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= WARNING!!!!!!

+HIGH VOLTAGE+

DO NOT ATTEMPT TO REPAIR OR TROUBLESHOOT THIS UNIT UNLESS YOU AR_'E FAMILIAR WITH
ITS OPERATION AND EXPERIENCED IN SERVICING HIGH VOLTAGE EQUIPMENT. LETHAL
VOLTAGES ARE PRESENT WHEN POWER IS APPLIED TO THIS SYSTEM. EXERCISE CAUTION WHEN
WORKING INSIDE THE UNIT. USE ONLY ONE HAND TO WORK WHEN SERVICING THE UNIT. IF

POSSIBLE, TURN OFF THE POWER BEFORE MAKING ADJUSTMENTS TO THE SYSTEM.

#RADIO FREQUENCY RADIATION HAZARD=

MICROWAVE AMPLIFIERS AND TUBES GENERATE HAZARDOQOUS RF RADIATION WHICH CAN
CAUSE SEVERE INJURY INCLUDING CATARACTS, RESULTING IN BLINDNESS. SOME CARDIAC
PACEMAKERS MAY BE AFFECTED BY THE RF ENERGY EMITTED BY MICROWAVE AMPLIFIERS.
NEVER OPERATE A MICROWAVE SYSTEM WITHOUT A PROPERLY MATCHED RF ENERGY
ABSORBING LOAD ATTACHED. KEEP PERSONAL AWAY FROM OPEN WAVEGUIDES AND
ANTENNAS. NEVER LOOK INTO AN OPEN WAVEGUIDE OR ENERGIZED ANTENNA. MONITOR ALL

PARTS OF THE RF SYSTEM FOR RADIATION LEAKAGE AT REGULAR INTERVALS.




WARNING

VOLTAGES THAT ARE DANGEROUS TC LIFE AREZ
INVOLVED IN THE QPERATION QOF THIS ELEC-
TRONIC EQUIPMENT. OPERATING PERSONNEL
MUST AT ALL TIMES OBSERVE ALL SAFETY
REGULATIONS. DO NOT CHANGE TUBES OR
MAKE ADJUSTMENTS INSIDE THE EQUIPMENT
WITH VOLTAGES APPLIED. DANGEROUS CONDI-
TIONS MAY EXIST IN CIRCUITS WITH FOWER
CONTROLS IN THE OFF POSITION DUE TO
CHARGES RETAINED BY CAPALITORS, ETC.
ALWAYS DISCHARGE AND GROUND CIRCUITS
PRIOR TO TOUCHING THEM TO AVOID PERSONAL
INJURY OR LOSS OF LIFE.

EMERGENCY
FIRST AID INSTRUCTIONS
nt or similar equipment are urged to

Personnel engaged in the installation, operation, or maintenance of this equipment
become familiar with the following rules both in theory and practice. It is the duty of ail operating personne! to be
preczred to give adeguate Emergency First Aid and thereby prevent avoidable loss of iife.

RESCUE BREATHING

3. 1f he is still not bresthing, begin
rescue breathing:
Keep his head tilted backward.
Pinch his nose shut.

the person is 2. 1f he is not, open the airway by
tilting his head backward.

Lift up his neck with ane hand

1. Find out if
breathing.

You must find out if the person

has stopped breathing. if you
think he is not breathing, placs
him flat on his back. Put your
gzr close to his mouth and look
at his chest. if he is breathing,
you can feel the air on your

and push down on his forehead
with the other. This opens the
airway. Sometimes doing this
will let the person breathe again
by himself. If it does not, begin
rescue breathing.

Put your mouth tightly over his
mouth.

Blow into his mouth once svery
five seconds,

Do Not Stop Rescue Breathing

cheek. You can se2 his chest
meve up and down. |f you do
nat feel the air or see the chest
move, he is not breathing.

Until Help Comes.
LOGSEN CLOTHING — KEEP WARM

Do thus when the victim is breath-
ing by himself or help is avaiiabie.
Keep him gquiet as possibie and
fram Gecoming chilled. Otherwise,
treat him for shock.

BURNS

SKIN REDDENELD: Apply ice cold water to burned area
to prevent burn from going deeper into skin tissue.
Caover zrea with clean sheet or cloth to keep away air.
Consult 3 physician,

SKIN BLISTERED OR FLESH CHARRED: Apply ice
cold water 10 burned area to prevent burn from going

deeper into skin tissue. Cover area with clean sheet or
cloth to keep away air. Treat victim for shock and take

t0 hospitai.

EXTENSIVE BURN-SKIN BROKEN: Cover area with
clean sheet or cloth to keep away air. Treat victim for
shock and take to hospital.
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DRAWING NUMBER SYSTEM

Each Assembly or subassembly is assigned an eight digit number. The fifth digit is the
only number that changes in an assembly number. The change in this digit indicates the
type of drawing assigned to it.

XXXX-1XXX COMPLETE ASSEMBLY, SUBASSEMBLY ON BOARD
XXXX-2XXX REPLACEMENT PARTS LIST

XXXX-3XXX SCHEMATIC OR BLOCK DIAGRAM

XXXX-5XXX PARTS LOCATION OR ASSEMBLY DRAWING
XXXX-7XXX CONTROL LOCATION DRAWING

XXXX-8XXX INTERCONNECT DRAWING

HOW TO USE THIS MANUAL

This manual is designed to aid the Engineer and/or Technician in the servicing and
maintenance of the equipment described within. The paragraphs below describe each
section of the ITS Instruction Manual and what is contained in them. Your particular
manual may vary.,

SYSTEM: Contains the description and drawings of the system along with the alignment,
turn on, and operation procedures.

MAJOR ASSEMBLY: Contains the descriptions and drawings of the assembly along with
the alignment, turn on, and operating procedures.

SUBASSEMBLIES: Includes circuit descriptions, schematics, drawings, and replacement
parts lists.

HARNESS: Contains information on connectors and manufactures part numbers.

MAINTENANCE: Includes information on routine system checks and a log book to
record system data.




TECHNICAL BULLETINS

yoy

TELEPHONE TECHNICAL SUPPORT
24 HOURS A DAY &

If you have any questions concerning your ITS product, or
need technical assistance, feel free to contact the ITS Service
Company. A Customer Service Technician will be glad to assist
you,

*During regular business hours of 8am to S5pm EST call
(412) 941-1500. Your call will be answered by a voice mail
system. Press 0 to reach an operator quickly.

After hours a beeper paging system is activated. Enter 777
if you are using a touch tone phone. Rotary caller dial
(412) 571-7837.

Please leave 2 message that includes your name, phone number,
and a brief description of the difficulty you are experiencing.
A Customer Service Technician will contact YOUu as soon as

possible.




INSTALLATION PROCEDURE
UNPACKING

ITS Corporation certifies that upon leaving our facility, vour equipment was undamagedand in proper working order, Please
inspect all materiaj upon arrival for any sign of damage. The shipping container shoujd be examined for obvious damage
indicative of rough handling. Remove the transiator and all other material from the shi pping containerand check for damage:
dents, large scratches, or broken connector etc. Open the translator and remove all packing material from inside the unjt

and inspect for damage. Any claims against in-transit damage should be directed to the Carrier.

SITE CONSIDERATIONS

AC LINE REQUIREMENTS ITS-715/716/717

\

ITS-715 10w TRANSLATOR 1/10A
ITS-716 20w TRANSLATOR 1/10A
ITS-717 50w TRANSLATOR [/10A

ITS-716 w/ITS-750 100W Ampilifier 1:20A

The ITS-715/716/717 is designed to be mounted in a standard 19" equipment rack, Eight and 3/4 inches of rack space is
required for each transiator.

RACK MOUNTING




INSTALLATION PROCEDURE (continued)

Complete the following for equipment installation:

If the unir is supplied with a cabinet, carefuily remove the cabinert from the shipping container. If the translator tray has
~ been shipped separately, the internal shipping material must be removed from inside the cabinet before the tray is installed.
Cut and remove the cable ties or cords which hold the tray harness breakouts to the tray slides. Carefully remove the foam
packing material from around the cables, connectors and slides. Do not use a knife or other sharp object, as these may cut
into the hamness wires. Once the cabinet has been properly positioned, the trays can now be installed.

to be pulied out.

_If the tray does not slide in and out of the cabinet smoothly, loosen the hardware hotding the slides in place. Move the tray
accordingly and tighten the hardware again. Repear if hecessary until the tray slides in and out freelv.

Next, secure the small cabje retractors (attached to the main hamess) to the back of the tray by sliding them into the clip
focated between the AC hook up and the fan on the back of the tray.

Connect the wires 1o the back of the tray. Each wire is marked with a number correspending to the location where it should
be connected to the back of the tray,

CABINET NOT SUPPLIED

Two tray slides are provided with the translator. Locate the left slide {without the cable retractor) and mount the slide to
the left side of the cabinet (looking from the rear) using the supplied hardware. Refer to the Cabinet Mounting Diagram
for further detail, Check that the slide is level from front to back,

NOTE: Allow a clearance of approximately 5 inches between the peint from where the stationary section
is attached to the cabinet slide and the rear cabinet mounting rai! to permit proper operation of
the cable retractors.

-Install the remaining slide to the right side of the cabinet. Install the long retractor and hinge bracket to the stationary
section of slide using the supplied hardware.

Extend the cabinet mounted slide rails out to their full and locked position. Place the tray with the sides into the cabinet
slide rails until the tray locks into place. Press the side fock tabs on the rails to unlock the tray and carefully move the tray
completely into the rack. Check that the cahle breakouts in the rear are not caught on the tray as the tray is slid into place.

ADJUST TRAY ASSEMBLY.

Check to see that the tray slides freely with no interference from other assemblies. If not, some adjustment can be made
by sliding the tray out, loosening the front or rear mounting bolts of the slide assemblies, and moving the tray in the
direction required for smooth operation. After the adjustment has been made, firmty tighten the mounting bolts and check
the movement again, Repeat if necessary.




INSTALL CABLE RETRACTOR ASSEMBLY.

The Cable Retractor Assembly consists of two parts: (A) a cabinet retractor and (B) a tray retractor.

A) The cabinet retractor consists of a short aluminum channe] hingedto a mounting bracket
that is to be placed on the right side (looking from the rear) of the cabinet slide
assembly. Refer to the Cabinet Mounting Diagram for further detail. :

B) The tray retractor is a short aluminum channe]
hinged to a slide bracket. The bracket slides down
into the retractor receptacle which is located at the

rear of the tray.

Both retractors work together to avoid pinching the wiring when the tray is moved in or our,




6455A

SYSTEM DESCRIPTION

The 6455A Boradband Translator is a multi-channel translator designed to be used by wireless cabel
operators to provide MMDS/ITFS service without the added expense of 4 headend. The unit inputs
multichannel superband (222 1o 408 MHz) then upconverts and amplifies the signal to RF. The power
Capability of the unit varies with the number of channels according to specifications with a peak
envelope power of 37.8 watts.

This manual covers the description, installation, set-up, operation, schematic and interconnect
drawings, as well as other useful technical information.
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SPECIFICATIONS: 6455A Broadband Translator

Type of Bmissions ... TRANSLATOR (Analog)
Frequency Range.............. .~ 2500 to 2690 MHz (any 6 MHz channel)
DC voltage and total current of final amplifier stage ........... 10 volts DC at 32.5 amps

(Class A - Not RF power dependent)
Total Output Power Rating................ 37.8 watts (peak envelope)

(6.3 watts total average)
Performance Specifications

Operating Frequency Range...................... 2500 to 2686 MHz
RF Qutput - Nominal:
CDEAAICE ..o 00
SORCLION oot Type N
Power:
dChannels............ o 1.58 W/channel
8 Channels.............. ... 790 mW/channel
12 Channels ... 525 mW/channe]
16 Channels ... . 394 mW/channel
24 Channels ...~ 263 mW/channel
3 Channels ... 203 mW/channel
Nominal Input Signal Range (average power):......... ... -32 to -17 dBm/Channei
OGO oo ODTY Type N
MMPEAGANCE ..o LT 50 ohm
Out-of-Band Power......_.......... Per FCC Rules (21.908)

-25 dB max (at band edges):

-40 dB max (250.00 KHz above and 250.00 KHz below band edges):
-50 dB max (3.00 MHz above and 3.00 MHz below band edges):
-60 dB max (20.00 MHz above and 20.00 MHz below band edges):

Out-of-Band Power (Unoccupied Channely.................... Per FCC Rules (21.908)
-25 dB max (at unoccupied channel edges)
~40 dB max (250.0 KHz above and 250.0 KHz below occupied channel edges)
-50 dB max (3.0 MHz above and 3.0 MHz below occupied channel edges)

Farmonie PROAUCLS ..o -60 dB max

Power Line Voltage ..o 60 VAC +10%, 50/60 Hz
Power Consumption (SYStem) oo 1060 Watts
Environmental

Maximum Altitude (System) ... 12,000 feet (3,660m)
Ambient Temperature (Oystem)...................... e e e 0o to 50C




Mechanical

Dimensions: (WxDxH)
Translator Tray

................... 19" x 21" x 8.75" {(48.3cm x 53.3¢cm x 22.2cm)
Broadband Amplifier Tray ....19" x 30" x 10.25" (48.3cm x 76.2cm x 26.0cm)

Weight:
Translator Tray..................
Broadband Amplifier Tray

........................... 55 Ibs. (24.9 kes)
........................................... 85 Ibs. (38.6 kgs)




SYSTEM CHECK OUT AND OPERATION PROCEDURE

ELECTRICAL INTERFACE PROCEDURE

With the unit properly installed and adjusted in the equipment rack, the process of electrically interfacing the translator can
begin. The following steps should be completed:

INSTALL AC LINE CORD.

