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| ntroduction:

This document summarizes the extensive battery of tests performed by the ARRL Laboratory for each unit that is featured in
QST "Product Review." For all tests, there is adiscussion of the test and test method used in ARRL Laboratory testing. Fo
most tests, critica conditions are listed to enable other engineers to duplicate our methods. For some of the tests, a block
diagram of thetest setup isincluded. The ARRL Laboratory hasa document, the ARRL Laboratory Test Procedures
Manual, that explains our specific test methodsin detail. This manual includes test descriptions similar to the ones in this
report, block diagrams showing the specific equipment currently in usefor each test, dong with all equipment settings and
specific step by step procedures used in the ARRL Laboratory. While thisis not available as aregular ARRL publication, the
ARRL Technical Department Secretary can supply acopy at a cost of $20.00 for ARRL Members, $25.00 for non-Members,
postpaid.

Most of thetests used in ARRL product testing are derived from recognized standards and test methods. Other tests have been
developed by the ARRL Lab. The ARRL Laboratory test equipment is calibrated annually, with traceability to National
Institute of Standards and Technology (NIST). Most of the equipment is calibrated by acontracted calibration laboratory.
Other equipment, especially the custom test fixtures, is calibrated by the ARRL Laboratory Engineers, using calibrated
equipment and standard techniques.

The unitsbeing tested are operated as specified by the equipment manufacturer. The ARRL screen room hasan ac suppl

that is regulated to 117 or 234 volts. If possible, the equipment under test is operated from the ac supply. Mobile and
portable equipment is operated at the voltage specified by the manufacturer, at 13.8 voltsif not specified, or fromafull
charged internal battery. Equipment that can be operated from 13.8 volts (nominal) isalso tested for function, output powe
and frequency accuracy at the minimum specified voltage, or 11.5 voltsif not specified. Units aretested at room temperature
and humidity as determined by the ARRL HVAC system. Also, units that are capable of mobileor portable operation are
tested at their rated temperature range, or at —10 to +60 degrees Celsius in a commercial temperature chamber.

ARRL Product Review testing typically represents a sample of only one unit (although we sometimes obtain an extra unit o
two for comparison purposes). Thisisnot necessarily representative of all units of the same model number. It is not
uncommon that some parameterswill vary significantly from unit to unit. The ARRL Laboratory and Product Review edito
work with manufacturers to resolve any deviation from specifications or other problems encountered in thereview process.
These problems are documented in the Product Review.

Units used in Product Review testing are purchased off the shelf from major distributors. We take dl necessary stepsto
ensure that we do not use units that have been specidly selected by the manufacturer. When the review is complete, the unit
isoffered for sale in an open mail bid, announced regularly in QST .

Related ARRL Publications and Products:

The 1999 ARRL Handbook for Radio Amateurs has a chapter on test equipment and measurements. The book isavailable fo
$32.00 plus $6 shipping and handling. The Handbook is aso now avalablein a convenient, easy to use CD-ROM format. In
addition to the complete Handbook text and graphics, the CD-ROM includes a search engine, audio clips, zooming controls,
bookmarks and clipboard support. The cost is $49.95 plus $4.00 shipping and handling. Y ou can order both versions of the
Handbook from our web page at http://www.arrl.org, or contact the ARRL Publications Sales Department at 888-277-289
(toll free). Itisasowidely stocked by radio and electronic dealers and a few large bookstores.

The ARRL Technical Information Service has prepared an information package that discusses Product Review testing and the
features of various types of equipment. Request the"What isthe Best Rig ToBuy" package from the ARRL Technical
Department Secretary. The cost is$2.00 for ARRL Members, $4.00 for non-Members, postpaid.

Many QST "Product Reviews' have been reprinted in three ARRL publications: The ARRL Radio Buyers Sourcebook (order
#3452) covers selected Product Reviewsfrom 1970 to 1990. The cost is $15.00 plus $4.00 shipping and handling. The
ARRL Radio Buyers Sourcebook Volume Il (order #4211) contains reprints of dl of the Product Reviews from 1991 and
1992. Thecost is $15.00 plus $4.00 shipping and handling. The VHF/UHF Radio Buyer’s Sourcebook (order #6184)
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contains nearly 100 reviews of transceivers, antennas, amplifiers and accessoriesfor VHF and above. Y ou can order these
books from our Web page or contact the ARRL Publications Sales Department to order a copy.

QST isaso availableon CD ROM! The ARRL Periodicals CD ROMs (1998, order #7377; 1997, order #6729; 1996, order
#6109 and 1995, order #5579) each contain a complete copy of all articles from a year’ sworth of QST, the National Contest
Journal and QEX (ARRL's experimenter's magazine). Each CD is available for $19.95 plus$4.00 for shipping and
handling. Contact the ARRL Publications Sales Department to order a copy.

Older issues of QST arealso available: QST View CD-ROMs comein sets covering either five years each (1960-1964 through
1990-1994), ten years each (1930-1939, 1940-1949 and 1950-59) or more (1915-1929). The pricefor each set is $39.95.
Shipping and handling for all ARRL CD ROM products is $4.00 for the first one ordered, $1.00 for each additional set
ordered at the same time.

Additional test result reportsareavailable for:

Manufacturer Mode Issue
Alpha Power | 91R Sep 97
Ameritron AL-800H Sep 97
|COM |C-706 Mar 96
|C-706 MKII Jan 98
|C-706 MKII G | Jul 99
IC-756 May 97
|C-775DSP Jan 96
|C-821H Mar 97
JRC NRD-535 May 97
Kenwood TS-570D Jan 97
TS-870S Feb96
QRO HF-2500DX Sep 97
Ten-Tec Centaur Jun 97
Omni VI + Nov 97
Yaesu FT-100 Jun 99
FT-847 Jul 98
FT-920 Oct 97
FT-1000MP Apr 96

The cost is $7.50 for ARRL Members, $12.50 for non-Membersfor each report, postpaid. ARRL Members
can obtain any three reportsfor $20.00, postpaid.
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Transmitter Output Power :

Test description: Oneof thefirst things an amateur wants to know about a transmitter or transceiver isits RF output power.
The ARRL Lab measures the CW output power for every band on which atransmitter can operate. The unit is tested across
the entire amateur band and the worst-case number for each band is reported. The equipment is aso tested on one or more
bands for any other mode of operation for which the transmitter is capable. Typically, the most popular band of operation fo
each modeisselected. Thus, on an HF transmitter, the SSB tests are done on 75 metersfor lower sideband, 20 meters fo
upper sideband, and AM tests are done on 75 meters, FM tests are done on 10 meters, etc. Thistest also compares the
accuracy of the unit's internal output-power metering against the ARRL L aboratory's calibrated test equipment.

