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GENERAL DESCRIPTION Section 1

SECTION I

GENERAL DESCRIPTION

1-1. OVERALL IDENTIFICATION.

1-2. This handbook has been prepared to aid in the installation, adjustment,
operation and maintenance of the 479s5-3 Audio Signal Generator.

1-3. PURPOSE OF EQUIPMENT.

1-4. Signal Generator 4795-3 is designed to facilitate the testing and cali-
brating of Omni-Range Navigation Receivers for aircraft use. In conjunction
with the Boonton 211-A RF Signal Generator, it provides a synthesis of sig-
nals encountered in reception and interpretation of omni-range, tone localizer,
voice, and glide slope facilities. In addition, the various components of
these signals are available singly and in combination for test purposes.

1-5. LIMITATIONS. The Localizer information which can be obtained is not con-
tinuously variable, but the unit can simulate signals encountered in nine dif-
ferent positions of the aircraft with respect to the center of the runway.
Also, voice communication can only be simulated at a fixed audio frequency of
1020 cps. Phase angle and localizer attenuator accuracies at the MOD OUTPUT
jack will remain constant provided that resistive loads of 10,000 ohms or
greater are used. In addition, the frequency gtability of any signal de-
livered by the 4795-3 is dependent upon the frequency stability of the 60 cps
power supplied from the external source.

1-6. GENERAL MAKE-UP. All voltages obtained from the Generator are produced
mechanically (see figure 1-2). The 115-volt 60 cps power supplied to the
Generator is used to operate two synchronous motors which in turn rotate the
generator asgemblies. To provide the signals used in radio air navigation,
most of the generated voltages are fed to simple resistive and/or reactive
networks, and, through the use of switching circuits, signals of the appro-
priate frequencies are mixed together and made available at the MOD OUTPUT
jack. The front panel and base casting fasten to a large bracket, and a
cable from the front panel to three plug receptacles on the component chassis
connects the circuits on the front panel to those on the base casting. To-
gether the front panel, the base casting, and the bracket can be mounted in

a standard 19-inch relay rack.

1-7. ELECTRICAL PERFORMANCE DATA.
a. Maximum voltage across 10,000 ohm load at MOD OUTPUT jack: At
jeast 3.0 volts of any signal with the FUNCTION SELECTOR (S-102) in the

SPECIFIC SIG. position, MASTER ATTENUATOR (R-147) full clockvise, and in-
dividual signal level controls full clockwise.

1-1
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GENERAL DESCRIPTION Section 1

b. Voltage stability: 15% of pre-set level under all service con-
ditions (humidity from O to 100% and temperature from -10°C to +50°C).

c. [Frequency Stability: Directly dependent upon the frequency sta-
bility of the external 60 cps power source.

d. Phase Angle Stability: #0.2° of pre-set level under all service
conditions.

e. Maximum Distortion (under all service conditions):
30 cps voltages - 2% harmonic
90 cps and 150 cps voltages - 3% harmonic
1000 cps voltage - 5% harmonic
9960 FM and Calibration Signal - 5% AM

f. Current Requirements:

Normal - 1.58 amperes
Maximum Starting - 2.0 amperes

1-8. ROTARY MACHINERY DATA.

VOLTS VOLTS CURRENT

UNIT MFR. . TYPE NO. INPUT OUTPUT  RATING

ODR Motor Eastern Air Devices, LH71ZKCJ-1 115 - 1.2 Amp.
Inc.

Loc Motor Eastern Air Devices, LH71QCJ-2 115 -- 0.5 Amp.
Inc.

Loc Gen Eastern Air Devices, N3E-2 - 8.5
Inc.

Var ¢ Gen Eastern Air Devices, N2B-1 -- 7.0
Inc.

2 ¢ Gen Eastern Air Devices, N2B-2 -- 7.0

1-9. TYPES OF SIGNALS PRODUCED BY THE GENERATOR.

a. 30 cps REF ¢. This is a 30 cps sine wave which is made available
at a separate Jjack on the front panel labeled 30 ~ REF ¢. It is controlable
in level by potentiometer adjustment and has a fixed phase angle to which the
phase angles of the other signals are referred.

b. 30 cps 90°¢. This is a 30 cps sine wave which is made available
on the front panel at a separate jack labeled 30 ~ 90°¢. It has a fixed
phase angle which leads that of the 30 cps REF ¢ by 90° #1°. No level ad-
Justment is provided on the 479S-3 for this signal.

