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Section I

1 Signal Generator SG-l3/ARN
2 Carrying case cover (See Figure 1-2)
3 Signal generator carrying case
4 Accessory Case CY-868/U
5 Adapter UG-29/U and four Adapters UG-201/U
6 Power Cable Assembly CX-1506/U (25 ft)
7 R-F Transmission Line CG-409A/U (25 ft)
8 Power Cable Assembly CX-1506/U (50 ft)
9 R-F Transmission Line CG-409A/U (50 ft)

10 Power Adapter CX-2489/U

Figure 1-1. Signal Generator SG-13/ARN
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Section I
Paragraphs 1-1, to 1-8

SECTION I

DESCRIPTION AND LEADING PARTICULARS

1-1. INTRODUCTION. 1-5. EQUIPMENT SUPPLIED.
(See figures 1-1 and 1-2.)

1-2. This handbook contains the theory of operation
and maintenance of Signal Generator SC-13/ARN (fig- 1-6. The signal generator is supplied in two cases.
ure l-l). Case 1 contains all equipment necessary for opera-

1-3. PURPOSE.
tion within 10 feet of the receiver under test and the
power source. Case 2 contains additional equipment
necessary for operation within 85 feet of the receiver

1-4. The signal generator is a portable test instru- under test and the power source. Table I lists all
ment for ramp testing of aircraft navigation, local- equipment supplied as part of Signal Generator
izer and glide slope receivers. S G - 1 3 / A R N .  

TABLE I. EQUIPMENT SUPPLIED

QUANTITY

1
1
1
1
1
1
1
2
1
1
1
1
1
1

1
1
1
1
1
1
1
4

NAME

CASE 1

Signal Generator
Antenna
Power Cable Assembly (10 ft)
R-F Transmission Line (10 ft)
Adapter
Adapter
Adapter (impedance matching)
Fuse
Bristol Wrench #10
Bristol Wrench #8
Bristol Wrench #6
Bristol Wrench #4
Phillips Screwdriver #2
Phillips Screwdriver #1

CASE 2

Accessory Case
Power Cable Assembly (25 ft)
Power Cable Assembly (50 ft)
Power Adapter
R-F Transmission Line (25 ft)
R-F Transmission Line (50 ft)
Adapter
Adapter

GOVERNMENT TYPE DESIGNATION

SG-13/ARN
AT-170/ARN
CX-1095/U
CG-409A/U
UG-201/U
UG-29/U,
U G - 5 2 9 / U
3AG

CY-868/U
CX-1506/U
CX-1506/U
CX-2489/U
CG-409A/U
CG-409A/U
UG-29/U
UG-201/U

1-7. DESCRIPTION. intervals in the range of 108.0 to 135.9 megacycles

1-8. SIGNAL GENERATOR. The signal generator
(figure 1-3) is mounted in a combination case having
a waterproof snap-on cover (figure 1-2) that contains
all accessories necessary for operation within 10 feet
of the equipment under test. The signal generator is
divided into two sections that have a common front
panel.

a. The r-f section contains all the circuits neces-
sary to produce the required r-f signals. It com-
prises a shielded r-f chassis, (2, figure 1-3) for pro-
ducing r-f signals in 280 channels spaced at 100 kc

and a shielded univerter chassis (1, figure 1-3) for
producing r-f signals spaced at 100 kc intervals in
the range of 329.3 to 335.0 megacycles for glide slope
testing. The r-f chassis also contains a piston type
attenuator allowing the r-f output to be varied from 4
to 200,000 microvolt.

b. The audio section (3, figure 1-3) contains all the
circuits necessary to produce the required audio sig-
nals for modulating the r-f carrier and the power
supply for the signal generator. An audio selector
switch is used to select the type of modulating signal
desired.

1
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Figure 1-2. Signal Generator SG-13/ARN,

1-9. ACCESSORIES. The accessories are stored in
the cover (figure 1-2) of the signal generator case
(case 1) and in a separate Accessory Case CY-868/U
(4, figure 1-1). They consist of power and r-f cables,
antenna, adapters and tools.

a. Three power cables, 10, 25 and 50 feet long, al-
low operation of the signal generator within 85 feet
of the power source. A power adapter is supplied for
connect ion to a power source without an AN connector.

b. Three r-f cables, 10, 25 and 50 feet long, allow
operation of the signal generator within 85 feet of the
equipment. under test.

c. The antenna is telescopic and is used f or overall
installation checks including the receiving antenna
system.

d. Five Adapters UG-201/U are used, as required,
to terminate the r-f cables when connected to a re-
ceiver or to each other. Two Adapters UG-29/U are
used, as required, to connect the r-f cables together.
Adapter UG-529/U is used to impedance match the

Carrying Case Cover Showing Accessories

signal generator to the receiver under test when the
receiver has a 95 ohm balanced input.

e. Four Bristol wrenches and two Phillips screw-
drivers are mounted on the signal generator case
cover for use in disassembling the equipment.
1-10. PRINCIPLES OF OPERATION.
1-11. R-F SECTION. The r-f section supplies the
r-f carrier by mixing the outputs of two crystal con-
trolled oscillators and multiplying the sum frequency
to the desired 108.0- to 135. 9-mc output frequency
for test ing navigation and localizer receivers. When
testing glide slope receivers, a frequency range 329.3
to 335.0 mc is required. These frequencies are pro-
duced by mixing the output of the r-f chassis with the
output of a 200-mc oscillator in the univerter chassis.

1-12. AUDIO SECTION. The audio section generates
the various audio signals required for modulating the
r-f carrier, Stable RC oscillators produce audio fre-
quencies of 30 cps, 9960 cps and 1000 cps. By dis-
torting the 30-cps signal and selecting the third and
fifth harmonies, 90 cps and 150 cps are produced.

2



1-13. POWER SUPPLY. The power supply is a 21-
volt dynamotor which furnishes unregulated+ 230 volts
and regulated +150 volts for use by all the signal gen-
erator circuits.

1-14. LEADING PARTICULARS.

1-15.. FREQUENCY RANGES AND STABILITY.

a. 108.0 to 135.9 mc in 100 kc steps (280 channels).

b. 329.3 to 335.0 mc in 100 kC steps (58 channels).

c. Stability of r-f output: ±0. 0065%.

1-16. OUTPUT RANGE. 4 to 200,000 microvolt.

1-17. AUDIO SIGNALS

a. Omni-range (VOR): 30 cps variable phase and
9960 cps frequency modulated at 30 cps.

b. Phase localizer ( @ LOC): 30 cps reversible phase
and 9960 cps frequency modulated at 30 cps.

c. Tone localizer (TONE LOC): 90 cps and 150 cps
sine waves.

d. Glide slope (GS): 90 cps and 150 cps sine waves.

1 Univerter chassis
2 R-f chassis
3 Audio chassis

Figure 1-3. Signal Generator SG-13/ARN,
Chassis Layout

e.

f.

g.

h.

i.

Section I
Paragraphs 1-13 to 1-22

1000 cps sine wave.

30 cps variable phase.

9960 cps frequency modulated at 30 cps.

90 cps sine wave.

150 cps sine wave.

1-18. POWER REQUIREMENTS. 21 to 29 volts dc at
5.4 amperes.

1-19. COMPONENT WEIGHTS.

a. Signal generator case and accessories (Case 1):
45 lbs.

b. Accessory Case CY-868/U (Case 2): 15 lbs.

1-20. DYNAMOTOR DATA.

Manufacturer: Eicor Incorporated

Type No: ML-2711-1

Input: 21 volts dc at 3.3 amperes.

Output: 260 volts dc at 0. 135 ampere.

Temperature rise: Not to exceed 40” C (104° F) above
55° C (131° F).

1-21. FUSE COMPLEMENT. One 25-volt, 10-ampere
fuse in each side of line.

1-22. TUBE COMPLEMENT. Table II lists all tubes
and their functions in Signal Generator SG-13/ARN.

TABLE II. TUBE COMPLEMENT

SYMBOL
NUMBER

V1401A
V1401B
V1402A,B
V1403A,B
V1404A,B
V1405A,B
V1406

V1407A
V1407B
V1408A
V1408B
V1409A,B
V1410
V1411
V1412

TUBE TYPE

1/2 5814
1/2 5814

5814 )
5814

12AX7
12AX7
6AG5

1/2 12AX7
1/2 12AX7
1/2 5814
1/2 5814
6AL5W
0A2
0A2
0A2

FUNCTION

AUDIO  CHASSIS

Cathode follower

30 cps oscillator

30 cps amplifier
150 cps limiter
90 cps limiter
9960 and 1000 CDS

oscillator
Cathode follower
Frequency modulator
Afc amplifier
A-f amplifier
Discriminator
Voltage regulator
Voltage regulator
Voltage regulator

3



Section I
Paragraphs 1-22 to 1-23

TABLE II. TUBE COMPLEMENT (Cont)

SYMBOL
NUMBER

V1501A,B
V1502
V1503
V1504
V1505
V1506
V1507
V1508
V1509A,B

V1510A,B
V1511
V1512
V1513

TUBE
TYPE

5670
6AK5W
6AK5W
6AK5W
6AK5W
6AK5W
6AK5W
6AQ5
5751

12AT7
6AK5W
6AK5W
6AK5W

FUNCTION

R-F CHASSIS

Fine frequency oscillator
Coarse frequency oscillator
R-f mixer
R-f amplifier
R-f quadrupler
R-f amplifier
A-f amplifier
Modulator
Demodulator

UNIVERTER CHASSIS

200 mc oscillator
Univerter mixer
Univerter amplifier
Univerter amplifier

1-23. OPERATING CONTROLS AND ADJUSTMENTS.
The operating controls and adjustments are listed with
their functions in table III and shown in figure 1-4.

TABLE II OPERATING CONTROLS
AND ADJUSTMENTS

CONTROL

SET LINE TO 21V

CARRIER SET

FUNCTION

Power on-off switch and d-c
input voltage control.

Adjusts audio signal that
modulates the r-f carrier for
calibration of MICROVOLTS
control.

I

TABLE III. OPERATING CONTROLS
AND ADJUSTMENTS (Cont)

CONTROL FUNCTION

METER Selects the meter function.

MICROVOLTS Calibrated from 4 to
200,000 microvolt for r-f
output control.

MEGACYCLES Adjusts the signal genera-
tor frequency.

NAV-GS Selects r-f frequency range.

AUDIO SELECTOR Selects audio signal for
modulating the r-f carrier.

VOR Phase shifts the 30 cps
component of the VOR
signal.

±1 DEGREE Phase shifts the 30 cps
component of the VOR sig-
nal one degree in either
direction.

LOC-GS Varies the ratio of 90 and
150 cps tone localizer and
glide slope signals.

METER ZERO Sets the meter to zero.

3 0 ˜ F r e q u e n c y Adjusts frequency of 30 cps
oscillator.

1000˜FREQUENCY Adjusts frequency of 1000
cps oscillator.

Figure 1-4. Signal Generator SG-13/ARN, Front Panel Controls

4



Section II
Paragraphs 2-1 to 2-2

SECTION II

SPECIAL TEST EQUIPMENT AND TOOLS

2-1. SPECIAL TEST EQUIPMENT.

2-2. The test equipment necessary to test and align Signal Generator SG-13/ARN is listed in tables IV and V below.

TABLE IV. TEST EQUIPMENT (SPECIFIC TYPES)

NAME

SIGNAL GENERATOR

Power Supply

Power Cord

Power Cable Assembly

R-F Cable Assembly

Adapter Connector

MODULATOR

R-F Cable Assembly

Power Cord

AN/ARN-14 COMPONENTS

Radio Receiver

Dynamotor

Course Indicator

Control Panel

SIGNAL GENERATOR

Power Cord

R-F Cable Assembly

Adapter Connector

AN/ARN- 18 COMPONENTS

Radio Receiver

AN  DESIGNATION

SG-1/ARN

PP-348/ARN

CX-237/U

CX-1290/ARN

CG-409/U

UG-528/U

MD-83A/ARN

CG-530/U

CX-237/U

R-540/ARN-14C

DY-66B/ARN-14C

ID-249A/ARN

C-760B/A

SG-2/GRM-4

CX-237/U

CG-409/U

UG-528/U

R-322/ARN-18

ALTERNATE

None

None

R-252A/ARN-14

DY-66A/ARN-14

C-760/A

None

APPLICATION

Signal source for NAV
frequencies.

Power for SG-1/ARN

PP-348/ARN line cord.

Power connector.

SG-l/ARN r-f output cable.

6-db pad and adapter for
CG-409/U to R-540A/
ARN-14C.

Audio modulation for
SG-l/ARN.

Connector to SG-1/ARN.

Power line cord.

Comparative measurement

Power for receiver.

Crosspointer and TO-
FROM indications.

Receiver control.

Signal source for GS
frequencies.

Power line cord.

R-f output cable.

6-db pad and adapter for
CG-409A/U to R-322/
ARN-18.

Comparative measurement

5



Section  II

TABLE IV. TEST EQUIPMENT (SPECIFIC TYPES) (Cont)

NAME AN DESIGNATION ALTERNATE APPLICATION

BALLANTINE MODEL 300 Comparative a-c voltage
ELECTRONIC VOLTMETER measurements.

WESTON MODEL 901 Measure receiver cross-
MICROAMMETER pointer current.

TABLE V. TEST EQUIPMENT (GENERAL TYPES)

NAME REQUIRED CHARACTERISTICS

D-C Vacuum Tube Voltmeter D-c voltmeter, ohmmeter. Input impedance: 10 megohms. Ranges: 3 to
5 volts full scale and three higher ranges to 300 volts.

Oscilloscope Input impedance: 2 megohms or more, 25uuf or less. Uniform frequency
characteristic from 20 to 20,000 cps.

Audio Oscillator Frequency range: 20 to 15,000 CPS. Output: 1 volt.
. .

Frequency Meter Secondary frequency standard ±0.001% Range: 5000 to 10,000 kc.
4

Figure 2-1. Special Tools
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Sections II-III

2-3. SPECIAL TOOLS. nance, alignment and overhaul operations on Signal
Generator SG-13/ARN are listed in table VI and

2-4. The special tools required to perform mainte- shown in figure 2-1.

TABLE VI. SPECIAL TOOLS

FIG. 2-1
INDEX   NO. PART NUMBER NAME APPLICATION

—
1 802-M-35027 Tuning wand For adjusting  C1529 and checking  the tuning

of T1501,  T1502, 21501 and 21502.

2 802-M-35019 Alignment  tool For adjusting  T1501, T1502  and Z1501  and
trimmer capacitors.

3 Comm Phillips  screwdriver #2 For screw sizes 5 thru 10.

4 Comm Phillips screwdriver #1 For screw sizes up thru 4.

5 Comm Bristol wrench  #10 For No. 10 set screws.

6 Comm Bristol wrench  #8 For No. 8 set screws.

7 Comm Bristol wrench  #6 For No. 6 set screws.

8 Comm Bristol wrench  #4 For No. 4 set screws.

SECTION III

PREPARATION FOR USE AND RESHIPMENT

3-1. PREPARATION FOR USE.

3-2. Remove the crating from each case and examine
the equipment for damage that may have occurred
during shipment. Check the contents of each case
against table I.

3-3. PREPARATION FOR SHIPMENT OR STORAGE.

3-4. Prepare the equipment for shipment or storage
as follows:

b. Place four Adapters UG-201/U and one Adapter
UG-29/U into the mailing bag and place the bag in
case 2.

c. Close the cover of case 2 and lock the two
catches.

d. Coil the two 10-foot cables, place them on the
cover of case 1 and tighten the two straps.

e. Replace the remaining accessories on the cover
and check that they are properly mounted in their
clamps. See figure 1-2 for the location of accessories
on the cover.

a. Coil the two 25-foot and the two 50-foot cables f. Replace the cover of case 1 and lock the two
and with the power adapter, place them in case 2. catches.

7



Section IV
Paragraphs 4-1 to 4-5

SECTION IV

THEORY OF OPERATION

4-1. GENERAL SYSTEM OPERATION.

4-2. Signal Generator SG-13/ARN consists of an r-f
chassis, a univerter chassis, and an audio chassis
which includes the power supply. Figure 4-1 is a
simplified block diagram of the signal generator.

a. The r-f chassis supplies the r-f carrier by mix-
ing the outputs of two crystal-controlled oscillators
and multiplying the sum frequency to the desired out-
put frequency of 108.0 to 135.9 mc for testing navi-
gation and localizer receivers (NAV operation).

b. When testing glide slope receivers a frequency
range of 329.3 to 335.0 mc is required. For glide
slope operation the output of the r-f chassis is de-
livered to the univerter chassis where it is mixed
with a 200-mc oscillator. The sum frequency of
329.3 to 335.0 mc is then delivered to the GS OUT-
PUT jack.

c. The audio chassis generates the various audio
signals required for modulating the r-f carrier.
Stable RC oscillators produce audio frequencies of 30
cps, 9960 cps and 1000 cps. By distorting the 30-cps
signal and selecting the third and fifth harmonics, 90
cps and 150 cps are also produced. The audio signal
is delivered to the r-f chassis where it modulates the
r-f carrier.

d. The power supply is mounted on the audio chassis
and is a 21-volt dynamotor which furnishes unregu-
lated 230 volts and regulated 150 volts for use by all
the signal generator circuits.

4-3. FUNCTIONAL OPERATION OF ELECTRONIC
COMPONENTS.

4-4. R-F CHASSIS.

4-5. INTRODUCTION. The r-f chassis (figure 4-2)
supplies the r-f carrier during NAV operation. The
output frequency of 108.0 to 135.9 mc is developed by
first mixing the output of crystal-controlled fine fre-
quency oscillator V1501 (4.875 to 5.100 mc) with the
output of crystal-controlled coarse frequency oscilla-
tor V1502 (22. 125 to 28.875 me). Oscillator V1502
uses the third harmonic of the selected crystal. The
output of V1501 and V1502 is fed to r-f mixer V1503
where the sum frequency (27 .000 to 33.9’75 mc) is se-
lected and all other frequencies are rejected. This
frequency is amplified by r-f amplifier V1504 and fed
to r-f quadrupler V1505. The fourth harmonic (108.0
to 135.9 mc) is taken from V1505 and delivered to r-f
amplifier V1506. R-f Amplifier V1506 also receives
the selected audio signal from the audio chassis. It is
amplified by a-f amplifier V1507 and fed to V1506
through modulator V1508. The r-f carrier is modu-
lated by the selected audio signal and fed to r-f atten-
uator Z1502 where the desired amount of attenuation
occurs depending on the setting of the MICROVOLTS
control. The attenuated and modulated carrier fre-
quency is fed through coaxial relay K1401 to NAV
OUTPUT jack during NAV operation and to the uni-
verter chassis for GS operation. A portion of the
modulated carrier is fed to demodulator V1509, whose
d-c output is proportional to the r-f signal amplitude,

Figure 4-1 . Signal Generator SG-13/ARN, Simplified Block Diagram
8
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Figure 4-3.

Section IV
Paragraphs 4-5 to 4-11

for use in calibrating the MICROVOLTS control. The
audio signals obtained from the demodulator appear
at AUDIO OUT jack on the front panel for test pur-
poses. The r-f chassis is contained in an aluminum
shield which is insulated from the front panel and
audio chassis as well as from the r-f chassis. This
is necessary to minimize r-f leakage and is broken
only at a few carefully selected points. All audio and
power leads are brought out of the r-f chassis through
a filter assembly to prevent radiation from the unit on
the external leads.

4-6. FINE FREQUENCY OSCILLATOR V1501.
(See figure 4-3.)

4-7. Fine frequency oscillator V1501 is a crystal-
controlled oscillator using a twin triode with one sec-
tion, V1501B, connected as a Colpitts oscillator while
the other section, V1501A, is a cathode follower act-
ing as a buffer stage. The inner knob of MEGA-
CYCLES control S1501 selects the crystal required
giving the oscillator a frequency range of 4.875 to
5.100 mc in 10 steps of 25 kc each.

NOTE

The inner knob will vary the signal generator
frequency in steps of 100 kc due to the quad-
rupling of the r-f signal by r-f quadrupler
V1505.

4-8. The oscillator output is taken from the tuned
grid circuit of V1501B and fed through coupling ca-
pacitor C1503 to the grid of cathode follower V1501A.
The cathcode follower acts as a buffer stage isolating

the oscillator from the other circuits in the r-f chas-
sis. The plate circuits of V1501A and B contain de-
coupling filters which prevent r-f from entering the
power supply. The output is taken from the cathode
of V1501A and delivered to r-f mixer V1503.

4-9. COARSE FREQUENCY OSCILLATOR V1502.
(See figure 4-4. )

4-10, Coarse frequency oscillator V1502 is a crystal-
controlled oscillator connected as a Colpitts oscilla-
tor. The outer knob of the MEGACYCLES control se-
lects the required crystal, whose third harmonic is
used, giving the oscillator a frequency range of 22.125
to 28.875 mc in 28 steps of 250 kc each.

4-11. The coarse frequency oscillator crystals are
arranged in two banks, one containing crystals for
odd MEGACYCLES positions, the other containing
crystals for even MEGACYCLES position. Turning
the large outer knob of the MEGACYCLES control
rotates a shaft that controls S1502A and S1502B and
selects a cr. al in one bank or the other depending
on whether the selected megacycle frequency is odd
or even. This is accomplished by S1503, on the same
shaft as S1502, which connects 21 volts dc to relay
K1501 on odd MEGACYCLES positions. When K1501
is energized, its contacts 2 and 3 close Connecting a
crystal from the bank switched by S1502A to the grid
circuit of V1502. On even MEGACYCLES positions,
K1501 is not energized and its contacts 3 and 4 close,
connecting a crystal from the bank switched by S1502B
to V1502. Tuning the large outer knob also operates
a slug rack which varies the tuning of seven coils,
L1510, L1511, L1503, L1504, L1505, L1506 and

1 0



Figure 4-4.

S e c t i o n  I V
Paragraphs 4-11 to 4-14

L1508, in the r-f chassis. Powdered iron cores, fas-
tened to the slug rack, are moved in or out of the r-f
coils in steps of approximately .015 inch for each
megacycle change in the setting of the outer knob.
Thus the tuning of L1506 and L1508 is automatically
varied in approximately one-megacycle steps and
L1503, L1504, L1505, L1510 and L1511 in approxi-
mately 250-kc steps to maintain proper tracking as
the signal generator frequency is varied in one-mega-
cycle steps.

NOTE

The band pass of the following tuned r-f stages
is sufficiently wide so that no retuning of the
slug rack is necessary over the megacycle
spread represented by the fine frequency os-
cillator V1501.

4-12. The third harmonic of the selected crystal,
22.125 mc, is passed by the tuned circuit T1501 which
will reject all other frequencies. The output from
T1501 is fed to r-f mixer V1503. Trimmer capacitor
C1534 adjusts the frequency of the coarse frequency
oscillator for all 28 crystals. Trimmers C1539 and
C 1542 are used to adjust T1501 at the upper frequency
limit.

4-13. R-F MIXER V1503.
(See figure 4-5.)

4-14. R-f mixer V1503 receives the output signals of
the fine and coarse frequency oscillators V1501 and
V1502. The output of V1501, 4.875 to 5.100 mc in 10
steps of 25 kc each, is coupled through C1507 and fed
to the grid of r-f mixer V1503. The output of V1502,
22.125 to 28.875 mc in 28 steps of 250 kc each, is
coupled through C 1508 to the grid of V1503. The two

11
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Figure 4-5. R-f Mixer V1503, Simplified Schematic

signals are mixed and the sum frequency, 27.000 to
33.975 mc, is passed through T1502 and fed to r-f
amplifier V1504. Coils L1503 and L1504 are tuned in
28 steps of 250 kc each by the outer knob of the MEGA-
CYCLES control. The band pass of T1502 is suffi-
ciently wide to cover the megacycle spread of V1501.
Trimmers C1511 and C1514 are used to adjust T1501
at the upper frequency limit.

4-15. R-F AMPLIFIER V1504.
(See figure 4-6. )

4-16. The 27.000 to 33. 975-mc signal from V1503 is
coupled through C1515 to the grid of r-f amplifier
V1504. Here the signal is amplified and delivered to
r-f quadrupler V1505. Part of 21501, comprising
L1505, C1519 and C1518, forms a tuned circuit that
will pass a frequency in the range of 27.000 to 33.975
mc depending on the setting of the MEGACYCLES con-
trol. The band pass of this tuned circuit is sufficiently
wide to cover the megacycle spread of V1501.

4-17. R-F QUADRUPLER V1505.
(See figure 4-7.)

4-18. The 27.000 to 33. 975-mc signal from V1504 is
coupled through C1520 to the grid of r-f quadruple
V1505. The signal is amplified and distorted by V1505
and due to the distortion of this signal, a signal rich
in harmonics appears in the output. The plate circuit
of V1505 is tuned to the fourth harmonic of the input
signal by part of 21501, a tuned circuit comprising
L1506, C1523 and C1524, and the frequency of the out-
put will be in the range of 108.0 to 135.9 mc. This
output is fed to r-f amplifier V1506. Coil L1501 is
tuned in 28 steps of one megacycle each by the outer
knob of the MEGACYCLES control. The band pass of
the tuned circuit is sufficiently wide to cover the meg-
acycle spread of V1501. Trimmer C1523 is used to
adjust the tuned circuit at the upper frequency limit.

4-19. R-F AMPLIFIER V1506.
(See figure 4-8.)

4-20. R-f amplifier V1506 is the output stage of the
r-f chassis. The 108.0 to 135. 9-mc signal from
V1505 is coupled through C 1525 and grid current
limiting resistor R1566 to the control grid of V1506.

Figure 4-6. R-f Amplifier V1504, Simplified Schematic
12
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F i g u r e  4 - 7 R-f Quadrupler V1505, Simplified Schematic

The audio signal from modulator V1508 is coupled di-
rectly to the screen grid of V1506. The r-f carrier
is therefore modulated by the audio signal due to the
audio variations appearing on the screen grid. The
amplified and modulated output appears across the
plate load L1507 and is coupled through C1528 to the
output tuned circuit Z1502. A portion of the modulated
carrier is fed to demodulator V1509 for calibration
and test purposes. Z1502 is tuned in 28 steps of one
megacycle each in the frequency range of 108.0 to
135.9 mc depending on the setting of the outer knob of
the MEGACYCLES control which varies the position
of the tuning slug of L1508. The band pass of Z1502
is sufficiently wide to cover the megacycle spread of
V1501. Trimmer C1529 is used to adjust the tuned
circuit at the upper frequency limit.

4-21. Terminal stud E1508 in the control grid circuit
of V1506 is used as a voltage measuring point when

aligning the r-f chassis. The measured voltage is de-
veloped across R1515. Bypass capacitor C1526 by-
passes rf around the voltmeter that is connected to
E1508 during r-f alignment.

4-22. The modulated r-f signal developed across
Z1502 is coupled to NAV OUTPUT jack J1406 during
NAV operation. During GS operation the modulated
r-f carrier is delivered to the univerter chassis.
Coupling is accomplished through a piston type r-f
attenuator (figure 4-9) that is mounted in such a fash-
ion that a small single-turn pickup loop (4, figure 4-9)
may be moved with respect to the final output coil
L1508 (2, figure 4-9) to vary the coupling and thus the
r-f output. The motion of the piston and loop is pro-
duced by a rack and pinion drive mechanism controlled
by the calibrated MICROVOLTS control. An inspec-
tion hole (5, figure 4-9) in the housing allows for
checking the position of the loop (6, figure 4-9).

Figure 4-8. R-f Amplifier V1506, Simplified Schematic
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1
2
3
4
5
6

4-23.

Shield can for Z1502 assembly
Final r-f tank coil L1508
Attenuator removed from collar
Pick up loop
Inspection hole
Point of normal 1/32 to 3/64 inch clearance
with MICROVOLTS set to maximum

Figure 4-9. R-f Attenuator Assembly

One end of the pickup  loop is at ground poten-
tial. The other end of the pickup loop- is connected
through impedance matching resistor R1517, located
in the piston, to the r-f output cable. The output cable
is in turn connected to the movable contact of coaxial
relay K1401, located on the audio chassis. With the
NAV-GS switch in the NAV position, the r-f output is
connected to NAV OUTPUT jack J1406 which now has
an output impedance of 53 ohms. With the NAV-GS
switch in the GS position, K1401 is energized and the
r-f attenuator output is connected to the univerter
chassis. The univerter chassis has unity gain with
the same output impedance as the r-f chassis. There-
fore, only the output frequency is changed during GS
operation.

4-24. The NAV and GS output circuits are designed
for direct connection to receivers having an unbal-
anced input circuit of approximately 53 ohms imped-
ance to match the output impedance of the signal gen-
erator. Under these conditions, the MICROVOLTS
dial will be direct reading, For testing receivers
having a 95-ohm balanced input, Adapter UG-529/U is
connected between the OUTPUT jack and the receiver
input, matching the impedance of the two units. The
adapter also has the effect of a 6-db attenuator pad

14

because it reduces the effective r-f output of the sig-
nal generator by one-half. Under these conditions,
the MICROVOLTS dial reads twice the actual r-f out-
put. For example, to set up a 2000-microvolt signal,
the MICROVOLTS dial must be set to 4000.

4-25. A-F AMPLIFIER V1507 AND MODULATOR
V1506,

(See figure 4-10.)

4-26. A-f amplifier V1507 receives one of nine audio
signals from the audio chassis as determined by the
audio chassis as determined by the setting of the
AUDIO SELECTOR switch. These audio signals are
as follows:

a. 30 cps variable phase and 9960 cps, frequency
modulated at 30 cps.

b. 30 cps reversible phase and 9960 cps, frequency
modulated at 30 cps.

c.

d.

e.

f.

g.

h.

90 cps and 150 cps sine waves.

1000 cps sine wave.

30 cps reversible phase.

9960 cps, frequency modulated at 30 cps.

90 cps sine wave.

150 cps sine wave.

4-27. The selected audio signal is delivered to the
control grid of V1507 through an r-f filter (part of the
filter assembly) that prevents rf from radiating on the
external leads of the r-f chassis. The audio signal is
amplified by V1507 and coupled through C 1543 to the
control grid of modulator V1508.

4-28. Modulator V1508 is a cathode follower used as
a power amplifier to supply adequate drive to the
screen grid of modulator V1505 with a minimum of
distortion to the audio signal. A fixed positive bias
is applied to the control grid by tapping off a voltage
divider, comprising R1528 and R1529, across the B+
supply. The output is taken from CARRIER SET con-
trol R1531 in the cathode circuit of V1508. This con-
trol adjusts the amplitude of audio signal that modu-
lates the r-f carrier. A switch in series with the
movable arm of R 1531 allows the audio signal to be
disconnected from the output r-f amplifier.

4-29. DEMODULATOR V1509.
(See figure 4-11.)

