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DESCRIPTION AND MAINTENANCE
406~-512 MHz CUSTOM MVP RECEIVER
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DESCRIPTION MA INTENANCE

Custom MVP, 406~512 megahertz re-~
ceivers are single conversion, superhetero~
dyne FM receivers designed for one~through
four-~frequency operation. The solid state
receiver utilizes integrated circuits (ICs),
monolithic crystal filters and discrete com-
ponents with each of the crystal filters
located between gain stages to provide B85 dB
selectivity and maximum protection from de~
sensitization and intermodulation.

The receiver consists of the following
modules:

& RF Assembly
¢ IF Filter Board
® Oscillator~Multiplier (Osc~Mult)

# Audio and Squelch circuits (part of
System~Audio & Squelch (SAS) board)

& IF Detector (IF Det)

® Optional Ultra-High Sensitivity (UHS)
Pre~pmplifiex

Audio, supply voltages and control func-
tions are connected to the system board
through P903 on the IF Det board, and through
w401 to the Osc~Mult board,. The regulated
+10 Volts is used for all receiver stages
escept the audio PA stage which operates
from the A+ system supply.

Centralized metering jack J601 on the
IF Det board is provided for use with GE
Test Set 4EX3All or Test Kit 4EX8K12. The
test set meters the oscillator-multiplier,
FM Detector, 10 Volts and IF amplifier stages.

A block diagram of the complete re-~
ceiver is shown in Figure 1.

Refer to the appropriate Maintenance
Manual for complete details on each re-
ceiver module as listed in the Table of
Contents,

DISASSEMBLY

To gain access to the receiver for ser-
vicing, remove the wing nut at the rear of
the radio and pull the radio out of the case
assembly.

To remove the RF Assembly and IF-Filter
board:

1. Carefully disconnect the two leads con-
nected to loop clips J623 and J624 on
the IF Detector board, -

2. Unplug wire W501 from J605 on IF Det~
ector hoard.

3. Unplug receiver input cable P301.

4, Remove the two countersunk flat head
screws on each side of the system frame
assembly and 1ift out RF Assembly and
IF~Filter board.

To remove the Osc-Mult board:

1. Remove the crystal module,

2, Remove the two screws securing the
board,

3. Carefully unplug the Osc-Mult board
from the adapter board (on the receiver
front end).

To remove the IF Det board:

1. Carefully disconnect the two leads
connected to loop clips J623 and J624
on the IF Det board.

2. Unplug wire W301 from J605 on the IF
Det board.

3. Disconnect the two plugs (P602 and
J903) from the IF Det Board.

4. Remove the five screws securing the
board and 1l1ift the board out,
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FRONT END ALIGNMENT CRYSTAL MODULE FREQUENCY AD.

EQUIPMENT

. N U "

b GE Test Set Nodels 4EXIAL., 2oX8K12, or 20,000 ohms-per-Volt multingrer with 3 1-Volr scale. First, check the frequency to determine if any adjustment is reduired, (P»Yer to frequency

3. A 06312 MHZ signal source, ment requires equipment with an absolute accuracy that is 3 to 10 tume€s bet r fhan the tolerance
the eatire radio saculd be as near as possible To an ambient vemperature of 30°C (86°F).

PRELIMINARY CHECKS AND ADJUSTMENTS

The frequency of the orystal wmodule should only be reset when the measured frequency error =
1. Connect black plug from Test Set vo Receiver Centralized Wetering Jack J501. det meter sensi-

tivity switeh to the TEST 1 position (or 1-Volt position on 4EX8K1IR). A. %0,8 PPM whea the ambient temperature of the radio is 30°C (86°p),
2. For multi~frequency receivers with a fraquency spacing up to 0,800 MHz for freguency range of 3]
406-470 XHz. 0.900 MHz for frequency range of $70~494 MHz or 0.750 MHz {or frequency range of "
494312 MHz, align the veceiver on the channel neares: center fregquency.

B.  £5 PP¥ at any other temperature within the range of ~30°C to +75°C (~22°F to +167°¥F).

- ADJUST ;
W If frequency adjustment is required, refer to ane of the proceduras below “depending on equ:

For multi~frequency receivers with x frequency spacing exceeding the above but no greater than 1,60 A. DIRECT MEASURENMENT IN THE INJECTION CHAIN

MHz for frequency range of 406~470 ¥Hz, 1.80 NHz for frequency range of 470-494 Wiz, or 1,30 MHz

