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Dealer/Catalog/Manuals
Visit: http://www.mfjenterprises.com

or call toll-free 800-647-1800
• 1 Year No Matter WhatTM warranty • 30 day money 

back guarantee (less s/h) on orders direct from MFJ
MFJ ENTERPRISES, INC. 

300 Industrial Pk Rd, Starkville, MS 39759
PH: (662) 323-5869 Tech: (662) 323-0549
FAX:(662)323-6551 8-4:30 CST, Mon.-Fri. Add shipping.

Prices and specifications subject to change. (c) 2022 MFJ Enterprises, Inc.

MFJ-259D Analyzer, $34995

MFJ-949E Tuner $24995

MFJ-989D Tuner $49995

MFJ-260C Dry Load $5995

MFJ-270 Surge Protect $3495

MFJ-4245MV 45A PS $19995

MFJ-868B Giant Meter $19995

MFJ-281 Speaker $2495 MFJ-461 CodeReader $12995 MFJ-557 CodeOsc/Key $7495

Practice sending Morse code.
Telegraph key, code
oscillator, speaker on
heavy non-skid steel

base. Volume/tone. Use 9V battery.

MFJ-564 IambicPaddles $13495

MFJ-108B 24/12 Clock $3495 MFJ-1724B Mobile $4495 MFJ-1728B Mobile $4495 MFJ-1729 Mobile $5995

MFJ-1026 Noise Cancel $26995 MFJ-4416C BattBoost $22995 MFJ-148BRC Clock $7995

MFJ-4275MV 75A PS $34995

MFJ-4230MV 30A PS $15495 MFJ-4035MV 30A PS $18995

MFJ-1702C Ant Switch $7995

MFJ-1836H Cobweb $31995 MFJ-1786 Hi-Q Loop $64995

MFJ-929 AutoTuner $29995 MFJ-993B AutoTuner $34995 MFJ-998 AutoTuner $76995

MFJ-969 Tuner $29995 MFJ-962D Tuner $39995

MFJ-269D Analyzer, $44995 MFJ-225 VNA Analyzer, $42995

World’s best selling
antenna analyzer covers
280 KHz to 230 MHz,
LCD, SWR and imped-
ance or SWR bargraph,
analog meters, signal
generator, freq counter. 

More hams
use MFJ-
949E tuners
than all oth-

ers in the world! Large 3” cross-
needle SWR/Wattmeter, 8 posi-
tion antenna switch, dummy load,
Match any antenna 1.8-30 MHz.

Compact 200 Watt
IntelliTunerTM tunes any
unbalanced antenna

ultra-fast! 20,000 Virtual
Memories, Antenna Switch,
Efficient L-network, Matches 6-
1600 Ohms from 1.8-30 MHz. 

Legal-limit
antenna tuner
has Air-CoreTM

inductor, 500pF
air variable capacitors, fast-

tune crank, high voltage balun, 3”
meter, dummy load, ant. switch.

Efficient, all band
G5RV antenna is only
102’ long, has 32.5’
ladder line matching
section ending in an

SO-239 for feedline. Operate 80-
10 Meters with tuner. 1500 Watts.

Rugged, sleek 6-40M mobile
HamTennaTM antennas, $24.95
each band. 250 Watts, 7’ extend-
ed, collapse to about 4 feet for
storage. Quickly screws into any
3/8-24 female mount for quick
band changing. 60-75M, $39.95.

Antenna for restricted
spaces: 6-bands: 20/17/
15/12/10/6 Meters. Flat
9x9x1/2 sq. ft. mounts hor-
izontally on mast. Nearly invisible
wire elements, fiberglass spreaders
blend in sky. Withstands bad weather.

10-30 MHz Super Hi-
Q loop, remote con-
trol. 36” dia. all weld-
ed construction, but-
terfly tuning capacitor.
ABS plastic housing.
MFJ-1788, $719.95. 7-22 MHz.

High-permeability fer-
rite beads on high-qual-
ity RG-303 Teflon(R)

coax. True 1:1 current
balun/center insulator.
2” diameter by 6” long.
14 gauge stranded copper wire.
Handles 1.5 kW 1.8-30 MHz. 

Prevents unwanted RF from
traveling on  your coax shield
into your expensive transceiv-
er. Prevents stray RF that
cause painful RF “bites” and
eratic operation. Heavy duty
weather protected PVC is 2Wx5H
inches. 1.5 kW. 1.8-30 MHz.

2-position antenna
switch has center
ground, auto ground-
ing of unused position,
2.5 kW PEP and works
to over 500 MHz. Lightning surge
protection. SO-239 Connectors. 
MFJ-1704, $129.95. 4 positions.

300W VHF/HF Dry
Dummy Load han-
dles full load for 30
seconds. Derating
curve to 5 minutes.
SWR below 1.1:1 to
30 MHz. 1.5:1 from 30-650 MHz.
MFJ-264, $109.95. 1.5kW load.

Safeguard your
expensive equip-
ment. Shunts to
5000 Amps of  peak
impulse current harm-
lessly to ground. SWR less
than 1.1:1, less than 0.1 dB loss.
Use to 1000 MHz, 400W PEP.

Switching power
supply. 45A surge/
40A continuous. 9-
15 VDC out. 85-
260 VAC in. Low ripple, highly reg-
ulated. 5-way posts, cig lighter, quick
connects. 5 lbs., 71/2 Wx43/4Hx 9D”.

Switching power
supply. 75A max/
70A cont. Great
for ALS-500M
solid state amp.
Adjustable 4-16 VDC. Input 110/
220 VAC. Battery charger. 10.5 lbs. 

Perfect for Ham Radio
and shortwave listening
-- SSB, FM, AM, data
and CW. Super light-

weight (8 oz.) padded
headband and ear cushioned design.
Each earphone has own volume
control. 3.5mm/1/4” plugs, 9’ cord.

World’s most
compact 30A
switching power
supply. V/A meter.

4-16 Volts, adjustable. 5Wx21/2H
x6D inches, 3 pounds!  Selectable
input voltage 120/240 VAC.

19.2 lb. transformer
delivers 35A maxi-
mum, 30A continu-
ous. 1-14 VDC out,
110 VAC in. Highly regulated, 1%
load regulation. 1 mV Ripple. 5-
way binding posts, quick connects. 

Select 300 Watts
(6-1600 Ohms)
or 150 Watts (6-
3200 Ohms) with the world’s only
dual power automatic tuner. 1.8-30
MHz, 4:1 current balun, LED light-
ed cross meter, backlit LCD, more!

Full 1500
Watts
SSB/CW.
Digital and
analog SWR/Wattmeter, 12-1600
Ohms from 1.8-30 MHz, built-in
antenna switch, auto amp bypass.

World’s only 6
-160 Meters 300
Watt AirCoreTM

Roller Inductor
antenna tuner gives you absolute
minimum SWR.   3” cross-needle
meter, true peak reading meter,
dummy load, 8 pos. antenna switch. 

Compact roller
inductor anten-
na tuner han-
dles popular

Ameritron AL-811H/811 amps.
AirCoreTM inductor, 3” Cross-
Needle meter, 6-position antenna
switch, 800W SSB PEP output. 

Upgraded MFJ-269D has
all features of MFJ-259D
plus 415-470 MHz, 12-bit
A/D converter,  character-
istic impedance 0-600
Ohms, coax calculator,
parallel equivalent R/X.

1.8-170 MHz. Plots
SWR, Impedance,
Resistance,
Reactance, Phase Angle, Complex
Return Loss, Smith Chart. Open-
Short-Load calibration. Memories
download to PC via USB.

MFJ-915 RFI Isolator $5995 MFJ-918 4:1 Balun $5995

Largest HF+6M SWR/
Wattmeter in the world
has 6.5” diagonal scale.
20/200/2000W ranges. 

Keep mobile rig
operational. Boosts
low battery voltage.
Up to 25 Amps. 73/4Wx4Hx21/8”.

Deluxe Iambic
paddles. Tens-

ion/contact spacing adjustments,
steel bearings, precision frame,
non-skid feet. Chrome or Black.

Ham radio’s most powerful
magnet mount dual band
2M/440 mobile. Get whop-
ping GAIN. 300 Watts, 27.5”
stainless steel whip, 12’ coax.

5/8 wave 2M mobile antenna
gives maximum possible gain
of any single element antenna.
1/4 Wave 6M. 300W, magnet
mount, 12’ coax, 53” whip.

World’s Best Selling 2Meter
440 MHz magnet mount ant-
enna has 3.5” magnet, 19”
stainless steel whip, handles
300 Watts, 15 feet coax.

Read both UTC and
local time simulta-
neously. BIG 5/8
inch digits! Solid brushed alu-
minum frame. 41/4Wx2Hx1D”.

Decodes and dis-
plays Morse code on
two-line high-con-
trast LCD. Just hold
close to receiver. 

www.mfjenterprises.com

Get speech fidelity
you never knew exist-
ed! 3” speaker, 8W, 8
Ohms impedance, 6’
cord, 3.5 mm mono.

MFJ-1778 G5RV $8995 MFJ-16XX HF Sticks $1795

Wipe out interference! 60 dB
null. SSB/CW/AM/FM. BCB

to lower VHF. RF
sense T/R switch. 

MFJ-392B Headphones $4995

Antenna WindowFeedthrough Panels
Bring your antenna cables into your hamshack
without drilling holes through walls! Place in
window sill, close window. Real western cedar
3/4” thick wood naturally resistant to rot, decay
and insects, weather edge foam tape included.
Teflon(R) SO-239s for HF/VHF/UHF antennas, ceramic feed-thrus
for balanced line/random wire, ground post. Stainless steel in/out plates.

Two atomic 24/12
hour clocks -- single
time base. UTC time,
10-minute ID timer. 1.5 inch LCD.

MFJ-4602, $9995
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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. 251/2’, 171/2 lbs.
AV-620, $599.95. Like AV-640 less 40M. 221/2’/101/2 lbs.
AV-14AVQ, $299.95. (10, 15, 20, 40 Meters). 18 ft., 9 lbs.
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 lbs.
Lowest priced automatic bandswitching tri-band vertical!
Uses Thunderbird beam design air dielectric traps for
extremely hi-Q performance in limited space. 
AV-18VS, $199.95. (10,12,15,17,20,30,40,80M). 18 ft., 4
lbs. hy-gain’s lowest priced vertical gives you 8 bands.
Easily tuned to any band by adjusting base loading coil. 

See our website for even more hy-gain vertical antennas!

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.
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 lbs. Excellent gain and front-to-
back let you compete with the “big guns”! 80 MPH wind survival.

Antennas and Rotators

HAM-IV . . . $799.95
The most popular rotator in the world!  For medium
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 -30o 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 21/16”. 

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,
ferrite beads on potentiometer wires, new weather-
proof AMP connectors plus 8-pin plug at control
box, triple bearing race with 138 ball bearings  for
large load bearing strength, electric locking steel
wedge brake, N or S center of rotation scale on
meter, low voltage control, 21/16” 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-45II, $599.95. For antenna arrays up to 8.5 sq. ft. Bell rotator

design gives total weather protection. Dual 58 ball bearing race. 

Rotators . . . the first choice of hams around the world!

HF Verticals HF Beams

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

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

YRC-1
$429.95

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. 
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AMERITRON . . . 800 Watts . . . $1499!
More hams use Ameritron AL-811/H amplifiers than any other amplifier in the world!

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

that can’t be matched by un-neu-
tralized tubes.  

You get a quiet desktop lin-
ear that’s so compact it’ll slide
right into your operating position
-- you’ll hardly know it’s there . . .
until QRM sets in. And you can
conveniently plug it into your
nearest 120 VAC outlet -- no
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-VoltTM hi-silicon core

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 coils, 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.
133/4Wx8Hx16D inches.

AL-811, $1399.
Like AL-811H, but has three 811A

tubes, 600 Watts output.

AL-811H
$1499

Suggested Retail
4-Tubes, 800 Watts

AL-811
$1399

Suggested Retail
3-Tubes, 600 Watts

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

Toughest -- 3CX1200Z7
AL-1200

$5999
Suggested Retail

Ham radio’s toughest
tube -- the Eimac(R)

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. 

Near Legal Limit TM Amplifier
Near Legal LimitTM 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.
Desktop 141/2Wx81/2Hx151/2 D”. 160-
15M. 1000 Watt CW output.

Tuned input, instantaneous RF Bias, dynamic
ALC, parasitic killer, inrush protection, cross-
needle meters, multi-voltage transformer.

HF Amps with 3CX800A7 tube

Desktop 3CX-
800A7 tubes cover 160-15M, WARC bands.
Adjustable slug tuned input, grid protection,
ALC control, vernier reduction drives, hefty
32 lb. transformer, high capacitance computer
grade filter capacitors. Multi-voltage, dual
cross-needle meters. 141/4Wx81/2Hx161/2D”.

AL-572
$2399
Suggested Retail

AL-800
$4199
1 tube, 1250 W

Suggested
Retail

AL-800H
$5399

2 tubes, 
1.5 kW Plus
Eimac(R) tubes

. . . 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 - Friday

For power amplifier components call (662) 323-8211
http://www.ameritron.com

Prices and specifications subject to change without notice.  (C)2022 Ameritron.

ARB-704 amp-to-rig
interface . . . $8995

Protects rig
from keying

line tran-
sients. Easy rig hookup.

RCS-4 Remote
Coax Switch . . .$22995

Use 1 coax for 4
antennas. No control
cable needed. SWR
<1.25, 1.5 - 60 MHz.

Useable to 100 MHz. 

RCS-8V Remote Coax
Switch. . .$27995

Replace 5 coax
with 1! 1.2 SWR,
250 MHz. Useable
to 450 MHz. <.1

dB loss, 1kW@150MHz.

RCS-10 Remote Coax
Switch. . .$26995

Replace 8 coax
with 1! SWR<1.3
to 60 MHz. RCS-
10L, $309.95 with
lightning arrestors.

Ameritron brings you the finest high power accessories!

Whisper quiet desk-
top amp plugs into 120
VAC to give full kilowatt
SSB PEP output.
Ameritron’s exclusive

DynamicALCTM doubles aver-
age SSB power out and
Instantaneous RF BiasTM

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 lbs. 14Wx81/2Hx151/2D”.
2-year Ameritron warranty.

AMERITRON no tune Solid State Amplifiers
ALS-500M 500 Watt Mobile Amp

500 W
PEP/
400 W
CW 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. 9Wx31/2Hx15D
in., 7 lbs. ALS-500RC, $84, Remote Head.

ALS-500M
$1199

Suggested Retail

Desktop Kilowatt Amplifier

ALS-606S 600 Watt 160-6M Amp
600
Watts
PEP/
500W
CW output, 160-6M with
automatic instant band-
switching. Desktop. 93/4Wx7Hx141/2D”.14.2 lbs.
Only 4 dB below 1500W -- less than an S-unit! 
ALS-606, $2599, like ALS-606S above, but
has transformer power supply.

ALS-606S
$2399

Suggested Retail

ALS-1306 1200W 1.5-54 MHz Amp
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
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 10Wx61/2Hx18D in., just 22 lbs.
ALS-1300, $3499. Like ALS-1306 but less auto-
matic bandswitching and 6-M coverage.

ALS-1306
$3999

Suggested Retail

Pull Out the Muscle!Pull Out the Muscle!
Hear the roar and feel the POWER! Get that POWER
you need to really bust through 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’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. 

AL-1500F
$5999
3CX1500/8877 Tube 

AL-1500
$6999

Eimac(R) tube

AL-80B
$2399
Suggested Retail
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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
instantly -- no antenna tuner needed. 

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-
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 lbs. 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. 

MA-5B 5-Band Beam
Small Footprint -- 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. 

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.

Only the best tri-band antennas
become DX classics, which is
why the Cushcraft World-Ranger
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

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!

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.

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
dual-band Yagi? Not only
will you eliminate a costly
feed

line, 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.  

A270-6S
$19995

Cushcraft Famous Ringos Compact FM Verticals
W1BX's famous Ringo antenna has been around
for a long time and remains unbeaten for solid
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!

AR-6
$15995

AR-2
$10995

Free Cushcraft Catalog
and Nearest Dealer . . . 662-323-5803

Call your dealer for your best price!

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. (C) CushcraftR, 2022 

Cushcraft

Cushcraft R9 . . . 80-6 Meters

Cushcraft 10, 15 & 20 Meter Tribander Beams

Cushcraft . . . Keeping you in touch around the globe!       Visit www.cushcraftamateur.com

A-4S
$85995

A-3S
$79995

A270-10S
$23995

AR-10
$17995

MA-5B
$75995

R-9
$79995

80-6 Meters

R-8
$69995

40-6 Meters

Omni-Directional
low angle radiation

gives incredible
worldwide DX.  

80 Meters . . . No Radials . . .1500W

Matching Network Super Rugged
DesignRF Choke

DC grounds
radiator to
prevent static
electricity
from entering
your shack. 

Broadband
matching
transformer
keeps
VSWR low. 

High
strength,
high power,
low dielectric
PC board
material

Stainless steel machine screws
guarantee base integrity.

Dual plate mount makes it
easy to install counterpoises. 

Heavy duty stainless
steel/aluminum
interface plate mount
keeps your antenna up
for years to come. 

Coaxial
balun keeps
RF off
exterior of
your coax. 

SO-239
Feedpoint

Moisture
Release vent

Matching

All Stainless
Steel Hardware

New!
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ANAHEIM, CA  
(800) 854-6046

PLANO, TX  
(877) 455-8750

SACRAMENTO, CA  
(877) 892-1745 

SAN DIEGO, CA  
(877) 520-9623

PORTLAND, OR  
(800) 765-4267

DENVER, CO  
(800) 444-9476

PHOENIX, AZ  
(800) 559-7388

ATLANTA, GA  
(800) 444-7927

MILWAUKEE, WI
(800) 558-0411

NEW CASTLE, DE 
(800) 644-4476

WOODBRIDGE, VA  
(800) 444-4799

SALEM, NH  
(800) 444-0047 WWW.HAMRADIO.COM

WINTER SPRINGS, FL  
(800) 327-1917

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.