4-30. A portion of the modulated r-f carrier from the
output of r-f amplifier V1506 is coupled through C 1531
to the grid of V1509A. This section of the demodu-
lator is an infinite impedance detector with a high in-
put impedance and a high fidelity output. This pre-
vents loading of the r-f output circuit and gives a d-c
voltage output proportional to the input r-f voltage.
This d-c voltage is coupled directly to V1509B which
is connected as a cathode follower. The d-c output of



Figure 4-10.

S e c t i o n  I V
Paragraphs 4-30 to 4-32

the cathcode follower, still proportional to the r-f in-
put to V1509A, is coupled to the meter circuit and
AUDIO OUT jack J1408 through an r-f filter (part of
the filter assembly) that prevents rf from radiating on
the external leads of the r-f chassis.

4-31. UNIVERTER CHASSIS.

4-32. INTRODUCTION. During GS operation the out-
put of the r-f chassis is connected to the univerter
chassis (figure 4-2). The output frequency now re-
quired, 329.3 to 335.0 mc, is developed by mixing

129.3 to 135.0 mc from the r-f chassis with 200 mc
from 200-mc oscillator V1510. The sum frequency at
the output of univerter mixer V1511 is amplified by
univerter amplifiers V1512 and V1513 and delivered
to the GS OUTPUT jack. The overall gain of the uni-
verter chassis is unity, so that the calibration of the
MICROVOLTS control is true durtng GS operation.
An avc (automatic volume control) circuit keeps the
overall univerter gain constant over the complete
range of the MICROVOLTS control. Plate voltage is
applied to the univerter circuits when the NAV-GS
switch is set to GS.

1 5



Figure 4-12.

Figure 4-13.

Section IV
Paragraphs 4-33 to 4-39

4-33.

4-34.

200-MC OSCILLATOR V1510.
(See figure 4-12.)

plifier with the input signal fed to its cathode.
200-mc oscillations appearing across L1523
transformer coupled to L1524 in the cathode of
verter mixer V1511.

The
a r e

uni-

4-35. Plate voltage is applied to V1510A and B when
the NAV-GS switch is set to GS. R-f filters in the
plate circuits prevent rf from entering the B+ supply.
Avc voltage from univerter amplifiers V1512 and
V1513 is applied to the grid of V1512B, controlling
the amplitude of oscillations for different settings of
the MICROVOLTS control in order to keep the overall
gain of the univerter chassis constant.

4-36. UNIVERTER MIXER V1511.
(See figure 4-13.)

4-37. Univerter mixer V1511 receives the r-f outputs
of the r-f chassis and 200-mc oscillator V1510 during
GS operation. The output of the r-f chassis, 129.3 to
135.0 mc, is fed to the tuned grid circuit of V1511 and
coupled through C1575 to the grid of V1511. The in-
put is connected to a tap on L1524 to match the low
output impedance of the r-f chassis. The output of
200-mc oscillator V1510 is transformer coupled to
the cathode of V1511 by L1524. The sum frequency,
329.3 to 335.0 mc, is developed across L1526 and
coupled to L1527 in the univerter amplifier V1512 grid
circuit. The coupling circuit is overcoupled to have
a broad response and pass all signals in the range
329.3 to 335.0 mc equally well.

4-38. UNIVERTER AMPLIFIERS V1512 AND V1513.
(See figure 4-14.)

4-39. The 329.3 to 335. O-me signal from V1511 is
coupled through L1526 and L1527 to the grid of uni-
verter amplifier V1512. The signal is amplified by
V1512 and coupled through L1529 and L1530 to the
grid of univerter amplifier V1513. The amplified sig-
nal appearing in the plate circuit of V1513 is coupled
through L1531 and L1532 to GS OUTPUT jack J1501.

The 200-mc oscillator V1510 is a crystal-con- The output is taken from a tap on L1532 in order to
trolled, two-stage oscillator using both sections of a
twin triode. The oscillator uses the fourth harmonic
of crystal Y1539. Feedback to sustain oscillations is
accomplished by connecting the plate V1510A to the
grid of V1510B. V1510A acts as a grounded grid am-

reduce the output impedance at the GS OUTPUT jack
to approximately 53 ohms. (See paragraph 4-24. )
The coupling circuits are overcoupled to have a broad
response and pass all the required frequencies equally
well.
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4-40. The r-f voltage developed across C1578 and
C1581 in the grid circuits of V1512 and V1513 is used
for automatic volume control in the univerter chassis.
Avc capacitors C1573 and C1585 remove the r-f com-
ponent of the signal and keep the overall gain of the
univerter chassis constant for all settings of the
MICROVOLTS control which varies the amplitude of
r-f signal fed to the univerter during GS operation.
The gain of the univerter chassis is also controlled by
connecting the screen grid of V1512 to potentiometer
R1544, part of a voltage divider across the B+ supply.
R1544 allows the screen grid voltage to be varied be-
tween approximately 25 and 150 volts and is adjusted
so that the overall gain of the univerter chassis is
unity.

4-41. AUDIO CHASSIS.

4-42. INTRODUCTION. The audio chassis (figure
4-15) generates the various audio signals required
for modulating the r-f carrier. The following audio
signals are produced 9980 cps frequency modulated
at 30 cps, 1000 cps, 30 cps variable phase, 30 cps
reversible phase, 90 cps and 150 cps. 9960 and 1000
cps oscillator V1406, an RC oscillator, produces
9960 cps or 1000 cps depending on the feedback net-
work selected. The 9960 cps oscillator frequency is
modulated at a 30 cps rate by frequency modulator
V1407B during VOR, $ LOC and 9960 FM operation.
The oscillator output is also delivered to afc amplifier
V1408A through cathode follower V1407A. Afc ampli-
fier V1408A, in conjunction with discriminator V1409,
stabilizes the oscillator frequency. During 1000>
operation the afc circuit is not used and the output of
cathode follower V1407A is fed back through the 1000-
cps feedback network to the oscillator. 30 cps is pro-
duced by a three stage RC oscillator V1401B, V1402A
and B and amplified by 30 cps amplifier V1403. The
amplified output is fed to a variable phase shifting net-
work and cathode follower V1401A giving a 30 cps sig-
nal that can be shifted in phase in 45° steps. The
output of V1403 is also fed to a reversible phase shift-
ing network giving 30 cps with a reversible phase
shift. Another portion of the V1403 output is fed to
saturable reactor L1401 which distorts the signal.
90-cps filter Z1401 passes only the third harmonic
and 150-cps filter Z1403 passes only the fifth har-
monic of the distorted 30-cps signal. The 90 and 150-
cps signals are fed to limiters V1405 and V1404 and
then to the LOC-GS attenuator. The audio signals are
all connected to AUDIO SELECTOR switch S1402
which selects the required audio signals and delivers
them to a-f amplifier V1408B. The output of V1408B
is fed to the r-f chassis.

4-43. 9960 AND 1000 CPS OSCILLATOR V1406,
CATHODE FOLLOWER V1407A AND
FREQUENCY MODULATOR V1407B.

(See figure 4-16.)

4-44. Oscillator V1406 generates a 9960-cps signal
frequency modulated at 30 cpe during VOR, @ LOC
and 9960 FM operation. During 1000% operation,
V1406 generates a 1000 cps audio signal. A signal
applied to the grid of V1406 will be amplified and will
appear in the plate circuit 180° out of phase with the
control grid signal. If the plate circuit signal is
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shifted another 180° and fed back to the grid circuit in
phase with the original signal, oscillations will occur.
In this oscillator, the signal from the plate of V1406
is coupled through C 1426 to cathode follower V1407A.
The cathode follower output in phase wtth its input, is
fed through S1402D rear to the 9960-cps feedback
network comprising C1427, R1465, C1425, R1458,
C1423, R1456, R1457 and C1421 where the signal is
shifted 180° at 9960 cps. The shifted signal is applied
to the control grid of V1406 in phase with the original
signal and oscillations occur at 9960 cps.

4-45. The first section of the 9960-cps feedback net-
work is connected in parallel with the output imped-
ance of frequency modulator V1407B. Any change in
the output impedance of V1407B would cause the fre-
quency of oscillation to change. A 30-cps signal from
the 9960 FM DEV control is fed to the grid of V1407B.
Therefore the output impedance of V1407B is varied
at a 30 cps rate and hence the frequency of 9960 cps
oscillation V1406 rises and falls at a 30 cps rate.
Sufficient 30-cps signal is applied to V1407B to cause
the oscillator frequency to change 480 cps on both
sides of the 9960-cps center frequency. This repre-
sents a deviation ratio of 16 where deviation ratio =

deviation from center frequency 480 cps = 16= —  
modulating frequency 30 cps

The amount of 30- cps signal applied is controlled by
9960 FM DEV control R1421. The 9960-cps center
frequency is stabilized by an afc circuit that controls
the bias on V1407B which in turn changes the oscilla-
tor frequency whenever it drffts from the center fre-
quency.

4-46. During 1000˜ operation, AUDIO SELECTOR
switch S1402D connects the 1000-cps feedback net-
work to the grid circuit of V1406. The oscillator will
now oscillate at a frequency of 1000 cps due to the new
network, comprising C1418, R1453, C1419, R1454,
R1455, C1420, R1456, R1457 and C1421, which will
shift a 1000 cps signal 180°. 1000˜ FREQ control
R1455 changes the resistance of the feedback network
and is used to adjust the oscillator frequency to 1000
cps. When operating on 1000 cps, frequency modu-
lator V1407B and the afc circuit are not used.

4-47. During 1000˜ operation, the output is taken
from 1000˜ LEVEL control R1464 in the cathode cir-
cuit of V1407A. The 1000-CPS output is fed to AUDIO
SELECTOR switch section S1402A. During VOR, $
LOC and 9960 FM operation, the output is taken from
9960 FM LEVEL control R1467. The 9960 FM output
is fed to AUDIO SELECTOR switch section S1402A.
During GS operation one section of NAV-GS switch
(figure 4-28) removes the B+ voltage from V1406 and
V1407 thus disabling the circuit.

4-48. AFC AMPLIFIER V1408A AND DISCRIMI-
NATOR V1409.

(See figure 4-17.)

4-49. The 9960 FM output from cathode follower
V1407A is also fed to the grid of afc amplifier V1408A.
The signal is amplified and appears across the pri-
mary of discriminator transformer T1402. The sec-
ondary of T1402 is connected to discriminator V1409A
and B. Capacitors C1437, C1436, C1433 and C1434
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Figure 4-18.
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tune the secondary to 9960 cps. 9960 FM FREQ con-
trol C1434 adjusts the center operating frequency of
the discriminator which in turn controls the center
frequency of V1406. When V1406 is operating witha
center frequency of 9960 cps, the diodes V1409A and
B conduct equally and equal but opposite voltages are
developed across R1471 and R1472 giving no voltage
in the output, When the V1406 frequency decreases,
V1409B conducts more heavily than V1409A and a pos-
itive afc voltage appears in the output. This positive
voltage is filtered by R1474, C1430 and R1475 to re-
move the 30-cps component and fed to the grid of fre-
quency modulator V1407B (figure 4-16). A positive
voltage on the grid of V1407B increases its cathode
currentor decreases the output impedance of V1407B.
The decrease in output impedance will increase the
frequency of V1406 so that it oscillates 9960 cps.

4-50. When the V1406 frequency increases, V1409A
conducts more heavily than V1409B and a negative afc
voltage appears across R1471 and R1472. This nega-
tive voltage, fed to the grid of V1407B will decrease
its cathode current or increase its output impedance.
Therefore, the frequency of V1406 will decrease so
that it oscillates at 9960 cps.

4-51. 30 CPS OSCILATOR V1401B, V1402A AND B.
(See figure 4-18. )

4-52. The30 cps osci11ator isan RC osci11ator using
three stages each having again of approximate1y two.
Each stage is coup1ed to the next stage by a phase
shifting network which wi11 shift a 30-cps signal 60°.
A signal at the grid of V1401B will appear at the plate
of V1401B shifted 180”. This signals coupled through
a phase shifting network comprising C1402 and R1405
which shifts the signal another 60°. V1402A shifts the
signal another 180° and C1403 and R1408 shift it
another 60°. Therefore, the signal appearing at the
grid of V1402B shifted 480° from the signal on the
grid of V1401B. V1402B shifts the signal 180° and
C1401 and R1401 shift the signal 60°. This gives a
total phase shift of 720° and the signal fed back to the
grid of V1401B is in phase with the original signal and
the circuit will oscillate at 30 cps.

4-53. Each of the three phase shifting networks hasa
temperature compensating network connected in se-
ries with it. The parallel combination of R1580 and
R1581 is used to temperature compensate the C1401,
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Figure 4-19.
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R1401 phase shifting network. R1582 and R1583 com-
pensate C1402 and R1405. R1584 and R1585 compen-
sate C1403 and R1408. Thermal resistors R1581,
R1583 and R1585 have a negative temperature coeffi-
cient and R1580, R1582 and R1584 have a negligibly
low temperature coefficient. The combination of
these two resistors has enough negative temperature
coefficient to offset the inherent positive temperature
coefficient of the phase shifting network. This balance
prevents the oscillator frequency from varying appre-
ciably with temperature change.

4-54. Dual potentiometer R1410A and B in series with
the first two phase shifting networks allows approxi-
mately ±1 cps change in the oscillator frequency and
is the 30˜ FREQUENCY adjustment. Fixed bias for
the three stages is supplied from a voltage divider,
comprising R1486 and R1487, across the regulated B+
supply. The 360-cps output is taken from the plate
and cathode of V1402B giving two outputs each 180°
out of phase for driving 30-cps amplifier V1403, a
push-pull amplifier.

4-55. 30 CPS AMPLIFIER V1403.
(See figure 4-19.)

4-56. The output of 30 cps oscillator V1402B is cou-
pled through C1439 and C1438 and developed across
voltage divider R1403 and R1415 in the V1403A grid
circuit and voltage divider R1414 and R1413 tn the
V1403B grid circuit. The equal but out of phase sig-
nals are taken from the voltage dividers and fed to the
grids of V1403A and B. The 30-cps signal in the out-
put is developed across transformer T1401 and cou-
pled through it to the variable and reversible phase
shifting networks. The 30-cps output of V1403A is also
fed to the 90 cps and 150 cps circuits V1405 and V1404.

4-57. VARIABLE PHASE SHIFTING NETWORK.
(See figure 4-20.)

4-58. During VOR operation the 30-cps signal may
be shifted in 45° steps with respect to the 30-cps ref-
erence signal of constant phase that frequency modu-
lates the 9960 cps oscillator. The phase shifting net-
work, comprising R1422, R1423, C1405 and C1406, is
so proportioned that its resistance is equal to its ca-
pacitive reactance at 30 cps. VOR switch S1401A and
B connects the resistors and capacitors of the phase
shifting network in different arrangements across the
secondary of T1401 (figure 4-21) to shift the phase as
required. The output of the variable phase shifting
network is fed to the grid of cathode follower V1401A.
VOR TRACK potentiometer R1422 allows for a small
variation in the network resistance for adjustment.
Fixed bias for cathode follower V1401A is taken from
voltage divider R1498 and R1497 across the regulated
B- supply.

4-59. Due to the various arrangements of the phase
shifting network for different positions of the VOR
switch, the signal at the grid of V1401A does not have
the same amplitude on all positions of S1401. To keep
the V1401A output constant, S1401C selects different
points in the cathode circuit of V1401A in such a way
as to make the 30 cps variable phase output signal
constant for all VOR switch positions. VOR ZERO
control in conjunction with C1415 allows for zeroing
the circuit during calibration. The output is taken
from 30˜ LEVEL control, which allows for amplitude
adjustment of the signal, and fed through isolating re-
sistor R1445 to AUDIO SELECTOR switch section
S1402B.
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Figure 4-22.
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4-60. REVERSIBLE PHASE SHIFTING NETWORK.
(See figure 4-22.)

4-61. During $ LOC operation the 30-cps signal may
be in phase with the 30-cps reference signal that fre-
quency modulates the 9960 cps oscillator or 180° out
of phase with this reference signal. This is accom-
plished by using a center-tapped secondary of T1401
with the center tap grounded. Resistors R1416, R1417
and @ LOC CENTER control R1441 are connected
across the secondary of T1401 forming a bridge cir-
cuit. The movable arm of R1441 is also grounded and
the signal on one side of R 1441 is 180° out of phase
with the signal on the other side of ground. $ LOC
LEVEL control R1485 in parallel with R1441 allows
for setting the limit of the percentage of modulation
as adjusted by LOC-GS control R1416B. LOC-GS con-
trol R1418B selects the phase and amplitude of the
30-cps signal during @ LOC operation. With LOC-GS
control R1418B set to its midposition (middle of the
white center segment on the front panel) there is no
30-cps output from this circuit. As the LOC-GS con-
trol is turned off center, a 30-cps signal in phase or
180° out of phase with the reference signal is fed
through isolating resistor R1419 to AUDIO SELECTOR
switch section S1402B. The phase of this signal de-
pends on the direction of rotation of the LOC-GS con-
trol and its amplitude depends on how far off center
the control is turned. With the LOC-GS control set to
the top line of either the right or left segment, this
signal should modulate the carrier 11.5 percent; on the
bottom line the percentage modulation is 14 percent.

4-62. During VOR, O LOC, 30˜ VAR @ and 9960 FM
operation a 30-cps reference signal is taken from
terminal 8 on T1401 for frequency modulating the 9960
cps oscillator. This reference signal may be shifted
in phase one degree by changing the circuit constants
with ±1 DEGREE switch S1405. This allows a one de-
gree increment to be placed on any azimuth selected
on the VOR switch. The reference signal appears
across 9960 FM DEV control R1421 which controls the
amount of frequency deviation of the 9960 cps oscil-
lator. It is coupled through C1414 to frequency modu-
lator V1407B.

4-63. 90 CPS AND 150 CPS CIRCUITS.
(See figure 4-23.)

4-64. During TONE LOC, GLIDE SLOPE, 90˜ and
150˜ operation, 90 cps and/or 150 cps is used to
modulate the r-f carrier instead of 9960 cps frequency
modulated at 30 cps. A 30- cps signal of considerable
amplitude is taken from 30 cps amplifier V1403 and is
applied across saturable reactor L1401, a small audio
reactor whose core is insufficiently large for the level
involved and consequently saturates. This saturation
causes the signal appearing across R1430 to be dis-
torted and very rich in harmonics. Capacitor C1422C
places the bottom of R1430 at a-f ground and acts as
a d-c blocking capacitor f or the plate voltage of V1403.
AUDIO SELECTOR switch section S1402E disconnects
the ground from the input circuit on VOR, $ LOC,
1000 ˜, 30 ˜ VAR @ and 9960 FM, thus disabling the
circuit.
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4-65. The distorted signal is fed through Z1401 and
Z1403, which pass only the third (90 cps) and fifth
(150 cps) harmonics, respectively. The 90-cps sig-
nal is then fed to cathode-coupled limiter V1405 and
the 150-cps signal is fed to cathode-coupled limiter
V1404. AUDIO SELECTOR switch section S1402C
disables the 30-cps variable phase signal on $ LOC,
TONE LOC, GLIDE SLOPE, 1000˜ and 9960 FM by
grounding the output of V1401A. On 90˜, S1402C
grounds the grid of V1404 disabling the 150 cps cir-
cuit. On 150˜, S1402C grounds the 90 cps signal at
the grid of V1405.

4-66. Limiters V1405 and V1404 keep the 90- and
150-cps signals at \equal and constant amplitudes.
90˜ LEVEL control R1432 and 150˜ LEVEL control
R1431 in the V1405 and V1404 cathode circuits control
the output level of the limiters. Further filtering is
provided by Z1402 and Z1404 and 90-cps and 150-cps
signals of constant amplitude appear across R1436
and R1435, respectively.

4-67. For GLIDE SLOPE operation, the 90-cps and
150-cps signals are fed through dropping resistors
R1492 and R1493 and AUDIO SELECTOR switch sec-
tions S1402F front and S1402F rear to LOC-GS at-
tenuator R1418A. When the LOC-GS is set to its mid-
position (middle of the white center segment on the
front panel), equal amounts of 90-cps and 150-cps

signal are fed to AUDIO SELECTOR switch section
S1402B and each signal will modulate the r-f carrier
40 percent. When the LOC-GS control is set to the
top line on the left segment, the 90-cps level till fall
as the 150-cps level rises until the 150-cps signal is
3.0 db higher than the 90-cps signal. If the LOC-GS
control is set to the bottom line on the left segment
there is a 3.75 db difference between signals. When
the LOC-GS is set to the right segment, the signals
are reversed and the 90-cps level becomes greater
than the 150-cps level.

4-68. For TONE LOC operation, the 90-cps and 150-
cps are fed through dropping resistors R1438 and
R1437 and AUDIO SELECTOR switch sections S1402F
front and S1402F rear to LOC-GS attenuator R1416A.
The 90-cps and 150-cps levels at its midposition are
still equal, but when the control is set to the top line
of the right or left segment there is a 6.0 db differ-
ence in signal levels. At the bottom line of either
segment the level difference is now 7.5 db. Since
only 20% modulation is required for each tone for an
on-course signal in TONE LOC, the output of the at-
tenuator is reduced by voltage divider R1442, R1566
and R1443. On 90˜ and 150˜ AUDIO SELECTOR
switch sections S1402A front and S1402D front are
used and the output is also taken from the voltage
divider.

Figure 4-24. Audio Output Circuit, Simplified Schematic
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4-69.

4-70.

AUDIO OUTPUT CIRCUIT.
(See figure 4-24.)

The audio output circuit consists of AUDIO SE-
LECTOR switch sections S1402B and S1402A and a-f
amplifier V1408B. All the audio signals produced by
the audio chassis are fed to these two switch sections
and are mixed, amplified by V1408B, an amplifier
common to all audio signals, and fed to the r-f chas-
sis. The audio signals are selected as follows:

a. VOR. 9960 cps frequency modulated at 30 cps
from V1407A is fed to S1402A rear and 30 cps vari-
able phase from V1401A is coupled through R1444 to
S1402B. Switch section S1402E (figure 4-22) disables
the 90 cps and 150 cps circuit.

b. @ LOC. 9960 cps frequency modulated at 30 cps
from V1407A is fed to S1402A rear and 30 cps revers-
ible phase from its phase shifting network is fed to
S1402B. Switch section S1402C (figure 4-23) grounds
the 30 cps variable phase signal and S1402E disables
the 90 cps and 150 cps circuit.

Section IV
Paragraphs 4-69 to 4-70

c. TONE LOC. 90 cps and 150 cps from the LOC-GS
attenuator are fed to S1402B. Switch section S1402C
again grounds the 30 cps variable phase signal and
section S1402D (figure 4-16) disables the 9960 cps
oscillator.

d. GLIDE SLOPE. Same as in TONE LOC except
signal amplitude is greater.
e. 1000˜. 1000 cps from V1407A is fed to S1402A

rear. Switch section S1402C again grounds the 30
cps variable phase signal and S1402E disables the 90
cps and 150 cps circuit.

f. 30˜ VAR $. 30 cps variable phase from V1401A
is coupled through R1444 to S1402B. Switch section
S1402D disables the 9960 cps oscillator and S1402E
disables the 90 cps and 150 cps circuit.

g. 9960 FM. 9960 cps frequency modulated at 30
cps from V1407A is fed to S1402A rear. Switch sec-
tion S1402C grounds the 30 cps variable phase signal.
R1444 prevents the 9960 cps signal from being
grounded at the same time. Switch section S1402E
disables the 90 cps and 150 cps circuit.

Figure 4-25. Meter Circuit, Simplified Schematic
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h. 90˜. 90 cps from the LOC-GS attenuator is fed
to S1402B and all other audio circuits are disabled.

i. 150˜. 150 cps from LOC-GS attenuator is fed to
S1402B and all other audio circuits are disabled.

4-71. METER CIRCUIT.
(See figure 4-25.)

4-72. Meter M1401 is provided on the front panel for
measuring the unregulated B+ voltage, the adjusted
line voltage (dynamotor input) and the carrier level.
The meter has a 0 to 200 microampere movement and
with METER switch S1403 in the LINE and B+ posi-
tions it is converted to a 0 to 30 volt d-c voltmeter by
adding multiplier resistor R1482 in series with it.
With S1403 in the B+ position, voltage divider R1476
and R1477 provides a 10 to 1 reduction in the unregu-
lated B+ voltage so that it can be measured by the 0 to
30 volt voltmeter. In the CAR position, the meter is
connected to the demodulated output of the r-f chassis
and to METER ZERO control R1480 which is used to
zero the meter when no r-f signal is applied to de-
modulator V1509 in the r-f chassis. AUDIO OUT jack
J1408 provides a convenient test point for checking
the audio signals.

4-73. POWER SUPPLY.

4-74. INTRODUCTION. The power supply (figure
4-26) receives the input voltage, 21 to 29 volts dc,
from the power source and supplies 21 volts dc for the
signal generator tube filaments and +230 volts unreg-
ulated and +150 volts regulated for B+ voltages. 21 to
29 volts dc from the power source is fed through the
line voltage control which allows setting the input volt-
age to 21 volts. The 21-volt output is fed to dyna-
motor D1401 and supplies filament power to the audio,
univerter and r-f chassis. The dynamotor output feeds

the power supplies which use the +230-volt unregu-
lated output and three +150-volt regulated outputs
from voltage regulator V1410, V1411 and V1412.
These B+ voltages are used throughout the signal
generator.

4-75. POWER INPUT AND DYNAMOTOR CIRCUIT.
(See figure 4-27.)

4-76. Power Cord CX-1095/U connects 21 to 29 volts
dc to the input receptacle J1402. Fuses F1401 and
F 1402 protect both input lines. The tnput power is
fed to SET LINE TO 21V control S1404 whose con-
tacts connect 0.2-ohm resistors in series with the
input line as required to reduce the input voltage to
21 volts. When turned fully counterclockwise to OFF,
S1404 disconnects all power from the signal genera-
tor. The output of the line voltage control is fed to
pilot lamp I1401 for power-on indication, to the signal
generator filament circuits, to the meter circuit for
measurement, and through input filter C1407 and
L1402 to dynamotor D1401. The dynamotor is a d-c
motor operating on 21 volts with a common rotor that
generates 260 volts. Capacitors C1411 and C1410
across the dynamotor brushes reduce arcing at the
commutators. The 260-volt dynamotor output is fil-
tered by L1403 and C1408A and fed to the power
supplies.

4-77. POWER SUPPLIES.
(See figure 4-28.)

4-78. The 260-volt dynamotor output is coupled
through RC filter R1428 and C1407C which drops the
voltage to 230 volts for use by V1406A and the r-f
chassis as B+ voltage. 230 volts is also fed through
NAV-GS switch S1406 to the univerter chassis. When
in NAV operation, the univerter chassis is not re-
quired and S1406 disconnects its B+ supply. The

30
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Figure 4-28.

Section IV

Figure 4-29. R-f Chassis Filament Circuit, Simplified Schematic
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Figure 4-30.
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dynamotor output is also fed through RC filter R1426
and C1407A and the 230-volt output is used by V1401A
as B+ voltage. Voltage regulator V1412, in series
with dropping resist or R1427 across the dynamotor
output, produces a regulated +150 volts for use as B+
voltage by V1401B, V1402 and V1403. Voltage regu-
lator V1411 and R1425 across the 230-volt line, pro-
duce a regulated +150 volts for use as B+ voltage by
V1408B. Voltage regulator V1410 and R1424 across
230 volts, produce a regulated +150 volts for use as
Bt voltage by V1406 and V1407. A section of NAV-GS
switch disconnects V1410 during GS operation, re-
moving B+ voltage from V 1406 and V1407 and dis-
abling the 9960 cps oscillator circuit. The three sep-

arate regulated voltages are used in the audio chassis
to keep the audio levels constant and to prevent B+
interaction.

4-79. FILAMENT CIRCUITS.
(See figures 4-29 and 4-30.)

4-80. The 21-volt output of the line voltage control is
used to energize all the signal generator filaments.
Voltage dropping resistors and various series-paral-
lel combinations of filaments are used to supply the
required voltage to individual tube filaments. The r-f
and univerter chassis use r-f filters that prevent rf
from entering the filament circuits.
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SECTION V

OPERATIONAL AND ORGANIZATIONAL MAINTENANCE

5-1.

5-2.

MINIMUM PERFORMANCE STANDARDS.

INTRODUCTION. The following paragraphs list
the minimum standards of performance for Signal
Generator SG-13/ARN. When making these tests, if
it is found that the result is below the minimum per-
formance standards, check all logical causes of trou-
ble (paragraph 5-10) before undertaking realignment
of the circuit. See Section VI, paragraph 6-37.

5-3. OVERALL OPERATIONAL CHECK Make the
following checks to determine the operability of the
signal generator.

a. Turn SET LINE TO 21V control to OFF position.

b. Connect either Power Cable Assembly CX-1095/U
or CX-1506/U to the 21V DC-29V DC connector on
the signal generator and connect the other end of the
cable to a 21 to 29-volt power source.

c. Set METER switch to LINE position and adjust
SET LINE TO 21V control for a meter reading of 21
 ±0. 5 volts.

d. Allow 3 minutes warm-up and set METER switch
to B+ position. Note the voltage reading on the meter.
It should be approximately 230 volts.

e. Set METER switch to CAR position and CARRIER
SET control fully counterclockwise past the click.

f. Check the meter for a zero reading. If the meter
does not give a zero reading, adjust METER ZERO
control. The METER ZERO control is located behind
the small louvered access cover on the. right side of
the signal generator front panel.

NOTE

This adjustment is not critical. The meter
may be off zero by several divisions with only
a small error in r-f attenuator calibration.

g. Set MICROVOLTS control to its maximum (200K).

h. Set METER switch to CAR position and set the
meter to the red line with CARRIER SET control at
each MEGACYCLES control position of its outer knob
l-me steps from 135.5 down to 108.5 mc.

i. Set the outer knob of MEGACYCLES control to
108 me and red line the meter with CARRIER SET
control at each tenth megacycle step of the inner knob
of MEGACYCLES control.

j. If the meter cannot be set to the red line, faulty
operation of the r-f chassis is indicated. Refer to

Sect ion VI, paragraph 6-5 for isolation of trouble and
correct ive procedure.

k. Connect a cathode ray oS Cilloscope to test point
O AUDIO OUT connector J1408, behind the louvered
access cover on the right side of the signal generator
front panel.

1. Set AUDIO SELECTOR switch to each of its nine
positions and check waveforms obtained as described
in Section VI, paragraph 6-13. Excessive distortion
may be an indication of a defective tube or component
in the audio chassis. Noise or ripple on the wave-
forms is often an indication of defective dynamotor
operation. See Section VI, paragraph 6-16.