Cabinet Supplied

For installations where the cabinet has been supplied, the AC line cord has been pre-wired into the main harness. Proceed
to the section following "Cabinet not Supplied",

Cabinet Not Supplied
A line cord is provided with each translator tray. Insert the female connector of the line cord into the ray’s AC input

connector (J1). Make certain that the rear panel power switch is in the "OFF" position. then plug the line cord into an
appropriate AC outlet to power the tray.

NOTE: The ITS-715/716/717 was designed for either 117 VAC/60 Hz or 220 VAC 50 Hz. operation.

CAUTION: Never remove the RF output coaxial cables gr
otherwise unload the translator RF outputs while
operating. This may cause harmful exposure to
RF radiation.

CONNECT RF OUTPUTS AND RF INPUTS:

Connect the upconverter input (J4) to 138-324 MHz or 222-408 MHz (depending on model) cable feed. Connect 10 MH:z
input (J3) to 10 MH2 reference if used. :




INITIAL TURN on PROCEDURE

SJI

OPERATE TRANSLATOR

Move the transiator to OPERATE. This should cause the OPERATE indicator to illuminate (if
not, refer to troubleshooting section). Remove the tray’s cover and observe the single LED
indicator on the | Section Bias Protection Board (10 wau transiator), or four LED indicators on
the 4 Section Bias Protection Board (20 War transfater). or the six LED indicators on the 6
Section Bias Protection Board (50 Wan translator). Each LED indicator should be illuminated
indicating that all GaAs FET devices are operating properls.

MONITOR FORWARD OUTPUT POWER.

Now that the control and DC functions of the ransiator have been established as operative, move
the translator metering select switch to the FWD PWR. (0-100%) position and verify that the
meter indicates 100% on the % POWER {top scaie) position of the meter.

NOTE: If the translator is being used as a driver, the meter reading on the add-gn amplifier
should indicate 100% while the translator wil] indicate 2 level Jess than 1009,

MONITOR REFLECTED POWER.

Move the translator metering select switch to the REFL. PWR (0-1 00%) position and verify that
the meter typically indicates less than 10% on the % POWER scale.

MONITOR ALC

Move the translator metering select switch to the ALC. (0-10VDC) position and verify that the
meter indicates about 2.5 VDC on the bottom scale.

RECORD LEVELS ON LOG SHEET
Once the translator js Operating at full power, record aj] metered levels of the translator on 2

dated and initialed sheet. This sheet can be used for future comparison of the unit’s operation.
Comparing this information to the factory test data is always a good practice.




Normal Operation

Once the Instaliation and the Initia! Turn-on are cotnplete, operation is simple. With the AC ON/OFF switch in the ON
position, the translator is activated by moving the OPERATE/STANDBY switch to OPERATE. This will now enable the
translator. All of the green front panel operating status indicators should illuminate and the power metering should display
a percentage of output power. To control the translator's output power, adjust the translator power control. To turn the
translator off simply move the transiator to STANDBY and turn the AC ON/OFF switch to OFTF.

[ If the ALC voltage exceeds 10 volts, this indicates that the input signal has faljen below the acceptable ALC
window and the red low output level indicator wil] light.

If either extreme is the case, additional attenuation or preampiification may be needed to achieve the proper ALC
range,




FRONT PANEL CONTROLS

The following controls and indicators are located on the front panel of the ITS-

715/716/717 Translator:

FUNCTION

PURPOSE

TYPE OF DEVICE

OPERATE/STANDBY

ENABLES AND DISABLES THE
TRANSLATOR

SWITCH

FORWARD POWER

INDICATES % OUTPUT POWER
ON THE TOP METER SCALE

SELECTOR SWITCH/METER

REFLECTED POWER

INDICATES % OF REFLECTED
POWER

SELECTOR SWITCH/METER

ALC

INDICATES ALC VOLTAGE
(BOTTOM SCALE)

SELECTOR
SWITCH/METER

THERMAL INTERLOCK

ILLUMINATION INDICATED
THAT AN AMPLIFIER
OVERTEMPERATURE FAULT IS
NOT PRESENT

GREEN LED

LOW OUTPUT

ILLUMINATION INDICA TES
THAT THE QUTPUT IS BELOW
NORMAL

RED LED

OVERDRIVE

ILLUMINATION INDICATES
THAT THE OUTPUT IS ABOVE
NORMAL

YELLOW LED

TRANSLATOR FAULT

ILLUMINATION INDICATES
THAT A FAULT CONDITION
EXISTS IN THE TRANSLATOR

RED LED

OPERATE

ILLUMINATION INDICATES
THAT THE TRANSLATOR IS
ENABLED

GREEN LED

STANDBY

ILLUMINATION INDICATES
THAT THE TRANSLATOR )
DISABLED

YELLOW LED

PLL LOCK

ILLUMINATION INDICATES
THAT THE VHF GENERATOR
PLL IS LOCKED

GREEN LED

PLL REFERENCE

ILLUMINATION INDICATES
THAT AN INTERNAL OR
EXTERNAL REFERENCE
SOURCE IS PRESENT

GREEN LED




INTERNAL INDICATORS

|

BOARD REFERENCE FUNCTION
Al0- 1 SECTION BIAS BD. DS] ILLUMINATION INDICATES
ITS-705 MODULE FAULT THAT AN OUTPUT AMPLIFIER

FAULT IS NOT PRESENT

Al0- 4 SECTION BIAS BD.
ITS-706

DS1-DS4
MODULE FAULT

ILLUMINATION INDICATES
THAT A DRIVER OR OUTPUT
AMPLIFIER FAULT IS NOT
PRESENT

Al0- 6 SECTION BIAS BD,
ITS-707

DSi-DSg
MODULE FAULT

ILLUMINATION INDICATES
THAT A DRIVER OR OUTPUT
AMPLIFIER FAULT IS NOT
PRESENT

L

A17-ALC CONTROL BD. DS1 ILLUMINATION INDICATES
THAT ALC IS IN OPERATE
A3- :12V POWER SUPPLY BD. DS1-Dse ILLUMINATION INDICATES

PROPER OUTPUT FROM EACH
ASSOCIATES REGULATOR.




All boards and modules within the transiaror assembly can be removed withour desoldering. To remove an amplifier
module, disconnect the input and output SMA connectors using the small wrench supplied in the instaliation materiaj
Kit. Disconnect the white Molex plug(s) associated to the moduie. Remove the screws securing the module to the
heatsink along with the SCrew securing the ground lug to the module. The §jx Section Bias Protection Board is
removed by disconnecting TB1 from the Board, disconnecting the white Mojex piug (J2,3.4) and removing the
screws securing the board ig place,

=TELEPHONE TECHNICAL SUPPORT

To obtain technical assistance call (412) 873-8100 8am to 5pm EST.

Service Technicjan.

Model Number

® When the problem started

& LED’s, which are on? Off?

® Scope or meter readings

Have this manual with ¥ou when placing the call.

During regular business hours your call js automatically answered by voice mail and options given, Press ) to access
an operator quickly.

After hours a beeper paging system is activated. Call (412} 873-8100. After voice mail answers enrer 777 if you have
2 touch tone phone. Rotary phone callers dial (412) 571-7837.
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Log Book Format

MODEL NUMBER:

DATE UNIT INSTALLED:

BY:

SERIAL NUMBER:

METERING

Forward Power
Reflected Power
ALC

DATE:

BY:

NORMAL

100%
<10%
0-10vDc

OPERATING STATUS INDICATORS

PLL Lock
Thermal Interlock
Operare

Low Gutput
Overdrive

PLL Ref

ADDITIONAL INDICATORS

Translator Fault
MISCELLANEOUS

Fan Operation
Assembly Cleaned
Room Temperature
AC Line Voltage

ON N
on I
OFF
N T ——
OFF
OK
. . -_—
77°F 1 25°C

117 or 220 vac

—_—_—
—_—
—_—
—_—

RECORD OF REPAIRS AND OBSERVATIONS: (Indicate Dates, Operator and Technician.)




MAINTENANCE AND TROUBLESHOOTING
Problem Identification

The translator consists of several amplifier modules and supporting circuitry. If the driver stages are not at fault,
first note the Symptoms of the problem that is present. Most amplifier faults relate 10 low or no output power and/or
signal quality problems. If there is no output power from the amplifier, first check to determine if the amplifier js

being supplied the preper AC and control input commands. If the amplifier is operating byt producing no output,
check all of the LED indicators on the front panel and inside of the amplifier to determine if any of the green LEDs

DC and control functions seem normal, it is necessary to quantify the performance problem and then determine the
possible causes. If an effort is being made- to contact the factory to assist in problem identification, please
record the status of aj] indicators, meter readings and signal quality measurements s that these important
parameters may be related to the factory.

Problem Analysis

In most cases. the performance of g GaAsFET transistor is closety tied 1o the DC operation of the system, Any
degradation in signal quality, gain or power is usually related to a corresponding change in a DC parameter
scmewhere in the System. An exception may be a defective RF input or GUTpUT connection which cap result in poor
performance of the amplifier with al] DC parameters appearing normal.

While following these procedures, it is important to maintain terminations on ajj amplifier circuits to avojd VSWR
damage. Before a fan fails, it normatly begins to exhibjt neisy operation. Always check for free fan blade movement
and procure a replacement fan if fan bearing noise is evident,

Repair Procedures

it cannot be easily repaired ar vour facility, please contact the ITS Customer Services Department. An effort will be
made to provide a module on an exchange basis. It is often possibie to ship replacement moduyles counter-to-counter
or one-day UPS/Federal Express to expedite delivery.




REPAIR (continued)

On some occasions it is necessary to perform component level repairs. In many cases failures can be a result of poor
connections somewhere in the system. Poor connections can generally be repaired with a suitable, small, grounded
soldering iron. A spare parts kit of standard components is available for this translator. Please contact the ITS
Marketing Department for the price and availability of the spare parts kit. Individual components can also be ordered
from the Customer Services or Marketing departments of ITS. The fuses are standard and generally available at local
parts distributors. The parts list provides complete manufacturer’s information and part number for all standard
electrical components. These components can often be obtained from Jocal distributors. An effort has been made to
select standard (off-the-shelf) tomponents whenever possibie in the product design. Replacement of the GaAsFET
transistors in the field is not recommended unless perfonmed by an experienced technician. It is important to realize
that each GaAs FET operates at a specific bias voltage that must be preset before the main power supply is switched
on. Failure to provide the proper bias voltage will result in rapid GaAsFET destruction. Please refer to the ITS
Warranty and Material Return Authorization procedures for additional information concerning repair parts.

Periodic Procedures

This translator is designed with components that require ne periodic maintenance except for cleaning and record
keeping.

The amount of cleaning necessary depends greatly on the conditions in the translator room. While the electronics
have been designed to function well even if covered with dust, heavy buildups of dirt and insacts will impede the
effectiveness of the cooling and lead to shutdown or premature failure.

When it is apparent that the front panel is becoming dust covered. the top cover should be opened and the
accumulated foreign marerial removed. A small, soft brush used in conjunction with a plastic wand-like attachment
on a smail vacuum cleaner is an excellent way to remove dirt. Alcohol and other cleaning agents should not be used

unless vou are certain that the solvents wil] not damage components or markings. Water based cleaners can be used
if only a small amount of moisture is used. The fans or heat sinks should be carefully cleaned.

Occasionally check that alf RF connections are secure, but be careful not to overtighten.