4 F2
for frequency range of 194~312 MHz, align the receiver using a center Irequency tune~up crystal v “
module, | These limite can be extesded o 2.00 Wi, 2.30 Wz and 2.00 MHZ respeetively, wiih 3 a8 ~ ADJUST 1. WITH & FREQUENCY COUNTER, “Count” the frequency at the junction of CA16 and 1403
degradation in standard receiver specifleations. st r3 quency measured at this point is 9 times the crystal frequency.
; . . ‘ ‘ : =T .. o 1 2. WITH A COMKUNICATION MONITOR (for example: Cushman Wodel CE~3). “Nonitor" freque
3. :;z:n’rizglggty;n‘ms}ééggg?:_)tfheck tor regulated ~10 Volts, 1If using multimeter, measure be~ 603 . - 3 = ; R .»-. - ADJUST oscillator-Xultiplier board, The frequency wonitored at this peint is 9 rimes the
METER ING~ . ’ . Ly P gy F4 not always fall within an available measuring range of all monitors at all receivs
4. lrimeter, nect the negative lead to JEOL-9 (A~). ¥ 3 X s s PO e
I using miltinstar, sonnest the asgarive lead to J (- JACK = . : . 2 . . m ADJUST B.  STANDARD "ON FREQUEMCY" SIGNAL AT THE RECEIVER INPUT (Generated frow a COMMUNICATION %
§. Disable Channel Guard. s ; - A v
® T Jid caos 1. WITH A FREQUENCY COUNTER, “Count” the geveloped IF Ivequency at the tap of Z602-2
ALIGNMENT PROCEDURE POO3ecaseeeeds® ¥ % W w4 % & aominal IF frequency (11.2 MHZ) in Hz 15 compared to the receiver operating freque
) |XTor.
METERING POSITION 2. WITH AN 11.2 NHz IF FREQUENCY STANDARD (for example: General Electric Model 4EX9:
GE Tast Woltimeter YETER L6803 ~C411 to the IF signal path to create a heterodyne with the developed IF frequency. Th-
STEP | Sec < at J601-3 | TENING CONTROL READING PROCEDURE (FM DET) Py any of the following methods:
NOTE
OSCILLATOR~YULTIPLIER RG0S " cal6 To set crystal frequency using "beat frequency” method, the temperature should be
' 4 5 A : . ' " 30°C, then offset the "ON FREQUENCY" signal (at the receivers input), as a fuactis
O pin 3 C406 Haximum Tune (406 Yor maximum meter reading. (AUOI0 it A e W > T8 ERROR PACTOR shown in Figure 3,
(MLT~1) LEVEL) ; ; -
a2, Audible "beat frequency” from the receiver apeaker (this requires careful fre-
2, ) C4l1l. 416, C306 See Preset C4ll and €416 to a position
: €307 and C308 Procedure | similar to C406. Next, preset 306, b. Obsarve "veat frequency’ at J601-~1 with an oseilloscope.
€307 and C308 fully counterclock-
wise, (Minimum capacityy, ¢. With GE TEST SET (Meter Position B) connectad to J601 on the IF-DET Board, vis
by meter movement.
3, o in 4 C4ll, 416, C406 Jee Tune C411 and Q416 ¢ & et
(MGLT-2) ? and Q306 ;mcedure ,mgiﬁg‘ aemﬁe C41T: m;zx:n,‘xmr:mi: The frequoncy of the “beat'" 1s the frequency ervor velated to the [F frequenvy. This devia-
C406, C411 and C416 for maximum meter s freqaency, also in Hz, to calculate the frequency error,
reading. Then carefully tune C706 .
for a change in merer reading (peak NOTE
or dip) . The FM Detector output (meter position A of the test setr) has a 2C voltage of .38
is provided for routine test and measurement only. The resolution of this readin.
4. ¥ Pin 7 C306, 307 & €308 See Carefully tune €307 and C306 for max~ GE Test Set in meter position A, or 0.1 V per kHz as measured with a VTVM at J601.
§(MULT-3) Procedure imum meter reading. Repeak €307 and eseillator frequency setting.
: 0306, Next, carefully tune 308 for
g;gé’“‘égr"':‘:ﬁmﬁ:‘:ﬁ:gr‘. :::diiéunel)o If the radio is at an ambient temperature of 30°C (86°F) setv the oscillator for the correct
NOT readjust C307 or C308, If the radio is not at an ambient temparature of 30°C setting errors can be minimized a2s fo
RY SELECTIVITY
5. B Pin 1 £301 thru €305, Waximum Apply an on~frequency sigual to the 1, Maintain the radic at 30°C (+5°C) and set bhe oscillator to reguired mixer inject
A303-02, (and antenna jack, keeping the signal below . . ° N N .
L2301 if present) saturation. Then tune €301 through 2. Maintain the radio at 30°C (£3 ¢, -10°C) and offset the oscillator, as a fumctien
€305 and A303~C2 for maximum meter shown in Figure 3,
resding. In recefvars with the UHS .
preamplifier, also tune L2301 for For example: Assume the ambient temperature of the radio i8 20°C (68°F). At that tem
maximum mever reading. of 875 HZ. !
5 - Adjust the oscillavor for a corrected mixer injection fraquency 675 Hz higher, fanx ‘
8. B Pin 1 ggg;ﬁégru(gag& Maximum igg:in:njggkf::gu:?tiénz}gniéngocggi temparatures above 30°C) set the oscillator for the indicated frequency lower than the calc
L2301 if present} through €305, A303.C2, (and L2301 if
€306, C307 and C308 present) for best quieting sensitivivy,
G306, €307 avd CI08 way also be tuped J R :
slightly (not exceeding L/4 turn). A303-C2 '
] o wx} ~450 ~338 ~225 ~13 0 3 229 338 450 $83 & |
(D) h:?’ “ e N A I5* . ,[ ! . !
f C&()B s . N : 3 " = I b T : T + - ”
NOTE 1: Appendix A © FM : ; - o - ‘ ‘
. ot b 3 1 Y * Y " v
DATAFILE Bulletin l000-6 Signal - [7.5¢ i ; ‘
contains instructions 20 Hz G}neromv 35 v C306 ’ ) l - o . " i -~ :
for building a sweep Swept ! ; : i 20 gt - S |
moduiator: W RF Rece, s
OEx Signal | o Ant IF o 22500 S Amama e
o~ O Mod Jack Quiput [ - T e /f ¥
) X o Tt ? : 1 » e
20 Sweep J601~1 y % 25 N Z ‘ ! A p .
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Figure 3 - Crystal Module Frequency Off
Figure 2 « Test Setup for 20~Hz Double~Trace Sweep Alignment




CRYSTAL MODULE FREQUENCY ADJUSTMENT COMPLETE RECEIVER ALIGNMENT

First, check the frequency to determine if any adjustment is required, (Pafer to frequency offset chart, Figure 3,) The frequency measurew
ment requires eguipment with an absolute accuracy that is 5 to 10 times bet ~r}hmn the tolerance 1o be mwintained. When adjusting the frequency, EQUIPMENT REQUIRED
t i 3 R
he entire radio should be as near as possible to an anblient tamperature of 30°C (86°F). 1. GE Test Models 4EX3ALL, 4EXSKLZ (or 20,000 ohms-per~volt maltimeter with a l-volt scale).
The frequeney of the orystal wmodule should only be reset when the measured frequency error exceeds the following limita: 2. an 11.2 MHz signal source (GE Test Set Nodel 4EXPAI0), Also a 406~512 MH2z signal source (Weasureaents