5-4. VOR ACCURACY CHECK.

a. Connect the signal generator through a 6-db, 53-
ohm attenuator pad UG-528/U to an AN/ARN- 14 navi-
gation receiver equipped with omni bearing selector
(OBS) and Course Indicator ID-249A/ARN. See A of
figure 5-1 for connections and omit the microammeter.

b. Set the frequency of the signal generator and re-
ceiver to 114.9 mc and set NAV-GS switch to NAV.

c. Turn on the signal generator and adjust SET LINE
TO 21V control for 21 ±0. 5 volts on the meter.

d. Allow the signal generator to warm up for at least
15 minutes and set METER ZERO and adjust CARRIER
SET for a red line indication on the meter.

e. Set AUDIO SELECTOR to VOR, VOR switch to 0°,
and MICROVOLTS dial to 1000. Check 30% FRE-
QUENCY adjustment as given in Section VI, para-
graph 6-44.

f. Adjust SET control on Course Indicator ID-249A/
ARN until the crosspointer is centered with SET con-
trol at approximately 0° with TO-FROM indicator
reading TO.

g. Disconnect the signal generator and substitute
Modulator MD-83A/ARN modulating Signal Generator
SG-l/ARN with a standard VOR signal. See B of fig-
ure 5-1 for connections and omit the microammeter.
Do not change the setting of SET control on Course
Indicator ID-249A/ARN.

h. Set the SG-l/ARN output level for 500 microvolt
and vary the MD-83A/ARN VOR dial setting until the
crosspointer is again centered with TO-FROM indi-
cator reading TO.

i. Note the MD-83A/ARN VOR dial reading and sub-
tract the SG-13/ARN VOR switch setting (in this case.
0°) to obtain the VOR error.
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Figure 5-1.

j. Repeat steps a through i for each setting of the
SG-13/ARN VOR switch. VOR error should not ex-
ceed ±0.75° at any setting of the VOR switch.

5-5. TONE LOCALIZER CENTERING ACCURACY
CHECK.

a. Connect Signal Generator SG-l/ARN modulated
with Modulator MD-83A/ARN to an AN/ARN-14 re-
ceiver equipped with Course Indicator ID-249A/ARN.
Use a 6-db, 53-ohm attenuator pad at the receiver in-
put and connect Weston Model 901 microammeter in
parallel with the NAV crosspointer coil in ID-249A/
ARN. See B of figure 5-1 for connections.

b. Set the frequencies of the receiver and signal
generator to 110.1 mc and adjust the SG-1/ARN out-
put level for 500 microvolts.

c. Modulate the SG-1/ARN with a zero db tone local-
izer signal and adjust the receiver for zero cross-
pointer current. Refer to receiver handbook for lo-
cation of this adjustment.

d. Substitute Signal Generator SG-13/ARN set to
110.1 mc for the MD-83A/ARN and SG-l/ARN com-
bination. See A of figure 5-1 for connections.

,

Section V
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e. Allow the SG-13/ARN to warm up for at least 15
minutes and red line the meter.

f. Set AUDIO SELECTOR to TONE LOC, MICRO-
VOLTS dial to 1000, and LOC-GS control to the center
of the white segment (on course). The crosspointer
current as read on the Model 901 microammeter
should be 0 ±8 microampere.

5-6. TONE LOCALIZER 6-DB ACCURACY CHECK.

a. Perform steps a and b of paragraph 5-5.

b. Modulate the SG-1/ARN with a 4-db left tone
localizer signal and adjust the receiver for 90 micro-
ampere crosspointer current.

c. Perform steps d and e of paragraph 5-5.

d. Set AUDIO SELECTOR to TONE LOC, MICRO-
VOLTS dial to 1000, and LOC-GS control to the top
line of the left segment (6-db left tone localizer sig-
nal) The crosspointer current should be 135 ±15
microamperes.

e. Repeat steps a through d above for a 6-db right
tone localizer signal.
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5-7. GLIDE SLOPE CENTERING ACCURACY
CHECK.

a. Connect Signal Generator SG-2/GRM-4 through a
6-db, 53-ohm attenuator to an AN/ARN-18 glide slope
receiver equipped with Course Indicator ID-249A/
ARN. See B of figure 5-2 for connections.

b. Set the frequencies of the signal generator and
receiver to 332.0 mc and adjust the SG-2/GRM-4 out-
put level for 500 microvolt.

c. Modulate the SG-2/GRM-4 with a zero db glide
slope signal and adjust the receiver for zero cross-
pointer current. Refer to receiver handbook for lo-
cation of this adjustment.

d. Substitute Signal Generator SG-13/ARN for the
SG-2/GRM-4 and set its frequency to 332.0 mc. See
A of figure 5-2 for connections.

e. Allow the SG-13/ARN to warm up for 15 minutes
and red line the meter.

f. Set AUDIO SELECTOR to GLIDE SLOPE, NAV-
GS Stitch to GS, MICROVOLTS dial at 1000, and
LOC-GS control to the center of the white segment
(on course). The crosspointer current reading should
be 0 ±12 microamperes.

5-8. GLIDE SLOPE 3-DB ACCURACY CHECK.

a. Perform steps a and b of paragraph 5-7.

b. Modulate the SG-2/GRM-4 with a 2-db up glide
slope signal and adjust the receiver for 65 micro-
amperes crosspointer current.

c. Perform steps d and e of paragraph 5-7.

d. Set AUDIO SELECTOR to GLIDE SLOPE, NAV-
GS switch to GS, MICROVOLTS dial at 1000, and
LOC-GS control to the top line of the left segment
(3-db up glide slope signal). The crosspointer cur-
rent should be 97.5 ±18 microamperes.

e. Repeat steps a through d above for a 3-db down
glide slope signal.

5-9. Failure of the signal generator to meet the above
VOR, TONE LOC, and GS accuracy requirements
usually indicates that one or more of the audio signals
involved is not set to the correct frequency or per-
centage modulation. Excessive distortion can also
cause inaccuracy. Table VII lists the frequency tol-
erances and total harmonic distortion of the audio fre-
quencies and VOR and r-f signal accuracies, that are
permissible.

Figure 5-2. Test Setup, Glide Slope Accuracy Check
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SHOOTING.TABLE VII MINIMUM PERFORMANCE STANDARDS 5-10. TROUBLE

AUDIO FREQUENCY
FREQUENCY TOLERANCE

(CPS) (PERCENT)

OTALHARMONIC
DISTORTION*

(PERCENT)
5-11. It is possible to detect many troubles in Signal
Generator SG-13/ARN without removing the instru-
ment from its case. The METER switch in conjunc-
tion with the meter on the front panel can be used to
check for the presence of input voltage to the signal
generator (LINE), +230-volt supply voltage (B+), and
r-f carrier level (CAR). Audio signals can be ob-
served with an oscilloscope or an a-c vacuum tube
voltmeter connected to test point ~, AUDIO OUT
jack J1408. Table VIII lists probably trouble symp-

30 ±2
90 ±2

150 ±2
1000 ±20
9960

6
8
8

15
10

Accuracy of r-f signal ±0.0065%
Accuracy of r-f level ±30%
VOR accuracy ±0.75°

● Measured at
pin 2, V1508. toms with causes and remedies.

TABLE VIII. TROUBLE SHOOTING THE SIGNAL GENERATOR

TEST
STEP POINT

1

CONTROL
POSITIONS

Turn SET LINE TO 21V
control from OFF. Set
METER switch to LINE.

NORMAL
INDICATIONS

Pilot lamp lights and meter
reads d-c voltage input.

POSSIBLE CAUSE OF
ABNORMAL INDICATION

Fuse F1401 or F1402. No
power from power source.
Connecting power cables.

Dynamotor D1401.2

3
NAV OUTPUT
jack J1406

Set METER switch to B+ Meter indicates Bt voltage.

R-f chassis. Tubes V1501
through V1506. Coaxial
relay K1401. Cable W1401.

Set NAV-GS switch to
NAV. Set METER
switch to CAR. Red
line the meter with
CARRIER SET control.

Meter points to red line.
R-f output present at test
point.

4
GS OUTPUT
jack J1501

5
AUDIO OUT
jack J1408

Univerter chassis. Tubes
V1510 through V1513.
Cables W1501 and W1502.

Set NAV-GS switch to
GS.

R-f output present at test
point.

Tubes V1408, V1507 through
V1509.

Set AUDIO SELECTOR
to each of its nine
positions.

Proper audio signal pres-
ent at test point.

6 Same as
step 5.

9960-cps signal frequency
modulated by 30 cps pres-
ent at test point.

No 9960-cps signal. Tubes
V1406 through V1409. No
30-cps modulation: Tubes
V1401 through V1403.

Set AUDIO SELECTOR
to VOR, @ LOC and
9960 FM.

I

7 S a m e  a s
s t e p  5 .

Set AUDIO SELECTOR
to 30˜VAR (p.

30-cps signal present at
test point.

Tubes V1401 through V1403.

8  Same as Set AUDIO SELECTOR
to TONE LOC, GLIDE
SLOPE, 90˜ and
1 5 0 ˜ .

90-cps and 150-cps signals
present at test point in TONE
LOC and GLIDE SLOPE.
90-cps signal in 90˜ and
150-cps signal in 150%.

No 90-cps signal Tube
V1405. No 150-cps signal
Tube V1404.

step 5.

9

10

Perform a VOR accu-
racy check (paragraph
5-4).

Perform tone localizer
and glide slope accuracy
checks (paragraphs 5-5
through 5-8).

VOR error should not ex-
ceed 0.75°.

30-cps oscillator off fre-
quency. See Section VI,
paragraph 6-44.

Audio chassis out of align-
ment. See Section VI,
paragraph 6-43.

Accuracy should meet re-
quirements given in
table VII.
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5-12. MINOR REPAIR AND ADJUSTMENT.

5-13. REPLACEMENT OF TUBES.

5-14. All tubes in the signal generator are of the
miniature type and are shielded. Remove the shield
by pushing it down and rotating it 1/4 turn counter-
clockwise. Remove tube by pulling it straight out of
its socket, taking care not not bend the base pins.
Thoroughly test a suspected tube before discarding.
If replacement does not correct operation, always re-
insert the original tube. To gain access to tubes in
the signal generator, proceed as follows. See figure
5-3 for tube location.

a. Loosen four fillister head captive screws on each
side of the signal generator front panel.

b. Grasp the two panel handles and remove the sig-
nal generator from its case. The tubes in the audio
and univerter chassis are now accessible.

c. To gain access to all the tubes in the r-f chassis,
except V1501 and V1502, remove the top cover of the
r-f chassis.

d. To gain access to V1502, remove the r-f chassis
rear cover.

e. To gain access to V1501, remove the r-f chassis
bottom cover.

Do not remove tubes with power applied to the
equipment. Heaters  are  wired tn  var ious
series-parallel combinations and removal of
one tube may overload and burn out other
heaters. See figures 4-29 and 4-30 for fila-
ment circuits.

NOTE

In the event that tubes are changed, check the
associated circuit functioning for proper align-
ment. Univerter tube changes may consider-
ably affect univerter alignment due to the high
frequencies involved. See Section VI, para-
graph 6-42 for alignment instructions.

5-15. REPLACEMENT OF FUSES.

5-16. The power input line to the signal generator is
protected by two fuses mounted on the front panel. To
remove, turn cap 1/4 turn counterclockwise to unlock
and pull fuse from holder. If a replaced fuse blows
immediately, investigate the circuits for an overload
or short circuit before further replacement.

Never replace a fuse with one of higher rating
unless continued operation is of such impor-
tance as to warrant possible damage to the
equipment.

5-17.

5-18.

LUBRICATION.

The signal generator must be lubricated at
least every 500 hours as follows:

a. Remove the signal generator from its case.

b. Remove the top and bottom covers from the r-f
chassis.

c. Apply AN-G-25 grease as follows:

PART LOCATION AMOUNT

Dynamotor Each end of unit. Small amount. See
bearings. section VI, para-

graph 6-36.

Attenuator 10, figure 6-10. Small amount on
spur gear. gear teeth.

Attenuator 5, figure 6-10. Small amount on
plunger top and sides.
drive rack.

d. Apply AN-0-4 oil as follows.

NOTE

AN-0-6A oil may be used as an alternate.

PART LOCATION AMOUNT

CARRIER 8, figure 6-5. One drop if binding
SET control or squeaking
shaft bushing. occurs.

MICROVOLTS 7, figure 6-5. One drop if binding
control shaft or squeaking
bushing. occurs.

R-f slug rack 8, 9, figure One drop.
oil retaining 6-6.
felt washers.

Attenuator 11, 12, fig- One drop if binding
spur gear. ure 6-10. or squeaking

occurs.

e. Replace r-f chassis covers and secure the signal
generator in its case.

5-19. INSPECTION SCHEDULE.

5-20. INTERMEDIATE INSPECTION. The overall
operational check given in paragraph 5-3 and the ac-
curacy checks given in paragraphs 5-4 through 5-8,
should be performed periodically for periods not ex-
ceeding 100 hours.

5-21. MAJOR INSPECTION. Make the following in-
spection periodically for periods not exceeding 500
hours.

a. Remove the signal generator from its case.
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Figure 5-3.

Sections V-VI

b. Remove the top and bottom covers from the r-f
chassis and clean the chassis with a soft brush or
vacuum cleaner.

c. Check the signal generator and dynamotor for
mechanical damage, loose parts, and signs of over-
heating and corrosion.

d. Check the dynamotor brushes for a minimum
length of 1/4 inch. Replace tf necessary. See Section
VI, paragraph 6-32.

e. Check the dynamotor commutator for evidences
of grooving or pitting. Dress if necessary. See Sec-
tion VI, paragraph 6-31.

f. Lubricate equipment as given in paragraph 5-1’7.

g. Replace chassis covers and secure the signal
generator in its case.

h. Perform the intermediate inspection given in
paragraph 5-20.

5-22. SPECIAL INSPECTION. After each 2000-hour
period of operation, replace all tubes in the equip-
ment and perform the major inspection given in para-
graph 5-21.

SECTION VI

FIELD AND FASRON MAINTENANCE

6-1. MINIMUM PERFORMANCE STANDARDS.

6-2. The minimum performance standards for Signal
Generator, SG-13/ARN are given in Section V, para-
graph 5-1 through 5-8.

6-3. TROUBLE SHOOTING.

6-4. INTRODUCTION. For localizing troubles to a
chassis or particular circuit, refer to Section V,
paragraph 5-10. Once a trouble haa been localized,
perform the following checks and make voltage and
resistance measurements to locate the faulty compo-
nent. Tube locations are shown in figure 5-3.

6-5. TROUBLE SHOOTING THE R-F CHASSIS.

6-6. VACUUM TUBE CHECK. If the R-F chassis is
inoperative check all its tubes. With the signal gen-
erator removed from its case and its top cover re-
moved, apply power to the signal generator. Note
whether all tubes light. Because of the series-parallel
arrangement of tube filaments (figure 4-29), a burned
out heater will open the heater circuit for other tubes.
Tube checking can be simplified by proceeding as
follows:

When checking tube filaments, only apply
enough voltage with SET LINE TO 2lV control
to note whether tube filaments are lit. Do not
remove tubes when the power is on. Tubes
are in series-parallel arrangements and with-
drawing one may damage others in the circuit.

a. If only V1501 and V1509 are lit, check filament
continuity of V1508. If the V1508 filament is good,
voltage dropping resister R1555 may be open.

b. If only V1502 and V1507 are out, check these two
tubes.

c. If only V1503 and V1504 are out, check these
tubes.

d. If only V1505 and V1506 are out, check these
tubes.

e. If only V1501 and V1509 are out, check these two
tubes. If both V1501 and V1509 are good, voltage
dropping resistor R1557 may be open.
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f. If no tubes in the r-f chassis light and audio chas-
sis tubes are operating, check continuity of r-f filter
assembly by connecting an ohmmeter between test
point @ , its terminal 5, and test point @ , terminal
3 on E1501. (E1501 is mounted on the fine frequency
oscillator.)

6-7. CIRCUIT ISOLATION. After making a vacuum
tube check on the r-f chassis, all tubes are found to
be good yet there is no r-f output, proceed as follows:

a. Measure the voltage at test point @, standoff
E1508 (figure 6-11), at the junction of R1515 and
R1516 with a d-c vacuum tube voltmeter having a
100, 000-ohm resistor in series with its probe. This
voltage should be greater than -1 volt over the entire
frequency range of the signal generator. If this volt-
age is present, check r-f amplifier V1506 and the out-
put circuit of the r-f chassis including 21502, r-f at-
tenuator, output coaxial cables and connectors, and
coaxial relay K1401. If less than -1 volt is measured
at test point @ , E1508, continue with step b below.

b. Connect the d-c vacuum tube voltmeter using a
100, 000-ohm resistor in series with its probe to the
control grid of each preceding stage and compare with
the following typical measurements:

TEST POINT T U B E  P I N D-C VOLTAGE— .

@ V1505 1
@

-30v
V1504 1

@
12. 5v

V1503 1 -2. 75v

If proper drive is present on any of these tubes and
there is little or no drive on the following stage, check
the tube circuit for a defective component. If little or
no drive is measured on the grids of these tubes, the
trouble is probably in the fine or coarse frequency
oscillator.

6-8. OSCILLATOR CHECK. The drive on r-f mixer
V1503 comes from both the fine and coarse frequency
oscillators. To check if the coarse frequency oscil-
lator is operating, detune T 1501 by inserting the brass
end of the tuning wand (1, figure 2-1) into L1511 (fig-
ure 6-11). If the coarse frequency oscillator is oper-
ating satisfactorily a d-c vacuum tube voltmeter con-
nected in series with a 100, 000-ohm resistor to pin 1
of V1503 will show a decrease in drive when T1501 is
detuned. If the coarse frequency oscillator is not op-
erating check V1502 and K1501 before removing the
oscillator. Relay K1501 may be checked by listening
carefully for a click each time the relay is energized
and de-energized by rotating the outer knob of MEGA-
CYCLES control. On even megacycle positions, K1501
should be energized and 21 volts dc will appear at test
point @ , terminal 2 of the coarse frequency oscilla-
tor, Both the coarse and fine frequency oscillator
may be checked by placing the antenna of a receiver
near the lead on terminal 1 of either oscillator and
tuning the receiver to the oscillator frequency. Tables
IX and X list the oscillator frequencies for all posi-
tions of the MEGACYCLES control.

TABLE IX. FINE FREQUENCY OSCILLATOR
FREQUENCIES

INNER KNOB
POSITION

.0
1

.2

.3

.4

. :

.7

.8

.9

CRYSTAL
USED

Y1529
Y1530
Y1531
Y1532
Y1533
Y1534
Y1535
Y1536
Y1537
Y1538

FREQUENCY-

IN KC

4875
4900
4925
4950
49’75
5000
5025
5050
5075
5100

TABLE X. COARSE FREQUENCY OSCILLATOR
FREQUENCIES

OUTER KNOB
POSITION

108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135

CRYSTAL
USED

Y1501
Y1502
Y1503
Y1504
Y1505
Y1506
Y1507
Y1508
Y1509
Y1510
Y1511
Y1512
Y1513
Y1514
Y1515
Y1516
Y1517
Y1518
Y1519
Y1520
Y1521
Y1522
Y1523
Y1524
Y1525
Y1526
Y1527
Y1528

FREQUENCY
IN KC

7375.000
7458.333
7541.66’7
7625.000
7’708.333
7791.667
7875.000
7958.333
8041.667
8125.000
8208.333
8291.667
8375.000
8458.333
8541.667
8625.000
8708.333
8791.667
8875.000
8958.333
9041.667
9125.000
9208.333
9291.667
9375.000
9458.333
9541.667
9625.000

6-9. TROUBLE SHOOTING THE UNIVERTER
CHASSIS.

6-10. VACUUM TUBE CHECK. If the univerter chas-
sis is inoperative (no r-f output during GS operation)
check all its tubes. With the signal generator removed
from its case, apply power to the signal generator and
note whether all four tubes on the univerter chassis
light. Because of the series-parallel arrangement of
tube filaments (figure 4-30) a burned out heater may
open the heater circuit for other tubes. Tube checking
can be simplified by proceeding as follows:
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Figure 6-1.

Figure 6-2.

Figure 6-3.

Section VI
Paragraph 6-11 to 6-13

When checking tube filaments, only apply
enough voltage with SET LINE TO 21V control
to note whether tube filaments are lit. Do not
remove tubes when the power is on. Tubes
are in series-parallel arrangements and with-
drawing one may damage others in the circuit.

a. If V1510 is not lit, check V1510 and V1404 and
V1405 in the audio chassis. If V1510, V1404 and
V1405 are good, resistor R1429 on the audio chassis
may be open.

b. If only one filament of V1511, V1512 and V1513
are lit and the tube is good, check the r-f choke in
series with the unlit filament.

c. If only V1510 is lit and the other three tubes on
the univerter chassis are good, resistor R1490 on the
audio chassis may be open.

6-11. CIRCUIT ISOLATION. Because of the high fre-
quencies used in the univerter chassis, it is difficult
to isolate the faulty stage by signal tracing. If all
tubes in the univerter chassis are good yet there is no
r-f output during GS operation, check all r-f cables
and make voltage and resistance measurements to lo-
cate the faulty stage and component.

6-12. TROUBLE SHOOTING THE AUDIO CHASSIS.

6-13. WAVEFORM CHECK. Troubles in the audio
chassis may be isolated to the faulty circuit by check-
ing waveforms at test point ~, AUDIO OUT jack
J1408, for various positions of the AUDIO SELECTOR
switch. Connect an oscilloscope to the AUDIO OUT
jack and compare the waveforms with those given
below:

a. VOR. Appears as a wide sine wave band at 30
cps. See figure 6-1.

b. () LOC. Same as VOR except smaller 30 cps am-
plitude. See figure 6-2.

c. TONE LOC. Appears as composite 90 and 150
cps wave which varies with LOC-GS control. See
figure 6-3.

d. GLIDE SLOPE. Same as TONE LOC except that
amplitude is doubled.

e. 1000˜. Appears as a 1000-cps sine wave.

f.  30˜ VAR (). Appears as a 30-cps sine wave
whose phase may be shifted with VOR control.

g. 9960 FM. Appears as a 9960-cps sine wave with
frequency modulation spreading out the waveform.
See figure 6-4.

h. 90˜ Appears as a 90-cps sine wave.

i. 150˜. Appears as a 150-cps sine wave.
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Figure 6-4. Waveform at AUDIO OUT Jack with
AUDIO SELECTOR at 9960 FM

6-14. VACUUM TUBE CHECK. If the audio chassis
is inoperative the tubes used in the circuit that pro-
duces the faulty audio signal should be checked. If all
the audio signals are faulty, tubes used in circuits
common to all audio signals should be checked. When
checking for lighted tube heaters note that the fila-
ment of V1510 on the univerter chassis is in series
with V1404 and V1405 heaters and therefore should
also be checked when V1404 and V1405 are not lit.
Table XI lists the tubes to be checked when particular
audio signals are faulty or not present.

NOTE

Tubes V1506, V1507, V1508 and V1509 on the
r-f chassis are common to all audio signals
and should also be checked with V1408B when
no audio signals appear at the AUDIO OUT jack.

6-15. VOLTAGE CHECK. After performing the wave-
form and vacuum tube check and the trouble is isolated
to a particular circuit, isolate the trouble further by
signal tracing the fault y circuit. Use a Ballantine
Model 300 electronic voltmeter or equivalent and com-
pare the measurements with the typical a-c voltages
listed in table XII.

TEST
POINT

:
@
@
@
@
@
%
@
@
@

TABLE XI. TUBES USED TO PRODUCE
THE AUDIO SIGNALS

AUDIO
SELECTOR
POSITION

VOR

@ LOC

TONE
LOC

GLIDE
SLOPE

1 0 0 0 ˜

30 ˜
VAR @

9960 FM

9 0 ˜

1 5 0 ˜

AUDIO SIGNALS
AT AUDIO OUT

JACK

9960 cps FM and
30 cps variable
phase (figure 6-1).

9960 cps FM and
30 cps reversible
phase (figure 6-2).

90 cps and 150 cps
(figure 6-3).

90 cps and 150
cps.

1000 cps.

30 cps variable
phase.

9960 cps fre-
quency modulated
at 30 cps (fig-
ure 6-4).

90 cps.

150 cps.

TUBES
USED

V1401, V1402,
V1406, V1408A
and V1409.

V1401B, V1402,
V1406, v1407,
V1408A and
V1409

V1404 and
V1405

V1404 and
V1405.

V1405 and
V1407A.

V1401 and
V1402.

V1401B, V1402,
V1406, V1407,
V1408A and
V1409.

V1405.

V1404.

TABLE XII. TYPICAL A-C VOLTAGE MEASUREMENTS

NOTE

The following measurements were made with
a Ballantine Model 300 electronic voltmeter
under the following conditions: Line voltage
set to 21 volts, NAV-GS switch at NAV, MEGA-
CYCLES control on 114.9, VOR control at 0°,
LOC-GS control at center position, and meter
red lined with CARRIER SET control.

AUDIO SELECTOR SETTING 1

COMPONENT

V1401
V1402
V1402
V1403
V1403
V1403
V1403
T1401
T1401
T1401
T1401
V1401
V1407

TERMINAL
NO.

6
1
6
2
7
1
6
4
7

10
8
3
7

15.0
15.0
15.0
1.68
1.68

25.0
25.0

6.3
6.3
3.0
3.0
4.65
0.27
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TABLE XII. TYPICAL A-C VOLTAGE MEASUREMENTS (Cont)

TERMINAL AUDIO SELECTOR SETTING
NO. 30˜ VAR d) 90 ˜ 150 ˜ 1000 ˜ 9960 FM

. —
TEST
POINT COMPONENT

Z1402
Z1404
V1407
V1408
V1408
V1507
V1508
V1508
V1506
J1408

1 0.42
7 0.06 0.03 0.03 0.06 0.09
1 0.69 0.43 0.43 0.60 0.87
7 14.8 10.5 10.5 15.5 14.2

8.2 8.2 13.4 13.2
5.4 5.4 8.4 8.1
0.45 0 . 4 5 0.73 0.75

TABLE XIII. DYNAMOTOR TROUBLE SHOOTING6-16. TROUBLE SHOOTING THE POWER SUPPLY.
.

6-17. DYNAMOTOR TROUBLE SHOOTING. Troubles
in the dynamotor on the audio chassis may be located

(Cont)

PROBABLE CAUSE REMEDYSYMPTOM

No or low
output .
(Cont)

by reference to table XIII.
Shims end loading
the bearings.

Return to qual-
ified overhaul
depot.

TABLE XIII. DYNAMOTOR TROUBLE SHOOTING

SYMPTOM PROBABLE CAUSE REMEDY

Failure to No voltage or im- Check source
start. proper input voltage. voltage.

Open in input circuit Check and re-
wiring or power pair open and
cable. loose connec-

tions in input
circuit.

Worn low voltage Replace
brushes. brushes.

Dirty low voltage If due to grease
commutator. on commutator,

clean with cloth
saturated with
gasoline or
dress the com-
mutator.

Open armature Return dyna-
winding. motor to qual-

ified overhaul
depot.

Excessive Faulty shunt field. Return to qual-
speed. ified overhaul

depot.

No or low Dirty commutator. Clean with cloth
output . saturated with

gasoline or
dress commu-
tator.

Low input voltage. Check input
voltage on
meter and ad-
just SET LINE
TO 21V control
for 21 volts.

Faulty armature. Return to qual-
ified overhaul
depot.

Replace
brushes.

Lubricate or
replace bear-
ings as neces-
sary.

Return to qual-
ified overhaul
depot.

Return to qual-
ified overhaul
depot.

Tighten mount-
ing screws.

Broken or sticking
brushes.

Dry bearings.Noisy
operation.

Bent shaft.

High commutator
bar.

Dynamotor mountin
not secure.

Damaged or dry
bearings.

Shims end loading
the bearing.

Bent shaft rubbing
against housing.

Sticking brushes.

Lubricate or
replace bear-
ings as neces-
sary.

Return to qual-
ified overhaul
depot.

Over-
heating.

Return to qual-
ified overhaul
depot.

Replace or
service
brushes.
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TABLE XIII DYNAMOTOR TROUBLE SHOOTING

SYMPTOM

Noise in
signal
generator
output .

Vibration.

(Cont)

PROBABLE CAUSE

Arcing at brushes,
broken or cracked
brushes, brushes
sticking in holder.

High commutator
bar, high mica be-
tween commutator
segments.

Dirty commutator.

Bent shaft.

Dynamotor mount-
ing not secure.

REMEDY

Replace or
service
brushes.

Return to qual-
ified overhaul
depot.

Clean with cloth
saturated with
gasoline.

Return to qual-
ified overhaul
depot.

Tighten mount-
ing screws.

6-18. REMOVAL AND REPLACEMENT OF PARTS.

6-19. REMOVAL OF COARSE FREQUENCY OSCIL-
LATOR. Should it become necessary to remove the
coarse frequency oscillator proceed as follows:

a. Remove the top, bottom and rear covers from the
r-f chassis.

b. Unsolder six leads (1, figure 6-5) connected to
the terminal strip on the side of the oscillator. Label
each lead as it is removed to insure proper replace-
ment.

C . Remove three nuts (1, 2, 3, figure 6-6) which
fasten the oscillator to the rear of the slug rack.

d. Slide the oscillator carefully off the slug rack
shaft adapter (4, figure 6-6) and out through the open-
ing in the rear of the r-f shield.

e. Carefully note, or record by sketching, the ori-
entation of the Slots in the rotors of the two-section
wafer switch in the oscillator. Also note and record
the setting of the MEGACYCLES control on the front
panel.

Never loosen the two set screws on the coarse
frequency oscillator shaft adapter for any rea-
son other than replacement of the shaft or
adapter. If these screws should be loosened
accidentally or for the purpose of replacing a
damaged shaft or adapter follow the procedure
in paragraph 6-21 to restore the original ad-
justment.
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6-20. REPLACEMENT OF COARSE FREQUENCY
OSCILLATOR. Unless it becomes necessary to move
the switch rotors while the oscillator is disassembled,
the oscillator can most easily be reassembled to the
slug rack by setting the MEGACYCLES control to the
frequency noted in paragraph 6-19, step e, above and
sliding the oscillator carefully hack into place.

Unless care is exercised, the oscillator may
be reassembled to the slug rack with the switch
rotors 180° from their correct position. Refer
to figure 6-7 for relative positions of the slug
rack adapter and switch rotors for several dif-
ferent frequencies.

There are two switches in the oscillator. Both
switch rotors must be lined up properly before
inserting shaft, otherwise damage to the sec-
ond switch rotor will result.

6-21. COARSE FREQUENCY OSCILLATOR SWITCH
ADJUSTMENT. If the two set screws on the coarse
frequency oscillator shaft adapter ever become loos-
ened and the synchronization lost, it will be necessary
to follow the procedure below to restore the original
synchronization.

a. Remove rear access cover (10) and coarse fre-
quency oscillator crystal cover (11, figure 6-6).

b. Pull out 9625.000 kc crystal, Y1528 and attach
an ohmmeter between the lower socket and ground as
shown in figure 6-8.