Data should be recorded for all meter readings on a regular basis. It is suggested that data be recorded once each
month and that it be retained in a rugged folder or envelope for the life of the equipment. A sample format of a log
sheet is included at the end of this section. Photocopies of this sheet may be used for if desired,

Oscillator Calibration

The FCC requires that the local oscillator should be checked once each month. If the LO is found to be off
frequency, the following procedure should be followed. The data resulting from this procedure should be logged for

future reference. A frequency counter that is capable of 5 x 107 stability and a voltmeter zre required,

t. CALCULATE LOCAL OSCILLATOR FREQUENCY
A} Measure the VCXO frequency at J16 (fs)) on the VHF Generator Board (10 digits)

B) Using a 10 digit calculator, perform the following calculation
LO=[24xf.]

The result should be the desired LO fre_ﬁuency £500 Hz (ITS Spec) or £1000 Hz (FCC Spec)




2. MEASURE FREQUENCY OF OPTIONAL INTERNAL 5 or 10 MHz REFERENCE OSCILLATOR

Connect a frequency counter to Ji (5/10 MHz output SMA) which is located on the 5 or 10 MHz Reference
Oscillator Assembly. Verify that the counter indicates 5 or 10 MHz. +.9 Hz. Adjust C2 on reference oscillator if
necessary for the exact frequency.

3. CALIBRATE VCXO LOOP RANGE

If the PLL is locked (DS1 not lit on the VHF Generator Board) connect a voitmeter between TP2 (probe) and chassis
(ground lead) on the VHF Generator Board. The meter should indicate a reading from -2.5 to -3.5V. If the reading
is not within this range, adjust C11 (coarse adjust) on the VHF Generator Board for a reading of 3.0 V. Connect a
frequency counter to J16 (f,)) on the VHF Generator Board. Verify that the VCXO frequency is correct.

If the PLL is not locked or the desired voltage range at TP2 can not be obtained. piease consult that factory.

TROUBLESHOOTING

Problem Identification

The first step in solving a problem with the translator is identifying the nature and location of the problem.
Since the translator consists of many different boards and modules, it is often difficuit to determine which
part is causing the problem. The best method of isolating the problem is to divide the booster into three
discrete sections and determining if these sections are operating correctly. The three sections are:

& Power Supplies
= Amplifter Modules
@ ALC and Control Circuits

*First, check that all RF connections between the translator, cable feed, and antennas are correct and secure,

Note the symptom(s} of the problem that is present, including the status of the LED indicators located on
the front panel. If the booster has no output, check that the operate/standby switch (S1), located on the
front panel, is set to operate. If the translator remains inoperabte, check the LED indicators within the
translator and verify that all indicators are lit. If an indicator is found not to be lit, the fault is most likely
to reside in the section associated with that indicator.

Refer to the diagnostic chart below for common symptoms and probable causes. Also refer to the translator
Interconnect Drawing (1509-8100) and Block Diagram (1509-3100), for point-to-point troubleshooting
assistance and signal level indications.



D33 GREEN OPERATE LED NOT LIT THERMAL PROBLEM EXISTS IN THE TRANSLATOR.

FRONT PANEL DIAGNOSTIC CHART

. o i

SYMPTOM

ON FRONT PANEL
1. CHECK IF 52 IS IN OPERATE.
2. CHECK IF DS] THERMAL INTERLOCK LED IS ON. IF OFF, A

ON (A15) TRANSMITTER CONTROL BOARD
1. CHECK J1-3.5 FOR %12 VDC. CHECK DSI-§ ON =12 VDC POWER
SUPPLY BOARD. IF NOT LIT. CHECK Fl AND F2 FUSES,

DS2 RED LOW OUTPUT LEVEL LIT

ON (A16) FRONT PANEL METER
IMPORTANT: SET §1 TQ ALC
I. INDICATES ALC VOLTAGE ABOVE SET LEVEL, NORMALLY
CAUSED BY LOW LEVEL INPUT.
CHECK THE INPUT LEVEL TO TRANSLATOR IS AT LEAST -35
dBm.

[ =]

ON {A1D) SIX SECTION BIAS PROTECTION BOARD (1500-1104)
1. DSI NOT LIT. INDICATES (A13-1) 3 STAGE AMPLIFIER MODULE
(1500-1108) NOT OPERATING CORRECTLY.
2. DS2-6 IF NOT LIT. INDICATES (A13-2) 50 WATT AMPLIFIER
MODULE (1500-1107) IS NOT OPERATING CORRECTLY.




FRONT PANEL DIAGNOSTIC CHART

ON (A16) FRONT PANEL METER
IMPORTANT: SET S1 TO ALC

DS3 YELLOW OVERDRIVE LED LIT I. ALC VOLTAGE BELOW ZERQ, NORMALLY CAUSED
BY A HIGH INPUT LEVEL. '

2. CHECK THE INPUT LEVEL TO TRANSLATOR IS
LESS THAN -20 dBm.

DS1 GREEN LED THERMAL INTERLOCK CHECK THERMAL SWITCH (A13-3) MOUNTED ON
NOT LIT THE HEATSINK OF THE AMPLIFIER MODULES.
MODULES DRAWING TOO MUCH CURRENT.
CHECK DS1 AND DS6 ON THE SIX SECTION BIAS
PROTECTION BOARD. (SEE BELOW)

DS8 GREEN LED PLL LOCK NOT LIT CHECK VHF GENERATOR BOARD FOR +12 VDC. IF
DS1 IS LIT. CHECK FREQUENCY.
DS7 GREEN LED PLL REFERENCE NOT CHECK VHF GENERATOR BOARD FOR 50KHz.
LIT CHECK 5 OR 10MHz OSCILLATOR.
DS54 RED TRANSLATOR FAULT LED LIT CHECK FORWARD POWER READING {100%}. CHECK DSI1-D%6 ON 6

SECTION BIAS BOARD. CHECK FOR LOW RF INPUT AT 14,

Check the Level Il Diagnostics LEDs located on the printed circuit boards within the transiator. Refer to the
Diagnostic Chart below for common symptoms and probable causes. Alse referto the translator Interconnect Drawing
(1509-8100) and Block Diagram (1500-3100), for point-to-point troubleshooting assistance.

INTERNAL BOOSTER DIAGNOSTIC NI CHART

DSi-6 GREEN LED ON SIX SECTION BIAS CHECK FUSES FI-F6, CHECK VOLTAGE J2-1 AND I3-1,3.4.5,
PROTECTION BOARD NOT LIT FOR +10 VDC. CHECK VOLTAGE AT TBI-1.4 FOR +10.2 VvDC.
DS1-6 GREEN LED ON 12 VDC CHECK %12 POWER SUPPLY BOARD (1500-1145) FOR +12 VDC.

NOT LIT CHECK A3-11-5 FOR +18 VDC. CHECK A2 BRIDGE RECTIFIER.
CHECK FUSE F1.
DS$6 -12 VDC GREEN LED ON %12 VDC CHECK U6 FOR -12 VDC. CHECK. AC VOLTAGE AT A3-J9-3 AND
* POWER SUPPLY BOARD J9-1. CHECK FUSE F2.

% f factory assistance is needed in locating the problem, please record the status of al] LED indicators, DVM readings
and signal quality measurements so that these important parameters may be related to the Field Service Technician.
Readings from the sysiem before the problem occurred are also helpful to the Customer Service Technician.
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6455A
BROADBAND TRANSLATOR

TRANSLATOR TRAY
DRAWING LIST (SUBASSEMBLIES)

ALC Fault Sense Board...............oooiiiiiiiiii i 1132-1501
SChemMatiC ... .. ..o 1132-3501
Amplifier/Attenuator ModUle. ............oo.ooiiiiiir i 1132-1509
SChematiC. .. ..o 1132-3509
X8 Multiplier Board .............ocoeieeiiiiiininii 1500-1143
SCHEMAtIC ... 1500-3143
+/-12VDC Power Supply BOard ...........oooovvuuuiiiiiiii oo 1500-1145
SChematiC... ..o 1500-3145
3 Section Broadband Cavity Filter ...................coccciiiiieeiiieeeiee e 1107-1101
SChEMAtIC ... e 1107-3101
VHEF Generator Board................ooiuiiiiiiiiii e 1500-1102
SCHEMALC ..ot e 1500-3102
ALC Control Board ...........oovviiiiie e 1510-1103
SChEMAIC . ... e 1510-3103
Transmitter Control Board .............oooooiiii e 1510-1104
Schematic. ... 1510-3104
Peak/Average Board................coeiiiiiiiiiiiii e 1510-1105
SCREMAtIC ... e 1510-3105
Tree Stage Amplifier MOAUIE...........ooooouiiiiii e 1510-1106
SCREMATIC. ... 1510-3106
Filter Amplifier Board ...t 1509-1107
SChemMAtIC ...t 1509-3107
Four Section Bias Protection Board ..............ccooveeeoooooeeereee oo 1500-1114
SChematic..........oooi e 1500-3114
25 Watt GaAs FET Amplifier Module ...........ooooooiiee 1500-1115

Schematic. ... 1500-3115



6455A
BROADBAND TRANSLATOR

BROADBAND AMPLIFIER TRAY
DRAWING LIST (SUBASSEMBLIES)

Power Detector/Control BOATd ...........c.oovvuirieiiiiieoe oo 1586-1118
SCREIMALC ... 1586-3118
25 Watt Power Amplifier ASSEImbBLY.........uvuuieiiiiiiie oo eee e 1586-1117
INETCONNECE ... 1586-8117

The 25 Watt Amplifier Assembly consist of the following boards/modules:

25 Watt Amplifier Module .............oooooiiiiiiiiii i 1585-1266
SCHEMALIC ...t 1585-3266
Amplifier Daughter BOoard ...........ocooviviiiiiiiiiis oo 1512-1110
SCHETALC ....evii i 1512-3110
8 Section Bias Protection Board..................ooiiiiiiiiiiiiuiiiiiiee e 1586-1109
SChEMALC ... 1585-3109

DC to DC Converter Board
Schematic ... ITS-DT380-11

The Power Factor Corrected Front End Module cousist of the following power supplies:

PEC 200W SUPPIY......cveovteeetetteee ettt oot (VS3) 73-450-0001




VS SERIES

S00-2000 WATTS

VS Series »
800-2000 Watts » 1 to 12 Outputs

VS is the first full-featured high power product
with a PFC front end as a standard input. It is
availabie in both singie and muitiple output
versians with over one miilion differant output
combinations as stancard. Offering a very
compact footprint, the 1500 watt package
measures £ x 5" x 117, and the 2000 watt
package measures 5" x 2" x 11"

V81 - B2 - H522 - 00
(800W) (S00W).................... 1100W total

SPECIAL FEATURES

Power tactor correction
* |EC 335-2 harmonic distortion compiiance
+ CISPR 22, EN55022 Leve! B
conducted / radiated EMI
* [EC 801 immunity standards
* European CE Mark
= Current share on ali outputs
* Remote sense on al| outputs
* Overload protecticn on all outputs
* Voltage adjustment on aj| outputs
* Margining on all cutputs

*  AC OK signal (two logics) ( ;
VSt - 12 - 00 g dre ;
(I800WY ..o 1500W total * Giobal DC OK (two Iogics)
— + DC OK signal and status indicator LED aon ail

outputs

i
= Global and individual moduie inhibits/enable
* 3yearwarranty

SAFETY

UL UL1950

CSA CSA22.2 - 350
[EC IEC350, Class 1
VDE ENB0S50

Tuv ENBCGEQ

VS3 - D2 - c2 - 20
(1200W)  (900W).............. 2000W max total

FILE NUMBERS

UL £133211

CSA  LR420013

VDE 79579 & 79580

TUV  R9272182 & Rg272191

—

V83 -C2 - B3 - G25 - 00
(900W) (BOOW) (500W) ........ . ... 2000W total

79
North America: 619-757-1880 Europe (UK): 01384-440044
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ENVIRONMENTAL ELECTRICAL SPECIFICATIONS
Operating temperature: -10°C te 50°C (derate Input
aach output linearly to 60% at 70°C) 40°C max Fuserating. . ... ... . 800 V/28 A (internal)
for reverse air {option #1) Input veltage ... .. .. 8E to 264 VAC: See opearating
curve
Shock/Vibration: Mil-Hdbk 810E Frequency . ...... . . 47 to 440 Hz
Inrush current ... . .. 40 A peak max
Humidity: 95% non-condensing Efficiency.. .. ... . .. 75% - 829
Power factor. .. .. . .. 0.99 typical
Storage temperature: -55°C to +85°C Turn-entime . ... ... AC /1 sec; Inhibit/ 100 ms
max
Temperature coefficient: 0.02% per °C EMifilter ... ... ... CISPR 22, EN53022 Lavel B

conducted/radiated
. 2 mA max at 264 VAC
- 20 ms minimum/40 ms typical

Cooling: Internal DC fan 24V l.eakage current

Holdaver storage.. . .