1-3




Section 1 GENERAL DESCRIPTION

c. 30 cps VAR ¢. This is a 30 cps sine wave which is made available
on the front panel at a separate Jjack labeled 30 VAR ¢ and can also be
obtained at the MOD OUTPUT Jjack. The level of the signal can be varied by
potentiometer adjustment when taken from the MOD OUTPUT jack, but the volt-
age at the 30 ~ VAR § Jack is not adjustable. By rotating the PHASE ANGLE
SELECTOR on the front panel, the phase angle of the 30 cps VAR ¢ signal
can be varied through 360°. The 30 cps VAR ¢ signal is in phase with the
30 cps REF @ signal when the phase angle dial on the front panel reads "O".

d. 9960 FM. This is a frequency-modulated signal having a center
frequency of 9960 cps and frequency modulated at a 30 cps sinusoidal rate
with a deviation ratio of 16. In other words, the frequency changes from
9960 cps by +480 cps at a rate of 30 cps ginusoidal rate. Thus the total
spread of frequency is from 9480 cps to 10440 cps. It is made available
at the MOD OUTPUT jack and can be varied in level by potentiometer adjust-
ment. The 30 cps signal derived from the 9960 FM signal upon demodulation
has a phase angle which is in phase with that of the 30 cps REF ¢ signal.

e. ZERO PHASE CALIBRATION SIGNAL. This is the same type of signal
as the ‘9960 FM signal. However, the 30 cps signal derived from the Zero
Phase Calibration Signal upon demodulation has a phase angle which is 180°
from that of the 30 cps REF ¢ signal. The calibration Signal is available
at a pair of terminals (E-10k.1 and E-104.2) on the component chassis at
the rear of the base casting, and the. signal level can be varied by poten-
tiometer adjustment.

f. 90 cps. This is a 90 cps sine wave which is ma&e available at
the MOD OUTPUT jack. It can be varied in level by potentiometer adjust-
ment. :

g. 150 cps. This is a 150 cps sine wave which is made available at
the MOD OUTPUT jack. It can be varied in level by potentiometer adjustment.

h. 1000 cps. This is a 1020 cps sine wave which is made available
at the MOD OUTPUT jack. Throughout the remainder of the handbook this sig-
nal will be referred to as 1000 cps, although the frequency is slightly
different. It can be varied in level by potentiometer adjustment.

1-k




OPERATION PROCEDURES Section 2

SECTION II

OPERATION PROCEDURES

2.1. INITIAL TESTS REQUIRED TO INSURE PROPER FUNCTION OF EQUIPMENT. The
following procedure outlines step-by-step a method to determine whether
the equipment is functioning properly.

a. Connect power cord from 115 volt-60 cps source to 479s8-3 input.

b. Throw power switch (S-104) to ON position. Note if pilot light
is glowing.

\
c. Rotate FUNCTION SELECTOR (S-102) to CAL and turn all potentio-
meters (R103, R116, R128,R133, R136, R138, R151) full clockwise.

d. Rotate SPECIFIC SIGNAL SELECTOR (S-103) to each of its five posi-
tions and observe OUTPUT meter (M-10l1) on front panel to see whether a
minimum 1.5 volts on each signal is obtained.

e. Measure output voltage of each of the 30 cps signals at the sep-
arate jacks on the front panel. These voltages should be approximately
6 to 8 volts.

f. Measure voltage of Zero Phase Calibration Signal at terminals
E-104.1 and E-104.2 on component chassis with a vacuum tube voltmeter
(measurement should be at least 3 volts).

g. Rotate SPECIFIC SIGNAL SELECTOR to some position other than
1000 and throw 1000 toggle switch (S-th) to ON. Voltmeter on panel
should have a greater reading than when toggle switch is OFF. Also note
whether 1000 pilot light works.

2.2. PURPOSE AND USE OF ALL OPERATING CONTROLS. A description of the

front panel is made up in Table I. The function of panel controls and
parts may be determined by use of the table.

e-1
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OPERATION PROCEDURES

TABLE I FRONT PANEL DESCRIPTION

Part

Front Panel

Power Receptacle

Power Switch &
Pilot Light

Localizer
Attenuator Sw.