C. Set MEGACYCLES control to 135 mc.

d. Loosen and turn the shaft adapter at the rear of
the slug rack so that when viewed from the front of the
signal generator one set screw is pointing straight out
to the left and the other set screw is pointing straight
up. This will closely approximate the 135 mc position.

e. Turn the adapter back and forth and note by the
ohmmeter reading the approximate points at which
the coarse frequency oscillator switch no longer
makes contact. These points will be evidenced by the
ohmmeter reading rising from 100,000 ohms to open
circuit.

f. Set adapter midway between these two end points
and tighten both set screws.

g. Replace crystal Y1528 and the crystal cover.
Connect power to the signal generator. Turn the
MEGACYCLES control from 135 to 108 and back to
135 checking the reading of the CARRIER meter at
each frequency setting to make certain that normal
r-f output is obtained on all channels regardless of
direction of approach.

h. If good switch contact is not obtained at all fre-
quencies, reset the MEGACYCLES control to 135 and
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1 Six coarse frequency oscillator leads
2 Four ftne frequency oscillator leads 3,4,5,6 Potentiometer panel mounting screws

7 MICROVOLTS control shaft bushing
8 CARRIER SET control shaft bushing

Figure 6-5. Signal Generator SG-13/ARN, Bottom View

repeat steps d through g until all channels operate
satisfactorily. c. Unsolder four leads (2, figure 6-5) connected to

the terminal strip on the oscillator.

d. Remove three nuts (5, 6, 7, figure 6-6) that fas-6-22. REMOVAL OF FINE FREQUENCY OSCILLA-
ten the oscillator to the tuner frame.TOR. The fine frequency oscillator may be removed

by following the procedure outlined below.
e. Carefully slide the oscillator to the rear and off

the shaft and then out the top of the r-f section.a. Remove the top and bottom covers from the r-f
chassis.

f. Note, or record by sketching, the orientation of
the slot in the rotor of the wafer switch in the oscil-b. Remove the fine frequency oscillator tube, V1501,
later. Also note or record the setting of the MEGA-and its shield.
CYCLES control on the front panel.
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1,2,3 Nuts for removal of coarse frequency oscillator 8,9 (Oil retaining felt washers
4 Coarse frequency oscillator shaft adapter 10 Rear access cover

5,6,7 Nuts for removal of fine frequency oscillator 11 Coarse frequency oscillator cover

Figure 6-6. Signal Generator SG-13/ARN, Top View

6-23. REPLACEMENT OF FINE FREQUENCY OS- 6-24. REMOVAL AND REPLACEMENT OF R-F AT-
CILLATOR. Unless it becomes necessary to move the TENUATOR. The attenuator may be removed by fol-
switch rotor while the oscillator is disassembled the lowing the procedure outlined below.
oscillator can most easily be reassembled by setting
the MEGACYCLES control to the frequency noted in a. Remove four screws (3, 4, 5, 6, figure 6-5)
paragraph 6-22, step f, above and sliding the oscilla- which fasten the large potentiometer panel to the
tor carefully back into place. underside of the audio chassis and lay the panel back

so that no undue strain will be placed on the cable.

b. Loosen the four set screws (1, 2, 3, 4, figure
Unless care is exercised, the oscillator may 6-10) on the attenuator shaft coupler and remove the
be reassembled with the switch rotors 180° coupler.
from their correct position. Refer to figure
6-9 for relative positions for 0.2 and 0.7-mc c. Grasp end of plunger rack (5, figure 6- 10) and
settings of the MEGACYCLES control. pull out at least two inches from the attenuator tube

4 6



Figure 6-7.

Section VI
Paragraphs 6-24 to 6-25

so that the pick-up loop will not protrude from the
end of the tube and sustain possible damage during
removal.

d. Remove the bottom cover of the r-f chassis.

e. Loosen the set screws (6, 7, 8, figure 6-10)
that secure the attenuator tube in the collar on the

Figure 6-8. Test Setup, Coarse Frequency
Oscillator Switch Adjustment

final r-f amplifier coil housing and the mounting
bushing.

f. Slide the attenuator tube out of the collar and then
carefully rotate the tube in the bushing, so that the
shaft end of the assembly will clear components when
withdrawn. The nuts securing two resistor stacks
may have to be loosened to gain clearance.

g. Carefully slide attenuator out of the bushing. Dis-
connect attenuator cable from coaxial relay. Remove
the UG-88/U connector from the cable.

h. When replacing the attenuator, reverse the above
procedure and slide the attenuator tube through the
bushing and into the collar until the panel shaft and
attenuator shaft are in exact alignment.

i. Upon completing the replacement recalibrate the
attenuator (paragraph 6-40).

j. If the MICROVOLTS dial does not operate smoothly
the panel shaft and attenuator shaft have not been ac-
curately aligned. Loosen set screws on collar and
align shafts properly, keeping the MICROVOLTS dial
at some intermediate setting to prevent damage to the
pick-up loop while adjusting the attenuator tube
position.

6-25. REMOVAL AND REPLACEMENT OF R-F
TANK ASSEMBLIES, T1501, T1502, AND
Z1501.

a. Unsolder and label the four leads entering the as-
sembly.

b. Remove the two mounting screws accessible from
the slug rack side.

c. Gently pull the assembly straight out, taking care
not to damage the slugs as they are withdrawn from
the assembly.
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Figure 6-9. Fine Frequency Oscillator,
Switch Rotor Positions

d. To gain access to parts, remove the four nuts
securing the shield to the assembly. If necessary,
remove the bakelite plates.

e. When replacing the assembly, reverse the above
procedure, again taking care not to damage the slugs
as they are reinserted into the coils.

6-26. REMOVAL OF R-F OUTPUT TANK, Z1502.

a. Uncouple and slide back the attenuator until it is
clear of the collar on Z1502.

Do not attempt removal of Z1502 until the at-
tenuator is well clear of the collar.

b. Remove the two nuts mounting Z1502 (accessible
from the slug rack side).

c. Gently pull assembly straight out, taking care not
to damage the slug as it is withdrawn from the coil.

6-27. DISASSEMBLY OF Z1502.

a. Remove the four nuts securing the shield.

b. Remove top or bottom plates only if absolutely
necessary.
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Before loosening any of the five nuts on the top
of the assembly, unsolder the bottom connec-
tion on trimmer capacitor C1529 to prevent
undue stress on the glass envelope andpossible
breakage.

6-28. REPLACEMENT OF Z1502.

a. Reverse the procedure in paragraph 6-26, taking
care not to damage the slug as it is inserted into the
coil.

b. Couple the attenuat or to the collar on the assembly.

NOTE

A bushing, which supports the attenuator tube,
is adjusted at the factory for proper fit. Do
not adjust or reposition this bushing unless
the attenuator tube binds in the bushing due to
improper alignment of the bushing with the
collar on the Z1502 assembly. Should this
condition arise, reposition the bushing by
loosening the hexagon nut which secures the
bushing to the chassis. Correct the alignment
and secure the bushing.

-.

2

3

4

1,2,3,4 Set screws securtng attenuator shaft coupler
5 Attenuator plunger drive rack

6,7 Collar set screws
8 Mounting bushing set screws
9 Mechanical stop

10 Spur gear
11,12 Spur gear shaft bushing

Figure 6-10. R-F Attenuator Mounting
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c. Recalibrate the attenuator (paragraph 6-40).

6-29. REPLACEMENT OF TUNING SLUGS. In the
event that the powdered iron slugs become cracked
or broken, replace the slugs using the following pro-
cedure.

a. Rotate the broken slug stud clockwise until the
slug and stud drop down through the hole in the top of
the tank assembly.

b. Insert a new slug through this same hole and,
while holding the slug stud against the movable table
with a small round rod, use a screwdriver to rotate
the slug counterclockwise until the threads catch.

C . Check the slug table spring tension by selecting
135 mc (the slug table in extreme upward position)
and checking to be certain that the rollers are tight
against the cams. They must be tight enough so that
vibration will not cause the slug table to move and as
a result change the positions of the slugs in the coils.

6-30. DYNAMOTOR DISASSEMBLY AND ASSEMBLY
PROCEDURE. The only disassembly that should be
undertaken is the removal of brushes and bearings.
To disassemble this part of the dynamotor proceed as
follows. .

a. Disconnect the three dynamotor leads f rom under-
side of chassis.

b. Remove four screws mounting dynamotor to chas-
sis and lift dynamotor from chassis.

C. Remove the end cover screw and pull off covers.

d. Remove fan by loosening Bristo set screws.

e. Remove screws holding the bearing retainer
plates on the high and low voltage ends.

f. Remove two end bell assemblies after discon-
necting the attached wires.

g. Remove ball bearing assemblies.

h. Do not disassemble the dynamotor any further.

i. To reassemble the unit, reverse the above pro-
cedure..

6-31. DYNAMOTOR COMMUTATOR DRESSING. A
slight grooving of the commutators is not unusual
after several hundred hours operation and may be
considered as normal. If, however, it is desired to
repolish the commutators, they may be polished with
grade 000 or finer sandpaper.

Do not use emery cloth on the commutators.
The abrasive is conductive and may cause
short circuits in the armature by becoming
imbedded in the slots between the bars.

Slight pitting can be removed by use of commutator
dressing sticks of pumice grade by holding the end of
the stick against the commutator face and exerting
slight pressure while the dynamotor is running. This
should be followed by canvas cloth polishing. If com-
mutators are seriously worn or scored, they must be
refinished by a properly equipped repair station.

6-32. DYNAMOTOR BRUSH SERVICING. Should the
dynamotor brushes be binding in the brush holders,
clean the brushes by wiping with a clean cloth damp-
ened in unleaded gasoline. If this process does not
correct the binding, thin the brushes down with No.
0000 sandpaper.

Do not allow the sandpaper to touch the contact
surface of the brushes. Do not round off or
chip off contact edges. Carefully remove
abrasive and carbon dust.

Replace brushes that are cracked, damaged, or worn
beyond the minimum length of one-fourth inch. If new
brushes are installed, refer to paragraph 6-33 for
brush setting procedure.

6-33. DYNAMOTOR BRUSH SEATING.

a. Place a strip of No. 000 sandpaper between the
brush and the commutator, with the abrasive side
facing the brush.

b. Apply only normal brush pressure. The sand-
paper strip must be held snugly to the commutator so
that it will have exactly the same curvature as the
commutator. The strip should be drawn through in
the direction of normal rotation.

Do not move the strip back and forth.

c. Relieve the brush pressure and repeat b above
as often as is required to form the brush face to seat
75 percent in the direction of rotation and 90 percent
of the width of the brush. Do not round off or chip the
contact surface edge. Any loose abrasive or carbon
dust should be carefully removed.

d. Following the fitting, a light application of a spe-
cial brush seating stone may be used to smooth out any
grooves left by the abrasive.

NOTE

After installing new brushes, the dynamotor
should be run in at normal load for a few hours
to obtain the polished brush surface necessary
for good commutation. Noisy and inefficient
operation may be experienced until the brushes
are properly worn in.

49



Section VI
Paragraphs 6-34 to 6-39

6-34. CLEANING  DYNAMOTOR  BALL BEARINGS.

Ball bearings should be lubricated as soon as
possible after cleaning, inspection, and test-
ing. Never spin a ball bearing which is not
lubricated. Do not handle ball bearings with
fingers. Doing so may cause corrosion. Use
tweezers or gloves.

Wipe the bearing with a soft, clean, lint-free cloth.
Place the bearings in a clean, corrosion-resistant
wire basket, and suspend the basket in a container
bf filtered benzene, U. S. Army Specifications No.
4-1016B. Agitate the basket to aid in flushing out the
sludge. If necessary use a short bristled brush to
remove the dirt. Place the bearings in a clean cov-
ered container until ready to use.

6-35. INSPECTION OF DYNAMOTOR BALL BEAR-
INGS. Test each ball bearing by slowly rotating it.
Beartngs showing pronounced bumps or stickiness
should be discarded and replaced. Inspect the bear-
ings for cracks, rough or pitted surfaces, and dam-
aged balls. The bearings should be a push fit on the
armature shaft and hand tight in the housing.

6-36. LUBRICATION OF DYNAMOTOR BALL BEAR-
INGS. Lubricate the bearings with AN-G-25 grease.

Do not jam the bearings full of grease. Only
enough grease to fill one side of the ball race
is necessary. Packing the bearings with grease
will tend to cause the grease to run through
the bearing seals and create excessive heat due
to churning during operation.

6-37. ALIGNMENT.

6-36. INTRODUCTION. Signal Generator SG-13/ARN
is carefully aligned and tested before it is shipped
from the factory. The slugs and tuning capacitors are
carefully adjusted at the factory and should never re-
quire more than a very slight adjustment.

Do not change slug positions or adjust variable
capacitors except when making fine adjust-
ments during actual alignment. Indiscriminate
tuning will inevitably result in a completely
misaligned instrument which will be difficult
to repair.

If alignment is needed it is usually due to a change in
capacitance which can be corrected by adjusting the
tuning capacitor only. The tuning slugs will seldom
need resetting and when they do the change necessary
will be very small. The need for alignment will be
indicated when it is not possible to adjust the needle
on the meter to the red line when the METER switch
is in the CAR position. This condition, however, can
be caused by faults other than misalignment such as
bad tubes or a faulty meter or metering circuit. If a

unit which has been operating satisfactorily suddenly
drops off in performance, it is very unlikely that mis-
alignment is the cause.

When misalignment is suspected as a cause of
trouble check all other logical causes Of trou-
ble before undertaking realignment.

6-39. R-F CHASSIS ALIGNMENT. Alignment of the
r-f chassis of the signal generator is accomplished by
following the procedure outlined below.

a. Connect Power Cable Assembly CX-1095/U or
CX-1506/U to the 21VDC-29VDC connector on the sig-
nal generator and to the source of power.

b. Turn the METER switch to the LINE position and
turn the SET LINE TO 2 IV control until the meter
reads 21 ±0.5 volts.

c. Turn METER switch to B+ position and read B+
voltage on meter. Reading should be 230 volts. Allow
10 minutes warm up.

d. With METER switch to CAR position, and CAR-
RIER SET control fully counterclockwise adjust ME-
TER ZERO control until the meter reads zero.

e. Set MICROVOLTS dial to read 1K or lower.

f. Turn MEGACYCLES control to 135.5 mc and set
the meter to the red line with the CARRIER SET con-
trol if possible.

g. Connect a d-c vacuum tube voltmeter to E1508
(figure 6-11) (junction of R1515 and R1516).

h. Insert the iron end of the tuning wand into L1503,
L1504, L1510, L1511, L1505 and L1506 (figure 6-11)
and note any increase in d-c voltage at E1508. In-
sert the iron end of the tuning wand into L1508 (fig-
ure 6-11) and note any increase in output on the CAR
meter. Insert the brass end of the tuning wand into
the same coils and note any increase in E1508 voltage
or CAR meter reading. If a circuit is properly tuned
inserting either end of the tuning wand will cause the
output to drop. Note the results but do not make any
adjustments. It will be noted that the tuning of the
last two coils toward the front of the r-f chassis is
much more critical than the tuning of the preceding
stages.

i. Repeat step hat 108.5 megacycles.

j. Measure the d-c voltage at E1508 as the MEGA-
CYCLES control is rotated over the entire range. If
the alignment is good the voltage will be at least -1.0
volt for any frequency. This is an overall check of all
tuned circuits except the final circuit, Z1502.

k. If the above steps indicate the need for alignment,
continue with step 1, below. The final tank circuit,
21502, is the one most likely to require alignment.
In most cases a slight adjustment of C1529 (figure
6-11) is all that is required.
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Figure 6-11. Signal Generator SG-13/ARN, Bottom Chassis Aligmnent Points

1. Turn MEGACYCLES control to 135.5 and check
for proper tuning of Z1502 with the tuning wand. If
inserting either end into L1508 increases the output
as read on the meter in the CAR position, tune C 1529
on the final tank Z1502, for a maximum on the meter.
(See figure 6-11.) The brass end of the tuning wand
serves as an adjusting tool Only a slight change in
tuning capacitance should be necessary.

Indiscriminate tuning of the capacitor to its
extreme maximum and minimum settings is
unnecessary and may result in damage to the
capacitor.

Recheck the tuning with the tuntng wand.

m. Turn MEGACYCLES control to 108.5 and check
for resonance with the tuning wand as in step h. If
the circuit is not in resonance adjust the L1508 slug

in Z1502. This adjustment is on the slug rack on top
of the chassis. (See figure 6-12.)

n. Repeat steps 1 and m above until the circuit is in
tune at both ends. Slugs are always adjusted at 108.5
me and the trimmer capacitors at 135.5 me. If the
voltage on E1508 is greater than -1.0 volt over the
entire frequency range, further alignment is unneces-
sary. If further alignment is required, cent inue with
step o below.

o. Connect a d-c vacuum tube voltmeter to E1508 to
measure the output of quadrupler V1505. Tune to
135.5 me and check each coil in Z1501 (L1505 and
L1506) for resonance. Adjust the trimmers on the side
of Z1501 (C1518 and C1523) if necessary using the
right angle screwdriver provided. (See figure 6-11. )

p. Tune to 108.5 me and check for resonance. Ad-
just the L1505 and L1506 slugs in 21501 if necessary.
(See figure 6-12.)
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Figure 6-12. Signal Generator SG-13/ARN, Top Chassie Alignment Points

q. Repeat steps o and p until the tuned circuits are
in resonance at both ends.

r. Adjust mixer coils in T1502 (L1503, L1504) by
tuning to 135.5 mc and inserting the iron end of the
tuning wand in one coil until the circuit is detuned
and the voltage on E1508 falls tO a low value Adjust
the trimmer on the other coil for maximum output.
Repeat this procedure for the other mixer coil.

s. Tune to 108.5 mc and repeat procedure of step r.

t. Tune the coarse frequency oscillator output coils
in T1501 (L1510, L1511) in the same manner as the
mixer (steps r and s above).

u. The coarse frequency oscillator employs a fre-
quency adjusting trimmer, C 1534 (figure 6-11), which
is adjusted at the factory and should not require any
further attention unless changes are made in the com-
ponents or wiring in the grid circuit of V1502. In this
event, measure the frequency of the oscillator using
each of the 28 frequencies. Make these measurements
with a secondary frequency standard having an accu-
racy of ±0.001 percent. See table X for crystal fre-
quencies. A small pick-up loop inserted in the T1501
coil nearest the coarse frequency oscillator (L1510)
will provide enough pick-up to permit measurement of
the 7375-9625-kc signals. Rotate the MEGACYCLES
control to each of the 28 positions and measure each
of the 28 crystal frequencies. All should be accurate
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within ±0. 0065 percent. If any of the crystal frequen-
cies are found to be more than 0.0065 percent in error.
it will usually be found that all the other frequencies
are in error in the same direction. A slight adjust-
ment of C1534 at the bottom of the coarse frequency
oscillator should shift all the crystal frequencies so
that none will fall outside the ±0. 0065 percent limits.
If any crystal still falls outside these limits insert a
new crystal to obtain required frequency.

6-40. R-F ATTENUATOR ALIGNMENT.

a. Place all covers on the r-f chassis and tighten all
cover screws securely. This is necessary to prevent
r-f leakage during alignment.

b. The r-f output is adjusted by comparing it with
the output of a Signal Generator SG-l/ARN. Feed a
114.9 mc signal from Signal Generator SG-l/ARN in-
to an AN/ARN- 14 navigation receiver with a d-c
vacuum tube voltmeter connected to measure the re-
ceiver avc voltage. Use a 53-ohm 6-db pad in the
cable connecting the receiver to the SG-1/ARN to keep
the standing wave ratio low. See figure 5-1 for test
connections.

c. Set Signal Generator SG-l/ARN MICROVOLTS
dial to 500 microvolt and note avc voltage developed
in tbe receiver.

d. Substitute Signal Generator SG-13/ARN for the
SG-l/ARN using the same 6-db pad and adjust the
MICROVOLTS dial until the same avc voltage reading
is obtained. Adjust METER ZERO. The CARRIER
SET control should be adjusted to the red line prior to
this measurement. The MICROVOLTS dial should
read 1000. If not, loosen the dial set screws with the
Bristo wrench furnished and reset.

NOTE
.

The SG-l/ARN microvolt dial is calibrated
for use with a 6 db pad. The SG-13 micro-
volt dial is calibrated for a direct connec-
tion between NAV or GS output connectors
and receiver input.

A 53-ohm 6 db pad is used with the SG-13/ARN
output cable in this test only to insure proper
termination of the SG-13/ARN in case the re-
ceiver being used does not have exactly 53-
ohms input impedance. For this reason, the
SG-13/ARN MICROVOLTS dial must be set to
twice the reading of the SG-l/ARN microvolt
dial during this alignment procedure.

Take care to allow the signal from only one
signal generator to get into the receiver while
measuring the avc voltage. Adjust the signal
generator not in use to some other frequency
while making measurements.

e. Turn the SG-13/ARN MICROVOLTS dial to a max-
imum. This should give 200,000 microvolt which is
comparable to a 100,000 microvolt setting on Signal

Generator SG-l/ARN. If sufficient SG-13/ARN output
cannot be obtained, reset the stop on the attenuator
shaft (9, figure 6-10). With this stop set for a maxi-
mum output of 200, 000 microvolt the attenuator dial
will usually indicate that value with little error.

Use extreme care in turning the attenuator dial
while the stop is being adjusted. If the dial is
turned too far, the U-shaped pick-up loop in
the attenuator may strike the final tank coil
and be damaged. This is usually evidenced by
the CAR meter reading dropping to zero at the
highest setting of the MICROVOLTS dial.

6-41. The position of the pick-up loop with respect to
the coil at the maximum setting of the MICROVOLTS
dial may be checked as follows. Refer to figure 6-13.

a. Remove the bottom r-f shield cover.

b. Remove the four nuts and shakeproof washers on
the top of Z1502 and pull off the shield can (l).

c. Shine a light through the hole (5) on top of the
housing and note the clearance (6) between the loop (4)

1 Shield can for Z1502 assembly
2 Final r-f tank coil L1506
3 Attenuator removed from collar
4 Pick-up loop
5 Inspection hole
6 Point of normal 1/32 to 3/64 inch clearance

with MICROVOLTS set to maximum

Figure 6-13. R-f Output Coupling Assembly
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and coil (2) with the MICROVOLTS dial set to its max-
imum output position. This clearance will normally
be 1/32 to 3/64 inch. If the loop touches L1508 at any
point, insert a small screwdriver through the hole and
very carefully bend the loop until it centers properly.
Repeat steps in paragraph 6-40 above.

6-42. UNIVERTER CHASSIS ALIGNMENT.

NOTE

Use a non-metallic screwdriver to adjust
L1522 and all variable capacitors located in
the univerter.

a. Install the univerter cover and all r-f covers be-
fore alignment. Be sure the covers are properly
seated and screws tightened securely.

b. Set NAV-GS switch on GS, MEGACYCLES dial on
332.0, and connect the GS output to the input jack of
an AN/ARN- 18 glide slope receiver through a 53-ohm
6-db pad (UG-528/U). See figure 5-2. Adjust METER
ZERO and set carrier level to the redline on the meter,

c. Connect a d-c vacuum tube voltmeter between
L1530 and ground. (L1530 is accessible through the
hole in the univerter cover as shown in figure 6-11.
Make test connections by placing meter lead on any
part of the turns in the coil,) Tune L1522 (figure 6-12)
for a peak reading on the vacuum tube voltmeter.

d. Measure the receiver avc voltage with a d-c vac-
uum tube voltmeter and adjust the MICROVOLTS dial
to a level just high enough to give a small avc voltage.
In cases of extreme misalignment, it may be neces-
sary to advance the setting of R1544 in a clockwise di-
rection to obtain an indication of avc voltage. Adjust
C1571 and C1574 for maximum output as indicated by
the receiver avc voltage. See figure 6-12.

e. Tune the overcoupled tuned circuits between the
mixer and the first amplifier as follows. Short any
two adjacent turns of L1527 together by inserting a
small metallic screwdriver through the hole in the
bottom cover of the univerter and tune C1577 for max-
imum avc voltage. (If the avc voltage falls too low
when the coil is shorted, increase the setting of the
MICROVOLTS dial. ) Then short L1526 and tune
C1578. When tuning overcoupled circuits, it is al-
ways necessary to detune one side by shorting turns
to tune the other side properly.

g. In the same manner, short L1530 and tune C 1580,
short L1529 and tune C1581, short L1532 and tune
C1583, and short L1531 and tune C1587.

h. Check the univerter output to make sure it ie uni-
form within ±15 percent over the frequency range
329.3 to 335.0 mc. This can be done by checking Sig-
nal Generator SG-13/ARN against an SG-2 signal gen-
erator. Set the SG-2 MICROVOLTS dial at 500 and
feed a 332-mc signal into an AN/ARN-13 glide slope
receiver through a 53-ohm 6-db pad (Adapter UG-
528/U). See figure 5-2. Note the receiver avc volt-
age. Substitute SG-13/ARN for the SG-2, using the
same frequency setting and 6-db pad with the MICRO-

VOLTS dial set at 1000. (Use GS output connector. )
Adjust R1544 (figure 6-12) on the univerter to dupli-
cate the avc reading noted above.

i. Check the univerter output as follows to insure
that the response is sufficiently flat from 329.3 to
335.0 mc. Set SG-13/ARN MEGACYCLES control to
329.3 and MICROVOLTS dial to 1000. Feed the output
into an AN/ARN-18 receiver through Adapter UG-
528/U and note the receiver avc reading. Substitute
SG-2 for SG-13/ARN and duplicate the avc reading by
adjusting the SG-2 output. The SG-2 output should be
within ±15 percent of 500 microvolt. Make similar
comparisons at 331.1, 332.0, 332.9 and 335.0 mc.
If the 15 percent requirement is not met, readjust
C1583 and/or C1587 slightly to correct any peaks or
dips in the response and repeat the entire procedure
out lined in paragraphs h and i above.

6-43. AUDIO CHASSIS ALIGNMENT. All audio ad-
justments must be made with the r-f covers on and all
cover screws securely tightened. Set the SG-13/ARN
MICROVOLT: dial at 1000 and the NAV-GS switch in
the NAV position unless otherwise specified. -Adjust
for 21 volts line on the panel meter and allow 10 min-
utes warm-up period before making any adjustments.
Tighten locking nuts on controls as each adjustment is
completed.

6-44. FREQUENCY ADJUSTMENT.

a. Connect the vertical input of an oscilloscope to
the AUDIO OUT connector located behind access plate
on the front panel and set AUDIO SELECTOR to 30%
VAR $. Adjust METER ZERO and set carrier to red
line. Connect a 60 cps power line frequency or an ac-
curate frequency standard to the horizontal input of
the oscilloscope.

b. Set the 30@ FREQUENCY control behind the ac-
cess cover on the front panel to exactly 30 cps by ad-
justing until the proper Lissajous pattern is obtained.
This will be a double loop if the 60 cps power line fre-
quency is used. Adjust until this double loop is sta-
tionary.

c. Rotate AUDIO SELECTOR to 9960 FM position
and set 9960 FM DEV control for zero deviation. Ad-
just the 9960 FM FREQ control to a frequency of 9960
cps as measured at the AUDIO OUT connector with an
oscilloscope and accurately calibrated a-f oscillator
using Lissajous patterns. These controls are located
on the potentiometer panel (figure 6-11). The oscilla-
tor is very stable and should seldom need resetting.
If the frequency is lower than 9960 cps at all settings
of the 9960 FM FREQ control, remove the white-
orange jumper wire used to connect C1437 in parallel
with C1434. If the frequency is higher than 9960 cps
at all settings of the 9960 ,FM FREQ control, connect
a jumper wire to place C1437 in parallel with C1434.
These capacitors are located on the underside of the
potentiometer panel and accessible only when the panel
is pulled back. Points A and B (figure 6-14) show the
jumper connecting points.

d. Rotate AUDIO SELECTOR to 1000˜ position and
adjust 1000˜ FREQUENCY control behind the access
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Figure 6-14. Potentiometer Panel Assembly, Rear View

cover on the front panel to obtain an oscillator fre-
quency of 1000 ±200 cps as measured with an oscil-
loscope and audio oscillator using Lissajous patterns.

6-45. MODULATION PERCENTAGES. The modula-
tion levels can be adjusted with the test setup shown
in figure 5-1. The modulation levels are stable and
will seldom need resetting. A substitution method is
used to set the audio levels on Signal Generator
SG-13/ARN. A signal from Signal Generator SG-
l/ARN and Modulator MD-83A/ARN is fed into a navi-
gation receiver. The avc and detector audio voltages
of the receiver are noted. A similar signal from Sig-
nal Generator SG-13/ARN is then applied to the re-
ceiver and the levels adjusted to repeat the noted
readings. In all the alignment procedures that follow
a 53-ohm 6-db attenuator pad is used between the r-f
cable from the SG-13/ARN to the input connector of
the navigation receiver. In all of the following proce-
dures the r-f output cable is connected to the NAV
OUTPUT connector and the NAV-GS switch must be in
the NAV position.

6-46. 30 CPS MODULATION LEVEL.

a. Set up Signal Generator SG-1/ARN to read 500
microvolt at 110.1 mc and modulate it with 30 cps at
30 percent modulation as read on the SG-1/ARN mod-
ulation meter.

b. Connect this signal into the navigation receiver
and read the 30 cps voltage developed at the receiver
detector with an a-c vacuum tube voltmeter. Also
read the receiver avc voltage with a d-c vacuum tube
voltmeter.

c. Substitute Signal Generator SG-13/ARN for Signal
Generator SG-l/ARN and Modulator MD-83A/ARN.
Adjust SET LINE TO 21V, METER ZERO and CAR-
RIER SET controls. Adjust the MICROVOLTS dial
until the same receiver avc voltage is obtained as in
step b above. The MICROVOLTS dial should read ap-
proximately 1000 microvolt.

d. With the AUDIO SELECTOR on the 30   VAR  
position, adjust the 30   LEVEL SET control (figure
6-11) until the same 30 cps detector voltage is ob-
tained as in step b. Lock the 30   LEVEL SET con-
trol.

6-47. 9960 FM MODULATION LEVEL. With the
AUDIO SELECTOR in the 9960 FM position set the
9960 FM LEVEL SET control (figure 6-11) to 30 per-
cent modulation using the same procedure as described
in paragraph 6-46, above.

6-48. 1000 CPS MODULATION LEVEL. With the
AUDIO SELECTOR in the 1000    position, adjust the
1000     LEVEL SET control (figure 6-11) to 30 percent
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modulation using the same procedure as described in
paragraph 6-46 above.