A. 0,6 PPY when the ambient teaperature of the radio is 30°C (86'F), insulated wire no larger than .065 inch diameter connected to generatov yrobe.
F1 B.  +3 PPM at any other temperature within the range of ~30°C to +75°C (~22°F to «167'F), 3. A VIV,
« ADSUST .
It frequency adjustment is required, refer to one of the procedures below (depending on equipment available) for proper adjustment, 4 Distortion Analyzey
A.  DIRECT MEASUREMENT IN THE INJECTION CHATN PRELININARY CHECKS AND ADJSUSTMENTS
F2 3 . . .
-~ ADJUST 1. WITH A FREQUENCY COUNTER. “Count” the frequency at the junction of CA16 and L403 on the Oscillator-Waltiplier board, The tre- 1. Comnoot the blacki5) ¢ [FOM The Test Sev to recelver uatering Jack J60L. Set the meter sensiticity sw.
quency measured at this point is 9 times the crystal frequency. ’
F3 ) -
- ADUYST 2. WITK A COIUNICKTION MONITOR (for sxample: Custaan Yodel CE.3). “Senitor fraguency st fne junction of CAL6 and 403 on the - IR i e A A Bl g o 3 o p e Mg R I L
Oscillator~dultiplier board. The frequency monitored at this point is 9 times the crystal frequency. NOTE: This frequency will . o @ v & N y g &
! tune~up erystal module. Thess limits can be extended to 2,00 MHz, 2,30 MHz and 2.00 Mz respectively,
Fd not always fall within an available measuring range 0f all monitors at all receiver operating frequencies, standard receiver Specifications,
" ADJUST
U B,  STANDARD "ON FREQUENCY" SIGNAL AT THE RECEIVER INPUT (Generated from a COMMUNICATION MONITOR, for example: Cushman Model CE-3). 3 With the Test Set in Position G, check for regnlated +10 Volts, With multimeter, measure from JGOQ1-8.
~Cans 1 WITH A FREQUENCY COUNTER "Count" the developed IF frequency at the ta
. ) N p of 2602-R2 on the IF-DET board, The deviation from the - .
nominal IF frequency (11.2 MHz) in Hz is compared to the receiver operating frequesey (also in Hz) to calculate the frequency 4 It using wulvimeter, connect the negative lead ta J601-9 (A-).
error.

5, Disable the Channel Guard.

2. WITH AN 11.2 MHz IF FREQUENCY STANDARD (for example; Genmeral Blectric Model 4EX9A10). Loesely couple the IF frequency standard ALIGNMENT PROCEDURE
N to the IF signal path to create a heterodyne with the developed IF frequency. The resultant "heat frequency” can be monitored
by any of the following methods:

.

¥ 1.4
NOTE METER ING POS ITION | —
. t Hultimeter
To set crystal frequency using "beat frequency” method, the temperature should be at 30°C (86°F). If the temperature is not GE Tes -
cai8 30°C, then offset the “ON FREQUENCY" signal (at the receivers input), as a function of actual temperature, by the frequency STEP Set P AT JE01~9 | TUNING CONTROL READING PROCES
ERROR FACTOR shown ip Figure 3. *
FM DETECTOR
a. Audible "beat frequency” from the receiver spéaker (this requires careful frequency adjustment of the frequancy standard). . Y N
i : .38 | i . Mt i
b, Observe "beat frequency" at J60l-1 witn an oscilloscope. 1. 1 (FB‘ADET) Pin 2 ‘ 1603, T604 0.28 volt | g%g ‘r;glifznal applied. adjust Le03/r 7504
@, With GE TEST SET (Meter Position B) connected to J601 on the IF-DET Board, visually observe the "beat frequency” indicated
4 by meter movement, OSCILLATOR ~MULT IPLIER
T T
The frequency of the “beat" is the frequency error related to the IF frequency. This deviation,.in Hz, compared to the veceiver operating 2 ¢ Pin 3 406 Maximum | Tune €406 for maximum deter reading.
fregaency, also in Hz, to calculate the frequency error. : (MULT~}) :
FOTE 3 C4ll, C418, C30m See Preset C41ll and C416 *0 a position simi’
. r ese *
The FM Detector output (meter posifion 4 of the test set) has a DC voltage of .35 to .50 volts at the assigned frequency and C307 and 0208 | Procedure 307 and C308 fully coum},’cmmse (mz
is provided for routine test and measurement only. The resolution of this readinga(approxinately 025 ¥ per kﬂg as reag an a
GE Test Set in meter position A, or 0,1 V per kHz as measured with a VIVY at J60L+2 on the IF-DET board) is inadequate for
osgillator frequency getting. pe ) ) 4 4, 0 Pin 4 C4all, C416, C406 See Tune 0411 and C416 for maximun meter rea
{RULT~2) and €306 Procedure €406, C21) and C416 for maximum weter y-
i » for a change in meter reading (peak or :
If the radio is at an ambient temperature of 3J0°C (86°F) set the oscillator for the correct mixer frequency (crystal FREQ, X 9).
If the radio is not at an ambient temperature of 30°C setting errors can be minimized as follows: 5. ¥ Pin 7 C306, €307 & See Carefully tune C307 and {308 for maximur
(HULT~3) c308 PFrocedure €308, Next, carefully tune C308 for mi-
for maximum meter readiag. Do NOT read
1. Maintain the radio at 30°C (%5°C) and set he oscillavtor to required mixer injection frequency, or RF SELECTIVITY
2. Maintain the radio at 30°C (:5°C, ~10°C) and offset the oscillator, as a function of actual temperature, by the frequency error .
shown in Figure 3, 6. B Pin 1 C305, 0304 and Maximum Preset A303~C2 to mid position. Apply .
L5807 (IF AMP) A303~C2 adjacent to 304, keeping the signal be
e For example; Assume the ambient temperature of the radic is 20°C (68°F). At that temperature, the curve shows a correction factor Q304 and then A303-C2 for maximum meter
oY 675 Ha,
€504 04 0 on~ uency 4ignal in the ho.
Adjust the oscillator for a correctad mixer injection frequency 675 Hz higher. If a negative correction factor is obtained (at R (H,B“p) Pin 1 304 and £303 Haxinum *;*;g},gl"{;elgw‘gj‘gm,”{onf“ Then tune C3°
temparatures above 30°C) set the oscillator for the indicated frequency lower than the calculated mixer injection freguency. .
8. B pin 1 €303 and C302 Naximym : Apply an sa~frequency signal in thae hel
(IF ANP) 1 signal pelow saturation, Then tune C3¢
L1504 i reading.
-450 ~338 ~228 -3 0 3 225 338 450 563 675 788 900 !
[ 3. B Pin 1 C301 thru €305, Naximum ‘, Apply an on-frequency signal to the an?
L5803 15 Y s Y repgrretemrn: e T sge (IF AMP) 430302 {(and saturation. Then tune €301 through C3V
hat T ! | - L2301 if present) ing, In receivers wita the UHS preamp!
1 R S, ' bty - I - meter readiag,
17.5¢ . R el i - ot 63,5¢ ‘
1 e W T 10, ) Pin 1 €301 thru C308. Maxinum Apply an onsfrequency signal to the an-
i {UHS ONLY) ) : 3 ettt > - - s (IF ANP) A303~C2 (and through C308, A303-C2 (and L2301 if pre
20° PN b : * -t ORI ISR ¢ LY b oo L23¢1 if present) €306, C307 & 308 may also be tuned 31
o s s iyt IR . -t
: e : I RO A R R o N A, T o 1. LE03, RG0S See Remove the Test set merering plug from
0 22.85°¢ brry g . h - o o " e 72.5% ™ 1 Procedure with 1 kHz modulation and 3 kHz deviat:
- - : I R B B T - : ) for maximum voltzge at 1,0 kHz and ady
a ot T - AN R e E a ¥TVM at PP03-1 (VOL'SQ HI) and PS03~
SQUELCH w28t w - e e T e 77e
ADJUST ] - e A P N e
3 e SR M N A ‘ r b
27.5" * et * . el 1 ™ : T bt 8, 5¢
FARRR ot I i » DRI T T T
4 bty : e : h SO A AL
r . ! 1 ! et » +
30% pi e a s -~ v - 86*
M ! A ]
et -~ ereypor ) o i
32,5ty G ; A e . : - 90.5°
: ; st > :
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COMPLETE RECEIVER ALIGNMENT LBI30152