Phase Angle
Selector

Potentiometer
Access Door

A-C Voltmeter

Function Selector

Specific Signal
Selector

Master
Attenuator

1000 cps Switch
and Pilot Light

Output Jacks

Tuse Holders and
Fuses

Protective Handles

Function or Miscellaneous

19" x 10-15/32" - fits standard
19" relay rack.

-115 V 60 cps power input (male).

DPDT toggle switch -- when ON,
unit operates. When OFF, unit
does not operate.

Rotary switch to select db attenua-
tion of localizer frequencies.

Knob -- rotate to change phase of 30
cps VAR @¢. Dial -- indicates phase

‘ angle of 30 cps VAR @ with respect
to 30 cps REF g.

Open to adjust settings of voltage
with potentiometers.

Reads voltage of gelected signal
at Modulator Output Jjack.

Rotary switch to select functional
signals.

Rotary switch to select specific
signals.

Resistance pad to adjust level of
specific signals. Does not affect
voltages in other positions of
Function Selector.

DPDT toggle switch - when ON,
1000 cps is on; when OFF, 1000
cps is off.

BNC connectors - output voltages
of modulator.

One fuse on each side of power line
plus 2 spares (F10l left, F102 2nd
from left). Fuse type - 3AG, 3 amp
250 Volt.

To protect parts mounted on froﬁt
panel as well as to provide aid
in handling of the modulator.
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2-3. OPERATION OF EQUIPMENT.

2-4. sSignals to be calibrated are tabulated as. follows:

TYPE OF SIGNAL FREQUENCY % MODULATION
Omni-Range 30 cps VAR @ 30

9960 FM
Tone Localizer 90 cps 20

150 cps 20
Voice or Station 1000 cps As desired

Identification Code
NOTE

Calibration of 30 cps VAR ¢ should be made prior to calibration of
9960 FM and 1000 cps. :

2-5. PRELIMINARY STEPS.

a. For the Per Cent Modulation meter of the 211-A, select the scale
which gives a full-scale reading for 30% modulation.

b. Reduce the MOD LEVEL control of the 211-A to zero or full counter-
clockwise to prevent damage to the Per Cent Modulation meter in case of
excessive input voltage.

c. Connect RF cable from MOD OUTPUT Jjack to EXT MOD INPUT jack of the
211-A

d. Rotate FUNCTION SELECTOR of the 479S-3 to CAL.
e. Open potentiometer door on front panel of 479s-3.
f. Insure that 1000 ~ toggle switch is OFF.
2-6. 30 ~ VAR ¢ CALIBRATION,
a. Rotate SPECIFIC SIGNAL SELECTOR to position marked 30~ VAR ¢.

b. With a screwdriver, adjust potentiometer marked 30~ VAR ¢ (R-138)
until OUTPUT meter indicates 1.5 volts.

c. Iock potentiometer shaft -and check OUTPUT meter to see that reading
of 1.5 volts has not changed.

2-3




Section 2 OPERATION PROCEDURES

d. Adjust MOD 1LEVEL control of the 2]11-A to read full scale or 30% on
Per Cent Modulation meter. (The setting of the MOD LEVEL control should
remain fixed. Readjustment should not be required.)

2.7. 9960 FM CALIBRATION.
a. Rotate SPECIFIC SIGNAL SELECTOR to position marked 9960 FM.

b. Adjust potentiometer (R-l33) marked 9960 FM until the Per Cent
Modulation meter again reads full scale.

¢. Lock potentiometer shaft and check Per Cent Modulation meter to see
that reading has not changed.

d. Normal omni-range signal may not be obtained by rotating FUNCTION
SELECTOR to ODR. However, the 100% scale of the Per Cent Modulation meter
of the 211-A should be gelected beforehand.

5-8. 90 cps CALIBRATION.

a. With FUNCTION SELECTOR in CAL position, rotate SPECIFIC SIGNAL SELECTOR

to position marked 90-150
b. Rotate TONE LOCALIZER to position marked CAL 90~ .

c. With the scale of the Per Cent Modulation meter on the 211-A se-
lected to read 30% full scale and the MOD LEVEL control set as in 30 cps
VAR ¢ calibration, adjust potentiometer (R-ll6) marked 90 ~ until the Per
Cent Modulation meter indicates 20%.

d. Lock potentiometer shaft and check the Per Cent Modulation meter to
gee that readine has not changed.

e. Read the 90 cps voltage carefully on OUTPUT meter since the 150 cps
signal must be set precisely to the same value.