The purpose of the Transmitter Output-Power Test is to measure the dc current consumption at the manufacturer's specified
dc-supply voltage, if applicabl e, and the RF output power of the unit under test across each band in each of its available
modes. A two-tone audio input, at alevel within the manufacturer's microphone -input specifications, is used for the SS
mode. No modulation is used in the AM and FM modes.

Many transmitters are de-rated from maximum output power on full-carrier AM and FM modes. In most cases, a 100-watt
CWY/SSB transmitter may be rated at 25 watts carrier power on AM. Theradio may actually deiver 100 wattsPEP in AM o
FM but is not specified to deliver that power level for any period of time. In these cases, the published test-result table will list
the AM or FM power asbeing "as specified.”

In almost all cases, the linearity of a transmitter decreases asoutput power increases. A transmitter rated at 100 watts PEP on
single sideband may actually be able to deliver more power, but as the power isincreased beyond the rated RF output power,
adjacent channel splatter (IMD) usually increases dramatically. 1f the ARRL Lab determinesthat atransmitter is capable of
delivering its rated PEP SSB output, the test-result table lists the power as being "as specified.”

Key Test Conditions:
Termination: 50 ohms resistive, or as specified by the manufacturer.

Block Diagram:

| ! CAUTION!: Power must only be applied to the
! :D AC ONLY | attenuator input! Do not reverse input and output
! | terminalsof the Bird 8329.
Two-ToNE . REW RF Power
ATTMETER
AUDIO TRANSMITTER BIRD 4381 Attenuator &
GENERATOR 100 W, 100 WATTS Dummy Load
+ - nrTS Bird 8329
TYPICAL TyPICAL
PTT SwitcH TH——
TELEGRAPH KEY oo—

POWER  +
SUPPLY
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Transmitter Out

ut Power Test Results:

Frequency Mode Unit Measured Unit Measured Notes
Band Minimum Minimum Maximum Maximum
Power (W) Power (W) | Power (W) Power (W)
1.8 MHz Cw “0” 19w “100" 98.5WwW 1,2
3.5MHz Cw - N/A - 103.6
3.5MHz AM - <1.0 - 28.5 carrier
7.0 MHz Cw - N/A - 104.2
10.1 MHz Cw - N/A - 105.1
14 MHz Cw - N/A - 104.5
14 MHz USB - N/A - 106.5
14 MHz Cw - N/A - 1105 10, 99
14 MHz Cw - N/A - 102.5 11,99
14 MHz Cw - N/A - 100.0 12,99
18 MHz Cw - N/A - 103.4
21 MHz Cw - N/A - 105.0
24 MHz Cw - N/A - 103.4
28 MHz Cw - N/A - 100.8
28 MHz FM - 2.0 - 99.1
50 MHz Cw - N/A - 100.9
50 MHz FM - N/A - 98.7
50 MHz AM - N/A - 29.5 carrier
50 MHz SS - N/A - 95.7
144 MHz Cw - N/A “50” 57.9
144 MHz FM - N/A - 57.8
144 MHz AM - N/A - 18.6 carrier
144 MHz SS - N/A - 59.7
432 MHz Cw - N/A “20” 21.1
432 MHz FM - N/A - 209
432 MHz AM - N/A - 5.6 carrier
432 MHz SS - N/A - 19.2
Notes:

1. Unit'spower meter consists of LED segments; minimum power showed 0 segments lit.

2. The unit showed L ED segments reaching afixed display label reading 100 at full power.

10. Temperature chamber test at -10 degrees Celsius.
11. Temperature chamber test at +60 degrees Celsius.
12. Output power test at 12.5 volts dc power supply (if applicable).

99. Temperature chamber tests and low voltage volt tests are performed only for portable and mobile equipment.
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Current Consumption Test: (DC-powered unitsonly)

Test Description:  Current consumption can be aimportant to the success of mobile and portable operation. Whileit is most
important for QRP rigs, the ARRL Lab tests the current consumption of all equipment that can be operated from abattery o
12-14Vdc source. The equipment istested in transmit at maximum output power. On receive, it istested at maximum
volume, with no input signal, using the receiver's broadband noise. Any display lights are turned on to maximum brightness,
if applicable. Thistest isnot performed on equipment that can be powered only from the ac mains.

Current Consumption:

Voltage | Transmit | Output Power | Receive Current | Lights? | Notes
Current
13.8V 208 A 1045W 14A ON

Transmit Frequency Range Test:

Test Description:  Many transmitters can transmit outside the amateur bands, either intentionally, to accommodate MARS
operation, for example, or unintentionally as the result of the design and internal software. The ARRL Lab teststhe transmit
frequency range inside the screen room. The purpose of the Transmit Frequency Range Test is to determine the range of
frequencies, including those outside amateur bands, for which the transmitter may be used. Thekey test conditions areto test
itat rated power, using nominal supply voltages. Freguencies are as indicated on the transmitter frequency indicator o
display. Most modern synthesized transmitters are capable of operation outside the ham bands. However, spectral purity is
not alwayslegal outside the hams bands, so caution must be used. 1n addition, most other radio services require that
transmitting equi pment be type accepted for that service. Amateur equipment isnot legal for use on other than amateur and
MARS frequencies.

Test Results:
Frequency Low-Frequency Limit High-Frequency Limit Notes
160 M 1.800 00 MHz 1.999 99 MHz
80M 3.400 00 MHz 4.099 99 MHz
40M 6.900 00 MHz 7.499 99 MHz
30M 9.900 00 MHz 10.499 99 MHz
20M 13.900 00 MHz 14.499 99 MHz
17M 17.900 00 MHz 18.499 99 MHz
15M 20.900 00 MHz 21.499 99 MHz
12M 24.400 00 MHz 25.099 99 MHz
10M 28.000 00 MHz 29.999 99 MHz
6M 50.000 00 MHz 54.000 00 MHz
2M 144.000 00 MHz 148.000 00 MHz
70 CM 430.000 00 MHz 450.000 00 MHz
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CW Transmit Frequency Accuracy Test:

Test Description:  Most modern amateur equipment is surprisingly accurate in frequency. It isnot uncommon to find
equipment operating within afew Hz of the frequency indicated on the frequency display. However, some units, notabl
"analog" units, not using a phase-lock loop in the VFO design, can be off by a considerable amount. Thistest measures the
output frequency. Unit is operated into a 50-ohm resistive load at nominal temperature and supply voltage. Frequency isalso
measured at minimum output power, low supply voltage (12 valt units only) and over the operating temperature range
(mobile and portable unitsonly). Non-portable equi pment is not tested in the temperature chamber.

