining I.F. and video circuits of the
receiver, I.F.F. coordinator, P.P.I., Range Scope, Antenna Bearing In-
dicator and Transmitter control unit. This e-uipment is standard in that
the Indicator Console is universal and may be used with a Transmitter Con-
sole of any fre uency.

This equipment is tunable from 175 to 225 iic/s and gives an output
of nearly one half megawatt. The available pulsc lengths are 1, 5 and 20
microseconds at repetition rates of 180, 180 and 60 c.p.s. Provision is made
within the receiver to automatically maintain optimum adjustment of the
bandwidth and pulse length. Anti-Jam circuits are provided so that maxi-
mum advantage may be gained over a jamaming signal. '
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XBF SEARCH RADAR EQUIPMENT

1.0 INTRODUCTION

The multiplicity of Radar designs in the fleet brought out the
need for one standardized system. Hence, NRL was authorized by Bureau
of Ships Problem Request No, SL3R-S to undertake the development of a
high power standardized 200 Mc. search radar for shipboard use., This
experimental equipment is now designated at the Model XBF.

1,1 The system is composed of two main units: (1) a transceiver con-
sisting of the Transmitter Oscillator, Keyer, Monitor Receiver, Monitor
Scope, Powsr Supply and Control Circuits; (2) an Indicator Console con-
sisting of the Console Receiver, Plan Position Indicator, Range Scope,
Antenna Bearing Indicator, IFF Coordinator and General Control Panel,

The Indicator Console is the standardized part of the equipment and is
designed for both long wave and centimeter wave installations, A1l

of the units contained within the console are interchangeable with

others so that in case of a failure during operation, they may be

quickly removed and replaced with other similar units. These units

have separate power supplies so that they may be operated independentl§y
of the remainder of the equipment and serviced on the bench. The con-
trols on the indicator console panel are simplified, i.e., only the
controls absolutely essential to operation are placed on the panel.

This arrangement reduces the number of highly trained personnel necessary
to operate the equipment. (Four remote PPI lines are fed from the console.
These remote units are similar to the PPI unit in the console. )

1.2 The scheme of standardization thus accomplishes the following:

(a) Reduces the number of controls

(b) Reduces the number of units

(¢) Makes maintenance and repair a simpler job since the
units are independent :

(d) Reduces to a minimum the number of types of consoles
necessary in the fleet.

(e) Makes conversion from long wave to centimeter wave or
vice versa a simple matter requiring only the change
of the transceiver unit

(f) Simplifies the training of operating personnel.

1,3  One of the main problems in the installation of an equipment is
getting the gear through the hatches on the ship. The XBF equipment
design was based on a consideration of the maximum allowable unit size
which would permit easy installation on destroyers or larger vessels.

1.4 While complete performance data are not available, calculations
and preliminary experimental results indicate that the reliable range

q-l-
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for aircraft should be at least 100 miles.

240 GENERAL DISCUSSION OF THE HQUIPMENT

2.1 The Model XBF was designed to provide the first 200 Mic model of
standardized shipborne radar equipment for the Navy. This equipment

is constructed in two main units, namely a Transceiver and an Indicator
Console, The Indicator Console is the standardized part of the equipment.
Tt was intended that the Indicator Conscole be used either with a long
wave or a centimeter wave Transceiver, so that the necessity for a large
number of different units might be eliminated and the installation of

a new equipment might consist only of replacing the Transceiver. All

of the units in the Console are standard; that is, they are suitable

for both VHF/UHF and centimeter wave equipment.

2,2 Simplicity and ease of operation were the primary design consid-
erations, This, of course, reduces the number of highly trained oper-
ators necessary to operate the equipment. The system of control was
simplified so that all controls not used continuously such as anti-

jam, were placed behind a sub-panel where they would be protected until
operational conditions called for their use. This arrangement eliminates
the possibility of an operator moving the wrong control during battle
conditions.

263 The main controls are located at the Transceiver. These consist
of a main power switch, automatic "raise and lower plate voltage relay',
and a pulse length control. The pulse length control is interconnected
with the bandwidth control on the Console Receiver so that optimum con-
ditions (receiver bandwidth approximately equal to the reciprocal of

the pulse length) is always maintained, regardless of the intentions of
the operator. This removes the possibility of an inexperienced operator
preventing the equipment from performing at optimum, by not setting the
bandwidth control so that the zbove-mentioned optimum conditions exist.
A duplicate set of controls is located on the General Control Panel in
the Console. This permits complete control of the entire equipment to
be taken over at the console which may be at some position remote from
the transceiver. Control is transferred from one unit to the other by
means of a "Remote-Local switch on the Transceiver,

2.4 Provision is made on the console to supply a limited video sig-
nal to twelve remote Plane Position Indicators; a syncro signal is also
supplied to operate the bearing indicators on the remote units., The
video signal for these remote units is supplied through four coaxial
lines from the Indicator console. A "termination box" at the console
allows the termination at the end of these four lines to he adjusted

to the correct value with a minimum of labor.

2.5 - General specifications require the following:

e D
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(a) 115 volt, 60 cycle, single phase operation

(b) Frequency coverage is accomplished in four bands;
175 to 185 Mc/sec, 185 to 195 Mc/sec, 195 to 205 Mc/sec,
215 to 225 Mc/sec, The 210 Mc band is reserved for other
use,

(¢) Peak power output of 500 Kw

(d) Variable repetition rates and pulse length with provision
to maintain in the receiver the condition for minimum
visible signal, i.e., the receiver bandwidth is approxi-
mately equal to the reciprocal of the pulse length, as
follows:

(1) 60 cupese * 104 @ 20 u.sec.; Receiver Band Width
equals 50 Kc/s.

(2) 200 c.p.s. * 10% @ 4 u.sec.; Receiver Band Width
equals 250 Kc¢/s. ‘

(3) 200 cypes * 10% @ 1 u.sec.; Receiver Band Width
equals 2 Mc/s. -

Anti-jam circuits in the console receiver

Echo box tuning :

Plan Position and "A" type range presentation

"A" type range presentation monitoring of the signal
at the transceiver - with provision for use of the
unit as a portable service oscilloscope.

(i) The equipment to be constructed in two main units,

AN~
M o
— e e

(1) Transceiver - containing the oscillator, Power
supply, Duplexer, tuning stubs, lionitor Rec-
eiver, and Monitor Oscilloscope,

(2) Indicator Console = containing the Console
Receiver, Plan Position Indicator, Range
Scope, I.F.F. Coordinator and General
Control Panel,

2.6 .p General views of the Transt~iverand Indicator Corisole are shawn in
plates 1 to 13. :

3.0 DISCUSSION OF THE GENERAL UNITS

3.1 Transceiver
The transceiver contains the following units:

(1) Oscillator, tuning stubs and duplexer

(2) Power supply Keyer Unit and Transmitter Controls.
(3) Monitor Receiver and Echo Box.

(4) Monitor Oscilloscepe.

- 3.2 The overall dimensions of the transceiver are 72 inches x 28 inches
X 22 inches; the total weight is 1260 pounds. Plates 1 and 2 show various views

WS -3-
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of the completed unit from which a relative idea of the dimensions may be
obtained.

3.3 Plate 1 shows the dispositjon of the individual units within the
transceiver, Across the top of the panelfront are the various meters:
plate voltage; plate current; grid current; oscillator filament voltage;
and hours of operation. On the right hand side of the transceiver in
order are the Monitor Scope, Monitor Receiver, and Keyer units. To the
left of these three units is the oscillator. Behind the oscillator to

the rear of the frame, are the duplexer and tuning stubs. Below the
keyer and oscillator is a row of tuning knobs which control the oscillator
frequency and adjust the stubs and duplexer. Below the tuning controls is
the power supply compartment with the main power switch in the center of
the panel,

3ok There are several unusual features that add greatly to the operational
value of the equipment. The Keyer unit, Monitor receiver and Monitor Scope
are all removable from the transceiver frame, Both Monitor Receiver and
Monitor Scope have separate power supplies that allow them to be .operated
independently of the remainder of the equipment and is thus an aid to
servicing, Provision has also been made for the monitor scope to be used

as a "service-scope!, which facilitates servicing the equipment in the

field, -

3.5 Overall dimensions of the transceiver frame were dictated by con-
sideration of the available space in the confined space of the passageways
and radar room of a vessel, hence these dimensions are as small as is con=
sistent with the size of the required components. Due to the restricted
space, the arrangement of oscillator and power supply components were of
prime importance to maintain accessibility.

4.0 INDICATOR CONSQOLE:
Lel The Indicator Console contains the following units:

(1) Console Receiver

(2) General Control Panel
(3) I.F.F. Coordinator

() Plan Position Indicator
(5) Range Scope

(6) Bearing Indicator

(7) Junction Box

L2 The disposition of these units within the console is shown in Plate 3.
The Rasge Scopa afid antenna control are on the extreme right of the console
while the Plan Position Indicator is in the center. The main receiver is

in the upper left hand corner of the console and immediately below it are the
General Control Panel and I.F.F. Coordinatar. The junction box occuples the

s f o
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entire top portion of the console., Various views of the individual units
are shown in Plates 1 thru 13,

4e3 There are several unique features in the console that add considerably
to its usefulness, All of the units within the console are removable and have
separate power supplies., This arrangement permits the individual units to

be serviced independently of the remainder of the equipment. Four remote
P.P.I. video lines are fed from the console., These P.P, I.'s are identical

to the one in the console except that they are in individual weather-proof
cases. This further standardization decreases the number of different units
necessary. Only controls required for normal operation are placed on the
console panel. All other controls not normally used, such as anti-jam,

"A' scope gain, and I.F.F., delay are placed behind a sub panel on the
individual units,

Lody Various mechanical features of the console are as follows:

(1) The console frame work and chassis'is constructed entirely
of aluminum. The weight of the completed console and
associated equipment is 550 pounds. Four recessed 1lift
hooks are provided at the corners of the unit.

(2) Provision is made on the General Control Panel to dim all
the pilot lights except that of the P.P.I. which has its
own dimmer. Since there are twelve remote P,P.I.'s through-
out a vessel it is a simplification to allow each unit to
have its own panel light contral.

(3) There is no forced ventilation, but free circulation of air
is provided by means of louvers in the back and side panels
of the console frame,

(4) Sliding tracks are provided in the Conscle so that all of
the units may be removed easily. 4 catch locks the chassis
framer securely on the runners when they are pulled about
two thirds of the distance ocut. This leock prevents the
unit from moving either in or out while a service run is
being made on it and acts as a precaution against the
operator injuring himself or the unit as the ship rolls
during a storm, The unit may be removed by releasing the
catch and disconnecting the terminal boards.

(5) Terminal boards are provided on each unit so that inter—
connection between units can be made through the "junction
box" in the top of the conscle.