FTDX101D |  HF + 6M Transceiver
• Narrow Band SDR & Direct Sampling SDR • Crystal Roofing 
Filters Phenomenal Multi-Signal Receiving Characteristics • Un-
paralleled - 70dB Maximum Attenuation VC-Tune • 15 Separate 
(HAM 10 + GEN 5) Powerful Band Pass Filters • New Generation 
Scope Displays 3-Dimensional Spectrum Stream

FTDX101MP |  200W HF/50MHz Transceiver
• Hybrid SDR Configuration • Unparalleled 70 dB Max. Attenuation 
VC-Tune • New Generation Scope Display 3DSS • ABI (Active Band 
Indicator) & MPVD (Multi-Purpose VFO Outer Dial) • PC Remote 
Control Software to Expand the Operating Range • Includes 
External Power With Matching Front Speaker

FTDX10 |  HF/50MHz 100 W SDR Transceiver
• Narrow Band and Direct Sampling SDR • Down Conversion, 
9MHz IF Roofing Filters Produce Excellent Shape Factor • 5” 
Full-Color Touch Panel w/3D Spectrum Stream • High Speed 
Auto Antenna Tuner • Microphone Amplifier w/3-Stage Parametric 
Equalizer • Remote Operation w/optional LAN Unit (SCU-LAN10)

FT-891 |  HF+50 MHz All Mode Mobile Transceiver
Stable 100 Watt Output • 32-Bit IF DSP • Large Dot Matrix LCD 
Display with Quick Spectrum Scope • USB Port Allows Connec-
tion to a PC with a Single Cable • CAT Control, PTT/RTTY Control

FT-991A | HF/VHF/UHF All ModeTransceiver
Real-time Spectrum Scope with Automatic Scope Control • 
Multi-color waterfall display • State of the art 32-bit Digital 
Signal Processing System • 3kHz Roofing Filter for enhanced 
performance • 3.5 Inch Full Color TFT USB Capable • Internal 
Automatic Antenna Tuner • High Accuracy TCXO

FTM-300DR |  C4FM/FM 144/430MHz Dual Band
• 50W Output Power • Real Dual Band Operation • Full Color TFT 
Display • Band Scope • Built-in Bluetooth • WiRES-X Portable 
Digital Node/Fixed Node with HRI-200

FT-2980R |  Heavy-Duty 80W 2M FM Transceiver
• 80 watts of RF power • Large 6 digit backlit LCD display for 
excellent visibility • 200 memory channels for serious users

FTM-400XD |  2M/440 Mobile
• Color display-green, blue, orange, purple, gray • GPS/APRS 
• Packet 1200/9600 bd ready • Spectrum scope • Bluetooth • 
MicroSD slot • 500 memory per band

FT-70DR C4FM/FM 144/430MHz Xcvr
• System Fusion Compatible • Large Front 
Speaker delivers 700 mW of Loud Audio Output 
• 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

FTM-6000R |  50W VHF/UHF Mobile Transceiver
• All New User Operating Interface-E2O-III (Easy to Operate-III) 
• 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

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

FT-65R |  144/430 MHz Transceiver
Compact Commercial Grade Rugged Design • 
Large Front Speaker Delivers 1W of Powerful 
Clear Audio • 5 Watts of Reliable RF Power Within 
a compact Body • 3.5-Hour Rapid Charger In-
cluded • Large White LED Flashlight, Alarm and 
Quick Home Channel Access

FT-818ND | HF/6M/2M/440 All Mode Portable Xcvr
• Ultra-Compact/Portable • 208 Memory Channels • Internal 
Battery Operation Capability • Two Antenna Connectors • Built-in 
High Stability Oscillator ±0.5 ppm 

FT-5DR C4FM/FM 144/430 MHz Dual Band

WWW.HAMRADIO.COMWWW.HAMRADIO.COM

Family owned and operated since 1971

• 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
 5 Ways 
to Shop!

FTM-200DR | C4FM/FM 144/430MHz Dual Band
• 1200/9600bps APRS® Data Communications • 2” High-Res 
Full-Color TFT Display • High-Speed Band Scope • Advanced 
C4FM Digital Mode • Voice Recording Function for TX/RX 
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IC-2730A |  VHF/UHF Dual Band Transceiver
• VHF/VHF, UHF/UHF simultaneous receive • 50 watts of output on 
VHF and UHF • Optional VS-3 Bluetooth® headset • Easy-to-See 
large white backlight LCD • Controller attachment to the main Unit 

IC-7851 |  HF/50MHz Transceiver
• 1.2kHz “Optimum” roofing filter • New local oscillator design • 
Improved phase noise • Improved spectrum scope • Dual scope 
function • Enhanced mouse operation for spectrum scope

IC-7610 |  HF/50 MHz All Mode Transceiver
• Large 7-inch color display with high resolution real-time spectrum 
scope and waterfall • Independent direct sampling receivers 
capable of receiving two bands/two modes simultaneously

IC-7300 |  HF/50MHz Transceiver
• RF Direct Sampling System • New “IP+” Function • Class 
Leading RMDR and Phase Noise Characteristics • 15 Discrete 
Band-Pass Filters • Built-In Automatic Antenna Tuner

IC-718 |  HF Transceiver
• 160-10M** • 100W • 12V operation • Simple to use • CW Keyer 
Built-in • One touch band switching • Direct frequency input  •  
VOX Built-in • Band stacking register • IF shift • 101 memories

IC-7100  |  All Mode Transceiver
• HF/50/144/430/440 MHz Multi-band, Multi-mode, IF DSP • 
D-STAR DV Mode (Digital Voice + Data) • Intuitive Touch Screen 
Interface • Built-in RTTY Functions

IC-705 |  HF/50/144/430 MHz All Mode Transceiver
• RF Direct Sampling • Real-Time Spectrum Scope and Waterfall 
Display • Large Color Touch Screen • Supports QRP/QRPp • 
Bluetooth® and Wireless LAN Built-in

IC-2300H |  VHF FM Transceiver
• 65W RF Output Power • 4.5W Audio Output • MIL-STD 810 G 
Specifications • 207 alphanumeric Memory Channels • Built-in 
CTCSS/DTCS Encode/Decode • DMS

IC-9700 |  All Mode Tri-Band Transceiver
• VHF/UHF/1.2GHz • Direct Sampling Now Enters the VHF/UHF 
Arena • 4.3” Touch Screen Color TFT LCD • Real-Time, High-Speed 
Spectrum Scope & Waterfall Display • Smooth Satellite Operation

IC-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

WWW.HAMRADIO.COMWWW.HAMRADIO.COM

*Free Shipping and Fast Delivery!

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 • Decodes Digital Incl P25, NXDNTM,  D-STAR 
• SD Card Slot for Receiver Recorder

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 • Integrated GPS  
Receiver • AM Airband Dualwatch

IC-V86 |  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
• Disaster Ready - Excellent Fit for Your Emergency 
Bag • Loud Audio - New Speaker Design • Long 
Bettery Life - Up to 11 Hours  • FM Broadcast & 
Weather Channels

ID-52A | VHF/UHF D-STAR Portable
• Bluetooth® Communication • Simultane-
ous Reception in V/V, U/U, V/U and DV/DV • 
Enriched D-STAR® Features Including the 
Terminal Mode/Access Point Mode • UHF 
(225~374.995MHz) Air Band Reception

*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.

• 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
 5 Ways 
to Shop!
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Multi-Function
Backpack
LC-192

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

Supplied Accessories
HM-243 Speaker-microphone,

BP-272 Li-ion Battery Pack,
OPC-2421 DC Power Cable

In the field with the IC-705

Making your field operation 
more fun and stylishHF/50/144/440 MHz Multimode, including the D-STAR DV Mode

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

Real-Time Spectrum Scope and Waterfall Display
Large Touch Screen Color Display
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) 

Be Active: i705

HF/50/144/430 MHz  <SSB/CW/RTTY/AM/FM/DV> 10 W TRANSCEIVER

Your New Partner for Field Operations

©2022 Icom 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

www.icomamerica.com/amateur
sales@icomamerica.com For the love of ham radio.
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i7610
HF / 6M SDR Transceiver

i7300
HF / 6M SDR Transceiver

HF

i9700
VHF / UHF SDR Transceiver

©2022 Icom 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

www.icomamerica.com/amateur
sales@icomamerica.com For the love of ham radio.

31518_ARRL_Handbook_BW.indd   231518_ARRL_Handbook_BW.indd   2 5/26/22   10:00 AM5/26/22   10:00 AMNo Folio template.indd   1No Folio template.indd   1 07/08/2022   2:22:41 PM07/08/2022   2:22:41 PM



A.10    Advertising

W5SWL Electronics
www.W5SWL.com

Premium Quality

Wide Selection of ConnectorsWide Selection of Connectors
• UHF & N• UHF & N
• BNC & SMA• BNC & SMA
• Mini-UHF & FME• Mini-UHF & FME
• TNC & C• TNC & C
• MC MCX & MMCX• MC MCX & MMCX

• QMA SMB & SMC• QMA SMB & SMC
• DIN & Low PIM• DIN & Low PIM
• Reverse Polarity• Reverse Polarity
• RF Adapters• RF Adapters
• Bulkheads• Bulkheads

And Much More!And Much More!
• Dave’s Hobby Shop by W5SWL• Dave’s Hobby Shop by W5SWL
• Ham Radio Gadgets• Ham Radio Gadgets
• RF Technical Parts• RF Technical Parts
• New & Surplus Materials• New & Surplus Materials

• Order at www.W5SWL.com• Order at www.W5SWL.com

 Ships Fast From The Arkansas River Valley Ships Fast From The Arkansas River Valley

RF Connectors
Order Direct !
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Embedded C Starter Kit 
Board and Book Bundle

E3mini 
Prototype Board

&
Single-Chip IDE 

Compiler

$125 value for only $84.95

Sales@ccsinfo.com
(262)-522-6500 Ext. 35

Available with formal text 
book or step-by-step tutorial

Sensor kits available with more than 
a dozen sensors like temperature, 
humidity and GPS

Most kits are less than $100 
and include a IDE  Compiler

www.ccsinfo.com/ccqst

Over three dozen additional kits 
including Long Range RF, CAN, 
USB & more!

DSP Starter 
Development Kit

Learn Embedded C on an 
Easy to-Use Platform

Start Writing Advanced DSP 
Algorithms with $175 Kit

Features a dsPIC30F4012 
Includes tutorial Exercise Book

Examples for audio processing 
algorithms like FFT

Handbook 2022-3_CCS.indd   1 6/30/2022   1:44:38 PMALFA ROTATORS
Alfa Radio Ltd.  780-466-5779Alfa Radio Ltd.  780-466-5779

sales@alfaradio.ca

High Torque • Self braking worm drive USB 
720 degrees programmable limits simple wiring
13.8 to 18 Volt small footprint for controller

WWW.ALFARADIO.CA

Azimuth
Elevation Azimuth

Ring

sales@alfaradio.ca

MMIILLLLIIWWAATTTTSS
KKIILLOOWWAATTTTSS

From

To
SM

In Stock Now!
Semiconductors 

for Manufacturing 
and Servicing 

Communications 
Equipment

• RF Modules

• Semiconductors

• Transmitter Tubes

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

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

SSee  HHaabbllaa  EEssppaaññooll  ••  WWee  EExxppoorrtt

  Visit
Our

Website
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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 
high power and high voltage 
protection

HG3 QRO-A 
Improvements:

No Compromises Mag Loop 
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.

   

Check Preciserf.com for all 
our high performance 

Magnetic Loop Antennas

COMPROMISE WAS NOT AN 
OPTION FOR THE NEW 

HG3 QRO-A!

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

Adv 4/10/ QST v9

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
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stepper motor power supplies 
allow for smoother and more 
precise tuning 

Custom high voltage Delrin 
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HG3 QRO-A 
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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.

   

Check Preciserf.com for all 
our high performance 

Magnetic Loop Antennas
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OPTION FOR THE NEW 

HG3 QRO-A!

13690 Wisteria Dr. NE Aurora, OR 97002 
• ph: 503-915-2490 • preciserf.com • © 2022 
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www.advancedspecialties.net
AMATEUR RADIO – SCANNERS – BOOKS – ANTENNAS – MOUNTS  

FILTERS – ACCESSORIES AND MORE!

Authorized Dealer

ADVANCED SPECIALTIES INC.
New Jersey’s Communications Store

Orders/Quotes: (201)-VHF-2067 
Closed Sunday & Monday – 114 Essex Street ■ Lodi, NJ 07644

FTM-300DR
Digital Fusion Dualband

• OPEK • COMET • PROCOMM • MFJ •
• UNIDEN • ANLI • YAESU • ASTATIC •

Uniden Bearcat 
SDS100
Police Scanner

Yaesu  
FT-5DR

Dual Band 
5W Digital 

Transceiver

FT-2980R
80W 2M Mobile

VX-6R
Tri Band  
Submersible  
HT

FTM-891
100-W HF & 6M All Mode
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“The most comfortable 
headset I’ve ever used.”

Mark, WZ4I

“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.”

Don, N1DG 
DXpedition co-leader KH1/KH7Z
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www.antennas.us
Amateur Satellite Antennas, Kits

. . . and more

OSCAR - ARISS - WXSAT

+1-954-345-5000

RIGblasters for Digital Modes

Battery Analyzer for Serious Testing

Noise Reduction & Audio Processing

12VDC Power Distribution

262-522-6503 ext 35   sales@westmountainradio.com
westmountainradio.com/QST100

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

Handbook 2022-2.indd   1 6/29/2022   11:28:52 AM

... DE AF7YQ JOIN THE CW REVOLUTION!

Morse Made Easy!™

You’ve NEVER seen Morse like this!
This little box, with no knobs or buttons,
it can’t be much... right?  WRONG!

Join the CW Revolution and order this
amazing, unique, and feature-rich
Multi-Band MMX Transceiver!

Order today >>Order today >>
Preppcomm.com

MORSE IS BACK!™
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EA&O

      
      Enjoy great “noise free” audio with a..             
       ..bhi DSP noise cancelling product!

                  www.bhi-ltd.com            

 
 New improved design  
- 5W audio - Latest bhi   
  DSP noise cancelling  
- 8 filter levels 8 to 40d B  
- Three position switch  
  for off/audio bypass  
  mode, power on and 
  DSP filter on - LEDs for    
  Power on, filter on and  
  audio overload  
-  Headphone socket 

                         DESKTOP MKII

bhi

   1-256-428-4644

Dual channel DSP noise cancelling unit  
- 8 Filter levels 9 to 40dB - 3.5mm mono or 

stereo inputs - Line level input/output - 7 watts 
mono speaker output - Headphone socket - 

Suitable for all types of radio incl’ SDR - Easy 
to use - Enjoy clear “noise-free” audio! 

Dual In-Line

 1-800-777-0703 

- 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!     
   

ParaPro EQ20 Audio DSP range with parametric equalisation

Latest bhi DSP noise  
cancelling technology 

for even better  
receive audio

  
- 10W Amplified  

DSP noise cancelling 
base station speaker  
-  “Real-time” control  

of all functions  
- 8 filter levels 9-40dB  

- Speaker level and line  
level input sockets 

  - Suitable for all radios  
incl’ SDR, Elecraft and  

FlexRadio products 

Read the excellent reviews of the 
bhi NES10-2MK4 on our website

 NES10-2MK4

8 filter levels 8 to 40dB - Tone reduction up to 65dB  
- 5W audio with latest bhi DSP noise cancellation  

- Audio bypass feature - 3.5mm mono inputs and outputs - 
Headphone socket - Audio input overload feature  

- DC power 10 to 16V DC - Dims 135mm x 65mm x 46mm  
- Replacement for bhi ANEM MKII and NEIM1031MKII

              New In-Line Module

 - Use with headphones or a loudspeaker - 3.5mm 
line level and speaker level inputs - Powerful audio 

processor - Unique DSP noise cancelling technology 
- Low latency of 32mS - Remove noise and interference - 
Hear weak signals clearly - Rotary encoders perform all 

functions - Easy to use with “real time” adjustment 
- 12V DC or 2 AA baterry cells for portable use

Compact In-Line Module

QST_FP_100th_Mar22.indd   1 7/1/2022   2:27:34 PM
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Microsystems UM Unified 

Unified Microsystems 
www.unifiedmicro.com 

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 
configurations are reversible in direction. 
Cover all 4 quadrants with just two units. 

BCD-14 Band Decoder 
Build your custom automatic band de-
coder/antenna switch controller for se-
lected Yaesu or K3 rigs. 160-2M, 432MHz  
bands. Optically isolated data inputs. 

XT-4 CW Memory Keyer 

The XT-4 battery powered portable CW 
memory keyer is great for FD, VHF Rover, 
SOTA, and other portable operations. 
Four programmable memories. 

Other Products 

Beverage antenna transformer, RX an-
tenna terminators, VHF Beacon CW IDer, 
Rig-PC Sound card I/F, LED rotor control 
lamp replacement board, and more. 
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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.