Test Results:
Unit Frequenc Supply Temperature Measured Freguency Notes
Voltage Full Output Powe
14.000 00 MHz 138V 25C 13.999 991 MHz
14.000 00 MHz 125V 25C 14.000 003 MHz
14.000 00 MHz 138V -10C 14.000 019 MHz
14.000 00 MHz 138V +60C 14.000 029 MHz
50.000 00 MHz 138V 25C 49.999 972 MHz
144.00000MHz | 13.8V 25C 143.999 903 MHz
430.000 00 MHz | 13.8V 25C 430.000 266 MHz
430.000 00 MHz | 13.8V -10C 430.000 064 MHz
430.00000MHz | 13.8V +60C 430.001 563 MHz

Spectral Purity Test:

Test Description:  All transmitters emit some signals outside their assigned frequency or frequency range. These signals are
known as spurious emissonsor "spurs.” Part 97 of the FCC rules and regulations specify the amount of spurious emissions
that can be emitted by a transmitter operating in the Amateur Radio Service. The ARRL Laboratory uses a spectrum analyze
to measure the spurious emission on each band on which a transmitter can operate. The transmitter is tested across the band
and the worst-case spectral purity on each band is captured from the spectrum analyzer and stored on disk. Spectral purity is
reported in dBc, meaning dB relative to the transmitted carrier.

The graphs and tablesindicate the relative level of any spurious emissions from the transmitter. The lower that level,
expressed in dB relative to the output carrier, the better the transmitter is. So a transmitter whose spurious emissions are -60
dBc isspectrally cleaner than is one whose spurious emissions are —30 dBc. FCC Part 97 regulations governing spectral
purity arecontained in 97.307 of the FCC rules. Information about all amateur rules and regulations is found in the ARRL
FCC Rule Book. Additional information about the decibel is found in the ARRL Handbook.

Key Test Conditions:

Unit is operated at nominal supply voltage and temperature.

Output power isadjusted to full power on each amateur band.

A second measurement is taken at minimum power to ensure that the spectral output is still legal at low power.
Thelevel to the spectrum andyzer is—10 dBm maximum.

Theresolution bandwidth of the spectrum analyzer is 10 kHz on HF, 100 kHz on VHF, 1 MHz on UHF.
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Block Diagram:

CAUTION!: Power must only be applied to
the attenuator input! Do not reverse input
and output terminalsof the Bird 8329.

Two-TONE RF Power
AUDIO DUT RF WATTMETER Attenuator &
TRANSMITTER BIRD 4381 Dummy Load
GENERATOR y
100 WATTS 100 WaTTs Bird 8329
TyPICAL
TELEGRAPH KEY 0{{)—
POWER SOURCE
DO NOT
10dB STEP 1dB STEP EESEED SPECTRUM
ATTENUATOR ATTENUATOR m ANALYZER
HP 355D HP 3555C HP 8563E
Test Results- summary:
Frequency Spurs (dBc) Notes
1.8 MHz —-62
3.5MHz —68
7 MHz —67
10.1 MHz —67
14 MHz 61
18 MHz 54
21 MHz -53
24 MHz —65
28 MHz —65
50 MHz —67
144 MHz —-61
430 MHz —68
Notes:
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Spectral-Purity Graphs:
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Transmit Two-TonelMD Test:

Test Description:  Investigating the sidebandsfrom a modul ated transmitter requires anarrow-band spectrum analysis. In
thistest, atwo-tonetest signal isused to modulate the transmitter. The digplay showsthe two test tones plus some of the

IMD products produced by the SSB transmitter. Inthe ARRL Lab, a two-tone test signal with frequencies of 700 and 1900
Hz is used to modul ate the transmitter. These frequencies were selected to be within the audio passband of the typical
transmitter, resulting in a meaningful display of transmitter IMD. The intermodulation products appear on the spectral plot
above and below thetwo tones. Thelower the intermodulation products, the better the transmitter. In general, it isthe
productsthat are farthest removed from thetwo tones (typically >3 kHz away) that cause the most problems. These can
cause splatter up and down the band from strong signals.

Key Test Conditions:

Transmitter operated at rated output power. Audio tones and drive level adjusted for best performance. Audio tones 700 and
1900 Hz. Both audio tones adjusted for equal RF output. Level to spectrum analyzer, —10 dBm nominal, +10 dBm
maximum. Resolution bandwidth, 10 Hz

Block Diagram:

CAUTION!: Power must only be applied to
the attenuator input! Do not reverse input
and output terminalsof the Bird 8329.
Two-TONE RF Power
AUDIO DUT RF WATTMETER Attenuator &
TRANSMITTER BIRD 4381 Dummy Load
GENERATOR 100 WATTS 100 WaTTs Bird 8329
TYPICAL TYPICAL
TELEGRAPH KEY 2 |
POWERSOURCE >———
DO NOT
10dB STEP 1dBSTEP | FXCEED SPECTRUM
ATTENUATOR ATTENUATOR m ANALYZER
HP 355D HP 3555C HP 8563E
Test Result Summary:
Frequency Worst-case | Worst-case | Notes
3rd-order 5th-order
dB PEP dB PEP
1.85 MHz -36 -32
3.9 MHz —40 -33
7.25 MHz -35 -33
10.12MHz | =33 -33
1425MHz | -33 -32
18.12MHz | =31 -35
21.25MHz | =30 -33
2495MHz | =31 -33
2835MHz | =31 -33
50.2 MHz -30 -39
1442 MHz | -25 —40
4322 MHz | 32 —-50
Notes:
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Transmit IMD Graphs
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SSB Carrier and Unwanted Sideband Suppression Test:

Test Description: The purpose of the SSB Carrier and opposite-sideband Suppression test is to determinethelevel of

carrier and unwanted sideband suppression relative to Peak Envelope Power (PEP). The transmitter output is observed on the
spectrum analyzer and the unwanted components are compared to the desired sideband. Theleve to the spectrum andyzer is
-10 dBm nominal. The measurement bandwidth is 100 Hz. The greater the amount of suppression, the better the transmitter.
For example, opposite sideband suppression of 60 dB is better than suppression of 50 dB.