(6) The entire Console is shock mounted,

(7) Cable Distribution. This is a unique feature of the In-
dicator Console and performs several important functions.
Cables from variocus units in other parts of the ship are
brought in to a junction box in the top of the console unit
for distribution. The main cables are then distributed

— to separate terminal stripe within the junction box.
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5.0  MONITOR SCOPE:

5.1 The Monitor Scope is included in the transmitter to fulfill two
purposes, It provides at the transmitter a Range scope for observing
received signals for the purpose of checking the operation of the system
for optimum performance, and is also usable as a service scope for checking
these or other circuits, It supplies for this purpose a synchronizing pulse
and a sweep at 60 pps. To facilitate its use as a service scope, it is
placed in a portable case with a handle attached, and is thus completely
self-contained and portable.,

5.2 The scope provides two sweep ranges of 20 and 80 miles, and a
third range of several thousand microseconds which is locked with the 60
cycle power line for test operation. A video amplifier with a gain control
is included to adjust the signals to the desired level,

5.3 The Monitor Scope is an independently portable unit removable from
the transceiver frame by loosening of four thumb screws on the panel and
sliding it out the front. The outside case is removable by taking out
seven masking screws and sliding the chassis with the panel out the front
of the case, - '

S5ebs The power supplies are self-contained, Power is supplied through
plugs at the rear of the unit, These plugs are so arranged to plug into
the proper receptacle as the unit is placed in the transceiver frame, The
fixe plugs on the back are 115 volts 60 cycle power input, video input,
test signal input, sync pluse input, and sync pulse output.

55 Shock mounts are included for all tubes of which there are seven
in‘number. .

5.6 The basic circuit is a single kick or "slave" multivibrator which
generates rectangular pulses of 255 and 1020 microseconds duration for the
two ranges of 20 and 80 microseconds respectively. A positive pulse from
this is used to unblank the cathode ray tube for the sweep duration. A
negative pulse is used to shut off a triode drawing current through a large
inductance, The sudden stoppage of current through the choke gives rise

to high voltage. The inductance is tuned with capacity to a low frequency
such that the portion of the used voltage, for 255 and 1020 microseconds
deviates from a linear slope by only a small percentage. This voltage is
generated in one half of a center tapped choke. 4 similar voltage of
opposite phases is induced in the other half of the choke by transformer action.
This gives a balanced sweep voltage and is applied to the horizontal plates
of the cathode ray tube. This multivibrator is synchronized by means of a
pulse from the keyer unit. '

567 When the scope is in test position, a pulse is formed by a 6SN7 tube
keying the multivibrator and putting out a sync pulse for external test circuits,
The sweep when in this position is several thousand microseconds long. A com-
plete diagram is given in Plate 14,

-f -
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6.0 POWER SUPPLY, KEYER, CONTROL CIRCUIT:

6.1 Specifications for this equipment call for the following.

(1) Power supply rating O to 15000 volts DC at 150 Mz with a
primary rating of 115 volts 60 cycles.

(2) Oscillator filaments require 15 volts at 15 amperes with provi-
sion for adjustment to compensate for line voltage variations.

(3) Pulse Width Repetition Rate

1 usec * 10% @ 195 cps. 2 10 cycles
L usec I 10% @ 195 cps. X 10 cycles
20 usec T 10% @ KO cps. T 5 cycles

(4) Unit controllable from either the local or remote console
position,

(5) Emergency switeh for entire system is in the Transceiver.

6.2 When the plate voltage is turned off by any one of several means
the plate variac returns to zero before plate voltage is again applied,
Also when the unit is mamually keyer (by blocking the grid) the plate
voltage is held to a value not greater than the operating voltage of the
oscillator,

6.3 A time delay in the plate voltage control circuit is provided so
that the plate voltage will not be applied to the oscillator before the
filaments have reached their operating temperature,

boks When the unit is standing by and the plate voltage is off, the
filament voltage is automatically reduced to 80 per cent of operating
value which increases the effective life of the oscillator tubes. Pro-
vision is made for turning filaments off and leaving the blower on in
order to cool the tubes for quick servicing.

6.5 , The repetition rate is variable from 55 to 65 cycles per second

in 5 steps and 185 to 205 cycles per second in 5 steps. The keyer has three
pulse shaping circuits - one for each pulse length. There is an artificial
transmission line in the plate circuit to improve the pulse shape.

6.6 When the main power at the local transceiver is turned on the remote
controls may operate the unit if control has been transferred to the Console.
An emergency off switch is provided at the Console. The oscillator plate
voltage may be turned off from the local position even though control is at
the remote position. The plate voltage may te read at both positions at

all times,

6.7 The venier control of the repetition rate is available only at the
local transceiver, while manual keying can be performed only at the Console.

(R | DECLASSIFIED
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6.8 The keyer which can be removed from the transceiver as a complete unit
is located just above the power supply on the right side. It is shown removed
from the rack in Plates 9 and 10, On the front panel of the keyer is located
" the local controls for the plate voltage, the pulse width switch, repetition
rate vernier, and switch for transferring control from local to remote and vice
versa, There is also a pilot light for the plate voltage and a pilot light
which indicates when the control is at the local.

6.9 The remote transmitter control is located in the lower left corner
of the console is shown in Plates 1, 3 and 6, On this control panel is
located a plate voltmeter, plate voltage controls and pilot light, dial
light dimmer, console on-off switch, and pilot light that indicates when
control is at this panel. At the bottom of this panel behind a small drop
door is the phantom target switch and manual keying switch. When this door
is closed, the keying switch is forced to the "on! position.

6.10 The remote pulse width change switch is located on the receiver of
the console and automatically maintains the optimum condition that the band-
width is equal to the reciprocal of the pulse length. The high voltage
rectifier circuit uses two 8020's as voltage doublers and has a positive
output. The voltage output is controlled by 2 ganged motor dfiven variacs.
The artificial transmission line for maintaining the oscillator voltage
constant while the oscillator is pulsed, the grid blocking circuit for
manual keying, plate current meter, ovecrload relay coils, and synchronizing
pulse transformer are located in the negative to ground side of the rectifier
circuit. This location simplifies insulation problems.,

.11  When the manual key is in the "off" position, the grid is blocked
by a high negative bias, and at the same time an impedance is inserted in
series with the primary of the plate transformer to prevent the no load
voltage rising above the full load value. If the plate voltage is off an
impedance is inserted in series with the primary of the oscillator filament
transformer to reduce the filament voltage to about 80 per cent of normal
voltage when the tubes have reached thermal equilibrium., A variac is used
to adjust the filament voltage to the proper setting, '

6.12 When the plate voltage is first turned on, a winding on the grid
synchronizing choke is connected to the 60 cycle power circuit. This insures
that the oscillator will start keying and not draw a heavy plate current which
will trip the overload relay. When the variac reaches about 30 per cent of

its travel the choke winding is disconnected from the power circuit and the
oscillator is self-keyed at some predetermined frequency set by the synchronizing
trap circuit, :

6.13 The basic keyer circuit is shown in Plate 15. It differs from most grid
keyers in that it contains no vacuum tubes and yet provides variable frequency
synchronization. It may be self-synchronized or externally synchronized, Basic-
ally the operation of the circuit is as follows: The ascillator is a self-pulsing
self-quenching type in which a delay line controls the duration of the pulse and
a resonant trap circuit controls the repetition period.

6.1 The quenching network operates as follows in controlling the duration of
the pulse: the delay line presents to the grid current an impedance Zq =’fL7E:“
the surge impedance of the line. The grid voltage therefore remains constant
and equal to Ig Z» until the impulse propagated down the line is reflected (this
reflection occurs because the line termination is much greater than Zo) and
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returned. The potential at the input then abruptly becomes 2 Ig Zg o The
surge impedance of the line must be high enough to provide a bias which when
doubled quenches the oscillation. This action of the delay line controls

the duration of the pulse, so that it does not vary appreciably with variations
in grid current or with changes in the operating potentials of the tubes. An-
other advantage of the use of a delay line rather than a single condenser for
the quenching circuit is that the bias is maintained nearly constant during

the pulse.

6.15 Referring to Plate 15, the delay line used had a characteristic im-
pedance of 67 ohms and consisted of three lines which could be connected in
tandem to increase the delay time. By using a 67 ohm line a compromise be-
tween high power, good efficiency and long life was attained, The coils

Il - 110 are determined by the desired time delay per section as well as the
characteristic impedance,

6.16 The discharge circuit Ly = Rj consists of a large imductance and
sufficient resistance to give critical damping during the discharge period
so that a very nearly straight line discharge is obtained. This helps give
a steeper voltage curve near the starting bias. ,

6.17 The high Q resenant trap circuit operates in such a manner that the

grid voltage is caused to have a steep rise in the vicinity of the oscillator
starting potential, thus obtaining a definite syncronization with the resonant
frequency of' the trap circuit. If there were no means of syncronization provided,
the oscillator would start oscillating again when the charge on the line had

been reduced by the action of the discharge circuit until the starting bias

had been reached, and in this case the repetition rate would be subject to
considerable variation with changes in oscillator loading and in tube potentials.
However, the resonant syncronizing circuit makes a great reduction in the vari-
ation of repetition rate with changes in tube operating conditions. An additional
advantage of the syncronizing circuit is that the steeper rise of grid voltage
improves the oscillator plate efficiency by reducing the amount of power wasted
during the interval immediately preceeding the pulse. In order to get maximum
stabllity and maximum rate of change of grid voltage at the keying point the

peak of the sinusoidal voltage on the "trap" circuit should be approximately one
half the peak voltage on the delay line which is 2f; Z,. Hence the Q of the IC
circuit should be such that the charge dissipated per cycle for this amplitude

is equal to the charge restored by the grid current pulse. It was found that with
a Q of approximately ten sufficient syncronizing voltage was obtained with a trap
circuit capacitance between five and ten times the total capacitance of the delay
line. The value of the inductance was thus determined from the desired repetition
rate and the capacitance,

7.0 TRANSMITTER OSCILLATOR

(a) Type oscillator: 6 tube ring oscillator using the "grounded
plate" circuit,

(b) Tube type: RCA 80144

ERESIEY | DECLASSIFIED
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(c) Frequency Range: 175-225 Mc. This frequency range was
divided into four bands, namely:

(1) 180 mc band - 175 to 185 mc
(2) 190 mc band - 185 to 195 me
(3) 200 mc band - 195 to 205 me
(4) 220 mc band - 215 to 225 mc

The "210 mc band" is reserved for other use.

(d) Power Output: The plate voltage rating on the 80lLi was
originally 15 KV but later this rating was revised downward
to 13,5 Kve This new plate voltage rating cuts the output
power of the XBF oscillator to a value near 400 KW.

(e) Power required to operate:

(1) ' Plate power 15 KV at 150 ma
(2) Filament power for 6 tubes is 1350 watts

(f) The balanced output coupling was used in the final model, but
it was found that the oscillator was too lightly loaded working
into an impedance of 365 ohms and consequently the loading was
increased, The final value of the load impedance was 311 ohms,

(g) Characteristic impedance of the transmission line is 50 ohms.
A 3" coaxial line is used.

