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MFJ-259D Analyzer, *349° @ MFJ-269D Analyzer, *449° MFJ-225 VNA Analyzer, °429°%

World’s best selling = Upgraded MFJ-269D has g 1.8-170 MHz. Plots B
antenna analyzer covers [§ all features of MFJ-259D SWR, Impedance,
280 KHz to 230 MHz, plus 415-470 MHz, 12-bit Resistance,

LCD, SWR and 1mped- A/D converter, character-
ance or SWR bargraph, istic impedance 0-600
analog meters, signal Ohms, coax calculator,

Reactance, Phase Angle, Compl@x
Return Loss, Smith Chart. Open-
Short-Load calibration. Memories

MH ©

generator, freq counter. B parallel equivalent R/X. download to PC via USB.
?f,‘f,?lﬁ,;l 2,;?,,',?34,!!},?,:::‘3,!,,5 MFJ-949E Tuner 249% MFJ-969 Tuner $299° MFJ-962D Tuner $399°

or call toll-free 800-647-1800

l Year No Matter What™ warranty * 30 day money l
back guarantee (less s/h) on orders direct from MFJ l

Compact roller
inductor anten-
na tuner han-

5 More hams World’s only 6
= use MFJ- -160 Meters 300
(@U@ 049F tuners  Watt AirCore™

300 [NglF*{ EH,{%I}PS?%?%]S I]\IAVSC” 59 than all oth- ~ Roller Inductor_ . dles popular
PH: (6"62315353 5869 Techa(égz)c:;z:‘, 0549~ ers in the world! Large 3” cross-  antenna tuner gives you absolute A_memr%? AL-811H/ §ll amps.
FAX: (?62)/323 6551 830 CST, Mon li;w”/c{ddshlppl;lg needle SWR/Wattmeter, 8 posi- minimum SWR. 3” cross-needle AirCore™ inductor, 3” Cross-

tion antenna switch, dummy load, meter, true peak reading meter, Needle meter, 6-position antenna
visa 57 g I'fd  Match any antenna 1.8-30 MHz. ~ dummy load, 8 pos. antenna switch. ~switch, 800W SSB PEP output.

MFJ-989D Tuner 499°% MFJ-929 AutoTuner °299° B MFJ-993B AutoTuner 349° ll MFJ-998 AutoTuner $769°

pr==m | egal-limit Compact 200 Watt Select 300 Watts . Full 1500
antenna tuner IntelliTuner™ tunes any  (6-1600 Ohms) . Watts
‘&l has Air-Core™ unbalanced antenna or 150 Watts (6- SSB/CW.
Syl inductor, S00pF  ultra-fast! 20,000 Virtual 3200 Ohms) with the world’s only ~ Digital and
air variable capacitors, fast- Memories, Antenna Switch, dual power automatic tuner. 1.8-30 analog SWR/Wattmeter, 12-1600
tune crank, high voltage balun, 3  Efficient L-network, Matches 6- MHz, 4:1 current balun, LED light- Ohms from 1.8-30 MHz, built-in
meter, dummy load, ant. switch. 1600 Ohms from 1.8-30 MHz. ed cross meter, backlit LCD, more! antenna switch, auto amp bypass.
MFJ-1778 G5RV °89* MFJ-16XX HF Sticks *17°° MFJ-1836H Cobweb 319 MFJ-1786 Hi-Q Loop ‘64995
O w )Efficient, all band Rugged, sleck 6-40M mobile Antenna for restricted pm w7 10-30 MHz Super Hi-
’ ( GS5RV antenna is only HamTenna™ antennas, $24.95 spaces: 6-bands: 20/17/ | _ Q loop, remote con-
102’ long, has 32.5° each band. 250 Watts, 7’ extend- 15/12/10/6 Meters. Flat trol. 36” dia. all weld- |
ladder line matching ed, collapse to about 4 feet for 9x9x'/> sq. ft. mounts hor- i ed construction, but-
section ending in an & storage. Quickly screws into any izontally on mast. Nearly invisible  terfly tuning capacitor.
SO-239 for feedline. Operate 80- 3/8-24 female mount for quick ~ wire elements, fiberglass spreaders ~ ABS plastic housing.

10 Meters with tuner. 1500 Watts. band changing. 60-75M, $39.95. blend in sky. Withstands bad weather. MFJ-1788, $719.95. 7-22 MHz.

MFJ-260C Dry Load s5995 MFJ-1702C Ant Switch °79° MFJ-915 RFl Isolator 55995 MFJ-918 4:1 Balun ‘5995

300W VHE/HF Dry 2-position antenna % _ & Pprevents unwanted RF from High-permeability fer-
Dummy Load han- switch has center ot ® traveling on your coax shield rite beads on high-qual-
dles full load for 30 ground, auto ground- into your expensive transceiv- ity RG-303 Teflon®
seconds. Derating ¥ ing of unused position, : er. Prevents stray RF that coax. True 1:1 current
curve to 5 minutes. 2.5 kW PEP and works i cause painful RF “bites” and balun/center insulator. J
SWR below 1.1:1 to to over 500 MHz. Lightning surge eratic operation. Heavy duty =~ 2” diameter by 6” long. )
30 MHz. 1.5:1 from 30-650 MHz.  protection. SO-239 Connectors. weather protected PVC is 2Wx5H 14 gauge stranded copper wire.
MFJ-264, $109.95. 1.5kW load. MFJ-1704, $129.95. 4 positions. inches. 1.5 kW. 1.8-30 MHz. Handles 1.5 kW 1.8-30 MHz.

MFJ-270 Surge Protect *34°* § MFJ-392B Headphones *49°° | MFJ-4230MV 30A PS *154°°

Safeguard your Perfect for Ham Radio o World’s most
expensive equip- and shortwave listening

19.2 Ib. transformer

j‘compact 30A delivers 35A maxi-

ment. Shunts to = .*“""' =% - SSB, FM, AM, data 15 3 '8 switching power mum, 30A continu-

5000 Amps of peak " TN and CW. Super l1ght— supply. V/A meter. ous. 1-14 VDC out, = =
impulse current harm- =2 weight (8 0z.) padded 4-16 Volts, adjustable. SWx2'2H 110 VAC in. H1ghly regulated l%
lessly to ground. SWR less headband and ear cushioned design. x6D inches, 3 pounds! Selectable load regulation. 1 mV Ripple. 5-
than 1.1:1, less than 0.1 dB loss.  Each earphone has own volume input voltage 120/240 VAC. way binding posts, quick connects.

Use to 1000 MHz, 400W PEP. control. 3.5mm/1/4” plugs, 9’ cord.

MFJ-4245MV 45A PS 51 9995 MFJ-4275MV 75A PS *349°

Switching power Switching power
supply. 45A surge/ supply. 75A max/ |
40A continuous. 9- 70A cont. Great
15 VDC out. 85- for ALS-500M

260 VAC in. Low ripple, highly reg- ~ solid state amp.
ulated. 5-way posts, cig lighter, quick Adjustable 4-16 VDC. Input 110/

connects. 5 Ibs, 72 Wx4/:Hx 9D”. 220 VAC. Battery charger. 10.5 Ibs.

MFJ-8683 Giant Meter*199°* | MFJ-1026 Noise Cancel °269°* | MFJ-4416C BattBoost*229°° | MFJ-148BRC Clock s7995

Largest HF+6M SWR/ |Wipe out interference! 60 dB Keep mobile rig

Wattmeter in the world null. SSB/CW/AM/FM. BCB operational. Boosts
has 6.5” diagonal scale. to lower VHF. RF low battery voltage. /&
20/200/2000W ranges. 'sense T/R switch. Up to 25 Amps. 7‘/4Wx4Hx2 /5.

MFJ-557 CodeOsc/Key *74°°

Antenna Window Feedthrough Panels \

Bring your antenna cables into your hamshack =—

without drilling holes through walls! Place in ——
window sill, close window. Real western cedar | &=« @ gu 570
3/4” thick wood naturally resistant to rot, decay == -
and insects, weather edge foam tape included.  MF, FJ-4602, “s9go
Teflon™ SO-239s for HF/VHF/UHF antennas, ceramic feed-thrus
for balanced line/random wire, ground post. Stainless steel in/out plates.

Get speech fidelity Decodes and dis- 80| PractlceTscndmo Morse code. g W Deluxe Tambic
you never knew exist- = plays Morse code on ; ¢ paddles. Tens-
ed! 3” speaker, 8W, 8 ‘two-line high-con- k i It 1 ion/contact spacing adjustments,
Ohms impedance, 6’ trast LCD. Just hold avy non-s<id stee steel bearings, precision frame,

base. Volume/tone. Use 9V battery.

cord, 3.5 mm mono. :close to receiver. non-skid feet. Chrome or Black.

MFJ-108B 24/12 Clock *34°° MFJ-1724B Mobile *44°:
FE|

Read both UTC and - World’s Best Selling 2Meter
local time simulta- 440 MHz magnet mount ant-
neously. BIG 5/8 enna has 3.5”” magnet, 19”

MFJ-1728B Mobile *44°: MFJ-1729 Mobile *59%

5/8 wave 2M mobile antenna Ham radio’s most powerful
gives maximum possible gain magnet mount dual band

of any single element antenna. 2M/440 mobile. Get whop- l
1/4 Wave 6M. 300W, magnet i ping GAIN. 300 Watts, 27.5” i

inch digits! Solid brushed alu- stainless steel whip, handles
minum frame. 4',Wx2Hx1D”. 300 Watts, 15 feet coax. mount, 12’ coax, 53" whip. stainless steel whip, 12’ coax.

www.mfjenterprises.com
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hy-gain Antennas and Rotators

HF Verticals

Work amazing DX with these extremely low radiation
angle omnidirectional antennas. All self supporting,
1500 Watts PEP SSB, low SWR. Heavy duty, slotted,
tapered, swaged, aircraft quality aluminum tubing.
Stainless steel hardware. Two year limited warranty.
AV-680, $739.95. 9 Bands: (6, 10, 12, 15, 17, 20, 30,

40, 80 Meters). 26 ft., 18.5 lbs. Our most popular vertical
now has 75/80 Meters! Lets you work exciting DX with a low
17 degree radiation angle! Easily mount on decks, roofs,
patios. No ground or radials needed. Extra wide 2:1 SWR
bandwidths. Each band tunable. Auto band-switching, han-
dle 1.5kW, 80 MPH wind survival, low 2.5 sq. ft. wind sur-
face. Aircraft aluminum tubing, stainless steel hardware.

AV-640, $659.95. Like AV-680 less 80M. 25'/2", 17'/2 Ibs.
AV-620, $599.95. Like AV-640 less 40M. 22'/2'/10"/2 Ibs.

AV-14AVQ, $299.95. (10, 15, 20, 40 Meters). 18 ft., 9 Ibs.
Classic AV-14AVQ uses same trap design as famous Hy-
Gain Thunderbird beams. 3 air dielectric Hi-Q traps with
oversize coils give superb stability and 1/4 wave resonance
on all bands. Automatic bandswitching.
AV-12AVQ, $219.95. (10, 15, 20 Meters). 13 ft., 9 Ibs.
L Lowest priced automatic bandswitching tri-band vertical!
Uses Thunderbird beam design air dielectric traps for
F extremely hi-Q performance in limited space.
AV-18VS, $199.95. (10,12,15,17,20,30,40,80M). 18 ft., 4
| . Ibs. hy-gain’s lowest priced vertical gives you 8 bands.
Jg% Easily tuned to any band by adjusting base loading coil.
; See our website for even more hy-gain vertical antennas!

HF Beams

Hy-gain beams are stronger, light-er,
have less wind surface and last years |-
longer. Why? Hy-gain uses durable
tooled components -- massive boom-
to-mast bracket, heavy gauge ele-
ment-to-boom clamps, thick-wall
swaged tubing -- no failures!

TH-11DX, $1799.95. e
11-element, 4.0 kW PEP, 10,12,15,17, 20
Meters. The choice of top DXers. With
11-elements, excellent gain and 5-bands, the super rugged TH-11DX
is the “Big Daddy” of all HF beams! Features low loss log-periodic
driven array on all bands with mono- band reflectors, BN-4000 high
power balun, corrosion resistant wire boom support, hot dipped gal-
vanized and stainless steel parts.

TH-7DX, $1599.95. 7-Element, 1.5 kW PEP, 10, 15, 20 Meters.
7-Elements gives you the highest average gain of any Hy-gain tri-
bander! Dual driven for broadband operation without compromising
gain. SWR less than 2:1 on all bands. Combined monoband and
trapped parasitic elements give you an excellent F/B ratio.
TH-3MK4, $769.95. 3-Element, 1.5 kW PEP, 10, 15, 20 Meters.
Gives most gain for your money in full-power, full-size hy-gain tri-
bander! Impressive gain and a whopping average front-to-back ratio
and still fits on an average size lot. 95 MPH wind survival.
TH-3JRS, $529.95. Compact 3-Element, 600 W PEP, 10, 15, 20
Meters. Hy-gain’s most popular and lowest-priced tri-bander fits
smallest lot, 14.75 ft turning radius, 21 Ibs. Excellent gain and front-to-
back let you compete with the “big guns” 80 MPH wind survival.

- yﬂ"l Rotators . . . the first choice of hams around the world!

HAM-1V . .. $799.95 i‘ﬂ :
The most popular rotator in the world! For medium i ],
communications arrays up to 15 sq. feet wind load area. 5- /“*
second brake delay! Test/Calibrate function. Low temper- £
ature grease permits normal operation down to -30° F.
Alloy ring gear gives extra strength up to 100,000 PSI
for maximum reliability. Indicator potentiometer. Ferrite
beads reduce RF susceptibility. Cinch plug plus 8-
pin plug at control box. Dual 98 ball bearing race
for load bearing strength and electric locking
steel wedge brake prevents wind induced ant-
enna movement. North or South center of rota-
tion scale on meter, low voltage control, max mast size of 2'/:".

HAM-VI, $1099.95. For medium arrays up to 15 sq. ft. wind load.
Like HAM-IV but has new DCU-2 Digital Rotator Controller. Just dial
in your beam heading or let your computer control your antenna.

HAM-VII, $1299.95. Like HAM VI but with DCU-3 digital controller
with six programmable memories.

Tailtwister T-2X . . . $999.95

For large medium antenna arrays up to 20 sq. ft.
wind load. Choose DCU-2 digital controller (T-2XD2) or
analog control box (T-2X) with new 5-second brake
delay and new Test/Calibrate function. Low tempera-
ture grease, alloy ring gear, indicator potentiometer, W \
ferrite beads on potentiometer wires, new weather- V;:?g{}; % ”
proof AMP connectors plus 8-pin plug at control s
box, triple bearing race with 138 ball bearings for g
large load bearing strength, electric locking steel
wedge brake, N or S center of rotation scale on
meter, low voltage control, 2'/16” max. mast.

T-2XD2, $1129.95. Tailtwister with DCU-2 digital controller.

T-2XD3, $1199.95. Tailtwister with DCU-3 digital controller with six
programmable memories.

AR-40, $499.95. For compact antenna arrays and FM/TV up to
3.0 sq. ft. wind load. Dual 12 ball-bearing race. Fully automatic.

CD-45ll, $599.95. For antenna arrays up to 8.5 sq. ft. Bell rotator
design gives total weather protection. Dual 58 ball bearing race.

U: 4
1"» J 4

Digital Rotator Controller
with 6 Programmable
Beam Headings

DCU-3
$599.95

New DCU-3 Digital Controller lets you pro-
gram 6 beam headings! Gives you fully
automatic or manual control of your hy-gain
HAM or Tailtwister Rotators.

Push a memory button or dial in your beam
heading or let Ham Radio Deluxe (or other
program) control your DCU-3. Your antenna
automatically rotates precisely and safely to
your desired direction.

Replace Your Yaesu
Rotator Controller

Replace your Yaesu rotator con-
troller. More features and a much
more robust controller that is far
less prone to lighning damage.
YRC-1 costs less than repairing
your original controller!

hy-gain VHF/UHF Antennas

VB-214FM, $219.95.
14-element 2-Meter
FM beam antenna pro-
vides exceptional front-
to-back ratio and maxi-
mum obtainable gains.

VB-23FM, $99.95. 3-element.

VB-25FM, $119.95. 5-element.

VB-28FM, $179.95. 8-element. Threaded stub for feed-
points. Accepts up to 2 inch mast.

DB-2345, $159.95.

Dual band 144 (3-elements) 440 (5-elements) MHz.

hy-gain

Antennas, Rotators & Towers 308 Industrial Park Rd, Starkville, MS 39759 USA

Sales/Tech: (662) 323-9538 « FAX: (662) 323-5803 Open 8-4:30 CST, Mon.-Fri.
Add Shipping. Prices and specifiecations subject to change. (C) 2022 hy-gain
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Pull Out the Muscle!

Hear the roar and feel the POWER! Get that POWER
you need to really bust throu?h the pileups, win a

. few contests, work the world!!! Ameritron amplifiers
will go a long way towards making those dreams a
reality. We got an amplifier for every budget!

"AMERITRON . . . 800 Watts . . . $1499!

More hams use Ameritron AL-811/H amplifiers than any other amplifier in the world!

AL-811H that can’t be matched by un-neu-
$ tralized tubes.
- You get a quiet desktop lin-
4SlT1gbgeSt§%§i;aﬂ ear that's so compact it'll slide
“HUbes, alfs right into your operating position
AL-811 -- you’ll hardly know it’s there . . .
$1 399 until QRM sets in. And you can
S et conveniently plug it into your
uggested Retail -~ nagrast 120 VAC outlet -- no

3-Tubes, 600 Watts

Only the Ameritron AL-811H gives
you four fully neutralized 811A transmit-
ting tubes. You get absolute stability and
superb performance on higher bands

special wiring needed.

You get all HF band coverage (with
license) -- including WARC and most
MARS bands at 100% rated output.
Ameritron’s Adapt-A-Volf™ hi-silicon core

AMERITRON no tune Solid State Amplifiers

ALS-500M 500 Watt Mobile Amp

ALS-500M g?g?: )N
41199

Suggested Retail C\W out-

put, 1.5-22 MHz, instant bandswitching, no
tuning, no warm-up. SWR, load fault, ther-
mal overload protected. On/Off/Bypass switch.
Remote on/off control. DC current meter.
Extremely quiet fan. 13.8 VDC. 9Wx3'/2Hx15D
in., 7 Ibs. ALS-500RC, $84, Remote Head.
Desktop Kilowatt Amplifier
. B Whisper quiet desk-
top amp plugs into 120
VAC to give full kilowatt
3 SSB PEP output.
Ameritron’s exclusive
DynamicALC™ doubles aver-
$239 age SSB power out and
Suggested Retail Instantaneous RF Bias™
gives cooler operation. All HF bands. 850
Watts CW out, 500 Watts RTTY out, extra
heavy duty power supply, 3-500G tube, 70%
efficiency, tuned input, Pi/Pi-L output, inrush
current protection, dual Cross-Needle meters,
QSK compatible, 48 Ibs. 14Wx8'/2Hx15'/2D".
2-year Ameritron warranty.
Near Legal Limit ™ Amplifier
Near Legal Limit™ amp
gives you 1300W PEP
SSB power output for
60% of the price of a full
legal limit amp! Four
rugged 572B tubes. Instant
3-second warm-up, 120 VAC.
Desiiop 14'AW8'AHX15'.D". 160-
15M. 1000 Watt CW output.
Tuned input, instantaneous RF Bias, dynamic
ALC, parasitic killer, inrush protection, cross-
needle meters, multi-voltage transformer.

AL-572

$2399

Suggested Retail

ALS-606S 600 Watt 160-6M Amp

600 ALS-606S _
Watts
gtl)EoF\,//v Suggested Retail

CW output, 160-6M with
automatic instant band-
switching. Desktop. 9°/:Wx7Hx14'/:D".14.2 Ibs.
Only 4 dB below 1500W -- less than an S-unit!
ALS-606, $2599, like ALS-606S above, but
has transformer power supply.

ALS-1306 1200W 1.5-54 MHz Amp
L : Ameritron’s highest
power solid state FET
amplifier gives you
automatic bandswitch-
ing! Get 1200W PEP
output on all bands,
including 6-Meters. No
tuning, no warm-up, no
1 tubes to baby and no fuss!
Eight rugged MRF-150
power FET’s give outstanding reliability. Just
100 Watts drive gives full rated power MHz.
Compact 10Wx6'/2Hx18D in., just 22 Ibs.
ALS-1300, $3499. Like ALS-1306 but less auto-
matic bandswitching and 6-M coverage.