2-9. 150 cps CALIBRATION.

a. Rotate TONE LOCALIZER clockwise to position marked CAL 150 ~.

b. While reading voltage on OUTPUT meter, ad just potentiometer (R-103)
marked 150 ~ until reading is exactly equal to the 90 cps reading (refer to
e., paragraph 2-8).

NOTE

The adjustment of equal voltages for the 90 cps and the 150 cps sig-
nals should be made accurately; small unbalances in these voltages will re-
sult in incorrect calibration of the Tone Localizer facility of navigation
receivers.

2-L




OPERATION PROCEDURE Section 2

c. Lock potentiometer shaft and check to see that OUTPUT meter reading
has not changed. '

d. Recheck both voltages for 90 cps and 150 cps.

e. Proper Tone Localizer signals now may be obtained by selecting the
100% scale of the Per Cent Modulation meter of the 211-A and rotating
FUNCTION SELECTOR to TONE LOC. TONE LOCALIZER now may be rotated to posi-
tions desired for accurate checking or calibration of receivers.

NOTE

The 479S-3 OUTPUT meter-deflection is proportional to the average
value of a wave whereas the Per Cent Modulation Meter of the 211-A de-
flects in proportion to the peak value of a wave. 'Use of the 479S-3
meter for balance of the Tone Localizer voltages is recommended over the
peak-reading meter since it is less gusceptible to errors due to small
harmonics. '

2-10. 1000 cps CALIBRATION.
TOR

a. With FUNCTION SELECTOR on CAL, rotate SPECIFIC SIGNAL SELECTOR to
the position marked 1000 ~ .

b. With the scale of the Per Cent Modulation meter of the 211-A se-
lected to read 30% t+ull scale and the MOD LEVEL control set as in 30
cps VAR ¢ calibration, adjust potentiometer (R-128) marked 1000 ~ until the
Per Cent Modulation meter reads percentage of modulation desired.

CAUTION

No. 1. A pilot light is provided to remind the operator that
the 1000 cps signal is present at the MOD OUTPUT jack. When the 1000 cps
signal is undesired, the operator must heed the warning service provided
by the light.

No. 2. Overloading the 3-volt OUTPUT meter is possible when
the FUNCTION SELECTOR is on SPECIFIC SIG. Overloading can result ty
superimposing the 1000 cps signal on-another signal -- or -- by cali-
brating the Localizer frequencies at a high voltage and then rotating
TONE LOCALIZER to one of the DB positions.

2_11. MISCELLANEOUS. Variable level of any signal is obtained by ro-
tating FUNCTION SELECTOR to SPECIFIC SIG and selecting the desired sig-
nal by rotating SPECIFIC SIGNAL SELECTOR. The level of each signal ex-
cept the Tone Localizer frequencies may be varied from O to approximately
3 volts by turning the MASTER ATTENUATOR. If the 90 cps and 150 cps
calibrations have been executed as previously outlined, each frequency
voltage may be varied from O to approximately 2 with the MASTER ATTENUATOK.

2-5




Section 2 OPERATION PROCEDURES .

If more 9O cps or 150 cps voltage is desired, the 90 cps and 150 cps
potentiometers behind the access door may be turned after unlocking the
shafts. However, the operator should be aware that he 1s destroying
the calibration of the Tone Localizer facility as normally used in re-
ceiver testing, and he should re-calibrate this function before using
the Generator for such testing.




THEORY OF OPERATION Section 3

SECTION III

THEORY OF OPERATION

3.1. GENERAL. jal
. for

3.2. The 479s-3 is an audio signal generator whose output is an accurate

synthesis of the signals encountered in the instrumentation section of

Omni-Range receivers. All output voltages are generated mechanically and

no amplification is required. In addition to the generators, the circuit

includes resistive, inductive and capacitive components gufficient to

provide the necessary mixing and level control. Ganged wafer-type

switches provide for the selection of the desired output signals which

will appear at the output Jack either singly or in combination. Since

the generators are rotated by 60 cps 115 V synchronous motors, the fre-

quency accuracy of any output signal ig directly dependent upon the

accuracy of the supply source.

3-3. GENERATION OF SIGNALS.