(h) Tuning Controls: The filament frame length is tuned for
optimum power ocutput over each band and then remains fixed
for that band. Frequency tuning over each band is accomplished
by tuning the grid frames,

7.2 The plate voltage rating of the 801l4A tube is 13,5 KV. The filament
power required per tube is 225 watts (15 volts at 15 amperes.) Grid cut off
bias, (measured at EP = 4000 V and Ip = 5 ma) is in the vicinity of 145 to
150 volts. A cut off bias of over 160 volts is too remote for satisfactory
operation and tubes in this category should not be used.

Ts3 Data taken from life tests indicate that the 80l4A has longer life
when mounted with the grid connection in a downward position,

Toly A photograph of the oscillator is shown in Plate 2, The anode
assembly is in the center, the grid frames at the bcttom and the filament
frames at the top. The output transmission line comes in at the top and
extendsédown inside the filament frames, The circuit diagram is shown in
Flate 1 0

75 The filament frame assembly is supported entirely by the top plate
of the oscillator box. This was done so that the entire filament assembly
cculd be removed for inspection, repair or replacement merely by lifting it
ocut the top of the oscillator unit.

q-lO—
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76 The filament frames themselves are low impedance coaxial lines.
These coaxial frames eliminate the usual filament R.F. bypass mica condensers.

77 The inner conductor of the output transmission line is connected to
three alternate filament frames and the outer conductor is connected to the
three remaining frames., -

748 It has already been stated that the oscillator works into a load
impedance of 311 ohms. This is accomplished by means of a quarter wave
matching transformer section of 125 ohms, impedance. This transformer
matches the 311 ohm load to the 50 ohm characteristic impedance of the
transmission line., It begins at the inner conductor coupling "spider"
and thus nearly the whole transformer section is inside the oscillator
box. The filament frame shorting bar is adjusted manually,

7.9 The anode assembly is supported on four two inch Moldarta insula-
tors which stand on a 1/2 inch thick plate of cloth inserted bakelite.
Each tube rests in a counter bored recess in the bottom plate and is
clamped by a retaining ring from above. The space between the upper

and lower anode mounting plates is the anode air chamber. Cooling air
from the blower enters this chamber through an opening in the bottom
plate and disperses through the anode fins on the tubes. The temperature
at the anode with the filaments on only is approximately 100° C.

7.10 The grid assembly is supported from the bottom end plate of the
oscillator box on four 1.5 inch Isolantite insulatorse At the base of

the grid frames is an air manifold which takes part of the cooling air and
conducts it up through the grid frames to cool the tubes at the grid seals.
The grid connection to a tube is made through a collet and a bellows is
provided Just below this collet to prevent breakage of the tube due to
mechanical strain, The grid frames are tuned by means of a shorting bar
which is driven by two stainless steel screws connected through a gear
mechanism and brought out to a front panel control.

8.0 TUNING STUBS AND DUPLEXERS:

8.1. The transmission line to the antenna includes two tuning stubs for
impedance matching, and two duplexer tanks for decoupling and receiver pro-—
tection. The tuning stubs are adjustable frem the front panel as are the
tuning condensers in the duplexers., The duplexers are similar to those

in the Model SC Radar equipments. The only difference in the XBF duplexers
is in physical appearance. The tanks are straightened out; that is, they
are in line with the quarter wave section which connects the duplexer tank
to the transmission line.

842 The stubs and duplexers were mounted rigidly to the transmitter
frame and since the oscillator was shock mounted, it was necessary to
install a flexible section of transmission line between the oscillator
and the tuning stubs. A test was run to determine whether too much
frequency shift would result from deflection of this flexible section,

.
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There was no abservable frequency shift due to deflection and only very slight
shift due to tension or compression.

8.3 Performance Data:

Warm up frequency drift data have been taken on the XBF oscillator.
Each test was made from a cold start., These curves are shown in Plate 24. A
heterodyne frequency meter was used to measure the frequency.

8ol Power Output data were recorded during the month of July 1943. Un-
fortunately, the 80144 tubes which were being received at that time were
inferior to tubes which had been received earlier, Due to the fact that

only a very few tubes were available for power test in the XBF, it was

often difficult to keep the transmitter running at 15 KV which was then the
rated voltage for the 8014A. A set of power readings were obtained over the
band using the 1 microsecond pulse length and a plate voltage of 15 KV. These
data were all in excess of 500 KW. The output power curves are shown in
Plate 25. Efficiency curves over the band are shown in Plate 26.

2.0 RECEIVER
9.1 The receiver is constructed in two units, one of which the Monitor

Receiver, is located in the transceiver frame while the Main Receiver is in
the indicator console, Both of these units ar®t independent as each has its

Own power supply.
9.2 The Monitor Receiver is a complete receiver in itself and furnishes
video to the lonitor scope in the transceiver frame; also, it provides an
I,F. signal of 15 Mc to the console receiver. All anti-jam circuits and
the video distribution system are located in the main receiver in accordance
with the standardization scheme of the YBF-SR equipment,
93 Specifications for the receiver call for the following:

(a) Continueusly variable frequéncy from 175 to 225 Mc/s,

(b) split I.F. amplifier; one section to be broad band and the
cther narrow band for monitoring purposes.

(¢) Variable band width of 2 Mc, 250 K¢, 50 Kc. steps.
(d) Anti-jam devices.
(e) mA" scope output in the console

(f) P.P.I. output to four video lines, which furnishes a 2 volt
limited signal with O0.75 rms, volts of noise.

(g) Echo-box tuning with provision for use as a wave meter,

L et g DECLASSIFIED



S SR = TG e

DECLASSIFIED

9ol The monitor receiver contains the high frequency Preselector which
consists of a GL~446 used as & grounded grid amplifier, a GL~446 converter
and a 955 oscillator which is tuned on the high frequency side of the con-
verter. The oscillator and converter are tracked together while the cathode
tank of the i.f. stage has a separate control, This arrangement gives

nearly a single dial control receiver since the cathode tank circuit is broad
and is consequently used only to obtain better signal to noise ratios,

This section tunes from 170 to 230 Nc/S with a very small tracking error.

9.5 Following the converter are four stages of 15 Mc amplification using
6AC7's and a 6H6 diode detector which furnishes a video signal to the monitor
scopes The bandwidth of this channel from the antenna to .the detector is
approximately 300 Kc and the gain is 10° times,

946 A 70 ohm coaxial transmission line is tapped on the cathode of the
third I.F, stage. This furnishes a 15 Mc/S signal for the Console Receiver.
The bandwidth of these first three stages is adjusted so that the overall
bandwidth of the Main Receiver from Antenna to detector is approximately

2 M, ' '

9.7 Gain is controlled by varying the negative grid bias on the control
grids of the first two I.F. tubes. This control may be used both locally and
in the Indicator console,

9.8 The "Echc Box" is in the Monitor Receiver frame, This is simply a very
high Q resonant tank made of a capacity tuned concentric line., A 955 is used
as & diode and a meter is also provided so that the echo box may be used as
wave meter,

10,0  CONSOLE RECEIVER:

10.1 This unit is located in the console and is furnished a 15 Mc/S I.F.
signal through the coaxial line from the Monitor Receiver., It consists of
five 6AC7 I.F. amplifiers, a 6H6 diode detector, a 6SN7 balanced video, a
6AC& video, 6SN7 limiter, a _SN7 buffer to feed I.F.F. and marker signals
into the video system and two 6AG7's as cathode followers to furnish a
video signal to the four P.P.I. lines.

10.2 The first I.F. stage is the bandwidth control circuit and consists of

a variable Q single funed circuit in the plate of the first I.F. tube; this
circuit is so adjusted that the gain varies inversely as the square root of

the bandwidthe Therefore, as the bandwidth is changed the density of noise

on the Range scope screen will not change. Also the center frequency is adjust-
able over a range of 1 Mc, The bandwidth switch is "tied in" with the pulse
length control on the transmitter, so that optimum conditions are always main-
tained, i.e., bandwidth equal to 1/pulse length.

10.3 All of the anti-jam devices are in the Main Receiver and consist of
the following:

(a) Two tunable 15 Mc bridged T rejection filters in cascade are
placed in the coaxial line just before the first I.F. stages Re-

- 13 =
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jection ratios of 65-7M DB can be ebtained quite easily.
These filters can be tuned anywhere within the 2 Mc pass
band and thus any undesired signal appearing within this
pass band can be attenuated.

(b) The last three I.F. stages have the conventional fast time
constant back bias which allows an echo to be visible through
almost any strength of CW signal. By varying the back-bias
time constant, a considerable advantage may be obtained over

- railings up to 200 Kc repetition rate.

(¢) The third anti-jam control in the balanced video; this system
tends to balance out undesired signals but allows the desired
signals to remain visible,

(d) The yariable bandwidth has been found to be of considerable
advantage when attempting to work through a jamming signal.

10.4 Performance Data:

(a) The noise factor of the entire receiver measures consistently
less than 6 db,

(b) Selectivity curves are given in Plates 27 and 28,
(c) Noise output on the P.P.I. line equals 0.7 volt R.M.S.
(d) Peak P.P.I. signal: 2.5 2 5 volts

(e) Noise output to "i" scope is 0.2 volts R.M.S.

(f) Tuning Range: 170 to 230 m.c./s

(g) An overall video response curve is given in plates 29 and 30,
11.0 IFF COORDINATOR

11.1 There are three controls on the front panel, one consists of a lock
on, key position lever switch, and the other two are potentiometers in a
recessed campartment in the lower half of the panel. The potentiometers
control the I.F.F. delay in microseconds, and the receiver gain, The sub-
panel has a hinged cover plate which can be locked close with a turn latch,
These controls are not necessary for normal operation and are therefore
~placed in a sub-panel. The switch is used to apply the I.F.F. signals
on the indicator when.placed in the challenge positions. /hen in the off
position the transmitter trigger is by-passed around the I.F.F. control
and goes directly to the "A" scope. Various views of the I.F,F, control
unit are shown in Plates 3 and 9.

11.2 The fundamental circuit of the I.F.F. control unit is the conven-
tional "Eccles Jorden" multivibrator. This circuit is synchronized by the

-]l',-
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transmitter and supplies a positive and negative square wave which is used
as a blecking bias in the "A" scope I.F.F. video and radar video. This
blocking bias is applied to the cathode of the I.F.F. and radar videos

and alternately "cuts off" tubes depending on the polarity of the square
waves at any given instant.

11.3 For further discussion, let the transmitter pulse be called A and
B where A denotes the first and all odd numbered pulses to follow, while

B denotes the second pulse and all even numbered pulses to follow., The
first snyc pulse A from the transmitter performs several functions si-
multaneously. First it trips the multivibrator and starts the sweep

across the indicator tube. This is accomplished by taking a positive signal
from the plate of V902 in the Eccles Jorden placing it through a cathode
follower and then supplying to the Range Scope. At the same time, positive
and negative square waves are taken from the cathodes of V9Ol and V902 and
supplied to the I.F.F. and radar video circuits in the Range Scope. This
results in the I.F.F. video being blocked while the radar videc is opened.
This of course, allows only radar signals on the indicator.