ALS-1306

*3999

Suggested Retai

Desktop 3CX-

800A7 tubes cover 160-15M, WARC bands.
Adjustable slug tuned input, grid protection,
ALC control, vernier reduction drives, hefty
32 Ib. transformer, high capacitance computer
grade filter capacitors. Multi-voltage, dual
cross-needle meters. 14'/:Wx8'/2Hx16'/.D".

Ameritron brings you the finest high power accessories!

ARB-704 amp-to-rig (B " RCS-4 Remote
interface . . . *89% | =5 Switch . . .$229%

1| Coax od
Protects rig ,,'d Use 1 coax for 4
m from keying T, antennas. No control
line tran- | & |cable needed. SWR
sients. Easy rig hookup. <1.25,15-60 MHz.
Useable to 100 MHz.

A.4  Advertising

RCS-8V Remote Coax

|
; l250 MHz. Useable
Bl 450 MHz. <.1

RCS-10 Remote Coax
a1 Switch...*279° Switch... 269%
" Replace 5 coax

Replace 8 coax | %
7 with 111.2 SWR,

with 11SWR<1.3 | i
to60MHz.RCS- |- *
10L, $309.95 with

lightning arrestors.

dB loss, TkW@150MHz.

HF Amps with 3CX800A7 tube
= AL-800 AL-800H ;
4199 5399
1 tube, 1250 W 2 tubes,
Suggested 1.5 kW Plus
Retail Eimac® tubes

power transformer has a special buck-
boost winding that lets you compensate
for high/low power line voltages.

You also get efficient full size heavy
duty tank colls, slug tuned input coils,
operate/standby switch, transmit LED,
ALC, dual illuminated meters, QSK with
optional QSK-5, pressurized cooling that
you can hardly hear, full height computer
grade filter capacitors and more.
13*/4Wx8Hx16D inches.

AL-811, $1399.

Like AL-811H, but has three 811A
tubes, 600 Watts output.

AMERITRON full
legal limit amplifiers
AMERITRON legal limit amps

use a super heavy duty power
transformers capable of 2.5 kW!

Most powerful -- 3CX1500/8877
e AL-1500F

3CX1500/8877 Tube
AL-1500

*6999

Eimac® tube

Ameritron’s most power-
ful amplifier uses the her-
culean 3CX1500/8877
ceramic tube. 65 watts gives full legal out-
put - loafing with a 2500W power supply.

Toughest -- 3CX1200Z7
o AL-1200

*5999

Suggested Retail
Ham radio’s toughest
- - ) tube -- the Eimac®
3CX1200Z7. 50-Watt control grid dissipa-
tion. Super heavy duty power supply loafs
at legal power -- delivers more than 2500
Watts PEP two tone output for a 1/2 hour.

Classic -- Dual 3-500Gs
AL-82

*3999

Suggested Retail
Gives full legal output
using a pair of genuine
3-500Gs. Competing linears using 3-500Gs
can’t give you 1500 Watts because their
lightweight power supplies can’t use these
tubes to their full potential.

AMERITRINY

« . . the world’s high power leader!
116 Willow Road, Starkville, MS 39759

TECH (662) 323-8211 » FAX (662) 323-6551
8 a.m. - 4:30 p.m. CST Monday - Frida

y
-| For power amplifier components call (662) 323-8211
= http://www.ameritron.com
E Prices and specifications subject to change without notice. ©2022 Ameritron.



NeW'Cushcrafl: R9 ... 80-6 Meters

Cushcraft’s world famous R8 now has a big brother!
Big Brother R9 now includes 75/80 Meters for local
ragchewing and worldwide low band DX without radials!
It’s omni-directional low angle radiation gives you
exciting and easy DX on all 9 bands: 75/80, 40, 30, 20,
17, 15, 12, 10 and 6 Meters with low SWR. QSY
1nstantly -- no antenna tuner needed.
i~ Use full 1500 Watts SSB/CW when the going gets
tough to break through pileups/poor band conditions.
‘ The R9 is super easy to assemble, installs just

— about anywhere, and its low profile blends incon-
/] spicuously into the background in urban and coun-
~ 7 try settings alike.
Compact Footprint: Installs in an area about the
size of a child's sandbox -- no ground radials to bury
with all RF-energized surfaces safely out of reach.
Rugged Construction: Thick fiberglass insulators, all-
stainless steel hardware and 6063 aircraft-aluminum tub-
ing is double or triple walled at key stress points to han-
dle anything Mother Nature can dish out.
31.5 feet tall, 25 1bs. Mounting mast 1.25 to 2 inches.
Wind surface area is 4 square feet.
R8, $699.95. Like R9 antenna but less 75/80 Meters.
- R-8TB, $119.95. Tilt-base lets you tilt your antenna

up/down easily by yourself to work on.

R-8GK, $99.95. Three-point guy kit for high winds.

80 Meters... No Radials. .. 1500w Small Footprin

MA-5B 5-Band Beam
t -- Big Signal

The MA-5B is one of Cushcraft's most popular
HF antennas, delivering solid signal-boosting direc-
tivity in a bantam-weight package. Mounts on roof
using standard TV hardware. Perfect for exploring
exciting DX without the high cost and heavy lifting
of installing a large tower and full-sized array. Its 7
foot 3-inch boom has less than 9 feet of turning
radius. Contest tough -- handles 1500 Watts.

Matchmg Network

Matching RF Choke
-z /DC grounds

+» M/ radiator to
/ prevent static

Broadband

exterior of =" PC board

your coax. material
All Stainles:
Steel Hardware

oisture 80-239
Release vent Feedpomt

Super Rugged
Design

steel machine screws

guarantee base integrity.

matching electricity 4

:(r:gs;ormer from entering i

VSV;\)IR low. youhach) - Dual plate mount makes it
High 1 e easy to install counterpoises.

Coaxial trength, s

balun keeps high power, .

RF off - & low dielectric o= Heavy duty stainless
steel/aluminum
interface plate mount

o [ keeps your antenna up
for years to come.

The unique MA-5B gives you 5-bands, automatic
band switching and easy installation in a compact
26-pound package. On 10, 15 and 20 Meters the end
elements become a two-element Yagi that delivers
solid power-multiplying gain over a dipole on all
three bands. On 12 and 17 Meters, the middle ele-
ment is a highly efficient trap dipole. When working
DX, what really matters are the interfering signals
and noise you don't hear. That’s where the MA-5B’s
impressive side rejection and front-to-back ratio really
shines. See cushcraftamateur.com for gain figures.

Cushcraft 10, 15 & 20 Meter Trlbander Beams

Only the best tri-band antennas
become DX classics, which is A
why the Cushcraft World- -Ranger o
A4S, A3S, and A3WS go to the -
head of the class. For more than .
30 years, these pace-setting per-
formers have taken on the world's
most demanding operating condi-
tions and proven themselves every
time. The key to success comes
from attention to basics. For example, ele-
ment length and spacing has been carefully
refined over time, and high-power traps are
still hand-made and individually tuned
using laboratory-grade instruments. All this

Cushcraft Dual Band Yagis

One Yagi for Dual-Band FM Radios

Dual-bander VHF rigs are

the norm these days, so

- Why not compliment your
] FM base station with a

4 dual-band Yagi? Not only

pda]
* gwﬂl you eliminate a costly
. feed

11ne you'll realize extra
gain for digital modes like
high-speed packet and D-
Star! Cushcraft's A270-6S
provides three elements
per band and the A270- |

10S provides five for solid [
point-to-point performance. They' re both
pre-tuned and assembly is a snap using the
fully illustrated manual.

Cushcraft . . . Keeping you in touch around the globe!

attention to detail means low SWR, wide
bandwidth, optimum directivity, and high
efficiency -- important performance charac-
teristics you rely on to maintain regular
schedules, rack up impressive contest scores,
and grow your collection of rare QSLs!

Cushcraft Famous Rm,svos Compact FM Verticals

It goes without saying that

~ the World-Ranger lineup is also
~ famous for its rugged construc-
tion. In fact, the majority of
_these antennas sold years ago
are still in service today!
Conservative mechanical
design, rugged over-sized com-
ponents, stainless-steel hard-
ware, and aircraft-grade 6063 make all the
difference.

The 3-element A3S/A3WS and 4-element
A4S are world-famous for powerhouse gain
and super performance. A-3WS, $649.95,
12/17 M. 30/40 Meter add-on kits available.

1BX's famous Ringo antenna has been around
for a long time and remains unbeaten for solid
S reliability. The Ringo is broad-banded, lighting
protected, extremely rugged, economical, elec-
trically bullet-proof, low-angle, and more -- but
mainly, it just plain works! To discover why hams
~ and commercial two-way installers around the
world still love this antenna, order yours now!

( Free Cushcraft Catalog )

and Nearest Dealer . . . 662-323-5803
Call your dealer for your best price!

Cushcraft

Amateur Radio Antennas
308 Industrial Park Road, Starkville, MS 39759 USA
Open: 8-4:30 CST, Mon.-Fri. Add Shipping.
¢ Sales/Tech: 662-323-5803 < FAX: 662-323-6551
http://www.cushcraftamateur.com

Prices/specifications subject to change without notice/obligation. © Cusheraft', 2022

Visit www.cushcraftamateur.com

Advertising A.5
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FTDX101MP | 200w HF/50MHz Transceiver

 Hybrid SDR Configuration e Unparalleled 70 dB Max. Attenuation
VC-Tune ® New Generation Scope Display 3DSS e ABI (Active Band
Indicator) & MPVD (Multi-Purpose VFO Outer Dial) ® PC Remote
Control Software to Expand the Operating Range e Includes
External Power With Matching Front Speaker

FTDX10 | HF/50MHz 100 W SDR Transceiver

o Narrow Band and Direct Sampling SDR e Down Conversion,
9MHz IF Roofing Filters Produce Excellent Shape Factor e 5”
Full-Color Touch Panel w/3D Spectrum Stream e High Speed
Auto Antenna Tuner e Microphone Amplifier w/3-Stage Parametric
Equalizer ® Remote Operation w/optional LAN Unit (SCU-LAN10)

FT-991A | HF/VHF/UHF All ModeTransceiver

Real-time Spectrum Scope with Automatic Scope Control e
Multi-color waterfall display e State of the art 32-bit Digital
Signal Processing System e 3kHz Roofing Filter for enhanced
performance ¢ 3.5 Inch Full Color TFT USB Capable e Internal
Automatic Antenna Tuner e High Accuracy TCXO

FTDX101D | HF + 6M Transceiver

o Narrow Band SDR & Direct Sampling SDR e Crystal Roofing
Filters Phenomenal Multi-Signal Receiving Characteristics ® Un-
paralleled - 70dB Maximum Attenuation VC-Tune e 15 Separate
(HAM 10 + GEN 5) Powerful Band Pass Filters ® New Generation
Scope Displays 3-Dimensional Spectrum Stream

ANAHEIM, CA
(800) 854-6046

SACRAMENTO, CA
(877) 892-1745

SAN DIEGO, CA
(877) 520-9623

PLANO, TX
(877) 455-8750

PORTLAND, OR
(800) 765-4267

DENVER, CO
(800) 444-9476

FT-891 | HF+50 MHz All Mode Mobile Transceiver

Stable 100 Watt Output e 32-Bit IF DSP e Large Dot Matrix LCD
Display with Quick Spectrum Scope ® USB Port Allows Connec-
tion to a PC with a Single Cable e CAT Control, PTT/RTTY Control

FTM-300DR | C4FM/FM 144/430MHz Dual Band

© 50W Output Power ¢ Real Dual Band Operation  Full Color TFT
Display ® Band Scope e Built-in Bluetooth ® WIRES-X Portable
Digital Node/Fixed Node with HRI-200

FT-2980R | Heavy-Duty 80W 2M FM Transceiver

e 80 watts of RF power e Large 6 digit backlit LCD display for
excellent visibility ¢ 200 memory channels for serious users

FT-818ND | HF/6M/2M/440 All Mode Portable Xcvr

o Ultra-Compact/Portable ® 208 Memory Channels e Internal
Battery Operation Capability ® Two Antenna Connectors e Built-in
High Stability Oscillator +0.5 ppm

FTM-200DR | c4FM/FM 144/430MHz Dual Band

* 1200/9600bps APRS® Data Communications ® 2” High-Res
Full-Color TFT Display e High-Speed Band Scope e Advanced
C4FM Digital Mode e Voice Recording Function for TX/RX

©® RETAIL LOCATIONS - Store hours 10:00AM - 5:30PM - Closed Sunday
® PHONE - Toll-free phone hours 9:30AM - 5:30PM
® ONLINE - WWW.HAMRADIO.COM

PHOENIX, AZ
(800) 559-7388

ATLANTA, GA
(800) 444-7927

MILWAUKEE, WI
(800) 558-0411

NEW CASTLE, DE
(800) 644-4476

® FAX - All store locations
® MAIL - All store locations

WOODBRIDGE, VA
(800) 444-4799

SALEM, NH
(800) 444-0047

Ham Rapio OurLer

WWVI/.HAMRADIO com

FTM-400XD | 2m/440 Mobile

* Color display-green, blue, orange, purple, gray ® GPS/APRS
* Packet 1200/9600 bd ready e Spectrum scope ® Bluetooth e
MicroSD slot ® 500 memory per band

FT-70DR C4FM/FM 144/430MHz Xcvr

e System Fusion Compatible e Large Front
Speaker delivers 700 mW of Loud Audio Output
o Automatic Mode Select detects C4FM or Fm
Analog and Switches Accordingly  Huge 1,105
Channel Memory Capacity ® External DC Jack for
DC Supply and Battery Charging

FT-5DR Cc4FM/FM 144/430 MHz Dual Band

* High-Res Full-Color Touch Screen TFT LCD
Display e Easy Hands-Free Operation w/Built-In
Bluetooth® Unit e Built-In High Precision GPS
Antenna e 1200/9600bps APRS Data Communi-
cations ® Supports Simultaneous C4FM Digital e
Micro SD Card Slot

FT-65R | 144/430 MHz Transceiver

Compact Commercial Grade Rugged Design ®
Large Front Speaker Delivers 1W of Powerful
Clear Audio e 5 Watts of Reliable RF Power Within
a compact Body e 3.5-Hour Rapid Charger In-
cluded e Large White LED Flashlight, Alarm and
Quick Home Channel Access

FTM-6000R | 50W VHF/UHF Mobile Transceiver

o All New User Operating Interface-E20-IIl (Easy to Operate-Ill)
© Robust Speaker Delivers 3W of Clear, Crisp Receive Audio ®
Detachable Front Panel Can Be Mounted in Multiple Positions
Supports Optional Bluetooth® Wireless Operation Using the SSM-
BT10 or a Commercially Available Bluetooth® Headset

YAESU

The radio

WINTER SPRINGS, FL
(800) 327-1917

WWW.HAMRADIO.COM

Contact HRO for promotion details. Toll-free including Hawaii, Alaska and Canada. All HRO 800-lines can assist you. If the first line you call is busy, you may call another. Prices, specifications and descriptions subject to change without notice.
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IC-9700 | All Mode Tri-Band Transceiver

© VHF/UHF/1.2GHz e Direct Sampling Now Enters the VHF/UHF
Arena e 4.3” Touch Screen Color TFT LCD  Real-Time, High-Speed
Spectrum Scope & Waterfall Display ® Smooth Satellite Operation

IC-7851 | HF/50MHz Transceiver

© 1.2kHz “Optimum” roofing filter ® New local oscillator design ®
Improved phase noise ® Improved spectrum scope ® Dual scope
function e Enhanced mouse operation for spectrum scope

IC-7300 | HF/50MHz Transceiver

o RF Direct Sampling System e New “IP+” Function e Class
Leading RMDR and Phase Noise Characteristics ® 15 Discrete
Band-Pass Filters e Built-In Automatic Antenna Tuner

IG-7610 | HF/50 MHz All Mode Transceiver

e Large 7-inch color display with high resolution real-time spectrum
scope and waterfall e Independent direct sampling receivers
capable of receiving two bands/two modes simultaneously

IC-R8600 | Wideband SDR Receiver

10 kHz to 3 GHz Super Wideband Coverage ® Real-time Spectrum
Scope w/Waterfall Function ® Remote Control Function through IP
Network or USB Cable e Decodes Digital Incl P25, NXDN™, D-STAR
 SD Card Slot for Receiver Recorder

IC-718 | HF Transceiver

© 160-10M** « 100W 12V operation  Simple to use ® CW Keyer
Built-in @ One touch band switching  Direct frequency input e
VOX Built-in ® Band stacking register e IF shift ® 101 memories

IG-705 | HF/50/144/430 MHz All Mode Transceiver

 RF Direct Sampling  Real-Time Spectrum Scope and Waterfall
Display e Large Color Touch Screen e Supports QRP/QRPp
Bluetooth® and Wireless LAN Built-in

IC-7100 | All Mode Transceiver

© HF/50/144/430/440 MHz Multi-band, Multi-mode, IF DSP e
D-STAR DV Mode (Digital Voice + Data) ® Intuitive Touch Screen
Interface e Built-in RTTY Functions

IC-2730A | VHF/UHF Dual Band Transceiver

© VHF/VHF, UHF/UHF simultaneous receive ¢ 50 watts of output on
VHF and UHF e Optional VS-3 Bluetooth® headset ® Easy-to-See
large white backlight LCD e Controller attachment to the main Unit

ID-5100A Deluxe
VHF/UHF Dual Band Digital Transceiver
 Analog FM/D-Star DV Mode © SD Card Slot for Voice & Data

Storage ® 50W Output on VHF/UHF Bands e Integrated GPS
Receiver ¢ AM Airband Dualwatch

® RETAIL LOCATIONS - Store hours 10:00AM - 5:30PM - Closed Sunday
©® PHONE - Toll-free phone hours 9:30AM - 5:30PM
® ONLINE - WWW.HAMRADIO.COM

® FAX - All store locations
® MAIL - All store locations

~ Ham Rabio OUTLET

WWW.HAMRADIO.COM

1G-V3500 | 144MHz FM Mobile

* 65W of Power for Long Range Communications ¢ 4.5 Watts
Loud & Clear Audio ® Modern White Display & Simple Operation
 \Weather Channel Receive & Alert Function

IC-2300H | VHF FM Transceiver

* 65W RF Output Power e 4.5W Audio Output ® MIL-STD 810 G
Specifications e 207 alphanumeric Memory Channels  Built-in
CTCSS/DTCS Encode/Decode ® DMS

IC-\I86 | vHF 7w HT

* 7W OutputPower Plus New Antenna Provides 1.5
Times More Coverage ® More Audio, 1500 mW Audio
Output ¢ IP54 & MIL-STD 810G-Rugged Design
Against Dust & Water ¢ 19 Hours of Long Lasting
Battery Life ® 200 Memory Channels, 1 Call Channel
& 6 Scan Edges

IC-T10 | Rugged 144/430 MHz Dual Band

o Disaster Ready - Excellent Fit for Your Emergency
Bag e Loud Audio - New Speaker Design e Long
Bettery Life - Up to 11 Hours e FM Broadcast &
Weather Channels

ID-52A | VHF/UHF D-STAR Portable

 Bluetooth® Communication e Simultane-
ous Reception in V/V, U/U, V/U and DV/DV e
Enriched D-STAR® Features Including the
Terminal Mode/Access Point Mode e UHF
(225~374.995MHz) Air Band Reception

O
ICOM

twitter.com/HamRadioOutlet
facebook.com/HROHamRadioOutlet
instagram.com/HamRadioOutlet
youtube.com/HamRadioOutlet

FOLLOW HRO
ON SOCIAL MEDIA

HOOD

*On most orders over $100 in the continental US. (Rural locations excluded.) **Except 60M Band. The Icom logo is a registered trademark of Icom Inc. Toll-free including Hawaii, Alaska and Canada. All HRO 800-lines can assist you If the first line you call is busy, you may call another.
Prices, specifications and descriptions subject to change without notice.