The frequency measurew
13yating the fraquency, EQUIPMENT REQUIRED

1. GE Test Models 4EX3ALl1, 4EX8K1Z (or 20,000 ghws-per-Volt multimeter with a l-Volt seale).
i 34

2, An 11.2 ¥Hz sigual source (GE Test Set Model 4EXSALO). Also a 406-512 ¥z signal sourcs (Measurements 803) with a one-inch piece of
insulated wire no larger than .065 inch dismeter connected to generator probe. !%TERXNG POSITION
GE Test | Multimeler METER
3, A YIVM. STEP sat ] -~ av J601<8 | TUNING CONTROL READING PROCEDURE

* adjustment. 4.  Distortion Analyzer

HIXER & IF
PRELIMINARY CHECXS AND ADJUSTMENTS
. K The mixer and IF circuats have been aligned at the factory and will normally vequire no further adjustment, If adjustment IS necessary, use

er bourd. The frea 1, gggﬁcgz g:: zgg:lg;.?g from the Test Set to recelver aetering jack J601, Set the meter sensitivity switch to the Test 1 (or 1-Volt posi- the procedure outlined in STEP 12. ¥
6 and L403 on the 2, For multi-frequency recelvers with a Ireq y spacing ding the above but no greater than 1.60 Nz for frequency range of 406-470 Mz, ROTE
" This frequency will 1,80 Mz for frequency range of 470-494 Nuz, or 1,30 WHx for Ifrequency range of 494512 WHz, align the receiver using u center frequency . Refer to DATAFILE BULLETIN 1000~ (IF Aligoment of Two-Nay Radio FX Receivers) for nelpful suggestions on

tune~up crystal module, These limits can be extended to 2,00 MHz, 2,30 MHz and 2.00 NHz respectively, with 3 dB degradatiou in how to determine when IF Alignment is required.

standard receiver specifications.
tan ~3) ,
a0 Model CB~3) 3.  With the Test Set in Poasition G, check for regulated +10 Volts. With multimeter, measure from J601~6(+) and JE01~9(-). 12, 1307, L503, LSO6, Connect sgope. signal generator and probe as shown in Figure 2. Set
1@ 04, TEO1~T60 signal generator level for 3 70 5 uV and modulate with 10 kHz at
:atgezé:t;.ggqlt‘:g:’the 4. I1f using multimever, connect the negative lead to J&01~9 (A-). ca and Te03 20 Hz. With probe bavween JS0Ll-l and aA~, tune L307, L503, LS04 and

C304 (and THOL-T60S¥) for double trace as shown on sScope pattern.
5. Disable the Chanpel Guard.

{F frequency staodard

“ can be monitored ALIGNNENT PROCEDURE
" T v
!ETSMNG] POSITION ! : l
saperature 18 not GE Test qultimeter NETER
3y the frequency STEP | Set |~ at JB01~®  TUNING CONTROL READ ING ! PROCEDURE
¥N DETRECTOR
raquency standard), .
1. A ; pin 2 ! LB03, Te04 | 0.38 volt ¥ith no signal applied, adjust L603/T604 for a weter reading of approximately
I oem | ] ‘ ; 0.38 volt.
requesey” indicated
OSCILLATOR-MULTIPLIER
2 receiver operating 2. C pin 3 Q4086 ] Hax imum 1 Tune C406 for maximum meter reading,
(MULT=~1) : | |
! ; !
ed ¢ 4 3. ] C411, 416, C30A. | See i Preset C4ll and C415 to a position similar to C406. Next, preset C306,
3ewv::“;:ig ;: s C307 and C308 Procedure 1 307 and C308 fully counterclockwise (minimum capacity).
insdequate for | f 13, See Check to see that modulation aeceptance bandwidth is greater than 7 kHz,
4, b] Pin 4 C4all, c416, C406 See Tune €411 and C416 for maximum meter reading, Hetune 411, Next, retune Procequre
A {MULT~2) and C306 Procedure 1) €406, C411 and C416 for maximum meter reading, Then carefully tune C306
FEEQ. X 9. ; for a change in meter reading (peak or dipl. SQUELCH ADJUST
i
§. ¥ pin 7 C306, 0307 & See 1 Carefully tune C307 and Q306 for maximum meter reading. Repeak C307 and /( N :
(HULT-3) ¢308" Procedure | C308. Next, carefully fune CI08 for minimum meter reading, and retune C306 M, 901 T o e e e T e N hagnal.
| for maximum meter reading, Do N¥OT readjust €307 and C308, ¢ p .
L RF SELECTIVITY * TEO1-T604 ave Jrasent on IF Devector Boavd 190432538 only.
the freguency error : 1 |
8, B ! Pin 1 | €305, C304 and v Maximum | Preset A303~C2 to mid pesition, Apply an on-frequeney signal in the hole
(IF AWP) 1 A303-C2 { adjacent to CI04, keeping the signal below saturavion, Then tune (305,
2 correc¥ion factor | | { €304 and then AJ03I~C2 for maximum meter reading.
is obtained (af 7. 8 pin 1 | ¢304 ana c303 Maximum ' Apply an on~frequency signal in the hole adjacent to C303, keeplng the
quency 1 (IF AMP) { J signal below saturation. Then tune (304 and C303 for maximum meter reading.
3. B pin ) ! caos ana w302 Max Lmun " apply an on-frecuency signal in the hole adjacent to €302, keeping the
(IF AMP) i signal below saturation. Then tune 303 and then C302 for maximum meter
l - reading.
9. B pia 1 €301 thru C305. i aximum | Apply an on-frequency signal to the wntenna jack, keeplng the signal below
(IF aNMP) A303~C2 (amnd saturation, Then tune C30L through C305 and A30DI~C2 for maximum metar read-
L2301 if present) | ing. In receivers with the UHS preamplifier, also tume L2301 for maximum
meter reading.
10. B Pin 1 €301 thra C308. Maxinum ! Apply an on~frequency signal to the antenna jack and slightly tune C301
(IF aMP) A303~C2 (and . through C305, aA303-G2 (and L2301 if presant) for hest quieting sensitivity.
L2301 if present) €306, C307 & CI08 may also be tuned slightly (nor exceeding 1 4 turn).
11. | L603, RE08 See Remove the Test set metering plug from J601, Apply a 100 microvolr signal
Procedure with 1 kHz modulation and 3 kHz deviation to the antenna jack. Tune L603/T604
for maximum voltage at 1.0 kHz and adjust R608 for 1l Volt RMS measured with
a VTVM at P303~1 (VOL/8Q HI) and P903-6 (A-).