π/4-QPSK (see Quadrature modulation)
1-Wire...................................................................................16.6
3D printing

Build plate.......................................................................23.50
CNC................................................................................23.48
Extrusion.........................................................................23.47
G-code............................................................................23.48
Object design software...................................................23.48
RF and ultraviolet resistance..........................................23.50
Types of filaments...........................................................23.49
Types of printers.............................................................23.49

4nec2 by Arie Voors.............................................................21.6
555 timer IC..........................................................................4.63

A
A-index.................................................................................19.7
Absorption Glass Mat, battery (AGM)...................................7.44
Absorption wavemeter........................................................25.28
AC circuit models................................................................5.15ff
AC coupling (oscilloscope).................................................25.12
AC ground............................................................................4.45
AC measurements

RMS, true RMS...............................................................25.30
Frequency response.......................................................25.11
Oscilloscope...................................................................25.11

AC power..............................................................................7.2ff
Circuits, 120 V and 240 V.................................................23.4
Connector wiring...............................................................23.3
NEMA 240 V receptacles..................................................23.5

AC-DC power conversion.......................................................7.4
Filter, capacitive and inductive............................................7.5
Comparison of rectifier circuits...........................................7.7
Full-wave bridge and center-tap rectifier............................7.6
Half-wave rectifier...............................................................7.5
Ripple.................................................................................7.4

AC-line filter...............................................................27.8, 27.17
AC wiring color code.............................................................22.4
Accuracy (measurement).....................................................25.2
Active filter.................................................................4.61, 10.11

Design examples............................................................10.14
Adapter, test probes.............................................................25.7
Adaptive compression..........................................................15.4
Adaptive filter......................................................................10.22
Adcock antenna..................................................................21.67
Adjacent channel rejection

Measurement..................................................................25.48
Adjacent-channel power (ACP)..........................................11.28

Index

Admittance (Y)......................................................................3.20
AFCI circuit interrupter (RFI)..............................................27.41
AFSK....................................................................................15.6
AGC (see Automatic gain control)
AirLink.................................................................................19.30
Airmail.................................................................................15.30
ALC (see Automatic Level Control)
Aliasing......................................................................8.20, 25.14
Alignment tools........................................................23.26, 23.44
Alphabet size......................................................................15.14
Alternating current (ac)....................................................2.3, 3.1

Average values, waveform.................................................3.8
Average values...................................................................3.7
Frequency...........................................................................3.2
Fundamental.......................................................................3.2
Harmonic............................................................................3.2
Instantaneous values..........................................................3.5
Non-sinusoidal measurements...........................................3.6
Peak and peak-to-peak values...........................................3.6
Peak envelope power (PEP)...............................................3.8
Peak power.........................................................................3.8
Period.................................................................................3.2
Periodic waveform..............................................................3.2
Phase.................................................................................3.3
Root-mean-square (RMS)..................................................3.6
Waveform measurements...............................3.5, 25.1, 25.30
Waveforms..........................................................................3.1

Aluminum tubing.................................................................21.32
AM (see Amplitude modulation)
Amateur radio

Antenna restrictions..........................................................1.14
ARRL Handbook overview...............................................1.5ff
Bands and modes...............................................................1.9
Basic station.....................................................................1.13
Basis and purpose............................................................1.10
Call sign............................................................................1.18
Introduction and overview.................................................1.1ff
License classes................................................................1.16
License exams..................................................................1.17
Licensing..........................................................................1.15
Operating outside the US.................................................1.17
Resources.........................................................................1.19
Structure.............................................................................1.9

Amateur Radio Emergency Data Network (AREDN)..........15.35
Amateur television (ATV)..................................................11.19ff

Digital television..............................................................11.21
FM ATV...........................................................................11.21
Remote sensing..............................................................16.14

AMBE (vocoder)................................15.17, 15.33, 15.34, 18.17
Ammeter...............................................................................25.3
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Meter shunt.......................................................................25.3
Ampere (A).............................................................................2.2
Ampere-hours (Ah).................................................................2.9
Amplification.........................................................................3.31

Linear................................................................................17.2
Speech...........................................................................13.31

Amplifier................................................................................3.31
Gain-bandwidth product (FT, GBW)..................................3.38
Bode plot..........................................................................3.33
Buffer.......................................................................3.37, 4.54
Cascading stages.............................................................3.36
Class..............................4.45, 5.17, 13.38, 17.2, 17.7ff, 17.32
Common-emitter/base/collector...............................4.45, 4.46
Configuration....................................................................4.44
Cutoff (corner) frequency..................................................3.35
Dynamic range..................................................................3.32
Emitter-follower (EF).........................................................4.46
Feedback..........................................................................5.18
Field-effect transistor........................................................4.53
Frequency response................................................3.32, 3.36
Gain..................................................................................3.32
Half-power frequency........................................................3.35
High-frequency model.......................................................4.46
Input impedance...............................................................4.47
Large-signal model...........................................................4.45
Limiter...............................................................................3.36
Linear power amplifier...........................................13.38, 17.2
Load line...........................................................................4.46
Logarithmic (log)...............................................................3.36
Low-frequency model.......................................................4.45
Noise................................................................................3.37
Non-linear.......................................................................13.39
Operating point.................................................................4.46
Output impedance............................................................4.47
Quiescent (Q) point...........................................................4.46
Rise and fall time..............................................................3.37
Slew rate...........................................................................3.32
Small-signal model...........................................................4.45
Stability.............................................................................3.35
Summing...........................................................................3.35
Transconductance............................................................3.32
Vertical............................................................................25.13
Wideband.......................................................................25.28

Amplifier, RF power.................................................13.38, 17.1ff
Predistortion, adaptive..................................................17.43ff
Automatic level control (ALC).........................................17.26
Blower specifications .....................................................17.20
Broadband transformer...................................................17.31
Cold tuning.....................................................................17.14
Combiners and splitters..................................................17.35
Common cathode.............................................................17.6
Comparison of solid-state vs vacuum tube.......................17.3
Component ratings.......................................................17.13ff
Cooling methods................................................17.19ff, 17.20
DC blocking capacitor.....................................................17.17
Filament voltage.............................................................17.18
Grid bias.........................................................................17.19
Grounded grid...................................................................17.6
Harmonic rejection........................................................17.10ff
Impedance matching....................................................17.32ff
Intermodulation distortion (IMD)...................................17.38ff
Linear RF power...............................................................17.2
Mobile operation.............................................................24.15
MOSFET design...........................................................17.27ff
Neutralization..................................................................17.22
Overdrive (overshoot).....................................................17.26
Pallet modules..............................................................17.37ff
Parasitic oscillation.........................................................17.24
Parasitic suppressor.......................................................17.25
Pi network.......................................................................17.10
Pi-L network....................................................................17.11
Plate voltage...................................................................17.18
RF choke........................................................................17.16
Screen voltage................................................................17.19

Sockets and chimneys....................................................17.20
Solid-state.....................................................................17.32ff
Stabilization.......................................................17.22ff, 17.36
Tank circuit design..........................................................17.9ff
Transmission line transformer........................................17.30
Transmitter......................................................................13.38
Troubleshooting............................................................26.28ff
Tuning procedure............................................................17.14
VHF/UHF tank circuit......................................................17.14

Amplitude modulation (AM)................................................11.2ff
Demodulation, detection.................................................12.42
Double-sideband, full-carrier.............................................11.2
Double-sideband, suppressed-carrier (DSB-SC)..............11.4
Single-sideband, suppressed-carrier (SSB-SC)...............11.4
I/Q modulation................................................................11.15
Modulation index...............................................................11.4
On-off keying (OOK).........................................................11.5
Overmodulation..............................................................13.12
Transmitting....................................................................13.21

Analog Filter Wizard by Analog Devices............................10.16
Analog switches and multiplexers........................................4.65
Analog systems

Analog signal....................................................................3.31
Buffering...........................................................................4.54
Signal processing.............................................................3.31
Terminology......................................................................3.31

Analog-digital conversion.......................................................8.7
ADC, DAC...........................................................................8.7
Nyquist frequency, rate.......................................................8.8
Accuracy.............................................................................8.8
Band-limiting.......................................................................8.8
Binary coded decimal (BCD)..............................................8.7
Bipolar and unipolar............................................................8.7
Choosing a converter........................................................8.13
Code...................................................................................8.7
Conversion rate (speed).....................................................8.8
Digitization..........................................................................8.7
Full-scale (FS) value...........................................................8.7
Full-scale error....................................................................8.8
Jitter..................................................................................8.16
Least significant bit (LSB)...................................................8.7
Linearity error......................................................................8.8
Noise................................................................................8.14
Nonlinearity.........................................................................8.8
Nyquist Sampling Theorem................................................8.8
Offset..................................................................................8.8
Over- and undersampling..........................................8.8, 8.15
Percentage resolution.........................................................8.7
Pipelined architecture.......................................................8.15
Quantization code...............................................................8.7
Quantization error...............................................................8.7
Range.................................................................................8.7
Resolution...........................................................................8.7
Sample...............................................................................8.8
SDR requirements............................................................8.15
Signal-to-noise and distortion ratio (SINAD).....................8.14
Spurious-free dynamic range (SFDR)..............................8.15
Step size.............................................................................8.7
Total harmonic distortion plus noise (THD+N)..................8.14

Analog-to-digital converter (ADC)
Analog and digital ground.................................................8.12
Delta-encoded converters.................................................8.10
Dual-slope integrating converter.......................................8.10
Flash (direct-conversion) converter....................................8.9
Input buffering and filtering...............................................8.11
Overload....................................................................8.8, 12.9
Sample-and-hold (S/H).....................................................8.10
Sigma-delta converter..............................................8.11, 8.15
Single-ended and differential inputs.................................8.11
Successive-approximation converter (SAC).....................8.10

Analytic signals...................................................................11.12
Anderson Powerpole............................................................24.9
Angle modulation................................................................11.7ff
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Demodulation, detection...............................................12.44ff
AM noise and FM signals.................................................11.8
Bandwidth.........................................................................11.7
Bessel function.................................................................11.8
Carson’s rule.....................................................................11.8
Frequency response.........................................................11.7
Modulators......................................................................13.14
SDR modulators.............................................................13.17
Transmitting..................................................................13.24ff

Antenna
Construction, Yagi........................................................21.31ff
Dipole, sloping and vertical...........................................21.27ff
Feeding, ground-plane....................................................21.21
Pattern ratios (F/B, F/S, F/R)............................................21.5
Restrictions, HOA and zoning...........................................1.14
Yagi, optimized designs................................................21.34ff
Yagi, Yagi-Uda.................................................21.30ff, 21.57ff
3/8-wave vertical.............................................................21.23
Azimuth pattern.................................................................21.5
Balun.....................................................................21.9, 21.54
Bandwidth.........................................................................21.3
Choke balun...................................................................21.36
Conductor diameter..........................................................21.3
Construction of wire antennas..........................................21.9
Current and voltage distribution........................................21.2
Delta loop.......................................................................21.36
Dipole.............................................................................21.7ff
Directivity..........................................................................21.1
E- and H-field....................................................................21.2
Elevation angle.................................................................21.5
Elevation pattern...............................................................21.5
End-effect.........................................................................21.2
End-fed half-wave (EFHW).............................................21.14
Far (near) field................................................................21.20
Feed point impedance......................................................21.3
Folded dipole.......................................................21.14, 21.53
Front-to-back ratio............................................................21.5
Gain..............................................................21.1, 21.5, 21.51
Ground losses......................................................21.21, 21.46
Ground plane................................................................21.20ff
Ground systems..............................................................21.21
Half-sloper......................................................................21.26
Height above ground........................................................21.3
HF mobile.....................................................................21.42ff
Impedance matching...........................................21.35, 21.47
Impedance matching at VHF/UHF..................................21.53
Imperfect ground...............................................................21.6
Installation......................................................................22.22
Insulators........................................................................21.10
Inverted-L.......................................................................21.25
Inverted-V.......................................................................21.13
Isotropic (radiator).............................................................21.1
K factor.............................................................................21.4
Length-to-diameter (l/d) ratio............................................21.4
Lightning arrestor............................................................22.13
Loading................................................................21.23, 21.43
Lobes and nulls................................................................21.5
Loop (antenna).............................................................21.36ff
Loop halyard...................................................................22.16
Low-band delta loop antenna.........................................21.38
Magnet (mag) mount........................................................18.8
Mast material..................................................................22.22
Masts and poles..............................................................22.16
Mobile mounting..................................................21.47, 21.50
Modeling...........................................................................21.6
Multiband dipole..............................................................21.15
National Electrical Code (NEC)......................................22.10
Non-soldered attachments..............................................21.12
Parasitic array.................................................................21.30
Polarization............................................................21.1, 21.51
Portable operation........................................................24.24ff
Quad.............................................................................21.36ff
Radiation pattern...................................................21.4, 21.52

Radiation resistance.........................................................21.3
Radio direction finding (RDF).........................................21.65
Re-radiation....................................................................21.30
Remotely tuned antennas, controllers.................21.45, 21.48
Repeater operation (home station)...................................18.8
Safety...........................................................................22.15ff
Safety references............................................................22.27
Sag calculation...............................................................21.13
Sense.............................................................................21.68
Small transmitting loop...................................................21.37
Stacking..........................................................................21.57
Supports.........................................................................21.12
T antenna.......................................................................21.25
Temperature.....................................................................5.36
Through-the-glass (mobile)...............................................18.8
Trap dipole......................................................................21.16
Trap vertical....................................................................21.25
Trees..............................................................................22.16
Vertical..........................................................................21.20ff
VHF/UHF......................................................................21.50ff
VHF/UHF mobile...............................................................18.8
Whip.............................................................................21.42ff
Wide-band dipole............................................................21.13
Zoning.............................................................................22.15

Antenna analyzer
Broadcast interference....................................................26.35
Component measurement..............................................25.33
Scalar and vector............................................................25.20

Antenna coupler (see Antenna tuner)
Antenna rotator (see Rotator)
Antenna systems

Measurements................................................................25.37
Troubleshooting............................................................26.34ff

Antenna tuner (ATU)..........................................................20.17
Adjusting.........................................................................20.19
Balanced and unbalanced load......................................20.17
Location in the antenna system......................................20.18
T configuration.....................................................20.14, 20.18
Troubleshooting..............................................................26.37
Unbalanced-to-balanced.................................................20.17

APCO-25............................................................................15.33
Apparent power....................................................................3.22
APRS (Automatic Packet Reporting System)............1.11, 15.27

Automatic Identification System (AIS)............................15.26
Beacon...........................................................................15.25
DPRS..............................................................................15.28
GPS................................................................................15.27
Hop or relay....................................................................15.26
Igate................................................................................15.27
Integration.......................................................................15.27
Internet of Things (IoT)...................................................15.27
Near space tracker.........................................................16.12
Position data...................................................................16.10
Secondary Station ID (SSID)..........................................15.25
Software.........................................................................15.27
Tactical call.....................................................................15.26
Telemetry........................................................................16.10
Tracker...................................................................15.27, 16.2

Arc-fault circuit interrupter (AFCI).........................................22.5
Arcing...................................................................................5.10
ARDOP......................................................................1.10, 15.24

Integration with Winlink...................................................15.25
Modem............................................................................15.25
Performance...................................................................15.25

AREDN...............................................................................19.30
Arithmetic logic unit (ALU)....................................................8.18
ARQ (Automatic repeat request)..........................................15.2
ARRL......................................................................................1.3
ARRL RF Safety Committee...............................................22.29 
ARRL Lab

Test procedures..............................................................25.41
Transmitter test procedure............................................25.49ff
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ASK (see Amplitude-shift keying)
Astrotex (shock mounts).....................................................24.12
Atmospheric noise................................................................12.2
Attenuation...........................................................................3.31

Filter..................................................................................10.3
Free-space........................................................................19.2
Of transmission lines........................................................20.6

Attenuation constant (α).....................................................20.10
Attenuator..................................................................3.32, 25.27

Design tables......................................................................4.7
Microphone.....................................................................13.30

ATV (see Amateur television)
Audio

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

Audio levels....................................................................13.36
Audio optimization (transmitted).........................................13.30
Aurora.................................................................................19.19
Authority having jurisdiction (AHJ)........................................22.2
Automatic control..................................................................1.15
Automatic gain control (AGC).............................................12.48

Audio-derived..................................................................12.50
Pumping.........................................................................12.48
Time constants...............................................................12.48

Automatic level control (ALC).........................13.40, 17.2, 17.26
Overshoot.........................................................................13.3
SDR..................................................................................14.3

Automatic link establishment (ALE)....................................15.19
FSK.................................................................................15.19
Link quality analysis (LQA).............................................15.19
Scanning.........................................................................15.19

Automatic Packet Reporting System (see APRS)
Automatic repeat request (ARQ)........................................15.20
Automotive RFI......................................................24.15, 27.50ff

Alternator and generator noise.......................................27.52
Diagnosing and troubleshooting.....................................27.51
Electric and hybrid vehicles............................................27.54
General solutions............................................................27.52
Ignition noise..................................................................27.53
Transceiver installation guidelines..................................27.50

Autoranging..........................................................................25.5
Autotransformer...........................................................3.30, 4.27
Avalanche breakdown..........................................................4.31
Azimuth-Equidistant map......................................................19.3

B
Back-voltage (back-EMF).....................................................2.22
Background noise.................................................................5.37
Backwave...........................................................................13.20
Balanced modulator.................................................13.10, 13.22
Balloon, high-altitude

APRS telemetry..............................................................16.19
BalloonSat........................................................................16.3
Batteries.........................................................................16.19
Data platform..................................................................16.15
Environmental conditions................................................16.16
FAA requirement.............................................................16.15
Flight path prediction......................................................16.19
Platform design...............................................................16.18

Balun............................................................20.20ff, 21.9, 21.54
Bazooka..........................................................................20.22
Choke.............................................................................20.26
Choke balun...................................................................21.35
Current......................................................20.21, 20.22, 20.29
Off-center fed (OCF) dipole............................................21.17
Polarity............................................................................20.22
Quarter-Three-Quarter Wave (Q3Q)..............................20.23
Quarter-wave.......................................................20.20, 20.22
Voltage...........................................................................20.24