.4 The second sync pulse which was designated B reverses the Eccles
Jorden circuit and as a result, the polarity of the square waves are re-
versed in the video circuit now causing the I.F.F. video to open and block
the rader video by the same method it performed the reverse functions be-
fore. As before, there were two more functions performed simultaneously
with those already described on the B pulses. One is supplying the trigger
for the BL transmitter. This is accomplished by taking a square wave from
V90l, amplifying it and passing it through a cathode follower which is used
as an impedance transformer and then transmitting it to the "BL".

1145 From the plate circuit of V90l a square wave is taken and used to trip

a delay multivibrator. The output of which is passed through a cathode follower
and then used to give a variable delay trigger to the Range Scope, to start the
I.F.F. sweep, The artifical delay is provided to permit operation with some
L.F.F. systems. This delay is variable from O to 80 microseconds. The switching
of traces on the cathode ray tube gives the effect of two traces simultaneously
appearing on the screen, radar signals appear on the upper trace and I.F.F.
signals on the lower trace.

12,0 RANGE SCOPE

12.1 (a) Input power: 115 volt, 60 cycles,
(b) Video input: 2.5 volt positive
(¢) Video bandwidth: 1.5 Mc at 3 db down

(d) Z 100 yard accuracy of absolute range.

- 15 -
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(e) Movable step calibrated in yards on both 4 and 20 miles.

(f) Video circuit is required to pass from one microsecond pulse to
4000 microseconds with an attenuation of less than 20 per cent from
the start to end of the pulse.

(g) Horizontal and vertical centering controls to be able to shift
spot one inch in either vertical or horizontal directions

- (h) Four range scales k4, 20, 80, and 40O .miles,
(1) 60 to 2500 cycle repetition rate
(3) 1/4 to 20 useconds pulse width,

1242 The range scope is constructed around a five inch cathode ray tube,
which can be removed from the front with very little effort by loosening the
four thumb screws, removing the front bezel and unclamping the tube clamp.

12.3 An engraved lucite scale, is provided in the bezel, to assist in
estimating the range. This scale is kept simple so that approximate range
can be determined rapidly without confusion,

12.4 The counters on the 8000 yard and 40,000 yard ranges are illuminated
by pilot lights that are automatically turned on by the range switch. These
pilot lights are also readily accessible when the front bezel is removed.
The engraved mechanical range scale is lighted indirectly through the lucite
scale and when no lighting is needed it can be dimmed or turned off at will
from the control panel by a selector switch. Veeder-Root counters are used
on the 8000 and 40,000 yard ranges. Twent¥ turns of the range crank is re-
quired to go from a minimum to a maximum range. The range potentiometer is
covered so that dust would not upset its linear characteristics, A mech-
anical detent switch is provided so that an electrical range step can be
switched when the range crank is pulled outs

12.5 The range scope requires a 7.5 volts positive trigger pulse from
1/L to 20 microseconds in length which is amplified and differentiated
through tube V60lis This in turn trips the multivibrator which generates
a positive and negative square wave of 48 to 4800 usec., duration. The
tube V6O1B generates a negative gate which holds the grid of fube V6064
negative while the condenser C is being charged, When the grid becomes
positive, thus making the tube conducting, the condenser is discharged

and the developed sawtooth is coupled to a push-pull amplifier whose ouf-
puts are directly coupled to the horizontal plates of the cathode ray tube,
By this method two objectives are accomplished: a constant current sweep
is produced thus eliminating the usual DC restoration circuits, and a very
economically balanced sweep with one per cent or better lincarity is also
obtained. "Jitter" due to power line transients are reduced to = minimums

12,6  The positive gate from the plate of tube V602 is applied to the grid
of the cathode ray tube which intensifies the beam as it starts its path

w36 =
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across the tube, The return trace is '"blanked" out on the return sweep.

12,7 The marker circuit consistm of a shocked oscillator tube V6084
and the oscillations are amplified by a multivibrator whose output is
amplified and biased so that the pips are generated from the base line.
Switch S turns the markers on and off at will,

12.8 Two video inputs are provided, so that the gates generated by the
Eccles-Jordan in the I F+F. coordinator can block these inputse Through
the resistance network a certain DC shift is obtained giving a split trace.
The top trace is used for the radar echo and the bottom trace is used for
the I,F.F. identification echo. The split trace can be separated from

1/8 inches to 1 inch by potentiometer, Ro68L,

12.9 The video bandwidth is 1.5 Mc wide at about 2 DB down and has an
overdll gain of 200 with a positive output.e

13.0  PLAN POSITION INDICATCR

13.1 The remote and local Plan Position Indicators are similar in design
and construction. This is a part of the system of standardization and as a
result greatly reduces the number of different units required in the system,
It is required that the Plan Position Indicator conform to the following
specifications:

(a) Power Input: 115 volt 60 cycles,

(b) Monitor PPI furnishes a properly terminated positive synchroniz-
; ing pulse having a peak amplitude of from 7.0 to 40,0 volts,

(c) Operates from a positive synchronizing pulse of from 5.0 to 37.5
volts with a repetition rate of 60 to 1100 pulses per sewnd
with a pulse length of 1/2 to 20 usec.

(d) Requires a 2,0 % 0.5 volt limited video signal for operation,
(e) Bearing information repeated with 3/4 of a degree accuracy,

(f) Range markers required for calibration with provision to permit
a 10% extension of the radius of sweeps

13.2 The Plan Position Indicator was designed around a yoke housing a
seven inch cathode ray tube. A design was used that permits the tube to be
removed with a minimum of effort, Alignment is securec automatically when
the tube is replaced. A novel method of centering the beam is used. This
is accamplished by mechanieally rotating the focus coil both transversely
and longfifudinally by means of a handle.

133 The chassis is divided into three individual sections; namely, the

rotating yoke, power supply, and video circuits. This design allows the
tube and components to be removed with a minimum of effort.,

=35 =
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134 The PPI is provided with a bezel having an edge lighted lucite
window with its outer edge engraved from zero to 360 degrees in one half
degree steps. Another lucite window is placed in the bezel that has a
curser engraved upon its face which is used as a mechanical marker and
can be turned by hand.

13.5 The synchronizing pulse from the transceiver unit is differentiated
by .C501 and R509 and then amplified in tube V50A, This pulse output is
used to drive a multivibrator consisting of tubes V502 and V501B, Correct
timing of the multivibrator is determined by selection of the proper time
constants with switech S$502..

1346 From the anode of V501B a pulse is obtained that drives the grid
of V5034, negative, while the negative pulse exists at the grid of V5034,
the tube is cut off thus allowing one of the condensers G511 ta G514 to
charge up through the corresponding resistance. The proper resistance is
selected by switch S502B., Vhen the pulse is removed the condenser that
has been selected, discharges through V503A4. A saw tooth wave is thus
produced that is used for the sweep. This sweep voltage is amplified in
V503B, and V5044. Tube V504A then drives a 807 V505 which has a D.Ce
restorer in its grid circuit to prevent its average bias from changing.
The pulse amplifier V505 has aniunbypassed cathode resistor, that feeds
back the voltage developed across it to the cathode of V503Bs This
method of degeneration greatly minimizes the distortion and the saw
tooth wave appearing at the output of V505 is practically identical to
thot applied to the grid of V503B. The resistors R531 and condenser

C516 compensate the circuit so that the entire amplifier (including the
deflection yoke) is flat up to nearly two megacycles, The sawtooth
cutput voltage from V505 is applied to the deflection yoke L501, which
produces the cathode ray tube sweep, The switch S301 produces a slight
unbalance of current in the yoke that allows the trace to be displaced
frem the eenter.

1347 The unblanking voltage is obtained from the snode of V502. The
positive going square wave appearing there is applied directly to the plate
of the cathode ray tube V506, When the anode of V502 is positive the trace
is intensified and thus can be observed. During the flyback time the anode
of V502 is negative and the trace is less intense and cannot be seen,

13.8 A high potential of 4800 volts DC is applied to the anode of the
cathode ray tube V506 which is a 7BP7 having a 7 inch long persistant
screen.s The tube is focused by varying the current in the coil L1503 by
means of resistor R558,

13.9 Markers.are produced by a shocked oscillator V507 which has a high
Q resonant circuit in its cathode. The negative square wave from V501 B
drives V507 to cut-off and shocks the particular IC circuit chosen by
switch S502C into oscillation. The damped oscillation from the oscillator
operates a multivibrator consisting of tubes V507 and V5084, which produce
the marker pips. Amplitude of the marker pips are controlled by R550.

The pips are amplified in V508B and V509: and are coupled into the cathode
of the cathode ray tube V506 through €582 and R553.

= 18w

DECLASSIFIED



DECLASSIFIED

13,10 The video signal from the receiver output is amplified in tube
V512 and is mixed with the marker signal in the cathode of V506. A DC
restorer V509B is provided to maintain a constant DC level,

13,11 Antenna sense is repeated by means of a synchro control transformer.
The error voltage developed on the rotor of this transformer is coupled to
the grid of V510A. This synchro shaft is coupled mechanically through a
1:1 gear to the FPI yoke. 4n anti-hunt circuit consisting of a series
rescnant circuit is placed in the grid circuit of V510A. The error voltage
is amplified in V511 and applied to & two phase motor B502 which drives

the yoke-through a 100:1 gear, ‘ .

13.12 The power supplies fro the PPI unit are entirely conventicnal and
should require no discussion.

13.13 An Alleghany MuMetal shield is used which has been properly heat
treated in an atmosphere of dry hydrogen. I/ith the use of these shields
transformers and highly strong magnetic fields can be brought in the vicinity
of the unit. This also protects the presentation from the extreme high
fields found aboard Naval vessels.

14.0 BEARING INDICATOR

14,1 The Bearing Indicator unit provides antenna control and bearing
indication. The antenna control circuits provide for the rotation of the
antenna in either direction at speeds up to five revolutions per minute,

as well as “Sector Sweep" over any 90 degree sector. Relative antennz
bearing, true antenna bearing, and the ship's bearing may be cbtained

from this equipment directly with an accuracy of one-half degree, Arrange-
ments are included for switching the Plan Position Indicators, connected to
the system, to relative or true bearing.

14,2 The antenna is rotated by a direct durrent motor mounted in the
pedestal, This motor is of the permanent magnet type; the speed of which
is controlled by an :mplidyne Generator which is not an integral part of
the equipment. The Amplidyne Generator output is regulated by the Control
amplifier incorporated in the Bearing Indicator unit.

1463 Sector Sweep is accomplished by electrically reversing the slewing
motor by switch 5-805 which is driven by the slewing motor at the same
speed as the antenna. A mechanical differential is arranged in the Sector
Sweep system to eliminate the troublesome slip rings and brushes usually
needed to provide continuously variable sectors.