Test Results:
Frequency Carrier Suppression | Opposite Sideband | Notes
USB/LSB (PEP) Suppression
USB/LSB (PEP)
14.2 MHz <—65/-60d <—67/-67d
50.2 MHz <-62/-59d <-64/-67d
144.2 MHz <—67/-60d <—-69/-67d
432.2 MHz <-64/-62d <-—66/-67d

CW Keying Waveform Test:

Test Description:  The purpose of the CW Keying Waveform Test is to determine the rise and fal times for the 10% to the
90% point of the device under test's RF output envelopein the CW mode. Theon and off delay timesfromkey closureto RF
output are also measured. If the transmitter under test has several CW modes, (i.e. VOX, QSK) these measurements is made
at rated output power for each mode. A picture of the oscilloscope screen istaken of the results with the QSK off, and in the
VVOX mode showing thefirst dit, and any other test conditions that result in awaveshape that is sgnificantly different from
the others (more than 10% difference, spikes, etc.). Thefirst and second ditsare shown in all modes.

If the risetime or falltime become too short, the transmitter will generate key clicks. Most click-free transmitters have arise
and fall time between 1 msand 5 ms. The absolute value of theon delay and off delay are not critical, but it is important that
they be approximately the same so that CW weighting will not be affected.

Some transmitters used in the VOX mode exhibit afirst dit that is shorter than subsequent dits. Other transmitters can sho
significant shortening of al ditswhen used in the QSK mode. The latter will cause keying to sound choppy.

Thefirst dit foreshortening is expressed as a "weighting” number. In perfect keying, the weighting is 50%, meaning that the
carrier isON for 50% of the time.

Key Test Conditions:
Thetransmitter isoperated at room temperature at rated out put power into a 50-ohm resistive load. The power supply voltage
isnominal. Attenuators are adjusted to obtain 3 volts RM S to the oscilloscope.

Test Result Summary:

Captions (Figureson next pages): All Figuresare 10 mg/divison., unless otherwise noted.
Figure 1. This shows thefirst and second dits in Full QSK mode.

Figure 2. This shows thefirst and second dits in Semi QSK mode.

Figure 3. This shows thefirst and second dits in Full QSK mode, 20 watts output.
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CW Keying Waveforms:

Figurel

Figure 2
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Figure 3
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Transmit Keyer Speed Test:

Test Description:  Thistest measures the speed of the internal keyer on transmitters so equipped. The keyer istests at
minimum, midrange and maximum speeds and the time from dit to dit is measured using an oscilloscope and used to
calculate the speed using the "Paris’ method of code speed calculation. (In the Paris method, the word "Paris" isused as the
standard word to cal culate words per minute.)

Test Results:
Min WPM Max WPM Mid WPM Notes
6 wpm 50 wpm 17 wpm

Notes:

Keying sidetone test:

Test Description: Thistest measures the audio frequency of the keyer sidetone.

Test Result:
Default pitch | Minimum | Maximum | Notes
595 Hz 303 Hz 926 Hz

Notes:

Transmit/Recelve Turnaround Test:

Test Description:  The purpose of the Transmit/Receive turnaround test isto measure the delay required to switch from the
transmit to the receive mode of atransceiver.

Test Results:
Frequency | Conditions | T/R Delay AGC Fast T/R Delay AGC Slo Notes
142MHz | 50% audio | 21 ms 21 ms 1
Notes:

1. T/R delay less than or equal to 35 msis suitable for use on AMTOR.

Transmit Delay Test

Test Description: The purpose of the Transmit Delay test isto measure the time between PTT closure and 50% RF output.
It is measured on SSB, modulated with a singletone and on FM, unmodul ated.

Test Result

Frequency | Mode | Ondday | Notes

142MHz | SS 20 ms

29 MHz FM 200 ms

52 MHz FM 210 ms

146 MHz FM 215ms

440 MHz FM 190 ms
Notes:
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Transmit Composite Noise Test:

Test Description:

observed on the spectrum analyzer.
Thelower the noise as seen on the plot, the better the transmitter.

Key Test Conditions:

Transmitter operated at rated output power into a50-ohm resistive load.
Transmitter operated at room temperature.
Fregquencies from 2 to 22 kHz from the carrier are measured.

Ten sweeps are averaged on the spectrum analyzer to reduce noise.

Block Diagram:

The purpose of the Composite-Noise Test is to observe and measure the phase and amplitude noise, as
well as any spurious signals generated by the device under test transmitter. Since phase noise is the primary noise component
in any well-designed transmitter, it can be assumed, therefore, that almost all the noise obse ved during this test is phase
noise. Thismeasurement is accomplished by converting the output of the transmitter down to a frequency about 10 or 20 Hz
above baseband. A mixer and a signal generator used asaloca oscillator are used to perform this conversion. Filters remove
the 0 Hz component as well as the unwanted heterodyne components. The remaining noise and spurious signals are then

CAUTION!: POWER MUST ONLY BE
APPLIED TO THE ATTENUATOR INPUT!
DO NOT REVERSE THE INPUT AND
OUTPUT TERMINALS OF THE BIRD 8329.

RF SIGNAL DUT RF RF POWER 10dB STEP 1dB STEP
| GENERATOR = WATTMETER > ATTENUATOR > ATTENUATOR |=>| ATTENUATOR
MARCONI 4031 | | TRANSMITTER BIRD 4381 BIRD 8329 HP 355D HP 355C
R Q PHASE LOCK SIGNAL
B 2 e o e
C ) 6 dB I 1.25MHZ I 1KHZ | [FOT of>o A
>: MIXER [] |1 ATTENUATOR :%I LowPASS > HIGHPASS | [ S 40> HN; ggé'f;
I i ! RALTER 1 ' RALTER
e —_——— —— 4 P oY _ _____ d
R
Test Result Summary:
Frequency 2 kHz offset | 20 kHz offset | Notes
(dBdHZ) | (dBo/Hz)
3.520MHz | 114 -137
14.02 MHz | -113 -133
50.2 MHz -110 -132
144.2 MHz | =107 -126
432.2 MHz | -105 -126
Notes:
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Transmit Composite Noise Graphs:
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Receiver Noise Floor (Minimum Discernible Signal) Test:

Test Description: Thenoise floor of areceiver is theleve of input signal that givesadesired audio output level that is equal
tothe noise output level. Thisissometimes called "minimum discernible signal * (MDS), although askilled operator can
detect asignal up to 10dB or so below the noise floor. Most modern receivers have anoisefloor within afew dB of "perfect.”
A perfect receiver would hear only thenoise of a resistor at room temperature. However, especially for HF receiving systems,
the system noiseis rarely determined by thereceiver. In most cases, external noiseis many dB higher than thereceiver's
internal noise. In thiscase, it is the external factors that determine the system noise performance. Making the receiver more
sensitive will only dlow it to hear more noise. 1t will also be more prone to overload. In many cases, especialy in the lowe
HF bands, receiver performance can beimproved by sacrificing unneeded sensitivity by placing an attenuator in front of the
receiver. The more negative the sengtivity number expressed in dBm, or the smaller the number expressed in voltage, the
better the receiver.