ALIGNMENT PROCEDURE

406512 MHz
CUSTOM MVP RECEIVER
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TEST PROCEDURES

These Test Procedures are designed to
help you to service a receiver that is
operating---but not properly. The problems
encountered could be low power, poor sensi-
tivity, distortion, limiter not operating
properly, and low gain. By following the
sequence of test steps starting with Step 1,
the defect can be quickly localized. Once

TEST EQUIPMENT REQUIRED

» Distortion Analyzer similar to:
Heath IM~12

® Signal Generator similar to:
Measurements 803

° 6-dB attenuation pad, and 3.2 ohm,
5-Watt resistor

&) =)

[

L J

A3003-02 cao7
|

i saey

—_ "

T g e

............

the defective stage is pin~pointed, refer to
the "Service Check" listed to correct the
problem, Additional corrective measures are
included in the Troubleshooting Procedure. A.
Before starting with the Receiver Test Proce-

dures, be sure the receiver is tuned and

aligned to the proper operating frequency.

PRELIMINARY ADJUSTMENTS

1. Connect the test equipment as shown for
all steps of the receiver Test Procedure.

2. Turn the SQUELCH contrel fully clockwise
for all steps of the Test Procedure,

3. Turn on all of the equipment and let it
warm up for 20 minutes.

SIGNAL GENERATOR

CHANNEL FREQUENCY C.
L

OuUTPUT D,

DISTORTION ANALYZER

DEVIATION

CONTROL
INPUT
LEVEL
CONTROL
N
INPUT E.
r,
LOAD
_if RESISTOR
3,2 OHM RANGE CONTROL
5 WATT G.

{S8ET LEVEL &

P13 Pl4 DISTORTION RANGE)

STEP 1

AUDIO POWER OUTPUT
AND DISTORTION

TEST PROCEDURE

Measure Audio Power Output as follows:

Apply a 1,000~microvolt, on~frequency
test signal modulated by 1,000 hertz
with #3.0 kHz deviation to antenna jack
A301~J1.

With 5-Watt Speaker

Disconnect speaker and connect a 3.2-ohm
5-Watt load resistor frem P1l-3 (speaker
H1) to Pl-4 (A-). Connect the Distortion
Analyzer input across the resistor as
shown,

OR

With Handset:

Lift the handset off of the hookswitch.
Connect the Distortion Analyzer input
across Pl-3 and Pl-4.

Adjust the VOLUME control for 3-~Watt
output using the Distortion Analyzer
as a VIVM (3.1 Vrms).

Make distortion measurements according
to manufacturer's instructions. Reading
should be less than 5%, If the receiver
sensitivity is to be measured; leave

all controls and equipment as they are,

SERVICE CHECK

If the distortion is more than 5%, or
maximum audio output is less than 5.0
Watts, make the following checks:

Battery and regulator voltage~--low volt~
age will cause distortion, (Refer to
Receiver Schematic Diagram for voltages.)

Audio Gain (Refer to Receiver Trouble=-
shooting Procedure,)

FM Detector adjustment (Refer to
Receiver Aligmnment on reverse side of
page),

the

rate
RE »
dur:
on
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Measure Audio Power Output as follows:

A.

C.

D,

1
|
i

R T IRYU T

STEP 1

AUDIO POWER OUTPUT
AND DISTORTION

STEP 2
USABLE SENSITIVITY
(12-dB SINAD)

TEST PROCEDURE

If STEP 1 checks out properly, measure
the receiver sensitivity as follows:

Apply a 1,000-microvolt, on-frequency A. Apply a 1000-microvolt, on-frequency
test signal modulated by 1,000 hertz signal modulated by 1000 Hz with 3.0-kHz
with +3.0 kHz deviation to antenna jack deviation to A301-J1.
A301-J1,
: B. Place the RANGE switch on the Distortion
With 5-Watt Speaker Analyzer in the 200 to 2000-Hz distortion
‘ range position (1000~Hz filter in the
Disconnect speaker and connect a 3.2-ohm circuit). Tune the filter for minimum
5-Watt load resistor from P1-3 (speaker reading or null on the lowest possible
H1) to P1-4 (A-). Connect the Distortion scale (100%, 30%, etc.)
Analyzer input across the resistor as
shown. C. Place the RANGE switch to the SET LEVEL
position (filter out of the circuit) and
adjust the .input LEVEL control for a +2
dB reading on a mid range (30%).
OR D, While reducing the signal generator out-
put, switch the RANGE control from SET
With Handset: LEVEL to the distortion range until a
12-dB difference (+2 dB to -10 dB) is
Lift the handset off of the hookswitch, obtained between the SET LEVEL and
Connect the Distortion Analyzer input distortion range positions (filter out
across P1-3 aad Pl-4. and filter in).
Adjust the VOLUME control for 3-Watt E. The 12-dB difference (Signal plus Noise
output using the Distortion Analyzer and Distortion to noise plus distortion
as a VIVM (3.1 Vrms). : ‘ ‘ ratlo) is the "usable' sensitivity level.
- %SMHWWW\%H%MN~l ERIL T A w‘HLWIMww«WIWMLquhe\sens1t1vumy shouﬂd!bewless\than rated »-
Make distortion measurements according 12 dB SINAD spe01flcat10ns with an audio
to manufacturer's instructions. Reading output of at least 1.5 Watts (2.2 Volts)
should be less than 5%, If the receiver RMS across the 3.2-ohm receiver load using
sensitivity is to be measured, leave the Distortion Analyzer as a VTVM).
all controls and equipment as they are,
¥, Leave all controls as they are and all

equipment connected if the Modulation
Acceptance Bandwidth test is to be per-
formed.