14.4  Sector Sweep, Automatic Rotation, or Manual Rotation may be selected
by the switch S-901. For Kanual Slewing the hand crank is pulled out to
engage a positive action clutch.

15.0 CONCLUSION:

15.1 In general the XBF equipment has served as a start for the standard-
ization of Search Radar equipment for the United States Navy.

i B
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15,2 The XBF Radar system has been in operation at the Naval Research
Laboratory for several months., It was then moved to the Chesapeake Bay
finnex of NRL and has been working satisfactorily for sometime at that
location, Since this model has been completed the Westinghouse Electric
and Manufacturing Company of Baltimore have built several models of the
SR equipment with the XBF serving as a prototype. A higher frequency
version of this same equipment (400 1,C.) has been built and consists of
& new transceiver unit which is known as the XBF/SR-l. The SR-2 equip-
nent is being built by the Radio Corporation of imericanat Camden and is
a 600 MsC. equipment. The standardized console is also used on the SG-3
equipment by Raytheon Manufacturing Companys.

16,0 ENCLOSURES
16,1  Thotographs and blueprints listed in table of contents.

Wi T PECLASSIFIED



PLATE |



PLATE VOLTAGE

PLATE WaLTasg
1]




PLATE 3

e T : 3 NIV 0301

i) - 08N
iRy 4N 4 LT ¥
..9“5« NofLiged 3 : :.,._uu o,

VI LN 3 . s .

. Rl |

LUETLERE L
2
-/ ik

b T
wighn

¥ ALIGNIIN
AL .

; . M ., 3 arioamzey

INtYIR TOULNCY | : ! ; R S 2 B o ey 4 ! P SN0 TIVTE

YNRILNY v {
S NG B LINGRY L

wt
o
w
=
o
L5
o4
o
T
=<
o
[=}
=
£
o
>
[,
&=
o
o
TH




3/4 VIEW OF MONITOR SCOPE

L/ e N e T e b PLATE 4



\

PLATE VOLTAGE My, PLATE VOLTAGE

DISCH. RES. DISCH, RES,
&
4—20 48 I us

TOP 3/4 VIEW OF KEYER UNIT



<
-
o
i
=
3
v d
&
o

=

&Fd

TOP 3/4 VIEW OF TRANSMITTER CONTROL UNIT
IN THE INDICATOR CONSOLE

| SR ~ PLATE 6




PLATE 7

g 2..-.
g
%
P
e
i g
i
[
| -

RECEIVER UNIT IN TRANSCEIVER




RECEIVER UNIT IN THE INDICATOR CONSOLE

PLATE 8



PLATE 9

é"'“._q?:-

IFF COORD INATOR UNIT IN THE INDICATOR CONSOLE




G
e
MARKERS

2Tif0 o]}

FRONT VIEW OF RANGE SCOPE

PLATE



108 909

’ E 909

TOP VIEW OF RANGE SCOPE

PLATE




FRONT 3/4 VIEW OF PPI INDICATOR

PLATE 12




ANTENNA
GONTROL

CONTINUOUS

e

e

RELATIVE
BEARING

ANTENNA

ROTATION
LEFT RIGHT

Ay

Foad

-PLATE

13



T ey

o sem R g,

N.R. L. 66

FROM XMTR
FO5. 5N, PLrsE ('-1
'

T | |7 L Yo

= == C3ig

REC. InPUT C:)_ ___4

TEST stcial
INPUT

R33
T — AW
5 = s / 2k
fé Ba 3 ||I| =i = T C22
= | -
v 5 ||! i) |
f115 |— | | ﬁ_ 200 ¥ RArS |
AC MOTOR PLug RecsPricte | I.‘| s-c B 0 ir4 |
L | =
@ | || Fel |
= S e 5 — . — . AN
AN e ] e “ Pe—
| L302 I | ) £ ewus | ™
o — T | Ry Il =
e ] s S Ll'—"/ =
| I

|I .il;-_- ¥,
| 32¢] 2
|i _?z,si Tk WIRE WOUNB PoT




TEST Srne
StenAL 1.

z F329
. INTENSTY CONTROL

e
R328

K319

&
n
l—{|—
W
LY
L]

R

Faas #3385 T ] =
i—w---w—uw-amnﬂ |
= R340 ez | == - - e

SYMBOL 24
SYMBOL 3
S LR | SYMBOL 334
iy . ; | S i SYMBOL 4
) ] [ = = —j SYMBOL 5




N.RL &

Ly
!%;_—‘_"“"—T-rﬁmm\—rf“ - f,,l |J.

C;,-; CAR!'

5153
I&ZO 'S VERNIER
écﬁé’ EIVER
ﬁDJUS?'Mé'Nr

Ris7

fisa

Rica

—

J o Riey

Risz

St

554
[ /S VERNIER
SCREW DRIVER
ABIUS TAtENT:

S W

_Jlows

0_(/: FEENIEE
*”‘ (Ezo, ?/.s VEENIER
| Loca: 58 iz Ser

GEREW BRIVER ADTD

it Lirg
o "W‘UUD" i WWL\JW
Cirp = £ -l: Crag—

(T s

"

7500 .

=
h—4
c—2z0

tE giviz

MICE0-BRC. POSITION

By

15




Lisa Loirs Loz

Corg
TR

e g

it
= O "l-‘ Crse--l— Crs7 == Cusa™=  Cisg®
e b e
L
e

|
b

|

o Yisas

IGEL

J" Bs ‘::x iy

O

-
-

-
i'_ TirE

o= | micep-ssc. PosiTion
h—d - L
(e it 5 "

IED. 1500y PyRaNeL

x| wra dwillg et

LLED OF MicA | B e

" 1 2 T,
i f
FE : | GuREPLAN STERFER BELAT

/57

SYNC.
WINDING

o
i58

S i | ALTERATION

(= \
7 1€

3 |

)

AT AECTIN OF L OS5~
/” KEMETE FWITCH.

TABLE

2 FK; H LABORATORY

YER UNIT

MODEL XBF EQUIPMENT
SCHEMATIC DIAG

DATE 4 -7 -90.3

_J
it

=PRI

I



NRL &

FLATE A7 AT
GROUND (RE)

7O KEYER

B*

SLIDING SHORTING BAR
W FILAMENT LInES —

CONDUCTIVE cPig RinGS
/ ON ALTERNATE FILAMENT frnes

b 2ld

| A
|
!

i — e e iy
— e N )

TLNNG STLUBS

" ADIUSTAALE SHORTING !
BAR ON GRID LINES

= SNEUL. AFICARTA

I S
S om T

sanss | 4 [ A ,-

CONDUCTIVE COURLING RIVE ,_,r"
7O COAX/AL ~SEEHER — ) ADL SFORTING B4R ~

<

DETAIL OF FILAMENT LINE




_— CONDUCTIVE CPLG. RINGS
ON ALTERNATE FILAMENT LINES

pe
= L . —
i SRS B T
| |
I |
I |
I |
! I
/ ! I
.'. l
; ) ! A
2 '3 f l =
b I.I ] P l
~ l I
P S ) | I
\ : TUNING STUES - i :
e I

i ALDSUSTABLE SHORTING
BAR ON GRID LINES

- IVEUL. MICARTA

SVSUL .

:'!-‘\{:.’-..'&;’;/E.'J‘r]

st

\.
s

DG ave S

FEEDER ADSL SHORTING B4R JII

JETAIL OF FILAMENT LINE

—

.Pi.‘-_..u

J DUPLEXER T |
SECTION !

.
.

70 RECYR. ™/

TO ANT FEEDER

SRACER
ALTERATION TABLE
& | cwnwsse SueiFrER FecTin K 24
1

SYMBOLS AND THEIR EQUIV. TOLERANCES
[UNLESS OTHERWISE NOTED

SYMBOL 1.
SYMBOL 2
SYMBOL 24
SYMBOL 3
SYMBOL 334
SYMBOL 4
SYMBOL 5

=“BELLEVUE."

JSCILLATOR




N.R L s

R3

“2rq

A
239

LEGEND

GIRCUIT © NENTS
NITE-ALL MICA CONDENSERT- G o0k A5 ATV Cazr_ 2F e st MICA N iep, [ANTENNA Covi Fers 2200 -¢w
Copy |2/ ugpet PARIABLE [ ROTAR _ | 232 | 00 wF-marCq E: HEATER CMONE 2ic |#rooa—gw
 Tagae 223 |00 0 Ko MICA 27 [180n-Fw =~
| 203 | SCoucf | oot | O¥or- AR 28 2200~ g W
z-;wf VARIABLE (ROTARY) | 235 ,aw,af- MICA ;
2ar | SWuce £ (RCA TOOTHAICH Tioas | 235 in - MIGA

2ag | Bo/ G F PARIABLE(ROTARY) | 217 zf‘&ﬂf MCA
| 207 | FQuccr - (R4 rporﬁﬁ/&l{ﬂ/’{) 238 | 50 e et - ilicA
SOC e e - MICA =5 238 .0/ _aF— micA
| SC0cert-Micd. =~~~ ] e L,
20 W,a,ul‘ Mica et f —Meed
24 ﬂax.fr’)_?orzmy) Bo it MicA
rd
-]
| 2ve ﬂw*‘ MICA i
| 848

26 T i F- MR

297 | St - FRPER - GOO V. BE

e = m,a.‘:a £50

52

I o
OO e FMICA

VER




To RECEIVER UMIT M2 —e (P—)
FE MC. Fa ZME B W =%

VIDEQ OUTRUT
TO MONITOR!

SECTION OF
REMOTE=
LOCAL SWITCH-

THIS CIRCINT N
AR TRANT, DRIT

PHANTOM TARGET

PHANTON TRESET
INEUT ®:‘7='

T REMOTE LOCALIFITEH

TO REMOTE PHANTOM
FTARGET SWITCH

DELINEATOR | DJENER | nividmariie g rnfphan
TRACER m
CHECKER T ST « £ 7

Rz |2200~FW

ae |#ovacin
2y | /800 15‘—" i t ¥ s
24 s L 1
i |zzoon- EW . APPROVAL L
— SUPT, OF RADIO IVISION

2w |FToon-FW
"2,

S
i
R

(= Lo-f,‘
FOR DIRECTOR (™

CoOMDR, U. SN, |

BUREAU OF SHIPS ~ REFERENCE

U, 5. NAVAL RESEARCH LABORATORY
“BELLEVUE." AMACOSTIA.D. &~

“RECEIVER UNIT NO. I

R CHONE (20 =L AME) |
£ - 7

SYMBOLS AND THEIR EQUIV. TOLERANCES
(UNLESS OTHERWISE NOTED)

—————— +==|| MODEL XBF EQUIPMENT

sYMmOL2 — — ——————— £ 0010

ovmmor 2k — — ———— L0000 SCHEMATIC DIAGRAM

e Tl ———— =oom0 SCALE DATE MARGH I7, 1843

SYMBOL 3% _ £.0100

SYMBOL 4 3 . =oa2s0

SYMBOL 5 ELL =i Rf.\ 46F 3!9[‘:

PLAaTE /2 i




M.R. L. &

—cr
% RT&J
LE INEYT

A

H.W.» 2.0 MC. Cm;

"I-@)

T Rros
REMOTE wi,w AL
LOCAL 5W. < CONTADE

I e JEBEF

1
N _E ez :
/"5 .V_A.c.: TS o
1
|
I

€0

T‘VE; Cy;r I
1 |

o

5 70/ SWITCH POSITION
I=50KC BW. -20us PW
S-250AC v — 4 ar
FI-2 MC = - f u W

iz O E W

73 3300~ - 3
g 1300 L5 % £ WM
7s SOK~EW
2700-10 W

722 SEco-/ W
723 Sl -/

ves /BA-5 W,
7I6 BT L W
F27 #7004 W,
T2g /200 Fw
729 5600/ W,
Tap s -zer T
A G800-£TV
732 68 Lam
733 £70-5W.