Key Test Conditions:
50-ohm sourceimpedancefor generators.; Receiver audio output to be terminated with specified impedance.
Receiver istested using 500 Hz bandwidth, or closest available bandwidth to 500 Hz.

Block Diagram:

HI-Z
MONITOR AMP
RF SIGNAL 10dB STEP 1dB STEP AUDIO/
GENERATOR ATTENUATOR ATTENUATOR DUT DISTORTION
RECEIVER METER
MARCONI 2041 HP 355D HP 355C HP 339A
Noise Floor:
Frequency Preamp OFF | Preamp ON | Notes
(dBm) (dBm)
1.82 MHz -136.7 -140.9
3.52 MHz -137.3 -141.8
7.02 MHz -137.7 -1415
10.12 MHz -136.7 -1411
14.02 MHz -136.3 -1415
14.02 MHz -136.9 N/A 1
14.02 MHz -137.4 N/A 2
14.02 MHz -134.6 N/A 3
18.1 MHz -137.7 -140.8
21.02 MHz -137.5 -1415
24.91 MHz -137.6 -141.2
28.02 MHz -136.9 -140.9
50.02 MHz -139.1 -142.1
144.02 MHz | -138.2 -141.9
430.02 MHz | —-137.9 -142.9
Notes:

1. Unit operated at 12.5V dc. (Only performed on units that are specified to operate from 12-14 V dc source.
2. Unit operated at -10C. (Only performed on mobile or portable units)
3. Unit operated at +60C. (Only performed on mobile or portable units)
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Receive Frequency Range:

Test Description:  Thistest measures the tuning range of the receiver. The range expressed is the range over which the
receiver can be tuned. Mogt receiversexhibit some degradation of sengitivity near the limits of their tuning range. In cases
where this degradation renders the receiver unusable, we report both the actual and useful tuning range.

Test Results:
Minimum Frequenc Minimum Maximum Maximum Notes
Frequency | Freguency Frequency
Noise Floo Noise Floo
30 kHz —65.0dBm | 470.00000MHz | -142.1dBm | 1

Additional Test Reaults

Frequency Sensitivit Notes
Preamp ON

100 kHz —-92.0dBm

500 kHz —126.0dBm

1.0 MHz —124.2 dBm

100 MHz 219 yv WFM

162 MHz 0.149 pv NFM

Notes:

1. Tuning ranges are 0.03-200 MHz and 400-470 MHz.
AM Sensitivity Test:

Test Description:  The purpose of the AM recelve Sendtivity Test isto determinethelevel of an AM signal, 30% modulated
at 1 kHz, that resultsin a tone 10 dB above the noise level (MDS) of the receiver. Two frequencies, 1.020 MHz and 3.800
MHz are used for this test. The more negative the number, expressed in dBm, or the smaller the number expressed in
voltage, the better the sensitivity.

Test Results:
Frequency Preamplifie | pVv Notes
1.02 MHz OFF 331
1.02 MHz ON 1.72
3.8 MHz OFF 0.676
3.8 MHz ON 0.436
53 MHz OFF 0.254
53 MHz ON 0.211
120 MHz (aircraft) OFF 0.911
120 MHz (aircraft) ON 0.389
146 MHz OFF 0.683
146 MHz ON 0.393
440 MHz OFF 0.668
440 MHz ON 0.371

Notes:
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FM SINAD and Quieting Test:

Test Description:  The purpose of the FM SINAD and Quieting Test isto determinethefollowing at a test frequency of
29.000 MHz:

1) The 12 dB SINAD vaue.
SINAD is an acronym for " Signal plus Noise And Distortion" and is ameasure of sgnal quality. The exact
expression for SINAD is thefollowing:

SINAD = Signal + Noise + Distortion  (expressed in dB)
Noise + Distortion

If we consider distortion to be merely another form of noise, (distortion, like noise, is something unwanted added to the
signal), we can further reduce the equation for SSINAD to:

SINAD = Signal + Noise  (expressed in dB)
Noise
If we now consider apractica circuit in which thesignal is much greater than the noise, the vaue of the SIGNAL +
NOISE can be approximated by thelevel of the SSIGNAL aone. The SINAD equation then becomes the signal to
noise ratio. The approximation now becomes:

SINAD = Signal  (expressed in dB)
Noise

For the 25% level of distortion used in thistest, the SINAD value can be calculated asfollows:
SINAD = 201log (1/25%) =20log4=12d

2) Thelevel of unmodulated input signal that produces 10 dB of quieting if specified by the manufacturer.
3) Thelevel of unmodulated input signal that produces 20 dB of quieting if specified by the manufacturer.

The more negative the number, expressed in dBm, or the smaller the number, expressed as voltage, the better the sensitivity.

Test Results:
Frequency Preamplifier | Bandwidth | pv Notes
29.0 MHz OFF WIDE 251 1
29.0 MHz ON WIDE 1.03
29.0 MHz OFF NARROW | 0.389
29.0 MHz ON NARROW | 0.197
52.0 MHz OFF WIDE 1.07
52.0 MHz ON WIDE 0.784
52.0 MHz OFF NARROW | 0.248
52.0 MHz ON NARROW | 0.174
100.0 MHz | OFF WIDE 2.19 2
100.0 MHz | ON WIDE 0.795 |2
100.0 MHz | OFF NARROW | 0.468 |2
100.0MHz | ON NARROW | 0.182 |2
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FM Sensitivity Test Results Continued:

Frequency Preamplifier | Bandwidth | pv Notes
146.0 MHz | OFF WIDE 1.40

146.0 MHz | ON WIDE 0.691

146.0 MHz | OFF NARROW | 0.291

146.0 MHz | ON NARROW | 0.155

440.0 MHz | OFF WIDE 1.23

440.0 MHz | ON WIDE 0.669

440.0 MHz | OFF NARROW | 0.285

440.0 MHz | ON NARROW | 0.155

Notes:
1. Level for 12dB SINAD. TheFM quieting test is performed only if neededto verify a manufacturer's specification.
2. FM broadcast band.