Band-pass filter............................................................3.35, 10.3
Band-stop (band-reject) filter................................................10.3

Bandwidth
Adjacent-channel power (ACP)......................................11.28
Amplitude modulation.......................................................11.4
Angle modulation..............................................................11.7
Antenna............................................................................21.3
Complex signals.................................................................3.8
Digital signals..................................................................11.26
FCC definition............................................................3.8, 11.2
FCC regulations................................................................13.1
Filter..................................................................................10.3
Necessary bandwidth.......................................................13.1
Occupied bandwidth.......................................................11.28
Resonant circuits..............................................................3.25
Rise and fall time..............................................................3.38

Barkhausen criteria.................................................................9.2
Battery

Balloon, high-altitude......................................................16.19
Portable, required capacity...............................................7.46
Portable, selection............................................................7.45
Absorption Glass Mat (AGM)...................................7.35, 7.44
Alkaline...........................................................................7.34ff
Automotive BCI.................................................................7.45
Battery Monitoring System (BMS)..................................24.14
Cold-cranking amps (CCA)...............................................7.44
Deep-cycle...............................................................7.35, 7.44
Discharging methods........................................................7.41
Electronic Load Detector (ELD)......................................24.14
Handling guidelines........................................................7.43ff
Lead acid........................................................................7.34ff
Li-PO................................................................................7.45
Lithium-ion (Li-ion)..........................................................7.34ff
Marine...............................................................................7.44
NiCd................................................................................7.34ff
NiMH...............................................................................7.34ff
Portable operation........................................................24.23ff
Recycling..........................................................................7.44
Reserve capacity (RC)......................................................7.44
Safety...............................................................................7.32
Starter-lights-ignition (SLI).......................................7.35, 7.44
Test and monitoring..........................................................7.43

Battery charging.................................................................7.37ff
Chargers...........................................................................7.37
Full charge detection........................................................7.39
Lead-acid..........................................................................7.38
Lithium chemistries...........................................................7.40
NiCd..................................................................................7.39
NiMH.................................................................................7.40
From USB.........................................................................7.38

Battery Council Institute (BCI)..............................................7.44
Battery Monitoring System (BMS)......................................24.14
Baud (symbol rate)......................................................11.6, 15.1
Baudot..................................................................................15.2
Bazooka (balun).................................................................20.22
Beacons..............................................................................19.34
Beam antenna....................................................................21.30
Beat frequency oscillator (BFO)..............................12.11, 13.19
Bessel (filter).........................................................................10.6
Bessel function.....................................................................11.8
Beta (current gain).......................................................4.34, 4.45
BFO (see Beat frequency oscillator)
Bias (amplifier).............................................................4.29, 17.2

Bias point..........................................................................4.29
Quiescent (Q) point...........................................................4.29

Bias (device), forward and reverse.......................................2.27
Bilateral diode switch (see Diac)
Bilateral networks.................................................................5.30
Bill of Materials (BOM)........................................................23.31
Binary coded decimal (BCD)..................................................8.7
Binocular core.......................................................................5.34
Bipolar junction transistor (BJT)..................................2.29, 4.33

Dynamic emitter resistance, re..........................................4.45
Emitter, collector, and base..............................................4.33
Active (linear) region.........................................................4.34
Breakdown region.............................................................4.36
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Common-emitter/base/collector...............................4.36, 4.45
Comparison with FET.......................................................4.38
Current gain (β).................................................................4.34
Cutoff region.....................................................................4.34
Early effect........................................................................4.34
Ebers-Moll model..............................................................4.45
High-frequency models.....................................................5.16
Hybrid-pi model........................................................4.46, 5.16
Operating parameters.......................................................4.35
Phototransistor..................................................................4.40
Saturation region..............................................................4.34
Small-signal characteristics..............................................4.34

Birdies.................................................................................25.48
Bit error rate (BER)..................................................25.25, 25.34

Measurement..................................................................25.25
Bit rate..................................................................................15.1

Audio and video................................................................15.6
BJT (see Bipolar junction transistor)
Bleeder resistor...........................................................2.18, 7.13

High-voltage supplies.......................................................7.29
Block codes........................................................................15.14
Blocking dynamic range (BDR).................................12.5, 25.43

SDR....................................................................................8.3
Blocking gain compression...................................................12.5
BNC connector...................................................................24.10
Boat Anchor Manual Archive (BAMA)................................26.14
Bode plot..............................................................................3.33
Bolometer...........................................................................25.32
Bonding..............................................................................22.6ff

Conductors - braid, strap, wire...............................22.7, 22.11
Bus..........................................................................22.8, 24.2
Hum and buzz...................................................................27.7
Radio frequency interference (RFI)..................................27.6
RF management...............................................................22.8
Single-point ground panel (SPGP)...................................22.7
Station..............................................................................24.2

Boost converter....................................................................7.23
BPSK (see Phase shift keying)
Brain, Charles G4GUO.......................................................15.17
Branch (circuit).......................................................................2.5
Breakdown, dielectric...........................................................5.10
Break-in (QSK).................................................................13.221
Brick wall response (filter)....................................................10.3
Buck converter......................................................................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.....................................................................25.5
Butterworth (maximally flat) filter response..........................10.5
Bypassing.............................................................................5.10

Paralleling capacitors........................................................5.12

C
C-rate....................................................................................7.33
C4FM.......................................................................15.33, 18.20
Cable TV

Egress (leakage).............................................................27.35
Ingress............................................................................27.35
Television interference (TVI)...........................................27.34

CadWeld (exothermic welding).............................................22.9
Calibration (sensors)............................................................16.6
Calibration plane

Network analyzer............................................................25.23
Capacitance (C)....................................................................2.14
Capacitor..............................................................................2.14

Electrolytic, reforming.....................................................26.38
Ratings, RF power amplifier...........................................17.16
AC current and voltage.....................................................3.10

AC-line............................................................................27.10
Axial and radial leads..........................................................5.5
Bypass............................................................................27.10
Charging and discharging.................................................2.17
DC blocking....................................................................17.17
Dielectric constant............................................................2.15
Dissipation factor (DF)......................................................4.12
Effective series resistance (ESR).....................................4.12
Effects of construction........................................................4.8
Equivalent (effective) series inductance (ESL)...................5.5
High-voltage......................................................................7.28
Labeling.....................................................................4.9, 4.13
Leakage resistance.............................................................4.8
Loss angle or tangent (θ)..................................................4.12
Oil-filled.............................................................................7.29
Parasitic inductance............................................................5.5
Poly-chlorinated biphenyls (PCB).....................................7.29
RC time constant (τ).........................................................2.17
Series and parallel............................................................2.16
Standard packages...........................................................4.10
Standard values..................................................................4.8
Temperature coefficient (tempco).....................................4.11
Types of capacitors.............................................................4.8
Voltage ratings..................................................................4.12

Capacity (battery).................................................................7.33
Capture effect.......................................................................11.9
Carabiner............................................................................22.20
Cardioid microphone..........................................................13.29
Carrier recovery..................................................................11.13
Carrier squelch.....................................................................18.9
Carson’s rule........................................................................11.8
Cascaded integrator comb (CIC) filter................................10.21
Cascode buffer.....................................................................4.55
CAT interface......................................................................14.12
Cauer (elliptic function) filter.................................................10.6
Cavity filters......................................................................10.30ff
Cavity resonator oscillator....................................................9.26
CCS (see Continuous Commercial Service)
CDMA (see Code-division multiple access spread spectrum)
Channel capacity................................................................11.27
Channel simulator...............................................................25.25
Channel symbol..................................................................15.14
Characteristic (surge) impedance (Z0).................................20.3
Characteristic curve...................................................4.29, 17.4ff
Chatter (comparator)............................................................4.60
Chebyshev (equiripple) filter response.................................10.5
Chip64 and Chip128 (see Spread spectrum).....................15.12
Chip, chip rate....................................................................11.23
Chirp modulation................................................................11.23
Choke balun (see see Balun, Feed line choke)
Chordal hop.............................................................19.23, 19.31
CI-V Interface.....................................................................14.10
Circuit.....................................................................................2.2

Branches and nodes...........................................................2.5
Equivalent circuit.................................................................2.7
Open (short) circuit.............................................................2.2
Parallel (series) circuit........................................................2.2

Circuit breaker...............................................................2.12, 7.2
Arc-fault circuit interrupter (AFCI).....................................22.5
Ground fault circuit interrupter (GFCI or GFI)............7.2, 22.5
Ratings.............................................................................2.12

Circuit simulation..................................................................6.1ff
Commands.........................................................................6.5
Component models.............................................................6.4
Design cycle.......................................................................6.1
Harmonic balance....................................................6.13, 6.15
Limitations at RF...............................................................6.14
MICROCAP......................................................................6.17
Monte-Carlo analysis........................................................6.10
Process parameters............................................................6.5
PSPICE.............................................................................6.17
RF.ICAP4..........................................................................6.17
Serenade..........................................................................6.17
Switchmode power conversion.........................................7.27
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Clamping (see Clipping)
Clarence Tuska, 1WD............................................................1.4
Class (amplifier)...................................13.38, 17.2, 17.7ff, 17.32

A, B, AB, C, D, E, F.................................................4.45, 5.17
Efficiency..........................................................................5.17

Clean Signal Initiative (CSI)................................................25.50
Clients, thick and thin (SDR)................................................14.9
Clipping.................................................................................3.35

ADC, measurement........................................................25.47 
Speech...........................................................................13.32

CMOS...................................................................................2.31
Coaxial cable (coax).............................................................20.1

75 W in 50 W systems.......................................................20.7
Center insulator................................................................20.1
Dielectric...........................................................................20.2
Hardline............................................................................20.1
Jacket......................................................................20.1, 20.7
Shield................................................................................20.1
Weatherproofing...............................................................20.9
Winding.......................................................................... 20.27

Coaxial detector..................................................................25.28
Codec...................................................................8.2, 8.14, 15.4
Codec2 by VK5DGR...............................................15.17, 18.20
Code-division, multiple access (CDMA).............................11.25
Coded squelch (repeater).....................................................18.9
Cognitive radio........................................................................8.2
Coil (see Inductor)
Cold Cranking Amps (CCA)..................................................7.33
Colpitts oscillator....................................................................9.4
Combiner (divider)

Hybrid.............................................................................25.29
Wilkinson........................................................................25.29

Common-base (CB) amplifier......................................4.46, 4.50
Current gain......................................................................4.52
Input and output impedance.............................................4.52
Power gain........................................................................4.52
Voltage gain......................................................................4.52

Common-collector (CC) amplifier.........................................4.46
Input and output impedance.............................................4.49
Power gain........................................................................4.49
Voltage gain......................................................................4.49

Common-drain (CD) amplifier...............................................4.53
Input and output impedance.............................................4.53

Common-emitter (CE) amplifier............................................4.47
AC performance................................................................4.49
Fixed-bias.........................................................................4.48
Input and output impedance.............................................4.48
Input impedance...............................................................4.48
Power gain........................................................................4.49
Self-bias............................................................................4.48

Common-gate (CG) amplifier...............................................4.53
Input and output impedance.............................................4.54
Voltage gain......................................................................4.53

Common-mode...................................................................20.20
Breakthrough..................................................................27.14
Choke..................................................................27.12, 27.17
Path..................................................................................27.5
Power wiring.....................................................................27.5
Signals..............................................................................27.4

Common-mode rejection ratio (CMRR)................................4.57
Common-source (CS) amplifier............................................4.54

AC performance................................................................4.52
Input and output impedance.............................................4.53
Self-bias............................................................................4.52
Source bypass..................................................................4.52
Source degeneration........................................................4.52
Voltage gain......................................................................4.52

Comparator
Hysteresis.........................................................................4.60
Voltage.............................................................................4.60

Compensation
Frequency (op-amp).........................................................4.57
Oscilloscope probe.........................................................25.15

Complex frequency...............................................................3.33
Complex loss coefficient (η)...............................................20.10
Complex numbers..............................................................11.12
Composite noise (see Phase noise)
Compression........................................................................13.4

Oscillator.............................................................................9.3
Compression (audio)..........................................................13.33
Compression (data)..............................................................15.4

WSJT-X...........................................................................15.14
Compression (signal)............................................................3.35
Computer-aided design (CAD) (see Circuit simulation)
Conductance (G)....................................................................2.4

Leakage..............................................................................5.3
Series and parallel..............................................................2.7
Siemens (S)........................................................................2.4

Conducted emission........27.6, 27.8, 27.10, 27.15, 27.19, 27.21
FCC Part 15 limits...........................................................27.43

Conduction current.................................................................5.5
Conductor...............................................................................2.1
Configuration and control interface

CAT................................................................................14.12
CI-V (Icom).....................................................................14.10
SDR................................................................................14.10

Connector
BNC, N, F.......................................................................20.37
Identification chart, RF..................................................20.40ff
Powerpole, Anderson.......................................................24.9
Audio..............................................................................24.10
Crimp................................................................................24.9
Data................................................................................24.11
RF......................................................................20.36ff, 24.10
RJ...................................................................................24.11
Troubleshooting ...............................................................26.7
UHF................................................................................20.36

Constellation diagram.........................................................11.13
Construction techniques

Ground plane (dead-bug, ugly).......................................23.18
3D printing......................................................................23.47
Circuit layout.................................................................23.23ff
Common standard parts.................................................23.16
Component mounting.....................................................23.17
Crimping tools.................................................................23.44
Drill sizes........................................................................23.43
Drilling.............................................................................23.46
Electrostatic discharge (ESD).........................................23.16
Enclosure fabrication......................................................23.45
High-voltage....................................................................23.27
Manhattan style..............................................................23.19
Mechanical fabrication....................................................23.45
Metalworking...................................................................23.45
MeterBasic.....................................................................23.46
Microwave.....................................................................23.39ff
Nibbling tool....................................................................23.44
Painting...........................................................................23.46
Panel layout....................................................................23.46
Perforated board.............................................................23.19
Point-to-point..................................................................23.18
Printed-circuit board (PCB)...........................................23.23ff
Recommended tools.......................................................23.42
Socket or chassis punch.................................................23.44
Soldering........................................................................23.6ff
Solderless breadboard or prototype board...................23.20ff
Surface-mount technology (SMT)...................................23.11
Terminal and wire...........................................................23.20
Tools.............................................................................23.41ff
Winding coils...................................................................23.28
Wired traces (lazy PC board)..........................................23.19
Wiring..............................................................................23.27

Contestia (telemetry)..........................................................16.11
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Continuous Commercial Service (CCS) rating.....................13.4
Continuous conduction mode (CCM)...................................7.22
Continuous tone-coded squelch system (CTCSS).............18.6ff

Tone frequencies..............................................................18.9
Continuous wave (CW)...........................................................9.1

Bandwidth.........................................................................11.5
Break-in (QSK)...............................................................13.21
Envelope shaping...........................................................13.19
Key clicks.................................................................11.5, 13.2
Keying waveform..............................................................13.2
Spectrum........................................................................13.18
Transmitting....................................................................13.18
Varicode...........................................................................11.6
Words per minute (WPM)......................................11.6, 13.19

Control wiring, low-voltage...................................................22.6
Conventional current..............................................................2.2
Conversion loss

Balanced mixer...............................................................12.31
Switching mixer...............................................................12.29

Convolution...........................................................................3.36
Digital filter......................................................................10.17

Coordination (repeater)........................................................18.9
Coplanar waveguide...........................................................20.32
Coulomb (C)...........................................................................2.2
Coupling

Cavity filters....................................................................10.30
Coupling (inductive)..............................................................2.23
Courtesy tone.......................................................................18.5
Crimp connector.................................................................24.10
Critical frequency................................................................19.13
Crosspoint switch.................................................................4.65
Cross-reference, semiconductor...............................4.30, 26.10
Crosstalk...............................................................................4.65
Crowbar overvoltage protection (OVP).................................7.20
CRT (cathode ray tube)......................................................25.12
Crystal, quartz

Characterization..............................................................10.25
Equivalent circuit...............................................................9.19

CTCSS (see Continuous tone-coded squelch system)
CubeSats..............................................................................16.1
Current (I)...............................................................................2.1

Ampere (A).........................................................................2.1
Conventional current...........................................................2.2
Current source....................................................................2.6
Electronic current................................................................2.2

Current divider........................................................................4.6
Current gain (β)....................................................................4.34
Current inrush.......................................................................7.11
Current transfer ratio (CTR)..................................................4.40
Cutoff (corner) frequency.............................................3.32, 10.3
Cutoff (semiconductor).........................................................2.29
CW (Morse code)

Modulation (On-Off Keying)..............................................11.5
Telemetry........................................................................16.12

CW Skimmer......................................................................19.34
RTTY Skimmer...............................................................19.34

Cyclical redundancy check (CRC)........................................15.2

D
D-STAR............................................................................18.12ff

AMBE voice codec..........................................................15.32
Call sign routing..............................................................15.29
Data modes....................................................................18.14
Digital data (DD).............................................................15.31
Digital voice (DV)............................................................15.31
Dplus..............................................................................18.16
DR mode.........................................................................18.13
Ethernet bridge...............................................................15.32
Gateway.........................................................................15.32
Hotspots.........................................................................18.16
JARL...............................................................................15.29
Network overview...........................................................18.15
Reflectors........................................................................18.13

Repeater hardware.........................................................18.14
Repeaters.......................................................................15.32
Station ID........................................................................18.12
Texas Interconnect Team...............................................15.29
Trust server..........................................................15.29, 18.12

D’Arsonval meter movement................................................25.6
Darlington pair.............................................................4.54, 7.16

Pass transistor..................................................................7.16
Data logger...........................................................................25.5
Data platforms......................................................................16.3

Buoy...............................................................................16.23
Fixed...............................................................................16.23
Navigation.......................................................................16.23
Powering.........................................................................16.24
Weather station...............................................................16.23