SERVICE CHECK

If the distortion is more than 5%, or
maximum audio output is less than 5.0 C

Watts, make the following checks: ‘ SE‘RVICE CHECK

If the sensitivity level is more than
rated 12 dB SINAD, check the alignment of the
RF stages as directed in the Alignment Proce-
dure, and make the gain measurements £s shown
on the Troubleshooting Procedure.

Battery and regulator voltage-—-low volt-
age will cause distortion. (Refer to
Receiver Schematic Diagram for voltages,)

Audio Gain (Refer to Receiver Trouble-—
shooting Procedure.)

FM Detector adjustment (Refer to
Receiver A “m»r~ent o~ —ewverca <ida ~?

. STEP 3
MODULATION ACCEPTANCE
BANDWIDTH (IF BANDWIDTH)

If STEPS 1 and 2 check out properly,
measure the bandwidth as follows:
A, Set the Signal Generator output for twice
the microvolt reading obtained in the
12-dB SINAD measurement.
B. Reduce the audio output to 0.3 Watts
(0.98 VRMS across the 3.2-~ohm re-
ceiver load.)

Set the RANGE control on the Distortion
Analyzer in the SET- LEVEL position (1000~
Hz filter out of the circuit), and adjust
the input LEVEL control for a +2 dB read-
‘ing on the 30% range.

While increasing the deviation of the
Signal Geherator, switch the RANGE con-
trol from SET LEVEL to distortion range
until a 12-dB difference is obtained
between the SET LEVEL and distortion range
readings (from +2 dB to -10 dB).

The deviation control reading for the
12-dB difference is the Modulation
Acceptance Bandwidth of the receiver.
It should be more than =7 kHz.

v\‘WH R R S T [ TS TR

SERVICE CHECK

TN “H‘M'” .

If the Modulation Acceptance Bandwidth
test does mnot indicate the proper width, make
gain measurements as shown on the Receiver
Troubleshooting Procedure.

W
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ng the signal generator out-
the RANGE control from SET
distortion range until a
ence (+2 dB to =10 dB) is
ween the SET LEVEL and
ange positions (filter

n).

out

I3

fference (Signal plus Noise
on to noise plus distortion
(e "usable" sensitivity level,

Wth\&houldubﬁwlqssmmhwn»ratedww‘-m1w|‘m

specifications with an audio
least 1.5 Watts (2.2 Volts)
he 3.2-ohm receiver load using
on Analyzer as a VTVM).

MODULATION ACCEPTANCE
BANDWIDTH (IF BANDWIDTH)

If STEPS 1 and 2 check out properly,

measure the bandwidth as follows:

Set the Signal Generator outpuL for twice
the microvolt reading obtained in the
12-dB SINAD measurement.

Reduce the audio output to 0.3 Watts
(0.98 VRMS across the 3.2-ohm re-

ceiver load.)

Set the RANGE control on the Distortion
Analyzer in the SET LEVEL position (1000-
Hz filter out of the circuit), and adjust
the input LEVEL control for a +2 dB read-
ing on the 30% range.

While increasing the deviation of the
Signal Generator, switch the RANGE con-
trol from SET LEVEL to distortion range
until a 12-dB difference is obtained
between the SET LEVEL and distortion range
readings (from +2 dB to -10 dB)

The deviation control reading for the
12-dB difference is the Modulation
Acceptance Bandwidth of the receiver.
It should be more than =7 kHz.

e b

% If the Modulation Acceptance Bandwidth
| - - .

o s e test d t dicate the proper width, mak
(utrols as they are and all test does not 12“1c"-eh-“- O ihe Ré oiver ©
-nnected if the Modulation %alnh?eaﬁurigenai as inow" on the Rec
andwidth test is to be per- Troubleshooting Procedure.

i tivity level is more than

', check the alignment of the
cted in the Aligmment Proce-~
'z galn measurements 25 ghown
'oting Procedure,

STEP 1 - QUICK CHECKS

TE
i

/)
8]
a|

EST SET CHECKS

These checks are typical voltage readings measured with GE

Test Set Model 4EX3A11 in the Test 1 position

4EX8K12 in the 1-Volt positien,

Test Set

or Model

Test 1 position, ocel

Reading With
No Signal In

Reading with Unmodulated
Input

8 ¥icrovolis}2 HMicrovolts

A (¥ DET) 0.35-0.50 VDC |w/o pro-amp)|(%. Pre-Amp)
B (IF ANMP) 0.1 vDC

¢ (MULT-1) 0.4 VDC

D (MULT-2) 0.4 vnC

F o (MULT-3) 0.1 voC

G (Reg. +10

Volts at J601 +10 vDC

® Check power connections and continuity of supply
leads, and check fuse in power supply. If fuse

is blown, check receiver for short circuits.

NO REGULATED 1C-VOLTS e Check the 12-Veolt supply. Then check 10-Volt
regulator circuit., (See Troubleshooting Procedure
fmmm TN _TVAl+ Namsladnn)
for 10-Volt Regulator).

® Check supply voliages and then chec
readings at J60l as shown in STEP 2

® Make SIMPLIFIED VIVM GAIN CHECKS from Mixer through
Limiter Detector stages as shown in STEP Z.

LOW OSCILLATOR-MULTI-
PLIER READINGS

® Check alignment of Oscillator-Multiplier chain.
(Refer to Front End Alignment Procedure).

@ Check voltage readings of Oscillator-Multiplier
chain (Q402, Q403, Q404).

LOW RECEIVER SENSITIVITY

WW\“WW“WWdWWMMF 1

@ Check Front End Alignment.

(Refer to Receiver
21icnmen + Procedural
Alignment Procedure).

__________ 14
antenna SwWit

-

[+4

[ ] Check antenna connections, cable and

peck Pseillat ‘ "
* 9 PEPE PR Ty I“ﬂﬁﬂﬁﬁﬂn\Y R TTRE H{Mﬂnw‘\ i

@ Check voltage readings of IF Amplifiers.