6-49. 90 CPS AND 150 CPS MODULATION LEVELS
AND TONE LOCALIZER CENTERING.

a. Set the AUDIO SELECTOR in the 90~position.
Connect an ohmmeter scaled to read in the vicinity of
10,000 ohms between the center terminal of R1418A
and ground. (R1418A is the front section of the dual
LOC-GS potentiometer. ) Rotate the LOC-GS control
until the resistance reading is at a maximum. Loosen
the knob of the LOC-GS control and position it on the
shaft so that the knob points to the middle of the white
center sector on the panel. Tighten the knob set
screws carefully with the knob set in this position.

b. With the AUDIO SELECTOR still in the 90~ po-
sition and the LOC-GS control set to the middle of the
white center sector, adjust the 90~ LEVEL SET con-
trol (figure 6- 11) to 20 percent modulation using the
procedure of paragraph 6-46.

c. Connect the Ballantine Model 300 electronic volt-
meter to the AUDIO OUT connector and read the 90
cps voltage.

d. Without changing the setting of the LOC-GS con-
trol, rotate the AUDIO SELECTOR to 150~ position
and adjust the 150~ LEVEL SET control (figure 6-11)
to obtain the same voltage at the AUDIO OUT connec-
tor as read in step a, above, for 90 cps.

6-50. TONE LOCALIZER 6 DB TO 7.5 DB SECTOR
ADJUSTMENTS. The zero db adjustments in para-
graph 6-49 above must be made before the procedure
below is undertaken.

a. Connect an a-c vacuum tube voltmeter to the
AUDIO OUT connector on Signal Generator SG-
13/ARN. Adjust SET LINE TO 2 lV, METER ZERO
and CARRIER SET controls.

b. Loosen the two front panel screws that lock the
two sectors on the LOC-GS control. Rotate the LOC-
GS control to the right until the 90 cps voltage as read
at the AUDIO OUT connector, with the AUDIO SELEC-
TOR on the 90~ position, is twice the 150 cps voltage
as read at the same point with AUDIO SELECTOR on
150~ position. When the setting of the LOC-GS con-
trol is obtained that gives a 2 to 1 ratio of voltages,
move the right hand sector until the top engraved line
on the sector is aligned with the center line on the
knob. Hold the sector so it cannot move and turn the
knob aside and tighten the screw to lock the sector in
this position.

c. Use the same procedure to set the left hand sec-
tor. At this position the 150 cps voltage must be
twice the 90 cps voltage for the proper setting of the
sector. Use extreme care tn making these sector ad-
justments. The glide slope and phase localizer oper-
at ion depends upon these adjustments.

6-51. GLIDE SLOPE O DB AND 3 DB TO 3.75 DB
ADJUSTMENTS. The glide slope is automatically ad-
justed when the tone localizer adjustment is made. It

requires no additional setting of controls. These db
adjustments may be checked at the AUDIO OUT con-
nector by turning the AUDIO SELECTOR to GLIDE
SLOPE and grounding the grid of the 150 cps stage
(V1404, pin 2) while reading the 90 cps voltage; then
grounding the grid of the 90 cps stage (V1405, pin 2)
while reading the 150 cps voltage. The voltage ratios
obtained with the LOC-GS control set at the top line
of each sector will be 1.41 to 1 instead of 2 to 1.

6-52. 9960 FM DEVIATION RATIO.

a. Set up Signal Generator SG-l/ARN to read 500
microvolt at 114.9 mc and modulate it at 30 percent
with the 9960 FM signal from Modulator MD-83A/ARN.

b. Connect this signal into the navigation receiver
and read the avc voltage with a d-c vacuum tube volt-
meter. Also read the 30 cps voltage at the discrimi-
nator with a Ballantine Model 300 electronic voltmeter.

c. Substitute Signal Generator SG-13/ARN for Signal
Generator SG-l/ARN. Adjust SET LINE TO 2 IV,
METER ZERO, and CARRIER SET controls. With the
AUDIO SELECTOR in the 9960 FM position adjust the
MICROVOLTS dial until the same receiver avc voltage
is obtained as in step b above.

d. Adjust the 9960 FM DEV control to obtain the
same discriminator voltage as was read in step b
above.

6-53. VOR ZERO ADJUSTMENT. The 30~ FRE-
QUENCY, 9960 FM FREQ, 9960 FM DEV, 30~ LEV-
EL SET and 9960 FM LEVEL SET controls must be
adjusted before beginning the following procedure.

a. This adjustment and the following VOR tracking
adjustment require the use of Indicator ID-249A/ARN
and an accurate zero reading microammeter connec-
ted across the vertical (omni) crosspointer. (See fig-
ure 5-1. ) The AN/ARN-14 crosspointer output is de-
signed for a 333-ohm load. The Weston Model 901
microammeter has a 1000-ohm movement as do the
ID-249A/ARN crosspointer movements. To obtain the
necessary 333-ohm load in this test setup, the glide
slope crosspointer must be paralleled with the omni-
crosspointer.

b. Set up Signal Generator SG-l/ARN to read 500
microvolt at 114.9 mc and modulate it at 30 percent
with the VOR signal from Modulator MD-83A/ARN.
Connect output of Signal Generator SG-l/ARN to input
of the navigation receiver.

c. Set the PHASE ANGLE SELECTOR on Modulator
MD-83A/ARN to 0° and adjust the SET control on In-
dicator ID-249A/ARN until the microammeter reads
zero (centered). Do not change this setting of the
SET control. Read the receiver avc voltage with a
d-c vacuum tube voltmeter.

d. Substitute Signal Generator SG-13/ARN for Sig-
nal Generator SG-l/ARN and Modulator MD-83A/ARN.
Set MEGACYCLES dial to 114.9 mc and adjust CAR-
RIER SET control for red line indication.
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e. Adjust the MICROVOLTS dialto duplicate the avc
voltage read in step b above. Dial will read approxi-
mately 1000 microvolt.

f. With AUDIO SELECTOR in VOR position and the
VOR switch in 0° position adjust VOR ZERO control
(figure 6-11) until the microammeter is again cen-
tered. The TO-FROM indication will be TO.

6-54. VOR TRACKING ADJUSTMENT. The VOR
tracking adjustment must be preceded by the VOR
ZERO adjustment. Carry out adjustments given in
paragraph 6-53 above before beginning procedures
below.

a. Set up Signal Generator SG-l/ARN to read 500
microvolt at 114.9 mc and modulate it at 30 percent
with the VOR signal from Modulator MD- 83 A/ARN.
Connect output of Signal Generator SC-l/ARN to input
of the navigation receiver.

b. Set the PHASE ANGLE SELECTOR on Modulator
MD-83A/ARN to 90°. Center the microammeter by
setting the COURSE on ID-249A/ARN to approximately
90° with the SET control. Do not change this SET
control setting.

c. Substitute Signal Generator SG-13/ARN for Sig-
nal Generator SG-l/ARN and Modulator MD-83A/ARN.
Set MEGACYCLES dial to 114.9 mc and adjust CAR-
RIER SET control for red line indication. Turn VOR
switch to 90°.

d. Adjust VOR TRACK control (figure 6-11) for ex-
act centering of the microammeter. The TO-FROM
indication will be TO.

e. Recheck the VOR ZERO adjustment as outlined in
paragraph 6-53 with the PHASE ANGLE SELECTOR
on Modulator MD-83A/ARN set to 180° and note the
error between 0° and 180°. If this error exceeds
0.75° readjust VOR ZERO control to add or subtract
half the error from 0°.

f. Recheck the VOR TRACK adjustment given in
steps a through d above with the PHASE ANGLE SE-
LECTOR on Modulator MD-83A/ARN set to 270° and
note the error between 90° and 270°. If this error
exceeds 0. 75° readjust VOR TRACK control to add or
subtract half the error from 90°. After both the VOR
ZERO and VOR TRACK adjustments are made, lock
both controls.

6-55. PHASE LOCALIZER ADJUSTMENT. PHASE
LOC CENTER and LEVEL controls (figure 6-11) are

used to align the phase localizer for the previously
determined positions of the localizer sectors and cen-
ter setting of the control knob. The 30 CPS modula-
tion level and 30~ LEVEL SET control must be ad-
justed prior to the $ LOC CENTER and LEVEL con-
trol adjustments.

a. Connect the Ballantine electronic voltmeter to the
AUDIO OUT connector of Signal Generator SG-13/ARN.
Set MEGACYCLES control to 110.1 mc, adjust SET
LINE TO 21V, METER ZERO, and CARRIER SET
controls.

b. Turn AUDIO SELECTOR to the 30~ VAR $ posi-
tion and note the 30 cps voltage obtained at the AUDIO
OUT connector. It should be approximately 0.65 volts.

c. Turn AUDIO SELECTOR to @ LOC position and
ground the junction of C1424 and C1425 to render the
9960 FM oscillator inoperative. See figure 6-11.

d. Turn the LOC-GS control to the right and set the
knob center line on the top engraved line of the right
hand sector.

e. Set the @ LOC LEVEL control to obtain a voltage
reading on the Ballantine voltmeter which is 38 per-
cent of the voltage noted above in the 30 ~ VAR ~ po-
sition. With the 9960 FM oscillator still inoperative
set the LOC-GS cent rol to the middle of the white cen-
ter sector engraved on the panel and adjust the @ LOC
CENTER control for a null reading of the meter. Re-
check the @ LOC LEVEL control and readjust if nec-
essary. Turning the LOC-GS control to the top en-
graved line of left sector, a voltage reading will be
obtained which is the same as the top line of the right
hand sector if the two sectors have been very care-
fully adjusted as instructed in paragraph 6-50. Lock
the controls.

6-56. LUBRICATION.

6-57. The signal generator must be lubricated at
least every 500 hours as given in Section V, para-
graph 5-17.

6-58. INSPECTION SCHEDULE.

6-59. The signal generator should be inspected peri-
odically to prolong service life and assure continued
operation of the equipment. Refer to Section V, para-
graphs 5-19 through 5-22 for inspection schedule.
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Section I
Paragraphs 1-1 to 1-6

SECTION I

GENERAL DESCRIPTION

1-1. INTRODUCTION. for ramp testing of aircraft navigation and localizer

1-2. This handbook covers the description, operation receivers operating in the 108.0 to 135.9 megacycle

procedures, theory of operation, maintenance, over-
hand and glide slope receivers operating in the 329.3

haul and adjustment of Signal Generator SG-13 /ARN.
to 335.0 megacycle band.

See figure 1-1 for complete equipment. Signal Gener-
ator SG-13/ARN is a portable test instrument designed 1-3. EQUIPMENT SUPPLIED.

Q U A N T I T Y

1
1
1
1
1
1
1
2
1
1
1
1
1
1

CASE 1

NAME

Test Instrument Proper
Antenna
Power Cord (10 ft)
R-F Cord (10 ft)
Adapter
Adapter
Adapter (impedance matching)
Fuses (10 a, 25 v)
Bristol Wrench #10
Bristol Wrench #8
Bristol Wrench #6
Bristol Wrench #4
Phillips Screwdriver #2
Phillips Screwdriver #1

CASE 2

1
1
1
1
1
1
4
1

Accessory Case
Power Cord (25 ft)
Power Cord (50 ft)
R-F Cord (25 ft)
R-F Cord (50 It)
Adapter
Adapter
Power Cord (1 ft)

GOVERNMENT
TYPE DESIGNATION

SG-13/ARN
AT-170/ARN
CX-1095U
CG-409A/U
UG-201/U
UG-29/U
UG-529/U
3AG

CY-868/11
CX-1506/U
CX-1506/U
CG-409A/U
CG-409A/U
UG-29/U
UG-201/U
CX-2489/U

1-4. EQUIPMENT REQUIRED BUT NOT SUPPLIED.

QUANTITY NAME
GOVERNMENT

TYPE DESIGNATION

1-5. MECHANICAL DESCRIPTION. Signal Generator
SG-13/ARN consists of two cases, one of which con-
tains the test instrument and all equipment necessary
for operation within 10 feet of the receiver and 10 feet
of the power source. The other case known as Ac-
cessory Case CY-868 U contains 25 and 50 foot r-f
and power cables and additional adapters. The test
instrument is mounted and operated in a cumbination
case having a waterproof snap-on cover. The test
instrument is divided into two parts, the audio section
and the r-f section, each having a separate chassis
but with a common front panel. The r-f section is
completely shielded, but the top, bottom, and rear
covers can be removed for access to the r-f chassis.

A univerter mounts on the side of the r-f shield, and
can be serviced easily by removing its cover.

1-6. ELECTRICAL DESCRIPTION. Signal Generator
SG -13 ARN may be tuned to any one of 280 channels
spaced at 100 kc intervals in the range 108.0 to 135.9
megacycles. A univerter provides output signals
spaced at 100 kc intervals in the range 329.3 to 335.0
megacycles for glide slope testing. A piston type at-
tenuator enables the r-f output to be varied from 4 to
200, 000 microvolts. The r-f signal is obtained by
mixing and multiplying the outputs of two crystal
controlled oscillators.
used to select the type

An audio selector switch is
of modulating signal desired.

1



Figure 1-2.
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The 30 cps variable phase signal is generated by a 30
cps RC oscillator. The phase of this signal may be
varied in 45 degree steps by an RC phase switching
network. The same oscillator also supplies a 30 cps
reference voltage of constant phase to frequency
modulate a 9960 cps RC oscillator. A plus or minus
one degree phase switching network shifts the phase
of the 30 cps reference voltage for testing omni-range
instrumentation sensitivity. The 90 and 150 cps
signals for tone localizer and glide slope testing are
generated by distorting the output of the 30 cps oscil-
lator and filtering out 3rd and 5th harmonics.

1-7. LEADING PARTICULARS.

1-8. FREQUENCY RANGE. 108.0 to 135.9 mc and
329.3 to 335.0 mc in 100 kc steps.

1-9. NUMBER OF CHANNELS.
108 to 135.9 mc -- 280 channels
329.3 to 335.0 mc -- 58 channels

1-10. OUTPUT RANGE. 4 to 200,000 microvolt.

1-11. OUTPUT SIGNALS
a. Omni-Range (VOR)
b. Tone Localizer
c. Phase Localizer *
d. Glide Slope
e. 1000 cps sine wave

2

f. 30 cps variable phase sine wave
g. 9960 cps frequency modulated at 30 cps
h. 90 cps sine wave
i. 150 cps sine wave
* This facility is no longer used in military aircraft

equipment.

1-12. FREQUENCY STABILITY: R-f output ±0.0065%.

1-13. INPUT VOLTAGE.
Nominal: 21. volts dc
Range: 21 to 29 volts dc

1-14. CURRENT REQUIREMENTS. 5.4 amperes.

1-15. FUSE COMPLEMENT. One 10-ampere fuse in
each side of line.

1-16. COMPONENT WEIGHTS.
Signal Generator SG-13/ARN (Case 1) -- 45 lbs.
Accessory Case CY-868/U (Case 2) -- 15 lbs.

1-17. DYNAMOTOR DATA.
Manufacturer’s Type No: Continental Elec. DMF 306
Collins Part No: 231004300
Input Voltage: 21 V DC
Input Current 3.3 amperes
Output Voltage: 260 V DC
Output Current: 0.135 amperes
Temperature Rise: Not to exceed 40°C (106°F.)

above 55°C.  (131°F. ).



Figure 1-3.
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1-18. TUBE COMPLEMENT BY FUNCTION.

SYMBOL
NUMBER

V1401A
V1401B
V1402A, B
V1403A, B
V1404A, B
V1405A, B
V1406
V1407A
V1407B
V1408A
V1408B
V1409A, B
V1410
V1411
V1412
V1501
V1502
V1503
V1504
V1505
V1506
V1507
V1508
V1509A, B
V151O
V1511
V1512
V1513

JAN TYPE

1/2 5814
1 / 2  5 8 1 4
5814
5814
12AX7
12AX7
6AG5
1/2 12AX7
1/2 12Ax7
1/2 5814
1/2 5814
6AL5W
OA2
OA2
OA2
5670
6AK5W
6AK5W
6AK5W
6AK5W
6AK5W
6AK5W
6AQ5
5751
12AT7
6AK5W
6AK5W
6AK5W

FUNCTION

30 cps variable phase amplifier
30 cps oscillator
30 cps oscillator
30 cps amplifier
150 cps limiter
90 cps limiter
9960 and 1000 cps oscillator
9960 and 1000 cps amplifier
9960 cps frequency modulator
9960 cps AFC amplifier
A-f amplifier
9960 cps discriminator
Voltage regulator
Voltage regulator
Voltage regulator
Fine frequency oscillator
Coarse frequency oscillator -tripler
R-f mixer
R-f amplifier
R-f quadrupler
Final r-f amplifier
A-f amplifier
Modulator
Demodulator
200-mc oscillator
Univerter mixer
Univerter amplifier
Univerter amplifier

1-19. TUBE COMPLEMENT BY QUANTITY:

Type

5670
6AK5W
6AQ5
12AX7
12AT7
6AG5
6AL5W
5814
OA2
5751

Quantity

1
9
1
3
1
1
1
4
3
1

3
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SECTION II

OPERATION PROCEDURES

2-1.

2-2.

OPERATING CONTROLS.

USES. The purpose of each operating control
on the front panel of Signal Generator SG-13/ARN is
as follows. See figure 2-1 for location of each control.

a. SET LINE T0 21V. This switch is the power on-
off switch as well as a nine position step rheostat for
adjusting the d-c input voltage. It is adjusted for a
meter reading of 21 volts when the METER switch is
in the LINE position.

b. CARRIER SET. This control is used to adjust
the r-f carrier output to the red line on the meter,
with the meter in CAR position The adjustment is
made for each frequency chosen by the MEGACYCLES
control.

c. METER ZERO. The METER ZERO adjustment
is located behind the front access door. This control
is adjusted for zero reading on the meter with the
CARRIER SET control turned off (maximum counter-
clockwise position), and the METER switch in the
CAR position.

d. METER. This is a three position switch for
switching the meter for various functions. In the B+
position the unregulated B+ voltage is indicated on the
meter. In the LINE position the input voltage to the
dynamotor and filament circuits is indicated on the
meter. The CAR position in addition to its use in ad-
justing METER ZERO, is used when adjusting the r-f

carrier output to the red line on the meter with the
CARRIER SET control.

e. MICROVOLTS. The microvolt dial is used to
adjust the r-f attenuator to the desired output. Its
calibration is not correct until the CARRIER SET
control is adjusted for a red line indication on the
meter. It is calibrated from 4 to 200,000 microvolt.
The unmarked lines on the dial represent even numbers.
For instance, the four unmarked lines between 1K
and 10K represent 2K, 4K, 6K and 8K microvolt
respectively. The significance of these settings is
discussed in Section III, paragraph 3-19.

f. MEGACYCLES. This is a frequency selector
consisting of two concentric knobs, the outer knob for
selecting megacycle steps and the inner knob for tenth-
megacycle steps, The frequency selected appears in
a vertical window the numbers of which represent, top
to bottom, hundreds, tens, units, and tenths of mega-
cycles.

g. NAV-GS. The NAV-GS switch is used for select-
ing 108.0 to 135. 9-mc signals or 329.3 to 335.0-mc
signals. It switches B+ leads and operates the coaxial
relay which connects r-f output to the univerter for
329.3 to 335.0-mc operation. It also changes the top
number in the vertical window from 1 to 3 in changing
from 100 to 300-mc operation,

h. AUDIO SELECTOR. The AUDIO SELECTOR
control is used to select the type of audio signal to
modulate the r-f carrier.

4



i. VOR. The VOR control enables the operator to
shift the 30 cps variable phase component of the VOR
signal in 45° steps around the azimuth. Eight omni-
bearings from 0 through 315° are available for check-
ing omni-range receivers.

j. ±1 DEGREE. The ±1 DEGREE switch is used to
shift the omni-bearing indicated on the VOR switch
one degree in either direction. Sensitivity of omni-
range receivers to small changes in omni-bearing
may be checked with this control.

k. LOC-GS. The LOC-GS control is a potentiometer
used to vary the ratio of the 90 and 150 cps signals on
the TONE LOC and GLIDE SLOPE positions of the
AUDIO SELECTOR switch. On the
the AUDIO SELECTOR switch, it is used to vary the
percentage modulation of the 30 cps reversible phase
signal. Localizer and Glide Slope instrumentation
sensitivity is checked by the use of the LOC-GS control.

FREQUENCY. The 30 cps oscillator is ad-
justed to exactly 30 cps with this control.

m. FREQUENCY. The 1000 cps oscillator
is adjusted to 1000 cps or any other frequency within
its limited range with this control.

n. AUDIO OUT. The AUDIO OUT connector provides
a demodulated output for test purposes.

o. OUTPUT, NAV-GS. The output for omni-range
and localizer signals (108. O to 135.9 mc) is obtained
at the NAV output connector. Glide slope output (329.3
to 335.0 mc) is obtained at the GS output connector.
Both terminals connect to R-F cord CG-409A/U.

2-3. ADJUSTMENTS.

2-4. The procedure below outlines the adjustments
to be made prior to operation of the instrument.

a. Turn SET LINE TO 21V control to OFF position.

To avoid damaging the equipment, be certain
that the SET LINE TO 21V control is placed in
the OFF position before connecting the source
of power. Then, as the control is turned on ,
full dropping resistance is placed in series
with the input source and the equipment is
protected from high input voltage.

b. Connect either Power CORD CX -1095/U or
CX-1506/U to the 21VDC - 29VDC connector on
Signal Generator SG-13/ARN and to the 21-29 volt
source of power.

c. Turn METER switch to LINE position and adjust
SET LINE TO 21V switch until the meter reads 21
±0.5 volts.

d. Turn METER switch to B+
voltage on the meter. Reading
Allow 3 minutes warm-up.

position and read B+
should be 230 volts.

Section II
Paragraphs 2-2 to 2-8

e. With METER switch in CAR position, and CARRI-
ER SET control fully counterclockwise, adjust METER
ZERO control until the meter reads zero. This adjust-
ment is not critical. The meter may be off zero by
several divisions with only a small error in r-f attenu-
ator calibration.

f. Set NAV-GS switch to NAV position for 108.0 to
135.9 - mc operation or to GS position for 329.3 to
335.0 - mc operation.

g. Select frequency on MEGACYCLES selector
switch.

h. To set up a specified signal strength, rotate
MICROVOLTS dial to desired output level and with the
METER switch in the CAR position set meter to red
line with CARRIER SET control.

NOTE

The meter must be reset to the red line with
the CARRIER SET control each time the
frequency is changed.

Select desired modulating signal on AUDIO SE -
LECTOR control.

2-5. CONNECTIONS.

2-6. Case I of Signal Generator SG-13/ARN contains
all the equipment necessary for operation of the instru-
ment at distances up to 10 feet from the power source
and the equipment under test. Accessory Case CY -
868/U contains 25 and 50 foot power and r-f cables
which permit operation at distances up to 85 feet from
the power source and the equipment under test. A
total distance of 170 feet between the power source and
equipment under test is therefore possible.

2-7. DIRECT CONNECTION TO RECEIVER. Test-
ing of receivers exclusive of the antenna system is
accomplished by making a direct connection from
Signal Generator SG-13/ARN to the antenna connector
of the receiver using R-F CORD CG-409 A/U together
with Adapter UG-201/U. Any combination of the
10, 25 or 50-foot lengths may be used by connecting
them in series using two Adapters UG-201/U connected
to one Adapter UG-29/U. See figures 2-5 and 2-6.

2-8. USE OF ANTENNA AT-170/ARN. For overall
installation checks including the receiving antenna
system, antenna AT-170/ARN is attached to the proper
OUTPUT connector of Signal Generator SG-13/ARN
and then clamped securely to the edge of the case.
See figures 2-2 and 2-3. The antenna must be broad-
side to the direction in which the signal is to be radi-
ated. It must be connected to the NAV connector and
extended to its full length for all signals in the 108.0
to 135.9 mc range. For glide slope operation, 329.3
to 335.0 megacycles, it must be fully retracted and
connected to the GS connector of Signal Generator SG -
13/ARN . The MICROVOLTS dial should always be
set to its maximum or 200 K setting when using AT-
170/ARN.
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NOTE

Complete receiver testing using Antenna AT-
170/ARN is recommended only after communi-
cation officers correlate signal strengths ob-
tained outside the aircraft using the antenna
with those obtained when Signal Generator SG -
13/ARN is directly connected to the receiver.
Such correlation must be carried out for each
type of aircraft since the receiving antenna
location may vary with each type of aircraft.
Further, position of Antenna AT-170/ARN with
respect to the receiving antenna must be
specified and maintained for each type of air-
craft. Unless this procedure is carefully ad-
hered to wide discrepancies in flag sensitivi-
ties may exist. See figure 2-4 for signal
levels observed in a typical situation, where
a nearby obstruction causes a dissymmetry in
the field strength pattern.

2-9. OPERATING PROCEDURES.

2-10. TESTING OMNI - RANGE RECEIVERS. To
check the omni-range operation of navigation re-
ceivers follow the procedure below.

a. Carry out adjustments listed under paragraph 2-3.

b. Make connections in accordance with instructions
in paragraph 2-7 above.

c. Turn AUDIO SELECTOR to VOR position, and
NAV-GS switch to NAV position.

d. Tune Signal Generator SG-13/ARN and receiver
to desired frequency in the 112.0 to 117.9 mc band.
With the METER switch in CAR position, set meter to
red line with CARRIER SET control.

e. Rotate the SG-13/ARN MICROVOLTS dial clock-
wise until the flag alarm OFF indicator on the re-
ceiver’s course deviation indicator disappears from
the vertical bar. Compare the resulting MICROVOLTS
setting with the flag sensitivity value called out in the
navigation receiver handbook.

f. Select an omni-bearing on the VOR switch. Use
a MICROVOLTS setting of 1000 microvolt. Center
the vertical bar of the course deviation indicator with
the receiver omni-bearing selector. The COURSE
indication should read the same as the setting on the
SG13/ARN VOR switch setting. Consult the receiver
handbook for acceptable tolerances. Repeat for the
remaining seven radial settings of the VOR switch.

NOTE

The VOR switch setting provides an output
signal simulating that received by an aircraft
flying to a ground station. Therefore the course
indication noted above reads the same as the VOR
switch setting only when the TO-FROM indicator
reads TO. The vertical bar may be centered
with the indicated course reading 180 degrees
from the VOR switch setting, in which case the
TO-FROM indicator would read FROM.

g. Test the omni-bearing indicator and cross pointer
sensitivity to small omni-bearing changes with the +1
DEGREE switch. Consult the receiver handbook for
acceptable tolerances. Tap the instruments lightly
before reading if the engines are not operating.

h. Rotate the omni-bearing selector knob through
360 degrees and note operation of the TO-FROM indi-
cator.

i. Tune Signal Generator SG-13/ARN and receiver
to desired frequency in the 118 to 135.9 mc band. Set
meter to red line with CARRIER SET control.

j. Check the receiver’s aural output by placing the
SG-131/ARN AUDIO SELECTOR switch in the 1000
position and listening for the tone in the receivers
headset.

2-11. TESTING LOCALIZER RECEIVERS. To check
the localizer operation of navigation receivers follow
the procedure outlined below.

a. Carry out adjustments listed under paragraph
2-3, above.

b. Make connections in accordance with instructions
in paragraph 2-7 above.

c. Turn AUDIO SELECTOR to TONE LOC and NAV-
GS switch to NAV position.

d. Tune Signal Generator SG-131/ARN and receiver
to desired channel in 108 to 110.9 mc band. Set meter
to red line with CARRIER SET control.

e . Rotate the MICROVOLTS dial on Signal Generator
SG-13 clockwise until the flag alarm OFF indicator on
the receiver’s course deviation indicator disappears
from the vertical bar. Consult the receiver handbook
for correct flag sensitivity values.

f. Rotate the LOC-GS control over the range
Covered by the left segment and note the amount of
cross pointer deflection to the left. With the LOC -GS
control set at the middle of the left segment the
vertical bar of Course Indicator ID-249A/ARN should
be displaced to the second dot on the left.

NOTE

Tests in paragraphs f. and g. are based on a
standard localizer receiver sensitivity of 90
microampere deflection for a 4 db ratio be-
tween tones.

g. Rotate the LOC-GS control over the range
covered by the right segment and note the amount of
crosspointer deflection to the right. With the LOC-GS
control set at the middle of the right segment the
vertical bar of Course Indicator ID-249A/ARN should
be displaced to the second dot on the right.

h. Check crosspointer centering by turning the LOC-
GS control to the white center sector. The cross-
pointer should be centered when the LOC-GS control
is within this sector.

7



Figure 2-4.

Figure 2-5.
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i. The phase localizer function of the receiver is
tested in the same manner as tone localizer except

LOC is selected onthe AUDIO SELECTOR and
the receiver control box.

2-12. TESTING GLIDE SLOPE RECEIVERS. TO
check the operation of glide slope receivers follow
the procedure outlined below.

a. Carry out adjustments listed under paragraph
2-3, above.

b. Make connections in accordance with instructions
in paragraph 2-5, above.

c. Turn AUDIO SELECTOR to GLIDE SLOPE po-
s ition and NAV-GS switch to GS position.

d. Tune Signal Generator SG-13/ARN and glide
slope receiver to desired channel in 329.3 to 335.0

8

megacycle band. Set meter to red line with CARRIER
SET control.

e. Rotate the LOC-GS control over the range
covered by the left segment and note the upward de-
flection of the cross pointer. At the middle of the
segment the deflect ion should be 2 dots on Course
Indicator ID-249A/ARN. Repeat this procedure for a
downward deflection with the other segment.

NOTE

Test of paragraph e. is based on a standard
glide slope receiver sensitivity of 90 micro-
amperes for a 2 db ratio between tones.

f. Check the crosspointer centering by turning the
LOC-GS control to the small center segment. The
crosspointer should be centered when the LOC-GS
control is within this sector.



Figure 2-6.
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Figure 3-2.
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SECTION III

THEORY OF OPERATION

3-1. GENERAL SYSTEM OPERATION. stages are coupled by phase shifting networks consist-
ing mainly of C-1401, R-1401, C-1402, R-1405, and

3-2. The r-f section of the unit supplies the r-f C-1403, R-1408. The phase shifting networks have
carrier by mixing the outputs of two crystal controlled 60° phase shift perfection at 30 cps and a total of 180’
oscillators and multiplying the sum frequency tothe phase shift. The net phase shift introduced by the
desired 108.0 to 135.9-mc output frequency. (See three tube sections is also 180°, thus, when the output
figure 3-1.) The various audio signals required for of V-1402B is fed back to the grid of V-1401B the feed-
modulating the r-f carrier are generated in the audio back is in phase and the circuit operates as a 30 cps
section by stable RC oscillators and fed to the audio oscillator. Dual potentiometer R-1410 in the inter-
selector switch. R-F output in the 329.3 to 335.0-mc stage RC coupling circuits allows approximately ±1 cps
range is obtained by mixing the 129.3 to 135.0-mc change in the 30 cps frequency and provides the f rent
signal with a 200-mc signal from a crystal controlled FREQUENCY adjustment. Each of the
injection oscillator in the univerter. phase shifting networks has a temperature compen-

sating network connected in series with it. The paral-
3-3. DETAILED CIRCUIT OPERATION. lel combination of R-1580 and R-1581, for example,

is used to temperature compensate the C-1401, R -1401
3-4. 30 CPS OSCILLATOR. The 30 cps oscillator is phase shifting network. R -1581 is a negative temper-
an RC type oscillator using three stages each having ature coefficient resistor which is connected in paral-
a gain of approximately two. See figure 9-1. These lel with R-1580, a resistor having a negligibly low

11



Figure 3-3.
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temperature coefficient. The combination of R -1580
and R -1581 has just enough negative temperature co-
efficient to offset the inherent positive temperature
coefficient of C-1401. This balance prevents the
oscillator frequency from varying appreciably with
temperature change. Output of the oscillator is fed to
the input of V-1403, a push-pull amplifier driving 30-
cps output transformer T-1401.