Data sheet............................................................................4.30
Data logger...........................................................................16.2
dBd.......................................................................................21.1
dBi........................................................................................21.1
DC channel resistance, rDS..................................................4.35
DC coupling (oscilloscope).................................................25.12
DCS (see Digital coded squelch)
Dead reckoning....................................................................16.9
Decibel (dB)..........................................................................3.32
Decimation........................................................8.22, 8.25, 12.22
Decoupling............................................................................5.13

Transmission line............................................................20.20
Deep-cycle battery................................................................7.44
Degrees, converting to radians...............................................3.2 
Delta loop antenna.............................................................21.36

Bottom corner fed...........................................................21.40
Low band........................................................................21.38

Delta match........................................................................21.53
Demodulation...................................................................12.42ff
Depletion region...................................................................2.26
Design cycle...........................................................................6.1
Detection..........................................................................12.42ff

AM and SSB...................................................................12.43
Deviation, frequency (FM)...........................................11.7, 13.25

Measurement..................................................................25.53
Diac......................................................................................2.28
Diamagnetic..........................................................................2.19
Dielectric breakdown and arcing (strength)..........................5.10
Dielectric constant................................................................2.15

Transmission line..............................................................20.2
Dielectric resonator oscillator...............................................9.26
Difference amplifier...............................................................4.59
Differential amplifier..............................................................4.59
Differential-mode

Path..................................................................................27.5
Signals..............................................................................27.4

Diffraction..................................................................19.4, 19.29
Digipeater.............................................................................18.4
Digital (signal).......................................................................3.31
Digital ATV (DATV).............................................................11.21
Digital audio

Audio formats....................................................................15.3
Bit depth...........................................................................15.3
Bit rate..............................................................................15.4
Codec...............................................................................15.4
MIDI..................................................................................15.3
MP3..................................................................................15.4

Digital audio format..................................................12.21, 13.35
Digital coded squelch (DCS)................................................18.9
Digital data (mode).....................................................1.10, 15.1ff

Bit, bit rate (bps)...............................................................15.1
Symbol, symbol rate.........................................................15.1
Viterbi algorithm, coding...................................................15.9
Automatic repeat request (ARQ)......................................15.2
Baud.................................................................................15.1
Baudot code.....................................................................15.2
Bridge.............................................................................15.27
Checksum.........................................................................15.2
Code pages......................................................................15.3
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Control characters............................................................15.3
Cyclical redundancy check (CRC)....................................15.2
Data rate...........................................................................15.1
Dibit..................................................................................15.9
Emission designator.........................................................15.1
Encryption.........................................................................15.6
Error detection and correction..........................................15.2
Error-correcting code (ECC).............................................15.2
Forward error correction (FEC).........................................15.2
FSK...................................................................................15.6
Gray code.......................................................................15.10
Gross and net bit rate.......................................................15.1
Hybrid ARQ.......................................................................15.2
Networking modes..........................................................15.19
Parity................................................................................15.2
Sound card.......................................................................15.5
Table of modes...............................................................15.32
Throughput.......................................................................15.2
Unicode............................................................................15.3
Varicode..................................................................15.2, 15.9
WSJT-X...........................................................................15.14

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

Adaptive filter..................................................................10.22
Cascaded integrator comb (CIC)....................................10.21
Convolution.....................................................................10.17
Delay..............................................................................10.16
Finite impulse response (FIR).........................................10.16
Infinite impulse response (IIR)........................................10.20
Tap.................................................................................10.16
Windowing......................................................................10.18

Digital image
High, true color.................................................................15.3
Color depth.......................................................................15.3
JPEG................................................................................15.4
Palette..............................................................................15.3
Pixel..................................................................................15.3
Raster...............................................................................15.3
Vector...............................................................................15.3

Digital Mobile Radio (DMR)...................................15.33, 18.15ff
4FSK...............................................................................15.33
AMBE+2 codec...............................................................15.34
Bridges...........................................................................15.34
Channels........................................................................18.18
Code plug.......................................................................18.19
Simplex...........................................................................18.19
Talk group............................................................ 15.34, 18.18

Digital modulation
Audio levels....................................................................13.36
Bit error ratio (BER)........................................................25.25
Packet error ratio (PER).................................................25.25
Testing............................................................................25.25

Digital sensor interfaces.......................................................16.6
Digital signal processing (DSP)............................................8.1ff

Arithmetic logic unit (ALU)................................................8.18
Audio frequencies...............................................................8.2
Barrel shifter.....................................................................8.18
Decimation and interpolation...................................8.22, 8.25
Direct memory access (DMA)...........................................8.18
Dithering...........................................................................8.25
Embedded systems..........................................................8.18
Filters..................................................................................8.2
Fixed and floating point.....................................................8.18
Graphics processing unit (GPU).......................................8.19
Integrated development environment (IDE)......................8.17
Microprocessors...............................................................8.16
Multi-rate conversion........................................................8.22
Multiplier-accumulator (MAC)...........................................8.18
Noise................................................................................8.23
Noise reduction...............................................................12.54
Notch filtering..................................................................12.54
Over- and undersampling.................................................8.23
Pipeline.............................................................................8.18

Processor manufacturers..................................................8.19
Quantization error.............................................................8.23
Resampling.......................................................................8.22
Zero-stuffing......................................................................8.22

Digital up-converter (DUC)..........................................8.5, 12.22
Digital video..........................................................................15.3

Bit rate..............................................................................15.4
Codec...............................................................................15.6

Digital voice
AOR................................................................................15.17
D-STAR..........................................................................15.31
DMR................................................................................15.33
FreeDV............................................................................15.17
P25.................................................................................15.33
System Fusion................................................................15.33

Digital-to-analog converter (DAC).................................8.7, 8.12
Binary weighting...............................................................8.12
Current output...................................................................8.13
Monotonicity......................................................................8.12
R-2R ladder......................................................................8.13
Settling time......................................................................8.12
Summing...........................................................................8.12
Zero-order hold.................................................................8.21

Diode....................................................................................4.30
Peak Inverse Voltage (PIV, PRV).....................................4.31
AC circuit model................................................................5.15
Anode...............................................................................4.30
Cathode............................................................................4.30
Dynamic resistance..........................................................5.15
Fast-recovery...........................................................4.31, 7.10
Forward voltage.......................................................4.31, 4.32
Free-wheeling............................................................7.5, 7.22
At high frequencies...........................................................5.15
Kickback (flyback)....................................................4.56, 4.67
Labeling............................................................................4.30
Photodiode.......................................................................4.39
PIN....................................................................................4.32
Point-contact.....................................................................4.32
Ratings.............................................................................4.31
Schottky...................................................................4.32, 7.10
Switching time...................................................................5.15
Transient voltage suppressor (TVS).................................4.33
Vacuum tube....................................................................17.4
Varactor............................................................................4.32
Zener................................................................................4.33

Dip (grid dip) meter....................................................25.28, 26.4
Diplexer..............................................................................10.38
Diplexer by W4ENE............................................................10.11
Dipole...................................................................................21.7

Fan.................................................................................21.15
Folded..................................................................21.14, 21.53
Half-wave vertical...........................................................21.26
Inverted-V.......................................................................21.13
Loaded............................................................................21.14
Multiband........................................................................21.15
Near Vertical Incidence Skywave (NVIS).......................21.16
Portable operation..........................................................24.27
Sloping...............................................................21.14, 21.27ff
Table of dimensions........................................................21.12
Trap................................................................................21.16
Using as a vertical..........................................................21.16
Vertical..........................................................................21.27ff
Wide-band for 80 and 75 meters....................................21.13

Direct analog synthesis (DAS).....................................9.28, 9.54
Direct conversion (receiver)................................................12.11
Direct current (dc)...................................................................2.3
Direct digital synthesis (DDS).............................................9.28ff

Noise................................................................................9.29
Direct memory access (DMA)...............................................8.18
Direct pickup, direct detection............................................27.14
Direct-sequence (DSSS)....................................................11.24
Directional coupler...................................................25.29, 25.38
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Directional wattmeter..........................................................25.32
Discharge (battery)...............................................................7.41
Discontinuous conduction mode (DCM)...............................7.22
Discrete time signals............................................................8.20
Discriminator.......................................................................12.45
Displacement current..............................................................5.5
Dissipation (power)...............................................................2.10
Distributed elements...............................................................5.1
Dithering...............................................................................8.25
Diversity reception...................................................12.54, 19.36
Digital multimeter (DMM)
   Autoranging.......................................................................25.5
   LCR measurements......................................................... 25.11
   Measurement techniques................................................25.47
DominoEX..........................................................................15.11

Telemetry........................................................................16.12
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Doppler shift............................................................19.35, 21.70
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AM modulator.................................................................13.11
Phase detection..............................................................12.33

Doubler (multiplier).............................................................13.25
Down-conversion (to baseband).............................................8.3
DPSK (see Differential phase-shift keying)
DQPSK (see Differential quadrature phase-shift keying)
Drift velocity..........................................................................2.27
Driver array IC......................................................................4.63
DSP (see Digital signal processing)
DSP equipment troubleshooting.........................................26.15
DTMF (see Dual-tone multi-frequency)
DTV, HDTV (see Digital television)
Dual-tone multi-frequency (DTMF).....................................18.10
Dummy load..............................................................25.27, 26.4
Duplexer...............................................................................18.5

Adjustment using spectrum analyzer..............................25.36
DXATLAS............................................................................19.24
Dynamic microphone..........................................................13.28
Dynamic range.....................................................................3.32

Receiver, SDR................................................................12.21
Blocking (BDR).................................................................12.5
Decimation......................................................................12.23
Interference-free signal strength (IFSS)...........................12.7
Intermodulation distortion (IMD).....................................25.44
Preamplifier effect.............................................................12.4
Receiver..........................................................................12.4ff
Reciprocal mixing.............................................................12.7
SDR behavior.................................................................25.44
Spectrum analyzer..........................................................25.18
Spurious-free dynamic range (SFDR).....................12.4, 12.7
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Superheterodyne vs SDR receiver metrics.....................25.44
Third-order........................................................................12.6

Dynamic resistance.....................................................3.27, 5.15
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Propagation....................................................................19.19
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Earth-Moon-Earth (EME)......................................................1.10

JT65................................................................................15.16
Q65.................................................................................15.16
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EchoLink.............................................................................18.11
Eddy current................................................................2.22, 4.26
Effective moment (rotator)..................................................21.72

Effective Radiated Power (ERP, EIRP)..................................3.9
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Electric charge........................................................................2.1
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Electric field..........................................................................3.39
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RF exposure...................................................................22.32
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RF interference...............................................................24.18
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Electrical noise...................................................................27.19
Electrical safety ground........................................................22.7
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Electroluminescence............................................................4.40
Electromagnetic (EM) analysis...........................................6.17ff

Port tuning........................................................................6.24
Tools.................................................................................6.29
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Electromagnetic interference (EMI)....................................27.1ff
Electromagnetic Pulse (EMP).............................................27.57
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Free-space attenuation.....................................................19.2
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Electronic Load Detector (ELD)..........................................24.14
Electrostatic discharge (ESD)....................................4.37, 27.56

Prevention......................................................................23.16
Elliptic-function filter..............................................................10.6
Elsie by W4ENE.................................................................10.11
Emergency communication, repeaters.................................18.3
Emission designators...........................................................11.2
Emissions

Bandwidth, occupied or necessary...................................13.1
FCC regulations................................................................13.1

Emitter-follower (see Common-collector amplifier)
Encryption.............................................................................15.6
End-fed half-wave (EFHW) antenna..........................21.9, 21.14

Portable operation..........................................................24.27
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Arranging a station............................................................24.6
Interconnection.................................................................24.8
Mobile mount..................................................................24.12

Equivalent (effective) series inductance (ESL).......................5.5
Equivalent (effective) series resistance (ESR).....................4.12
Equivalent circuit....................................................................2.7
Equivalent sunspot number................................................19.32
Error (measurement)............................................................25.2
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Error correction...................................................................19.36
Error detection and correction..............................................15.2
Error vector magnitude (EVM)............................................11.29
European Telecommunications Standards Institute (ETSI)..15.33
Excess noise ratio (ENR)...................................................25.41
Excess temperature..............................................................5.34
Eye diagram.......................................................................11.28
EZNEC by W7EL..................................................................21.6

F
F region..............................................................................19.12

F1 and F2 regions...........................................................19.20
Propagation....................................................................19.20

Facsimile (Fax)...................................................................15.13
Formats...........................................................................15.13
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Fading...................................................................................9.34
Selective..........................................................................11.10
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Fall (rise) time.......................................................................3.37
Farad (F)...............................................................................2.15
Faraday shield......................................................................5.33
Fast Fourier Transform (FFT)...........................6.21, 8.25, 15.10
Fast-scan television (FSTV) (see Amateur television)
FCC
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Emission designators........................................................11.2
FCC Commission Registration System (CORES)............1.17
FCC Registration Number (FRN)......................................1.17
License classes................................................................1.16
Licensing..........................................................................1.15
Part 15..............................................................................27.3
Part 15 conducted emission limits..................................27.43
Part 18..............................................................................27.4
Part 97..............................................................................27.2
Part 97.1 - Basis and Purpose..........................................1.10
Rules and regulations.......................................................1.11
Universal Licensing System (ULS)...................................1.16

FD-MDV by HB9TLK..........................................................15.17
FDTD (see Volume Meshing)
Feed line (see Transmission line)
Feed line choke (RF choke, common-mode)...................20.22ff

Transmitting, ferrite.......................................................20.27ff
Bead...............................................................................20.30
Broadband......................................................................20.26
Coiled coax.....................................................................20.26
Combining ferrite and coiled coax..................................20.30
Noise reduction...............................................................20.31
Receiving applications....................................................20.31
VHF and UHF.................................................................20.31

Feed point impedance..........................................................21.3
Feed-through termination...................................................25.27
Feedback..............................................................................3.35

Oscillator.............................................................................9.1
Feld-Hell.............................................................................15.13
FEM (see Volume meshing)
Ferri- and ferromagnetic.......................................................2.18
Ferrite...................................................................................5.20

Bead......................................................................5.21, 20.30
Chokes.............................................................................5.23
Common-mode choke....................................................27.13
Determining type of...........................................................5.24
Equivalent circuits....................................................5.20, 5.23
Permeability......................................................................5.20
Permeability vs frequency........................................5.20, 5.27
Radio frequency interference (RFI)................................27.12
Resonances of cores and chokes.....................................5.20
Type 31 material...............................................................5.24
Type or mix.......................................................................5.20
Use for EMI suppression..................................................5.24

FFT (see Fast Fourier transform)
Fiber optics...........................................................................4.41
Field

Electric (electrostatic).......................................................2.14
Magnetic...........................................................................2.18

Field programmable gate array (FPGA)...............................8.19
Field-effect transistor (FET).........................................2.29, 4.35

CMOS, NMOS, PMOS......................................................2.31
DC channel resistance, rDS...............................................4.35
Forward transconductance, gm.........................................4.36
Gate leakage current, IG, 4.35
N-channel, P-channel.......................................................2.29
On resistance, rDS(ON).......................................................2.30
Source, drain, and gate....................................................2.30
Breakdown region.............................................................4.36
Channel............................................................................2.29
Common-source/gate/drain.....................................4.36, 4.52
Comparison with BJT........................................................4.38
Cutoff region.....................................................................4.36
Depletion mode.................................................................2.31
Enhancement mode..........................................................2.31
Gallium arsenide (GaAs)..................................................4.38
High-frequency circuit model............................................5.17
Junction breakpoint voltage..............................................4.35
Junction FET (JFET).........................................................2.29
MOSFET...........................................................................2.30
Ohmic region....................................................................4.36
Operating parameters.......................................................4.36
Phototransistor..................................................................4.40
Pinch-off...........................................................................2.30
Saturation region..............................................................4.36
Small-signal model...........................................................5.17

Field-strength meter (FSM)................................................25.37
Filter......................................................................................3.35

High-, Low-, Band-pass....................................................10.3
Passive, lumped-element (LC).........................................10.7
Transformation, high-pass to band-stop...........................10.9
Transformation, low-pass to band-pass............................10.8
AC-line filter......................................................................27.8
Active................................................................................4.61
Active filter design tools..................................................10.16
Active RC........................................................................10.11
All-pass.............................................................................3.35
Anti-aliasing...............................................................8.4, 8.21
Band-pass........................................................................3.35
Band-stop (band-reject)....................................................10.3
Bandwidth.........................................................................10.3
Basic types and definitions.............................................10.3ff
Bessel (constant-delay)....................................................10.6
Brick wall response...........................................................10.3
Butterworth (maximally flat)..............................................10.5
Capacitor- and inductor-input...........................................10.7
Cauer (elliptic function).....................................................10.6
Cavity..............................................................................10.30
Center frequency..............................................................10.8
Chebyshev (equiripple).....................................................10.5
Combline.........................................................................10.36
Cutoff frequency...............................................................10.3
Differential-mode..............................................................27.8
Diplexer...........................................................................10.38
Effect of component Q....................................................10.10
Effect of ripple.................................................................10.10
Group delay......................................................................10.6
Helical resonator.............................................................10.33
HF transmitting...............................................................10.36
High-pass.................................................................3.35, 10.9
Insertion loss...................................................................10.10
Ladder..............................................................................10.7
Low-pass..........................................................................3.35
Magnitude response.........................................................10.3
Mid-band response...........................................................3.35
Multiple-feedback............................................................10.15
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Notch................................................................................10.3
Notch filtering..................................................................12.55
Nyquist............................................................................11.26
Order................................................................................10.4
Overshoot.........................................................................10.6
Passband.................................................................3.35, 10.3
Phase response................................................................10.3
Quartz crystal..................................................................10.23
Radio frequency interference (RFI)................................27.8ff
Raised-cosine.................................................................11.26
Receive and transmit........................................................10.2
Reconstruction..................................................................8.21
Return loss (RL)..............................................................10.10
Ringing.............................................................................10.6
Ripple...............................................................................10.4
Ripple bandwidth..............................................................10.5
Ripple-VSWR-Return Loss table....................................10.11
Roll-off.....................................................................3.35, 10.4
Roofing...........................................................................12.19
Sallen-Key......................................................................10.15
Shape factor.......................................................................8.2
Specifications....................................................................10.4
Stop band................................................................3.35, 10.3
Stop band depth and frequency.......................................10.5
Surface acoustic wave (SAW)........................................10.26
Switched-capacitor (SCAF)............................................10.12
Transient response...........................................................10.6
Transition region...............................................................10.4
Ultimate attenuation..........................................................10.4
VHF and UHF.................................................................10.11