3-4. 9960 F.M. (see Figure 3-1) One of the two basic signals encountered
in omni-range navigation is derived from the frequency modulated sub-
carrier whose mid frequency 1is 9960 cps and whose deviation is % 480

cycles at a 30 cps rate. Such a signal is developed in Signal Generator
479s5-3 by rotating a notched "tone-wheel" in the field of a permanent
magnet, thereby disturbing the flux pattern of the magnet and inducing

a voltage in the pickup coil surrounding the magnet.

Cc-102
toior c-i10
Cc-103 —___4 OIUF
- : toior Y et
g ; c-107 \ T oI0F —
' -
oot e LS
T 1000 .OIVF TO
G G-104 E.OIUF L-102 MIXING
9960FM AND
12.3 MH ouTPUT
CIRCUITS
)
O— —

Figure 3-1. simplified 9960 FM Generating Circult

3-1
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Section 3 THEORY OF OPERATION

3-5. The 9960 FM tone-wheel has a total of 332 notches which are precisely
cut with a variable spacing. The tone-wheel is driven at a constant 30
revolutions per second. This causes the flux pattern of the magnet to be
disturbed 332 x 30 = 9960 times per gecond. At the area on the tone-wheel
where the notches are closest together, however, they pass the pole-piece
of the magnet at the rate of 9960 + 480 = 104LO teeth per second. At

the point on the tone-wheel where the notches are farthest apart, they
pass the pole-piece at the rate of 9960-480=9480 teeth per second. Be-
tween points of maximum and minimum frequency the notch spacing varies

at a sinusoidal rate. This provides the proper deviation from the 9960
cps mid-frequency as discussed in the previous paragraph.

3-6. The 500-turn pick-up coil for the 9960 FM signal displays an induc-
tive reactance at 9960 cps. This reactance increases with frequency.
Without compensation for this effect severe amplitude modulation would
result on the output wave-form. The effect of pick-up coil reactance

upon the frequency response of the circuit is held to a minimum by tuning
the circuit to series resonance at 9960 cps. This is accomplished by the
use of C-102, C-103, C-107 and Cc-108. The reactance of this series circuit
is small over the frequency band of 9480-10440 cps.

3-7. The 5000-ohm potentiometer, R-133, is used to adjust signal level.
Since this control merely loads down the resistive generator, the freq-
uency response is unchanged and no amplitude modulation is introduced
as the signal level is changed.

3-8. The series resonant circuit consisting of 1-102 and the group of
parallel capacitors, Cc-110, C-111 and C-121 ig connected across the
generator output and the load for the circuit is across 1-102. Since the
voltage across any one of the reactive elements of a series-tuned cir-
cuit is greater than the applied voltage, a voltage gain of approxi-
mately two to one is realized. This type of circuitry is used in order
to obtain the required three volts output.

3-9. The resonant frequency of the entire circuit is approximately
9000 cps, which is lower than any of the frequencies involved (9480 to
10440 cps.) All signal frequencies fall on the high side of this reso-
nance curve, and the portion of the curve represented by the band from
9480 to 10LLO cps is essentially a straight line. This slope response
results in undesired 30 cps amplitude modulation of the output signal
because the frequency change is at a 30 cps rate. To overcome this
amplitude modulation, the.tone-wheel is mounted slightly off-center.
This causes an additional 30 cps amplitude modulation on the output
signal because of the 30 cps rate of the tone-wheel. The eccentricity
introduced into the tone-wheel is of the proper amplitude and direction
that the two 30 cps amplitude modulating voltages are effectively can-
celled. Thus the output signal is essentially free from amplitude
modulation.
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3-10. Shielded wires are used in this circuit to

9960 FM into other circuits.
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Figure 3-2. Simplified 30-Cycle, Variable Phase Generating Circuit
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Section 3 THEORY OF OPERATION

3-13. The terminal voltage is impressed across a resistive voltage divider
consisting of a 500 ohm fixed resistor (R-139) and a 500-ohm potentiometer
(R-138). One side of the 30 cps circuit is grounded, and shielding on
portions of the other side prevents stray-pickup of other frequencies. A
1.0 uf capacitor (c-109) parallels the generator, which, in conjunction
with R-139, forms an R-C filter. The filter removes any of the 9960 M
which might appear at the 30 VAR ¢ Jjack when the 30 cps and the 9960 FM
are being mixed.