FIRST IN TECHNOLOGY

Be Active: 1C—705

Your New Partner for Field Operations

*The antenna and antenna connector
_in the photo are after-market products.

s

e

i _705 GB \\ ICLR)
VHFIUHF ALL MODE TRANSCEIVER \“i: 2710UE§E' SWRAD
T L @ = - " 3

O

Ea | B

43328000 =&

e 4 100k/10dB
= CENTER) Grid +500K

5 SCOPE

SPECTRUM

:M"‘"‘ A LS
BN € o 2
g ‘ .
yox (CALL 200 200 -100 0

400 ST HOLD CENT/F X

+300 _+400

EXPD/SET |

+100  +200

AF/RF/SQL SR ;
D-STAR

N s QUICK EXIT ,
MENU  FUNCTION M.SCOPE : ‘ Be NQSéEVER
. oW TRA i3
/144/430 MHz <SSB/CW/RTTY/AN\/FM/I')V>1 - -
HF/50/1 A

" I Making your field _operation
§ HF/50/144/440 MHz Multimode, including the D-STAR DV Mode jiere. fun aiflstylish
ll RF Direct Sampling System

* The down-conversion IF sampling method is used for 25 MHz and above.

ll Real-Time Spectrum Scope and Waterfall Display Multi-Function
J Large Touch Screen Color Display Backpack
l Compact and Lightweight Design * Approximately 1.1 kg, including the battery pack.
| BP-272 Battery Pack or 13.8 V DC External Power Source

§ Maximum Output Power 5 W (BP-272), 10 W (13.8 V DC) Supplied Accessories

HM-243 Speaker-microphone,
= ‘ i BP-272 Li-ion Battery Pack,
clive! OPC-2421 DC Power Cable

LC—-192

the field with the 1c-705

In

Oy inD O :
www.icomamerica.com/amateur . I C O M
sales@icomamerica.com For the love of ham radio.

©2022 Ilcom America Inc. The Icom logo is a registered trademark of Icom Inc.
All other trademark remain the property of their respective owners. All specifications are subject to change without notice or obligation. 31518



1IC-9700
VHF / UHF SDR Transceiver

VHF/UHF ALL MODE TRANSCEIVER IC—9700 | RIT kHz () PBT

p—
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? ’ 18:11 SR

|\ TRANSMIT | VRO

1

4
TR PaveEm| ' || NOTCH| ‘
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SUB:AF--RE/SQL ) ===
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+400
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Y

IC-7300
HF / 6M SDR Transceiver

=
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Y
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IC-7610
HF / 6M SDR Transceiver

(o) HF/50MHz TRANSCEIVER 1C-7610 @muLTl TWIN-PBT @B
ICOM + ANT | ANT1  BW3K ) BEE o) 10:1030 ANT1 [BWS00 | BEE 00 _/0\ 18
1| MET_Po ¢ MET Po)

Utc 1:10

TRANSMIT ~ TIMER TUNER

MAIN: AF-9-RF/5Ql

Rk FILTER  APF/TP

vro [IRESEMY FiL2 vro G F12

1 4 025 UDD DUALW  GENE 50 MAIN/SUB
2 14.050.00 CW. s

MAIN/SUB® CHANGE
=
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14,35

SUB:AF-9-RF/SQL
R T
14:20 14.30

<MENU1> EDGE CENT/FIX | |MAIN/SUB DUAL EXPD/SET
e ——— TSR

MENU M.SCOPE — . AUTO TUNE QuIcK EXIT SPEECH E23

®
radio. C O M
©2022 Icom America Inc. The lcom logo i nc.

All other trademark remain the prope, Specifications are subject to change without notice or obligation. 31518



WS5SWL Electronics

www.W5SWL.com

Premium Quality

RF Connectors
Order Direct!

Wide Selection of Connectors

e UHF&N e QMA SMB & SMC

e BNC & SMA * DIN & Low PIM

* Mini-UHF & FME * Reverse Polarity

e TNC&C * RF Adapters

e MC MCX & MMCX * Bulkheads
And Much More!

e Dave’s Hobby Shop by W5SWL
e Ham Radio Gadgets
* RF Technical Parts
e New & Surplus Materials

e Order at www.W5SWL.com

Ships Fast From The Arkansas River Valley

A.10 Advertising



ALFA ROTATORS
Alfa Radio de‘; 780 466-5779

Azimuth iﬁ

Elevation Azimuth

- arm e o ,
High Torque e Self braking worm drive USB

720 degrees programmable limits simple wiring
.8 to 18 Volt small footprint for controller

WWW.ALFARADIO.CA
\Ifaradio.

@,

MOSLEY
ANTENNAS

’\\
"y

o

AIRCRAFT GRADE ALUMINUM

I\
N ELEMENTS & BOOMS and
M STAINLESS STEEL HARDWARE

A
STRONG! OVER 75YEARS
J/| Snow, ice or rain OF QUALITY,[T]INNOVATION,
are no match for & SERVICE!
Mosley Quality! 1| 1-800-325-4016 ...

www.mosleyelectronics.com

...built to last!

"a better Antenna!”

7+ MILLIWATTS
7= KILOWATTS™

Semiconductors
for Manufacturing
and Servicing

Communications
Equipment

* RF Modules -
o Semiconductors

o Transmitter Tubes

v
\ ,“\‘ ’

- (@
A \

Se Habla Espaiol + We Export

b ~'»‘

l
-

Phone: 760-744-0700
Toll-Free: 800-737-2787
(Orders only) 800-RF PARTS
Websit: ~ www.rfparts.com
Fax: 760-744-1943

888-744-1943
Email: rfp@rfparts.com

VISA

\“W’
¥ RF PARTS
C OMPANY



The Best and Easiest Way
to Program Your Radio Since 1995!

1D-51 Programmer - 1D-51 Untitled1 * [
File Edit Communications Settings DStar Window Help
§ D-5iuntitledl* x
Feceive | Transmit | Offset Ofiset | Dperaling Rix DCS Digtd | Digital -
Fieaueny | Frequency | Frequency | Diection | Mode | Nome | ToneMods | CTCSS | prpce | DES | pyop, | SKe o Sten | sofn  Code o

1 14400000 144.00000 Simplex | FM Mone Skip  5kHz G t l t AI I O d
2 14570000 14510000 600kHz | DUF FM Windhoel None Off  5kHe e r a. n IZe
3 | 14571250 14511250 600kHz | DUP FM windhoel Hone of  GkHz
4 146M000  145.01000 Simplex | FM Nane Of  SkHz
5 | 14800000 147.40000 600kHz | DUP FM Mone Skip  5kHz u Sort Chan nels
6
7 44000000 44000000 Simplex | FM Nane of  25kHe ] M ove u p / move down

43810000 439.10000 Simplex | FM Orangevil None of  25KHe
9 | 44485000 44985000 5.00MHz +DUP  |FM Orangevil None of 25Kz 2
10 44586000 44085000 5.00MHz |DUP FM Orangevil None of  25kHz | Set Bank Operatlons
11 44435000 44335000 500MHz <DUP  FM Orangevil None Off  Z5KH: .
12| 44268750 447EB7S0 500MHz WDUP FM Orangevil Mone Off  #5kH: u Set Hyper Memory Deta| |s
13 44360000 44960000 500MHz +DUP  FM Orangevil None of  25KHe
14 44200000 447.00000 500MHz +DUP  FM Orangevil Mone of  25kH:
15 | 44390500 44092500 500MHz +DUP  |FM Orangevil None Of  25kHz
16 44270000 44770000 500MHz +DUP  FM Orangevil None off  Z5KHe
17
18 44320500 44922500 5O0MHz +DUP  FM Orangevil None of  25KHe
19 44255000 44755000 S00MHz +DUP  FM Orangevil None of  25kH:
20 44862500 44362500 5.00MHz | DUP FM Orangevil None Of  25kHz
21 44837500 44332500 500MHz | DUF FM Orangevil None Off  Z5KH:
22 44200000 44700000 500MHz +DUP  FM Orangevil Mone Off  #5kH:
23 44200000 447.00000 500MHz +DUP  FM Orangevil None of  25KHe
24 44615000 441.15000 5.00MHz | DUP FM Orangevil Mone of  25kHz
25 | 44381750 44051250 500MHz | +DUP  |FM Orangevil Mone off  #5kHz

W v i| Memories 4 Limit Memories « DR Channele | Call Channels 4 GPS Memories

Set Up Your Radio the Way You Want It

m Easy channel entry - many details filled for you. All you need is your repeater frequency and tone.

m Easy access to repeater details from within the programmer: Radio Reference, RFinder Worldwide
Database, RepeaterBook and a built-in Frequency list with NOAA Weather Channels and more.

m Import data from other sources - the process in the programmer helps you adjust the data layout
of your file so it matches what the radio needs.

m Customize other details of the radio with simple selections in the program. No need to drill through
the menus of the radio looking for an option.

Use Your Programmer
to Discover More

About Your Radio

D-STAR

Fusion

Names

Tones

Banks

HF Filters

Operating Bands

PM Settings
Programmable Key Options

o

“Continuous effort — not strength nor intelligence — is the key
to unlocking our potential” — Winston Churchill

518

5¥Z unique radio

Programmers... Check I ) l

for your radio model at: SYSTEMS
www.rtsystems.com RADIO PROGRAMMING MADE EASY

Available from RT Systems or Your Local Radio Dealer
800-476-0719 | www.rtsystems.com | Personal Assistance Mon.-Fri., 10:00-6:00 ET



COMPROMISE WAS NOT AN
OPTION FOR THE NEW
HG3 QRO-A!

No Compromises Mag Loop r
The new HG3 QRO-A raised the bar again for Magnetic Loop
Antennas (MLA). MLAs are well known for their superior performance.
The remotely tuned HG3 QRO-A MLA covers 80*-10 meters with
stepper motor precision and resolution. The high Q vacuum capacitor
allows for 1.5 KW PEP*. The 45,000-step resolution delivers an
unprecedented 511 Hz resolution bandwidth allowing you to set your
band preferences spot on. Rapid-Tune automatically scans each band
for the lowest SWR and works with most HF radios.

It Pays to Pay Attention

How do you make a great product even better? You listen to your
customers.The heart of an MLA is the tuner. We made so many
improvements to it that we now call it the HG3 QRO-A. The HG3 Plus
Controller also received new firmware and an improved SWR
function. *Some limitations may apply or are optional.

Integrated capacitor to radiator
connections with six times
more copper surface area for
‘improved efficiency

Optical isolated driver
interface allows for a longer
control cable and RFI rejection

Separate logic circuit and

stepper motor power supplies
allow for smoother and more
precise tuning

Custom high voltage Delrin
motor to capacitor shaft

coupler provides for greater - e s
high power and high voltage - S
_protection SN AT IS
Check Preciserf.com for all
: -~ our high performance
=== - ‘Magnetic Loop Antennas

s ' reci:eR_f

PRECISERF.COM

13690 Wisteria Dr. NE Aurora, OR 97002
* ph: 503-915-2490 - preciserf.com «.© 2022

- - - e -_ ~
-

,



AMATEUR RADIO - SCANNERS - BOOKS — ANTENNAS - MOUNTS
_______ |

ADVANCED SPECIALTIES INC.
vamsD

e OPEK ¢ COMET  PROCOMM ¢ MFJ ° Authorized Dealer
* UNIDEN e ANLI » YAESU ¢ ASTATIC » ‘

SR\
AR\ Yaesu

FT-5DR
Dual Band
5W Digital
=1 Transceiver

FTM-891
100-W HF & 6M All Mode

Uniden Bearcat
SDS100
Police Scanner

FTM-300DR
Digital Fusion Dualband

Orders/Quotes: (201)-VHF-2067
Closed Sunday & Monday — 114 Essex Street ® LLodi, NJ 07644

www.advancedspecialties.net

FILTERS — ACCESSORIES AND MORE! -

A14

Your radio installation.
Revolutionized.

We did all the hard work, so you don’t have to.

lcom? Kenwood? Yaesu? Install with SwapMyRigs and you're
always plug-and-play ready, regardless of brand.
Swap rigs anytime. Go anywhere. And never pull cables again.

S™MR)

www.swapmyrigs.com
The world's only patented, brand-universal, single-cable installation solution.

Advertising



HAM RADIO “The most comfortable

headset I’ve ever used.”

Mark, WZA4l

“In the heat of battle, the phase
switch was switched to ‘out’ to
get a clean copy. Nice feature!”

David, W5XU, VP8RXU

“The microphone gave our
radios the typical Heil crisp
audio in controlling the
pileups.” | | Ve
Don, N1DG /
DXpedition co-leader KH1/KH7Z | , Pro 7

2

SI\DE
LERANCE

":}N.,,,,\_/’f‘.
HEILHAMRADIO.COM



Make West Mountain Radio the
Heart of Your Ham Shack!

No matter what type of station, get DC power right and safe.
" Epic PWRgate ties it all together, Powerpoles, a backup battery, distribution, solar

I2VDE Pawer Distribution Battery Analyzer for Serious TEsting

)
: ' : 3 . I. comnummgwl\nawzer
o I | ) ) Epic PWRgate .~

RIGHINNOG400TU = Siies Sues Shes Wsee S Sow | SOLAR PANEL

([ )

CLRspkr I I
e = BATTERY OUT  POWER SUPPLY

RIGblasters for DigitalMogdes
WEest MouNTAIN ((( ))> N
RADIO®

MORSE IS BACK!™

ext 35 4 sales@westmountainradio.com
tmountainradio.com/QST100

www.antennas.us Yo -
. . ou've NEVER seen Morse like this!
Amateur Satellite Antennas, Kits This little box, with na knobs or buttons,

it can’t be much... right? WRONG!
. .. and more :
Join the CW Revolution and order this
amazing, unique, and feature-rich
OSCAR ARISS WXSAT Multi-Band MMX Transceiver!
¥ 1% . Morse Made Easy!™
o Order today >>
L | : _ Preppcomm.com
e oy X % * '1-‘.: \ \\1\\)\"‘?3“ . o
- i) U 3 et
N i .
VO
+1-954 345-5000 AT
D o €5 ang
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Enjoy. great “noise free’” audio with' a.. b h i

..bhi'DSP'noise cancelling product!
ParaPrelEQ20fAudielDSPirangeiwithiparametriciequalisation

- 20W audio and parametric equalisation on all units

- Greatly improved audio for those with hearing loss

- Simple control of all DSP functions

£ -Two separate mono inputs or one stereo input

- Basic 20W EQ units: EQ20, EQ20B* (use with your
Dual In-Line or Compact In-Line unit)

- 20W DSP noise canceling EQ versions: EQ20-DSP and
EQ20B*-DSP * Denotes Bluetooth on input

Don’t put up with QRM & QRN - Get the
most from your listening eperience!

Dual channel DSP noise cancelling unit 8 filter levels 8 to 40dB - Tone reduction up to 65dB
- 8 Filter levels 9 to 40dB - 3.5mm mono or - SW audio with latest bhi DSP noise cancellation
stereo inputs - Line level input/output - 7 watts ~ AUdl_'Io bgp:\ss featuI:e t- 3/'\5"3.'“ _m°“t° '"p‘;ts 3'}" ‘:“tp”ts -
o i eadphone socket - Audio input overload feature
ool eeKCTIOIBELLIT N GNes 0qRat - DC power 10 to 16V DC - Dims 135mm x 65mm x 46mm

Suitable for all types of radio incl’ SDR - Easy _po1acement for bhi ANEM MKII and NEIM1031MKII
to use - Enjoy clear “noise-free” audio!

- Use with headphones or a loudspeaker - 3.5mm
line level and speaker level inputs - Powerful audio
e processor - Unique DSP noise cancelling technology
Satus @ “ﬁ::;‘:‘;g Spe 1} - Low latency of 32mS - Remove noise and interference -
Cancling ”“““’s‘“""w. .|} Hear weak signals clearly - Rotary encoders perform all
e s functions - Easy to use with “real time” adjustment
X s ' - 12V DC or 2 AA baterry cells for portable use

— | DESIKTOR MK
NIESIO=2VIRE Latest bhi DSP noise

cancelllng technology
: for even better
receive audio

New improved design
- 5W audio - Latest bhi
DSP noise cancelling =
- 8 filter levels 8 to 40dB - ¢

- Three position switch
for off/audio bypass
mode, power on and

- 10W Amplified &
DSP noise cancelling
base station speaker

k - “Real-time” control
DSP filter on - LEDs for Sl E e

Power on, filter on and - 8 filter levels 9-40dB
audio overload - Speaker level and line
- Headphone socket level input sockets
- Suitable for all radios

incl’ SDR, Elecraft and

FlexRadio products

)X ENGINEERING . g i -
- www.bhi-ltd.com Gis=P
1-800-777-0703 bhi-ltd.co 1-256-428-4644“‘_”{‘“%_ MasierEe




The Best of the Best

Unrivaled RF Performance
Narrow Band SDR Technology is the Revolution

Inheriting the performance of the FTpx101, which is validated
to exceed HF transceivers in laboratories around the world.
The most advanced digital narrow band SDR technology is combined with the RF Front-End engineering,
such as the low noise-figure RF amplifier and the very sharp shape factor roofing filter designs that

Yaesu has incorporated over the years, resulting in unsurpassed HF receiver performance.

Equipped with the latest MPVD feature, and 3DSS visual display to deliver superior Operability and Visibility.

A New Legend in HF Transceivers debuts

HF/50MHz TRANSCEIVER

FTbx10 =

79

5
1550 50100150
w0 ELoW
o

+ The image is shown with an optional third party external
display that may be connected using a DVI-D digital cable.
+ Shown with Optional External Speaker SP-30.

~ AF-ORF/SQL

MULTI EXPAND  SPAN SPEED -~
4 )

YA F:SSTU YAESUUSA For the latest Yaesu news, visit us on the Internet: http://www.yaesu.com

The radic 6125 Phyllis Drive, Cypress, Specifications subject to change without notice. Some accessories and/or options may be standard in certain
CA 90630 (714) 827-7600 areas. Frequency coverage may differ in some countries. Check with your local Yaesu Dealer for specific details.




The Best of the Best

A Superb All-around Wide-Coverage Transceiver

FT-9911 o~

HF/50/144/430MHz TRANSCEIVER : T
Q w’\

o Includes HF through UHF with one Radio 0 e

« Supports SSB/CW/AM/FM and C4FM digital e

« IF Roofing Filters produce Excellent Shape Factor

« IF DSP enables Superb Interference Rejection

o Built in Real-Time Spectrum Scope Display

« 3.5-inch TFT Color Touch Panel Display

« 100 Watts (2 Meter & 70 Centimeter: 50 Watts) * External Speaker
of Solid Performance

The New Standard
High Performance SDR Transceiver

FTpox10

HF/50MHz TRANSCEIVER

TI 95.000

% 3550000 1o
brid SDR Receiver (Narrow Band SDR & Direct Sampling SDR)
z Down Conversion Receiver Configuration

oofing Filters produce Excellent Shape Factor

SP enables Superb Interference Rejection

nch TFT Color Touch Panel with 3DSS*! Visual Display
« Superior Operating Performance by means of the MPVD*?

0§ B e, L —

S WATI EXPAND SPAN  SPEED.

The World Leading HF Transceiver with Hybrid SDR

« Dual Hybrid SDR Receivers (Narrow Band SDR & Direct Sampling SDR)

In Homage to the Founder of Yaesu — Sako Hasegawa JAIMP ey M e ——

F ' D X 1 o 1 M P 200W « IF Roofing Filters produce Excellent Shape Factor
o VC-Tune (Variable Capacitor Tuning) Signal Peaking

HF/50MHz TRANSCEIVER « IF DSP enables Superb Interference Rejection
T . =, :

The Ultimate 7 1ncl§ TFT Color Touch Panel with 3DSS*' Visual Display

« Superior Operating Performance

HF/50MHz TR/

*2ABI: Active Band Indicator

*3MPVD: Multi-Purpose VFO Outer Dial

YA FS U YAESUUSA | For the latest Yaesu news, visit us on the Internet: http://www.yaesu.com

The radic 6125 Phy"'S Drive, Cypress, Specifications subject to change without notice. Some accessories and/or options may be standard in certain
CA 90630 (714) 827-7600 areas. Freauencv coveraae mav differ in some countries. Check with vour local Yaesii Dealer far enacific dataile




ALINGO

Quality. Style. Performanced FS

DISITAL MOSILE RADIO ASSOCIATION

Whatever your favorite operating frequency and mode, Alinco

has a radio that'’s perfect for making the most of your budget.
With a wide selection of easy-to-operate, multi-band handheld
and mobile radios, Alinco delivers maximum value for your ham
radio enjoyment!

144MHz FM MOBILE TRANSCEIVER

DR-135TMKII

50MHz FM MOBILE TRANSCEIVER

DR-06TA

29MHz FM MOBILE TRANSCEIVER

DR-03T

144/222/440MHz DMR/ANALOG
MOBILE TRANSCEIVER

DR-MD520T

REMTronix, Inc.
17508 Murphy Parkway, Lathrop, CA 95330

GD: (209) 900-1296 : (209) 624-3153 (IERRID) : http://www.remtronix.com R E M R 2 NIX
[HnEll): alinco@remtronix.com B : alincosupport@remtronix.com XZ
Products intended for properly licensed operators. Required products are FCC part 15B certified. Specification subject to change without notice or obligation.