Blocking Dynamic Range Test:

Test Description:  Dynamic range is a measurement of a receiver's ability to function well on onefrequency in the presence
of one or more unwanted signals on other frequency. It isessentidly a measurement of the difference between a receiver's
noise floor and the loudest off-channel signal that can be accommodated without measurabl e degradation of the receiver's
responseto arelatively weak signal towhich itistuned. Thisdifferenceisusualy expressed in dB. Thus, areceiver with a
dynamic range of 100 dB would be ableto tolerate an off-channel signal 100 dB stronger than the receiver's noise floor.

In the case of blocking dynamic range, the degradation criterion is receiver desense. Blocking dynamic range (BDR) isthe
difference, in dB, between the noisefloor and a off-channel signal that causes1 dB of gain compression in thereceiver. It
indicatesthe signal level, above the noise floor, that beginsto cause desensitization. BDR is calculated by subtracting the
noise floor from the level of undesired signal that produces a 1-dB decreasein aweak desired signal. Itisexpressed in dB.
The greater the dynamic range, expressed in dB, the better the receiver performance. It isusual for the dynamic range to vary
with frequency spacing.

Key Test Conditions:

AGC is normally turned off; the receiver is operated in itslinear region. Desired signd setto 10 dB below the 1-d
compression point, or 20 dB above the noisefloor in receivers whose AGC cannot be disabled. The receiver bandwidth is set
as close as possible to 500 Hz.

Block Diagram:

RF SIGNAL HI-Z
GENERATOR MONITOR AMP
MARCONI 2041
>-PORT 10dB STEP 1dB STEP AUDIO/
ATTENUATOR ATTENUATOR DUT DISTORTION
COUPLER
MCL ZSFC 2-6 RECEIVER METER
3 HP 355D HP 355C HP 339A
RF SIGNAL
GENERATOR
HP 8640B
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Test Result Summary:

Band Preamp | Spacing | BDR (dB) | Notes
1.82 MHz ON 50kHz | 120.9 1
3.52 MHz OFF 20kHz | 125.3
3.52 MHz ON 20kHz | 117.8
3.52 MHz ON 50kHz | 121.8
7.02 MHz ON 50kHz | 1215
14.02 MHz OFF 20kHz | 122.2*
14.02 MHz ON 20kHz | 119.5*
14.02 MHz ON 50kHz | 1215
14.02 MHz OFF 100 kHz | 126.2
14.02 MHz ON 100 kHz | 120.5
21.02 MHz ON 50kHz | 1215
28.02 MHz ON 50kHz | 124.9
50.02 MHz OFF 20kHz | 116.1*
50.02 MHz ON 20kHz | 112.1*
50.02 MHz ON 50kHz | 1211
144.02 MHz OFF 20kHz | 111.2*
144.02 MHz ON 20 kHz | 100.9*
144.02 MHz ON 50kHz | 111.9*
432.02 MHz OFF 20kHz | 108.9*
432.02 MHz ON 20kHz | 105.9*
432.02 MHz ON 50kHz | 122.9*
Notes:

1. 500 Hz receiver bandwidth for all tests.
* |ndicates that measurement was noise limited at values shown

Two-Tone 3rd-Order Dynamic Range Test:

Test Description: | ntermodulation distortion dynamic range (IMD DR) measures the impact of two-tone IMD on a
receiver. IMD is the production of spurious responses resulting from the mixing of desired and undesired signalsin a
receiver. IMD occursinany rece ver when signals of sufficient magnitude are present. IMD DR isthe difference, in dB,
between the noise floor and the strength of two equal off-channel signals that produce athird-order product equal to the noise
floor.

In the case of two-tone, third-order dynamic range, the degradation criterion is a receiver spurious response. |If the receive
generates a third-order response equal to the receiver's noise floor to two off-channel signals, the difference between the noise
floor and the level of one of the off-channel signalsis the blocking dynamic range.

Thistest determines the range of signals that can be tolerated by the device under test while producing essertialy no
undesired spurious responses. To perform the 3™ Order test, two signal's of equal amplitude and spaced 20 kHz apart, are
injected into the input of the receiver. If we call these frequencies f; and f,, the third-order productswill appear at frequencies
of (2f1-f,) and (2f,-fy).

The greater the dynamic range, expressed in dB, or the higher the intercept point, the better the performance.

Key Test Conditions:
Sufficient attenuation and isolation must exist between thetwo signal generators. The two-port coupler must be terminated
in a20-dB return loss load. Thereceiver is set as close as possible to 500 Hz bandwidth.
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Block Diagram:

RF SIGNAL HI-Z
GENERATOR MONITOR AMP
MARCONI 2041
>-PORT 10dB STEP 1dB STEP AUDIO/
ATTENUATOR ATTENUATOR DUT DISTORTION
COUPLER
MCL ZSFC 2-6 RECEIVER METER
3 HP 355D HP 355C HP 339A
RF SIGNAL
GENERATOR —
HP 8640B

Two-Tone Receiver IMD Dynamic Range Test Result Summary:

Band Spacing | Preamp OFF Preamp ON Notes
IMDDR (dB) | IMD DR (dB)

1.82 MHz 50kHz | N/A 86.9 1
3.52 MHz 20kHz | 89.3 86.8

3.52 MHz 50kHz | N/A 87.8

7.02 MHz 50kHz | N/A 86.5

14.02 MHz 20kHz | 89.2 85.5

14.02 MHz 50kHz | N/A 86.5

14.02 MHz 100 kHz | 90.2 86.5

21.02 MHz 50kHz | N/A 88.5

28.02 MHz 50kHz | N/A 89.9

50.02 MHz 20kHz | 89.1 82.1

50.02 MHz 50kHz | N/A 83.1

144.02MHz | 20kHz | 88.2* 829

144.02MHz | 50kHz | N/A 829

144.02MHz | 10MHz | N/A 90.9

432.02MHz | 20kHz | 84.9 81.9

432.02MHz | 50kHz | N/A 83.9

432.02MHz | 10MHz | N/A 84.9

Notes. 1. Unit tested at 500 Hz bandwidth.
* |ndicates that the measurement was noise limited at values shown.
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Dynamic Range Graphs.