3-14. To prevent phase shift at the 30~ VAR ¢ jack due to changes in
loading, a 1000-ohm fixed resistor (R-lh5) is substituted for the voltage
divider when the 30 cps signal is not used in the mixing system. Variation
of the potentiometer (R-138) does not introduce changes in the phase angle.

3-15. 1000 CPS. (See Figure 3-3). Generation of the 1000 cps signal 1is
done in the same manner as the 9960 FM. The 1000 cps tone wheel has a
total of 34 teeth which are equally spaced around the perimeter. When the
wheel is rotated by the drive motor at the rate of 30 cps, the magnetic
field of the permanent magnet is disturbed 30 x 34 = 1020 times per second.
The resultant 1020 cps voltage is induced in the pick-up coil, and a 1.0
uf capacitor (C-104) resonates the coil reactance.

R-128 To
G-102 500 e~ L-103 MIXING

AND
1000~ 20C7 12.3 MH OUTPUT

R-129
18 CIRCUITS
R-130
BO—NNN—0%
\ 200 \

Figure 3-3. Simplified 1020-Cycle Generating Circuit

This combination works into a resistive network of a 500-ohm potentio-
meter (R-128) and a 560-ohm fixed resistor (R-129). These resistors are
paralleled by a tuned circuit of 2.0 uf (C-105) and 12.3 mh (L-103). The
signal then works into the mixing and output circuits. A 200 ohm resistor
(R-l30) equalizes the 1000 cps voltage output between the ODR and Tone Local-
izer mixing systems.
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CALIBRATION SIGNAL.
voltage which is produced by the 9960

THEORY OF OPERATION

(See Figure 3-4).

FM tone wheel.

Section 3

This is another 9060 FM
The Calibration

Signal circuit is identical to that of the 9960 FM with the exception

that it does not work into the mixing circuit -
(L-101) has an equivalent resistive load (R-137) of 6000 ohms.

however,

the inductor

c-114 c-ii8 E-104.2
29 |—o—r—it I ©
OIHYF O LF
c-115 c-119
< ———
.OI LF .OIUF
i c-116 c-120 L-101 R-
gglgosFM —F— —— |2.3MH§H %60'0307
LOIUF -OlWLF
ST R-136
1T 1000
Ol F

E-104.1

O

Figure 3-4. Simplified 9960-Cycle FM Generating Circuit (calibration)

3-17. Although the Calibration Signal voltage is derived in an identi-
cal manner as the 9960 FM (paragraphs 3-4 through 3-6) its pickup coil

diametrically opposes that of the 9960 FM, the result of which is a
phase-angle difference between the two 30 cps signals of 180°.

3-18.

One side of the Calibration Signal circuit is grounded, and the

output voltage is obtained at terminals E-104.1 and E-104.2 on the com-

ponent chassis at the rear of the unit.

Leads in the circuit are

ground-shielded to prevent unwanted coupling of the signal into other

circuits.

3-19.

90 CPS AND 150 CPS.

(See Figure 3-5).

The generator that pro-

duces these signals contains two stator windings and a single permanent-

magnet rotor.

The variation of resistance in the generator due to temperature
change is compensated for by the use of resistors with large negative-
temperature coefficients -- that is, when a temperature-increase causes
a rise in generator resistance, the NTC resistor in the circuit decreases
resistance with the temperature rise, thus acting as a resistance com-

pensator.
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3-20. In the 150 cps circuit with the generator having a resistance of
223 ohms at 25°C. (+77°F) the 125 ohm (at 25°C) resistor (R-102) is
paralleled by a stable 240 ohm resistor (R-101). .The sum resistance

is approximately 300 ohms.

3-21. In the 90 cps circuit with the generator having a resistance
of 172 ohms at 25°C (+77°F) the 93 ohm (at 25°C) resistor (R-113) is
paralleled with the stable 200 ohm resistor (R-114). An additional
resistance (R-115) of 68 ohms brings the sum resistance here, as in
the 150 cps circuit, to approximately 300 ohms.

3-22. The 5000-ohm level controls (R-103 and R-116) of both circuits
work into similar precision attenuators. When calibrating either
signal level, each arm is at the "O" DB point of its attenuator, and
a 300-ohm resistor (either R-149 or R-150<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>