‘ ~o
-
et
Jﬂ

@ Make SIMPLIFIED GAIN CHECKS (STEP 2).

IMPROPER SQUELCH OPERA-

® Check voltages on Schematic Diagram.
® Make zain and waveform checks with noise.
o Make gain and waveform checks with 6 kHz signal,

® Check discrete components in the squelch circuit

on SAS board,

@ Check voltages on Schematic Diagram.
@ Make gain and waveform checks.

check receiver and alignment and FM-DET output.

[ check Q601, Q602, Q603 and other discrete components.]

® Check Q904 and AR90L on SAS board.

e

I
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STEP 4-VOLTAGE RATIO READING

EQUIPMENT REQUIRED
L. RF VOLTMETER

2. SIGNAL ON RECEIVER FREQUENCY (BELOW SATURATION). USE
' 1000 HERTZ SIGNAL WITH 3.0 KHz DEVIATION

‘ . PROCEDURE .

| APPLY PROBE TO INPUT OF STAGE (FOR' EXAMPLE, SOURCE OF RF AMP.
PEAK RESONANT CIRCUIT, OF STAGE BF[NG MEASURED AND TAKE
VOLTAGE READING: (Ef). |! ! i | P

| MOVE PROBE TO INPUT OF FOLLOWING STAGE 'MIXER). REPEAK '
FIRST RESONANT CIRCUIT THEN PEAK CIRCUIT BEING MEASURED
AND TAKE READING (Ep).

. CONVERT READINGS BY MEANS OF THE FOLLOWING FORMULA.

’ 7 VOLTAGE RATIO: €2
13

o TET

-

-»

% DIFFERENCE BETWEEN INPUT AND
OQUTPUT READING ON db SCALE OF
RF VOLTMETERS NOT ACTUAL POWER
Ga

CHECX RESULTS WITH TYPICAL VOLTAGE RATIOS SHOWN ON DIAGRAM.

;1‘ !r il - i' T e N Y O T Y Y AT RS R “Mw e b ol el e e e i ool W] pla M” ﬁ‘ HM HHH ;‘u ' i\ NM HW”\ “‘AM ‘\ ‘ﬂwl [“ M\ “ IH“W F v‘ “H‘ 'M \W MH I ‘\‘ .

, o 406 —512MHZ te
g X3 X0.6 obo- x
; (9.5db %) i (- 4.5db %) N { 3940 *)
|
t ! l
! PRE-AMP | ! MIXER
| Q230! j i Q!
.
| 1 i
30 ) A30I-J1 | ™TT |
| | [‘ c301 ‘lcsoz €303)C304,C305| 4 POLE
L2301 1 b c2 L507 CRYSTAL 503
- P2302 | i l I FILTER
! | L FLSOI-FL502
NOTE. REMOVE CRYSTAL| INJECTION VOLTAGE
MODULE TO MEASURE | 1.5 VOLTS RMS MINIMUM
VOLTAGE ON GATE OF
. MIXER
!
I
. MULT |
MULT MULT (X3) AMPL %3
(X3) Q403 Q404 Q450 ‘
T T
XTAL . 1
€406 c4 A
 oouL el 33 cals 306=C307 IC}OB
i ]
= !
xTaL Freqs JPER FREQ -112MHZ i
27 |
1960 - ‘ 5 so -
TN Rl reety VERES
| \
STEP 2-SlI MPLI FI ED GAI N CHECKS [rovas aeeieo o 4301
| NONE NCNE

I coulpMeNnT AgowReo Il ¢
| VOLTMETER AC & DC
2 SIGNAL GENERATOR
3. RF VOLTMETER

PRELIMINARY STEPS _

I SET VOLUME CONTROL FOR 3, VOLTS ACROSS 3.2-CHM
LOAD IF THIS CANNOT BE OBTAINEOD, SET TO APPRCX.
70% OF MAX ROTATION.

SET SQUELCH CONTROL FULLY COUNTERCLOCKWISE
RECEIVER SHOULD BE PROPERLY ALIGNED

CONNECT METER BETWEEN A- AND POINTS INDICATED
8Y ARROW,

TR

Pl oo eh g Fi > [
\\H

PROCEDURE

VOLTMETER READING
SHOULD BE APPROX

READING 0.5 VDC

VOLTMETER READING
SHOULD BE APPROX
0.2 vDC




je 406 ~5IRMHZ + 11.2 MHZ =l|
|
i ‘: P lI et ) 0 ( 304 %1 "| :.'—?—6);‘: :o* ,_."l :‘_(;‘ci‘;"*\_"‘l
i . | | | : X . h
1 { ) | ) |
\ PRE AMP | ] MIXER ‘ IF_AMPL | I 1F AMPL | ‘ LIMITER DET | AUDIO PRE- AMPL DE-EMPHASIS
i Gl | Do ) al Q501 l | ueol n U802 Q601 Q802 Q603 2904
1 o . i r RSN | : P ‘ ] .
ol " ¥ exoz 0303, CI04C A ] 4 POLE 62 ‘ i 2 POLE [ 2 POLE ( | :
| R b ma oA i B O e oI on o Lsos e e S st VoL conTRoL
‘ sl AN i . ; { £L501-FL502 FLGOI FL603 .
NOTE- REMOVE CRYSTAL| INJECTICN VOLTAGE ? |
MODULE TO MEASURE 1.5 VOLTS M5 MINIMUM N b
VOLTAGE ON GATE OF | |
MIXER | . ‘.‘
| ‘ : SQUELCH SQUELCH
' p CONTROL | IC’
MU " MULT (X3) AMPL ; 1 i uso
(X2 Q403 Q404 ] i
rm‘ "% ‘l '| .‘ /| ‘ : SQUELCH ) ‘{
Lc;ﬁ. . i cait b cat6 lca0s €307 €308 ‘ ‘ K v - ) DISABLE
end L ' |
B : | SQUELCH - RX MUTE
XTaL FReQs DPER.: AT 2UNT ; ’ B DISABLE SWITCH
‘ ! Q90! Q902
:-;73 i' ?:?.l’ -3 1 'ﬂ%‘i‘f—’a [ ; o it IF iﬁ‘éL‘Lm s o
| i |
. T ] i