The following page shows one of the highlights of ARRL test result reports -- swept graphs on receiver
two-tone, third-order IMD dynamic range and blocking dynamic range. These graphs are taken using
Nationa Instruments LabWindows CVI automated test software, with acustom program written by the
ARRL Laboratory.

Dynamic range measures the difference between areceiver's noise floor and the receiver's degradation in
the presence of strong signals. 1n some cases, the receiver's noise performance causes receiver degradation
before blocking or a spurious responseisseen. Ineither casg, if thenoisefloor is degraded by 1 dB dueto
the presence of receiver noise during the test, thedynamic range is said to benoise limited by the level o
signal that caused the receiver noise response. A noise-limited conditionisindicaedinthe QST "Product
Review" test-result tables. The Laboratory is working on software changesthat will show on the test-
result graphs which specific frequencies were noise limited. These will beincorporatedinto future test-
result reports.

Being "noise limited" isnot necessarily abad thing. A receiver noise limited at a high leve is better than a
receiver whose dynamic rangeislower than the noise-limited level. In essence, areceiver thatis noise
limited has a dynamic range that is better than itsloca-oscillator noise. Most of the best receivers are
noise limited at rather high levels.

The ARRL Laboratory has traditionally used off-channd signds spaced 20 kHz fromthe desired signal.
This does allow easy comparisons between different receivers. There isnothing magical about the 20-kHz
spacing, however. In nearly al receivers, thedynamic range varies with sgnd spacing, due to the specific
design of thereceiver. Most receivershave filter combinations that do some coarse filtering at RF and in
thefirst IF, with additiona filtering taking placein later IF or AF stages. Asthesignals get "inside”
different filtersin the receiver, the dynamic range decreases as the attenuation of the filter is no longer
applied to the signal. Interestingly, the different filter shapes can sometimes be seen in the graphso
dynamic range of different receivers. In the case of the ARRL graphs, one can often see that the 20-kHz
spacing fals on the slope of the curve. Many manufacturers specify dynamic range at 50 or 100 kHz.

The computerisnot as skilled (yet) at interpreting noisy readings as a good test engineer, SO in some cases
there areafew dB of difference between the computer-generated data and those in the "Product Review"
tables. Our test engineer takes those number manualy, carefully measuring levels and interpreting noise
and other phenomenathat can effect the test data. (We are till taking the two-tone IMD data manually.)

The graphs that follow show swept blocking and two-tone dynamic range. In the blocking test, the
receiver istuned to asignal on 14.020 MHz, the center of the graph. TheX axisisthe frequency (MHz)
of the undesired, off-channd signa. Inthe two-tone test, the receiver istuned to asignal on 14.020 MHz,
the center of the graph. The X axis isthe frequency of the closer of the two tones that are creating
intermodulation.
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Dynamic-Range Graphs:
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Second-Order IMD Test:

Test Description: Thistest measures the amount of 2nd-order mixing that takes place in thereceiver. Signalsat 6 and 8
MHz are presented to the receiver and the resultant output a 14 MHz is measured.

Test Results:
Frequency Preamplifie Mode | Dynamic 1P2 Notes
Range (dB)
14.02MHz | OFF CW 85.2d +36.4 dBm
14.02MHz | ON CW 89.5d +38.5dBm

In-Band Recelver IMD Test:

Test Description:  Thistest measures the intermodul ation that occurs between two signal s that are simultaneoudly present in
the passband of a receiver. Two signals, at levels of 50 pV (hominally S9), spaced 100 Hz are used. Thereceiver AGC is set
to FAST. The receiver is tuned so thetwo signals appear at 900 Hz and 1100 Hz in the receiver audio. The output of the
receiver is viewed on a spectrum anayzer and the 3rd- and 5th order products are measured directly from the screen. The
smaller the products as seen on the graph, the better the receiver. Generally, productsthat are lessthan 30 dB below the
desired toneswill not be cause objectionable receiver intermodulation distortion.

Key Test Conditions:
S9or S9 + 40 dB signals
Receiver set to SSB normal mode, nominal 2 - 3 kHz bandwidth

Block Diagram:

RF SIGNAL HI-Z
GENERATOR MONITOR AMP
MARCONI 2041
2-PORT 10dB STEP 1dB STEP AUDIO/
ATTENUATOR ATTENUATOR DUT DISTORTION
COUPLER
MCL ZSFC 2-6 RECEIVER METER
3 HP 355D HP 355C HP 339A
RF SIGNAL
GENERATOR
HP 8640B

Test Result Summary:

Frequency Preamplifie | AGC 3rd-order | 5th-order | Notes
dB (PEP) | dB (PEP)
14.02MHz | ON FAST N/A N/A 1
14.02MHz | ON SLOW | N/A N/A
Notes:

1. Test not performed on thisunit.
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FM Adjacent Channel Selectivity Test:

Test Description:  The purpose of the FM Adjacent Channel Selectivity Test isto measure the ability of the device unde
test receiver to reject interference from individual undesired signalswhile receiving various levels of desired signal. The
desired carrier signal will be at 29.000 MHz, modulated at 1000 Hz, and the offending signal will be located at adjacent
nearby frequencies with 400 Hz modulation. (NOTE: The SINAD Test in 5.3 must be performed before thistest can be
completed.) The greater the number in dB, the better the rejection.

Test Results:
Frequency | Preamplifie | Frequency | Adjacent-channel | Notes
Spacing rejection
29.0MHz | ON 20 kHz 66.1d
52 MHz ON 20 kHz 64.2d
146 MHz ON 20 kHz 70.2d
440 MHz ON 20 kHz 71.2d

Notes:

FM Two-Tone 3rd-Order Dynamic Range Test:

Test Description:  The purpose of the FM Two-Tone 3" Order Dynamic Range Test is to determine the range of signal's that
can betolerated by the device under testing the FM mode while producing no spurious responses greater than the 12-d
SINAD level. To perform thistes, two signals, f; and f,, of equal amplitude and spaced 20 kHz apart, areinjected into the
input of thereceiver. The signal located 40 kHz from the distortion product being measured is modulated a 1,000 Hz with a
deviation of 3kHz. Thereceiver istuned to the Third Order IMD frequencies as determined by (2f;-f,) and (2f-f;). The
input signals are then raised simultaneoudy by equal amounts until 25 % distortion, or the 12 dB SINAD point, is obtained.
Frequencies 10 MHz outside the amateur band are used to test thewide-band dynamic range. The greater the dynamic
range, the better the receiver performance.