Szl

= o e A |
HEATERS !
e R

"‘?7‘? 275w Crer ooz pf-nica L
i i e O0-FH FaELR i L 725
| TE9 ;acjw 733 " " " = Lres
i I,wx o /zt g F m.ﬂzﬁ-mav LTOT 4
2 | FI (3PC-FW FEFLGT ~ o Ty
ezz(—'ﬁ e . TEe o LS ¥
5800 e L 773 FeoEMW | TEVLE i F - FUPER - 600K Yool &
&e-F W i Lo7EA L " . 3 vaz
47045 W P05 W TES LY v " : o3
27K W i TH0 590 ppF - mcn o4
L20KF W T 77T 390-£ 7E " LTES
GO0 n- 25 ] TIE IOLLF F#Pf.-‘?- soor 7% &
A7aC-§ . P NOTE. ALL AHEA COND-EIOV DG RATING TIS 4w C 767 5
SEoe- . L CHO S AL F - ACA T34 D02 fof - pMICA . 7v8 &
AToaE W LErasa e 4 FIS P F - 4 o2 e
TR o 73e r v L : 7
o o FIT .08 HE 7 8
OS5 002 JLE ir TS ST ,c.g ¥ “ i
P e b
- B PER - 60T e
e . 75
- W T ) ]
TP Solief. w 2
73 oox LE - » “
Fhe E " s
TS - a - "
76 g~ " MACA
TIT " SRS . 5 fef AIER
- A “ LPO) AL TER LO/L 703 5
FEP - FOE | LINE EITER CHORE
Feg - & o # . 2 Mrgi O




Ie:
|

|
=

|78 é"’""?&é

COND - BIOY DL ARTING
AdICA
o

ooz ts-arca
“ v
TEL) W FAPER-400 V.
FEENGE ar "
TE6 O F

TET & Lo F - PARER - 600V,
728 .7 u &
7ER ./

A F - AEA
P RODO

SO0 g - aficA

FDLELEF = wt
FAT 002 gl F o
PEL S el I ig ] o
FED v #

T & M F

2 GAGT LD
TOT SydE - BEC
708 Mg - DETE
AR GALT - HEEC

B5NTE
= .y

SINGLE TUNED LFE coll
P L TRANS,

7d FOWER TRANS.  MAL T30
5L TRANS.

FO FUSE B A
TR S
FOSEAT TORSLE SW.

Moror 0=/ ArA.

S e A

AEE SIENAL I

VoFD ouTPyT T
INORCATER ST

MHARKER NPT

8 AEMOTE
LITS

PAELER NOTE £ £ oy
T CHANGES

SYMBOLS AN
UMLE:

SYMBOL
SYMBOL
SYMBOL
SYMBOL
SYMBOL
SYMBOL
SYMBOL

R

D030
£ 0050
o100

]
|
!
|

Rres b v Frer !
ALTERATION TaBLE I DELINEATOR ARC
| TRACER
T CHANSES : S I
G & COMPONENTES Wik |CHE\_,5=d B Rame

_APPROVAL _

ER

| SUPT. OF RADIO DIVISION |

= SHIPS




N.RL &
Pz < Cqz g ey
< -
EZ [
_ ;
Ress
Ryoe
5
i
/
3
N
~
Ssor o
. ;
£ |
= o - ]yt 7 S,
X Pazz
o
N
w5 KEY "
—] \/
I i ] =] ' =
|OOOOOOOOOUOOO
|
U
¥ b3
Ye8ss ]
BE LR
S 08 W xR §
& ST S P S
Q
. = QE s 3 5_‘,' [ @
SRR g 5
NR g i
9 2 ‘é e
= LEGEND OF CIRCUIT COMPONENTS
M.M&%ﬁ%ﬂ’.@@ﬂzﬂim I 1 RES/STORS I
fol | S0, M (L7020 MY SOMA. FrirsrR caondRvo:| 10K fwe L
o2 | fooirak v o2 265“‘1 LINE FILTER CHIAE -n-;_z f2T W §3Z|
| o053 ] ioomu¥ 703 2o.uh " 2 “ %3 | cBoo— joW. B
Vod | SoiiF i £ Hof | Sed-Ew. =5,
| 05| LO/HE FARER —wdd V. fos| FIIK-gw'
250 AL F = MICA foe | IIaK-Ew
| s07| 250 4 4f . TRal | FOWER TRANS FORMER L Jo M. — 3
| 98 | .25 4F OALER-Fo0 Vv o ; 708 | /2o - FW 2 E1
7o | | 254t £ PR FER- FAD V. R e G e B PF | 2290 - £, e ]
g0 | 250 HF NICA | TF0/ _ NEON _IND. LAMP Y| 9700 - 5w e
i | 250 ~ 2 ; 71 | Sek- Fw L ==
BTSN S TR AN e L 2| Z2Ak-Z2w
| 3| G &F PAPER— 600 V. OC. FPol - 2 A. AUTO FUSE £ HOIDER | 953 | 2=2o AK-Fw Ee ==
B e e A i i Pk | eS80 - Ew
U5 | Sos LT MICA /0OK. ~ S w.
T | s00 " PR S00 A.—POT ~ COMAT/T/OA
| 7] ./ ALK FRPER- GOV,
s B el e el R




-
ZRpep
Caoz § Rez
ANAA 11
Rgos i
Roes
Bz
Rys
Cpes
Rts Rajz % Rorg Rarg Bz Rgz2
A A —
VW Fs23
o = =
~ il
]
€909
B Th rz,fau
7. Eqio
Fol Il
18]
732
Cos =77 B N S SRR [ S ) e
| =
X X w X g Rezg
K30 i) g ﬁl‘
g £ ' = : 7. =
63 V-35 A = 927
=X BIAS -¥V. ]
FND OF CIRCUIT COMFONENTS ALTERATION TABLE DELINEATOR | W LCISSEL it BRAFTING =n¢
RESISTORS LAY . [ - TRACER ey,
CHANED NeMPEE SEFIES G ara
il oK Ew b R93I| Zrk-ZW. d = i g 5 = Vi
H /2o K Gw. = [ 932 = 22 ¢ | cwn rmemsones £ smrew Y] [CHECKER | R e ALY
L &80a—lowW. e = = ELSEENEL . SRS APPROVAL -
(__M_ - —— - T RADIO ENGINEER SUPT. OF RADIO DIVISION
5. FIgKEW 1% g & . | ) = : 7,
T 330 K-gw. 51 H, O7 LomanE EN lﬁ Hot {MLM‘
Tl Jo k. —Fw =L AT = ——— P el ¥
1] /2o -ow. = L) T = FOR DIRECTOR L aee
| 2200 - iw. S901| SPEC/AL SATTEH. = Dt PR AP
1 F7d0 - Gw = = =" = ~TiiE = BUREAU OF SHIPS REFERENCE
| SeA ZW i 1 L
e e Bl E i — F ———— i e !
=T '—I(.“:‘Zﬁ"_' '.'.'“. -_' = . _ e P SRR T e = U.S. NAVAL RESEARCH LABORATORY —I
i SD0K.—POF. ~ COMATS/ T/oN e o -— — “BELLEVUE,” ANACOSTIA, D. C.
| 13 = 2 |. F.E CONTROL UNIT
% + = EEN = SYMBOLS AND THEIR EQUIV. TOLERANCES
] =1 oLt S = |UNLESS OTHERWISE NOTED)
2l e SvmmoL 1 — *o00s MODEL XBF EQUIPMENT
- = WA X O = = L + 0010
2 ML B e Zco%0 SCHEMATIC DIAGRAM
z T T W | SYMBOL 3 __ et DATE MARCH 20, 1943
e F—F o = SYMBOL 34 +.0100 S0 )
;; - — - —{ sYmBOL 4 +.0250
3 — 1 SYMBOL 5 ™ —
7] 5 ) e s e T e e W RA 23F 247C
2
|

PLATE /2




N.R. L & Eaaﬁ'
1)
Kgos i
Croz
PULSE AMP [—-u-—l *‘?mc TIMING M.V B3

Reo3
£
= (e ﬁ"“’" Veasa
7 L}
= Feor

=
- /fr-)\ Rere
Ezos
RANGE COUNTER
LIGHTS

=SWEEF

n

EEEY )
2040
JO4F,

OBE
207

PAE

S E

-oas

=)

MICA
= AMICA

- O00f AfF

&£00 ¥
+$o V.
AricA

LOCZE A F, APICA
Faa A F
“OF AP F
00 Afts £

#ES5O Y,

o5 4 Mica

FE0 W

| oS 4F ooV

AMICAK

EAE | RADIR S/GNIL INPUT
608 |STNC. PuLSE FRoM JFE
| oz | 155 ViDao swirtH
£/l | RALAR VIOED SWTCH
GI2 | IEF SiSaL

| Foses

l=gas| fA (AUTE TYFms)

| 602 $A. fRuTe TrAs)
|

| | iNpicATORS
(TE/| o/ W NEDN LAATE
i coz| ./ W “ "

SIS —

Casr
r
& VIDEO N
e
LT SYSTEM )
A F e
212 S
k. 2
MARKER GEN.
SWITCH DATA
A=FMLES -
B=20 MILES Fers Ezos Egn
C=80M/ILES
D3 FIDNILES =
i INDUC TANCES 1
CEFe /o AF G20 V. T Ee Resz]| /M. Lz w = RS
€37) 0 1. e e s\ Snom. dpw por | &521
ada| J4F Docew E S R R o 3 SAt b w o Zas
P R . j4o K. “Fw Ese 58| feam L L
S| Spo LA F ATITA A o= S| 2284 -
37 i e A 28 | foa k. Lo =Wl Skl |/ LG TrRE MG =
Es2| JAME S5OV > ; PR s Int W P 2 ] =
2 2 T SR, 2 W 2.3 RC. TS v (Ve
- cdg| S 7 Zoocl. 2% ’ —W i
Q. : 2 : E 5= e
&1l | SACFE FSo Y o o L P/ z £ =,
| g/2| .24 F Fsov =3 : [ W Pali— ik
Fi2| SA4E N TERATINALS 5 e ] ¥ £ 3
$/4| o84 320V, begdi | s v cote e & i
el /sv g0 = i
i coxl .3V .rsA 1 " i
= CO5 | MARKERS 7o ReEMord ZEA SE e