3-5. 9960 FM OSCILLATOR. This oscillator gener -
ates a 9960 cps signal frequency modulated at 30 cps.
See figure 3-2. If a signal is applied to the grid of
V-1406, the amplified signal in the plate circuit will
be shifted by 180°. If this signal is shifted another
180° and applied back to the grid of V-1406 in phase
with the original signal, oscillations will occur. In
this oscillator the signal from the plate of V-1406 is
applied through a cathode follower to a four section
phase shifting network connected back to the grid of
V-1406. The phase shift through the entire four
sections is 180° at 9960 cps. Hence oscillations occur
at this frequency. If the value of any resistor in the
network is changed the frequency of oscillation will
change. The first phase shift section is made up of
C-1427 and the resistive network consisting of R-1465

12

in parallel with the output impedance of V-407B. Any
change in the output impedance of V-407B would
cause the frequency of oscillation to change. By
applying a 30 cps signal to the grid of V-1407B, the
output impedance is changed at a 30 cps rate and hence
the frequency of oscillation of the 9960 cps oscillator
rises and falls at a 30 cps rate. Sufficient 30 cps
signal is applied to the grid of V-1407B to cause the
frequency to rise and fall 480 cps from the 9960 cps
center frequency. * The amount of 30 cps signal
applied is controlled with the DEVIATION potenti-
ometer R-1421. The 9960 cps center frequency is
stabilized by adjusting the d-c voltage on the grid of
V-1407B automatically, thereby holding the output
impedance at the proper center value. To accomplish
this, oscillator output is taken from the cathode of
V-1407A and applied to the grid of V-1408A which
serves as an A F C amplifier. The discriminator
circuit, consisting chiefly of discriminator transformer
T-1402 and rectifier V-1409 developes a d-c output

* This represents a deviation ratio of 16 where devi-
deviation from center freq =                           = 16 480 cps

ation ratio =
modulating freq 30 Cps



Figure 3-4.
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voltage from the AFC amplifier signal whenever the
center frequency of the input signal varies from the
9960 cps center frequency. This d-c voltage, positive
or negative depending on the direction of error is
filtered to remove the 30 cps component and applied
to the grid of modulator tube V-1407B through R-1474
and R-1475.

3-6. The 30 cps reference voltage which frequency
modulates the 9960 cps FM signal can be shifted in
phase ± one degree. This allows a one degree incre-
ment to be placed on any azimuth selected on the VOR
switch. The 30 cps reference voltage is obtained from
terminal 8 of T-1401 and applied to an RC network
whose constants can be changed by operating the ± 1
DEGREE switch. The shifted reference voltage
appears across the DEVIATION potentiometer R-1421.

3-7. The 1000 cps signal for checking the aural out-
put of a receiver is obtained from the 9960 cps oscil-
lator by switching in a 1000 cps feedback network in
place of the 9960 cps network. The frequency modu-
lator is disconnected and the AFC is inoperative when
the oscillator is operating at 1000 cps.

3-8. GLIDE SLOPE CIRCUIT. See figure 3-3. The
90 and 150 cps signals for glide slope and localizer
operation are generated by distorting the 30 cps signal
and selecting the third and fifth harmonics by means
of filters. Considerable 30 cps voltage is applied
across L-1401, a small audio reactor whose core is
insufficiently large for the level involved and cons e-
quently saturates. This saturation causes the voltage
drop across R-1430 and C-1422C to be distorted and

applied to cathode-coupled limiters V-1405 and V-1404.
The output level of the limiters is controlled by a
potentiometer in each cathode circuit. Further filter-
ing is provided by filters Z-1402 and 2-1404. The 90
and 150 cps voltages of constant amplitude appearing
across R-1436 and R-1435 are connected to the LOC-
GS attenuator. When the LOC-GS control is set in the
middle of the white center sector on the front panel,
equal amounts of 90 and 150 cps signal appear at the
grid of V-1408B. The amplitude of 90 and 150 cps
signals here is such that each signal will modulate the
r-f carrier 40%. When the control is rotated to the
top line on the left segment, the 90 cps level will fall
and the 150cps level will rise until the 150cps voltage
is 3.0 db higher than the 90 cps voltage. If the control
is set on the bottom line there is a 3.75 db difference.
On the right segment the situation is reversed and the
90 cps level becomes greater than the 150 cps level.

3-9. TONE LOCALIZER. The 90 - 150 cps circuit
is practically the same on TONE LOC as it is on
GLIDE SLOPE . Some resistor values in the LOC-GS
attenuator are changed by switching. See figure 3-4.
The 15, 000 ohm resistors on each side of R-1418A in
the glide slope circuit are replaced with 2200 ohm re-
sistors in the tone localizer circuit. The 90 and 150
cps levels at the center position of the LOC-GS control
are still equal, but when the control is set to the top
line of the right or left segment the difference in level
between the 90 and 150 cps signals is now 6.0 db. At
the bottom line of either segment the level difference
is now 7.5 db. Since only 20% modulation is required
for each tone for an on-course signal in the TONE LOC
position, the level applied to the grid of V-1408B is

very rich in harmonics. The 3rd and 5th harmonics reduced with the voltage divider consisting of R-1586,
are separated with filters Z-1401 and Z-1403 and R-1442 and R-1443.

13



Figure 3-5.
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3-10. 90 CPS AND 150 CPS. See figure 3-5. The
schematic shows the connections in the 90 cps circuit
when the AUDIO SELECTOR is set to 90
that the circuit is identical to the Tone Localizer
circuit of figure 3-4 with one exception (1) the input
grid of V-1404 has been shorted to ground to kill the
150 cps signal. With this connection 20% modulation
at 90 CPS is obtained when the LOC-GS control is set
in the middle of the white center sector on the panel.

position the 90 cps signal is disabled and
20% modulation at 150 cps is obtained when the LOC -
GS control is set in the middle of the white center
sector on the panel.

3-11. 30 CPS VARIABLE PHASE SHIFTER. Eight
azimuth steps are provided in VOR operation. These
eight steps spaced 45 degrees apart are obtained by
shifting the phase of the 30 cps variable phase signal in
an RC phase shifter while maintaining a 30 cps refer -
ence signal of constant phase on the grid of the frequen-
cy modulator V-1407B. The phase shifter, consisting of

R-1422, R-1423, C-1405 and C-1406, is a network so
proportioned that the resistance in the circuit is equal
to the capacitive reactance. This network is switched
by means of S-1401 between various taps on T-1401 .
See figures 3-6 and 9-1. For example, in the 90 degree
position C-1405 and C-1406 are connected to terminal
4 while R-1422 is connected to terminal 7. The output
of the network is taken from the center point between
R-1423, C-1405 and C-1406 and fed to the grid of the
30 cps variable phase amplifier V-1401A. A 90 degree
phase relation exists between the voltage at the grid of
V-1401A and the secondary of the transformer for this
particular connection. For 270 degrees the network
is reversed. For the 45 degree position the network
is connected across only one secondary winding of T-
1401. For O and 180 degrees both ends of the network
are connected to either terminal #7 or to terminal #4.
This switching results in the required 45 degree steps
but causes the output voltage on the grid of V-1401A in
some positions to be only .707 of the voltage in the
other positions. This variation in level is compensated
by selecting taps on the cathode resistor of V-1401A

14



Figure 3-6.

Figure 3-7.

Section III
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in such a way as to make the 30 cps output voltage paragraph 3-5, and the 30 cps reversible phase signal
constant for all switch positions. C-1415 and R-1449 is derived from a bridge circuit connected to one of
comprise the zeroing adjustment for the variable phase the secondaries of T-1401. See figure 3-8. The two
signal allowing the VOR zero of the complete instru- signals are fed through isolation resistors R-1419 and
ment to be varied over a narrow range for calibration R-1468 and applied simultaneously to the grid of ampli -
purposes. fier V-408B. The bridge circuit is adjusted with the

LOC CENTER control so that no 30 cps voltage
3-12. POWER SUPPLY. The power supply is a 21
volt dynamotor furnishing unregulated B+ and three
sources of regulated B+ in conjunction with regulator
tubes V-141O, V-1411, and V-1412. See figure 3-7.
The three separate regulated voltages are required to
keep the audio levels constant and to prevent B+ inter -
action.

3-13. PHASE LOCALIZER. Phase localizer oper-
ation requires a 9960 cps FM signal and a 30 cps
signal of reversible phase. The 9960 cps signal is
supplied by the 9960 cps FM oscillator described in

will be applied to the grid of V-1408B when the LOC -
GS control is set in the middle of the white center
sector on the panel. This simulates an on-course
signal. As the LOC -GS potentiometer is turned off
center, a 30 cps signal in-phase with the 30 cps refer-
ence phase signal or 180 degrees out-of-phase with it
will appear on the grid of V-1408B, depending upon
the direction of rotation. The amplitude of this 30 cps
signal depends on how far off center the LOC -GS po-
tentiometer is set. With the potentiometer set on the
top line of either the right or left segment this 30 cps
signal should modulate the r-f carrier 11.5%; on the

15
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bottom line, the percentage modulation is 14%. This
level can be adjusted with the
potentiometer. On phase localizer operation, the 9960
FM signal modulates the r-f carrier at a constant 30%
modulation regardless of the setting of the LOC-GS
potentiometer.

3-14. OUTPUT MIXING AND SWITCHING. In order
to combine the various signals generated in the proper
proportions to provide the functions desired, it is
necessary to mix these signals and switch them to a
common output. For the VOR position, 30 cps varia-
ble phase and 9960 FM are required, The output level
of the 30 cps variable phase signal is adjusted by
R-1446 while the 9960 FM output is adjusted with R-
1467. Resistors are connected in series withthe arms
of both potentiometers for isolation. For the
position, 9960 FM and 30 cps reversible phase are
combined. See figure 3-8. The 30 cps variable phase
signal is disabled by shorting the junction of R -1444
and R-1445 to ground through S-1402C. In the TONE
LOC position the circuit shown in figure 3-4 exists.
Connections for the GLIDE SLOPE position are shown
in figure 3-3. It is necessary to set the NAV-GS
switch to GS to set up the proper glide slope carrier
frequency. In the 1000
oscillator has a 1000 cycle phase shift network switched
in by S-1402D. The 1000 cycle level is controlled by

position provides a signal
useful for calibration since it is the 30 cps variable
phase component of the VOR signal. It is obtained by
simply omitting the 9960 FM. The 9960 FM position
is the other half of the VOR signal and is obtained in a
similar manner. In the 90
disabled by shorting the grid of the 150 cps limiter to

ground through S-1402C. See figure 3-5. In the
position the reverse situation takes place.

Mixed signals from the switching network are fed to
the grid of V-1408B, an amplifier common to all
signals.

3-15. METERING CIRCUIT. Meter M-1401 is pro -
vialed on the front panel for measuring the unregulated
B+ voltage, the adjusted line voltage, and the carrier
level. The meter has a zero to 200 microampere
movement and it is converted to a 0-30 V d-c voltmeter
by means of multiplier resistor R -1482. A voltage
divider R-1476-R-1477 provides a 10:1 reduction in
the unregulated B+ voltage so that it can be measured
by the 0-30 volt voltmeter. Meter switch S-1403
selects the various meter functions. In the CAR
position, the meter is connected to the output of the
demodulator circuit in the r-f section and to R-1480
which is used to zero the meter when no r-f signal is
applied to the demodulator.

3-16. NAV-GS SWITCH. In the GS position, B+ is
applied to the univerter and is removed from regulator
tube V-141O which supplies the 9960 FM circuits in
order to lower the load on the dynamotor. The switch
also operates coaxial relay K-1401 which switches the
r-f output of V-1506 from the NAV OUTPUT jack to the
univerter input.

3-17. RF GENERATOR SECTION. Carrier frequen-
cies spaced 100 kc throughout the range 108.0-135.9
mc are generated in the shielded r-f assembly. For
GS operation, these signals are fed into a univerter
which simply adds 200 mc to the input frequency. The
univerter has unity gain throughout the GS band of
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329.3 to 335.0 mc. The r-f generator in the shielded
r-f assembly is crystal controlled by 38 crystals in
two oscillators, the coarse frequency oscillator and
the fine frequency oscillator. V-1501, the fine
frequency oscillator, is a twin triode, the first section
of which is connected as a Colpitts oscillator, while
the second section is a cathode follower acting as a
buffer stage. V-1502, the coarse frequency oscillator
has 28 crystals with frequencies of 7375 to 9625 kc.
Crystal frequencies are tripled in the output of this
oscillator, thus the r-f output is varied through the
range 22.125 to 28.875 mc in 28 steps as the outer
dial of the MEGACYCLES control is turned. The out-
put of the fine frequency oscillator with 10 frequencies
in the range 4875 to 5100 kc is added to the coarse
frequency oscillator output in mixer V-1503. The
desired sum frequencies at the mixer output range
from 27.000 mc to 33.975 mc depending on the setting
of the MEGACYCLES control. Output from the mixer is
amplified in V-1504 and then fed into quadruple V-1505.
The quadruple feeds the final amplifier, V-1506. R -f
voltage appearing across the tank circuit of V-1506 is
applied to the grid of demodulator V-1509, an infinite
impedance detector in ones ection followed by a cathode
follower in the other section. The d-c voltage appear-
ing at the cathode of the second section of V-1509 is
proportional to the r-f voltage on the grid of the first
section. This cathode voltage is fed over into the
audio chassis where it actuates the metering circuit.
The audio voltages obtained from the demodulator
appear at the AUDIO OUT connector on the front panel
of the instrument.

3-18. CRYSTAL SELECTOR TUNING. Two con -
centric MEGACYCLES control knobs control the
frequency selection and tuning of the entire r-f section .
The large outer knob switches crystals in the coarse
frequency oscillator to vary the r-f output frequency
in megacycle steps. The coarse frequency oscillator
crystals are arranged in two banks, one containing
crystals for even megacycles positions, the other
containing crystals for odd megacycle positions. Turn-
ingthe large knob rotates a shaft and selects a crystal
in one bank or the other depending on whether the
selected megacycle frequency is odd or even. This is
accomplished by means of switch S-1503 which opens
relay K-1501 on odd megacycle positions and closes it
on even megacycle positions. Tuning the large knob
also actuates a slug rack which varies the tuning of the
seven coils in the r-f section. Powdered iron cores,
fastened to the slug rack, are moved in or out of the
RF coils in steps of approximately 0.015 inch for each
megacycle change in the setting of the large knob.
Thus the tuning of all r-f coils is automatically varied
in approximately one-megacycle steps to maintain
proper tracking as the frequency is varied in one-
megacycle steps. The small inner knob on the MEGA-
CYCLES control varies the r-f output frequency in 0. 1
-mc steps by switching crystals in the fine frequency
oscillator. The small knob is mounted on a shaft con-
centric with the large outer knob and shaft. This
inner shaft goes directly to the fine frequency oscillator
and switches in the desired crystal. The pass band of
the mixer and following r-f stages is sufficiently wide
so that no retuning of the slug rack is necessary over
the megacycle spread represented by the fine frequency
crystals.

3-19. RF ATTENUATOR. The r-f attenuator is of the
piston type and is mounted in such a fashion that its
small single-turn pickup loop may be moved with
respect to the final output coil to vary the coupling and
thus the r-f output. This motion of the piston and loop
is produced by a rack and pinion drive mechanism.
One end of the pickup loop is at ground potential. The
other end of the pickup loop is connected to a re-
sistor of approximately 53-ohms contained within the
attenuator piston. This resistor in turn is connected
in s cries with the attenuator output cable. With the
NAV-GS switch in the NAV position, the r-f attenuator
output is connected to the NAV output connector. Thus
the NAV output connector provides an r-f voltage
source with 53-ohm internal impedance. Since one
side of this voltage source is at ground potential, there
exists what is commonly referred to as a 53-ohm un-
balanced source. With the NAV-GS switch in the GS
position, output is obtained at the GS output connector
from a tap on the univerter output coil. This also pro-
vides a 53-ohm unbalanced source of r-f voltage. Both
the NAV and GS output circuits are specifically de-
signed for direct connection to radio receivers having
an unbalanced input circuit of approximate ely 53-ohms
impedance. The SG-13/ARN MICROVOLTS dial is
calibrated to indicate the r-f voltage induced in the
attenuator pickup loop, i. e., the “open - circuit”
voltage of the signal generator. This means that
when the SG-13/ARN  NAV or GS output jack is directly
connected to a receiver with a 53-ohm unbalanced
input, the MICROVOLTS dial will be direct reading in
making all receiver sensitivity measurements. For
example, if a receiver test required a 2000-microvolt
signal, simply set the SG-13/ARN MICROVOLTS
dial to 2000. Radio receivers having a 95-ohm balanced
input circuit may be tested with the SG-13/ARN if a
UG-529/U adapter is connected between the NAV or
CS jack and the receiver input terminals. This
adapter is used as an impedance-matching device to
match the 53-ohm output impedance of the SG-13/ARN
to the 95-ohm input impedance of the receiver. The
adapter also has the effect of a 6-db attenuator pad
because it reduces the effective r-f output of the SG-
13/ARN by one-half. Under these conditions, the
MICROVOLTS dial is no longer direct reading in
making receiver sensitivity measurements. For
example, to set up a 2000 microvolt signal, the SG
13/ARN MfCROVOLTS dial must be set at 4000.

3-20. UNIVERTER. In the GSposition of the NAV-GS
switch, the output of the r-f attenuator is switched by
means of coaxial relay K-1401 to the input of the
univerter. This input signal in the range 129.3-135.0
mc is coupled into the input coil and applied to mixer
V-1511. A 200-mc signal from injection oscillator
V-1510 is coupled into the mixer through L-1524 in
the mixer cathode circuit. These two frequencies are
added in the mixer and fed to two stages of amplifi-
cation, V-1512 and V-1513. The coupling circuits
between stages are overcoupled to have a broad
response and pass all signals in the range 329.3 -335.0
mc equally well. The gain of the univerter is con-
trolled by varying the screen voltage on V-1512
potentiometer R-1544.

with
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3-21. SHIELDING. The 108.0 to 135.9 mc r-f unit leads and detector output leads are brought out of the
is contained in an aluminum shield which is insulated
from the panel and audio chassis as well as from the

r-f unit through a filter assembly consisting of five

r-f chassis within which it is contained. This insula- sections; four of these are in use, one is a spare.

tion is necessary to minimize r-f leakage and is This filtering is required to prevent radiation from
broken only at a few carefully selected points. Power the unit on the external leads.

SECTION IV

PERIODIC INSPECTION AND MINOR REPLACEMENT AND REPAIR

4-1. PERIODIC INSPECTIONS.

4-2. PRE - OPERATION INSPECTION. Make the
following check on Signal Generator SG-13/ARN im-
mediately preceding each operation period.

a. Turn SET LINE TO 21V control to OFF position
and check mechanical zero of meter with SG-13/ARN
in normal operating position.

b. Connect Power Cord CX-1095/U or CX-1506/U
to the 2 lVDC-29VDC connector on SG-13/ARN and to
the 21-29 volt source of power.

c. Turn METER switch to LINE position and turn
SET LINE TO 21V switch until the meter reads 21
± 0.5 volts.

d. Turn METER switch to B+ position and read B+
voltage on meter. Reading should be 230 volts. Allow
3 minutes warm up.

e. With METER switch in CAR position and
CARRIER SET control fully counterclockwise adjust
METER ZERO control until the meter reads zero.

f. Rotate MICROVOLTS dial to 200, 000 microvolt
and set the METER switch in the CAR position. At
each MEGACYCLES dial setting at which the SG-13/
ARN is to be used set meter to red line with CARRIER
SET control. If the meter cannot be set to the red
line, faulty operation of the r-f section is indicated.
Refer to Section VI, Trouble Shooting and Correction
for corrective procedure.

4-3. INTERMEDIATE INSPECTION (not to exceed
100 hours).

4-4. OVERALL OPERATIONAL CHECK .

a. Perform Pre-Operation Inspection, checking to
see if the unit can be red lined at each megacycle step
from 135.5 down to 108.5.

b. At 108 MC check operation of all fine frequency
oscillator crystals by rotating the tenth-megacycle
selector of the MEGACYCLES control through all 10
positions and observing if the unit can be red lined at
each setting.
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c. Connect a cathode ray oscilloscope to the AUDIO
OUT connector.

d. Set the AUDIO SELECTOR switch to each of its
settings and check the wave forms obtained per para-
graphs 6-10 through 6-18. Excess ive distortion may
be an indication of a defective tube or component in the
audio section. Noise or ripple on the wave forms is
often an indication of defective dynamotor operation.
See Section VI, paragraph 6-20.

4-5. VOR ACCURACY CHECK.

a. Connect the SG-13/ARN through a 6-db, 53-ohm
attenuator pad to an ARN-14 navigation receiver
equipped with omni bearing selector (OBS) and a pre-
cision crosspointer meter. Set the frequency of the
signal generator and receiver to 114.9 mc. Set NAV-
GS switch to NAV. Allow SG-13/ARN to warm up at
least 15 minutes and adjust SET LINE TO 21V control
for 21V ± 0.5V on panel meter. Set METER ZERO and
adjust carrier level to red line. See figure 8-5, part
2 for connections.

b. Set the SG-13/ARN AUDIO SELECTOR on VOR,
the VOR switch to 0°, and the MICROVOLTS dial to
1000.

c. Adjust the SET control on Indicator ID-249A until
the crosspointer is centered at the setting of approxi-
mately 0° and the TO-FROM indicator reads TO.

d. Disconnect the SG-l3/ARN and substitute a modu-
lator MD-83/ARN modulating an SG-l/ARN signal
generator with a standard VOR signal. Use the same
6-db pad at the receiver input. See figure 8-5, part
1 for connections.

e. Set the SG -1 /ARN microvolt dial to 500. Vary
the MD-83A/ARN VOR dial setting until the cross-
pointer is again centered with the TO-FROM indicator
reading TO.

f. Subtract the SG-13/ARN VOR switch setting from
the MD-83A/ARN VOR dial setting to obtain the VOR
error.

g. Repeat steps a through f for each setting of the
SG-13/ARN VOR switch. VOR error should not ex-
ceed ±0. 7 degree at any setting of the VOR switch.
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TONE LOCALIZER CENTERING ACCURACY
CHECKS .

Connect an SG-1/ARNsignal generator modulated
an MD-83A/ARN to an ARN-14 navigation re-

ceiver equipped with a precision crosspointer meter.
Use a 6-db, 53-ohm attenuator pad at the receiver
input. See figure 8-5.

b. Set the frequencies of the receiver and signal
generator to 110.1 mc, and set the MICROVOLTS
dial of the signal generator to 500.

c. Modulate the SG-1/ARN with a zero db tone
localizer signal and adjust receiver for zero cross -
pointer current. (Consult receiver handbook for lo-
cation of adjustment. )

d. Substitute the SG-13/ARN for the MD-83A/ARN,
SG-1/ARN combination using the same 6-db pad, and
set the MEGACYCLES control to 110.1. Allow SG-13
/ARN to warm up at least 15 minutes and adjust SET
LINE TO 21V switch for 21V ± 0.5V on panel meter.
Set METER ZERO and adjust carrier level to red line.

e. Set the MICROVOLTS dial to 1000 and set the
SG-13/ARN for an “ON COURSE” tone localizer signal
(LOC-GS control to top center panel mark). The
cross pointer current reading should be 0 ±  8 micro-
ampere.

4-7. TONE LOCALIZER 6-DB ACCURACY CHECK.

a. Repeat steps a and b of paragraph 4-6.

b. Modulate the SG-1/ARN with a 4-db LEFT tone
localizer signal from MD-83A/ARN and adjust the
navigation receiver for 90 microamperes cross pointer
current. (Consult receiver handbook for location of
adjustment.)

c. Substitute the SG-13/ARN for the MD-83/ARN,
SG-1/ARN combination and set its frequency to 110.1
mc.

d. Set the MICROVOLTS dial to 1000 and set the
SG-13/ARN for a 6-db LEFT tone localizer signal.
(Top mark on the course width sector. )

e. The crosspointer current should be 135 ± 15
microampere.

f. Repeat steps b, c, d and e for a 6-db RIGHT tone
localizer setting.

4-8. GLIDE SLOPE CENTERING ACCURACY CHECK.

a. Connect an SG-2 signal generator through a 6-db
53-ohm attenuator pad to an ARN -18 glide slope
receiver equipped with a precision cross pointer
meter. See figure 8-6, part 1.

b. Set the frequencies of the signal generator and
receiver to 332.0 mc and set the SG-2 microvolt dial
to 500.
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c. Modulate the SG-2 with a zero db glide slope
signal and adjust the receiver for zero crosspointer
current. (Consult receiver handbook for location of
adjustment. )

d. Using the same 6-db pad, substitute the SG-13
/ARN for the SG-2 and set its frequency to 332.0 mc.
See figure 8-6, part 2.

e. Set the SG-13/ARN MICROVOLTS dial to 1000
and set the SG-13/ARN for an “ON COURSE” glide
slope signal (LOC-GS control to top center panel
mark). The crosspointer current reading should be
0 ± 12 microampere.

4-9. GLfDE SLOPE 3-DB ACCURACY CHECK.

a. Repeat steps a and b of paragraph 4-8.

b. Modulate the SG-2 with a 2-db UP glide slope
signal and adjust the ARN-18 glide slope receiver for
90 microampere crosspointer current. (Consult
receiver handbook for location of adjustment.)

c. Substitute the SG-13/ARN for the SG-2 and set
the SG-13/ARN frequency to 332.0 mc.

d. Set the SG-13/ARN MICROVOLTS dial to 1000
and set the SG-13/ARN for a 3-db UP glide slope
signal. (Top mark on the course width sector.)

e. The crosspointer current should be 135 ± 18
microampere.

f. Repeat steps b, c, d and e for a 3 db DOWN
setting.

4-10. Failure of the SG-13/ARN to meet the above
VOR, TONE -LOC, and GS accuracy requirements
usually indicates that one or more of the audio signals
involved is not set to the correct frequency or per-
centage modulation. Excessive distortion can also
cause inaccuracy.

4-11. MAJOR INSPECTION. (Not to exceed 500 hrs).

a. Remove SG-13/ARN from case.

b. Remove top and bottom covers from RF chassis
and clean inside with a soft brush or vacuum cleaner.

c. Check the signal generator and dynamotor for
mechanical damage, loose parts, and signs 01 over-
heating and corrosion.

d. Check the dynamotor brushes for a minimum
length of 1/4 inches. Replace if necessary. See
Section VII, paragraph 7-18.

e. Check the dynamotor commutator for evidences
of grooving or pitting. Dress or replace if necessary.
See Section VII, paragraph 7-17.

f. Lubricate equipment as follows:
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Figure 4-1.

Section IV
Paragraphs 4-12 to 4-14

Part
Dynamotor
bearings

Attenuator
Spur Gear

Attenuator
plunger drive
rack

AN-G-25 GREASE

Location

Each end of unit

(10) figure 7-5

(5) figure 7-5

Amount

Small amount
See par. 7-22
Section VII

Small amount
on gear teeth

Small amount
on top and
sides

AN-O-4 OIL (AN-O-6A, Alternate)

Part
CARRIER SET
control shaft
bushing

Attenuator
MICROVOLTS
control shaft
bushing

R-f slug rack
oil retaining
felt was hers

Attenuator
Spur Gear
shaft

Location
(6) figure 7-1

(7) figure 7-1

(8) (9) figure 7-2

(12)(13) figure
7-5

Amount
One drop if
binding or
squeaking
occurs.

One drop if
binding or
squeaking
occurs

One drop

One drop if
binding or
squeaking
occurs

g. Check alignment of the r-f and audio sections
as outlined in Section VIII and realign where necessary.
(Refer to minimum performance standards in Section
VI, paragraph 6-20. )

h. With chassis covers replaced, secure chassis
in case and perform the intermediate inspection as
outlined in paragraph 4-3 above.

4-12. SPECIAL INSPECTION. (2000 hours)

a. Replace all tubes in the equipment.

b. Perform the Major Inspection as outlined in
paragraph 4-12 above.

4-13. REPLACEMENT OF VACUUM TUBES.

a. All tubes are of the miniature type. Remove by
pulling straight out of socket, taking care not to bend
the base pins. See figure 4-1 for tube location.

b. Thoroughly test a suspected tube before dis -
carding. If replacement tube does not correct opera-
tion, always re-insert the original tube.

NOTE

In the event that tubes are changed, check the
associated circuit functioning for proper align-
ment. Univerter tube changes may consider-
ably affect univerter alignment due to the high
frequencies involved.

Do not remove tubes with power applied to the
equipment. Heaters are wired in various
series - parallel combinations and removal of
one tube may overload and burn out other
heaters. See figures 9-1 and 9-2 for heater
circuits,

4-14. REPLACEMENT OF FUSES.

a. The power input line is protected by two 10 amp
fuses mounted on the front panel. To remove, turn
cap to unlock and pull fuse from holder.

Never replace a fuse with one of higher rating
unless continued operation is of such impor -
tance as to warrant possible damaging of the
equipment.

b. If a replaced fuse blows immediately, investi -
gate circuits before further replacement.
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Section V
Paragraphs 5-1 to 5-2

5-1.

5-2.

SECTION V

SPFCIAL EQUIPMENT AND TOOLS

SPECIAL EQUIPMENT. and align signal Generator SG-13/ARN is

The test equipment necessary to test listed below.

NAME

SIGNAL GENERATOR
Power Supply
Power Cord
Power Cable Assembly

R-F Cable Assembly
Adapter Connector

MODULATOR
R-F Cable Assembly

Power Cord

AN/ARN-14 COMPONENTS

Radio Receiver

Dynamotor
Course Indicator

Control Panel

[GNAL GENERATOR

Power Cord
R-F Cable Assembly
Adapter Connector

AN/ARN-18 COMPONENTS

Radio Receiver

ALLANTINE MODEL 300
ELECTRONIC VOLTMETER

SPECIFIC TYPES

AN DESIGNATION

SG-1/ARN
PP-348/ARN
CX-237/U
CX-1290/ARN

CG-409/U
UG-528/U

MD-83A/ARN
CG-530/U

CX-237/U

R-540/ARN-14C

DY-66B/ARN-14C

ID-249A/ARN

C-760B/A

SG-2/GRM-4

CX-237/U
CG-409/U
UG-528/U

R-322/ARN-18

WESTON MODEL 901
MICROAMMETER

ALTERNATE

None

None

R-252A/ARN-14

DY-66A/ARN-14

C-760/A

None

GENERAL TYPES

APPLICATION

Signal source-NAV frequencies
Power for SG-l/ARN
PP-348/ARN line cord
Power connector PP-348

to SG-1
SG-1 r-f output cable
6-db pad and adapter CG-

409/U to R-540A/ARN-14C

Audio modulation of SG-1/ARN
MD-83A/ARN to SG-1/ARN

connection
Power line cord

Comparative measurements

Power source for receiver

Crosspointer and TO-FROM
indications

Receiver Control

Signal source GS frequencies

SG-2 power line cord
SG-2 r-f output cable
6-db pad and adapter CG-409
A/U to R-322/ARN-18

Comparative measurements

Comparative a-c voltage
measurements

Measure receiver cross-
pointer current

NAME REQUIRED CHARACTERISTICS
D-C Vacuum Tube Functions - D-C Voltmeter, Ohmmeter
Voltmeter Input Impedance: 10 megohms

Ranges: 3 to 5 volts full scale and three
higher ranges to 300 volts
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Figure 5-1.