UM Unified
Microsystems
I BevFlex-4X RX Ant System

It is the ultimate system for low band RX
flexibility. Using inexpensive RG-6 coax
as the antenna element, the BevFlex-4X
can be constructed as a Beverage, BOG,
Flag, or an EWE. Feed a Beverage/BOG
at any point, not just at the ends! All

" You have your Ham License.

Now move up to the
highest class FCC

|-

configurations are reversible in direction. g ‘ -
Cover all 4 quadrants with just two units. Get your “FCC Radiotelephone License” with
BCD-14 Band Decoder our proven Home-Study Course!
Build your custom automatic band de- _— AR
co detc'jéntenna Swhch controler for sc * No costly school or classes to attend. § ml; %?n o w——
ected Yaesu or K3 rigs. -2M, z . 1 cene o Gommications Gomisigy
bands. Optically isolated data inputs. Learn at.home' LO}N cost! A RoOTELEIONE o
* No previous experience needed!
XT-4 CW Memory Keyer « GUARANTEED PASS! You get your
The XT-4 battery powered portable CW FCC License or money refunded! g <l
memory kgyer |hs great forbII:D, VHF Rover, B
SOTA, t t tions. . . .. . .
Four programmable memories, Your “ticket” to 1,000’s of high paying jobs in Radio, TV,
Communications, Avionics, Radar, Maritime and more...
Other Products even start your own business!
Beverage antenna transformer, RX an- o o ° e o
tenna terminators, VHF Beacon CW IDer, visit: WWW.LICQI\SETraInIng.COm
Rig-PC Sound card I/F, LED rotor control . .
lamp replacement board, and more. or call for FREE Information Kit: (800) 932-4268
Y . ur
Unified Microsystems COMMAND FCC LICENSE TRAINING 4oth
www.unifiedmicro.com Industrial Center, 480 Gate Five Rd., POB 3000, Sausalito, CA 94966-3000  MYkgA
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DIAMOND

ANTENNA

When it comes to quality and performance,
DIAMOND ANTENNA is the worldwide leader
in VHF/UHF base and mobile antennas.

DIAMOND ANTENNAS help you get the most out
of your on-air experience.

For all your base station and repeater needs,
DIAMOND has an antenna that will work for you.

You've tried the rest, now own the best!

Here is a small sample of our wide variety of antennas

Maodel Bands Length Max Pwr. Conn.
Ft. Rating
Dualband Base Station/Repeater Antennas
X700HNA (4 section) |[2m/70cm 24 200 N
X510HD (3 Section) |2m/70cm 17.2 330/250  [UHF or N
X300A (2 Section) 2m/70cm 10 200 UHF or N
X200A (2 Section) 2m/70cm 8.3 200 UHF
X50A (1 Section) 2m/70cm 5.6 200 UHF or N
X30A (1 Section) 2m/70cm 45 150 UHF
Monoband Base Station/Repeater Antennas

- 144-174 MHz
F23H (3 Section) (W/ Gt Chart) 15 350 UHF

F22A (2 Section) 2m 10.5 200 UHF
CP22E (Aluminum) 2m 8.9 200 UHF
F718A (Coax Element) | 70cm 15 250 N
Dualband Mobile Antennas
SG7900A 2m/70cm 62.2 in. 150 UHF or NMO
SG7500A 2m/70cm 40.6 in. 150 UHF or NMO
NR770H Series 2m/70cm 38.2 in. UHF or NMO
MR77 Series 2m/70cm 20 in. Mag Combo
AZ504FXH 2m/70cm 15.5 in. 50 UHF
AZ504SP 2m/70cm 15.5 in. 50 UHF
NR7900A 2m/70cm 57 in. 300/250  [UHF
Monoband Mobile Antennas
NR22L 96.8 in. 100 UHF
M285 200 UHF or NMO

RF PARTS"

COMPANY

Diamond Antenna is a division of RF Parts Company

Heavy duty fiberglass radomes

Four section assembly

Overlapping outer shells for added strength
Stainless steel mounting hardware & radials
Strong waterproof joint couplings

Type-N cable connection

Wideband performance

Highest gain Dual-band Base Antenna!

sG7900A4
' X30A 7 X50A

andard By Which All Others Are Judged

‘ ",ﬁ
L |

X70O0OHNA






Index

Editor's Note: Except for commonly used phrases and abbreviations, topics are
indexed by their noun names. Many topics are also cross-indexed.

The letters ff after a page number indicate coverage of the indexed topic on succeeding pages.

A separate Project Index and Author index follow the main index.

m/4-QPSK (see Quadrature modulation)

T-WIPE o 16.6
3D printing
BUild plate .......ceeveiiiiiee e 23.50
Object design software .........ccccceeveeevciieenie e 23.48
RF and ultraviolet resistance ..........cccccceveieeiiiiieec e, 23.50
Types of filaments........cccveiiii e 23.49
Types Of PriNtErS .....coocii i 23.49
4nec?2 by Arie Voors..... ..21.6
555 IMEI [C ... 4.63
A
ACINABX . 19.7
Absorption Glass Mat, battery (AGM).. ..7.44
Absorption wavemeter........cccoccveviiiii e 25.28
AC circuit models..........cooceiiiiiiiii e 5.15ff
AC coupling (OSCIllOSCOPE) .....evevuverrieriiieesiieeieeerieeesieeens 25.12
AC GroUNd ... e 4.45
AC measurements
RMS, true RMS...........eeeeee e, 25.30
FrequencCy reSPONSE ........ccuerveieirieiiesiee et 25.11
OSCIlIOSCOPE ...ttt 25.11
AC POWEN ...eeeeeeieeeiie e .. 7.2ff
Circuits, 120 Vand 240 V ... ..23.4
Connector wiring..........cc..... ...23.3
NEMA 240 V receptacles........ccccveiiieeeiniieeeieieee e 23.5
AC-DC POWEI CONVEISION ....cuvveeeieeeiieeiieesieesreeeseeeesneeeeneeas 7.4
Filter, capacitive and inductive.............cccccceviiiiiiiiiiiiiiiees 7.5
Comparison of rectifier Circuits ..........cccceveverceercineiee e 7.7
Full-wave bridge and center-tap rectifier ..........cccoceeieens 7.6
Half-wave rectifier........coccccv i 7.5
RIPPIE. e 7.4
AC-IINE fIE ..eveeee e
AC wiring color code...........

Accuracy (measurement) ...
Active filter........cccooeeeieenne

Design examples ...
Adapter, test probes.....
Adaptive compression .....
Adaptive filter.............
Adcock antenna..........cccooceeiiiieniee e
Adjacent channel rejection

MeasuremMeNt........cccoocieiriiiiiee e
Adjacent-channel power (ACP)

Admittance (Y)...cooooeerieiieieiieee
AFCI circuit interrupter (RFI)
AFSK e
AGC (see Automatic gain control)

AUFLINK. ..ottt e 19.30

Y T SRRSO 15.30

ALC (see Automatic Level Control)

AlIASING e 8.20, 25.14

Alignment tools.... 23.26, 23.44

Alphabet size..................

Alternating current (ac)
Average values, waveform .......
Average values..............ccceueee.
Frequency.......cccccu......
Fundamental...
Harmonic .........cccc.......
Instantaneous values
Non-sinusoidal measurements
Peak and peak-to-peak values
Peak envelope power (PEP).........
Peak power
Period ......ccccooeeeennnen.

Root-mean-square (RMS) ........
Waveform measurements.........
Waveforms.........cccooveeeeeeeeeennnn.
Aluminum tUbING ...
AM (see Amplitude modulation)
Amateur radio

Antenna restrictions..........oooviiciciiiee e, 1.14
ARRL Handbook OVEIVIEW .........ccceeeeeeeeccciiiiiieeeeeeeeeeen 1.5ff
Bands and mOdes.........ccuuuiiieiiiiiiiee s 1.9
Basic Station ...........ooooiiiiiiieee e 1.13
Basis and purpose...........cccovcvieiiiiiiiinese e 1.10
Call SIGN ..o 1.18

Introduction and overview Aff

License classes .16
License exams............. A7
Licensing.......cccceeeieeiieeenieene .15
Operating outside the US ...........ccccoiiiiiiniiieeee 1.17
RESOUICES. ...ttt 1.19
SHUCTUIE ..o 1.9
Amateur Radio Emergency Data Network (AREDN)......... 15.35
Amateur television (ATV)
Digital television...............
FMATV. .o
Remote sensing...........
AMBE (vocoder) ..............

AMMELET ...



Meter ShuNt..........oooiie e 25.3

AMPETE (A) ettt 2.2
AMPEre-hours (AN) .......occeeeeeieiee e 2.9
Amplification .............. ...3.31
Linear........ .17.2
Speech...... .13.31
Y 1o 1T 3.31
Gain-bandwidth product (F1, GBW).......cccoceriiriiiiiinee 3.38
Bode plot.......ceeveeiiieeeee e
Buffer......ccccvenneen.
Cascading stages ..
Class...cccoeceeenieerieeeee 4.45,517,13.38, 17.2, 17.71f, 17.32
Common-emitter/base/collector...........cccoceeerneennee. 4.45, 4.46
CoNnfIQUIrAtIoN .......cooieiiiiie it 4.44
Cutoff (corner) frequency.... ...3.35
Dynamic range............ccc..... ..3.32
Emitter-follower (EF).... 4.46
FeedbacK........ccccccuveenne 5.18
Field-effect transistor ..........coccovie e 4.53
Frequency response.........ccooceeivieeiiiiesiiee s 3.32, 3.36
BN e 3.32
Half-power frequency...... ...3.35
High-frequency model..... ...4.46
Input impedance.............. ..4.47
Large-signal model....... ...4.45
LIMIEET e 3.36
Linear power amplifier ........ccccoiiiiieiiieenieeee, 13.38,17.2
(o =T N {1 o = PP 4.46
Logarithmic (log)............. ...3.36
Low-frequency model ..... ...4.45
Noise......... ..3.37
NON-TINEAT ... 13.39
Operating POINt .......ocueiiiieiiee e 4.46
Output impedance ....... .4.47

Quiescent (Q) point......
Rise and fall time .........cccuvveieiiiiii e 3.37
SIEW rate. ... 3.32
Small-signal model ......

Stability ..o

Summing.......ccc.....
Transconductance .
Vertical.........c.......
Wideband...............

Amplifier, RF pPOWEr .......ccveviiiiiiiiiiieeeees

Predistortion, adaptive.........c.ccccceeecvveenne
Automatic level control (ALC) .........ccc.e...

Blower specifications .........cc.cccvieviiieens
Broadband transformer..........c.cccceeiienne

Cold tuNiNg.......ooveieiiieeee e
Combiners and splitters..........ccceveveerieennne
Common cathode .........ccoeiieeiieiiiie e
Comparison of solid-state vs vacuum tube
Component ratings .........cccoceevriieiir e
Cooling methods.............

DC blocking capacitor
Filament voltage .............
Grid bias ........c.......
Grounded grid
Harmonic rejection..........
Impedance matching ........cccoecvveeen.
Intermodulation distortion (IMD)
Linear RF power
Mobile operation.....

MOSFET design....

Neutralization...........cceei e
Overdrive (OVErshoot) ........cccevcveeeveeeriee e e
Pallet modules.................

Parasitic oscillation..........

Parasitic suppressor
Pi network.........ccccoveeneeen.

Pi-L NEIWOIK.....oeiiiiiiiiiieee e
Plate VOIAGE ....cvveieieiee e
RF choke ...........

Screen voltage

Analog Filter Wizard by Analog Devices ...
Analog switches and multiplexers ..........c.ccocceiiiiiiiiieniennns 4.65
Analog systems

Sockets and chimneys...........cccocveviiiiiincc e
Solid-state.......ccueeeeiiieiiiiec e
Stabilization .................

Tank circuit design
Transmission line transformer
Transmitter..........cccoeeecivveieeeeeeeennn.
Troubleshooting........ccccoveiiiiiiiiinii s
TUNING ProCeAUIE.........eiiiiiieiiee e
VHF/UHF tank circuit................ .

Amplitude modulation (AM) ..........

Demodulation, detection............
Double-sideband, full-carrier
Double-sideband, suppressed-carrier (DSB-SC)....
Single-sideband, suppressed-carrier (SSB-SC) .....
1/Q MOAUIAtIoN ...ccveiiiiiiie e
Modulation index..........
On-off keying (OOK)....
Overmodulation ...........
Transmitting.........cocvceviiieinieeiieeciees

ANalog Signal .........coceiiiiiiiii e 3.31

Buffering .......c.ccceeveeene
Signal processing ........
Terminology........cccevueenne
Analog-digital conversion ....
ADC, DAC......cccooeieieenn
Nyquist frequency, rate..
ACCUFACY ...eeeneiieieie ettt ettt ettt sne e san e 8 8
Band-lmiting.........cccoeciiiiiiiiiiiece e 8.8
Binary coded decimal (BCD) ....
Bipolar and unipolar..................
Choosing a converter...
COde ...t
Conversion rate (SPEeed) .....cccceeerieeriieeiiieerie e 8 8
Digitization ......c.coooiiiiiii e 8.7
Full-scale (FS) value....
Full-scale error.............
JIter oo
Least significant bit (LSB).........

Linearity error
Noise........c.....
Nonlinearity........ccccoevveeeieennnne.
Nyquist Sampling Theorem
Offset i
Over- and undersampling .........
Percentage resolution
Pipelined architecture
Quantization code............
Quantization error........
Range.......ccoooneiene
Resolution
Sample......ccocceeveennenn.

SDR requirements .......cccocceereeeeneeesieeseeesieeenes
Signal-to-noise and distortion ratio (SINAD)
Spurious-free dynamic range (SFDR) ................

SEEP SIZE e

Total harmonic distortion plus noise (THD+N)................. 8.14

Analog-to-digital converter (ADC)

Analog and digital ground..........ccccceeriiieiiieenieeee e 8.12
Delta-encoded converters......................

Dual-slope integrating converter............

Flash (direct-conversion) converter
Input buffering and filtering
Overload.........cccocvereeenene
Sample-and-hold (S/H)....

Sigma-delta converter............ccccceveennee.

Single-ended and differential inputs ................ccccccee 8.11

Successive-approximation converter (SAC)
ANAIYEC SIGNAIS.......eeiiiieeiieeeee e
Anderson POwWerpole. ...
Angle modulation...........cocceeiiiniiii e




Demodulation, detection.............ccoceecciiiiiieeeeeeeeeee, 12.44ff Radiation resistance .........cccceeeeeeieeiiiiiieieeeeeen
AM noise and FM signals ... ..11.8 Radio direction finding (RDF) .......ccccveiiiiiiiiiiieieee

Bandwidth..............cccuunns 117 Re-radiation ...........coovvvviiiiiiiiieiiieeeeen,
Bessel function ...... ..11.8 Remotely tuned antennas, controllers ...
Carson’srule................ ..11.8 Repeater operation (home station)........

Frequency response.... 117

MOAUIALOrS ... 13.14

SDR MOdUIALOrS .......ccevriiiiiiiirreeee e 13.17 Sag calculation ..........occeeieiiiiiee e

Transmitting .......cooooeoieie e 13.24ff Sense.....cccooveiiiiieieees
Antenna Small transmitting loop ...

Construction, Yagi ........cccoeveriiriiiiieiie e 21.31ff Stacking......ccocveevienieeniens

Dipole, sloping and vertical.........c.cccooeeveinieieenienneenne. 21.27ff Supports .........
Feeding, ground-plane.............cccooceiiiiiiciicncneene 21.21 T antenna........

Pattern ratios (F/B, F/S, F/R)....... ..21.5 Temperature

Restrictions, HOA and zoning...... . Through-the-glass (mobile)
Yagi, optimized designs.........cccceevcieiiieiiiiin e 21.34ff Trap dipole......cccoeceeeveeerieennee.
Yagi, Yagi-Uda.........ccocoiiiiiiiiee .30ff, 21. Trap vertical....

3/8-wave vertical........ccooeeiiieeiieee e 21.23 Trees....cooveenes
Azimuth pattern..........cooiii e 21.5 Vertical............
BalUuN...oeieeeeee s VHF/UHF ......ccooeee.

Bandwidth ..o 21.3 VHF/UHF mobile..........

Choke balun................. .21.36 WP

Conductor diameter ..................... ..21.3 Wide-band dipole.........

Construction of wire antennas..... ..21.9 ZONING .1ttt ettt et e sbe e sn e e e ann e anee s
Current and voltage distribution... ..21.2  Antenna analyzer

Delta Io0p......ccoiiiiiieeiei e 21.36 Broadcast interference...........ccccoeeiiiiiiii i
DiIPOIC.....ee e 21.71f Component measurement
DIreCHVItY ....oeeiiiecciiece 211 Scalar and VECIOr ........c..eoiieiiiiieriee e
E- and H-field........ccooeiiiiieeeee e ..21.2 Antenna coupler (see Antenna tuner)

Elevation angle ... ..21.5 Antenna rotator (see Rotator)

Elevation pattern............cccoooiiiiiiic e ..21.5  Antenna systems

End-effeCt ......ccoviii e 21.2 MeasuremMeNts ..........ooiiieiiee e

End-fed half-wave (EFHW)..........ccoooiiiiiiniee 21.14 Troubleshooting...........

Far (near) field ... 21.20  Antenna tuner (ATU)

Feed point impedance...........ccccccooiiiiii e Adjusting .....ccceeiiiiii
Folded dipole ......occuveeeiiiiie e Balanced and unbalanced load

Front-to-back ratio ..........cccoooeiiiii i Location in the antenna system

Gain....ocoveerieiene T configuration .........cccceveeereenienne

Ground losses.... Troubleshooting...........cccccueenee.

Ground plane......... . Unbalanced-to-balanced

Ground systems..... . APCO-25 .....oooviieieeceesee e

Half-sloper ............. Apparent power .
Height above ground . APRS (Automatic Packet Reporting System)........... 1.11,15.27
HF mobile .......cc.ccveee. . Automatic Identification System (AIS) 15.26
Impedance matching Beacon.......ccooiiiiee e ....15.25
Impedance matching at VHF/UHF DPRS.............. ....15.28
Imperfect ground...........ccocoiiiiiiiiiien. . GPS....ccoee ....15.27
Installation............cccocoveiiiiiiinnn. . Hop or relay .... ....15.26
INsSuUlators ........oeeeeveieeiiiieee s . Igate.......c.c...... ....156.27
Inverted-L.........ccoooiiiiiinin, . Integration............ccoceeuee. ...15.27
Inverted-V ... . Internet of Things (loT).... ....15.27
Isotropic (radiator).........ccccceereveene . Near space tracker .......... ....16.12
K factor .....oooceeviieiiieeeeeeee, Position data.........cccccceeeiieennnn. ....16.10
Length-to-diameter (I/d) ratio ....... Secondary Station ID (SSID).... ....15.25
Lightning arrestor Software ....16.27
Loading........ccevveviineenns Tactical call ....15.26
Lobes and nulls...... . Telemetry

Loop (antenna) ...... . TracKer....ccovveeeeeiiieee e

Loop halyard.........ccccceeveiiiiennnnnns Arc-fault circuit interrupter (AFCI)

Low-band delta loop antenna....... Arcing ....

Magnet (mag) mount ARDOP

Mast material .................. . Integration with Winlink....

Masts and poles Modem......cccoeviiviiiienn.

Mobile mounting .... Performance ...

Modeling .....c.cooiiiiii i, . AREDN ..ot

Multiband dipole..........coeeeiiiieiiee e . Arithmetic logic unit (ALU)................

National Electrical Code (NEC) ... ARQ (Automatic repeat request).......