Test Results:
Frequency | Preamplifie Frequency | Dynamic Range | Notes
Spacing
29 MHz ON 20 kHz 66.1d 1,2
52 MHz ON 20 kHz 64.2d 2
52 MHz ON 10 MHz 91.2d
146 MHz ON 20 kHz 70.2d 2
146 MHz ON 10 MHz 78.2d
440 MHz ON 20 kHz 75.2d 2
440 MHz ON 10 MHz 80.2d

Notes:

1. FM Narrow for all tests in this table.

2. Testisnoiselimited. In FM, thisresultsin areading that is somewhat inaccurate. The actual dynamic rangeis probabl
afew dB worse than the figuresindicated. While this may sound opposite of what is expected, the presence of noise means
that a stronger signal is required to have a product equal to the measured SINAD and the result isanumber that appears
better than it would beif therewereno noise.
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| mage Rejection Test:

Test Description:  Thistest measures the amount of image rgjection for superheterodyne receiversb determining the level
of signal input to thereceiver at the first IFimage frequencies that will produce an audio output equal to the MDS level. The
test is conducted with the receiver in the CW mode using the 500 Hz, or closest available, IF filters Any audio filtering is
disabled and AGC isturned OFF, if possible. The test isperformed with the receiver tuned to 14.020 MHz for receivers that
have 20-meter capability, or to a frequency 20 kHz up from the lower band edge for single-band receivers. The greater the
number in dB, the better the image rgjection.

Test Results:
Frequency Preamplifie | Mode | Calculated Image Notes
Image Rejection
Frequency
14250 MHz | ON Cw 152.041 MHz 112.2d
50.2 MHz ON Cw 188.041 MHz 121.0d
144.2 MHz ON Cw 282.041 MHz 71.4d
432.2 MHz ON CwW 568.0404 MHz 80.2d
Notes:

| F Regjection Test:

Test Description:  Thistest measures the amount of first | F rejection for superheterodyne receiversb determining the level
of signal input to thereceiver at the first IF that will produce an audio output equal to the MDSlevel. The test is conducted
with the receiver in the CW mode using the 500 Hz, or closest available, IF filters. Any audio filtering is disabled and AGC
isturned OFF, if possible. Thetest isperformed with the receiver tunedto 14.020 MHz for receivers that have 20-mete
capability, or to a frequency 20 kHz up from thelower band edge for single-band receivers. The greater the number in dB,
the better the IF rejection.

Test Results:
Frequency Preamplifie | Mode | 1stIF Notes
Rejection
14250 MHz | ON CW 120.0d
50.2 MHz ON CW 57.1d
144.2 MHz ON CW 64.1d
432.2 MHz ON CW 108.3d
Notes:
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Audio Output Power Test:

Test Description:

Test Results:
Specified Distortion Specified Load Audio Output Notes
Impedance Power
10% T.H.D. 8 ohms 21W
Notes:

| F + Audio Frequency Response Test:

Test Description:

difference between thelower and upper frequency.

Thistest measures the audio power deliveredby thereceiver. The manufacturer's specification for load
and distortion are used. For units not specified, an 8-ohm load and 10% harmonic distortion are used.

The purpose of the IF + Audio Frequency Response Test is to measure the audio frequencies at which the
receiver audio drops 6 dB from the peak signal response. The frequency-response bandwidth isthen calculated by taking the

Test Results:
IF Filte Nominal Low Freq | High Freq | Difference Notes
Use/Unit Mode | Bandwidth | (Hz) (Hz) (bandwidth)
Hz
CW 500 200 Hz 1000 Hz 800 Hz
CW WIDE 182 Hz 3077 Hz 2895 Hz
usB WIDE 182 Hz 3077 Hz 2895 Hz
LSB WIDE 182 Hz 2667 Hz 2485 Hz
AM NARROW | 275Hz 2860 Hz 2585 Hz
Notes:

Squelch Sengitivity Test:

Test Description:  The purpose of the Squelch Sensitivity Test isto determinethe level of the input signal required to break
squelch at the threshold and at the point of maximum squelch. Thisnumber isnot usually critical. A result anywhere
between 0.05 and 0.5 pV isusualy useful. The maximum can range to infinity.

Test Results:
Frequency Preamplifie | Mode | Threshold | Notes
29.0 MHz ON FM 0.113 pv
52 MHz ON FM 0.06 pv
146 MHz ON FM 0.063 pv
440 MHz ON FM 0.06 pv
14.2 MHz ON SS 1.35 uv
Notes:
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S-Meter Test:

Test Description:  The purpose of the S Meter Test is to determine the level of RF input signal required to produce an S9
and S9+20 dB indication on thereceiver Smeter. Thistest isperformed with the receiver in the CW mode at afreguency of
14.200 MHz. The IFfilteris set to 500 Hz, nominal. A traditional S9 signa isalevel of 50 uV (an old Callinsreceive
standard). The Collins standard Sunitwas 6 dB. Thisis, however, not ahard and fast rule, especially for LED or bar-
graph type S meters.

Test Results:
Frequency | Preamplifie | SUnits | uv Notes
142MHz | OFF 9 335
142MHz | ON 9 11.2
52 MHz OFF 9 14.0
52 MHz ON 9 6.60
146 MHz OFF 9 18.2
146 MHz ON 9 4.07
440 MHz OFF 9 16.6
440 MHz ON 9 5.68

Notes:

Notch Filter Test:

Test Description:  Thistest measures the notch filter depth at 1 kHz audio and the time required for auto-notch DSP filters
to detect and notch a signal.

The more negative the notch depth number, the better the performance.

Test Results:

Frequency Notch Depth Notes
14.2 MHz 40d

Notes:

Other Tests:

Temperature Chamber Test Description:

All equipment that would normally be used outdoors are subjected to afunction, output power and frequency accuracy test
over its specified temperature range. For those units not specified, the unit is operated at -10 and +60 degrees Celsius. These
temperatures were chosen to represent typical specifications and typical outdoor use over most of the country.

Duty Cycle Test Description:

Most equipment does not specify aduty cycle. For this reason, most Product Review equipment is not subject to a specific
duty cycletest. It isassumed that equipment without a duty-cycle specification is intended for conversational use on CW o
SSB. The equipment sees considerable such use during thereview process. If equipment does have a duty-cycle
specification, such as"continuous,” " continuous commercial" or a specific time parameter, the equipment is tested against
that specification. If the unit does not pass, thiswill be treated as a defect that occurred during the review.
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