S af
S0

re -l

rEae

anE




Ceas \\ —_ﬂ_ Bk PrasEsiianen
! : f :
3 i N bt 9‘: Fers / 2
. 3 5 : ; \
R wie | PHANTASTRON STEF GEN. %
\ I f N
Pz 2 Fora  SRezotfear R‘g, f;z?f \ Feas Reae
% N £ oc| \\ e
kS‘”"’“‘ =S A‘_ 17 Feso
ff? > ¥ / coad \ Gas B
| =R‘25¢% T \ e
_@;3 F o < N By \ s
| L |
|
i
I
ol
: == S —— |
Rt Rt Rt | %
5 cD ll
/[ Seeua :
z I
—_E, ________ — ——
—i=SWEELF

DELINEATOR | R RS araanezor, | cur pEpFean

[
TRACER | ~
'i-f_scx ER i % 4 W

=

R

REZ]| [T i wn

g2z 7KW
S23| Sy 2 mwwrSH
G2F| SO K. W oy
G5 A
g2
cz7
% 28|
239
£3c
&3/
£3a
£33
ere
£ 55
236
X7
I8
33
| €2
=

5 F-r5—43

el [ APPROVAL

RADIO ENGINEER | SUPT. OF RA'!'IQ DIVISION

B L SBrger | A Hoyt AT
% PR

PADE CHRCHIT CHANG £5 5-:28-93)

COMDSR. UL 8. N,

BUREAU OF SHIPS ‘ REFERENCE

I | I U. 5, NAVAL RESEARCH LABORATORY
| | “BELLEVUE,” ANACOSTIA, D. C.

e WABER RANGE SWITEML
MALHER SwirCs SymMBOL 1

SYMBOL 2 _

SYMBOL 24

IsymBOL 3 =

SYMBOL 3k

SYMBOL 4

SYMBOL 5

i)

Ve
mw,:s'%!r cas| Foas, 3 W, DuAL




sl
“MABKEES "
ConNTEOL
(PaneL)
Vs,
BT [&=72]
i 1
. SWEEP DRIVE GEARS = ST S
2 ok 00."/ 3
m—[‘l’:-mﬂ—rf-r—.—.—.—.— ME'  os 77 RSTE
: i VIEED B W "/7
27 SWEED YOKE HOLSING VIoET GAIN
9] e % BINEL
s = ol il
T et
m;ﬁ/\iﬁ\ o 2 SHITCR POSITION (EE02)
| . [: A4 MILES
| f ! 8= 20 MILES.
1 /’ G =80 MILES
N_cam s 0= 200 MILES
RS} ook -F W Torse| 2ox 2w | esso|s7a0 = CEDS DI apent MICA-GOOV | CO3O | OG- MR A vsos 807 7o
lespz (droq- 4w |\ F5Es | Ze0a - 1 ErED| SK - P |c5o= |2s0ger - - L cm3/s | bt -PRPER- | V508 | 7BPT C.&
ST | SECK - 2 | osre | fmn - A esst | 2500 -5 csoz [arer . # 105Ee ldwf 0 o | vee7 lesvreT
e |4:wr-§’w. 537 2200 EW. | cuen | 24 — e !Ic504 loesa# = = i VSO8 oSN 7GT
i;?sos | $7oa-Fh I,c_'s_#.gma -2w ORET | Pk - s lcsos laoges » » |C52% LoSpf o~ - VS99 IESNTET
P R e e e onsd| 27 g e e ) l.ozspfr  S00K| VS0 \BSNTST
REDF Aok POT-CARRON | €536 /80 ~1 W pags| 2ok - 21 lcmo7 | Soemr - » ooP8 |OSuF o 600K | Leset | 6SNTET
F5IE &8 —F ESEY B3I - SO =2 A e | CHOB gy ¢ HCSIT WO L V2 e ACT
BEas sook -Eu | TS ook - AeEsonax Hfe 7| 230F W ic500 Soumpt #  *  |£338) . SR lesn =T
RSO Lok -Eil Vesso ook~ ~ ez | 580AE Lo s I s ogileeaer [GRE L
PSSk - 250 oA fosmEE - PEe P | Se -2 W lesn  ofefaved - &00l] csdal ¥ rra:? | vers | BrRe 72
Py e e ,é«mj/ SO o PEG | S6K -2 152 02~ * i A V56 |VR/S0 S
£5f3  TEOK S P542 2TE - w samry | 120K -E 1 | corz loosyE ¢ i | et micH - 620K
ey L | ESF HEE -F W s | EEKE W, cmrd oot oetMEAT C c5bz | ar toRER- @ | LS2( SWEEP Cdnk ¢
Ve L EséE 5w 2w prz | 560K~/ v L ars | HOER = o | C583 \OlurGhpvveleon T | 32 MA
e | seco-rw | s fwon -4l wa7d | r80k £ W | CNE (DO CA- ¢ (OIS pout- PRAER e LTOF | i v
Ly fros-Fw g5ias 500 -Fw 3 P oL, N w |\ p=mod 2044
RS K LW e T CEE e - lCmA L f ol FULED TS0V, osde |tk @ o | ises \Bogh
omp 4w Pl IMEG W ||B577 |5e AOTIACEON | CHP Llofer s o esby |4yt v L e
Cxmzo A7oi-Fw | Esds drooc-gw, o5z | 2ok & CHEO | SDuut MiCA-00y cTka f grs w LS9y |25 Ak
o2 70K & e mK ST AR GBS TR\ Ta - e | (S8 S v loseg lapur n w | izeg 25
£5ED T -CAEM BT 2 TR - W PEHO | IEM -~ E W CHaB | fr - PR GO0V |E550 YOUF wo | Lmae i/-zﬂc -2
P & Y| eTEE 3900 - & v LosgiEas -5 m leszg (der ¢ - ! e i
o5gd poow i | ins cwos -Hu | emgzl e.sx - w \rezl Lt - f o | 2ocH, -4
RE2s ook = " 554 $700 - tir |«e_‘.aar S n-25W POT lcs25 | Tooppp MicA | aMH a0,
ESEG 56K G Pl et & . FETey, RS84.680m SOW [CEZE (OOF5 uF w |ve=or lesvasr TLEE | l;a.amf /0.,
E5aT /Scod w LRSS LA e v | =27 Loood liF “ 2 | so7 o V160 stw s
2528 2R K AW |55y ook - 2u. CSeg |.022 pf o Nz leswz=r o 400 ME [t
REEG Aok Lﬁﬁq‘? !,’:m' L7 A CERG |05 4 AL ei-.x:'wl,_./ﬁ.:rﬂ' lﬁ_:s'xu_'ff'-' 7 # 12004
. = S I "_3
e | y . ¥ = i b s
g R 3 1] § A =
ot s i s o Lo
A T - T
N, A _aPT. r ATy {raem :“;.‘
3 4 )
25 5ol 1 el I




1 “—rocus conTroL
: 555 (2ANEL )

SCREWDRIVER CONTROL |

]

TEOL (RANEL)
#3200V ]

£

VIDES  NEUT
T~ = J__._(
{ 1
_@_? L Csbr | 3 8 DAL LIGHT
o5 : P o o) m D CONTROL
o577 S e & eseae )

- BEARING DIAL LIGHTS

7O ALl HEATERS
e |

VIED B f)
GAIN
mmsa

SHTCH POSITION (GS02)
A 4 MILES
8= 20 MILES
=80 MILES

| SELATIVE " SERENG  LIGHT

£~ 200 MILES
250 agep® WA GO cs?o /Mm?‘ »\VIA’-@QT{‘— VEas 807 TLEE e e ALTERATION TABLE i BRArTING =m--
=T PPy v | CS53L |odaf-PREER- o VSOE | FELT C.A TiRel TR | TEST PoiNT A'[,emps CARCUIT CAATGES
PRI N (R e i VEDT7 L esa = 5o | MO £ ﬂ,/,{g © |me08 CrROUT CHANGES A / /
et - v | VS08 GV w  Nasoz | i
Ceagt o v | C53a | OSuf v v | vemos iesrme e 7503 | MazoA '#MMP }_ APPROVAL |
SeXLager” - |:C5§’5' |.025Hf Sookl vEO EsvTe T " Fsod | RADIO ENGINEER SUPT. OF RADIO DIVISION
SOoef - v |CIFS |\OJuF o GO0V} LS ESNTET " rEos| 4 . ‘"‘i . |
O8cgr 4 *  |CI3T LaTke o | w2 (e ACT " o6 | .= . ;“H.' PP it —— f{ }‘L”;? "“"L’“'
Soapgt b " CII8) oy corrio el V3 lesn7er o fso7| * 2 FOR DIRECTOR J/iuv L3t
- - EWPER- &I (L5 9 i "
‘W,‘f-»fefe.“ soois] c54g AR R ST TN COMDR. U.§. 1.
o ~ el __________—__,'_w’-____.,_
vy ] It) = CAPCITOR “ T |H* :/«?L A i BUREAU OF SHIPS REFERENCE
" ostl | ponut-mich 620V TR |l TRANSFOHE J
| CHZ gl RAER- N L LS5O SWEER AL T MRL."782
Vesds \olurarpRmotany. 0l 92 MK ST \MOTOL TEANSRL
Coahd fows - PAAER - [Bay FACLS m 0o ! | sasie Aec. SEC T5k U. 5. NAVAL RESEARCH LABORATORY
S - FREEE = .Lst PP u o ymad (2008 ook | Aupo TTN, “BELLEVUE." ANACOSTIA, D. C.
;...-'mm;m 7500 CAG oyt v n | (505 Bk ] ——— ==
| ; - - icsé? fuf- v no| LSS 125 A,
ﬁaa,muﬁm soovicohs 44t v v hymgy |mEan
m/ﬂ-‘f a v cE4s AUu¥F - N 15e8 |25 M., "Mnouums';ﬂ:x?s‘: Jgun.mc:.s
| deor - AHEE L £ OOV [ C350 Ilﬂ,i’lf o [N Tel=) l/,._jf. R e
R . | i | SYMBOL 1. —
o 4 : | ['5,.0 ar R mwiad | AN AT Fuss| sYMBOLE
et I | 45 \2ooH. ~SMA N oeon s .. |symmoL 24 — :
700;x,ufwm- i LS (gm0 MA : O
GOFE L f " [ VEDS | BSNFET [ L3 MomH 10 MA, o SYMBOL 34
loosdur - |usez 807 L5014 \160 s 10 115, Sl el L
Lozzps . |vsos|esnzer Cars leoo a0 HA 2 i3emiePoiTey il
Vo5 graeee scov|vsod (6sn 767 2506 |200# 30 g sw
FPLATE 2/

L e e - -
STOETE R O




N.R.L 66

FHY e

7O KEXFER

E
Ko 2

——

TO OSC,
FILRAMENTS

———

ST OQUTRUT

KID?