Non-soldered attachments........... ARRL ..o

Parasitic array ARRL RF Safety Committee...........cccoooiiiiiiiiiieee
Polarization..................... ARRL Lab

Portable operation ...........ccccceiiiiiiiiiiie . TeSt ProCEAUNES......cueeeiieeeiee et 25.41
QUAA.....coi e Transmitter test procedure.............ccceevviiiiiniiieiiieens 25.49ff

Radiation pattern ..o,



ASK (see Amplitude-shift keying)

Astrotex (Shock MouNts).......cceeveiiiiiiiiee e 24.12
Atmospheric noise.............. ..12.2
Attenuation ................ ...3.31
Filter.....cocee.... ...10.3
Free-space..........cccceeueeee. ..19.2
Of transmission NS .........cceeiieiiiiiiiiie e 20.6
Attenuation Constant (0) .......cceecvercreeieeriieniene e 20.10
Attenuator.........cccoceeeiieene
Design tables
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ATV (see Amateur television)
Audio

Output power measurement ..........ccceecveeereeveeeieeecreeneenns 25.48
Audio amplifier IC .......cov i 4.66
Audio equalization (transmitted) ..........cccceevceeiieeinienninennns 13.30
Audio frequency-shift keying (AFSK)........cccccoviiieniiinienns 11.11

AUIO [BVEIS ... 13.36
Audio optimization (transmitted) ............cccoveeeriiiniiiniens 13.30
AUFOTA ittt 19.19
Authority having jurisdiction (AHJ)... ..22.2
Automatic control.............cceevieenen. ..1.15
Automatic gain control (AGC).........occveenieeiieenieeeeeeneees 12.48

AUdIO-AErIVEQ........eiiiiiiiiiii e 12.50

PUMPING. ..o 12.48

Time CoNStaNntS .......eeviiiiiiiieeee e 12.48
Automatic level control (ALC). .13.40,17.2,17.26

OVEISNOOL ..c..iiiiiiie ettt 13.3

SDR .. ..14.3
Automatic link establishment (ALE)..........cccoceiveniiiicnene 15.19

F O ettt 15.19

Link quality analysis (LQA) .......cccocerieneirieieeneeneeniens 15.19

SCANNING ..ot e 15.19
Automatic Packet Reporting System (see APRS)

Automatic repeat request (ARQ) .......oeevveeiiieiiiiiiiieniees 15.20
Automotive RFI........ccoovieiiiiiiieeee e 24.15, 27.50ff

Alternator and generator NoiSe ...........ccccceevreieeieeeene 27.52

Diagnosing and troubleshooting ...........ccccocceviiiiiniinnne. 27.51

Electric and hybrid vehicles...............ccccooiiiiiiiiccs 27.54

General SOIULIONS..........cocviiiireirieeee e 27.52

IgNItioN NOISE.......ocuiii e 27.53

Transceiver installation guidelines...........cccccovvveeeeennen. 27.50
AUTOTaNGING ... s 255
AUutotransformer.... ... 3.30, 4.27
Avalanche breakdown ... 4.31
Azimuth-Equidistant map.........ccccccovviieieiiin e 19.3
B
Back-voltage (back-EMF) ........ccccoooieiiiiiiiieeecceeee 2.22
Background noise............... .
Backwave..................

Balanced modulator
Balloon, high-altitude

APRS telemetry ......ccoooieiieiiiieeeee e 16.19

BalloonSat .........oooiiiiiiiii 16.3

Batteries. ...cooviiiee i 16.19

Data platform .......occeeee i 16.15

Environmental conditions..........cccooccvieeiiiiiiiiniieee e, 16.16

FAA requirement.........ccooeeiniee i 16.15

Flight path prediction ............cccoociiiiiiii 16.19

Platform design.......cccceiiiiiiee i
Balun .....cccocoveeeeninnen.

Bazooka....

Choke .............

Choke balun.........cooeiiiiiiii e
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Off-center fed (OCF) dipole

Polarity......ccoceevieiiiiii e

Quarter-Three-Quarter Wave (Q3Q) ......ccceveeiereiiereenne

QUAEr-WAVE .......eeeieeieeie e

VORAGE. ..o 20.24
Band-pass filter.........ccoociiiiiiiiiiii 3.35,10.3

Band-stop (band-reject) filter...........coceeiienieineeee 10.3

Bandwidth
Adjacent-channel power (ACP)
Amplitude modulation
Angle modulation..............
Antenna ........ccceeeeenee.
Complex signals ..........
Digital Signals........ccoeieiiiiiiiee e
FCC definition .......ccoveiiiiie e 3.8,11.2
FCC regulations...........
Filter....oooeiieeeieee
Necessary bandwidth
Occupied bandwidth........
Resonant circuits .........
Rise and fall time .........

Barkhausen criteria...........coooiiiieiiieiiieee e 9.2

Battery
Balloon, high-altitude ...
Portable, required capacity.......
Portable, selection ....................
Absorption Glass Mat (AGM)....
AlKaline .........ooovviiieeieeeeeee,
Automotive BCl.........cccoevvvviiiiiiieiee,
Battery Monitoring System (BMS)
Cold-cranking amps (CCA).......c.cccueenee.
Deep-cycle..........cc.e...
Discharging methods
Electronic Load Detector (ELD)....
Handling guidelines
Lead acid........ccceeeuueee.
Li-PO...oiiiiee
Lithium-ion (Li-ion).......
Marine

Portable operation .......
(R =T02Y o1 11 Vo RS 7.44
Reserve capacity (RC).......coooueeiiiriiiiiiiee e 7.44
Safety. ..o
Starter-lights-ignition (SLI)........
Test and monitoring..................
Battery charging
Chargers.............
Full charge detection ...
Lead-acid.........cccccueennee

From USB
Battery Council Institute (BCl) ..........
Battery Monitoring System (BMS) ....
Baud (symbol rate)
Baudot........ccccveiieiiienns
Bazooka (balun)
Beacons..............
Beam antenna..........cccccceeiiiiennn.
Beat frequency oscillator (BFO) ...
Bessel (filter)......ccocevieneeneeiienens
Bessel function
Beta (current gain)........cccceveeeienieneeseeeeeee e 4.34,4.4
BFO (see Beat frequency oscillator)

Bias (amplifier)......ccccoveniinieieeee e 4.29,17.2
Bias POINt....cciieee e 4.29
Quiescent (Q) point

Bias (device), forward and reverse..........ccccoccceveevcveeeeennneen. 2.27

Bilateral diode switch (see Diac)

Bilateral NetWOrKS ........ccceviiiiiiiece e 5.30

Bill of Materials (BOM)..................

Binary coded decimal (BCD)........

Binocular core.........c.cccovveeenieennne.

Bipolar junction transistor (BJT) ...
Dynamic emitter resistance, rg.......ccccoeviiiiiiiiiciicee 4.45
Emitter, collector, and base ............cccooevveevvvviviiiiccceeeennn. 4.33
Active (linear) regioN........cocceeeveieiiieniie e 4.34
Breakdown region..........cceevviiiiiiniiii e 4.36




Common-emitter/base/collector..........ccceeeeeeeeereeennn. 4.36, 4.45
Comparison with FET ..... ...4.38
Current gain (B).......ccceeue ..4.34
Cutoff region.......... ..4.34
Early effect............. ..4.34
Ebers-Moll model............ ...4.45
High-frequency models...........ccocveiiieeiieenee e 5.16
Hybrid-pi model..........cccoiiiiiiiiie 4.46,5.16
Operating parameters.........ccccoceeeveeeniie e 4.35
Phototransistor................ ...4.40
Saturation region ...................... ...4.34
Small-signal characteristics....... ...4.34
BirdIiES. . et 25.48
Bit error rate (BER).... .25.25, 25.34
MeasUremMENt........c.ooiiiiiiie e 25.25
Bitrate.......ccoceveeinnen. ..15.1
AUdIO aNd VIAEO .....cueiiiiieeiieeeiee et 15.6
BJT (see Bipolar junction transistor)
Bleeder reSistor .........eceeieiiiiiiicciieeeee e 2.18,7.13
High-voltage supplies ...........coeviiiiiiiinie e 7.29
BIOCK COOES ..ottt 15.14
Blocking dynamic range (BDR) ........cccceeviiiiciininenne 12.5,25.43
SDR e 8.3
Blocking gain compression..... ..12.5
BNC CONNECION .....ooiiiiiiie e 24.10
Boat Anchor Manual Archive (BAMA) ..........cccceverieenncnnn. 26.14
BOdE PIOL ... 3.33
Bolometer........coociiiiii 25.32
BONAING ..o 22 6ff
Conductors - braid, strap, Wir€...........cccceeevvevieene 22.7,22.11
BUS..ccoieiiieeenne ...22.8,24.2
HUM and bUZz...........oooiiiiiii e 27.7
Radio frequency interference (RFI) . ..27.6
RF management.........cccccevivienennnnes ..22.8
Single-point ground panel (SPGP) .. ..22.7
SHALION. ... 24.2
BOOSt CONVEIET ..o 7.23
BPSK (see Phase shift keying)
Brain, Charles GAGUO...........cccovieeeeeeeieeeeccieeeeeee e, 15.17
Branch (CirCUIt) .....eeevereriie e 25
Breakdown, di€leCtric .........cceeeiiiiiiieiieeeeee e 5.10
Break-in (QSK) .....cooiiiieeeieeee e 13.221
Brick wall response (filter) .......cccooveiiiiiiiice e 10.3
Buck converter..........cccoceeenee. ..7.21
Critical inductance .... 7.22
Buck-boost converter.... 7.23
Buffer amplifier .......... ..3.37
Cascode buffer ...... ...4.55
Darlington pair ............. 4.54
Emitter-follower (EF).... 4.54
Source-follower............ ...4.54
Burden voltage .........occoveeiiiiiieeiiee e ..25.5
Butterworth (maximally flat) filter response ...... ...10.5
Bypassing.....cccceecveeeeininnnn. ...5.10
Paralleling capacitors............cccoociiiiiiiiiiniie e 5.12
C
(O -1 (TSP 7.33
CAFM .. e 15.33, 18.20
Cable TV
Egress (Ieakage)........cccvveiiriieiiie e
INQress.....cocovivieiiiiececce
Television interference (TVI)
CadWeld (exothermic welding) .
Calibration (SENSOIS) ......ceeveeeiuiieeiiiieeeeeceee e e e e seee e e
Calibration plane
Network analyzer.........ooccveeveiere e
Capacitance (C).........
Capacitor .........cceevcveeeieeennne
Electrolytic, reforming................
Ratings, RF power amplifier
AC current and VORAQe .........ccceerueireirieieenieeeeeeeee 3.10

Axial and radial leads...........cccceeeeeeeeeeeiiiieieeeeeeeee e 5.5
Bypass....ccccceeieeieiiiee e ...27.10

Charging and discharging.........cccccceeeeeenieesieneniee e 217
DC blocking ......ccccoovreierieenen. 1717
Dielectric constant ...........ccccocoeiiiiiiiiniic e 2.15
Dissipation factor (DF).......cccceeceeieerciee e 412
Effective series resistance (ESR) ........ccccocvvciriiiiiennenne 412

Effects of construction

Labelmg .......................
Leakage resistance
Loss angle or tangent (6)
Oililled.....cooeeeeieeieeeee
Parasitic inductance.............ccoccceeeennen.
Poly-chlorinated biphenyls (PCB)..........
RC time constant (t)
Series and parallel.......
Standard packages......
Standard values...........ccccoveerieiinneenne.
Temperature coefficient (tempco)..........
Types of capacitors
Voltage ratings.............
Capacity (battery) ............
Capture effect..................
Carabiner.........cccccceeenenn.
Cardioid microphone .......
Carrier recovery
Carrier squelch
Carson’s rule .......cceeeeeeeiieeinicenee e
Cascaded integrator comb (CIC) filter
Cascode buffer.......coceevieiiiinieieecee,
CAT interface.......cocevveeiieeeieenne
Cauer (elliptic function) filter
Cavity filters......coieieieec
Cavity resonator oscillator ............cooceeiiieiiieeniiee e 9.26
CCS (see Continuous Commercial Service)
CDMA (see Code-division multiple access spread spectrum)

Channel Capacity ........ccoeererrieenieieeieei e 11.27
Channel simulator
Channel Ssymbol...........cccooiiiiiiiie e
Characteristic (surge) impedance (Zg) -....cccocceeeroeiereenn. 20.3
Characteristic CUIVe........cccovveeeiiie e 4.29, 17 .4ff

Chatter (Comparator) ........coeeeceeeeeiecie e 4.60
Chebyshev (equiripple) filter response..........ccccocveveereennen. 10.5
Chip64 and Chip128 (see Spread spectrum) .

Chip, chip rate .......cccccevieiieiee e

Chirp modulation
Choke balun (see see Balun, Feed line choke)
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CI-V Interface
Circuit .....oovoeeeeeeeeeee
Branches and nodes....
Equivalent circuit..........
Open (short) circuit..........
Parallel (series) circuit
Circuit breaker .......covveevceiiiieiee e
Arc-fault circuit interrupter (AFCI)
Ground fault circuit interrupter (GFCI or GFl)........... 7.2, 225
RatiNgS....oo ot 2.12
Circuit simulation ....
Commands ..................
Component models......
Design cycle ................
Harmonic balance........
Limitations at RF..........
MICROCAP..................
Monte-Carlo analysis...
Process parameters.....
PSPICE ...ttt 6.17
REACAPA. ...ttt 6.17
Serenade. ... 6.17

Switchmode power CONVErsioN ...........cceceeveeeseeieeenennneens 7.27



Clamping (see Clipping)

Clarence Tuska, TWD ......coooeeeieeeeciiieeeeeee e 1.4
Class (amplifier).....ccccceeeeeeereeicienennnns 13.38, 17.2, 17.7ff, 17.32
A B,AB,C,D,E, F oo 4.45,5.17
EffiCIBNCY woveeeeeee e 517
Clean Signal Initiative (CSI).... .25.50
Clients, thick and thin (SDR) ......ccoccveiiiiiiee e 14.9
Cllpplng ................................................................................ 3.35
ADC, MeasuremMent .........cccceeeieeerreeriee e 25.47
Speech .............................. 13.32
CMOS......cciieeeee ..2.31
Coaxial cable (coax)........... ...20.1
75 Qin 50 Q systems ..... ..20.7
Center insulator .............. ...20.1
Dielectric................ ..20.2
HArdliNe ...cooooiiieeee e 20.1
Jacket ....... 20.1,20.7
Shield. .o s 20.1
Weatherproofing .... ...20.9
Winding.......ccccveeee . 20.27
Coaxial detector........cceiiiiieiieeeee e 25.28
Codec .....ccoeveveviririens 8.2,8.14,15.4
Codec2 by VKEDGR........ccccceeiieeiieenieeene ...15.17, 18 20
Code-division, multiple access (CDMA) ..........cccceceeneenienne 11.25
Coded squelch (repeater)... ...18.9
COogNitive radio.......ccceeriieriieiieie ettt 8.2
Coil (see Inductor)
Cold Cranking AMpPS (CCA).....c.eiouiriirienie e 7.33
Colpitts OSCIlAtON .......eeiiieieiie e 9.4
Combiner (divider)
HYDFId .. 25.29
WILKINSON .. e 25.29
Common-base (CB) amplifier. ....4.46, 4.50
CUITENT GAIN ..o e 4.52
Input and output impedance ..... ...4.52
POWET QaIN......iiiiiiiiieee e 4.52
Voltage gaiN.......coeoiiiiiiee e 4.52
Common-collector (CC) amplifier .... ..4.46
Input and output impedance......... 4.49
Power gain........cccooecevevviieennn. 4.49
Voltage gain.........cccooeeeueenee. 4.49
Common-drain (CD) amplifier.... 4.53
Input and output impedance..... 4.53
Common-emitter (CE) amplifier.... 4.47
AC performance...........cccceeeueee. 4.49
Fixed-bias ........ccccoovvrieiiincnnnn. 4.48
Input and output impedance..... 4.48
Input impedance .............ccce..... 4.48
Power gain............. 4.49
Self-bias.......cccceeveineenennns 4.48
Common-gate (CG) amplifier ....... 4.53
Input and output impedance...... 4.54
Voltage gain........c.cccceeeiiernnnne ...4.53
COMMON-MOE......coitiiiiieiiiriee ettt 20.20
Breakthrough ..., 27.14
Choke .......cc.c..... .27.12,27.17
Path ..o e 275
Power wiring ...... ..27.5
SigNalS ..o 274
Common-mode rejection ratio (CMRR)...... 4.57
Common-source (CS) amplifier................. 454
AC performance...........cccceeuee. 4.52
Input and output impedance ..... 4.53
Self-bias......ccccovvveiieniiieieee ...4.52
SOUICE DYPASS ..o 452
Source degeneration .........cccccceeveieiiiessie e 4.52
Voltage gain........cccocceiiiiiiiiiii s 4.52
Comparator
HYSLEresis. ... 4.60
[V o] c= T =SSR 4.60

Compensation
Frequency (OP-amp) .....ooceeeeeeieeee e 4.57
Oscilloscope probe ....25.15
CompleX frEQUENCY ..o 3.33
Complex loss coefficient (1) ....20.10
ComPIEX NUMDEIS .....cocveiiiiiiiiieceee e 11.12
Composite noise (see Phase noise)
COMPIESSION ...ttt ettt
Oscillator........ccccoeeenee.
Compression (audio)
Compression (data).........
WSIT-X .o
Compression (signal)
Computer-aided design (CAD) (see Circuit simulation)
CoNAUCEANCE (G) «.vveeureeeieeerree et 2.4
Leakage.......ccccorriunnne
Series and parallel .
SIEMENS (S) ..o 2.4
Conducted emission....... 27.6,27.8,27.10, 27.15, 27.19, 27.21
FCC Part 15 limits
Conduction current..........
(0707310 (8T} (o) o SRR 2.1
Configuration and control interface
(071 USSR
CI-V (Icom)
SDR .ot nnas
Connector
BNC, N, F oottt
Identification chart, RF
Powerpole, Anderson ......
AUdIO

UHF et
Constellation diagram.........cccveveeviieiiie e
Construction techniques

Ground plane (dead-bug, UgIY)......cccocveieierenerenieenienens

3D printing ....cccooeeeeiiiereee e

Circuit layout ...

Common standard parts............

Component mounting

Crimping tools

Drill sizes ............

Drilling.....ceveeiiiieeeeiieee e

Electrostatic discharge (ESD)...

Enclosure fabrication ................

High-voltage.................

Manhattan style ...............

Mechanical fabrication

Metalworking

MeterBasic .....

Microwave.......

Nibbling tool....

Painting...........

Panel layout.................

Perforated board..........

Point-to-point .........ccccceviiieennnn.

Printed-circuit board (PCB).......

Recommended tools.................

Socket or chassis punch...........
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Solderless breadboard or prototype board

Surface-mount technology (SMT)

Terminal and wire

Winding coils.........ccccoeeevieennnnn.
Wired traces (lazy PC board)....
WIHING. e s
Contestia (1elemetry) ..o



Continuous Commercial Service (CCS) rating .......cccceeen.ee. 13.4

Continuous conduction mode (CCM) ..........cccccevruenne 7.22
Continuous tone-coded squelch system (CTCSS).... 18.6ff

Tone freqUeNCIES .........cooecviriieicii e ..18.9
Continuous Wave (CW)......cooeeee e 9.1

Bandwidth.........c..cc..... ..115

Break-in (QSK) ......cceoiiiiiiiie e 13.21

Envelope shaping ........ccccccoiiiiiiiiiiiice 13.19

Key clicks............... ....11.5,13.2

Keying Waveform ..........ccociviiiiinccicc e 13.2

SPECIUM .. 13.18

Transmitting........ccccvviiiiii i 13.18

Varicode.......... ..11.6

Words per minute (WPM) .......ccooiiiiiiiiiiieciiee 11.6, 13.19
Control wiring, low-voltage ...........ccceiiiiiriieie e 22.6
Conventional CUITENT ........cooveeeiiieiie e 2.2
Conversion loss

Balanced MiXer.........coiiiiiii e 12.31

SWitChing MIXer........oooiiiii e 12.29
(0707017 ] 11 o] o TSP 3.36

Digital filter...................... .10.17
Coordination (repeater) .......cceevceeeiiieiiieeee e 18.9
Coplanar waveguide........... .20.32
CoUIOMD (C) oottt 2.2
Coupling

Cavity filtErS ..o 10.30
Coupling (inductive)... ..2.23
Courtesy tone............. ...18.5
CrimP CONNECION ...t 24.10
Critical freqQUENCY .......coovviiiireciieee e 19.13
Crosspoint SWItCh ........cooceiiiiiiiiiieee e 4.65
Cross-reference, semiconductor ...........cc.cceceeeueennen. 4.30, 26.10
CrOSSTAIK. ...ttt s 4.65
Crowbar overvoltage protection (OVP)...... ..7.20
CRT (cathode ray tube) ........cccoeveiiiiiiiiiiieeeee e 25.12
Crystal, quartz

Characterization...........cccoeieiiiiii i 10.25

Equivalent CIrCuit...........oocoeviiniieiiiie e 9.19
CTCSS (see Continuous tone-coded squelch system)
CUDESALS. ....c.eeieiiieeeeee s 16.1
CUITENT (1)« e 2.1

AMPETE (A) 1t eie et ree e e e ree e see e e 2.1

Conventional CUrrent.........cccooiiiiiiiiiee e 2.2

CUITENE SOUICE ...ttt 2.6

Electronic current..........ccovveiiii e 2.2
CUrrent diVIAET .......coiieeiiiieeeeeee e 4.6
Current gain (B) ..... 4.34
Current inrush........ 7.11
Current transfer ratio (CTR)......cceoveeieririeee e e 4.40
Cutoff (corner) freqUeNCY.......c.oovvevieeiieeeiieeseee e 3.32,10.3
Cutoff (semicondUCtOr) .....cccoeveieeiiiiie e 2.29
CW (Morse code)

Modulation (On-Off Keying) .......ccceevereneeeriieeiiieeiieenieene 11.5

Telemetry......occiii 16.12
CW SKIMIMEL ..ottt 19.34

RTTY SKIMMEY ..ottt 19.34
Cyclical redundancy check (CRC) ........cccccceeevieeniieeeneeeee. 15.2
D
D-STAR.....ccvirens

AMBE voice codec.