Filter method (SSB generation)..........................................13.22
FilterPro by Texas Instruments...........................................10.16
Filter, transmission line.......................................................10.26

Band-pass......................................................................10.27
Emulating LC filters.........................................................10.29
Hairpin resonator............................................................10.28
Interdigital.......................................................................10.28
Microstrip........................................................................10.26
Quarter-wave..................................................................10.28
Stripline...........................................................................10.26

Finite impulse response (FIR) filter.....................................10.16
Fire extinguishers......................................................22.13, 24.8
Fixed and floating point........................................................8.18
Flashover..............................................................................25.5
Flat topping...........................................................................17.2
FLDIGI by W1HKJ.......................................................1.11, 15.5

Telemetry........................................................................16.12
Flow graph..........................................................................14.13
Flyback (kickback) diode......................................................4.67
Flyback converter.................................................................7.23
Flywheel effect......................................................................17.9
Foldback current limiting.......................................................7.18
Forward bias.........................................................................2.27
Forward converter................................................................7.25
Forward error correction (FEC)..........................................15.12
Forward resistance...............................................................2.27
Forward transconductance, gm.............................................4.36
Fourier transform.........................................................6.21, 8.25

Inverse (IFT).....................................................................8.27
Non-periodic signals.........................................................8.27
Spectral leakage...............................................................8.27
Windows...........................................................................8.27

Franke, Steven K9AN.........................................................15.15
Free-space impedance.........................................................3.42
FreeDV by KDØEAG and VK5DGR....................................15.17
Frequency...............................................................................3.2

Calibration.......................................................................25.31
Complex............................................................................3.33

Frequency accuracy
Receiver..........................................................................25.49

Frequency coordination........................................................18.4
Frequency counter................................................................25.8

Prescaler...........................................................................25.8
Time base.........................................................................25.9
Use for troubleshooting.....................................................26.6

Frequency deviation (see Deviation, frequency (FM)) 
Frequency divider.................................................................9.35
Frequency Division Multiple Access (FDMA)..........11.25, 18.17
Frequency domain.......................................................3.4, 25.17
Frequency modulation (FM)...............................................11.7ff

Equipment, FM voice........................................................18.7
Demodulation..................................................................12.44
Limiter..................................................................12.16, 12.46
Modulators......................................................................13.16
Ratio detector.................................................................12.16

Frequency multiplier...........................................................13.25
Frequency response...........................................3.32, 3.34, 3.36

AC measurement............................................................25.11
Measurement with noise source.....................................25.28 
Measurement with spectrum analyzer............................25.36

Frequency response (audio).................................................13.4
Frequency shift keying (FSK)..................................11.10ff, 15.6

Audio FSK......................................................................11.11
Binary FSK......................................................................11.10
Gaussian frequency shift keying (GFSK)........................11.10
Gaussian minimum-shift keying (GMSK)........................11.11
Multi-level FSK................................................................11.10
Selective fading..............................................................11.10

Frequency stability, receiver...............................................25.49
Frequency standard stations..............................................25.31
Frequency synthesizer.........................................................9.28
Frequency-hopping (FHSS)................................................11.23
Friis formula..........................................................................5.35
Front-to-back ratio................................................................21.5

Yagi antenna..................................................................21.30
FSK441 (see MSK144)
FST4 and FST4W...............................................................15.16
FSTV (see Amateur television)
FT4.....................................................................................15.16
FT8............................................................................1.10, 15.14

Dxpedition mode (Fox and Hounds)...............................15.15
FTP.....................................................................................15.27
Full-bridge converter.............................................................7.25

Quasi-square wave...........................................................7.25
Full-wave bridge, center-tap rectifier......................................7.6
Fundamental (signal)..............................................................3.2
Fundamental diode equation................................................2.27
Fundamental overload........................................................27.14
Fuse...............................................................................2.12, 7.2

Fuse holders.....................................................................2.12
High-voltage......................................................................7.30
Ratings.............................................................................2.12

G
G-code................................................................................23.48
G-TOR................................................................................15.21

Golay FEC......................................................................15.22
Huffman A and B coding.................................................15.22

Gain
Voltage, current, and power..............................................3.32
Amplifier............................................................................3.32
Antenna.................................................................21.1, 21.51
Noise................................................................................5.35

Gain-bandwidth product (FT, GBW)............................4.57, 5.16
Galactic noise.......................................................................12.2
Gallium arsenide (GaAs)......................................................2.30
Gamma match.........................................................21.35, 21.53
Gas discharge tube (GDT).................................................27.58
Gate leakage current, IG.......................................................4.35
Gateway (D-STAR).............................................................18.16
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Gauss (G).............................................................................2.19
Gaussian frequency shift keying (GFSK)...........................11.10
Gaussian minimum-shift keying (GMSK)............................11.10
gEDA (CAD software).............................................................6.1
Generator, function...............................................................25.9
Generator, power.....................................................22.5, 24.19ff

DC power sources..........................................................24.22
Grounding.......................................................................24.22
Inverter...........................................................................24.19
RF noise.........................................................................24.21
Safety.............................................................................24.22
Voltage regulation...........................................................24.20

Generator, signal................................................................25.9ff
Generator, tracking.............................................................25.36
Generic array logic (GAL).....................................................8.19
Geomagnetic field (GMF).....................................................19.7

Equatorial anomaly.........................................................19.31
Geomagnetic equator..........................................19.12, 19.22
Geomagnetic storm........................................................19.18
Solar and geophysical data............................................19.32

Germanium (device).............................................................2.27
GFCI circuit interrupter, RFI...............................................27.41
GFCI or GFI (see Circuit Breaker)
Gilbert (Gb)...........................................................................2.19
Gilbert cell...........................................................................12.38
Gin-pole..............................................................................22.19
Global Positioning System (GPS).......................................25.31
Glossary

AC theory and reactance..................................................3.12
Conductance and Resistance.............................................2.5
DC and basic electricity......................................................2.3

GMSK (see Gaussian minimum-shift keying)
GNU Radio.......................................................................14.11ff

Flow graph......................................................................14.13
GRC interface.................................................................14.13
UHD Universal Hardware Driver.....................................14.17

GPIB.....................................................................................25.6
GPS......................................................................................16.2

Receiver..........................................................................16.13
Sentences (data)..............................................................16.9

Graphics processing unit (GPU)...........................................8.19
Gray code.........................................................8.7, 15.10, 15.11
Gray-line propagation.........................................................19.23
Grid (vacuum tube)...............................................................17.5

Bias.................................................................................17.19
Control..............................................................................17.5
Screen..............................................................................17.5
Suppressor.......................................................................17.5

Grid-dip meter (GDO).........................................................25.28
Ground fault circuit interrupter (GFCI or GFI)................7.2, 22.5
Ground rod...........................................................................22.9
Ground wave........................................................................19.5
Ground-plane antenna......................................................21.20ff

Feeding...........................................................................21.21
Grounded grid.......................................................................17.6
Grounding...........................................................................22.6ff

AC (signal) ground............................................................4.45
Coax shields...................................................................22.10
Concrete encased grounding electrode (CEGR)..............22.8
Conductors............................................................22.9, 22.11
Dissimilar metals.............................................................22.12
Earth ground.....................................................................22.8
Electrical safety ground....................................................22.7
Equipment ground............................................................22.7
Exothermic welding (CadWeld)........................................22.9
Galvanizing.....................................................................22.12
Generators......................................................................24.22
Ground rod.......................................................................22.9
Inductance........................................................................22.8
Lightning dissipation ground.............................................22.8
MIL-HDBK-419A...............................................................22.6
National Electrical Code (NEC)........................................22.6

R56 Standards and Guidelines for  
Communications Sites..................................................22.6

Radio frequency interference (RFI)..................................27.6
Single-point ground panel (SPGP)........................22.7, 22.12
Soldering and brazing.......................................................22.9
Station..............................................................................24.2
Ufer ground.......................................................................22.8

Group delay (filter)................................................................10.6
Guanella transformer..........................................................20.24
Gummel-Poon transistor model............................................5.16

H
H (hybrid) parameters..................................................5.16, 5.40
H-field...................................................................................21.2
Half-bridge converter............................................................7.25
Half-power frequency...........................................................3.35
Half-wave rectifier...................................................................7.5

Output voltage....................................................................7.5
Voltage ratings....................................................................7.6

Half-wave vertical dipole (HVD)..........................................21.26
Ham Radio Deluxe digital communications software.........15.13
HamSCI..................................................................................1.1
HamWAN............................................................................15.36
Hardware description language (HDL).................................8.19
Harmonic balance (simulation)....................................6.13, 6.15
Harmonics..............................................................................3.2
Hartley oscillator.....................................................................9.4
Harvard architecture.............................................................8.17
Heat management

Forced-air and water cooling............................................4.70
Heat pipe cooling..............................................................4.70
Rectifiers...........................................................................4.70
RF heating........................................................................4.70
RF power amplifier........................................................17.19ff
Thermoelectric cooling......................................................4.70
Transistor derating............................................................4.70

Heat sink......................................................................4.68, 7.11
Selection...........................................................................4.68

Height above Average Terrain (HAAT)...................................3.9
Helical by W4ENE..............................................................10.34
Helical resonator...............................................................10.32ff

Coupling.........................................................................10.35
Design nomograph.........................................................10.33
Insertion loss...................................................................10.35
Tuning.............................................................................10.35

Hellschreiber.......................................................................15.12
Telemetry........................................................................16.11

Henry (H)..............................................................................2.22
Henry Ott, WA2IRQ............................................................27.1ff
Hertz (Hz)...............................................................................3.2
Hertz, Heinrich......................................................................6.18
Heterodyne (receiver).........................................................12.11
Heterodyne (transmitter).....................................................13.5ff
HF (frequency range classification)......................................3.38
hFE, hfe..................................................................................4.34
High-pass filter....................................................3.35, 10.3, 10.9
High-voltage power supply...................................................7.28

Electric vehicles, hazards...............................................24.17
Bleeder resistor.................................................................7.29
Capacitors.........................................................................7.28
Construction techniques........................................7.30, 23.27
Equalizing resistors...........................................................7.28
Fuses................................................................................7.30
Grounding stick (hook)......................................................7.31
Inductors...........................................................................7.30
Metering............................................................................7.29
Safety...............................................................................7.29
Transformers....................................................................7.30

Hilbert transformer..............................................................11.16
Hipot test..............................................................................7.31
Hiram Percy Maxim, 1AW......................................................1.4
Horsepower (hp).....................................................................2.9
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Hot-carrier diode (see Schottky diode)
Hot, neutral, ground wiring............................................7.2, 22.4
Hotspot (repeater)................................................................18.4
HPIB.....................................................................................25.6
Huffman coding....................................................................15.4
Humidity, relative (RH).........................................................16.2
Hybrid combiner.................................................................25.29
Hybrid vehicles...................................................................27.54
Hybrid-pi transistor model............................................4.46, 5.16
Hysteresis (comparator).......................................................4.60
Hysteresis (magnetic)...........................................................2.21

I
I-V curves.............................................................................4.29
I/Q modulation..................................................................11.11ff

AM modulation and demodulation..................................11.14
Amplitude modulation (AM)............................................11.15
FM detector.....................................................................11.15
Hilbert transformer..........................................................11.16
I/Q demodulator..................................................................8.3
I/Q signals...........................................................................3.3
Modulation and demodulation.......................................11.12ff
Multi-carrier modulation..................................................11.18
Single-sideband (SSB)...................................................11.15

I2C........................................................................................16.7
ICAS (see Intermittent Commercial and Amateur Service)
IEEE-488..............................................................................25.6
IF rejection..........................................................................25.47
IFSS (see Interference-free Signal Strength)
Image (GIF)..........................................................................15.3
Image (receiver).................................................................12.16
Image modes........................................................................1.11
Image modulation.............................................................11.19ff
Image rejection, measurement...........................................25.47
Image response....................................................................5.36
Imaginary numbers.............................................................11.12
IMD (see Intermodulation distortion)
Impedance (Z)......................................................................3.17

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

Impedance inversion, pi networks........................................5.31
Impedance matching..........................................................5.28ff

Antenna to transmission line...........................................20.15
Antennas........................................................................21.53
Conjugate matching........................................................20.13
L network..........................................................................5.28
Networks.........................................................................20.13
Pi network..............................................................5.28, 17.10
Pi-L network....................................................................17.11
Quarter-wave (Q) section...............................................20.15
Resonating the antenna.................................................20.15
Series- and shunt-input circuits......................................20.14
Solid-state amplifier......................................................17.32ff
T network...............................................................5.29, 20.18
Transformer.........................................................20.16, 21.54
Transmission line............................................... 20.10, 20.15ff
Twelfth-wave transformer...............................................20.16

Impedance matching unit (see Antenna tuner)
IMS (see Intermittent Mobile Service)
In-circuit debugger (ICD)......................................................8.17
In-circuit emulator (ICE)........................................................8.17
In-circuit programmer (ICP)..................................................8.17
Incremental frequency keying (IFK)....................................15.11
Inductance (L).......................................................................2.22

Air core formula................................................................4.16
Henry (H)..........................................................................2.22
Induced voltage (back-voltage).........................................2.22
Mutual inductance (M)......................................................2.23
Straight wires....................................................................4.17

Inductance index (AL)...........................................................4.19
Inductor.................................................................................2.18

Ferrite toroid, properties...................................................4.21
Kick-back voltage, diode...................................................2.25
Powdered iron toroid, properties.......................................4.20
Ratings, RF power amplifier...........................................17.16
AC current and voltage.....................................................3.11
Air core.............................................................................4.15
Air gap..............................................................................2.22
Coupling...........................................................................2.23
Eddy current.....................................................................2.22
Effects of coupling..............................................................5.8
Effects of shielded enclosures............................................5.8
Energizing and de-energizing...........................................2.24
High-voltage......................................................................7.30
Inductance index (AL).......................................................4.19
Iron core...........................................................................4.18
Labeling............................................................................4.15
Laminations......................................................................2.22
Parasitic capacitance..........................................................5.7
Phasing dots.....................................................................7.24
Powdered-iron toroid cores...............................................4.19
At radio frequencies............................................................5.6
RF choke............................................................................5.8
RL time constant (τ)..........................................................2.23
Saturation.........................................................................2.21
Series and parallel............................................................2.24
Series resistance................................................................5.7
Slug-tuned........................................................................4.18
Swinging choke.................................................................7.14
Types of inductors............................................................4.15

Infinite impulse response (IIR) filter....................................10.20
Insertion loss, filter (IL)..............................................5.14, 10.10
Instrumentation amplifier......................................................4.59
Insulated-gate FET (see MOSFET)
Insulator

Voltage (V, E).....................................................................2.1
Antenna..........................................................................21.10

Integrated circuit (IC)
Latch-up............................................................................4.43
Parasitic SCR...................................................................4.43

Integrated circuits (Linear)....................................................4.41
Hybrid circuits...................................................................4.41
Monolithic..........................................................................4.41
Substrate..........................................................................4.42

Integrated development environment (IDE)..........................8.17
Intercept point............................................................12.6, 25.45

Third-order (IP3)...............................................................12.6
Interface (analog-digital).......................................................4.67
Interface, configuration and control (SDR).........................14.10
Interference-free signal strength (IFSS)...............................12.7

Measurement..................................................................25.47
Intermittent Commercial and Amateur Service  

(ICAS) rating.....................................................................13.4
Intermittent Mobile Service (IMS) rating...............................13.4
Intermodulation (IMD).........................................................27.14

Identifying RFI from........................................................27.21
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Intermodulation distortion (IMD).......................11.27, 12.5, 13.2
Measurement..................................................................25.44
RF power amplifier........................................................17.38ff
Spectrum analyzer..........................................................25.19

Internal impedance (sources).................................................2.7
International power standards..............................................22.3
Internet Radio Linking Project (IRLP).................................18.11
Interplanetary magnetic field (IMF).......................................19.7
Interpolation..........................................................................8.22
Intersymbol interference (ISI).......................11.10, 11.26, 19.36
Inverse Fourier Transform (IFT)............................................8.27
Inverted-L antenna.............................................................21.25
Inverted-V antenna.............................................................21.13
Inverters, dc-ac.....................................................................7.44

Volt-ampere (VA) product, rating......................................7.44
Sine-wave output..............................................................7.44
Square-wave output..........................................................7.44

Inverting amplifier.................................................................4.58
Ion..........................................................................................2.1
Ionosonde...........................................................................19.14
Ionosphere........................................................................19.12ff

Refraction.......................................................................19.13
Sounding........................................................................19.14

IP-based networking...........................................................15.34
AREDN...........................................................................15.34
HamWAN and HamNet...................................................15.34
TCP/IP............................................................................15.34
Use of commercial channels...........................................15.37

Isolation
Summing amplifier............................................................3.35
Toroid...............................................................................5.33

Isotropic (radiator)................................................................21.1
Isotropic path loss.................................................................5.37
ISWR (See Standing-wave ratio)
ITU emission designators.....................................................11.2