Section V
Paragraphs 5-3 to 5-4

NAME REQUIRED CHAR CHACTERISTICS

Oscilloscope Input Impedance: 2 megohms or more
25 uuf or less

Frequency Characteristic - Uniform from 20
to 20,000 Cps

Audio Oscillator Frequency range 20 to 15,000 cps
output -1 volt

Frequency METER Secondary frequency standard - ±0. 001%
Range - 5000 - 10,000 Kilocycles

GENERAL TYPES - Cont.

.

5-3. SPECIAL TOOLS. nance, alignment, and overhaul operations on Signal
5-4. The special tools required to perform mainte- Generator SG-13/ARN are listed below.

PART NUMBER NAME APPLICATION FIGURE 5-1
INDEX NO.

5046016001 Tuning Wand Detuning; Brass end 1
for adjusting C-1529

Phillips 2
Screwdriver #2

5046027002 Alignment Adjusting T-1501, 2-1501, 3
Tool T-1502, and trimmer

capacitors

Phillips 4
Screwdriver #1

Bristo Wrench #10 5
set screw

Bristo Wrench #8 6
set screw

Bristo Wrench #6 7
set screw

Bristo Wrench #4 8
set screw
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Section VI
Paragraphs 6-1 to 6-2

SECTION VI

TROUBLE SHOOTING AND CORRECTION

6-1. SECTION ISOLATION. oscilloscope or a-c vacuum tube voltmeter connected
to the AUDIO OUT jack. These audio signals are

6-2. It is possible to detect many troubles in Signal
Generator SG-13/ARN without removing the instru-

obtained by demodulating the r-f signal which appears

ment from its case. The carrier level is indicated across the final tank circuit and therefore provide a
on the meter with the METER switch in the CAR check on the entire modulation process as well as on
position. It gives evidence of proper operation of the the audio section. The following chart lists probable
r-f section. Audio signals can be observed with an trouble symptoms with causes and remedies.

SYMPTOM PROBABLE CAUSE REMEDY

CARRIER meter suddenly Attenuator stop set incorrectly See Section VIII paragraph
drops to zero as MICRO- 6-4.
VOLTS dial is turned to
maximum posit ion

R-f output on CARRIER 1. Sticking slug rack Lubricate, See Section IV
meter varies depending on paragraph 4-11
direction of approach in
setting up frequency with 2. Improper adjustment of course See Section VII paragraph
the MEGACYCLES control frequency oscillator coupler 7-4

R-f output obtained only 1. Defective K-1501 relay Measure d-c voltage on
on odd positions of terminal 2 of coarse
MEGACYCLES control 2. Defective S-1503 switch frequency oscillator.

Should read 21V on even
mc steps. If not, check
switch S-1503

CARRIER meter red-lines 1. Normally closed contacts of Check continuity with ohm-
but no 108 to 135.9 mc K-1401 failing to make contact meter and replace relay if
output at NAV comector defective. Check continuity

2. Faulty r-f cables from attenuator and connections of r-f
to K-1401 and/or from K-1401 to cables.
NAV connector.

CARRIER meter red-lines 1. Normally open contacts of K-1401
but no 329 to 335 mc output

Measure voltage across relay
failing to close when relay is terminals with NAV-GS switch

at GS connector energized. on GS. If 21V, check relay
for continuity. Replace if de-

2. Univerter circuits or r-f fective. Check cables and
connecting cables bad. make voltage and resistance

checks in univerter.
MICROVOLTS dial has 1. Improper alignment between See Section VII paragraph
rough action. attenuator shaft and front panel 7-10

control shaft.

2. Coupler sections fastened too Loosen set screws in one or
closely together both halves and re-set.

3. Need of lubrication on shaft Apply lubrication, See Section IV
bearing points paragraph 4-11.

R -F leakage R-f covers not in place Check for proper fit of cover
and missing screws

Attenuator tube set screws not Tighten set screws (6) (7) and
tightened (8), figure 7-6

Connectors improperly attached to Check connectors.
coaxial cables at NAV -GS output
or at coaxial relay
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Section VI
Paragraphs 6-3 to 6-7

SYMPTOM PROBABLE CAUSE REMEDY

Inaccurate R-f output 1. Attenuator pickup loop broken See figure 8-3 for location and
loose at ground end repair if necessary

2. Defective 51~resistor in, Check and replace if
attenuator slider necessary

3. Defective coaxial relay Replace

4. MICROVOLTS control knob See Section VIII paragraph
improperly set 8-4

Erratic 90 or 150 cps Defective Z-1402 or Z-1404 filters Check components and
levels replace where necessary

VOR signals inaccurate 1. C-1405, C-1406, or R-1423 Replace where necessary
defective

2. 30 cps oscillator off frequency See Section VIII paragraph 8-8

Unable to properly adjust Defective V-1408B, V-1507, V-1508, Check tubes, replace if
90 or 150 cps levels or V-1506 necessary

METER reads off-scaleon R-1479 open Replace
CAR position of S-1403

GS center or 3-db signals R-1437, R-1438, R-1492 or R-1493 Replace
inaccurate after setting out of tolerance
up TONE LOC

6-3. R-F CIRCUIT TROUBLE SHOOTING, 6-6. OSCILLATOR CHECK. The drive on r-f mixer,

6-4. VACUUM TUBE CHECK. If the r-f section is
inoperative check all tubes. Apply only enough volt-
age to note whether all tubes light. If some do not
light turn the power off, locate and replace the de-
fective tube.

Do not remove tubes when the power is on.
Several tubes are connected in series parallel
andwithdrawingone may burn out one or more.

6-5. CIRCUIT ISOLATION. Measure the voltage on
standoff E-1508 at the junction of R-1515 and R-1516
with a 100,000 ohm resistor in series with the probe
of a d-c vacuum tube voltmeter. (See grid circuit of
V-1506, Figure 9-1. ) This voltage should be greater
than -1.0 volt over the entire frequency range. If
less than -1.0 volt, check the drive on the preceding
stages. Measure voltages on the grid of each pre-
ceding stage using a 100,000 ohm resistor in series
with the d-c vacuum tube voltmeter and compare with
the typical measurements listed below:

TUBE TERMINAL D-C VOLTAGE

V-1505 Pin #1 -30 v
V-1504 Pin #1 -2.5 v
V-1503 Pin #1 -2.75v
- - - - E-1508 -1.4 v

V-1503, comes from both the coarse frequency and
the fine frequency oscillators, While measuring the
grid voltage on V-1503, detune the oscillator coils in

T-1501 with the tuning wand by inserting the wand into
L-1511 (figure 8-1). If the coarse frequency oscillator
is operating satisfactorily the grid drive on V-1503
will fall as T-1501 is detuned. If the coarse frequency
oscillator is not operating properly the tube and relay
K-1501 should be checked before removing the oscil-
lator. The relay can be checked by listening care-
fully while turning the outer knob on the MEGACYCLES
control. A click will be heard as the relay opens or
c loses each time the frequency is changed. On even
megacycle positions the relay should be energized and
21 volts will appear on terminal #2 of the coarse
frequency oscillator. The switches inside the oscil-
later must be oriented properly with the slug table
shaft . On the 135.0 mc position one screw on the
shaft adapter will be approximately straight up and
the other will be on the left side when viewed from
the front. (See figure 7-3). The shaft adapter couples
the slug table to the switches inside the coarse fre-
quency oscillator. If it is necessary to remove the
coarse frequency oscillator from the slug table refer
to Section VII, paragraphs 7-2 and 7-3.

6-7. Both the coarse and the fine frequency oscil-
lators can be checked by placing the antenna of a
receiver near the lead on terminal #1 of either oscil-
later and tuning the receiver to the oscillator fre -
quency. See tables of oscillator frequencies versus
dial positions below:
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TABLE 6-1

FINE FREQUENCY OSCILLATOR

Inner Crystal Freq.
D i a l Position KC

.0 1 4875

.1 2 4900

.2 3 4925

.3 4 4950

.4 5 4975

.5 6 5000

.6 7 5025

.7 8 5050

.8 9 5075

.9 10 5100

TABLE 6-2

COARSE FREQUENCY OSCILLATOR

Outer
Dial

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

Crystal
Position

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Freq.
KC

7375.000

7458.333

7541.667

7625.000

7708.333

7791.667

7875.000

7958.333

8041.667

8125.000

8208.333

6291.667

8375.000

8458.333

8541.667

8625.000

Section VI
Paragraphs 6-8 to 6-18

Table 6-2 (Continued)

COARSE FREQUENCY OSCILLATOR

Outer Crystal Freq.
D i a l Position KC

124 17 8706.333

125 18 8791.667

126 19 8875.000

127 20 8958.333

128 21 9041.667

129 22 9125.000

130 23 9208.333

131 24 9291.667

132 25 9375.000

133 26 9458.333

134 27 9541.667

135 28 9625.000

6-8. AUDIO SECTION TROUBLESHOOTING.

6-9. WAVE FORM CHECK. Troubles in the audio
section may generally be isolated to the faulty circuit
by checking wave forms at the AUDIO OUT connector
for the various positions of the AUDIO SELECTOR
switch. Connect an oscilloscope to the AUDIO OUT
connector and compare the waveforms with those
shown below.

6-10. VOR. Appears as a wide sine wave band at 30
cps. See figure 6-1.

6-11. @ LOC. Same as VOR except smaller 30 cps
amplitude. See figure 6-2.

6-12. TONE LOC. Appears as a composite 90 and
150 cps wave. Varies in waveform as LOC-GS control
is rotated. See figure 6-4.

6-13. GLIDE SLOPE. Same as TONE LOC except
that amplitude is doubled.

6-14. 1000 CPS. Waveform is that of a 1000 cps
sine wave.

6-15. 30 CPS VAR @. Wave form is that of a 30
cps sine wave.

6-16. 9960 FM. Appears as a 9960 cps sine wave
with the frequency modulation causing a spreading out
of the wave form. See figure 6-3.

6-17. 90 CPS. Wave form is that of a 90 cps sine
wave.
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Figure 6-3.

F i g u r e  6 - 1 .  W a v e  f o r m  a t  A U D I O  O U T  c o n n e c t o r ( a )  L O C  - G S  C o n t r o l  C e n t e r e d  9 0  w =150 m

w i t h  A U D I O  S E L E C T O R  o n  V O R .

F i g u r e  6 - 2 .  W a v e  f o r m  a t  A U D I O  O U T  c o n n e c t o r

w i t h  A U D I O  S E L E C T O R  o n  @ L O C  a n d

L O C  - G S  C o n t r o l  S e t  t o  T O P  L i n e  o f

R i g h t  S e g m e n t .

( b )  L O C  - G S  C o n t r o l  o n  T o p  L i n e  o f  L e f t  S e g m e n t .

1 5 0  m 6db h igher  than 90  t-u

( c )  L O C  - G S  C o n t r o l  o n  T o p  L i n e  o f  R i g h t  S e g m e n t .
9 0  m 6db h igher  than 150  I-U

F i g u r e  6 - 4 .  W a v e  f o r m s  a t  A U D I O  O U T  c o n n e c t o r
w i t h  A U D I O  S E L E C T O R  o n  T O N E  L O C
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S e c t i o n  V I
P a r a g r a p h s  6 - 1 8  t o  6 - 2 2

6 - 1 8 .  150 CPS. Wave form is that of a150cps sine

wave.

6 - 1 9 .  VOLTAGE CHECK. The wave form inspection
will isolate the trouble to the particular circuit at
fault. To isolate the trouble further trace the signal
through the faulty circuit with a Ballantine vacuum

tube voltmeter or oscilloscope.  Refer to the terminal

d-c voltage diagrams and table of a-c voltage levels
in Section IX.

6 - 2 0 .  MINIMUM PERFORMANCE STANDARDS.

TOTAL HAR . *

AUDIO FREQUENCY DISTORTION

FREQUENCY

I

TOL (*Measured at
pin 2. V-1508)

30 W i 1% 6%

90 w * 1% 8%

150 r-u * 1’% 6%

SYMPTOM

1. Failure to start.

2. Excessive speed

3. No output,  or low output

9960 w * 2’% 10%

1000 N *15’% 15%

Accuracy of r-f frequencies *O. 0065%

Accuracy of r-f level +25%

VOR accuracy +0. 7 degrees

6 - 2 1 .  DYNAMOlOR TROUBLE SHOOTING

6-22. Troubles in the dynamotor maybe located more

readily by reference to chart below. Refer to Section

VII for corrective procedures.

PROBABLE CAUSE

1. No voltage or improper input  voltage.

2. “Open” in input circuit  wiring or
power cable.

3. Defective starting switch.

4. Armature winding  may be “open”.

5. Worn low voltage brushes.

6. Dirty low voltage commutator.

1. Shunt field may have short circuited

turns on an “open”.

1. Poor commutation resulting from a

dirty commutator

2. Low input voltage.

3. Shims “end loading” bearings.

4. Defective armature.

REMEDY

1. Check source voltage.

2. Check and repair

“opens” and loos e

connections in input

circuit.

3. Replace or repair
switch “

4. Return dynamotor to

qualified overhaul
depot.

5. Replace brushes.

6. May be due to grease

on commutator. Clean

with cloth saturated

with gasoline or dress
the commutator.

1. Return dynamotor to
qualified overhaul

depot.

1. Clean commutator with

cloth saturated with
gasoline, or dress the

commutator.

2. Check input circuit for
loose connections.

Check source voltage.

3. Return dynamotor to

qualified overhaul

depot.

2 7



S e c t i o n  V I

P a r a g r a p h  6 - 2 2

SYMPTOM PROBABLE CAUSE REMEDY

5. Brokenor sticking brushes. 5. Replace brushes.

4. Dynamotor noisy 1. Dry bearings. 1. Remove bearings and
mechanically. lubricator replace

as necessary. See

Section VII

2. Bent shaft. 2. Return to qualified

overhaul depot.

3. High commutator bar. 3. Return dynamcior to

qualified overhaul

depot.

4. Dynamotor mounting not secure. 4. Tighten mounting

screws.

5. Overheating 1. Bearings dry or damaged. 1. Remove bearings and
lubricate or replace

as necessary

2. Shims “end loading” bearings. 2. Return dynamotor to

qualified overhaul
depot

3. Bent shaft rubbing against 3. Return dynamotor to

housing. qualified overhaul
depot.

4. Sticking brushes. 4. Replace or service

brushes

6. Dynarnotor noisy 1. Arcing at brushes, broken or 1. Replace or service

electrically cracked brushes, brushes brushes

sticking in holder.

2. High commutator bar, high mica 2. Return dynamotor to

between commutator segments. qualified overhaul
depot.

3. Dirty commutator 3. Clean commutator with

clean c Ioth sat urated

with unleaded gasoline.

7. Vibration 1. Bent shaft. 1. Return dynamotor to

qualified overhaul
depot.

2 8



Figure 7-1.

S e c t i o n  V I I

P a r a g r a p h s  7 - 1  t o  7 - 2

S E C T I O N  V I I

OVERHAUL OF MECHANICAL COMPONENTS

NOTE coarse frequency oscillator follow the procedure out-

lined below.
fhis function is confined to authorized over-

haul activities only.
a. Remove the top, bottom and rear covers from the

7 - 1 .  DISASSEMBLY.
r-f section.

7 - 2 .  REMOVAL OF COARSE FREQUENCY OSCIL- b. Unsolder the six leads, (1) figure 7 - 1 ,  connected

LATOR. Should it become necessary to remove the to the terminal strip on the side of the oscillator.

2 9



Figure 7-2.

S e c t i o n  V I I

P a r a g r a p h  7 - 3

Label each lead as it is removed to insure proper re-

placement.

c. Remove the three nuts, (1) (2) (3) f i g u r e  7 - 2 ,

which fasten the osciliatortothe rear of the slug rack.

d. Slide the oscillator carefully off the slug rack

shaft adapter, (4) f i g u r e  7 - 2 ,  and out through the open-

ing in the rear of the r-f shield.

e. Carefully note, or record bysketching, theorien-

tation of the slots in the rotors of the two-section

wafer switch in the oscillator. Also note and record

the setting of the MEGACYCLES control on the front

panel.

Never loosen the two set screws on the coarse

frequency oscillator shaft adapter for any

reason other than replacement of the shaft or

adapter. If these screws should be loosened

accidentally or for the purpose of replacing a

damaged shaft oradapter follow the procedure

in p a r a g r a p h  7 - 6  to restore the original ad-

justment.

7 - 3 .  REASSEMBLY OF COARSE FREQUENCY OSCIL-

LATOR . Unless it becomes necessary to move the
switch rotors while  the oscillator is disassembled the

3 0



Figure 7-3

Figure 7-4.

S e c t i o n  V I I

P a r a g r a p h s  7 - 4  t o  7 - 6

oscillator can most easily be re-assembled to the slug

rack by setting the MEGACYCLES control to the

frequency noted in p a r a g r a p h  7 - 2 ,  step e, above and

sliding the oscillator carefully back into place.

Unless care is exercised, the oscillator may
be re - assembled to the slug rack with the

switch rotors 180° from their correct position,

Refer to f i g u r e  7 - 3  for relative positions of the

slug rack adapter and switch rotors for several

different frequencies.

There are two switches in the oscillator. Both

switch rotors must be lined up properly

before inserting shaft, otherwise damage to

the second switch rotor will result.

7 - 4 .  COARSE FREQUENCY OSCILLATOR SWITCH

ADJUSTMENT. If the two set screws  on the coarse
frequency oscillator shaft adapter ever become

loosened and the synchronization lost, it will be

necessary to follow the procedure below to restore the

original synchronization.

7 - 5 .  TEST SETUP.

a. Remove rear access cover (10) and coarse

frequency oscillator crystal cover ( 1 1 ) - F i g u r e  7 - 2 .

b. Pull out 9625.000 kc crystal, Y-1528 and attach

an ohmmeter between the lower socket ai)d ground as
shown in F i g u r e  7 - 5 .

c. Set MEGACYCLES control to 135 MC.

7 - 6 .  PROCEDURE.

a. Loosen and turn the shaft adapter at the rear of

the slug rack so that when viewed f rom the front of the

signal generator one set screw is pointing straight out

to the left and the other set screw is pointing straight
up. This will closely approximate tbe 135 mc position.

b. Turn the adapter back and forth and note by the

ohmmeter reading the approximate points at which the
coarse frequency oscillator switch no longer makes
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Figure 7-6.

Figure 7-5.

S e c t i o n  V I I

P a r a g r a p h  7 - 7

contact. These points will be evidenced bv the ohm

meter reading ri~ing from 100 K ohms to o-pen circuit.

c. Set adapter midway between these two end points

and tighten both set screws.

d. Replace crystal Y-1528 and the c:’ystal cover .

Connect power to the signal generator. Turn the

MEGACYCLES control from 135 to 108 and back to

135 checking the reading of the CARRIER meter at

each frequency setting to make certain that normal r-f

output is obtained on all channels regardless of

direction o. approach.

e. If good switch contact is not ~btained at all

frequencies, re-set the MEGACYCLES control to 135

and repeat steps a through d until all channels operate

satisfactorily.

7 - 7 .  REMOVAL OF FINE FREQUENCY OSCILLATOR .

The fine frequency oscillator may be removed by
following the procedure outlined below.

a. Remove the top and bottom covers on the r-f

section.

b. Remove the fine frequency oscillator tube, V-1501,

and its shield.

32

c. Unsolder the four leads, (2) f i g u r e  7 - 1 ,  connected

to the terminal strip on the oscillator.

d. Remove the three nuts,  (5) (6) (7) f i g u r e  7 - 2 ,  that

fasten the oscillator to the tuner frame.

e. Carefully slide the oscillator to the rear and off

the shaft and then out the top of the r-f section.

f. Note, or record by sketching,  the orientation of the

slot in the rotor of the wafer switch in the oscillator .

Also note or record the setting of the MEGACYCLES

cent rol on the front panel.



Figure 7-7.

7 - 8 .  REASSEMBLY OF FINE FREQUENCY OSCIL-

LATOR. Unless it becomes necessary to move the

switch rotor while the oscillator is disassembled the

oscillator can most easily be reassembled by setting

the MEGACYCLES control to the frequency noted in

p a r a g r a p h  7 - 7 ,  step f, above and sliding the oscillator
carefully back into place.

Unless care is exercised, the oscillator may

be re -assembled with the switch rotors 180°

from their correct position. Refer to f i g u r e

7 - 4  for relative positions for .2 and .7- mc

settings of the megacycles control.

7 - 9 .  REMOVAL OF ATTENUATOR.  The attenuator

may be removed by following the procedure outlined

below.

a. Remove the four screws, (3) (4) (5) (6) f i g u r e  7 - 1 ,

which fasten the large potentiometer panel to the

underside of the audio chassis and lay the panel back

so that no undue  strain will be placed on the cable.

b. Loosen the four set screws, (1) (2) (3) (4) figure

7-6 on the attenuator shaft coupler and remove the

coupler.

c. Grasp end of plunger rack (5) f i g u r e  7 - 6 ,  and

pull out at least two inches from the attenuator tube so

that the pick-up loop will not protrude from the end of

the tube and sustain possible damage during removal.

S e c t i o n  V I I
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d. Remove the bottom cover of the r-f section.

e. Loosen the set screws, (6) (7) (8) f i g u r e  7 - 6 ,  that

secure the attenuator tube in the collar on the final

r-f amplifier coil housing and the mounting bushing.

f. Slide the attenuator tube out of the collar and then

carefully rotate the tube in the bushing, so that the

shaft end of the assembly will clear components when

withdrawn. The nuts securing two resistor stacks
may have to be loosened to gain clearance. See

f i g u r e  7 - 7 .

g. Carefully slide attenuator out of the bushing. Dis -

connect attenuator cable from coaxial relay. Remove

the UG-88/U connector from the cable.

7 - 1 0 .  REASSEMBLY OF ATTENUATOR.

a. Reverse the procedure in p a r a g r a p h  7 - 9  above

and slide the attenuator tube through the bus hing and

into the collar until  the panel shaft and attenuator shaft

are in exact alignment.

b. Upon completing the reassembly re -calibrate tne

attenuator as outlined in Section VIII, p a r a g r a p h  8 - 4 .

c. If the MICROVOLTS dial does not operate smoothly
the panel shaft and attenuator shaft have not been
accurately aligned. Loosen set screws on collar and

align shafts properly,  keeping the MICROVOLTS dial

at some intermediate setting to prevent damage to the

pickup loop while adjusting the attenuator tube position.
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7 - 1 1 .  REMOVAL AND REPLACEMENT OF R -F

TANK ASSEMBLIES, T-1501, T-1502, and Z-1501.

a. Unsolder and label the four leads entering the

assembly.

b. Remove the two mounting screws accessible from

the slug rack side.

c. Gently pull  the assembly straight out, taking care
not to damage the slugs as they are withdrawn  from

the assembly.

d. To gain access to parts, remove the four nuts
securing the shield to the assembly. If necessary, r~

move the Bakelite plates.

e. When replacing the assembly, reverse the above
procedure, again taking care not to damage the slugs

as they are re-inserted into the coils.

7 - 1 2 .  REMOVAL OF R-F OUTPUT TANK, Z-1502.

a. Uncouple and slide back the attenuator until it is
clear of the collar on Z -1502.

Do not attempt removal of Z -1502 until the

attenuator is well clear of the collar.

b. Remove the two nuts mounting  Z -1502 (accessible

from the slug rack side).

c. Gently  pull  assembly straight out, taking care

not to damage the slug as it is withdrawn  from the coil .

7 - 1 3 .  DISASSEMBLY OF Z-1502.

a. Remove the four nuts securing the shield.

b. Remove top or bottom plates only if absolutely
necessary.

Before loosening any of the five nuts on the

top of the assembly, unsolder the bottom

connection on trimmer capacitor C -1529 to
prevent undue  stress on the glass envelope

and possible breakage.

7 - 1 4 .  REPLACEMENT OF Z-1502.

a. Reverse the procedure in p a r a g r a p h  7 - 1 2 ,  taking

care not to damage the slug as it is inserted into the
coil.

b.

3 4

Couple the attenuator to the collar on the assembly.

NOTE

A bushing, which  supports the attenuator

tube, is adjusted at the factory for proper

fit. Do not adjust or re-position this bush-

ing unless the attenuator tube binds in the

bushing due to improper alignment of the bush-

ing with the collar on the Z-1502 assembly.

Should this condition arise, re-position the

bushing by loosening the hexagon nut which

secures the bushing to the chassis. Correct

the alignment and secure the bushing.

c. Recalibrate the attenuator as outlined in Section

VIII, p a r a g r a p h  8 - 4 .

7 - 1 5 .  REPLACEMENT OF TUNING SLUGS. In the

event that the powdered iron slugs become cracked or

broken, replace the slugs using  the followin&  pro-

cedure.

a. Rotate the broken slug stud clockwise until the

slug and stud drop down through the hole in the top of

the tank assembly.

b. Insert a new slug through  this same hole and,

while holding the slug stud against the movable table

with a small round rod, use a screwdriver to rotate
the slug counterclockwise until the threads catch.

c. Check the slug table spring tension by selecting

135 mc (the slug table in extreme upward position) and

checking to be certain that the rollers are tight against

the cams. They must be tight enough so that vibration

will not cause the slug table to move and as a result

change the positions of the slugs in the coils.

7 - 1 6 .  DYNAMOTOR  DISASSEMBLY  AND ASSEMBLY

PROCEDURE. The only disassembly that should be

undertaken is the removal of brushes and bearings.

To disassemble this part of the dynamotor proceed as

follows .

a. Disconnect the three dvnamotor leads from under-
side of chassis.

b. Remove four screws mounting  dynamotor

chassis and lift dynamotor from chassis.

c. Remove end cover screw and pull  off covers.

d. Remove fan by loosening Bristo set screws.

to

e. Remove screws holding the bearing retainer plates

on the high and low voltage ends,

f. Remove two end bell assemblies after disconnecting

the attached wires.

g. Remove ball bearing assemblies.

h. Do not disassemble the dynamotor

i. To reassemble the unit, reverse

cedure.

any further.

the above pro-

7 - 1 7 .  DYNAMOTOR COMMUTATOR DRESSING.

Slight  grooving of the commutators is not unusual after
several hundred  hours operation and may be considered

as normal. If, however,  it is desired to repolish the

commutators, they may be polished with grade 000 or

finer sandpaper.
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Do not use emery cloth on the commutators.

The abrasive is conductive and may cause

short circuits in the armature by becoming

imbedded in the slots between the bars.

Slight pitting can be removed by use of commutator

dressing sticks of pumice grade by holding the end of
the stick against the commutator face and exerting

slight pressure while the dynamotor is running.  This

should be followed by canvas cloth polishing. If

commutators are seriously worn or scored, they must

be refinished by a properly  equipped repair station.

7 - 1 8 .  DYNAMOTOR BRUSH SERVICING. Should the

dynamotor brushes be binding in the brush holders ,

clean the brushes by wiping with a clean cloth

dampened in unleaded gasoline. If this process does

not correct the binding, thin the brushes down with

No. 0000 sandpaper.

Do not allow the sandpaper to touch the contact

surface of the brushes. Do not round off or

chip off contact edges. Carefully remove

abrasive and carbon dust.

Replace brushes that are cracked, damaged, or worn

beyond the minimum length of one-fourth inch. If new

brushes are installed, refer to p a r a g r a p h  7 - 1 9  for

brush setting procedure.

7 - 1 9 .  . DYNAMOTOR BRUSH SEATING.

a. Place a strip of No. 000 sandpaper between the

brush and the commutator, with the abrasive side
facing the brush.

b. Apply only normal brush pressure. The sand-

paper strip must be held snugly to the commutator so

that it will have exactly the same curvature as the

commutator. The strip should be drawn through in the

direction of normal rotation.

Do not move the strip back and forth.

c. Relieve the brush pressure and repeat b. above

as often as is required to form the brush face to seat
75% in the direction of rotation and 90 percent of the

width  of the brush. Do not round off or chip the contact

surface edge. Any loose abrasive or carbon dust

should be carefully removed,

d. Following the fitting, a light application of a

special brush seating stone may be used to smooth out

any grooves left by the abrasive.

NOTE

After installing new brushes, the dynamotor
should be run in at normal load for a few hours

to obtain the polished brush surface necessary

for good commutation. Noisy and inefficient

operation may be experienced until  the brushes

are properly worn in.

7 - 2 0 .  CLEANING  DYNAMOTOR BALL BEARINGS.

Ball bearings should be lubricated as soon as

possible after cleaning, inspection, and test-
ing. Never spin a ball bearing which  is not

lubricated. Do not handle ball bearings with

fingers. Doing so may cause corrosion. Use

tweezers or gloves.

Wipe the bearing with a soft, clean, lint-free cloth.

Place the bearings in a clean, corrosion - resistant

wire basket, and suspend the basket in a cnntainer of
filtered benzene, U.S. Army Specification No. 4-1016B.

Agitate the basket to aid in flushing out the sludge. If

necessary use a short bristled brush to remove the

dirt. Place the bearings in a clean covered container

until  ready to use.

7 - 2 1 .  INSPECTION  OF DYNAMOTOR BALL BEAR -

INGS. Test each ball bearing by slowly rotating it.

Bearings showing pronounced  bumps or stickiness
should be discarded  and replaced. Inspect the bearings

for cracks, rough  or pitted surfaces, and damaged

balls. The bearings should be a push fit on the arma-

ture shaft and hand tight in the housing.

7 - 2 2 .  LUBRICATION OF DYNAMOTOR BALL BEAR -

INGS. Lubricate the bearings with AN-G-25 grease.

Do not jam the bearings full of grease. Only

enough  grease to fill one side of the ball race

is necessary. Packing the bearings with grease

will tend to cause the grease to run through the

bearing seals and create excessive heat due to
churning during  operation.
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ALIGNMENT, CALIBRATION,  AND TESTS

8 - 1 .  ALIGNMENT.

8 - 2 .  INTRODUCTION.  Signal Generator SG-13/ARN

is carefully aligned and tested before it is shipped

from the factory. The slugs and tuning capacitors are

carefully adjusted at the factory and should never re -

quire more than a very slight adjustment.