Call sign routing......

Data modes ...........

Digital data (DD) ....

Digital vOICE (DV) ...eeviiiiiiiiiiiee et

DPIUS ...t

DR mode................

Ethernet bridge.......

Gateway.................

Hotspots....

JARL.........

Network overview ..
REflECIOrS. ...

Repeater hardware
Repeaters
Station ID
Texas Interconnect Team
Trust server........ccoooveeeeeeeeeennnn.
D’Arsonval meter movement
Darlington Pair ..........ccceeiiiiieiiceee e 4.54,7. 16
Pass transistor.........ooocciiiiiiiiii e 7.16
Data logger.............
Data platforms.....
Buoy ................

Navigation.......
Powering......ccccocveienene
Weather station
Data sheet.........cccccecuens
Data logger

DC channel resistance, rpg ..........
DC coupling (OSCIllOSCOPE) .....c.uveverieeiieeniee e
DCS (see Digital coded squelch)
Dead reckoning
Decibel (dB)............
Decimation..........
Decoupling........cccceevunens
Transmission line
Deep-cycle battery..........cccooueeeen.
Degrees, converting to radians
Delta loop antenna.......................
Bottom corner fed
Low band........cccceeuueen.
Delta match ........
Demodulation .........
Depletion region
DESIgN CYCIE ... 6 1
DeteCtion .....cc.eeiiiei e 12.42ff
AMand SSB.......ccccevvevieeien
Deviation, frequency (FM)
Measurement
Diac .....cccceeenieenen. .
DiamagnetiC.........covvuiiiiiiiiiiecie e 2.19
Dielectric breakdown and arcing (strength) ............c...c....... 5.10
Dielectric constant ............ccceeceiiiiiiiiiiic e 2.15
TransmisSION liNE........coiieiiiieieie e 20.2
Dielectric resonator oscillator
Difference amplifier..........cccccee....
Differential amplifier
Differential-mode
Path .o
Signals............
Diffraction ...........
Digipeater ...........
Digital (signal)..................
Digital ATV (DATV)
Digital audio
Audio formats
Bit depth..............
Bit rate ............
Codec ....
MIDI .......
MP3 ..o
Digital audio format
Digital coded squelch (DCS)
Digital data (Mode) .........cevuerrieiiiiie e 1.10, 15. 11f
Bit, bit rate (DPS) «.oocvveeeeiiie e 15.1
Symbol, symbol rate. ................. 15.1
Viterbi algorithm, coding

Automatic repeat request (ARQ) 15.2
Baud ... 15.1
Baudot COTE.......ooiiiiiiiiiiie e 15.2
BHAGE ..
Checksum.......

Code pages




Control characters ..........cccccciiiiiiieee e, 15.3

Cyclical redundancy check (CRC)... ...15.2
Datarate......cccccoeevieenieiiiiceeeeene ...15.1
[B]]o]) ST ..15.9
Emission designator .... ..15.1
Encryption........cccocoiiiiiniiinne ...15.6
Error detection and correction ..........cccccceevceiiiiiinieennenn. 15.2
Error-correcting code (ECC).......ccccvrviiiiniciienicreieee 15.2
Forward error correction (FEC).... ..15.2
FSK i ...15.6
Gray code .......ocovvrvueeennns .15.10
Gross and net bit rate ..... ..15.1
Hybrid ARQ........cccueeneen. .15.2
Networking modes. 15.19
Parity.....ccccevvinennn. ..15.2
Sound card ............ ..15.5
Table of modes...... 15.32
Throughput ............ ..156.2
UNICOAE...... ettt 15.3
VariCOOE. ... .eeiiiiiieee et 15.2,15.9
WSUT X e e 15.14

Digital down-converter (DDC).........cccccvrverieneereennn. 8.5, 12.22

Digital filter
Adaptive filter........cocvviiiiii 10.22
Cascaded integrator comb (CIC) 10.21
Convolution.........cceevveeiiieeiieeceene 10.17
Delay.....cccooeieiiieiieeeecee 10.16
Finite impulse response (FIR)...... 10.16
Infinite impulse response (IIR).....
TaAP e
Windowing

Digital image
High, true COIOr ...
Color depth

Digital Mobile Radio (DMR)....
4FSK .o
AMBE+2 codec
Bridges.........ccc.......
Channels............
Code plug...........
SimpleX.......cue....
Talk group.....ccoeeeiieiiince

Digital modulation
AUIO IEVEIS ..o
Bit error ratio (BER) ............

Packet error ratio (PER)
Testing...coovvveeeeeieeeeeee,

Digital sensor interfaces ..................

Digital signal processing (DSP)........
Arithmetic logic unit (ALU)...........
Audio frequencies..........ccccccuueen...
Barrel shifter .......ccoccoeiiiiinnnenn.
Decimation and interpolation .......
Direct memory access (DMA)......
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HIPOT eSSt ... 7.31
Hiram Percy Maxim, 1AW .......cooooiireiee e 1.4

HOIrSEPOWET (NP)...eeuvierieiieieete e 2.9



Hot-carrier diode (see Schottky diode)

Hot, neutral, ground Wiring ...........ccoceeiiiiiiiniiiniice, 7.2,22.4

Hotspot (repeater) ...ooeeeeeeeceeee e 18.4

HPIB ..o ..25.6

Huffman coding ............... ..15.4

Humidity, relative (RH) .... ..16.2

Hybrid COMDINET ...coooiieeeee e 25.29

Hybrid vehicles ... 27.54

Hybrid-pi transistor model...

Hysteresis (comparator) .....

Hysteresis (Magnetic)..........ccoveeeiieeiiieeieeee e 2.21

|

-V CUIVES .ot 4.29

I/Q MOAUIALION ... 11.11ff
AM modulation and demodulation ............ccccceeviennnnnn. 11.14
Amplitude modulation (AM) ........ccccvererieieeeieee e 11.15
FM detector.........ooviiiiiiiii e 11.15
Hilbert transformer...........ccovei e 11.16
1/Q demMOdUIALOr......ccccueieiieiriee e 8.3
V/Q SIGNAIS......ooieiie e 3.3
Modulation and demodulation.............c.ccceviiiriiiiiinenne 11.12ff
Multi-carrier modulation .............coeeiieeriieeniee e 11.18
Single-sideband (SSB) .......coovceeeiiiiiiiieeeree e 11.15

[2C et 16.7

ICAS (see Intermittent Commercial and Amateur Service)

[EEE-488 ...ttt 25.6

IF rejection.......cccviiiiii 25.47

IFSS (see Interference-free Signal Strength)

IMAGE (GIF) .ot 15.3

IMaQE (FECRIVET) ..ottt 12.16

IMage MOAES........occuiiiiiiiirieecieec e 1.11

Image modulation ..o 11.19ff

Image rejection, measurement...........cccceevviiiiiiiniieee e, 25.47

IMAQge rESPONSE......eeiiiiiiiieeie et 5.36

Imaginary NUMDErS.........cccoviiiiiiiiii e 11.12

IMD (see Intermodulation distortion)

IMPEAANCE (Z) ..veeeeeieeieeteee e 3.17
Antenna ........coceeeeeniiennenn. ..21.2
Calculating from R and X.......cccccceeeenen. 3.20
Equivalent series and parallel circuits.... 3.21
Free-space.......ccccoceeviiiinciiencic e 3.42
Graphical representation .... ..3.17
Measuring at RF ... 25.33
Mobile antenna ..........cccooeeiiiiiiie e 21.47
Ohm'’s law for impedances . 3.21
Phase angle.........cccoceneninnnen. 3.18
Polar and rectangular forms ..... 3.18
Polar-rectangular conversion.... 3.18
Power factor........cccoceeceviincnne. 3.22
Reactive power (VA).... 3.22
Rectangular form ........cccocceviniieenn. 3.18
Transformation by resonant circuits . .3.30

Impedance inversion, pi networks ... 5.31

Impedance matching ..., 5.28ff
Antenna to transmission liNe..........ccccocvvrieiiniieiieecnienn. 20.15
ANTENNAS......eiiiiiiiee e 21.53
Conjugate matChing.........cccceeeceeerieesiie e 20.13
L NEIWOIK .o 5.28
NEIWOIKS ...t 20.13
Pinetwork........ooooveiiiiiiccceee e, 5.28,17.10
Pi-L NEIWOIK.....eeieiiiiciic e 17.11
Quarter-wave (Q) Section ........cccceecveeviiiecvieecie e, 20.15
Resonating the antenna...........cccoeeiieeinic e, 20.15
Series- and shunt-input CirCuits ..........ccccceeiieeiierennene 20.14
Solid-state amplifier ........ccccevveerineneecee e, 17.32ff
T NEIWOIK ... 5.29, 20.18
Transformer-........... ...20.16, 21.54
Transmission line................ .20.10, 20.15ff

Twelfth-wave transformer ............cccccoviieiieiieeceececc, 20.16

Impedance matching unit (see Antenna tuner)
IMS (see Intermittent Mobile Service)

In-circuit debugger (ICD) .......cccooieiieiieieeeeeeeee e 8.17
In-circuit emulator (ICE).........cccceeeerireeesie e 8.17
In-circuit programmer (ICP) ........cccoeiiiiiiiieeeeeeeeee 8.17
Incremental frequency keying (IFK) ....15.11
INAUCEANCE (L)..eeuveeieeieeieeieee et 2.22

Air core formula ..........oooeeiiieiiiee e 4.16

HENIY (H) oo 2.22

Induced voltage (back-voltage)........cccceevvrveeeeinieeeeennnen. 2.22

Mutual inductance (M) ........coceeiiiiiiieenee e 2.23

Straight WireS ......ooiiiiiee e 417
Inductance iNAEX (Ap) -.eooveeoeereeieeeeee e 4.19
[0 To [UT1 (o] SO PPROTPPP 2.18

Ferrite toroid, properties ........ccccceveeeciee e 4.21

Kick-back voltage, diode...........ccceeeiiiieiiniieiiiieeeeee, 2.25

Powdered iron toroid, properties.........ccceeceeeeriieeeencnneen. 4.20

Ratings, RF power amplifier ................. 17.16

AC current and VORAGE .........ceecverrieiiiiieiie e 3.11

ATF COT it 4.15

AL QAP et 2.22

COUPIING. ettt 2.23

[T [0 1Yo | =1 o | 2.22

Effects of COUPIING .....eovieiiiiiereeeeeee e 5.8

Effects of shielded enclosures...........cccccerieiiiiiiiieeiieens 5.8

Energizing and de-energizing..........cccoceeeriiieiiiiiiieecnenne 2.24

High-voltage. ..o 7.30

Inductance INAEX (AL) «.oceeverrerrieeeee e 4.19

IFON COMB...eie et 4.18

Labeling .....coooviiiii 4.15

Laminations .......coooueerieiriiee e 2.22

Parasitic capacitance...........cccceviiiiieeiii e 5.7

Phasing dots.........ccoiiiiiiiii e 7.24

Powdered-iron toroid cores............ccooeviiiiiiiiiiicciieeciee 4.19

At radio freQUENCIES.......coeiiiieie e 5.6

RF ChOKE ..t 5.

RL time constant (T)......cocvoveveremreeeiee e 2.23

SAtUIAtION ... 2.21

Series and parallel...........cccoveeeiciee i 2.24

Series resistance .........cocevvvireeiiiiec e 5.7

SIUG-TUNEA ... 4.18

SWiINGINg ChOKe........cooiiiiiiiieeeee e 7.14

Types Of INAUCTIONS ......evveeeeiieee e 415
Infinite impulse response (IIR) filter..........ccoevveeeeiinnennnn. 10.20
Insertion loss, filter (IL) ....ccveeeeeceeeee e, 5.14,10.10
Instrumentation amplifier .........cc.cocveviinienieneeee 4.59
Insulated-gate FET (see MOSFET)

Insulator

Volage (V, E) ceveeeeeeeeeeeeeee e 2.1

ANTENNA .. 21.10
Integrated circuit (IC)

LatCh-Up.....ceieiiecii 4.43

Parasitic SCR ........cccocerniennne.

Integrated circuits (Linear)

Hybrid circuits

Monolithic............

SUDSEIAte ..o .
Integrated development environment (IDE)............cccccceeeee 8.17
Intercept POINt.........coo i 12.6, 25.45

Third-order (IP3) ..............

Interface (analog-digital)
Interface, configuration and control (SDR)....
Interference-free signal strength (IFSS)........

Measurement..........ccoocviiiiiiiiie e
Intermittent Commercial and Amateur Service

(ICAS) rating ....ccveeeeereeieeieeeete e
Intermittent Mobile Service (IMS) rating ....
Intermodulation (IMD).........cccccceeernirnennen.

Identifying RFI from ...




Intermodulation distortion (IMD) ...................... 11.27,12.5,13.2
MeasUremMeNt..........oooiiiiiiiiee e 25.44
RF power amplifier........cccccvveiiieieiiee e 17.38ff
SPECLIUM ANAIYZET ..ot 25.19

Internal impedance (SOUICES) .......ccceuceeeeeerieeeeeeiieeeeeeieeeeenne 2.7
International power standards............. ..22.3
Internet Radio Linking Project (IRLP) .......ccccceevieeiieeeinen. 18.11
Interplanetary magnetic field (IMF)..........cccooviiiiniinicnes 19.7
101 (=T 001 F= o] o R 8.22
Intersymbol interference (ISI) ..........cccceeueene 11.10, 11.26, 19.36
Inverse Fourier Transform (IFT).....ccccoeveeicee e 8.27
Inverted-L antenna ... 21.25
Inverted-V antenna.........cccceeiieeiiiienieenc e 21.13
Inverters, dC-aC......cccceeeeeeeeeeeeeereeeeennnns 7.44

Volt-ampere (VA) product, rating..... 7.44

Sine-wave output.........cccceecirieirnens 7.44

Square-wave output..... 7.44
Inverting amplifier ............ ..4.58
[T o TP PRSP P PO TSP PR 2.1
[0NOSONAE.......ciiiiiiiii e 19.14
[ONOSPNEIE.....coiiiiiiiii e 19.12ff

Refraction ........coooiiiiiiii 19.13

SOUNAING. ... 19.14
IP-based Networking..........cccocceeiiiiiniieniic e 15.34

AREDN ...ttt 15.34

HamWAN and HamNet.......ccccccoeeeieiiiiieieeeeeeeee, 15.34
TOPIP et 15.34

Use of commercial channels...........ccccocceviiiiiiinieenee, 15.37
Isolation

Summing amplifier.........ccooiiiiiii 3.35

Toroid .
Isotropic (radiator) .
Isotropic path 10SS........c.eeiiiiiiiiecee e 5.37
ISWR (See Standing-wave ratio)
ITU emission designators...........coceeeirieiiieiciieece e 11.2
J
JESD204B ProtoCOL ........coiueeieeniieieeieeireeie e 8.6
Jitter .o ...9.30
JSMItN ..o .20.10
Johnson, Johnson-Nyquist noise..... 5.34
JOUIES (J) 1t 2.2
JPEG compression.... ..15.4
JTB5. e 1.10

Reed-Solomon Code.........c.covviiiiieiiieeieeeee e 15.16
T e 15.16

B =1 =T 001 16.11
JTO FaSt .. 15.17
K
KANABX e 19.7
Key CliCKS. ... 11.5,13.2, 13.19, 26.18
Kicad (CAD SOftWare)........ccoceeeeieiiiieeeseeeeeeeeee e e 6.1
Kickback (flyback) diode...........cccvrrreenerneirireeiiinee. 4.56, 4.67
Kirchoff’'s Current Law (KCL)......ccvevviviiiieeeeee e 2.5
Kirchoff's Voltage Law (KVL)......cccoceiiiriiiiinienieceeneeseee 2.6
KLayout (CAD SOftWAre).......cueeeeiirieeeeieeeeeeieee e 6.1
KIYSIION. ... 9.27
L
[ =] 0 1 N 5.28, 20.14
Ladder (fiIRer) .....cceeriiieeiiereeee e 10.7
Lagging, leading (power factor).... 3.22
Lamination .........ccccceevvieeiiininenenn. 2.22
Lanyard........ooveoeieee s 22.24
Large-signal model............cccoiviiiiiiiiiiii e 4.45

Laser diode.........ccuuiiiiiieeeie et 4.40
Lasing current
Monochromatic light .

LatCh-Up......coiiiiii 4.43

Latency
MeEasSUrEmMENt..........cevvvivuiiiiiiieeeeeeeeeeee e eeeeeeeanaees 25.47, 25.51
RECEIVE......eeeiiiiiee e 12.10
TransSMIter......coooeee e 13.4

Latency (transmitter).........cooveeiiieiiiieneeeee e 25.51

LC measurement

ESL and ESR......
Lead acid battery....
Leakage current......
Leakage flux...........

Toroid..............
Leakage path........c.ccee..
Leakage reactance..........
Leakage resistance .............
Least mean squares filter ....
Least significant bit (LSB)
LF (frequency range classification)
Light-emitting diode (LED)..........ccccceeunenee.

Circuit design...............

Electroluminescence....
Lightning.....ccccoeeieeenieenee e
Lightning dissipation ground
Lightning protection ......................

Lightning arrestor.........

Suppliers.........
Limiter.....ococoveieene
Limiter (amplifier)....
Limiting .....ccoveveennes

Oscillator.........
LIiNE IOSS ...ttt
Line of sight propagation ...
Linear (system)........cccceeueu..
Linear amplification
Linear amplifier (RF power)..........
Lithium-ion (Li-ion) battery............

Charging ........cooeveninicininiins
LItZ WIF€ oo 4.16, 5 7
LNA (see Low-noise amplifier)
Load line (amplifier) .......ceeiiieeeeeeee e 4.47
Loading (antenna) ....21.238
LOCal CONLION ... 1.15
Log (logarithmic) amplifier ........ccccceeeeiieiiiee e, 4.62
Logic-gate osCillator............cccoiiiiiiiiiiii e 9.24
Long-path propagation .... 19.23
Loop antenna................... 21.36ff

Transmitting, small....... 21.37

Radiation resistance......... 21.38
Loss angle or tangent (0)........coevreereeniieee e 412
Losses (radiative) ..........cocereeieerieieeseesee e 5.11
Lossless and 10SSy COMPreSSIiON .......cccuveveeereeeeeerieieeeeeneeen. 15.4
Low-density parity check (LDPC) 15.15, 15.16
Low-noise amplifier (LNA) .......cooriireiiee e 12.4
LOW-Pass filter ......coocueiiiiiiiiiie e 3.35, 10.3
Lower sideband (LSB) 11.4,13.22
Lowest usable frequencies (LUF) 19.15
LTSPICE by Linear Technologies............ccccveeriveenenne 6.1,17.11
Lumped elements..........cccocciiiiiiiiiiniii e 5.1
LZW COMPIESSION..cceiiuiiieeeiieiieeeeiieeeeeeee e e seeee e e e e e 15.4

M
MBCIOS ...
Magnetic circuit analogies.............
Magnetic field ..........cccovieriiiiiiees
Magnetomotive force (MMF, 3J)....
(R TU T (C )
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Magnetic field strength (H).........coeeiiinienieeee .
Magnetic fluX.........ccoeevernene .
Magnetic flux density (¢)
Magnetic flux linkage................. .
Mean magnetic path length ............cccoviiniiniee .
Oersted (Oe), 2.19

Permeability (n), 2.19

RF @XPOSUIe ......cociiiiiiiiies e

Right-hand rule

Saturation .............. 2.

L= = (1) S .
Magnetic flux

(7= g 2.19

Maxwell (Mx)...... ..2.19

Weber (Wb) ....... 2.19
Magnetism.........ccocoeviieniiniiienee, 2.18
Magnetomotive force (MMF, 3).... ..2.19

Reluctance (R) ...ccccvveveeneennens ..2.21
Magnetron ........ccccceevceeeiieeens .9.27
Magnitude response (filter)..... ..10.3
Manuals, equipment................ .26.14
Marine battery........ccoiiiiiiii e 7.44
Masts

Antenna support
Towers......ccccc.......