independent of VAC
AC OK
warning dme . .. .. ., > 5ms (power fail)
Operating Envelope
Cuiput
2200 Adjustment range . . . = 10% minimum
I | ‘ Margining. ......... = 4-8% nominal
2000 Ay e B D - Linefload reg .., .. .. 0.2% or 5 mV max
PES i ed iz Ripple ............ RMS: 0.1% or 10 mV
1800 P-P: 1.0% or 50 mv
. 1600 35 Bandwidth limited to 20 MHz
@ 5 Dynamic respensa. .. 2% or 100 mV with 25% load
o § 1400 L step (any output)
‘ g Recovery time . .. . ., To within 1% in < 300usec
: g ' Overvoltage
; £ 1000 protection. . ... . ... 210 5V 122% to 134% of
' B £ output voltage; 12to 28 V
H g 800 ; ,'_‘ = 110% to 120%; recycis AC
; 2 sa0 L pari Qverload
= 3—_& protection. . .. ... .. Main: 105% to 120% of rated
' R i i current
. K B Auxiliaries: 106% to 140%
20 = ] Short circuit
' o L RECENE protection. . ... . .. Protected for continucus short
' 2 2 2 g circuit, recovery autornatic
; .o Reverse voltage
i INFUT AC VOLTAGE (VAC) @ 50/60Hz protection. . ...... .. 100% of rated output current
' Thermal protection . . Each moduie thermally
For example, 1400 watts is the maximum f;f;iztfdg:f:ljtrgfod;j]ee';uw
power that can be achieved at 120 VAC. re;ycie ﬁc ’
] Remote sense . . . . .. Up to 0.5 V total drep
, For application information, see Application Note D1 or Single wire parailet . . Current share to 2% of total
PowerFAX Doc. no 1159, rated current
' Switching frequency . 200 KHz(S00-1500 watt
' module, 460 KHz)
. _ DCOK............ -2% to -8% of nominal
CA
~— 80

PowerFAX 619-930-0881 Doc No: 115G » REV 8,158.96
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LPS Series
25 Watts » Single Output

The LPS Serias of power supplies is an
AC/DC universal input, single output
design offering the latest in high
technology perfermance. This rugged
PCB design measures oniy 3" x 5" and
features Class B EMI, high sfficiency,
and very high reliabiiity. The LPS
Series is ideal for telecommunication
and computer paripheral applications,
test and industrial equipment, medical
instrumentaticn, and business

machines.
SPECIAL FEATURES ELECTRICAL SPECIFICATIONS
= Universal input “input
« High efficiency Inputrange . ..... 85 VAC to 264 VAC; 120 to 370 VDG
* Remote sense Frequency....... 47 - 440 Hz
* Built-in EM filter Inrush current .. .. <15 A peak @ 115 VAC; < 30 A peak @ 230 VAC,
* Low output ripple cold start @ 25°C
* Adjustable output Input current . . . .. 1 A max. (RMS) @ 115 VAC
= Qvervoltage protection Efficiency . ... ... 70% typical at full lzad
* Overload protection EMI filter . .. .. ... FCC Class B conducted, CISPR 22 Class B [
* Enclosure kit available (see page conducted, ENS3022 ciass B conducted and VDE
- 27 or PowerFAX Doc. no 1025) 0878 PT3 class B conducted
Safety ground
ENVIRONMENTAL leakage current. .. < 0.5mA @ 50/60+z. 254 VAC input
Cperating temperature:
0° to 50°C ambient; derate each Qutput
cutput at 2.5% per degree from 50° Maximum power . . 25 W for convection: 40 W with 30 CFM forced air
to 70°C Adiustment range . -5, +10% minimum
Hold-up time . . ... 20 ms at 25 watt load and 115 VAC nominal line
Electromagnetic susceptibiiity: Overload ’
designed to meet IEC 801,-2, -3, -4, protaction . ... ... Short circuit protection on all outputs. Case overload
-5, -6, Level 3 protected @ 110% to 145% above peak rating
Overvoltage
Humidity: Ogperating; non- protection . ...... SV output: 5.7 to 6.7 VDC. Other outputs 10% to
condensing 5% to 95% 25% above nominal output
Vibration: Three orthogonat axes, SAFETY & FILE NUMEBERS
sweep at 1 octmin, 5 min. dwell at VDE OBGS/ENB0950 (IEC950) 11774-3336-1241 {LC#84936)
four major resonances 0.75G peak 5 uL UL1950 E132002
Hz to 500 Hz, operational CSA CSA 22.2-234 Leve| 2 LR53982C
NEMKC EN 80956/EMKO-TUE P35100442
Storage temperature: -40° {o 85°C (74-sec) 203
BABT ENB0950/BS7002 P8/605318
Temperature coefficient; = .04% per cB Certificate and repart 1877, 1578, 1579, 1580
degree C CE Mark
MTBF demanstrated: > 550,000
hours at full load and 25°C ambient L |
Ty conditions
A
3 .

North America: 619-757-1880 Europe {UK): 01384-440044
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Qutput  Minimum Waximum Load with  Maximum Load with RegutationZ  Ripple
Voltage  Load Convection Cooling 30 CFM Farced Air 1 PIP (PARD)3

LPS22 5V QA 5A 8A

LPs23 2y oA 21A 33 A
LPS24 15V 0A 1.7 A 27A
LPS25 24V 0A 1.1A 184

9A = 2% Somv

3T7TA = 2% 120 mv
3A % 2% 180 mv
1.9 A = 2% 240 mv

1. Peak current lasting < 30 seconds with a maximum 10% duty cycle.

2. At 25°C including initial tolerance, line valtage, load curmrents and output voltages adjusted to factory settings.
3. Peak-to-peak with 20 MHz bandwidth and 10 uF in parallel with a 0.1 uF capacitar at rated line voltage and toad ranges.

DRAWINGS
5.00° -
2
0.2z I ass 2N |
ey 1| (115.8) |
'y
I M1 GND ‘SMZ Remote Sense
S cannector
3.00°
{76.2)
2.55°
(64.8)
SK 1
ol
3 L -
s 4 -
0.15" (4)

DIA (4 places)

PIN ASSIGNMENTS

Connector LPS22  LPS23  LPSp4  1psog

SK1-1 Neutral Neutral Neutral Neutral
SK1-3 Line Line Line Line
SKz-1 +54 +12V +15V +24 V
SK2-2 +5V =12V +15V +24 V
5K2-3 +5V +12V +15V +24 V
SK2-4 Common  Common  Comman Commaon
SK2-5 Comman  Commen  Coemmon Common
SK2-5 Common  Common  Common Cammon

MATING CONNECTORS

AC Input:  Molex 09-50-8031 {USA)
09-91-0300 (UX)
PINS: 08-58-0111
OC Cutputs: Molex 09-50-8081 (USA)
08-81-0600 (UK)
PINS: 08-58-0111
Remcte Sense: 22-01-2025

1. Specifications supject 1o change without notice.

2. Al dimensions are in inches and {mm), tolerance
is+.01m,

3. Mounting heles M1 and M2 should be grounded for
EME purposes.

4. Mounting hole M1 is safety ground connection.

5. Specifications are for convaction rating unless
otherwise stated.

6. Warranty: 1 year

7. Weight: 0.51b/0.23 kg

4

PowerFAX 619-930-0881 Doc Ne: 1021 » REV 8.7.96
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L5 60

60 YWATTS

LPS Series
60 Watts « Single Qutput

The LPS Series of power supplies is an
AC/DC universal input, single output
design offering the latest in high
technolegy performance. This rugged
PCB design measures only 3" x 5" and
featuras Class B EMI, high efficiency,
and very high reliability. The LPS
Series is ideal for telecommunications
and computer peripheral appiications,
test and industrial equipment, medical
instrumentation, and businass
machines.

SPECIAL FEATURES ELECTRICAL SPECIFICATIONS

Universal input nput

* High efficiency Input range. .. .... 85 VAC f0 264 VAC: 120 to 370 VDC

* Remote sense Frequency ....... 47 - 440 Hz

* Built-in EMI filter Inrush current. . . .. <18 Apeak @ 115 VAC: <36 A peak @ 230 VAC;
* Low output ripple cold start @ 25°C

* Adjustable output Input current. .. . .. 1.5 Amax. (RMS) @ 115 VAC

» Overvoltage protection Efficiency . ... .. .. 70% typical at fuil 1oad

* Overload protection EMlfilter. ... ..... FCC Class B conducted, CISPR 22 Class B

* Enclosure kit available (sse page

conducted, ENS5022 class B conducted and VDE
28 or PowerFAX Doc. no 1025)

0878 PT3 class B conducted
Safety ground

11

ENVIRONMENTAL

Operating temperature:

0° to 50°C ambient; derate each Output
oulput at 2.5% per degrse from 50° Maximum power. .. 60 W for convection; 80 W with 30 CFM foreed ajr
to 70°C Adjustment range. . -5, +10% minimurm
Hold-up time. . .. .. 20 ms at 80 watt load and 115 VAC nominal line
Electromagnetic susceptibility: Overload
designed to meet IEC 801,-2, -3, -4, protection .. ... ... Short circuit protection on all outputs. Case overlgad
-5, -6, Level 3 protected @ 110% to 145% above peak rating
Qvervoltage ,
Humidity: Operating; non- protection ... .. .. SV output: 5.7 to 8.7 VOC. Other autputs 10% to 25%
condensing 5% to 95% above nominal output
Vibration: Three orthogonal axes,
sweep at 1 oc¥/min, 5 min. dwell at SAFETY

four major resonances 0.75G peak 5

leakage current . .

VDE 0B8Q5/ENE0950 (IECI50) 11774-3336-1255 (LC 4866865

-< 0.5mA @ 50/60Hz, 284 VAC input

Hz to 500 Hz, operational uL UL1950 E132002
CSA  CSA222-234level3  LAsSagg2C
Storage temperature: -40° to 85°C NEMKO EN 80950/EMKO-TUE  P95100123
(74-sec) 203
Temperature coefficient: = .04% per BABT EN60850/BS7002 PS /605272

degree C

MTBF demonstrated: > 550,000

hours at fui load and 25°C ambient
conditions

cB Certificate and report

CE Mark

1521, 1822, 1523, 1524

North America: 619-757-1880 Europe (UK): 01384-440044
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Madel
Number

Qutput
Voltage

Maximunr Load with
Canvection Coaling

Maximum Load withy
3¢ CFM Farced Air-

HegulationZ Rippte

PR (PARDYS

LPS61 aav 0A 12A 16A 184 = 2% 33mv
LPSAE2 5V oA 124 16 A 18 A + 2% 50 mv
Y = LPS83 12v 0A SA 6.7 A 75A 2% 120 mv
Ly 7 LBSes 15y 0A 4A 53A 8A £2% 150 mv
. LPS65 24 GA 25A 33A 38A = 2% 240 mv
X LPS68 agv 0A 1.3A 1.7A 1.9A =2% 480 mv
1. Peak current lasting < 30 seconds with a maximum 10% duty cycle.

2. At 25°C including initial folerance,
3. Peak-to-peak with 20 MHz bandwi

¥ 33,‘70,, $45

£ 37,

!UU

L "7,}‘.“(_

line voltage, load currents and output voltages adjusted to factory settings.
dth and 10 |iF in parailel with a G.1 KF capacitor at rated line vollage and load rangas.