Do not change slug positions or adjust variable

capacitors except when making fine adjust-

ments during actual alignment. Indiscriminate

tuning will inevitably result in a completely

misaligned instrument which will be difficult
to repair.

If alignment is needed it is usually due to a change ir,

capacitance which can be corrected by adjusting the

tuning capacitor only. The tuning slugs will seldom
need resetting and when  they do the change necessary

will be very small. The need for alignment will be
indicated when it is not possible to adjust the needle

on the meter to the red line when the METER switch

is in the CAR position. This condition,  however can
be caused by faults other than misalignment such as

bad tubes or a faulty meter or metering circuit. If a

unit which  has been operating satisfactorily suddenly

drops off in performance, it is very unlikely  that mis -
~lignment is the cause.

When misalignment is suspectect as a cause of

trouble check all other logical causes of
trouble before undertaking realignment.

8 - 3 .  R-F SECTION ALIGNMENT. Alignment of the

r - f section of Signal Generator SG - 13,jARN is ac-

complished by following the procedure outlined below.

a. Connect Power Cable Assembly CX-1095/U or

CX-1506/U to the 21vDC-29VDC connector on Signal

Generator SG-13/ARN and to the source of power.

b. Turn  the METER switch to the LINE position and

turn the SET LINE to 21V switch until the meter

reads 21 tO.5V.

c. Turn  METER switch to B+ position and read B+

voltage on meter. Reading should be 230 volts. Allow
10 minutes warm up.

d. With METER switch in CAR position, and

CARRIER SET control fully counterclockwise adjust

METER ZERO control until the meter reads zero.

e. Set MICROVOLTS dial to read lK or lower.

f. Turn MEGACYCLES control to 135.5 mc and set

the meter to the red line with the CARRIER SET

control if possible.

3 6

g. Connect a d-c vacuum tube voltmeter to E-1508

(junction of R-1515 and R-1516).

h. Insert the iron end of the tuning wand into L-1503,

L-1504, L-151O, L-1511, L-1505 and L-1506 and note

a ny increase in d-c voltage at E -1508. Insert the iron

end of the tuning  wand into IA508and note any increase

in output on the CAR meter. Insert the brass end of

the tuning wand into the same coils and note any in-
crease in E-1508 voltage or CAR meter reading. If a

circuit  is properly tuned inserting either end of the

tuning wand will cause the output to drop. Note the

results but do not make any adjustments. It will be

noted that the tuning of the last two coils toward the

front of the r-f chassis is much more critical than the

tuning of the preceding stages.

i. Repeat step h at 108.5 megacycles.

j. Measure the d-c voltage at E-1508 as the MEGA -

CYCLES control is rotated over the entire range. If

the alignment is good the voltage will be at least -1.0

volts for any frequency. This is an overall check of

all tuned circuits except the final circuit, Z -1502.

k. If the above steps indicate the need for alignment,

continue with step 1, below. The final tank circuit ,

Z -1502, is the one most likely to require alignment.

In most cases a slight adjustment of C-1529 is all that
is required.

1. Turn  MEGACYCLES control to 135.5 and check for

proper tuning of Z-1502 with the tuning wand. If in-

serting either end increases the output as read on the

meter in the CAR position, tune C-1529 on the top of

the final tank, Z -1502, for a maximum on the meter .
See f i g u r e  8 - 1 . The brass end of the tuning wand
serves as an adjusting tool. Only a slight change in

tuning capacitance should be necessary.

fridiscriminate  tuning  of the capacitor to its

extreme maximum and minimum settings is

unnecessary and may result in damage to the

capacitor.

Recheck the tuning with the tuning wand.

m. Turn MEGACYCLES control to 108.5 and check

for resonance with the tuning wand as in step h. If the

circuit is not in resonance adjust the L-1508 slug in

Z -1502. This adjustment is on the slug rack on top of
the chassis. See f i g u r e  8 - 2 .

n. Repeat steps i and m above until the circuit is in

tune at both ends. Slugs are always adjusted at 108.5

mc and the trimmer capacitors at 135.5 mc. If the

voltage on E-1508 is greater than -1.0 volts over the

entire frequency range, further alignment is un-

necessary. If further alignment is required, continue
with step o below.



Figure 8-1.
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O. Connect a d-c vacuum tube voltmeter to E-1508
to measure the output of the quadruple V -1505.

Tune to 135.5 mc and check each coil in 2-1501 (LA505

and L-1506) for resonance. Adjust the trimmers on
the side of Z-1501 (C-1518 and C-1523) if necessary

using the right angle screwdriver provided.

p. Tune to 108.5 mc and check for resonance. Ad-

just the L -1505 and L -1506 slugs in Z -1501 if

necessary.

q. Repeat steps o and p until  the tuned circuits are

in resonance at both ends.

r. Adjust mixer coils in T-1502 (L-1503, L1504) by
tuning to 135.5 mc and inserting the iron end of the

tuning  wand in one coil until the circuit is detuned  and

the voltage on E-1508 falls to a low value. Adjust the

trimmer on the other coil for maximum output. Re-

peat this procedure for the other mixer coil.

s. Tune to 108.5 mc and repeat procedure of step r.

t. Tune the coarse frequency oscillator output coils

in T-1501 (L-151O, L-1511) in the same manner as
the mixer. (Steps r and s above. )

u. The coarse frequency oscillator employs a fre-

quency adjusting trimmer, C-1534, which is adjusted

at the factory and should not require any further

attention unless changes are made in the components

or wiring in the grid circuit of V-1502. In this event,

measure the frequency of the oscillator using each of

the 28 frequencies. Make these measurements with a

secondary frequency standard having  an accuracy of

*o. Ool’%. See table 6-2 for crystal frequencies. A

small pick up loop inserted in the T-1501 coil nearest
the coarse frequency oscillator (L -151O) will provide

enough  pick up to permit measurement of the 7375-9625

-kc signals. Rotate the MEGACYCLES control to each

of the 28 positions and measure each of the 28 crystal

frequencies. All should be accurate within  +0. 0065% .

If any of the crystal frequencies are found to be more
than O. 0065~ in error it will usually be found that all

the other frequencies are in error in the same direction .
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Figure 8-2.

Section VIII
Paragraph 8-4

A slight adjustment of C-1534 at the bottom of the
coarse frequency oscillator should shift all the crystal
frequencies so that none will fall outside the +0.0065%
limits. If any crystal still falls outside these limits
insert a new crystal to obtain required frequency.

8-4. R-F ATTENUATOR ALIGNMENT.

a. Place all covers on the r-f section and tighten all
cover screws securely. This is necessary to prevent
r-f leakage during alignment.

b. The r-f output is adjusted by comparing it with
the output of a Signal Generator SG-l/ARN. Feeda
114.9 mc signal from Signal Generator SG-1/ARN
into an ARN/14 navigation receiver with a d-c vacuum
tube voltmeter connected to measure the receiver avc
voltage. Use a 53-ohm 6-db pad in the cable connecting
the receiver to the SG-1/ARN to keep the standing
wave ratio low. See figure 8-5 for test connections.

c. Set Signal Generator SG-1/ARN MICROVOLTS
dial to 500 microvolt and note avc voltage developed
in the receiver.

d. Substitute Signal Generator SG-13/ARN for the
SG-1/ARN using the same 6-db pad and adjust the
MICROVOLTS dial until the same avc voltage reading
is obtained. Adjust METER ZERO. The CARRIER
SET control should be adjusted to the red line prior to
this measurement. The MICROVOLTS dial. should
read 1000. ‘If not, loosen the dial set screws with the
Bristo wrench furnished and reset.

NOTE

The SG-1 microvolt dial is calibrated for use
with a 6 db pad. The SG-13 microvolt dial is
calibrated for a direct connection between NAV
or GS output connectors and receiver input.

A 53-ohm 6db pad is used with the SG-13 out-
put cable in this test only to insure proper
termination of the SG-13 in case the receiver
being used does not have exactly 53- ohms
inPut impedance. For this reason, the SG-13
MICROVOLTS dial must be set to twice the
reading of the W-1 microvolt dial during
this alignment procedure.
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Take care to allow the signal from only one

signal generator to get into the receiver while

measuring theavc voltage. Adjust the signal
generator not in use to some other frequency

while making measurements.

e. Turn the SG -13/ARN MICROVOLTS dial to a
maximum. This should give 200,000 microvolt which

is comparable to a 100,000 microvolt setting on Signal

Generator SG - l/ARN. If sufficient SG - 13/ARN output

cannot be obtained, reset the stop on the attenuator

shaft. See (9) f i g u r e  7 - 5 .  With this stop set for a
maximum output of 200, 000 microvolt the attenuator

dial will usually indicate that value with little error.

Use extreme care in turning  the attenuator

dial while the stop is being adjusted. If the

dial is turned  too far, the U-shaped pick-up

loop in the attenuator may strike the final tank

coil and be damaged. This is usually evi-

denced by the CAR meter reading dropping  to
zero at the highest setting of the MICRO-

VOLTS dial.

8 - 5 .  The position of the pick up loop with respect to

the coil at the maximum setting of the MICROVOLTS

dial may be checked as follows, referring to f i g u r e

8 - 3 .

a. Remove the bottom r-f shield cover.

b. Remove the four nuts and shake proof washers on

the top of Z-1502 and pull off the shield can (1).

c. Shine a light through  the square hole (5) on top of
the housing and note the ciearance (6) between the loop

(4) and coil (2) with the MICROVOLTS dial set to its

maximum output position. This clearance will nor-

mally be 1/32 to 3/64 inch. If the loop touches

L-1508 at any point, insert a small screwdriver
through  the square hole and very carefully bend the

loop until  it centers properly. Repeat steps in p a r a -

g r a p h  8 - 4  above.

8 - 6 .  UNIVERTER ALIGNMENT.

NOTE

Use a non metallic screw driver to adjust
L-1522 and all variable capacitors located in

the univerter.

a. Install the univerter cover and all r-f covers be-
fore alignment. Be sure the covers are properly

seated and screws tightened  securely.

b. Set NAV-GS switch on GS, MEGACYCLES dial on
332.0, and connect the GS output to the input  jack of

an ARN-18 Glide Slope receiver through a 53-ohm

6-db pad (UG-528/U). See f i g u r e  8 - 8 .  Adjust METER
ZERO and set carrier level to the red line on the
meter.

c. Connect a d-c vacuum tube voltmeter between
L-1530 and ground. (L-1530 is accessible through
the hole in the univerter cover as shown in f i g u r e  8 - 1 .

Make test connection by placing meter lead on any
part of the turns in the coil. ) Tune L-1522 by adjust-

ing the slug for a peak d-c voltage. Record this volt-

age and then turn the slug-adjusting screw in a

clockwise direction until  the d-c voltage is 85% of the

observed peak value.

d. Measure the receiver avc voltage with a d -c

vacuum tube voltmeter and adjust the MICROVOLTS

dial to a level just high enough to give a small avc

voltage. In  cases of extreme misalignment, it may

be necessary to advance the setting of R- 1544 in a

clockwise direction to obtain an indication of avc volt-

age. Adjust C-1571 and C-1574 for maximum output

as indicated by the receiver avc voltage.

e. Tune the overcoupled tuned circuits between the

mixer and the first amplifier as follows. Short any

two adjacent turns of L- 1527 together by inserting a

small metallic screw driver through the hole in the

bottom cover of the univerter and tune C-1577 for

maximum avc voltage. (Lf the avc voltage falls too

low when the coil is shorted, increase the setting of
the MICROVOLTS dial. ) Then short L-1526 and tune

C -1578. When tuning over coupled circuits, it is
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always necessary to detune  one side by shorting turns

to tune the other side properly.

g. In the same manner, short L-1530 and tune

C-1580, short L-1529 and tune C-1581, short L-1532

and tune C-1583, and short L-1531 and tune C-1587.

h. Check the univerter output to make sure it is

uniform within +15 percent over the frequency range

329.3 -335.0 mc. This can be done by checking

Signal Generator SG-13/ARN against an SG-2 signal
generator. Set the SG-2 attenuator microvolt dial
at 500 and feed a 332-me signal into an ARN-18 Glide

Slope receiver through  a 53-ohm 6-db pad (Adapter

UG-528/U). See f i g u r e  8 - 6 .  Note the receiver avc

voltage. Substitute the SG-13/ARN for the SG-2, using
the same frequency setting and 6-db pad with the

MICROVOLTS dial set at 1000. (Use GS output con-
nector. ) Adjust R-1544 ( f i g u r e  8 - 2 )  on the univerter
to duplicate the avc reading noted above.

i. Check the univerter output as follows to insure

that the response is sufficiently flat from 329.3 to

335.0 mc. Set SG-13/ARN MEGACYCLES control to
329.3 and MICROVOLTS dial to 1000. Feed the i.mt-

put into an ARN-18 receiver through Adapter UG -52~

and note the receiver avc reading.  Substitute SG-2

for SG-13/ARN and duplicate the avc reading by

adjusting the SG-2 output. The SG-2 output should

be within +15 percent of 500 microvolt. Make

similar comparisons at 331.1, 332.0, 332.9 and
335. Omc. If the 15 percent requirement is not met,

readjust C-1583 snd/or C-1587 slightly to correct

any peaks or dips in the response and repeat the

entire procedure outlined in paragraphs h. and i.
above.

8 - 7 .  AUDIO SECTION ALIGNMENT. All audio ad-
justments must be made with the r-f covers on and

all cover screws securely tightened. Set the SG-13/

ARN MICROVOLTS dial at 1000 and the NAV-GS switch

in the NAVposition unless otherwise specified. Adjust
for 21 volts line on the panel meter and allow 10

minutes warm up period before making any adjust-

ments. Tighten locking nuts on controls as each
adjustment is completed,

8 - 8 .  FREQUENCY ADJUSTMENT.

a. Connect the vertical input of an oscilloscope to
the AUDIO OUT connector located behind access plate

on the front panel and set AUDIO SELECTOR to 30 m

VAR @ . Adjust METER ZERO and set carrier to

red line. Connect the 60 cps power line frequency or
an accurate frequency standard to the horizontal input

of the oscilloscope.

b. Set the 30 FREQUENCY control to exactly 30 cps

by adjusting until  the proper Lissajous pattern is ob-

tained. This will be a double loop if the 60 cps power

line frequency is used. Adjust until  this double loop
is stationary.

c. Rotate AUDIO SELECTOR to 9960 FM position
and set DEV LEVEL control for zero deviation. Ad-

just the 9960 FM FREQ control to a frequency of 9960
CPS  as measured at the AUDIO  OUT connector with an
oscilloscope and accurately calibrated a-f oscillator

using Lissajous patterns. This control is located on

the potentiometer panel ( f i g u r e  8 - 4 ) .  If the frequency

is lower than 9960 cps at all settings of the 9960 FM

FREQ control, remove the DA93 (white - orange)

jumper wire used to connect C-1437 in parallel  with

C-1434. If the frequency is higher than 9960 cps at
all settings of the 9960 FM FREQ control, connect

a DA93 jumper wire to place C-1437 in parallel with

C-1434. These capacitors are located on the under-

side of the potentiometer panel and accessible only
when the panel is pulled back. See f i g u r e  8 - 4 .  Points

A and B, f i g u r e  8 - 4 , show the jumper connecting

points. (Jumper not connected in this figure. )

d. If an accurately calibrated a-f oscillator is not

available, the following alternate procedure may be

used to set the 9960 cps frequency. Set AUDIO  SE-

LECTOR to the 9960 FM position and set DEV LEVEL
control for zero deviation as before. Adjust the

carrier set control approximately to the red line. Con-
nect the AUDIO  OUT comector to the vertical input  of

an oscilloscope through  a 330K resistor (figure 8-3A),

Connect the 30 CPS variable phase connector of Mod-
ulator MD -83/ARN to the horizontal input of the os -

cilloscope.  Adjust the PHASE ANGLE SELECTOR of
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the MD-83/ARN to 270.0 degrees. Adjust the 9960

FMcontrol toobtain the pattern shown in figure 8-3B.
This pattern will be obtained only when the frequency

is set exactly at 9960 cps. A slight adjustment of the

PHASE ANGLE SELECTOR may be necessary to

obtain proper alignment of the pattern.

e. Rotate AUDIO  SELECTOR to 1000 m position and

adjust 1000 w FREQUENCY control to obtain an oscil-

lator frequency of 1000 * 150 cps as measured with an

oscilloscope and audio oscillator using Lissajous
patterns.

8 - 9 .  MODULATION  PERCENTAGES.

8 - 1 0 .  TEST EQUIPMENT REQUIRED. The modu-

lation levels can be adjusted with the test setup shown

in f i g u r e  8 - 5 .

8 - 1 1 .  The modulation levels are stable and will

seldom need resetting. A substitution method is used

to set the audio levels on Signal Generator SG - 13/

ARN. A signal from Signal Generator SG-1/ARN and

Modulator MD -83/ARN is fed into a VOR receiver.

The avc and detector audio voltages of the receiver

are noted. A similar signal from Signal Generator

SG - 13/ARN is then applied to the receiver and the
levels adjusted to repeat the noted readings. In all the

alignment procedures  that follow a 53-ohm 6-db at-

tenuator pad is used between the r-f cable from

SG -13/ARN to the input connector of the navigation
receiver. fn all of the following procedures  the r-f

output cable is connected to the NAV OUTPUT con-

nector and the NAV -GS switch must be in  the NAV

position.

8 - 1 2 .  30 CPS Modulation LEVEL.

a. Set up Signal Generator SG-1/ARN to read 500

microvolt at 110.1 mc and modulate it with 30 cps at

30~ modulation as read on the SG - l/ARN modulation

meter.

b. Connect this signal into the navigation $eceiver

and read the 30 cps voltage developed at the receiver

detector with an ac vacuum tube voltmeter. Also

read the receiver avc voltage with a d-c vacuum tube

voltmeter.

Substitute Signal Generator sG-13/ARN for Signal

G~;erator SG-1/ARN and Modulator MD-83 /ARN.
Adjust the SET LfNE TO 21V, METER ZERO and

CARRIER SET controls. Adjust the MICROVOLTS

dial until the same receiver avc voltage is obtained as

in step b. above. The MICROVOLTS dial should read

approximately 1000 rnicrovolts.

d. With the AUDIO  SELECTOR on the 30 w VAR @

position adjust the 30 m LEVEL SET control (figure
8-1) until  the same 30 cps detector voltage is obtained

as in step b. Lock the 30 w LEVEL SET control.

8 - 1 3 .  9960 FM MODULATION  LEVEL. With the

AUDIO SELECTOR in the 9960 FM position set the

9960 FM LEVEL SET control to 30% modulation using

the same procedure as described in p a r a g r a p h  8 - 1 2 ,

above.

.
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8 - 1 4 .  1000 CPS MODULATION  LEVEL. With the

AUDIO SELECTOR in the 1000 w position adjust the

1000 LEVEL SET control to 3W. modulation using the

same procedure as described in p a r a g r a p h  8 - 1 2 ,  above

8 - 1 5 .  90 CPS AND 150 CPS MODULATION  LEVELS

AND TONE LOCALIZER CENTERING.

a. Set the AUDIO SELECTOR in the 90 m position.

Connect an ohmmeter scaled to read in the vicinity of

10,000 ohms between the center terminal of R-1418A

and ground. (R-1418A is the front section of the dual

LOC -GS potentiometer. ) Rotate the LOC -GS control

until  the resistance reading is at a maximum. Loosen

the knob of the LOC -GS control and position it on the

shaft so that the knob points to the middle of the white

center sector on the panel. Tighten the knob setscrews

carefully with the knob set in this position.

b. With  the AUDIO SELECTOR still in the 90 *
position and the LOC -GS control set to the middle of

the white center sector, adjust the 90 LEVEL SET

control to 20 percent modulation using the procedure

of p a r a g r a p h  8 - 1 2 .

c. Connect the Ballantine Model 300 a-c Electronic

Voltmeter to the AUDIO OUT connector and read the
90 cps voltage.

d. Without changing the setting of the LOC - GS

control, rotate the AUDIO SELECTOR to 150 w PO-

sition and adjust the 150 LEVEL SET control to obtain
the same voltage at the AUDIO OUT connector as read

in step a, above, for 90 CPS.

8 - 1 6 .  TONE LOCALIZER 6 DB TO 7.5 DB SECTOR

ADJUSTMENTS. The zero db adjustments in p a r a -

g r a p h  8 - 1 5  above must be made before the procedure

below is undertaken.

a. Connect an a-c vacuum tube voltmeter to the

AUDIO OUT connect or on Signal Generator SG-13/ARN.

Adjust SET LINE TO 21V, METER ZERO and

CARRIER SET cent role.

b. Loosen the two front panel screws that lock the

two sectors on the LOC -GS control. Rotate the

LOC -GS control to the right until  the 90 CPS  voltage

as read at the AUDIO OUT connector, with the AUDIO

SELECTOR on the 90 w position, is twice the 150 cps

voltage as read at the same point with AUDIO

SELECTOR on 150 I-U position. When the setting of the

LOC -GS control is obtained that gives a 2 to 1
ratio of voltages, move the right hand sector until  the

top engraved line on the sector is aligned with the

center line on the knob. Hold the sector so it cannot

move and turn the knob aside and tighten the screw to

lock the sector in this position.
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c. Use the same procedure to set the left hand
sector. At this position the 150 cps voltage m~~t be
twice the 90cps voltage for the proper setting of the

sector. Use extreme care in making these sector
adjustments. The glide slope and phase localizer
operation depends upon these adjustments.

8 - 1 7 .  GLIDE SLOPE O DB AND 3 DB TO 3.’75 DB

ADJUSTMENTS.

The glide slope is automatically adjusted when the

TONE LOC adjustment is made. It requires no

additional setting of controls. These db adjustments

may be checking at the AUDIO OUT connector by turn-

ing the AUDIO SELECTOR to GLIDE SLOPE and

grounding the grid of the 150 CPS stage (V-1404,

pin 2) while reading the 90 CPS voltage; then ground-

ing the grid of the 90 CPS stage (V-1405, pin 2) while
reading the 150 CPS voltage. The voltage ratios

obtained with the LOC-GS control set at the top line of

each sector will be 1.41 to 1 instead of 2 to 1. If not

refer to last item in trouble chart, Section VI, p a r a -

g r a p h  6 - 2 .

8 - 1 8 .  9960 FM DEVIATION  RATIO.

a. Set up Signal Generator SG -1/ARN to read 500

microvolt at 114.9 mc and modulate it at 30% with

the 9960 FM signal from Modulator MD -83/ARN.

b. Connect this signal into the navigation receiver

and read the avc voltage with a d-c vacuum tube volt-

meter. Also read the 30 cps voltage at the discrimi-
nator with a Ballantine Model 300 AC Electronic

Voltmeter.

c. Substitute Signal Generator SG-13/ARN for Signal

Generator SG - l/ARN, Adjust the SET LINE to 2 lV,

METER ZERO, and CARRIER SET controls. With

the AUDIO SELECTOR in the 9960 FM position adjust

the MICROVOLTS dial until the same receiver avc

voltage is obtained as in step b above.

d. Adjust the 9960 FM DEV control to obtain the

same discriminator  voltage as was read in step b

above.

8 - 1 9 .  VOR ZERO ADJUSTMENT. The 30 N FRE-

QUENCY,  9960 FM FREQ, 9960 FM DEV, 30 LEVEL

SET and 9960 FM LEVEL SET controls must be ad-

justed before beginning the following procedure.

This adjustment and the following VOR Tracking

A~justment require the use of Indicator ID-249A and
an accurate zero reading microammeter (see figure

8-5) connected across the vertical (omni) cross pointer.

The ARN -14 crosspointer output is designed for a

333 -ohm load. The Weston Model 901 Microammeter
has a 1000 ohm movement as do the ID-249A cross -

pointer movements. To obtain the necessary 333-ohm

load in this test set-up, the glide slope crosspointer

must be paralleled with the omni-crosspointer.

b. Set up Signal Generator SG-1/ARN to read 500

microvolt at 114.9 mc and modulate it at 30% with

the VOR signal from Modulator MD-83 /ARN. Connect

output of Signal Generator SG-1/ARN to input  of the

navigation receiver.
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c. Set the PHASE ANGLE SELECTOR on Modulator
MD-83/ARN to O degrees and adjust the SET controL

on Indicator ID - 249A until the Weston Model 901

Microammeter reads zero (centered). Do not change
this setting of the SET control. Read the receiver

AVC voltage with a d-c vacuum tube voltmeter.

d. Substitute Signal Generator SG-13/ARN for Signal

Generator SG - l/ARN and Modulator MD - 83/ARN.

Set MEGACYCLES dial to 114.9 mc and adjust

CARRIER SET cent rol for red line indication.

e. Adjust the MICROVOLTS dial to duplicate the Wc

voltage read in step b above. Dial will read approx-

imately 1000 microvolt.

f. With AUDIO SELECTOR in VOR position and the

VOR switch in O degree position adjust VOR ZERO
control until the microammeter is again centered

The TO-FROM indication will be TO.

8 - 2 0 .  VOR TRACKING ADJUSTMENT. The VOR

tracking adjustment must be preceded by the VOR

ZERO adjustment. Carry out adjustments given in

p a r a g r a p h  8 - 1 9  almve before beginning procedures
below.

a. Set up Signal Generator SG-1/ARN to read 500

microvolt at 114.9 mc and modulate it at” 30~ with
the VOR signal from Modulator MD-83 /ARN. Connect

output of Signal Generator SG-1/ARN to input  of the

navigation receiver.

b. Set the PHASE ANGLE SELECTOR on Modulator

MD-83/ARN to 90.0 degrees. Center the micro-

ammeter by setting the COURSE on ID-249A to
approximately 90 degrees with the SET control. Do

not change this SET control setting.

c. Substitute Si nal Generator SG-13/ARN for Signal
YGenerator SG -1 ARN and Modulator MD - 83/ARN.

Set MEGACYCLES dial to 114.9 mc and adjust

CARRIER SET cent rol for red line indication. Turn

VOR switch to 90.0 degrees.

d. Adjust VOR TRACK control for exact Centerintz

of the microammeter. The TO-FROM indication will

be TO.

e. Recheck the VOR ZERO adjustment as outlined in

paragraph 8-19 and readjust if necessary. After both

the VOR ZERO and VOR TRACK adjustments are

made, lock both controls.

8 - 2 1 .  PHASE LOCALIZER ADJUSTMENT. The

PHASE LOC CENTER and LEVEL controLs  are used
to align the phase localizer for the previously

determined positions of the localizer sectors and

center setting of the control knob. The 30 CPS modu-

lation level and 30 LEVEL S,ET control must be ad-

justed prior to the @ LOC CENTER and LEVEL

cent rol adjustments.

a. Connect the Ballantine AC Electronic Voltmeter

to the AUDIO OUT connector of Signal Generator SG -

13/ARN. Set MEGACYCLES control to 110.1 mc,

adjust SET LINE TO 21V, METER ZERO, and

CARRIER SET controls.



Figure 8-5.
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Figure 8-5.
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Figure 8-6.

45

S e c t i o n  V I I I



Section VIII

Figure 8-6. Test Setup - GS Operation Check, Part 2
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b. Turn AUDIO SELECTOR to the 30 w VAR @ po-

sition and note the 30 cps voltage obtained at the

AUDIO OUT comector. It should be approximately
0.65 VOltS .

c. Turn AUDIO SELECTOR to @ LOC position and

ground the junction of C-1424 and C-1425 to render

the 9960 FM oscillator inoperative. See f i g u r e  8 - 1 .

d. Turn the LQC -GS control to the right and set the

knob center line on the top engraved line of the right

hand sector.

e. Set the @ LOC LEVEL control to obtain a voltage

reading on the Ballantine voltmeter which is 38X of

the voltage noted above in the 30 w VAR @ position.

With  the 9960 FM oscillator still inoperative set the

LOC -GS control to the middle of the white center

CENTER control for a null reading of the meter. Re-

check the @ LOC LEVEL control and readjust if

necessary. Turning the LOC -GS control to the top

engraved line of left sector, a voltage reading will be
obtained which is the same as the top line of the right

hand sector if the two sectors have been very care-

fully adjusted as instructed in p a r a g r a p h  8 - 1 6 .  Lock

the controls.

8 - 2 2 .  Table of Typical AC Voltage Measurements .

Measurements made with a Ballantine electronic
voltmeter model 300.

Conditions of measurement Line voltage set to 2 lV .
D. C., NAV-GS switch on NAV, MEGACYCLES control

on 114.9, VOR switch on 0°, LOC-GS control set to
center positio~ METER switch on CAR, SET CARRIER

sector engraved on the panel and adjust the @ LOC adjusted to the red line.

Component
Terminal AUDIO SELECTOR Setting

Number 30 VAR 90 150 1000 9960 FM

V1401 6 14

v1402 1 14

V1402 6 14

V1403 2 1.5

V1403 7 1.5

V1403 1 27.0

V1403 6 2’7.0

T1401 4 6.3

T1401 7 6.3

T1401 10 3.0

T1401 6 3.0

V1401 3 4.5

V1407 7 0.27

Z1402 1 0.25

z 1404 1 0.25

V1407 3’ 0.43 0.57

v1408 1 3.0

v1408 7 0.11 0.071 0.071 0.12 0.16

V1507 1 0.69 0.46 0.46 0.75 0.86

V1508 7 14.6 10 10 15.5 15.8

V1506 2 13.2 9.1 9.1 14.2 14.9

V1506 6 6.9 4.7 4.’7 7.3 7.4

J1408 0.59 0.4 0.4 0.64 0.68
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DIAGRAMS

9 - 1 .  WIRE CODE LEGEND.

9 - 2 .  In the following  diagrams, the desigmtion on the various wires conforms to the following  legend.

WIRE TYPE

A AN-J-C-48 WIRE

B BUSBAR , ROUND
TINNED COPPER

C JAN TYPE WL
(600 VOLTS)

D MINIATURE JAN
WIRE (PRODELIN)

R JAN TYPE SRIR
(1000 VOLTS)

V JAN TYPE SRHV
(2500 VOI.TS)

WIRE SIZE

A NO 22 AWG
B NO 20 AWG

C NO 16 AWG

D NO 16AWG

E NO 14 AWG

F NO 12 AWG

G NO 10 AWG

H NO 6 AWG

COLOR

o

1

2

3

4

5

6

‘1

8

9

BLACK

BROWN
RED

ORANGE

YELLOW

GREEN
BLUE

VIOLET-PURPLE
GRAY

WHITE
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Figure 9-1.
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Figure 9-1.
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Section IX
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Figure 9-2.



Figure 9-3.
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Figure 9-4.

Section IX
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Figure 9-5.
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Figure 9-6.
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Section IX

Figure 9 -7. Signal Generator SG-13/ARN D-C Voltage Measurement Diagram
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Figure 9-8. Signal Generator SG-13/ARN, Resistance Measurement Diagram
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