J
JESD204B protocol................................................................8.6
Jitter......................................................................................9.30
jjSmith.................................................................................20.10
Johnson, Johnson-Nyquist noise..........................................5.34
Joules (J)................................................................................2.2
JPEG compression...............................................................15.4
JT65......................................................................................1.10

Reed-Solomon code.......................................................15.16
JT9......................................................................................15.16

Telemetry........................................................................16.11
JT9 Fast..............................................................................15.17

K
K-index.................................................................................19.7
Key clicks...............................................11.5, 13.2, 13.19, 26.18
Kicad (CAD software).............................................................6.1
Kickback (flyback) diode..............................................4.56, 4.67
Kirchoff’s Current Law (KCL)..................................................2.5
Kirchoff’s Voltage Law (KVL)..................................................2.6
KLayout (CAD software).........................................................6.1
Klystron.................................................................................9.27

L
L network...................................................................5.28, 20.14
Ladder (filter)........................................................................10.7
Lagging, leading (power factor)............................................3.22
Lamination............................................................................2.22
Lanyard...............................................................................22.24
Large-signal model...............................................................4.45

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

Latch-up................................................................................4.43
Latency

Measurement........................................................25.47, 25.51 
Receiver..........................................................................12.10
Transmitter........................................................................13.4

Latency (transmitter)...........................................................25.51
LC measurement

Bridge.............................................................................25.11
DMM...............................................................................25.11
ESL and ESR.................................................................25.12

Lead acid battery................................................................7.32ff
Leakage current....................................................................7.28
Leakage flux.........................................................................4.25

Toroid...............................................................................5.33
Leakage path........................................................................5.11
Leakage reactance...............................................................4.26
Leakage resistance..............................................................4.11
Least mean squares filter...................................................10.23
Least significant bit (LSB).......................................................8.7
LF (frequency range classification).......................................3.38
Light-emitting diode (LED)....................................................4.40

Circuit design....................................................................4.40
Electroluminescence.........................................................4.40

Lightning.............................................................................27.57
Lightning dissipation ground.................................................22.8
Lightning protection..............................................................24.2

Lightning arrestor............................................................22.13
Suppliers.........................................................................22.11

Limiter.................................................................................12.46
Limiter (amplifier).......................................................3.36, 12.16
Limiting.................................................................................3.36

Oscillator.............................................................................9.3
Line loss...............................................................................20.5
Line of sight propagation....................................................19.26
Linear (system).....................................................................3.31
Linear amplification.............................................................13.38
Linear amplifier (RF power)..................................................17.2
Lithium-ion (Li-ion) battery....................................................7.35

Charging...........................................................................7.40
Litz wire.........................................................................4.16, 5.7
LNA (see Low-noise amplifier)
Load line (amplifier)..............................................................4.47
Loading (antenna)..............................................................21.23
Local control.........................................................................1.15
Log (logarithmic) amplifier....................................................4.62
Logic-gate oscillator..............................................................9.24
Long-path propagation.......................................................19.23
Loop antenna...................................................................21.36ff

Transmitting, small..........................................................21.37
Radiation resistance.......................................................21.38

Loss angle or tangent (θ)......................................................4.12
Losses (radiative).................................................................5.11
Lossless and lossy compression..........................................15.4
Low-density parity check (LDPC)............................15.15, 15.16
Low-noise amplifier (LNA)....................................................12.4
Low-pass filter.............................................................3.35, 10.3
Lower sideband (LSB)...............................................11.4, 13.22
Lowest usable frequencies (LUF).......................................19.15
LTSPICE by Linear Technologies................................6.1, 17.11
Lumped elements...................................................................5.1
LZW compression.................................................................15.4

M
Macros..................................................................................15.5
Magnetic circuit analogies....................................................2.19
Magnetic field..............................................................2.18, 3.39

Magnetomotive force (MMF, ℑ)........................................2.19
Gauss (G).........................................................................2.19
Hysteresis.........................................................................2.21
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Magnetic field strength (H)................................................2.19
Magnetic flux.....................................................................2.19
Magnetic flux density (φ)...................................................2.19
Magnetic flux linkage........................................................2.23
Mean magnetic path length..............................................2.19
Oersted (Oe), 2.19
Permeability (µ), 2.19
RF exposure...................................................................22.32
Right-hand rule.................................................................2.19
Saturation.........................................................................2.21
Tesla (T)...........................................................................2.19

Magnetic flux
Density..............................................................................2.19
Maxwell (Mx).....................................................................2.19
Weber (Wb)......................................................................2.19

Magnetism............................................................................2.18
Magnetomotive force (MMF, ℑ)............................................2.19

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

Antenna support..................................................22.16, 24.25
Towers............................................................................22.17

MATCH by WØIYH.............................................................20.14
Matchbox (see Antenna tuner)
Maximum useable frequencies (MUF)................................19.15

Forecast..........................................................................19.32
Prediction........................................................................19.31

Maxwell (Mx)........................................................................2.19
Maxwell, James Clerk...........................................................6.17
Maxwell’s equations....................................................3.39, 6.17
MDS (see Minimum detectable signal)
Megger.................................................................................7.31
Metal oxide varistor (MOV).................................................27.56
Meteor scatter (MS)...................................................1.10, 15.17

Propagation....................................................................19.38
Meteor showers..................................................................19.38
Meter

Current shunt..................................................................25.30
Digital panel (DPM)...........................................................25.6
Internal resistance............................................................25.6
Mirror scale.......................................................................25.6
Panel.....................................................................25.6, 25.29
Protection diodes............................................................25.30
Resistance........................................................................25.6
Shunt.......................................................................25.3, 25.5
Test probes.......................................................................25.5

MeterBasic.........................................................................23.46
Method of Moments (MoM).........................................6.23, 21.6
MF (frequency range classification)......................................3.38
MFSK (see Multi-level FSK)
MICROCAP (CAD software)................................................6.17
Microphones.....................................................................13.28ff

Attenuator.......................................................................13.30
Pads...............................................................................13.30
Placement.......................................................................13.29

Microstrip.................................................................10.26, 20.32
Microwave construction techniques..................................23.39ff

Capacitors.......................................................................23.41
Lead lengths...................................................................23.39
PC board........................................................................23.40
Transmission lines..........................................................23.40
Tuning and no-tune designs...........................................23.41
Waveguide metalworking................................................23.40

Microwire..............................................................................16.7
MIL-HDBK-419A...................................................................22.6
Minimum discernible (detectable)  

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

Mixer......................................................................12.11, 12.24ff
Distortion, distortion products.........................................12.26
Active..............................................................................12.33
Amplitude modulator.........................................................13.9
Angle modulation............................................................13.15
Double-balanced.............................................................12.29
Gilbert cell.......................................................................12.38
Mixing products...............................................................12.27
Switching........................................................................12.28
Tayloe.............................................................................12.35
Testing............................................................................12.36
Transverter.....................................................................14.21
Triple-balanced...............................................................12.30

Mixing products..................................................................12.27
Mix, Tom 1TS.......................................................................16.1
MixW digital communications software...............................15.12
Mobile

Antenna efficiency...............................................21.46, 21.49
Antenna impedance matching........................................21.47
Antenna mounting...............................................21.47, 21.50
Antennas (HF)..............................................................21.42ff
Antennas (HF) - base loaded..........................................21.44
Antennas (HF) - coil loaded............................................21.43
Antennas (HF) - radiation efficiency...............................21.46
Antennas (HF) - top loaded............................................21.43
Antennas (VHF/UHF)....................................................21.50ff
Ground losses.................................................................21.46
Impedance matching......................................................21.47
Remotely tuned antennas...............................................21.45
Remotely-tuned antenna controllers...............................21.48
SSB and CW antennas at VHF/UHF..............................21.51

Mobile operation...............................................................24.12ff
Mounts, control head......................................................24.12
Air bags..........................................................................24.16
Amplifiers........................................................................24.15
Automotive interference..................................................24.15
Cables and wiring.........................................................24.12ff
Electric vehicles............................................................24.16ff
Operating techniques......................................................24.18
RF interference...............................................................24.18
Shock mounts.................................................................24.12

Modem................................................................................15.20
Modes...................................................................... 11.1ff, 15.1ff
Modulation accuracy...........................................................11.28
Modulation index

Amplitude modulation.......................................................11.4
Angle modulation..............................................................11.7

Modulation percentage measurement................................25.53
Modulator

AM....................................................................................13.9
Balanced.........................................................................13.10
Double-balanced mixer...................................................13.11

Molex connector...................................................................24.9
Monopole..........................................................................21.20ff
Monte-Carlo analysis............................................................6.10
Morse code...........................................................................1.10
MOSFET (see also Field-effect transistor)...................2.30, 4.36

Depletion mode.................................................................4.36
Electrostatic discharge (ESD)...........................................4.37
Enhancement mode..........................................................4.36
Pass transistor..................................................................7.17
Power...............................................................................4.37

MOSFET, RF Power
Data sheet parameters and ratings................................17.30
Gate structures...............................................................17.27
LDMOS vs VDMOS.............................................17.28, 17.43
Linearity..........................................................................17.42
RF power amplifier design............................................17.27ff
Thermal design...............................................................17.29
Transfer characteristics..................................................17.31
Voltage ratings................................................................17.29

MP3 compression.................................................................15.4
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MSFK16................................................................................15.9
Quadbit, nibble...............................................................15.10
Convolution code............................................................15.10
Fast Fourier Transform (FFT).........................................15.10
Gray code.......................................................................15.10
Hamming distance..........................................................15.10
Interleaver.......................................................................15.10
Modulation......................................................................15.10

MSK (see Minimum-shift keying)
MSK144.....................................................................1.10, 15.17
MT63..................................................................................15.12

Error-correction...............................................................15.12
Latency...........................................................................15.12
Navy MARS....................................................................15.12
Noise immunity...............................................................15.12
Tuning error....................................................................15.12
Walsh function................................................................15.12

Multi-hop propagation.........................................................19.16
F region..........................................................................19.22

Multi-protocol controller (MPC)...........................................15.20
Multi-rate conversion............................................................8.22
Multimeter....................................................................25.3, 26.3

Sensitivity, ohms-per-volt..................................................25.4
Vacuum-tube, VTVM........................................................25.4
Digital (DMM)....................................................................25.5
Specifications....................................................................25.5
VOM (volt-ohm-meter)......................................................25.4

Multimode communications processor (MCP)....................15.20
Multipath propagation.........................................................19.35

Intersymbol interference (ISI).........................................19.36
Multiplier-accumulator (MAC)......................................8.18, 8.25
MultiPSK.............................................................................15.13
Mutual inductance (M)..........................................................2.23

N
N connector........................................................................24.10
National Electrical Code (NEC)...................................22.2, 22.6

Antennas..........................................................................22.3
National Institute of Standards and Technology (NIST)

Standards.........................................................................25.1
National Recognized Testing Laboratories (NRTL)..............22.2
Navigation data.....................................................................16.9
Near field............................................................................25.37
Near vertical incidence sky-wave (NVIS)................19.17, 21.16
NEC modeling engine...........................................................21.6
Necessary bandwidth (see Bandwidth)
Neper..................................................................................20.10
Netlist...........................................................................6.3, 23.31
Network analyzer................................................................25.20

Calibration.......................................................................25.24
Calibration (measurement) plane...................................25.23
Component measurement..............................................25.33
Touchstone (data format)...............................................25.22

Neutralization......................................................................17.22
Ngspice (CAD software)........................................................6.1
NiCd (NiCad) battery............................................................7.35

Charging...........................................................................7.39
NiMH battery.........................................................................7.35

Charging...........................................................................7.40
Node (circuit)..........................................................................2.5
Noise.........................................................................3.37, 5.34ff

Factor, figure.....................................................................5.35
Johnson, Johnson-Nyquist...............................................5.34
AM noise and FM signals.................................................11.8
Antenna layout................................................................13.27
Background......................................................................5.37
Of cascaded amplifiers.....................................................5.35
Friis formula......................................................................5.35
Gain..................................................................................5.35
Image response................................................................5.36
From losses......................................................................5.35
Power...............................................................................5.34

Of preamplifiers................................................................5.36
Simulation.........................................................................5.17
SINAD...............................................................................5.35
Sources............................................................................12.2
Sun...................................................................................5.36
Temperature.....................................................................5.34
White................................................................................5.34

Noise blanker......................................................................12.52
Noise bridge............................................................25.28, 25.34
Noise canceling..................................................................12.53
Noise factor (F).....................................................................5.35
Noise figure (NF)..................................................................5.35

Measuring.......................................................................25.41
Preamplifier location.........................................................12.4

Noise limiter........................................................................12.52
Noise power ratio (NPR)............................................12.9, 25.47
Noise reduction...................................................................12.54
Noise source.......................................................................25.28
Noise temperature................................................................12.3
Nominal value.........................................................................4.3
Non-inverting amplifier..........................................................4.58
Norton equivalent circuit.........................................................2.9

Norton’s Theorem...............................................................2.8
Notch filter............................................................................10.3

DSP................................................................................12.54
NTSC..................................................................................11.19
Nyquist

Frequency and rate....................................................8.8, 8.20
Nyquist filter........................................................................11.26
Nyquist sampling criterion....................................................8.20
Nyquist sampling theorem......................................................8.8

O
Occupied bandwidth (see Bandwidth)
Octal.......................................................................................8.7
Oersted (Oe).........................................................................2.19
OFDM (see Orthogonal frequency-division multiplexing)
Off-center fed (OCF) dipole.......................................21.8, 21.17
Offset (repeater)...................................................................18.4
Offset quadrature phase-shift keying (OQPSK).................15.16
Ohm (Ω)..................................................................................2.4
Ohm’s law...............................................................................2.4

Power formulas.................................................................2.10
Ohmmeter.............................................................................25.3
Oil-filled capacitor.................................................................7.29
Olivia...................................................................................15.12

MFSK..............................................................................15.12
Orthogonal tones............................................................15.12
Telemetry........................................................................16.11

On-off keying (OOK).............................................................11.5
Open-collector output...........................................................4.60
Open-wire line.............................................................20.2, 20.8
Operational amplifier (op-amp).............................................4.57

Gain-bandwidth product (FT, GBW)..................................4.57
Active filter........................................................................4.61
Common-mode rejection ratio (CMRR)............................4.57
Comparator.......................................................................4.59
Compensation (frequency)...............................................4.57
Difference amplifier...........................................................4.59
Differential amplifier..........................................................4.59
Gain..................................................................................4.57
Input and output impedance.............................................4.58
Input bias current..............................................................4.58
Input offset voltage...........................................................4.58
Instrumentation amplifier..................................................4.59
Inverting and non-inverting amplifier.................................4.58
Log amplifier.....................................................................4.62
Open-loop gain.................................................................4.58
Peak detector...................................................................4.61
Power-supply rejection ratio (PSRR)................................4.58
Rail-to-rail.........................................................................4.58
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Rectifier circuit..................................................................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...................................................................4.59
Voltage-current converter.................................................4.62
Voltage-follower circuit.............................................4.58, 4.59

Optimized Wideband Antenna (OWA)................................21.30
Optoisolator.................................................................4.40, 4.67

AC load, driving................................................................4.67
Relay, driving....................................................................4.67
Circuit design....................................................................4.40
Current transfer ratio (CTR)..............................................4.40

Order (filter)..........................................................................10.4
Orthogonal frequency-division multiplexing 
	 OFDM.............................................................................11.19

VARA..............................................................................15.22
Oscillation.............................................................................3.35
Oscillator

Butler................................................................................9.21
Cavity resonator oscillator................................................9.26
Colpitts................................................................................9.4
Crystal oscillator circuits...................................................9.20
Design notes.......................................................................9.6
Dielectric resonator oscillator............................................9.26
Disciplined......................................................................25.31
Feedback loop....................................................................9.2
Hartley................................................................................9.4
Logic-gate oscillator..........................................................9.24
Low-noise...........................................................................9.6
Pierce...............................................................................9.24
Resonators.........................................................................9.1
Start-up...............................................................................9.3
Troubleshooting..............................................................26.24
UHF and above.................................................................9.24
Vackar................................................................................9.9
Vacuum tube......................................................................9.7
Variable crystal oscillator (VXO).......................................9.23
YIG-tuned oscillator..........................................................9.26

Oscilloscope.....................................................................25.12ff
Alternate and chop.........................................................25.13
Analog............................................................................25.29
Digital...................................................................25.15, 25.31
Dual-trace.......................................................................25.13
Probes............................................................................25.15
Rise time and bandwidth................................................25.15
Sample rate....................................................................25.14
Sweep.............................................................................25.13
Trigger............................................................................25.12
Use for troubleshooting.....................................................26.4
X-Y mode........................................................................25.13

OSI networking model........................................................15.19
Layers.............................................................................15.19
Protocol stack.................................................................15.19

Outlet strip............................................................................22.1
Safety...............................................................................22.2

Overmodulation..................................................................13.12
Overshoot.............................................................................10.6

ALC...................................................................................13.3
CW keying........................................................................13.2

Overtone...............................................................................9.18

P
P25..........................................................................15.33, 18.22

APCO-25........................................................................15.33
Continuous 4-level FM (C4FM).......................................15.33
Improved MultiBand Excitation (IMBE)...........................15.33

Tetra...............................................................................15.33
Packet radio (AX.25)..........................................................15.25

APRS (Automatic Packet Reporting System).................15.27
Digipeater.......................................................................15.26
Dire Wolf.........................................................................15.27
Error detection................................................................15.27
KISS...............................................................................15.28
Packet bulletin-board systems (PBBS)...........................15.28
SoundModem.................................................................15.26
TCP/IP............................................................................15.25
TNC interface..................................................................15.27