AUDIO WAVEFORMS |

NONE NONE NONE UNMODULATED JNMOCULATED UNMODULATED o siGNaL weuT | !| ISTANDARD SIGNAL ., ‘ by
' I ' Wt
° | IMV OF RF ' I
. . SET GENERATOR OUTPUT RESET GENERATOR QUTPUT SHOULD BE IN SATJRZTION 2 IKHz MOD.
& DC " TO 1000 MICROVOLTS TS ZERQ, THEN INCREASE QUIPUT|SET GENERATOR OUTPUT TO | AT ALL TIMES
[ roR : ‘ ~ PROC EDURE AT RECFIVE FREQUENCY [ UNTIL UBOI SATURATES | 40 MICROVOLTS 3.3 KHz DEV.
! AS MEASURED WiTH, (10 MICROVOLTS WITH 4. VOLUME CONT SET FOR RATED
; RF VOLTMETER ' PREAMP ) : | /OUTPUT (4 VRMS).
iToL FoR 5 ACROSS 3.23-0 VOLTMETER READING VOLTMETER READING VOLTMETER READING RF VOLTMETER READING | GENERATOR QUTPUT VOLTMETER READING |RF VOLTMETER REAZING
“HTROL ’ nt 22-OHM SHOULD BE APPROX SHOULD BE APPROX SHOULD BE APPROX SHOULD 8E APPROX SHOULD 8E APPROX SHOULD BE APPROX SHOULD BE APPROX
i uiMNOT BE 1 4o 9ED, SET TO APFROX READING 40 MICROVOLTS
| maTioN 0.5 vbc 0.2 VDC 0.5 vDC 200 MiLLIvOLTS O oS witw | -84 vDC 0.6V AMS
WTROL Fia JNTERCLOCKWISE PREAMP ) . . HOR. 0.5 MS/ DIV HOR. 0.5MS/0v
“LBE PREC +- ALIGNED VERT, 0.05V/DIV{AC) VERT. 17/DIV{AC)

BETWEEN .. . POINTS INDICAYED

Bt Bt " 14

Wl . w‘ﬁ HM}H RS it \-,LH: |
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o
-
|
i
j—— %1000 ————=f

(qub * ) '
‘ |

IMITER DET AUDIO PRE- AMPL
HMeos Q602

DE~EMPHASIS AUDIO AMPL
Q603 Q904 ARSOI

Q860!

2 POLE
oo CRusTa VOL. CONTROL
A ks
| TPEOI i
i ] ‘
H 1 ]
i saueLeH 4 SOuELCH ‘ ]
1 TROL % usol !
4 e
i
. ? , 4 SQUELCH
| DISABLE
SQUELCH RX MUTE RX MUTE
b DISABLE SWITCH
! Q901 Q902 Q903
B 4601 -1 I‘J"‘V
H i \FAMPL MTRIY 1|
. ‘V )
i e
| ‘ | :
1. ‘AUDI(‘) ‘WAVE’FQR‘MS “ ‘
_ATED UNMOCULATED UNMODULATED NO SIGNAL INPYT STANDRRD' SeN AL
1 1MV OF RF
SR OUTPUT |RESET GENERATOR OUTPUT SHOULD BE 1N SATURATION 2. 1KHz MOD.
QVOLTS T ZERO, THEN INCREASE QUTPUT|SET GENERATOR OUTPUT T0 |AT aLL TiMES X 3 KHz OBV,
TREQUENCY UNTIL U601 SATURATES 40 MICROVO!
a AS MEASURED WITH (16 MICHONOLTE wiTH 4. VOLUME CONT SET FOR RATED
RF VOLTMETER PREAMP | ' ‘QUTPUT {4 VRMS).
2 READING } GENERATOR OUTPUT VOLTMETER READING |RF JOLTMETER READING
PPROX SHOULO BE APPROX SHOULO 8E 4PPROX SHOULD 3E APPROX
s 40 MICROVOLTS 0.54 VDC 0.6V RMS
) ('fﬂg,{%ﬂpo)vous wiTH HOR. 0.5 MS/0IV HOR. 0.5MS/DIV HOR. 0.5 MS/DIV

VERT. 0.05v/DIV{AC) VERT. 1V/DIV(AC) VERT. 1V/DIVIAC)

STEP 3-AUDIO & SQUELCH WAVEFORMS

ECUIBMENT R (RED"
CONNECTED BE™#ZEN
ARROW.

A- AND POINTS

SQUELCH IC
usol

6 KHz

senemator[ MY =

INCREASE GENERATOR :

QUTPUT UNTIL DL i

vOLTAGES AT PINS & o '
* AND 8 DROP 70! .

APPROX 0,2 42LTS,
: [ o

SQUELCH CIRCU!IT CHECKS
WITH 6 KHZ SIGNAL:

'
PRE_4.NARY STEPS

RECEIVER® MiTh A5G0
OULATED Si3MAL
CGUELCH CONTRGL 70

C MICROVOLT,
APEROX 2.

b . 3. APPL‘ B5KHz SIGNAL TO

PIN | AS SHOWN, 1
ANC SHECK WAYEFGAMS E

THRUD).

SQUELCH CIRCUIT CHECK
WITH NOISE:

SRELIMINARY STEPS
. NO ‘NPUT SIGNAL APPLIED

SET SOUELCH CONTROL FOR CRITICAL
C-FANGE SQUELL

CHEZK NAVEFORMS ) THRU T),
£ o

HOR. 0.1 MS/DtV
VERT 0.1 V/DIVIAC)
038V {PK-TO-PK}

%

HOR 2 MS/DIV
VERT Q.2v/ DIV
0.6V (PK-TO-PK

HOR, Q.1 MS/D1V
VERT O‘SV/DIV‘ACT
. 2.6V (PK T0 K)

1hqu\w1¢MWl

I

| ok

HOR' '2MS/DIV
VERT (v/DIV(,
4V(PK TO! Px[

HOR. 0,1 MS/DIV
VERT. 1V/DIvV(DC)
5.8v(0C)

0 JOLTS

ovoLTs

HOR, Q.1 MS/DIV
VERT. 2V/0}V (DC)
s.8v(ocy 4

t W‘ ‘
- llo vo&s

HOR 2MS/01V

8.6V (0C} ;

[ ‘
5 votrs |k

ol “'H!\“M\M(‘tn ‘

VERT.2v/0IV I0C

LBI130152

‘ [ Mgh Hy

"TROUBLESHOOTING PROCEDURE

406—512 MHz CUSTOM MVP RECEIVER
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