PIN ASSIGNMENTS

Connector LPSG1 LPS&Z. LPS63 LPSE4

LPS6E5 LPS&R
8K1-1 Neutral Neutral Nautral Neutral Neutral Neutral
! SK1-3 Line Line Line Line Line Line
: S5K2-1 3.3v +5V +12V +15V +24 v 48v
; SK2-2 3.3v +3V +12V +15V +24V 48y
I DRAWINGS SK23 83V 45V a2V 5y a4y agy
; v SKa2-4 Common Commen  Common Common  Common  Commen
e SK2-5 Common Commen  Comrmen Commen  Common  Common
! 0.22° SKz-5 Common  Common  Cammon Cammon  Common  Common
f y_(56) M2
A e_ — — e
Iy N GND 'C_;_'_j.gmcta Sense
; B Connector N
MATING CONNECTORS
i AC Input:  Molex 09-50-3031 {UgA) |
. 3.00 09797-0300 (UK) ; _ o
; (78.2) J8K2 PINS: 08-58-0111 ST
i u 20 |=
: 2.55 3! le BC Outputs: Molex 09-50-8051 (USA) /
(64.8) Sk 1 4 s 09-21-6600 {UK)
15N I PINS. 08-58-0111
AR\
Remote Sense: 22-01.2025
¥ .
¥ - '@' “3:— -
0.22° 4,56 _ | 815
6 - ’ (115.8) 5.00° | | DIA (4 places)
S0 ! NOTES
1. Specifications subject to change without notice.
A o 2. All dimensions are in inches and {mm), tolerance
‘ is+.01"
1.65° 3. Mounting hales M1 and M2 should be grounded
(41|-9) ﬂ for EMI purposes.
. [} EE
. Y 2 - 4. Mounting hole M1 is safety ground connection.
: t oaz
L L ‘32 3. Specifications are for convection rating uniess
].5 b 9 otherwise stated.
el
: 8. Warranty: 1 year
13
¥
; 7. Weight: 0.75 th./0.34 kg
— 12
! PowerFAX 619-930-0881 Doc Ne: 1017 » REV 8.7.96
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BNC ASSEMBLY INSTRUCTIONS
SOLDER-TYPE

WASHIR GAZXIT

3 SFAGWH —VOIC} :Xn:=:‘-"V'.:
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intzgrity of zz32mpb

fﬁ_ i - Ins=rt czble zssembly into body asszmoly.
(— %\__ — '—; Movs gzskst and wzshzr into posiion and
‘l + .
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BLACK/WHITE CONTACT HOUSINGS 110353-2020)

MANTFACTURER

This first group of {tams refars 0 12 small, b

Plug - 2 Pos. - .17 Cr.
Plug -3 Pos. - .1" Ci=
Plug - 4 Pos. - .1" Cus.
Pleg - 5 Pos. - .17 Cuze-
Plug - § Pos. - .17 Cu=.
Plug - 7 Pes. - .17 Cu.
Plug - 8 Pes. - .17 Crs.
Plug - 9 Pes. - .17 Cizm.
ng - 10 Pos. - .1 G
vg - 11 Pos - .17 Cix,
g-12 708 -.1" Cims

T2malz Rezepiacia for .17 Crrs. Plurs
Xzving Plug for .17 Cus. Plues
znd Tool

Tris second group of ftems refess 10 the larger whits plugs which zlso

Plrg .4 Pos, -,
Plvg - 3 Pes. -.
Plug - 8 Pos. -

lug - 10 Pos. - 138" Cuzs.
Plueg - 12 Pes. - 138" Cus.
Plug - 14 Pos. - 135" Curs,

P e
Ly Lnin
O U‘

(o]

-

Cizs.
" Cirs.
Cirs.

Fzmalz Reczpiazle for (138" Cum.
Kzying Plug for .136" Crs. Pleg
Hz2d Tool

piugs that comnect 10 boards

YRS

§7499.3 - AMP
§7493.3 23
§7499.7

1-37492-1

§7499-1 AMP
1-87499-3 AMP
1-5745¢-3

1-37459-7
1.87499-9

AN
2-574¢2.1 AN7P
1873082 2N7?
§777-2 AMP
SRENASS | AND

———— “

— oy
COnnsZl 1D ooaTids,

o
AMT
AMP
AMP
AN

22 ' AT
1021042

§7116-2
$0274-2 |

-J
]

—4
&
=N
i)’.b[}’.
én Gr G

—
I3
<o
~1
=]
I\J
'J'I
o i o

AMP
AMP
ANP




RF CONNECTORS

DESCRIPTION PART NO.

MANTFACTURER

Jack - Fzmala - 3ulkbazd - Tor RG-33 38230
Plug - Mzlz - For RG-33 & RG-53 34023

Jack - Female - Bulkhe=zd - For UT-14
Plug - Mzl . Swraight’ - For RG-213
Plug - Mzis - Right Angle - For RG-213

=3
P
)

[]
-}
-
v

Zlug - 31202
Plug - 223353.7
Tlug - 2233938
Jazk - 2233987
Jack - 31-238
Jack -

C,
U
LIS
1.0
~1

SMATTYTE

Plug - Mzl - Sirzight - For RG-55 122-0261-001
Plug - Mz!2 - Rigat Aagis « For RG-35 142.0252.001
Plug - Maiz - Simaight - For RG-174 & 153 1-2-0221-001
Plug - Maiz - Risht Angle - For RG-174 & 188 142-0222.001
Plug - Mais - Stzaight - For UT-141 1-2-0281-001
901-302

Sarrel Connezior - T=mais.Femals

TTTSTE

Jack - Femols - Sulkkezd 1220

A
am b d

Aoh=nol
A=ohennl

A=phanol

[ I B RS
0 o0 o0 o
b b

bofe fb de fb
!

i
1
=3

=.7 Jahnson
=7 Johnson
Z.7. Johnsea
E.7. Johzson
== Johnson
Axohenel

RMS




watt

CIRCULAR TYPE CONNECTORS

DESCRIFTION PART NO. MANUFACTURER

Rezepiacle - 4 Pesition - Sacksrs
Reacspiacle Tiangs M - 15 Position - Sockats
Rezzpiacls - 37 Pesiton - Sackats

Q::"'ac e - Raverza Sax - 537 Pos - Sockars

Plug - Reaverse Sex - 37 Position - Pins

Plug - 37 Pesition - Pins

Pins - Soldar T

E5130-1 NP
Sockes - Soldar Tits 631811 AMP
Imsarion/Zxrraction Tool 302183-R AMP
Rear Cover - Surzin Ralisf - 37 Position 206138-1 AMP
Rezr Cover - Sirzin Raiisf - 4 Positica 2066321 AMP

Strain Ralief - 15 Position
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‘D" TYPE CONNECTORS (1633-2020

DESCRIPTION

Rezepiacle - 9 Posiden

Rezepuacls - 15 Position
ecaptacls - 25 Posiden

Recepuacle - 37 Positcn

Socket - Solder Type -

Plug - 9 Position

Plug - 15 Position
Plug - 23 Pesiticn
Plug - 57 Positicn

Pins - Solder Tvpa
Inszriion=xiraciion Tool
(Crimp Typa)

ImsertionSxiractica Tool
(Scidar Typs

Strain Ralief - 9 Pasiton
Strain Rziiaf - 15 Posiziog
Strain Raliaf - 25 Posiisa
Strain Reliaf - 37 Positizn
Screw and Retainar Szrdwzrs

dbs o

Standofls and Mounting Szrdwars

[l ]
1L
~J
)

14 ‘iﬂ

n [N
(o4 [
o te
P\

P2 B SN

- 5:—‘ — -

(o I o B 0 |
[
~J
B

[TV IS TN
L

1
L

91087-2

207267-1
247470-1
20733-

2074731

205330-1
203317-1

—

MANUFACTURER

AMpP
AMP
AMP
AMP

AMP

AM?P
AMP
AMP
ANP
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MATERIAL RETURN PROCEDURE
¢ .

To insure the efficient handling of equipment or components that have been returned for
repair, ITS requests that each returned item be accompanied by a Material Return Authorization

Number (MRA#).

An MRA# can be obtained from any ITS Field Service Engineer by calling the ITS
Service Company at 412-941-1500. This procedure applies to all items sent to the Field Service
Department regardless of whether the item was originally manufactured by ITS.

TO PREVENT DAMAGE TO THE PRODUCT DURING SHIPPING, ITS WILL
SUPPLY A SHIPPING CONTAINER TO THE CUSTOMER AT NO COST.

When equipment is sent to the field on loan, an MRA# is included with the unit. All
shipping material should be retained for returning the unit to ITS. The MRAF is intended to be
used for the return of the unit to ITS. Replacement assemblies are also sent with an MRA% to
allow the proper routing of the exchanged hardware, Failure to close out this type of MRA will
normally result in invoicing for the value of the loaner item or the exchange assembly.

When shipping an item to ITS, please include the MRA# on the packing list and on the
ITS provided shipping container. The packing slip should also include the contact information
and a brief description of why the unit is being returned.

Please forward all MRA items to:

ITS CORPORATION
375 VALLEYBROOK ROAD
McMURRAY, PA. 15317 USA

For further information concerning this procedure, call ITS Service Company at 412-941-1500
or FAX 412-941-4603.



ITS

CORPORATION MMDS/ITFS/OFS PRODUCTS

—

LIMITED WARRANTY

Seller warrants each new product manufactured and sold by Seller ugainst defects in
muterial and workmanship under normal use and service, for a period of two (2) years
trom the date of shipment from Selier's plant. when operated in accordance with Seller’s
operaung instructions. This warranty shall not apply to tubes, fuses. batteries. or bulbs.

Warranties are valid only when and if (a) Seller receives prompt written notice of breach
within the period of warranty, (b) the defective product is properly packed and returned
by the Buyer (transporiation and insurance prepaid), and (¢) Seller determines, in its sole
judgement, that the product is defective and not subject to any misuse, neglect, improper
installation, negligence, accident, or (unless authorized in writing by Seller) repair or
alteration. Seller’s exciusive liability for any personal and/or property damage (including
direct, consequential or incidental) caused by the breach of any or all warranties, shall be
iimited to the following: (a) repairing or replacing (in Seller’s sole discretion) any
defective parts free of charge (F.O.B. Seller’s plant), and/or (b) crediting (in Seller’s sole
discretion) all or a portion of the purchase price to the Buyer.

Equipment furnished by Seller, but not bearing its trade name, shall bear no warranties
other than the special hours-of-use or other warranties extended by or enforceable
against the manufacturer at the time of delivery to the buyer. NO WARRANTIES,
WHETHER STATUTORY, EXPRESSED OR IMPLIED, AND NO WARRANTIES OF
MERCHANTABILITY, FITNESS FOR ANY PARTICULAR PURPOSE, OR FREEDOM
FROM INFRINGEMENT, OR THE LIKE, OTHER THAN AS SPECIFIED IN PATENT
LIABILITY ARTICLES, AND IN THIS ARTICLE, SHALL APPLY TO THE
EQUIPMENT FURNISHED HEREUNDER.

82054 1083
ITS CORPORATION + 102 RAHWAY ROAD, McMURRAY, PA 15317 USA = 412-941-1500 » FAX 412-941-9421




D" Type,n.f'letai-She[l Connectors P

(for Snap-in Contacts)

Crimp Type Contacts,
Snap-in

Sccxet

9 Pesition
[Shell Size 1}

15 Pesition
(Shell Size =%

25 Positicn
{Sheil Size 3)

37 Position
(Sheil Size 4]

Recesntacie

Solder Cup Contacts,
Snap-in

Note: Conrac: armsngements snown are or owr
maiing face (oG Of receTiacier
Socxe! maing (ace 1s mror imace.




REPLACEMENT PARTS LIST

D" TYPE CONNECTORS (1038-2020)

DESCRIPTION PART NO. MANUFACTURER
Receptacle - 9 Position : 205203-1 AMP
Receptacle - 15 Position 205205-1 AMP
Receptacle - 25 Position 205207-1 AMP
Receptacle - 37 Position ‘ 205209-1 AMP
Sockets - Solder Type 66569-1 AMP
Plug - 9 Position 205204-1 AMP
Plug - 15 Position 205208-1 AMP
Plug - 25 Position 205210-1 AMP
Plug - 37 Position 205210-1 AMP
Pins - Solder Type 66570-3 AMP
Insertion/Extraction Tool 91067-3 AMP

(Crimp Type)
Insertion/Extraction Tool 91067-2 AMP
(5older Type)
Strain Relief - 9 Position 207467-1 AMP
Strain Relief - 15 Position 207470-1 AMP
Strain Relief - 25 Position 207345-1 AMP
Strain Relief - 37 Position 207473-1 AMP
Screw and Retainer Hardware 205980-1 AMP

Standoffs and Mounting Hardware 205817-1 AMP




Circular Connectors

ARNIP

Re_ceptacle

Mote: Contact arrangements snown are of pin
Mahng face (piug or recestacie)
Socxel manng face s muror image.