MATCH by W@IYH

Matchbox (see Antenna tuner)

Maximum useable frequencies (MUF)..........cccccoeeeirnncnnn. 19.15
FOreCast.......ooiiiiiiieeee e 19.32

PrediCtion.........oooeeeeeecceeeeee e 19.31

Maxwell (MX) .....ccceveennneen. 2.19
Maxwell, James ClerK..........oooccviereeeeeeee e, 6.17
Maxwell’s equations ...........cccceveeeciieeeiriie e 3.39,6.17
MDS (see Minimum detectable signal)
[ (=T T = SO S PSR PPPRURPTRIN 7.31
Metal oxide varistor (MOV)........ccceveenieneeneeiieeeieeeeee 27.56
Meteor scatter (MS).......ccoovieeriieiiieeeeee e 1.10, 15.17
Propagation............
Meteor showers
Meter
Current ShuNt........coooiieice e 25.30
Digital panel (DPM).......c.cociriiiiniiiieeee e 25.6
Internal resisStancCe ..........ccccvvecieee e 25.6
MIrror SCalE ......ceviiiiiiei i 25.6
Panel..........uueeieiiieeii e 25.6, 25.2
Protection diodes.........oocueiiiiiiieiiie e 25.30
RESISTANCE ... 25.6
Shunt .............. 25.3,25.5
TSt ProDES......eiiiiieeee e 25.5
MEEEIBASIC ... 23.46
Method of Moments (MOM) ..........cccoeiiieniiinniieiieee 6.23, 21.6
MF (frequency range classification)...........c.ccceveereenecneennen. 3.38
MFSK (see Multi-level FSK)
MICROCAP (CAD SOftWare) .......ccceceeirireirieiiee e 6.17
MICIOPNONES ... 13.28ff
ALENUATON ....eeiiiiiiii e 13.30
PaAS...c e e 13.30
Placement........coooiiiiiii e 13.29
Y [ToTq ] (o ...10.26, 20.32
Microwave construction techniques............ccccceveviieeeenn. 23.39ff
CAPACIHOLS. ...ttt 23.41
Lead [engths ....ccooiiiiiiiiiie e 23.39
PC DOard......ccoiiiiieeeiee e 23.40
Transmission lINES..........cccvvieiiiieiiie e 23.40
Tuning and nNo-tune designs ..........ccccceceeieeieeieeieeene 23.41

Waveguide metalworking
Microwire ........coooieiiiiiiieeeeenn.

MIL-HDBK-419A
Minimum discernible (detectable)

signal (MDS) .....cooviiieiiiieece e 12.3,25.19, 25.42
Mix (ferrite and powdered iron)...........ccceevceeeeieernneens 4.19,5.20

ACHIVE ..o

Amplitude modulator....

Angle modulation.........

Double-balanced..........

GilDErt Cell.....eeiiiieeeee e

MixXing Products.........cccovcueiiiiiiiee e

Switching .......cccoceeene

Tayloe.............

Testing............

Transverter

Triple-balanced
Mixing products
Mix, Tom 1TS ..
MixW digital communications software
Mobile

Antenna effiCiency .......cccceevcieiiic e
Antenna impedance matching......
Antenna mounting.........cceecveeenn.
Antennas (HF) .....ccocoeeciniininnnne
Antennas (HF) - base loaded....
Antennas (HF) - coil loaded...................
Antennas (HF) - radiation efficiency
Antennas (HF) - top loaded
Antennas (VHF/UHF)................
Ground losses..............
Impedance matching
Remotely tuned antennas......................
Remotely-tuned antenna controllers .
SSB and CW antennas at VHF/UHF ...........c.cccccvnnenee. 21.51
Mobile operation.........ccccceeeceeeeeiieeeeeneen. 24 12ff
Mounts, control head ............ccccciiiiiiiiini 24.12
Airbags......cccevenveennne. ..24.16
AMPIIfiers ......ccvvevveieeiieiees ....24.15
Automotive interference.........cccceveiiiiiiic i, 24.15
Cables and WiriNG ........cocveriiriiiienre e 24.12ff
Electric vehicles........... 24.16ff
Operating teChNiQUES.........cceeviiiiiiieie e 24.18
RF interference............ ..24.18
...24.12
....15.20
11.11f, 15.1ff
Modulation @CCUIACY........coccueereeeeieieeeeieeeeereee e e 11.28
Modulation index
Amplitude modulation ...........ccceeecieeiniien e
Angle modulation...........cccccceeiiiieiiennns

Modulation percentage measurement
Modulator

Double-balanced mixer....
Molex connector
Monopole.........cccceveenneen.

Monte-Carlo analysis.......
MOrse COAE......ooiiiieiieiieeee e
MOSFET (see also Field-effect transistor)

Depletion mode........ccceeveeeveeevciereeniieeene

Electrostatic discharge (ESD)...

Enhancement mode

Pass transistor.............

POWET ... s 4.37
MOSFET, RF Power

Data sheet parameters and ratings

Gate StrUCIUIES ......c.eeviiieeiiee e

LDMOS vs VDMOS ..o

Linearity ......cccooevviiiniiiiiiicne,

RF power amplifier design

Thermal design.........cccoeveeeuneen.

Transfer characteristics ............

Voltage ratingsS.......cooveeiieeiiieeieeree e
MP3 compPression..........cccoceviiiieiiiiiciee e




[ ST = G 1 T 15.9
Quadbit, NibBIE..........eeeeeeeeieieieeeeeee e 15.10
Convolution COdE.......uiiiiiiiiiiiiiiieeee e 15.10

Fast Fourier Transform (FFT) .....c.ccooeieniineinieneeiens 15.10
(€T = 1Yo To [ 15.10
Hamming distance...........cccoociiiiiiiiiiiie e 15.10
INtErIEAVET ... 15.10
MOAUILION ... 15.10
MSK (see Minimum-shift keying)
MSKT44 ... 1.10, 15.17
MTB3 .. 15.12
Error-CorreCtion..........coovueeeiiiiiee e 15.12
LatENCY ..eeeeie et 15.12
Navy MARS ... 15.12
NOISE IMMUNILY ...oeeiiiiiiiii e 15.12
TUNING EITON ..ttt s 15.12
Walsh function ..........coooiiiiiii e 15.12
Multi-hop propagation...........ccccceeeviieiiiieiiee e 19.16
F regioN. ... 19.22
Multi-protocol controller (MPC).........cccoveiirieriiniciieeeeee 15.20
Multi-rate CONVErsioNn ..........cccoiieiiieeiiieeeeeee e 8.22
Multimeter.........ccovcevviiieiinnins 25.3,26.3
Sensitivity, ohms-per-volt.............ccccociiiiiiiiiiee, 25.4
Vacuum-tube, VTVM .......... ..25.4

Digital (DMM).....

Specifications.................. ...25.5
VOM (volt-ohm-meter) .......cccoiiiiiiiiiiiie e 25.4
Multimode communications processor (MCP).................. 15.20
Multipath propagation ...........ccccceeeieeiiieeniee e 19.35
Intersymbol interference (IS1) ........ccooeveiniiieenieneenies 19.36
Multiplier-accumulator (MAC).... ....8.18, 8.25
MUIIPSK ..ottt 15.13
Mutual inductance (M) ........ccooiiiiiieiieeeee e 2.23
N
N CONNECION .. 24.10
National Electrical Code (NEC) .......c.ccccovvevviiiereennens 22.2,22.6
ANTENNAS. ... 22.3
National Institute of Standards and Technology (NIST)
SEANAAIAS ... s 25.1
National Recognized Testing Laboratories (NRTL)... ..22.2
Navigation data...........cccceiriiiiiiii e ...16.9
Near field ..o 25.37
Near vertical incidence sky-wave (NVIS) ..... ..19.17,21.16
NEC modeling engine.........ccccooeiriieiiinie e 21.6
Necessary bandwidth (see Bandwidth)
[N 1= oY 20.10
NEHIST. ..ot e 6.3, 23.31
Network analyzer...........cccooiiiiieiiieeeeee e 25.20
Calibration.........c.ceeiieeiiee e 25.24
Calibration (measurement) plane ..........cccceceeeieeenneene 25.23
Component MeasUremMENt ..........ccueeeieeereeesieeesieeeseeens 25.33
Touchstone (data format) ..........ccceeeieeieenieiineeee 25.22
Neutralization..........oocciii 17.22
Ngspice (CAD SOftWAre) ........ccocueiriiiiiieenieeeee e 6.1
NiCd (NiCad) battery .......... 7.35
Charging................. 7.39
NiMH battery.... ...7.35
Charging ......cocoeeieiiee e 7.40
NOAE (CIFCUIL) ...t 25
NOISE ..o 3.37, 5.34ff
Factor, fIgQure........occuii e 5.35
Johnson, Johnson-Nyquist .... ...5.34
AM noise and FM signals ...... ..11.8
Antenna layout...........ccoooiiiiiiiii 13.27
BacKground..........cccceeciiiiiiiiniieiiie e 5.37
Of cascaded amplifiers ... ...5.35
Friis formula.................... ...5.35
Gain...ccooveeeeeeee. ...5.35
Image response..... ...5.36
From losses.......... ...5.35

POWET ...t 5.34

Of preamplifiers .......ccooieeeiieeiee e 5.36
SIMUIALION ...t 517

Sun ..
Temperature ... .
WHITE. .. 5.34
NOISE Dlanker..........ccoviriiiiiiii e
Noise bridge ............c.......
Noise canceling................
Noise factor (F)........c.......
Noise figure (NF).............
Measuring.........cccceeee
Preamplifier location ....
Noise limiter.........cccccoveneeee.
Noise power ratio (NPR)......
Noise reduction....................
Noise source.........cccceenne
Noise temperature...........
Nominal value..................
Non-inverting amplifier.........
Norton equivalent circuit......
Norton’s Theorem............
Notch filter

Nyquist

Frequency and rate.........ccccevvieeeeeeciiee e 8.8, 8.20
Nyquist filter.........ccooveveiiniiees 11.26
Nyquist sampling criterion
Nyquist sampling theorem............cccoeciiiii s 8.8

o

Occupied bandwidth (see Bandwidth)

OCHAL . 8.7
0ersted (O8)...c..uiiueeiieireeieee ettt 2.19
OFDM (see Orthogonal frequency-division multiplexing)
Off-center fed (OCF) dipole........ccccenieiienienecnieenen. 21.8,21.17
(01 £7= 1 (] 0 1=T=1 (T ) IS
Offset quadrature phase-shift keying (OQPSK)

OliVia....cccereveerierereeeee

Orthogonal tones.........
Telemetry.......ccocveeee..
On-off keying (OOK)........
Open-collector output
Open-wire line ........ccccevvevecneennen.
Operational amplifier (op-amp)
Gain-bandwidth product (Fy, GBW).......
AcCtive filter .......ooovviiiiiieeee
Common-mode rejection ratio (CMRR)
Comparator.......cccceveeceeeeeeeieee e
Compensation (frequency) .......
Difference amplifier...................
Differential amplifier
GaliN e
Input and output impedance

Input bias current......................

Input offset voltage ...................

Instrumentation amplifier .........ccccoeieeniiii, 4.59
Inverting and non-inverting amplifier...........c.ccceevreiennene. 4.58
Log amplifier ..o 4.62
OpEN-100P GaIN ....oeoiiiiiieii e 4.58
Peak detector.........cooiiiiiiiee e 4.61
Power-supply rejection ratio (PSRR).........cccceviervieennenn. 4.58
Rail-o-rail ..o 4.58



Rectifier CirCUit ........oooeiiiie e 4.61
Summing amplifier.... ...4.59

Summing junction ..... ...4.58
Transimpedance.... ...16.5
Unity-gain buffer .... ...4.58
Use of feedback..... ...4.59
Virtual ground ..........ceeveiieeiieeee e 4.59
Voltage-current converter..........ccccvviiniiie e 4.62
Voltage-follower Circuit...........cocoueerieiinenniicieeee 4.58, 4.59
Optimized Wideband Antenna (OWA)........c.ceeveenieneeniene 21.30
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Ratings and protection.... 71
Reverse recovery time..........cccoociiiiiniiiieciic e 7.11
Schottky diode .......c.ceeiiiiiiii e 7.10
Semiconductor............. ..7.10
Series diode strings..... AR
Switching speed.............. 7.1
Thermal resistance (0).... 71
Reed-Solomon Code..........cceeiiiiiinieiiieiee e 15.16
Reference plane ........ccveveciiee e 24.4
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3D PriNtING ..o 23.51
Analog devices and CirCUItS ........cccceevreeeeeiiiieee e 4.73
ANTEINNG (. 21.77
Antenna safety.......ccooiiiii 22.28
Digital protocols and modes ...........c.ccccoeieieneenicnenns 15.40
DSP and SDR......coiiiiieiie e 8.28
Electrical safety.......ccoooviiiiiiiiieee e 22.14
FIREIS . 10.46
FM RePEAters .....cccueiiiiiiiiiiiiee et 18.22
GINU RAGIO ...ttt 14.18
MOAUIALION ... 11.32
Oscillators and Synthesizers .........cccovoveeiieeneeiieeeieeene 9.60
PC-board layout............coooiiiiini e 23.37
PCB CAD ...ttt 23.39
POWET SOUICES ......eeeiiiiiiiii et 7.47
Propagation ..........cceeeeiiiiieiiiiieee e 19.39
RECEIVING ... 12.55
Repeater Systems........cocveveiiiiieie e 18.22
RF exposure and safety.........cccoceiieeiieiiiee e 22.36
RF power amplifiers.......cccccovvieeeeiiiieeee e 17.47
RF Power AmPIifiers ........cccooeiiiiiinieeee e 17.47
RF teChNIQUES.....coiieei e 5.41
RFIand EMC.......ccoiii e 27.60
Telemetry and Navigation Data .........cccccccceeevieeeeennnee. 16.12
Test equipment and measurements ........cccccceeeeeeiinnnees 25.54
TransmisSion lINES.........ccceviiiiiiieiiie e
Transmitting........ccoceveiniiin
TraNSVEMEN ..ccuviiiiiieiie e e
Troubleshooting
Reflection............... .
Refraction .........oo i

IONOSPNENIC ...
Refractive iNdeX.........covviiiiiiiiieeeeee e

Reflection coefficient (T, p)

Refractive indeX........ccccceevvuveennnnns

Regeneration...................

Regulator, voltage
Oscillators and Synthesizers .........cccooveeveenieieecieieeee 9.14
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Analog interface..........ccoeoiiiiiiie e 4.67
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Remote sensing 16.2
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Amplifiers.......cccceeeenee. 24.36
Antenna switching........ 24.35
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Future enhancements...... ....24.41
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Latency ......cocecereiienene .24.32
Licensing.......c.cccveveene ..24.30
Monitoring.........cccceeene 24.33
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Power control............... ....24.37
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Remote Ham Radio .........cceeeeeeeeiiiiiieeeeeeeeeeeeee,
Remote receivers
RemoteHams
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Rotators..........
Safety...cooevveiiiieies

Smartphone apps
Special events and demonstrations
Station monitoring
TCP server/client.......... ....24.34

VNC connection........... ....24.34
VPN connection........... ....24.34
Repeater.........ccccceveeennneen. ... 18.11f
Offsets, standard ......... ....18.10

AMand SSB.........ccocceiiieeienn. 18.2
Amateur television (ATV) 18.2
ATV 18.4
Band plan........ 18.4
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Controller ........ 18.5
Coordination ... 18.2
Crossband ...... 16.13
D-STAR ...cccveeiieiene 18.12ff
D-STAR hardware 18.14
Digipeater ............cc..... 18.4
Digital.............. .
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Duplexer ......ccccccvevnnene 18.5
FCC regulations..

FM VOICE ...ooeiiieiiiiiicie

Frequency coordination

GlosSsary.......cccceeiveeciieiieieeeee
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Internet linking ....
Linking
Narrowbanding .........ccceeeieeriieenieeree e




P25 s 18.22
Remote receiver ............. ...18.6
Rules and regulations..... ...18.3
SimpleX....cccceeveeeeeeeenn. .16.13
Standard offsets..... ...18.4
L0 =T S 18.5
TONE ACCESS .oiiieeeeieeitieee e e e e e e 18.7
Repeaters........cccceevveeveeennnnn. ..1.10
Amateur television (ATV).... 11.21
Resampling........cccoveveeriieeinieennenn. 8.22
Reserve capacity, battery (RC) ... 7.44
R [5] €= L o= () S 2.4
Effect of temperature .........ccoeeeeiieiiciiicee 4.2
Equivalent resistance..........ooceoieeiiieeiieenec e 2.6
Four-wire resistance measurement. .25.29
(O] 010014015 (= SRS 25.3
Wheatstone bridge measurement.... 25.29
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Equalizing.......
Labeling.............

NON-INAUCHIVE ..ot 5.4
Parasitic induCtanCe..........c.coocveeveeiieee e 5.4
PreCiSioN ..o 4.3
Pull-up....ccceenees 4.60
Resistor pack......... 4.59
Series and parallel ..........occeeieiriiiiniece e 2.6
Standard Packages........cooueerrieieiiieriiie e 4.3
Standard values..........ccooiieiiiiiiniieiee e 4.5
Temperature coefficient...........ccceeeveeniiiiniie e 4.2
Thin-film resistor ................. ..4.42
Types of resistors ........coocviviiiiiiiicce e 4.3
Resolution (measurement) ..........ccceveeriiieiiie e 25.2
RESONANCE ....cevvveticeeeee e 3.16, 9.1
Of ferrite cores and chokes........cc.cccoviiiiiiiiciiieeceee 5.21
Resonant circuits..................... ..3.24
Parallel, loaded Q........ccccovvvveeeeeeeeeennn. ...3.29
Parallel, use for impedance matching.............ccccoeeveeunen. 3.30
Series, unloaded Q... 3.25
Antiresonance.............. ...3.26
Bandwidth.............. ..3.25
Circulating current............... ..3.29
Impedance transformation.. ...3.30
Parallel.......cocoveeiiiiieenne ...3.26
Resonant frequency..... ..3.24
Selectivity.......ccceevrenenne ...3.25
Series....oooevieeennne. 3.24
Series and parallel.... ...3.16
Resonant freqUeNCY ..........ccociiiiiieiii e 3.24
Resonator (see Tank circuit)
Return 10Ss (RL) .oooocvvveeeeciiiee e 5.40, 10.10, 20.4, 25.27
Return loss bridge (RLB) ......ccevcvieiiieeiieeeee e 25.33
Reverse Beacon Network (RBN)........cccooeviiiiinienniieenienn. 19.34
Reverse bias.........ccccvvviiniieiiieenns ..2.27
Reverse breakdown voltage... 4.32
Reverse leakage current .... ..2.27
RF @ammeter........cooo i 25.31
RF ChOKE ...t 4.15,5.8,17.16
COMMON-MOAE .....ccouiiiiiieieeetee ettt 27.12
Radio frequency interference (RFI) ......cccccccvveviveiinennnenn. 27.7
RF CONNECIOIS ....oiiiieiee e 24.10
RF EXPOSUIE .....eiiieiiiiee ettt 1.13
RF exposure and safety ...........cccoovioiieiiiciieceeee 22.28ff
Environments, controlled and uncontrolled.................... 22.32
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FCC exposure regulations...........ccoccueereeesiereneeesneennnes 22.30
Maximum permissible exposure (MPE) .........c..ccccoeeee. 22.30
Minimum exemption disStances ..........cccccovvieeeeiiiiennnnns 22.33
MPE limits table..........ccccoecveeennee
Power density .................

Power threshold table

RF EXposure and YOU ........ccccccuueeiiniineeeeiieee e
RF exposure mitigations.........cccceeecieeeeeiieee e
RF safety standards.................. .
RF Safety Committee (ARRL).......
Specific absorption rate (SAR)
Station evaluation ............ccccceeene
Thermal and athermal effects ..o,
RF feedback amplifier...........oooviieeiiiieeeecee e 5.18
RF ground plane
RF heating.......ccccovvvveeeeiiieees
RF impedance measurements
Noise bridge......ccccoeevvveriieennn.
RF management
RF measurements
RF power amplifier (see also Amplifier, RF power)
RF power measurements
RF probe........cccoeiiiiiiiinins
RF transformers...............
Air-core resonant.........
Broadband ferrite......................
RF.ICAP4 (CAD software)
Right-hand rule..........cccceeiieennen.
Ringing (filter)
RIippI€ e

Voltage............

Keying.............
RJ connector
RL time constant (1)
Robotics.......ccvvvveeriiene

Construction........

Data platform
SUDSYSIEMS ...
Rocketry, amateur .......c.ooccuieeieieiie e

Construction.................

Data platform

Navigation...........

Subsystems..... .
ROII-Off (fIREF) ..o 3.35,10.4
ROOFING fIltEr ..o
Root-mean-square (RMS) ............