INTERLOGKS
i
l o
@ |
: T AEVER
ok
RATE o
CONTACTOR Fg_—i:
i
p B
212
?i' Ea |

ssr oL [

NoTe: T401 NOT CONNECTED ON

[\ 3ME 10,000
625496&

AOME
OIME

2000 ¢

rage v
1000 ¥ MICA

IOOME .

o | qmME 1300V
ol | oiME - 1000V MICA

"‘.-"r‘il N.S

9 | 2HWA VARIAC

I a2l
WAOF | FILAMENT T

wgri REYING RELAY
PLATE QUERLOAY REL

£ DELA}
TAC TR

(TACTOR 'fi Loca

8OO0V RMS I50MA D.C._
| PULS RMER

NRL MODEL

RIGI ) 5K [OOWATT lesor| 20 MH ISAME i [BELAY __ _|ls201,
1021 5K SQWATT | 402 | 250 MH 300 MA m’&s e‘?ﬁ’Efl/ca‘? J’NDICA?'GE‘ .

12 T¥PE MFA f?fsl 051 6.5 .om roa ¥ | 401 |
04 | S0k =21 igd| 25 " . /54 f i
105 | 220000 5 22K fas jes v —tsg. i 402!
106 | 220005 54 22K W06 | PO MH-ISAMR C T I b | 403
VTl W S S e NS | il
{08 | 10 & 2WATT | Il 4047 |
foa | (2 0w ,nfcw wi: .
o | ros swlioogy] Y It 13 e
B B SV 854 SECINS 20KV L i

S6 JWATT | RESET W’?'Cff

PLATE P"{.A}’ RE'_,ET
SWITCHR
KEVER STARTI

NG SWITE

g LIMIT SWITCH

LOCAL SHITeH |
TE J‘Lf,—‘rbf i ’

LOWER SWIT

| RaisE SWITCH

sy 8.C
—

P&ga_zci[zé
= 5 W! EH:

REMOTE BHANTCM
| TARGET SWiTCH .

| KEFING SWITCH

BEMOTE FLATE VOLTA:
| OFF SWITCH

BEMOTE PLATE VOL,
ON_SWITEH
REMOTE PLAT

e

i ff S 4

| | s § L=

L ; . i g8

;A h S’ Yo 3 A i Leom
Py, SmSm S E -
s E




C-W_f RECEIVER
HECHAIS LS

O EHANTON
TARGET

k
R
|

g -
b [ 7o me

fioars AL
Hi"E' CONSOLE
| st
|

| -_,a:.m

)

—a%
b

Fioz e
FEATE T
CANTHETOR [
T =
- | 7oy
Fiol OMN REVRYZ CHASSIS

AT g

s | /
MAIN POKER ON Y { 1
; ‘L-l—-—"! . / |
EMERSENCY TO PULSE
oFF (e RELAY |

i ; il
L L letive. FILTER ' i
i L= i
iy | TS GRID RETURN OF V204, VEaS -REVR™
AV AC l LOCR TRANSMITTER | — L ETLRN SFVCO8 Lo ol
e CONTREDL UMIT i
LocaL
oN
s Ao aST DELINEATOR | CARLISLE | [ L B
/E6 TNDICATOR ET SWiTCH MRDE CLECLIT CHRNGES G/ ons) | TRACER [ M 7 W
P RELAY P | REMOTE PHAN MBPS CCF caaNEESs  Tsidcuo| | CHECKER RALRAME | « | LA
ve pgdsseeay L | TARGEL Sw cH_ L
oM TARGET RELAY || 402 KEVING SWITC APRROVAL
S i : RL("{QTE Péﬂ_?_/ |/\f¢;/‘t:£ ' 7 = i Al g RADIO ENGINEER |_SUPT. OF RADIO DIVISION
. 2 ; H. 2. LarEnzEN. HL...;?F'I‘_,_‘M
- J i
FOR DIRECQ :'ﬁ. F-__
SWETCH (SoamP) i RECTOR AL bﬂ
 LIMIT & OVERLOA 2 - LR COMDR. U, 8.
- SWITCH = T PLATE VOLTS BUREAL OF SHIPS REFERENCE
RELAY RESET I |
- Jult .
> STARTING SWireH ||
L IMIT -SW/TCH . U. S NAVAL RESEARCH LABORATORY
. | “BELLEVUE." ANACOSTIA, D. C.
2 _FILAMENT A — = = : i o =]
2T = J f

SYMBOLS AND THEIR EQUIV. TOLERANCES
= == _— LI'{I_ESQI’HEQWISE NOTED)

LENGTH |

LOCAL SWiTCs :
FLATE Vil FAGE S5 F

=+ 00085
. 0010
£ .0030
+.00850
+.0100
£.0250

DIAGR &M

BLCWER -5 AME DATE 4-13- 43

RA 20F 240C
FPLATE 22

T E SYMBOL 5




= —/ S FO5
go1 [ol—— 2 o_ o
902 |C . 2R lsvde
203|0 = -
ek Zock ow
&, ——o o,
: TN SFoz
NOTE: F05|0 oot
FOR OFPERITION WITH MODEL
XBF EQUIPIIENT, COWVECT — 796(O Saaoa i |5 7oz
SHORTING WIFES A0R0SS THE  ap7|ok T
FOLLOWING FBIFPS OF TERMINALS: >
FO5F 7O FO3 ZO8
9/l 7O F07 € = J703
402 |O
4210 |0 @
FORP ORPERATION WITH IMODEL |7 =0/
XBF~] EQUIFPMEN % CONNECT 1/ |O
SHORTING WIRES FC/R0SS Q2 |O
ThE FOLLOVVING FPRIRRS OF 7 202
TERMUNALS : %3 |0
205 JO %3
FOB 70 07 @/2 |O 10
2/l TO F/F SF07
gz2 7O YL #5 |0 S
26
/7
| S Sa0s ;%H% ¢
g9 o '
920 o o
22/ o z L|
2722 40/ 2o/
2310
et \ soarE TERMINALS

CH = 0Lt SOOD V. MUCS S GOR-HIGH VOLTAGE OV SWITCH

I 9O/ ~PENEL LANP -CONTROL ON" S FO5-H/GH VOLTAGE /F%’/JE‘JW/)‘CH

I P02 -FFIVEL éﬁMF—'?ﬂaﬁ VOLTHGE a;v 5 POE-HIGH VOLTRGE LOWER SWITCH
N DO)- SONEL METER-HIGH VOLTIGE 5 RO7-/POWER ON-EMERGENCY OFF "
S QO/- ECHO BOX SWITCH S 908U LIEHT LIMVIER SWITEH
S @02 FRALIGTION SWITEH

S POI - fUGH VOLTAGE OFF TR0q WL LIGHT FOWER
SW/TCH

7RIS OMEAR
8.7
ALTERATION TAmLE prawt | —="—1| NAVAL RESEARCH LABORATORY

MIGOF AT CAVGE -'"'7'5* Eo = [P— 4
| MDD f LRI Widw| 5.7 | aperoven b 20
IN CHARGE uPY, TRANSM. CONTROL"REM UN g

OF DESIGN D Dy,

FOR
CRA N\ V|| MopEL XBF Equip

FPR DIRECTOR

SV Ak SCHEMATIC DIAGRAM

r:una U.5.N. SCALE DATE JLLY /31943

B e FLATE 23 RA 23A 2560

o, Uy, SSe. § gOED R IR

-lcD)

Lo L A s e’ £ 8§ s B

WASHINGTON 20, D. C.

NG




ERES

PLATE 24

1
1 y
SRy



4

¥

T
IEEEE !

T
L
It

A RSN

=i | L)

NS -1 11|
| i i )
™ i
1 i

b

" .

et H

g =

w
: -
L] o
= t NRES {1

| |1 [ e ! ]

Ll ot | -]

I |

i ]




PLATE 26

\ .a"n;,;i.}

-

=, |
| S .




e |

NN
e

PLARTE 27

17

l
D

4

)
i
e

r

1}

£ Ir=
K (!

s

FREQUENGY IV NMc

/ [rrmes | |
H __n.... ,.r.
Hit : )
} E e 4 b
—_ = o
1 HH I =, = H\W ==
%.. e =
5 1 = — -
= .
|
L - - mM.
H et
H u s
1T 1
LT
LLLL

g il S EsEEEEEE (A &
(=
S

NMO(] SINIL

o ® b © Q k- € o~ -~




O} "%
NMOQ S3ANILL

w0 n + ” y - : ==
T T T
| T siw )
‘i IR N
| =
t 0 T
i H _T_A_./._
i ‘m.. _. I ﬁ
1 T 8
| i ~)
et | | .
Il T T P
. = HN| 0 3 0
. . i w
ii HNEN| i | 1m ,._
_ | A i aa s m._,a
; ! : 19 28
! EEREEL o B
- u"Hf!. _ vl..”.l C _..|.2
_ T F
5 ==
| L T [ [ S N
il = SREAR lri B <} d_,.... R B
- oo &
- m s
firaees | e o o
L e il ENEREN 5= aml L .. w -
== s =
41T il -
. - —
ptl n [ T - |J
W_ i )
_ 115
| 0 O o
N B
eeees
| | S - .19
i ! . _ .
| | INEEREE I
o [] ) 3 " N - 4 [ -



owal

oW [

=

TECIEEr

(EREB AN

1T

AEEERC

21 Q0/

i

==

AININGI Y o
o/

T

Yoo/

-

-

HH
T Ht
e t *
“_
__ " 1 Oﬁl
nany t i
¥ 1 it (RN
| 1 :
: 1
; i =
L 1l =] it
e S it E=
4 t :
1 M, ! =+
" m. i ] fHHEHH 1]
L. i rane -v.l
] : i i e e
n | Hirn i
1 4 it
I
: it i
= i
it
i
L I
t ; ey
o 1 HE T
e ] Q
T
LI 1T
1 L ]
T T -m+
1T
1t
it ¥
1T -
1
T =
i i
| T
ey
Tt
H
-]
R R =
r i1 a1 SRS "
I kek LR : HH
14001 _: I I .&ﬂw.tg e :

‘qp Nt NIVD IAILYIIY o ATE 29

=D

T | o
Sl | =

) A
I

o (,
.
| . N

DI




oars

++

AONINOIH 4

e . i i

| 18

24/

sSENE

T
T R

jEL 58

i

3:

i

1l

ol~

€+

++

D

o g g

‘it}

N |
=

L N

‘g NI Niv9 3AILYTIY ) ATE 30

=