14 Pos.

Socker




REPLACEMENT PARTS LIST

CIRCULAR TYPE CONNECTORS

DESCRIPTION PART NO. MANUFACTURER
Receptacle - 4 Position - Sockets 206060-1 AMP
Receptacle Flange Mt. - 15 Position - Sockets 20(?705—1 AMP
Receptacle - 37 Position - Sockets 206150-1 AMP
Receptacle - Reverse Sex - 37 Pos - Sockets 206306-2 AMP
Plug - Reverse Sex - 37 Position - Pins 206305-1 AMP
Plug - 37 Position - Pins 206151-1 AMP
Plug - 15 Position - Pins 206708-1 AMP
Plug - 4 Position - Pins 206061-1 AMP
Pins - Solder Type 66180-1 AMP
Sockets - Solder Type 66181-1 AMP
Insertion/Extraction Tool 305183-R AMP
Rear Cover - Strain Relief - 37 Position 206138-1 AMP
Rear Cover - Strain Relief - 4 Position 206062-1 AMP

Strain Relief - 15 Position 206966-1 AMP




REPIACEMENT PARTS LIST

RF CONNECTORS

DESCRIPTION PART NO. MANUFACTURER
'N" TYPE
Jack - Female - Bulkhead - For RG-55 36250 Amphenol
Plug - Male - For RG-58 & RG-55 34025 Amphenol
Jack - Female - Bulkhead - For UT-141 R161-277 Amphenol
Plug - Male - Straight - For RG-213 §2-3202 Amphenol
Plug - Male - Right Angle - For RG-213 R161-168 Amphenol
"BNC" TYPE
Plug - Male - For RG-58 31-202 Amphenol
Plug - Male - For RG-174 225395-7 Amphenol
Plug - Male - For RG-179 225395-8 Amphenol
Jack - Female - For RG-174 2253398-7 Amphenol
Jack - Female - Bulkhead 31-236 Amphenol
Jack - Female - Bulkhead - Isolated Ground UBJ27 Trompeter
Plug - Male - Straight - For RG-55 142-0261-001 E.F. Johnson
Plug - Male - Right Angle - For RG-55 142-0262-001 EF. Johnson
Plug - Male - Straight - For RG-174 & 188 142-6221-001 E.F. Johnson
Plug - Male - Right Angle - For RG-174 & 188 142-0222-001 E.F. Johnson
Plug - Male - Straight - For UT-141 142-0281-001 E.F. Johnson
Barrel Connector - Female-Female 901-302 Amphenol
"F* TYPE
Jack - Female - Bulkhead 1220 RMS




REPLACEMENT PARTS LIST

BLACK/WHITE CONTACT HOUSINGS (1058-2020)

DESCRIPTION PART NO. MANUFACTURER

This first group of items refers to the small, black plugs that connect to boards.

Plug - 2 Pos. - .1" Ctrs. 87499-3 AMP
Plug - 3 Pos. - .1" Ctrs. 87499-5 - AMP
Plug - 4 Pos. - .1" Curs. 87499-7 AMP
Plug - 5 Pos. - .1" Cirs. 87499-9 AMP
Plug - 6 Pos. - .1" Ctrs. 1-87495-1 AMP
Plug - 7 Pos. - .1" Curs. 87499-1 AMP
Plug - 8 Pos. - ,1" Cirs. 1-87499-3 AMP
Plug - 9 Pos. - .1" Cirs. 1-87499-5 AMP
Plug - 10 Pos. - .1" Ctrs. 1-87499-7 AMP
Plug - 11 Pos. - .1" Ctrs. 1-87499-9 AMP
Plug - 12 Pos. - .1" Ctrs. 2-87499-1 AMP
Female Receptacie for .1" Ctrs. Plugs 1-87309-4 AMP
Keving Plug for .17 Ctrs. Plugs 87077-2 AMP
Hand Tool 90345-1 AMP

This second group of items refers to the larger white plugs which also connect to boards.

Plug - 4 Pos. - 156" Cirs. 1-87025-3 AMP
Plug - 5 Pos. - .156" Ctrs. 2-87025-3 AMP
Plug - 8 Pos. - .136" Ctrs. 1-87025-6 AMP
Plug - 10 Pos. - .156" Ctrs. 1-87025-8 AMP
Piug - 12 Pos. - .156" Ctrs. 1-87025-2 AMP
Plug - 14 Pos. - .156" Ctrs. 3-87025-8 AMP
Female Receptacle for .156" Ctrs. 102104-2 AMP
Keying Plug for .156" Ctrs. Plug 87116-2 AMP

Hand Tool 90274-2 AMP




BNC ASSEMBLY INSTRUCTIONS

SOLDER-TYPE

WASHER GASKET

i

CLAMP SOLDER
NUT ADAPTER

Pt

maie contact 513 (713.0) ref.
lemaie contact .438 (12.5) rel.

CONTACT

BOOY ASSEMBLY

Trim cabie square, deburr and ciean copper
jacket 5/8”(15.9) minimum. Strip {o dimen-
sions shown.

Slide clamp nut, washer and gasket oves
cabie jacket as shown.

Slide solder adapter into position over cable
so that outer conductor bottoms on internal
shoulder. Soider 2s shown. Avoid excessive
heat which may deform dielectric. After as-
sembly has cooled, verify dimension shown
and trim dielectric if necessary.

Solder center contact to inner conductor.
Center contact must seat square against di
electric. Again, avoid excessive heat which
may deform dielectric. Verify dimension
shown to assure mechanical and electrical
integrity of assembly.

Insert cable assembly into body assembly.
Move gasket and washer into position and
tighten clamp nut.



coaxial connectors

assembly instructions

improved & UG-clamp

@ 1 & = =
aut gasket clamp {emale contact male comlact piug bady
{mproved U&Llamp
( \ 1 b part no. & b
%, 824352-1 %, %,
824352 23, 5,
8243561 ¥ %,
B24356 2, 1%,
82-4360-1 %, %,
824360 23 1=,
824364 %2 %2
824357 %2 8,

Place nut and gasket, with "V groove toward clamp, over cable
and art off jacket to dim. a.

Comb out braid and fold out. Cut off cabie dielectric to dim.
b as shown.

Pull braid wires forward and taper toward center conductor. Place
clamp over braid and push back against cable jacket.

Fold back braid wires as shown, trim to proper leagth and form
over clamp as shown. Sclder contact to center conductor.

Insert cable and parts into connector body. Make sure sharp edge
of clamp seats properly in gasket. Tightan nut.

note: For armored cable slide cap gver armer first. Push armor
and cap back au! of way and proceed with assembly as directad
abave using srmor clamp in place of standard clamp nut. When
assembly is compiete straighten bulge in grmor and trim so it
can be clamped between nut and cap.



DRAWING NUMBER SYSTEM EXPLANATION

Each assembly or subassembly in the transmitter is assigned an eight digit number that consists
of two groups of four numbers each. The first digit in the second group of four numbers is the
only digit that changes in any one assembly. The changing digit designates which type of
drawing the number refers to. An example of one number with all possibilities is given below.

XXXX-1XXX COMPLETE ASSEMBLY, SUBASSEMBLY OR BOARD
XXXX-2XXX REPLACEMENT PARTS LIST

XXXX-3XXX SCHEMATIC OR BLOCK DIAGRAM

XXXX-7XXX CONTROL LOCATIONS DRAWING

XXXX-8XXX INTERCONNECT DRAWING



~ITFS/MDS/OFS CHANNELS

GROUP

CHANNEL

FREQ BAND
{MHz)

VISUAL FREQ
(MHz)

AURAL FREQ
(MHz)

L.O. FREQ

CRYSTAL FREQ
(MHz)

2536-2542

A A-l 2500-2506 2501.250 2505.750 2547.000 106.125
A A-2 2512-2518 2513.250 2517.750 2559.000 106.625
A A-3 2524-2530 2525.250 2529.750 2571.000 107.125
A 2541.750 2583.000 107.625

B B-1 2506-2512 2507.250 2511.750 2553.000 106.375
B -2 2518-2524 2519.250 2523.750 2565.000 106.875
B B-3 2530-2536 2531.250 2535.750 2577.000 107.375
B 2542-2548 2547.750 107.875
c C-1 2548-2554 2549250 2553.750 2595.000 108.125
C -2 2560-2566 2561.250 2565.750 2607.000 108.625
c C-3 2572-2578 2573.250 2570150 2619.000 109.125
C C4 2584-2590 2585.250 2589.750 2631.000 109.625
D D-1 2554-2560 2555.250 2559.750 2601.000 108.375
D D2 2566-2572 2567.250 2571.750 2613.000 108.875
D D-3 2578-2584 2579.250 2583.750 2625.000 109.375
D D-4 2590-2596 2591.250 2595.750 2637.000 109.875
E E-1 2596-2602 2597.250 2601.750 2643.000 110.125
E -2 2608-2614 2609.250 2613.750 2655.000 110.625
E E-3 2620-2626 2621.250 2625.750 2667.000 111.125
E E-4 2632-2638 2633.250 2637.750 2679.000 111.625
F F-1 2602-2608 2603.250 2607.750 2649.000 110.375
F -2 2614-2620 2615.250 2619.750 2661.000 110.875
F F-3 2626-2632 2627.250 2631.750 2673.000 111.375
F 2638-2644 2639.250 2643,750 2685.000 111.875

112125

26B0-2686

2681.230

2685.750

2727.000

G 2644-2650 2645.250 2649.750 2691.000

G 2 2656-2662 2657.250 2661.750 2703.000 112.625
G G-3 2668-2674 2669.250 2673750 2715.000 113.125
G

113,625

H
RESPONSE

H-1 2650-2656 2651.250 2655.750 2697.000 112.375
H-2 2662-2668 2663.250 2667.750 2709.000 112.875
2674-2680 2675.250 2679.750 2721.000 113.373

2686-2692
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SIDEBAND SPECTRUM CHART

|
— 4.5 MHz

~ 3.58 MHz N

Picture

it .

1 carrier

‘ Color |
! . |
| Subcarrier ™
!
]

Sound
carrier

Lower pix
sideband
1.25 MH;

L\ Upper pix sideband

4 MHz

6 MHz channel width

Frequency (MHz)




TV channel at IF : TV channel at RF Sound
P|cture Picture color carrie:
Sound (4575 A carrier subcarrier ’
(41.25 MHz) % y
MHZ) Color T ! i
(4217 45 | |
MHz) MHz
- o | |
| | |
3.58 .25 | | |
{-EHEJ MHz MHz
iy z | i
L T — c o_is 1.25 i l 535 575 5 Mrz
l _.[_h-l a,‘? _}-::_—-3.5 SELS Mm2 *BT I | i
- r | | i s -—{ | ‘
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Video Levels

|

Waveform monitor

{RE

units and oscilloscope peak=~to—peak voltages T

Waveform Oscilloscope
Video moniter peak—to—peagk
parametar IRE units voltag=
Reiarence ' 0.00714 woit
Horizontol spnc emplitude 40 Q0285 vort
Cotor Buret emovilude 40 00288 voir
Setup 78 8054 volt
video (bianting—1o=peak white} 100 L.714 voll
fotal video signei empiiluds 140 1 wait

IRE scale units
relative to 1 wvolt
peak—to—peak
video amplitude

100
80 ..:
50 ..:
— 0.714 voit
w0 .
20 _:
. -
— f
20 6.285 voit
—a0 ] +

T IRE unit = 0.0071429 volt

Relative levels of syne,
picture and zero
carrier Carrier
power
(in percent)
Zero corrier
120~ — — — -/ -+ — 0
reference
100 - — — — -2
/ Reference
white
"RE scole / Chromnonce must Apt e‘xcn'ed
120 IRE wnits coove Slanxing
/ Setup 575
75— — 4 — = 57
o - ! __Bionking 75
_40-—1—-————--——100
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" The Spectrum Analyzer reads sxg'nal levels
in d8m. The following equntzons allow conversion from
dEm to dBmV or dBuV in 2 50 @ system.

CONYERSION EQUATIONS

dBEm + 107dBuv = dBuv
dBm + 47dBmV = dBmvV
dEmV + 60dB = dBuvV

If it is desired to convert frem logarithmic units tc

Ire_. taits, then the equatons given below will be use-

I\.een in'mind that the logzrithmic levels are all refer-
enced to linear units.

ie,0dBm referenced to 1 mw
0 dBmV referenced to 1 mV
0 dBuV referenced to 1 pV

e, to czlculate a linesr level, simply take the
{ the Jogarithmic level.

AMPLITUDE CONVERSIONS

dBm to P (mW)
P dBm

dBm = 10 log 1mW , P = log™ 10

dBmV to V {(mV) .
v dBmV

dBmv = 20 loz 1mV , V = log™t 20
dBuv to V {uV)
V dBuVvV

dBuv = 20 log 1uV , V = log™ 20

Figure 46 below ¢cnverts from dBm o voitige in a
S0 2 system.