Non-sinusoidal waveforms
Rope
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Tower work .........c.cc....
Rotator (antenna) ...

Control unit ..................

Hy-Gain control unit.....

Mounting.........cccveveene

Position indicator .........

Ratings

RiNG oo

Software control...........

Troubleshooting...........
Rowe, David VK5DGR ....

RTTY (see Radioteletype)

Run length encoding (RLE) ........ccccoeeiiinienieiieieeeeseeiee 15.4
Ruthroff transformer ..o, 20.24
S
S (scattering) parameters........cocceeveeercieennenn. 5.40, 6.27, 25.20
S meter

Calibration measurement...........ccccceeecevveeeeeciieeeeccieeeene 25.49
Safe operating area (SOA) ......cccoevieeiiieenieenee e 4.70,7.17
Safety

Antenna and tower

Bleeder resistor.........ccvvveeviiiiieeeeee,
Chemical properties and hazards



Electric vehicles ..., 2417

Electrical ........occoeevieiiiiiiiiiiieeee 22.11f, 23.3ff, 24.2, 26.1
GENEIALON. ... i 24.19
LT CoTU o o F USSR 72
High voltage........ccccovceiiiiiiniceene ..7.29
Personal fall-arrest system (PFAS) ......ccccooveiiiiiniennnne. 22.25
Principles of working safely ..........ccccevveiniiiniienieee 22.19
Remote Stations........cccoeeiiiiiiii e 24.41
RF ©XPOSUIE ..ottt 22.28ff
SOIABIING. «. ettt e 23.9
Tower ClimbiNg.......cooiiieiiii e 22.23
Tower INSPECHON.......ccceiieiiiiie e 22.23
Tower safety standards ..........cccceeviieiieeniee i 22.23
Workbench and Shop........oocuvviiiiieeiiiie e 23.11ff
Safety, electrical .........ccceveeeiiee e 22.11f
Class 1, 2, 3 wiring ...... ..22.6
Back-feeding ac line .... .22.5
Distribution box............ ..22.2
Energized CirCUIts .........ccoooi i 22.13
LOCKOUL ...ceviiiiieeeeiieee e ..22.2
National Electrical Code (NEC) ... ..22.3
Outlet Strp ...ooeeieieeceecee ..22.2
S0lar PANEL.....ccoeiiieeee e 22.13
Uninterruptible power supply (UPS) ......ccccoovenieneenienns 22.13
Sag (Wire antennas) .......ccceeeeeerieeereee e 21.12
SAMPIE FALE .. 12.20
Sampling, analog-digital conversion.... ...8.20
Saturation (magnetic) .........cccceveevueenne ..2.21
Saturation (semiconductor) .... ..2.29
Scalar network analyzer ......... .25.21
Scaling.......... ..3.31
SCAEIING ..ottt 19.4
Scattering (S) parameters .........ccccoeienieennenn. 5.40, 6.27, 25.20
Schematic Capture.........ccvvevieiiiei e 23.30
Netlist........ccceenneene
Schematic diagram.........cccovceeviieiiie e 2.2
Schottky barfier ... 4.32
Schottky diode .......eeeiiiecieeeece e 4.32
SCR (see Silicon controlled rectifier)
Yot =TT o I o o SR 17.5
SDR (see Software defined radio)
Secondary (Dattery) ......ooccvevieeriie e 7.32
Secondary emission .. ..17.5
Selective fading......... .13.19
Selectivity ......ccoovriiiicieens ..12.4
Self-discharge (battery)...... .. 7.32
Self-reSONANCE ......coiiuiiiiiiieie e 5.6
Semiconductor
N-type, P-type......ccooiiiiii 2.26
Acceptor and donor impurities..... ..2.26
Compound .......cooceieniieniee e ...2.26
Cross-reference.............. .26.10
Cutoff (semiconductor) ... 2.29
Depletion region..... 2.26
Doping ......ccoeeueeee 2.26
Extrinsic............. 2.26
Free electron...... 2.26
Hole ......cccooveenene 2.26
INANSIC ..o 2.26
Junction semiconductor............ 227
Majority and minority carriers.... 2.26
Monocrystalline........c.ccccoeveeee. 2.26
PhotoconducCtor...........cooieiiiiiiieee s 2.26
PN JUNCLION ... ...2.26
Polycrystalline............cocoooiiiiiiiiii e 2.26
Recombination...........cccoeiiiiiiiiee e 2.26
Safe Operating Area (SOA)......
Saturation .........ccceeeiiienieees
Substitution.....
Substrate ..........ccccceee.
Temperature effects.........ccoveririicneeeeee e 4.70

Thermal FrUNAWAY ........cccueeveriieiee e e see e e 4.70

Sensitivity (FECEIVE) .....eeiiieiiereeii e
Minimum discernible (detectable) signal (MDS)
SENSOIS .ottt ettt enee e
Calibration....................
Capacitance-based
Current-based..............
Digital interfaces .........cocoveciriiiiincice
POWEIING ...ttt
Remote sensing...........
Resistance-based
Voltage-based..........ccccoceeeee.
Serenade (CAD software)............
Serial Peripheral Interface (SPI)...
Series feed ......cccoveviiiiiiiieiees
SEIVICE MONIOT. ... ittt
SFDR (see Spurious-free dynamic range)
Shannon, Claude...........cceeeeeeeeeeeeicciieeeeeeee e
Shannon-Hartley theorem ...........c.cccccuee.
SHF (frequency range classification)
Shielding......cccooeieeeee
Cable shield.................
Shielding, oscillator
Shock hazards and effects
ShOCK MOUNES ...t
Short-Open-Load-Through (SOLT) calibration .
Shunt feed ..o

Siemens (S)............
Signal generator
Signal injector (troubleshooting) ...........cccoeveeeiieenienniieeee.
Signal source (troubleshooting)..........cceeevriereirienecnennnen.
Signal to noise ratio (SNR)
Signal tracing and injection
Signal-to-noise and distortion ratio (see SINAD)
SilICON (ABVICE) ...ttt 2.26
Silicon controlled rectifier (SCR)........cooceeiiiiiiieenieeeeeee 2.28
Anode, cathode, and gate.........ccccevinieeiiiiiiie e 2.28
Use in 2 Crowbar CirCUit ........oceeriuiiiiieeiie e 2.28
...... 2.28

26.6, 26. 15ff

............ 5.35, 8.14, 25. 42
SiNC fUNCHION ... 8.21,11.26
Sine wave........ccoeeeveene

Single sideband (SSB) .................

Generating, filter method...........

Generating, phasing method ....

Generating, Weaver method.....

Demodulation..........ccccceeneeenee.

1/Q modulation

Overmodulation

SDR generator.............

Transmitting.........cococciiiiiiii s
Single-point ground panel (SPGP) .................. 22.7,22.12, 24.3
SKin dePth (O) «evveeveeieeriieeieesie et 5.9
Skin effect
SKIP ZONE....cveiiieiieiereseeeeee e
Sky-wave (ionospheric) propagation
SIEW rate......ooiiiiiiieeeeee e
SIliNg, Web ....oooiiiiiiiieiecieeeeee
Slow-scan television (SSTV)

Modulation .........cccceeeieerneennnne.

Remote sensing.........ccccoeeenee.
Small-signal transistor model
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Shniffer probe....................
Snubber network .... .
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Software
4nec?2 by Arie Voors....

AUFLINK o 19.30
AIIMAI .. 15.30
Analog Filter Wizard by Analog Devices ...........cccoue... 10.16
Codec2 by VKEDGR .......ccoeiiiiiiiiieieeieesee e 15.17
CW SKIMIMES ...ttt 19.34
Diplexer by WAENE ............cccooiiiiiiiie e 10.11
Dire WOIf ..ot 15.26
DPIUS ..ot 18.16
DXATLAS ... 19.24
Elsie by WAENE..........coooiiieeeie e 10.11
EZNEC by W7EL ... ...21.6
FilterPro by Texas Instruments............ccccceviieiiiiinnens 10.16
FLDIGI by WTHKUJ ...t 1.11,15.5
FreeDV by KDOEAG and VK5DGR ........cccoeceeeiieennenne 15.17
Helical by WAENE .........ccoooiiiiiieee e 10.34
JiSmith by WAENE ... 20.10
LI ) o (o= S 17.11
MATCH by WOIYH.....ooiiiiiieieeee e 20.14
MELEIBASIC ... 23.46
MUIPSK ...ttt 15.13
PC-board 120Ut .........c.ueeeiieciieeeeiiee e 23.29
PI-EL Design by WAENE .........cccooioiiiiiiiieeeceeeenn 17.10
PropLlab Pro ... 19.31
QuadNet by WAENE...........ccoccoiiiiiiiieesee e 10.11
Radio Mobile Online............cccccovevoeiiiiiiiiieieeceeeien 19.29
RTTY SKIMMET ..ottt 19.34
SMith Chart .......cooiiee e 20.10
SoUNAMOAEM ......ccueeiiieiiee e 15.27
SVC Filter by W4ENE ..... 10.11,17.32
TINKEICAQ........eeeiiiiiiii e 23.48
TLW DY NBBYV ...t 20.4
TUBECAICUIALOL ... 17.71f
VOACAP ...ttt ...19.18, 19.33
Webench by National Semiconductor .............cccccueeee. 10.16
Winlink EXPIeSS ......cccceiiiiiiiiiiiiie et 15.30
WSUT-X oot 1.10, 15.14, 19.37
Software (CAD)
Ansoft Designer SV2
QEDA (CAD SOftWAre).......oeeiueieiieeciee et 6.1
Kicad (CAD SOftWArE).........cccvveiueiniiiiesieereesieeie e 6.1
KLayout (CAD SOftWArE) .........cevueeiiieeiiieniee e 6.1
LTSPICE by Linear Technologies.........c.cccecevriereeneeneene. 6.1
Ngspice (CAD SOftWare)........cccceeeieirreeeiiie e 6.1
Software defined radio (SDR)........cocceevevieiiieesieeerieeens 8.2, 14.1
Demodulation, detection........cccceeveeiiiiiiiiieieeeeeen 12.44ff
DOowWn-, UP-CONVEISION.......cciiiiiiieieiiiiee e 12.22
Signal chains, transmit and receive. 1441
ALC ..t ..14.3
Angle demodulation ... 12.47
Angle modulation...........cccocceeiiiiiiiieiec 13.17
Bandwidth........cccoocceiiniiiiiinne ..14.2
Blocking dynamic range (BDR).........ccccccveviieevieirenieesieennes 8.3
Buffering ..o ..14.2
Cognitive radio.......ceeevieeriiereiii e 8.2
DeCIMALION....cceieeiieeeiie et 12.22
DeSigN t0OIS ....ceviiiiiiei e 14.11ff
Digitizing @t IF ..o 12.20
Direct RF digitizing.......ccccuvviiiiiiieeeeee e 12.20
Direct Sampling.........ccocoiiiiiiiiiiiei s 8.5
Dynamic range..........ceeviveeeeiiiieee e 8.3, 12.21
Dynamic range testing..........cccocoeiviiiniiiiiin e, 25.44
Equalization ... 14.3
FPGA . 14.18
Hybrid signal chains...........coooiiiiiiiiiiee e 8.5
Locating RFI sources...... .27.28
Panadapter display .........cccceveiiiereiiieee e 14.4
Phase NOISe.........cccuiiiiiiii e 12.24
RECEIVET.......oiiiiiiiiict e 12.20ff
SaAMPIE FAL ..o 14.2
SIGNAITOSS ...eveeeeie et 14.2
SSB geNErator......cceeciiiieiii e 13.11

Third-order dynamic range (3IMD DR) ........ccccceecevrvenueenne. 8.4
TranSMILEr......coiiiie e
Troubleshooting
USB dongle..................
User interface ..............
Waterfall display
Solar battery or cell (see Photovoltaic cell)

SOlar PANEL ..o 4.40
Solar phenomena............. ... 19.6ff
27-day recurrence ....19.10
Active Sun..........cce... ...19.10
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Coronal holes........cccccceeeeennnnns .
...19.11

Coronal mass ejection (CME)...

CyCle 25, ....19.10
Interplanetary magnetic field (IMF) ...........cccocvrciniennnnne. 19.7
QUIBTE SUN ..o 19.6
Radio blackout............. .19.18

Solar (11-year) CYCle.......oovuiereiiiiie e 19.8
Solar and geophysical data
Solar flares........ccccovveeiieiniennns 19.11
ST ] - T {1 D PR 19.8
Solar radiation storm.... ....19.18
Solar WinNd.......cocuieiieeiee e 19.6
S0 g1 oo £ SR 19.9
Ultraviolet (UV) radiation...........ccceeveenieniiininiieneecenn 19.7
Solar power, RFL.......ooi i 27.42
Solder
Lead-free ... 23.8
Reduction of Hazardous Substances (RoHS) .................
Solder types
Soldering ............
Desoldering.......ccceceeevveenneennne.

Printed-circuit board (PCB)
Safety..ooeceee e
Soldering tooIs.......ccoecvrvvereirieiiereenee
Surface-mount technology (SMT)........ccccoveiireniieennen.
Surface-mount technology (SMT) tools

SOlEN0I......eeiiiiieitee e

Solenoidal coil .................

Sonnet (EM simulation) ...

SOUND CAIG ...ttt e

Source-follower (see Common-drain amplifier)

Source (voltage, CUIrent) .........ccceceeiieieenieieee e 2.7

Space (direCt) Wave.........ccovceeerieeeiieesieecee e

Space Weather Prediction Center (SWPC)

Spaceweather.ComM.........ccciviiiniieiiieesiee e

Spark gap .....ccoeeeneeneeneene

Specific energy (battery)

Specific power (battery).......

Spectral leakage...........ccoevevveieciiiieeens

Spectral power and voltage density...........

Spectral purity (transmitter)

Spectrum analyzer..........c.cccoceenee.
Analog, superheterodyne
Span, frequency...........cccceeene
Bandwidth ........cooviiiiiiiiie,
Frequency response measurement.......
Harmonic and spurious signals
Resolution bandwidth (RBW)........
SDR...cvereeee
Signal tracing
Spurious response (spectrum analyzer)....
Tracking generator.........cccccceeeveeeniieeniieens
Video bandwidth ...........ccoooiiiiiiiiinne

Spectrum, frequency range classifications.....

Speech ProCesSING........ccceereeieeiienreecie e

Spike (see Transient)

SPIAHET ... e

Split operation..................

Sporadic E propagation...

Spread SPeCtrum (SS) ......evriiiiiieeiieeeie e .
Direct sequence (DSSS).......cccocvrviriiinciinienieec e 15.12
SPreading ..o 15.12




Spread-spectrum modulation ..........ccccceeeeeeeeiciiee e, 11.22ff
Chip, Chip rate........cooeciiiiiec e 11.23
Code-division, multiple acCess .........cccccvvrrieereericienennnes 11.25
Chirp modulation............ccceciriiriiiiine e 11.23
Direct-sequence (DSSS) ......ccceeveercieeeeieee e 11.24
Frequency-hopping (FHSS).......cccoviiiiiniiiieeee 11.23
Processing gain .......ccccceeveiiiieeiiie e 11.23

SPUOUS EMISSION .....veeiiiiiiii et 13.1,27.14
Radio frequency interference (RFI) .....cccccovvvviceereennnen. 27.14

Spurious-free dynamic range (SFDR) ............... 8.15,12.4,12.7

Square-law detector .........cooceviiiiirieie e 12.43

Square-law device.............. 4.52

Squegging (SQUEETING) «....cevreieeiirieeie e 9.6

Squelch......cociviiiiiiiciee ...18.9
Sensitivity test......cooeiii 25.48

SSB (see Single sideband)
SSTV (see Slow-scan television)

Standard cell (battery) Sizes........cccocvvviviirieiiieeceee 7.32
Standards, traceability and transfer..... ...25.1
Standing-wave ratio (SWR)................. ..20.5
Converting to return loss..... .5.40
Flat line .....ooovvieiiiis ..20.5
Maximum voltage and current ..... ...20.6
Myths @bout ..........ccoeiiiiiiii 20.20
Station
ASSEMDIY ..o 24 1ff
Documentation...........cceiiiiiiie i 24.11
LaYOUL....eiiiriecee e e 24.6ff
Location.... ..241
Notebook .. ..26.6
POWETr ... .24.2
Stefan-Boltzmann’s constant (k)...... ..5.34
Stethoscope (troubleshooting)......... ..26.6
Stop band depth and frequency ...... ..10.5
Stopband (filter) ........ccceveeerinnneeene ...10.3
Stray (PArasitiC) .....ceccveerrererieie e 5.1
SHAPIINE. ..eeeeeiee e 10.26, 20.32
Stub (transmission ) .......ccceevvvviiiieiiie e 20.11
CombiNAtioNS......coiiiiiee e 20.12
AS IS ... 20.11
MEASUNNG ... 20.12
Quarter- and half-wave............ccceeieiiinenieeeee 20.11
Subaudible tone (see also CTCSS)........... 18.7,18.9
Sudden ionospheric disturbance (SID).......ccccccceveverernennns 19.19
Summing amplifier..........ccocooeiiiiiiiis ..4.59
SUNSPOLS.....eveevieeieesiee e ..19.9
Superheterodyne (FeCEIVEN).......ccuvrieieriiieiiieecieeeiee e 12.12
DOowWn-, UP-CONVEISION.......ceeiiiiiieeeiiieeeeeieee e 12.18
Image, iIMmage reSPONSE ........ccveeeeeiirreeeeiree e 12.17
AM and SSB.....cociiiiiiieieee e 12.13
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3/8-wavelength Vertical
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Compact Multiband Dipole

40-15 Meter Dual-Band Dipole

All-Wire 30 Meter CVD

Compact Vertical Dipole (CVD)
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Family of Computer-Optimized HF Yagis
Five-Band, Two-Element HF Quad

Half-Wave Vertical Dipole (HVD)
Computer-optimized HF Yagis

J78 Eight-band Off-Center Fed Dipole

Low-band Quad and Delta Loops

Moxon Rectangle

Multiband Center-Fed Dipole

Multiband Horizontal Loop Antenna

Off-Center Fed, Four-Band Dipole

Off-Center End-Fed Dipole for Portable Operation on 40 to 6 Meters
Retuning a CB Whip Antenna

Skeleton Slot for 14-30 MHz

Top-Loaded Low-Band Antenna

Triband dipole for 30, 17, and 12 meters

Triband Moxon Yagi Antenna

Two Multiband, Coax-Trap Dipoles

Two-Band Loop for 30 and 40 Meters

Rotatable Dipole Inverted-U Antenna

The W4SSY Spudgun

Wire Quad for 40 Meters
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Half-Lattice Single-Crystal Filter
Manually-Tuned Preselector
Software-Controlled Preselector

Crystal Parameter Measurements

HF Yagi Triplexer

Commercial Triplexer Design

High-Power Harmonic Filters

Crystal Test Oscillators

JFET Hartley VFO

Low-noise Differential Oscillator

Modified Vackar VFO

VHF/UHF grounded-base oscillator

12-V, 15-A Power Supply

13.8-V, 5-A Regulated Power Supply
Adjustable Resistive Load

Adjustable Tracking Power Supply
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RF Sniffer and Construction Notes
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Simple Seeker RFI Receiver
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TRF Receiver for Tracking RFI

Handheld Loop Antenna for RFI Location
Beam for Power Line RFI Hunting
Bipolar Transistor Tester
Fixed-Frequency Audio Oscillator
Gate-Dip Oscillator

High-Power RF Samplers

Hybrid Combiners for Signal Generators
Inductance Tester

Logic Probe

RF Current Meter

RF Ammeters

RF Oscillators for Circuit Alignment

RF Power Meter

RF Step Attenuator

RF Voltmeter

Two-Tone Audio Generator
Wide-Range Audio Oscillator
Test probe adaptors

Low-frequency VNA Adaptor

Return Loss Bridge

Tandem Match

RF Field Strength Meter

A West Coast Lightwave Transceiver

TAK-40 SSB/CW Transceiver

VHF/UHF Beacon Transmitters

MicroT2 Single-Band SSB Transmitter

MkIl Universal QRP Transmitter

TunaTin 2

Near-Space Tracker

Pebble Crusher 7 MHz QRP CW Transmitter
VHF Signal Sources (50 and 144 MHz)

A Microwave Transverter Controller
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DSP and SDR fundamentals
Digital modulation
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SDR transmitters
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Amplifier tuning

Surplus amplifier parts
Construction techniques

RF Interference
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Battery selection

Portable stations

SDR functions and noise
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Receiver testing
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Noise

WSJT-X modes
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Introduction to Amateur Radio
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