Conversion from ¢Zm tc voits czn be made whether the -
AMPLITUDE SCALE is in LOG/DIV or LINear. To read
voltage on the Analvzer F Fosition the signal on the REF-
ERENCE LEVEL line of th2 CRT. Fead the REF LEVEL
in dBm and find its equivalent voltags from the Conver-

sion Chart.

dEm
=28 40

-850 0

-0 10

-0 —-20

~30 .30

10 mV 100 mv
100V 100pV

v wy

1mVv W mv
Voitaga {rmi)

Conversion chart—converts from dBm o valtage in 50




dBm, dBw, dBmV, dBxV and VOLTAGE EXPRESSED IN WATTS (50 OHM SYSTEM) |

s

WATTS PREFIX dBm dBw dBmV dBpV VOLTAGE

1,000,000,060,000 1 Terawau +150 +120

100,000,000,000 100 Gigawatts +140 +110

10,000,600,000 10 Gigawatts +130 +100

1,000,000,000 1 Gigawart +120 +90

100,000,000 100 Megawatis +110 +80

10,000,000 10 Megawatts +100  +70

1,000,000 1 Megawatt +90 +60

100,000 100 Kilowatts +30 +50

10,000 ' 10 Kilowatts +70 +40

1.000 1 Kilowatt +60 +30

100 1 Hectrowatt +50 +20

50 +47 +17

20 +43 +13

10 1 Decawait +40 +10

i 1 Watt +30 0 +77 +137 7.07V

0.1 1 Deciwatt +720 -10 +67 +127 2.24V

0.01 1 Centiwatt +10 =20 +37 +117 0.707V

0.001 1 Milliwatt 0 -30 + 47 +107 224mV

0.000.1 100 Microwatits -10 -40

0.000.01 10 Microwatis 220 -50

0.000,001 ! Microwatt -30 -60

(.000,000,1 100 Nanowatts -40 -70

0.000,000,01 10 Nanowatts -50 -0

0.000,000,001 1 Nanowatt -60 <90

0.000,000,000,1 100 Picowatts =70 -100

0.000,000,000,01 10 Picowatts -80 -110

0.000,000,000,001 1 Picowatt -90 -120

TEMPERATURE
A2 + [(9/5) °C] = °F (3/9) (°F - 32) = °C

-50 -58 60 140
-40 -40 70 158
-30 222 20 176
20 -4 a0 194
-10 14 100 212
0 32 110 230
10 50 120 248
20 68 130 266
30 36 140 284
40 104 130 302
30 122 160 320




_Conversion Table: Fractions, Decimals, and Millimeters*

Inches Inches Inches jnchas
LN
fractions decimals - fractions ducimals »- fractions | decimals fracriens | decimals -

- .D00% A1 5/ a1 19.544 - 2.185 55. 311718 3.5875 93,563

- 004 10 - a7 2u. 2-3/16 2.1875 55,553 - 3.7008 .

- .01 25 51/64 797 0241 e 2.2047 ) 0/ iy 54,456
1/64 0156 aw 13/16 3135 20,633 272 2219 26.356 - 3.7401 .

- o197 50 - 5268 N - 2244 s7. 3.3/4 1.750 95.250
- 29 Js 53/64 578 21084 -1/ 2.250 57.150 - 3.7795 X
1732 8125 Jo4 27732 B4 21.431 2-9/12 2281 57.944 325/ il 96.044

- 054 1. 55/64 259 21528 - 22838 55, *13/15 380125 96,538
3/e4 469 1.191 - 8861 . 5718 2.312 53.738 - 3.8183 o7,

- ) 1.8 7/8 375 - 2.3228 59. > 3,344 §7.631
1716 062 1.588 57/64 L8906 2.522 2-11/32 2.344 59,531 - 3.8583 .
5/64 .ot 1.384 - 9053 A - 2382 80. 3.7/8 3.875 98.425

-~ o787 2, 29/32 5062 . elg 21/8 2378 60.325 - 3.8976 .
32 094 2381 59/64 a2 AL - 24018 61, ks Frrd 1.9062 99.219

- o8t 25 13/15 9375 .13 213/32 2.406 §1.113 - 3.3370 00.
/54 1w 2178 - 9448 u, 27/15 2.438 £i.913 315/16 3,978 100,013

- Jdist 3 61/84 953 24.209 - 2.4409 g 33132 1.96% 100,308
1/8 125 1175 312 963 24 506 215/ 2.459 62.706 - 3.9764 101,

- 13T 35 - 9843 =, - 2.4803 g3. 4 4.000 101.500
9/64 41 15n 63/64 9844 2500 2-1/2 2.500 £3.500 &1/16 4,062 103.183
5,32 156 3.969 1 1.000 25.400 - 2,5157 &4, 13 4,125 104775

- 1575 i - 1.m36 ) 2-17/32 .51 64204 - 41338 105.
1164 AR 4,366 1-1/22 1.0312 5194 - 2.558 65. £3/15 4.1875 106353

- 1n 45 1-1/16 1.062 26.088 2-9/15 2.562 §5,088 i/ 4.250 107.950
/18 1878 4783 - 1.083 . 2-19/32 2554 §5.381 +5/16 4,312 109,533

- 1968 5 1-3/32 1.094 7.8 - 25534 55. - 4.3107 110.
12754 2m 5.159 - 11024 . 2-5/8 2.52% §6.57% £3/8 4375 111128

- 2165 5% 1-1/8 1.12% 28.575 - 2.538 7. 4-7/18 4.438 112.713
1712 218 5155 - 11417 n. 2-21/32 2.656 67,469 412 4,500 114,300
164 e 5,853 1-5/32 1.156 29389 - 26772 68, - 4.5275 115,

- 362 5. — 1.1811 30, 131716 2.887F 63.253 4-3/16 4.552 115,283
L4 250 £.150 1-116 1.1375 30.163 - 7.7163 63. +5/8 4.625 117.475

- x5 6.5 1.7/32 1213 30,956 342 2712 §3.086 411/16 4.5875 119.053
1764 2655 6.747 - 1,205 3. 2-3/4 2.750 §9.350 - 47244 120.

- 2758 7. 1-1/4 1.250 31.750 - 2.7355 70. &3/4 4.750 120,550
3,3 231 7.144 - 1259 32. 2-25/32 2.781 70,5429 +11/15 4.3125 122.238

- 2953 7.5 1-9/32 1.281 32.504 - 2.7953 71, &7/8 4.875 123.825
19/54 297 7.541 -~ 1.2092 A 2:13/16 28128 71.4376 - 4.2212 125,
316 312 7.938 1518 1.312 13338 - 2,834 72. +15/15 4.9375 125,413

- 318 A - 13386 M. 221732 2.544 727314 5.000 127.000

- o164 128 2.334 1.11,32 1344 .13 - 2.3740 73. - 5.1181 130.

- 338 B.5 1378 1375 34,925 2-7/8 2.87% 73058 5.1/4 5250 133.35¢
1132 T 8.731 - 13779 3 229732 2.9062 73.819 51/2 5.500 139.700

- 3543 5. 1-13732 1.406 15.719 - 29134 74. - 5.5118 140,
23764 259 9,123 - 1.4173 6. 2.15/18 23378 74513 53/4 £.750 146.050

- 374 8.5 17716 1.428 36.513 - 2.9577 75. - 5.9055 150,
3/8 315 9.525 - 1.4567 . 2-31/32 2,969 75.406 6 6.000 152.400
2564 381 9.522 1-15/32 1.459 37.306 - 2.9921 76. 6-1/4 6.250 158, 750

- 3937 10. - 1.4951 38, 3 1.000 76.200 - 6.2992 160.
13,32 406 10.219 1-1/2 1,500 38.100 3-1/32 1.m12 76,594 5172 £.500 165.100

- AL3 10.5 1-17/32 1.531 38.894 - 3,15 77, - 6.5929 170,
27/5% K] 10.716 - 1.5354 19, 1718 1.062 77.788 53/4 8.750 171.450

- A3 1. i-9/16 i.562 39.688 — 1.0709 78. 7 7.000 177.300
7716 438 11113 - 1.5748 0. 33732 1.094 7B.581 - 7.0866 180.
29/64 453 11.5m l.18/32 1.534 40,482 - 3.l 79, - 7.4803 190.
15,32 ) 11.905 - 1.5142 41, T1/8 328 79.275 7-1/2 7,500 190,500

- AT24 12, 1-5/8 1.625 41275 - 11456 80, - 7.8740 200,
11,54 484 1230 - 1.5535 £2. 35732 1.155 80.169 8 8.000 203.200

- 492 12.5 1-21732 1.6562 42.069 3.3/16 3.1875 80,963 - 8.2677 216,
172 500 12.700 1-11/18 16875 £2.553 - 3.1890 81 8-1/2 2,500 215,500

- 5118 13, - 1.6929 Q. 37/32 1.218 81.758 - 3.5614 20,
23/64 £l5e 13.057 1-23,/22 1719 43.656 - 1.2283 &2, L 2,000 278,600
1732 =31 13,454 - 1,7323 4", 21/4 1250 a2_£50 - 9.0551 30,
35/64 547 13,291 1-3/4 1.750 44,450 - 12677 8. - 4.4433 240,

- 5512 14, — 1.717 45, 3-3/32 3,281 83 344 3-1/2 3,500 241.300
9/18 583 14,288 1.25/32 1781 45244 - 33071 84, - 39,8425 250

- 571 145 - 1.8110 ! 3-5/16 1312 341277 10 10.000 254001
3764 £78 14 634 1-13/16 L.aiz2s 46,033 3.11/32 1344 84 3314 - 10.2362 260.

- L0206 1s, 1-27/32 1.844 45,531 - 1.3464 &S5, - 10.6299 70.
18,22 34 15.081 — 1.3504 4. 33/8 3.375 B5.72% I 11.000 279.401
19,64 .608 15.478 i-7/8 1.875 47.625 - 3.3858 86. - 11.0236 280.
58 525 15,875 - 1.5898 . 3.13/732 3406 86.519 - 114173 290.

- S99 16. 1-29/32 1.5062 48.419% - 3.4252 37. - 11,3110 300,
41764 5405 16.272 - 19291 49 37716 1438 &7.313 12 12.000 304.301

- 6496 16.5 1.15/16 1.837% 49213 - 34645 8B, 13 11,000 330.201
21732 \B56 16.669 - 1.9685 50. 315732 1.469 8.2 - 13,7795 350.

- 56T 17. 1-11/32 1.969 50.006 12 1.5 88.900 I4 14,000 155,601
43754 52 17.086 2 2.000 50800 - 1509 89. 15 15.000 351,001
11s 5375 17.483 - 2.0079 51 31732 1,531 89.694 - 15.7430 400,
45,64 m 17.859 2-1/32 2.03125 51,554 - 3,5433 0. 16 16.000 406,401

- Joa7 18. - 2.0472 52. 3-9/16 1,562 904877 17 17. 000 431301
22/32 7 18.255 1116 2.062 52.388 - 15827 a1, - 17.7165 450,

- 7253 18.5 - 2.0866 53, 3-19/32 3,594 91,281 18 18.000 457.201
4764 T34 18.553 23732 2.094 53.181 - 31522 : 19 19.000 432 601
. - 7480 19, 2-1/8 2.125 53,975 1.5/8 1525 92.075 - 19.6850 500.
3/4 J50 19,050 - 2.126 . 321,42 1555 92.869 n 0.000 508.001
48/64 7655 19,447 2-5/32 2,156 54,769 - 1,5614 X

* Adapted from “TRUARC Technical Manuai of Retaining Rings and Assembly Toals ™




dB TABLE

27.

| vortacE oR

22.39

501.2

0.2 1.023 1.047 28. 25.12 631.0
03 1.035 1.072 2. 28.18 794.3
0.4 1.047 1.056 30. 31.62 1000.0
0.5 1.059 1.122 3L 35.48 125%.0
0.6 1.072 1.148 32. 39.81 1585.0
0.8 1.096 1.202 I‘ 33. 44.67 1995.0
1.0 1.122 1.259 34. 50.12 2512.0
15 1.189 1413 35. 56.23 3162.0
20 1.259 1.585 l 36. 63.10 3981.0
25 1.334 1.778 37. 70.79 5012.0
3.0 1.413 1.993 38. 79.43 6310.0
4.0 1.585 2.512 I 39 89.13 7943.0
5.0 177 3.162 40. 10C.00 10004.
6.0 1.995 3.981 l 41, 112.20 12550.
7.0 2.239 5.012 42. 125.90 15850.
8.0 2.512 6.310 43. 141.30 19950,
8.0 2.818 7.943 44. 158.50 25120.
10.0 3.162 10.000 45, 177.80 31620.
11.0 3.548 12.560 ! 46. 199.50 39810.
12, 3.981 15.850 47, 223.90 50120.
13. 4.467 19.950 48. 251.20 63100.
14. 5.012 25.120 49, 281.80 79430,
15 5.623 31.620 50. 316.20 100000.0
16. 6.310 39.810 3L 354.80 125900.0
17. 7.079 50.120 52. 398.10 158500.0
18. 7.943 63.100 ! 53. 446.70 199500.0
19. 8.913 79.43 54. 501.20 251200.0
20 10.000 100.00 55. 562.30 316200.0
2L 11.220 125.90 56. 631.00 398100.0
2. 12.550 158.50 57. 707.50 5012000
23, 14.130 199.50 58. 794.30 631000.0
24, 15.850 251.20 59. 891.30 794300.0
25, 17.780 316.20 60. 1000.00 1006000,




Power Conversion Chart

Frequently when working with several types of equipment it is necessary to convert from one form of
power measurement Lo another. The accompanying chart will make these conversions easier.

Power Fower Microvolts Power
dbm Watts 50 Ohms 75 Ohms dbmv
~-108.7% 13.33 fw 0.82 1.00 - B0
-107.7% 16.78 fw 0.92 1.12 -53
-106.75 21.13 fw 1.03 1.26 -58
—105.78 256.60 fw 1.15 1.41 - 57
- 104.75 33.49 fw 1.29 1.58 - 56
-103.75 4216 fw 1.45 1.78 -85
-102.75 53.08 fw 1.63 2.00 - 54
-101.75 66.82 fw 1.83 2.24 -~ 53
-100.75 o B2 fw 2.05 2.5 =52
~99.75 105.90 fw 2.30 2.82 -51
-88.75 133.32 fw 2.58 3.16 -850
—-87.7% 167.84 fw 2.90 3.55 -49
~86.75 211.30 fw 3.25 3.88 - 48
—-85.75 268.01 fw 3.65 4.47 —47
-94.75 334.85 fw 4.09 5.01 - 45
-83.75 421,60 fw 4,59 5,62 —45
-92,75 E30.76 fw 5.15 6.31 - 44
~-31.75 6E8.19 fw £.78 7.08 - 43
—20.78 841.20 fw £.49 7.94 -42
—88.7% 1.06 pw 7.28 B8.91 - 41
- 28,75 1.33 pw 8.16 10.00 — 40
- 8775 1.88 pw 216 11.22 -2
—86.75 2.11 pw 10.28 12.59 -8
—R2C.75 2.66 pw 11.53 14,13 -37
—-Be7 3.35 ow 12.94 15.85 -38
-82.78 4.22 ow 14.52 17.78 =35
-82.78 5.31 pw 16.29 19,95 -
-8i.75 6.88 pw 18.28 22.3% -3
~2C.75 8.41 pw 20,51 25.12 -32
-78.75 10.59 pw 23.01 28,18 -3
-78.75 13.33 pw 25.82 31,62 - 30
~77.75 16.78 pw 28.97 35.48 -2
-76.75 21.13 pw 3280 39.81 —~28
—-75.75 26.80 pw 36.47 44,67 -27
—74.75 33.49 pw 40,92 50.12 ~ 26
—-73.78 42,16 pw 453 56.23 -25
—-72.75 53.08 pw 51.52 63.10 ~24
-71.75 £86.82 pw 57.80 70.79 -3
-70.75 84.12 pw B4.85 79.43 -22
6575 10580 pw 7277 B9.13 -2
-B63.75 133.32 pw 81.65 100.00 -20
-B7.75 167.84 pw 91.81 112.20 -13
-68.75 211.30 pw i02.79 125.89 - 18
-65.75 266.07 pw 115.33 141.25 -17
-64.75 334.89 pw 128.40 158.48 -16
- B63.75 421.60 pw 145,19 177.83 -15
-B62.75 530.76 pw 162.91 199.53 -14
-B1.75 668.19 pw 182.78 223.87 -13
-B60.75 841.20 pw 205.09 251.19 —-12
—-58.7% 1.06 nw 230.11 281.84 -1
—58.75 1.33 nw 258.19 316.23 -10
—-57.7% 1.68 nw 283.69 s -9
-£8.75 211 nw 325.04 29811 -8
~-52.7% 2.66 nw 364.70 446.68 -7
~54.75 335 nw 4089.20 £01.19 -§
-83.7 427 nw 458.13 562.34 -5
—-82.75 5.31 nw 515,15 830.96 -4
~51.75 6.68 nw 578.01 0785 -3
-50.75 B.41 nw B48.54 794.33 -2
-49.75 10.59 nw 727.67 891.25 -1
— 48,75 13.33 nw 816.46 1000 o]

0dbm = 1 mw across 50 Ohms
1000 uv across 75 Qhms
1 femtowatt (fw) = 1 x 10-¥ Watt

0 dbmv =

1 picowatt (pw) = 1 x 10-2Watt

Power Power Microvolts Power
dhm Watts B0 Ohms 75 Ohms dbmy
~48.75 13.33 nw 818.45 1000 e}
-47.75 16.78 nw 916.28 1122 1
-46.75 21.13 nw 1028 1259 2
-~ 45.75 26.80 nw 1182 1413 .3
-44.75 33.4% nw 128l 1585 3
-43.75 42,16 nw 1452 1778 5
-42.75 53.08 nw 1622 1835 6
-41.75 £6.82 nw 1828 23 7
-40.75 84,12 nw 2057 25i2 3
-39.7% 105.50 nw i 2818 3
-28.75 133.32 nw 2542 3162 10
-37.75 167.84 nw Be7 548 1
-38.75 211,30 nw 325 e 12
-35.75 266.07 nw 357 1287 13
-347E 334.89 nw amez 2012 13
-3R.75 421.60 nw 453+ 5521 18
-3R.75 B30.76 nw 5752 8310 16
=378 668.19 nw 5783 7072 17
-30.75 841.20 nw B82 7243 -8
-M\75 1.06 uw 77T |a13 19
-2873 1.33 uw BigZ 10000 20
-27.7= 1.68 uw R 1220 21
-26.75 217 uw 102 12588 2
-28.73 2.68 uw 11523 14128 22
-24.75 3.35 uw 12343 18548 22
-3 4.22 uw 148353 TR 25
-22.78 5.31 uw 16231 19853 26
~21.75 6.68 uw 18478 Z2387 27
~20.75 B.41 uw 20508 i1 28
-19.73 10.58 uw 30 Z8184 2
-18.75 13.33 uw c518 3822 |
-17.7= 16.78 uw 28052 25481 31
-16.75 2113 uw 2554 29811 2
-15.7% 26.60 uw 36470 44568 33
-14.7= 33.48 uw 40929 5118 34
-13.78 42.16 uw 48313 56234 35
-12.78 £3.08 uw 5i51% 83086 36
-11.75 B65.82 uw 57801 7079 37
-10.75 84.12 uw BaBss 78433 o2}
-9.7% 105.20 uw 7767 89125 .t}
-8.75 13332 uw 81645 100000 0
-7.75 167.84 uw 91638 112202 41
-6.75 211.20 uw 102788 125893 42
-575 266.01 uw 115228 141254 43
~4.75 334.89 uw 129400 158483 44
~-3.75 421.60 uw 145189 177828 45
-2.75 830,76 uw 182905 129526 48
-1.75 633.12 uw 182783 223872 47
-0.75 84120 uw 205086 281188 438
0.00 1.00 mw 223807 273873 43.75
0.25 1.06 mw 23010 281838 43
1.28 1.233 mw 258187 316228 20
225 1.68 mw 289681 354813 51
325 27T mw 325029 38107 a2
475 2,66 mw 3549 44E584 53
5.25 3.25 mw 402129 801187 54
6.25 4.2 mw 458129 BE5Z341 55
7.25 5.37 mw 515152 630957 %
3.5 6.68 mw 978010 707345 57
8.25 8.4 mw 648537 794328 58
10.25 10.88 mw 727671 B91251 53
11.25 13.23 mw 816450 1000000 5

1 nanowatt {inw) = 1 x 10-3 Watt
1 microwatt (uw) = 1 x 10-5Watt
1 milliwatt (mw) = 1 x 1073 Warn




CONVERSZX

ON CH2RT

Voltage and Power Ratios to Decibels

The basic thart below ingicates the Aumber aof decibels (€}
corre:ponaing to the listed ratios of valtage or power over
e ringr ¢f =20 to +20 dS5. For voitage or power raucs
greaier than those inciuded in the chart, the ratio can be
broken down inta a produc: of twa numbers, the vaiue in ¢8
far each tound separately, anc the two results added, E xample:

2,000:1 r0 98, exprasy 2,000 = 2 x 103; the numzer of g8
corresponding 10 3 power rano of 2 35 very nearly J, and the
number of 4B lor 3 sower ratic 6f 103 15 30. Therelore, the
power ratio af 2,000:2 is aoproxwmately 10 g8 + 3 g8 ~33
d8. In the lower right-hand corner of the chart ¢S values for
voltage and power ratias of integral poweers of 10 are given,

V:uaqc P:-n T Vottage Mywmer [ Vol toape [ LT p— wu- Volisge Powmer Voisge Power —_dBe Voo Powrer
Ao ana Ratia Ralws Mot [ PYPY Aang Raira Rino Aano Ajua Ratia
1.000 1.000 0 1.0G0 1.000 437 risle] 7.0 2239 5.012 .200 0358 14.0 5,012 28.12
oEy a7 o, re12 1.023 4472 185 7.1 2265 5179 R - 03189 141 5.07Q 25.70
2717 £55 Q.2 1.023 T.0a7 437 198 1.2 2.2, 5 248 J1ws 0380 142 5179 26.20
266 23 0.3 1 02% 1.072 %32 L1886 7.3 .7 5.370 .1el Q377 14 3 5,185 16.82
925 912 0.4 1047 1.095 427 182 7.4 2.244 5,495 ar 0363 44 5.248 2754
o4 B9 as 1028 1127 472 128 1.5 211 56271 AEE (18353 145 5.2c9 28.18
§33 N 0.6 1072 1 146 417 174 7.6 2108 5,754 1E6 Q347 1486 527 ZB 84
21 2z 0.7 } B4 Trs 417 128 .7 2437 5 358 T84 0339 14.7 €423 8.5t
a1z a2 0.8 1025 1.202 407 165 2.3 2.4558 5.0258 JIET 01 T&.8 % 408 Jo.2g
8ce 812 - K-} 1.109 1.220 403 167 7.9 2.4B2 6.166 LTEQ 012a 4.9 5.EES 10.20
23 724 1.0 1122 1.258 Jeg 128 .2 2.512 6.310 178 15.0 5.622 31.62
BEY ] 1.1 1155 1.288 354 J1Es 8.1 2.541 6.457 76 15.1 5629 22
a7y 7e3 1.2 1,148 1,318 2ae RE] Bz 570 6.6G7 74 1£.2 578 3331
E61 RER 1.3 1,163 1.349 JJBs 148 | 4 2.600 6.761 JA7T 15.3 £.301 33.88
£51 124 1.4 1375 t.380 .JBO 145 54 2.630 6.218 173 15.4 5.528 3467
s 15 $.:89 1.413 a7 141 ac 2551 1078 1 pTez 15.5 LR 15 48
BET 1.5 1.202 1445 a2 %8 I 75352 7244 165 0z7s 15.5 B. 16.21
1.7 1.016 1452 267 132 .7 2733 7.413 164 cles 15.7 6. 37.1%
1.8 1.220 1514 163 132 L .74 7.586 ET BIES 1.8 6. 38.02
19 1.2:5% 1,549 359 123 L] 2,784 7.763 163 eIsy 15.3 6. 38.20
.2 1.282 1.5288 355 1I5 2.0 2.218 7.242 R 021 1£.0 6270 Jo.a1
o 1.274 15822 35t 133 9.1 2.551 g.;2 127 046 16.1 6.282 40.74
== 1,232 1.659 347 120 a2 2.334 g.218 |- 18% 0240 18.2 6.4S7 41,69
i.2 1.2C3 V.698 i e 118 - B} 2817 8511 L1532 CIZ4 16.5 6.5 42,66
2.4 1.218 1.228 Jze s a4 2,951 8.710 g o) 16.4 6337 43,55
75D 2.% 1234 1.7278 1 55 1.988 B.A913 150 0024 16.5 5.6832 44 57
(741 25 1249 1.87% B 25 3.073 8,120 148 0z18 16.5 6.761 45 N1
k. 2.7 1.2E5 1.28% e? 9.7 J.o8s 9.225 14§ oo e 16.7 5239 46.77
7T4 za SEO te0s e 3.2 1000 ER-L1s) 145 js¥gort] 16.3 6.913 41328
716 2.3 1,285 1.955 g2 9.2 1176 a7y 142 LT04 16.3 6,308 48.98
.708 207 Jn 1412 1.825 218 .1co ic.¢ 1.1862 10.00 st Relrysls) 17.0 7.07e  BO.i2
Q0 £ a 1.47% 2042 312 0977 1¢.1 3.199 10.22 14Q 0195 171 7.1%1 5129
£82 A7 3.z 1.435 2.C89 109 oL} 1z 1.225 10.47 128 o1 17.2 7244 52.48
B4 463 33 1462 2.138 306 0932 10.3 1273 10.72 1= 0184 173 7.9 s53.70
B8 A7 34 1479 2.128 Joz 0912 10.4 130 10 96 1 0147 17.4 7413 54.95
688 447 15 1.485 2.239 sl ogg) 10.5 J.2¢0 $1,22 1z3 0178 7.5 7499 5522
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