PACTOR...............................................................................1.10
PACTOR-I, -II, -III, -IV...................................................15.25ff
Contact flow....................................................................15.21
Link establishment..........................................................15.21
PACTOR-III link establishment.......................................15.22
Speed comparison..........................................................15.21

Pallet modules, RF amplifier.............................................17.37ff
Panadapter...........................................................................14.4

Architecture, SDR.............................................................14.7
Adapting to older radio....................................................14.10
Hardware........................................................................14.11
Software.........................................................................14.10

Parallel-bridge converter......................................................7.25
Paramagnetic.......................................................................2.19
Parasitic oscillation..................................................17.24, 17.36
Parasitic SCR.......................................................................4.43
Parasitic (stray).......................................................................5.1

Capacitance (stray)......................................................5.3, 5.5
Capacitance of inductors....................................................5.7
Effect on filter performance...............................................5.13
Effect on Q..........................................................................5.9
Effects of parasitic characteristics......................................5.3
General component model.................................................5.3
Inductance.................................................................5.3, 5.17
Inductance of capacitors.....................................................5.5
Inductance of resistors........................................................5.4
Inductance per inch of wire.................................................5.3
Inter-electrode capacitance................................................5.6
Leakage conductance........................................................5.3
Package capacitance..........................................................5.6
Radiative losses................................................................5.11
Resistance..........................................................................5.3
Self-resonance....................................................................5.6

Parasitic suppressor................................................17.25, 17.33
Parity....................................................................................15.2
Passband (filter)...................................................................10.3
Payloads (data)

HF...................................................................................16.15
VHF/UHF/Microwave......................................................16.12

PC board construction......................................................23.23ff
PC board fabrication services.............................................23.32
PC board layout................................................................23.29ff

Annotation, forward and backward.................................23.31
Annular ring....................................................................23.32
Auto-placement...............................................................23.34
Auto-router (autorouting)................................................23.36
Bill of Materials (BOM)....................................................23.31
Component and solder sides..........................................23.31
Component footprint.......................................................23.30
Copper fill........................................................................23.36
Design Rule Check (DRC)..............................................23.36
Double- and multi-layer...................................................23.32
Drill file............................................................................23.38
Excellon file.....................................................................23.38
Gerber file (RS-274X).....................................................23.38
Gerber file viewing..........................................................23.38
Layers.............................................................................23.34
Material...........................................................................23.32
Microwave techniques....................................................23.40
Net..................................................................................23.30
Panelizing.......................................................................23.33
Photoplotter....................................................................23.38
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Plated-through hole........................................................23.32
RF interference...............................................................23.35
Routing (traces)..............................................................23.35
Silkscreen............................................................23.33, 23.37
Software.........................................................................23.29
Solder mask.........................................................23.33, 23.37
Surface-mount component.............................................23.31
Symbol library.................................................................23.30
Through-hole component................................................23.31
Tin plating.......................................................................23.33
Trace current limits.........................................................23.36

PC board transmission line.................................................20.32
Peak and peak-to-peak values...............................................3.6
Peak detector.......................................................................4.61
Peak envelope power (PEP).......................................3.8, 25.32
Peak envelope voltage (Value)...............................................3.8
Peak inverse voltage (PIV, PRV).................................4.31, 7.11
Peak power.............................................................................3.8
Peak surge current, ISURGE...................................................7.11
Peltier effect..........................................................................4.70
Pentode................................................................................17.5
Performance requirements...................................................4.46
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Right-hand rule.....................................................................2.19
Ringing (filter).......................................................................10.6
Ripple.....................................................................................7.4

Bandwidth (filter)...............................................................10.5
Filter..................................................................................10.4
Frequency.........................................................................7.13
Voltage.............................................................................7.13

Rise (fall) time.......................................................................3.37
Keying.............................................................................25.52

RJ connector......................................................................24.11
RL time constant (τ).............................................................2.23
Robotics................................................................................16.3

Construction....................................................................16.22
Data platform..................................................................16.22
Subsystems....................................................................16.22

Rocketry, amateur................................................................16.3
Construction....................................................................16.21
Data platform..................................................................16.21
Navigation.......................................................................16.21
Subsystems....................................................................16.21

Roll-off (filter)...............................................................3.35, 10.4
Roofing filter.......................................................................12.19
Root-mean-square (RMS)...........................................3.6, 25.30

Non-sinusoidal waveforms..............................................25.30
Rope

Antenna support.............................................................21.13
Tower work.....................................................................22.20

Rotator (antenna).............................................................21.71ff
Control unit.....................................................................21.73
Hy-Gain control unit........................................................21.74
Mounting.........................................................................21.73
Position indicator............................................................21.73
Ratings...........................................................................21.72
Ring................................................................................21.74
Software control..............................................................21.73
Troubleshooting..............................................................21.75

Rowe, David VK5DGR.......................................................15.17
RS-274X.............................................................................23.38
RTL-SDR............................................................................14.14
RTTY (see Radioteletype)
Run length encoding (RLE)..................................................15.4
Ruthroff transformer...........................................................20.24

S
S (scattering) parameters.................................5.40, 6.27, 25.20
S meter

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

Antenna and tower.......................................................22.15ff
Bleeder resistor.................................................................7.30
Chemical properties and hazards.....................................23.2
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Electric vehicles..............................................................24.17
Electrical............................................ 22.1ff, 23.3ff, 24.2, 26.1
Generator.......................................................................24.19
Ground.................................................................................7.2 
High voltage......................................................................7.29
Personal fall-arrest system (PFAS)................................22.25
Principles of working safely............................................22.19
Remote stations..............................................................24.41
RF exposure.................................................................22.28ff
Soldering..........................................................................23.9
Tower climbing................................................................22.23
Tower inspection.............................................................22.23
Tower safety standards..................................................22.23
Workbench and shop......................................................23.1ff

Safety, electrical.................................................................22.1ff
Class 1, 2, 3 wiring...........................................................22.6
Back-feeding ac line.........................................................22.5
Distribution box.................................................................22.2
Energized circuits...........................................................22.13
Lockout.............................................................................22.2
National Electrical Code (NEC)........................................22.3
Outlet strip........................................................................22.2
Solar panel.....................................................................22.13
Uninterruptible power supply (UPS)...............................22.13

Sag (wire antennas)...........................................................21.12
Sample rate........................................................................12.20
Sampling, analog-digital conversion.....................................8.20
Saturation (magnetic)...........................................................2.21
Saturation (semiconductor)..................................................2.29
Scalar network analyzer.....................................................25.21
Scaling..................................................................................3.31
Scattering.............................................................................19.4
Scattering (S) parameters................................5.40, 6.27, 25.20
Schematic capture..............................................................23.30

Netlist..............................................................................23.31
Schematic diagram.................................................................2.2
Schottky barrier....................................................................4.32
Schottky diode......................................................................4.32
SCR (see Silicon controlled rectifier)
Screen grid...........................................................................17.5
SDR (see Software defined radio)
Secondary (battery)..............................................................7.32
Secondary emission.............................................................17.5
Selective fading..................................................................13.19
Selectivity.............................................................................12.4
Self-discharge (battery)........................................................7.32
Self-resonance.......................................................................5.6
Semiconductor

N-type, P-type...................................................................2.26
Acceptor and donor impurities..........................................2.26
Compound........................................................................2.26
Cross-reference..............................................................26.10
Cutoff (semiconductor).....................................................2.29
Depletion region................................................................2.26
Doping..............................................................................2.26
Extrinsic............................................................................2.26
Free electron.....................................................................2.26
Hole..................................................................................2.26
Intrinsic.............................................................................2.26
Junction semiconductor....................................................2.27
Majority and minority carriers............................................2.26
Monocrystalline.................................................................2.26
Photoconductor................................................................2.26
PN junction.......................................................................2.26
Polycrystalline...................................................................2.26
Recombination..................................................................2.26
Safe Operating Area (SOA)..............................................4.70
Saturation.........................................................................2.29
Substitution.....................................................................26.11
Substrate..........................................................................2.29
Temperature effects..........................................................4.70
Thermal runaway..............................................................4.70

Sensitivity (receiver).............................................................12.1
Minimum discernible (detectable) signal (MDS)...............12.3

Sensors..............................................................................16.4ff
Calibration.........................................................................16.6
Capacitance-based...........................................................16.5
Current-based...................................................................16.4
Digital interfaces...............................................................16.6
Powering...........................................................................16.8
Remote sensing................................................................16.4
Resistance-based.............................................................16.4
Voltage-based..................................................................16.5

Serenade (CAD software)....................................................6.17
Serial Peripheral Interface (SPI)...........................................16.7
Series feed.........................................................................21.21
Service monitor...................................................................25.34
SFDR (see Spurious-free dynamic range)
Shannon, Claude................................................................11.27
Shannon-Hartley theorem..................................................11.27
SHF (frequency range classification)....................................3.38
Shielding...............................................................................27.8

Cable shield....................................................................27.10
Shielding, oscillator...............................................................9.17
Shock hazards and effects........................................22.13, 26.1
Shock mounts.....................................................................24.12
Short-Open-Load-Through (SOLT) calibration...................25.24 
Shunt feed..........................................................................21.21
SI units..................................................................................25.1
Siemens (S)...................................................................2.4, 3.11
Signal generator...................................................................25.8
Signal injector (troubleshooting)...........................................26.5
Signal source (troubleshooting)............................................26.5
Signal to noise ratio (SNR)...................................................5.34
Signal tracing and injection......................................26.6, 26.15ff
Signal-to-noise and distortion ratio (see SINAD)
Silicon (device).....................................................................2.26
Silicon controlled rectifier (SCR)...........................................2.28

Anode, cathode, and gate.................................................2.28
Use in a crowbar circuit....................................................2.28
Use in ac power control....................................................2.28

Simplex.................................................................................18.2
SINAD...............................................................5.35, 8.14, 25.42
Sinc function..............................................................8.21, 11.26
Sine wave...............................................................................3.1
Single sideband (SSB).......................................................11.4ff

Generating, filter method................................................11.17
Generating, phasing method..........................................11.17
Generating, Weaver method...........................................11.17
Demodulation..................................................................12.44
I/Q modulation................................................................11.15
Overmodulation..............................................................13.12
SDR generator................................................................13.11
Transmitting..................................................................13.21ff

Single-point ground panel (SPGP)...................22.7, 22.12, 24.3
Skin depth (δ).........................................................................5.9
Skin effect...........................................................5.9, 20.1, 27.11
Skip zone............................................................................19.16
Sky-wave (ionospheric) propagation..................................19.12
Slew rate...............................................................................3.32
Sling, web...........................................................................22.20
Slow-scan television (SSTV)..............................................15.13

Modulation......................................................................11.21
Remote sensing..............................................................16.13

Small-signal transistor model......................................4.45, 5.17
BJT...................................................................................4.45
FET...................................................................................4.53

Smith chart software...........................................................20.10
Sniffer probe.......................................................................25.35
Snubber network..................................................................2.25
Snubber, RC.........................................................................4.56
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Software
4nec2 by Arie Voors.........................................................21.6
AirLink.............................................................................19.30
Airmail.............................................................................15.30
Analog Filter Wizard by Analog Devices........................10.16
Codec2 by VK5DGR......................................................15.17
CW Skimmer...................................................................19.34
Diplexer by W4ENE........................................................10.11
Dire Wolf.........................................................................15.26
Dplus..............................................................................18.16
DXATLAS........................................................................19.24
Elsie by W4ENE..............................................................10.11
EZNEC by W7EL..............................................................21.6
FilterPro by Texas Instruments.......................................10.16
FLDIGI by W1HKJ...................................................1.11, 15.5
FreeDV by KDØEAG and VK5DGR................................15.17
Helical by W4ENE..........................................................10.34
jjSmith by W4ENE..........................................................20.10
LTSpice..........................................................................17.11
MATCH by WØIYH..........................................................20.14
MeterBasic.....................................................................23.46
MultiPSK.........................................................................15.13
PC-board layout.............................................................23.29
PI-EL Design by W4ENE................................................17.10
PropLab Pro...................................................................19.31
QuadNet by W4ENE.......................................................10.11
Radio Mobile Online.......................................................19.29
RTTY Skimmer................................................................19.34
Smith chart.....................................................................20.10
SoundModem.................................................................15.27
SVC Filter by W4ENE..........................................10.11, 17.32
Tinkercad........................................................................23.48
TLW by N6BV...................................................................20.4
TubeCalculator...............................................................17.7ff
VOACAP..............................................................19.18, 19.33
Webench by National Semiconductor............................10.16
Winlink Express..............................................................15.30
WSJT-X.......................................................1.10, 15.14, 19.37

Software (CAD)
Ansoft Designer SV2
gEDA (CAD software).........................................................6.1
Kicad (CAD software).........................................................6.1
KLayout (CAD software).....................................................6.1
LTSPICE by Linear Technologies.......................................6.1
Ngspice (CAD software).....................................................6.1

Software defined radio (SDR)........................................8.2, 14.1
Demodulation, detection...............................................12.44ff
Down-, up-conversion.....................................................12.22
Signal chains, transmit and receive..................................14.1
ALC...................................................................................14.3
Angle demodulation........................................................12.47
Angle modulation............................................................13.17
Bandwidth.........................................................................14.2
Blocking dynamic range (BDR)...........................................8.3
Buffering...........................................................................14.2
Cognitive radio....................................................................8.2
Decimation......................................................................12.22
Design tools..................................................................14.11ff
Digitizing at IF.................................................................12.20
Direct RF digitizing..........................................................12.20
Direct sampling...................................................................8.5
Dynamic range.........................................................8.3, 12.21
Dynamic range testing....................................................25.44
Equalization......................................................................14.3
FPGA..............................................................................14.18
Hybrid signal chains............................................................8.5
Locating RFI sources......................................................27.28
Panadapter display...........................................................14.4
Phase noise....................................................................12.24
Receiver........................................................................12.20ff
Sample rate......................................................................14.2
Signal loss........................................................................14.2
SSB generator................................................................13.11

Third-order dynamic range (3IMD DR)...............................8.4
Transmitter........................................................................13.7
Troubleshooting..............................................................26.15
USB dongle........................................................................8.4
User interface...................................................................14.4
Waterfall display...............................................................14.8

Solar battery or cell (see Photovoltaic cell)
Solar panel...........................................................................4.40
Solar phenomena...............................................................19.6ff

27-day recurrence...........................................................19.10
Active Sun......................................................................19.10
Coronal holes..................................................................19.11
Coronal mass ejection (CME).........................................19.11
Cycle 25..........................................................................19.10
Interplanetary magnetic field (IMF)...................................19.7
Quiet Sun..........................................................................19.6
Radio blackout................................................................19.18
Solar (11-year) cycle.........................................................19.8
Solar and geophysical data.................................19.31, 19.32
Solar flares......................................................................19.11
Solar flux...........................................................................19.8
Solar radiation storm.......................................................19.18
Solar wind.........................................................................19.6
Sunspots...........................................................................19.9
Ultraviolet (UV) radiation...................................................19.7

Solar power, RFI.................................................................27.42
Solder

Lead-free..........................................................................23.8
Reduction of Hazardous Substances (RoHS)..................23.8
Solder types......................................................................23.8

Soldering............................................................................23.6ff
Desoldering.......................................................................23.9
Printed-circuit board (PCB).............................................23.23
Safety.............................................................................23.10
Soldering tools..................................................................23.6
Surface-mount technology (SMT).................................23.12ff
Surface-mount technology (SMT) tools............................23.6

Solenoid................................................................................2.12
Solenoidal coil......................................................................2.19
Sonnet (EM simulation)........................................................6.24
Sound card...........................................................................15.5
Source-follower (see Common-drain amplifier)
Source (voltage, current)........................................................2.7
Space (direct) wave..............................................................19.5
Space Weather Prediction Center (SWPC)........................19.32
Spaceweather.com.............................................................19.32
Spark gap...........................................................................27.59
Specific energy (battery).......................................................7.33
Specific power (battery)........................................................7.33
Spectral leakage...................................................................8.27
Spectral power and voltage density......................................5.34
Spectral purity (transmitter)................................................25.49
Spectrum analyzer............................................................25.17ff

Analog, superheterodyne................................................25.18
Span, frequency.............................................................25.19
Bandwidth.......................................................................25.19
Frequency response measurement................................25.36
Harmonic and spurious signals.......................................25.34
Resolution bandwidth (RBW)..........................................25.19
SDR................................................................................25.19
Signal tracing..................................................................25.35
Spurious response (spectrum analyzer).........................25.19
Tracking generator..........................................................25.36
Video bandwidth.............................................................25.19

Spectrum, frequency range classifications...........................3.38
Speech processing..................................................11.27, 13.32
Spike (see Transient)
Splatter...............................................................................11.28
Split operation.......................................................................18.2
Sporadic E propagation......................................................19.37
Spread spectrum (SS)........................................................15.12

Direct sequence (DSSS).................................................15.12
Spreading.......................................................................15.12
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Spread-spectrum modulation...........................................11.22ff
Chip, chip rate.................................................................11.23
Code-division, multiple access.......................................11.25
Chirp modulation.............................................................11.23
Direct-sequence (DSSS)................................................11.24
Frequency-hopping (FHSS)............................................11.23
Processing gain..............................................................11.23

Spurious emission.....................................................13.1, 27.14
Radio frequency interference (RFI)................................27.14

Spurious-free dynamic range (SFDR)................8.15, 12.4, 12.7
Square-law detector...........................................................12.43
Square-law device................................................................4.52
Squegging (squeeging)..........................................................9.6
Squelch.................................................................................18.9

Sensitivity test.................................................................25.48
SSB (see Single sideband)
SSTV (see Slow-scan television)
Standard cell (battery) sizes.................................................7.32
Standards, traceability and transfer......................................25.1
Standing-wave ratio (SWR)..................................................20.5

Converting to return loss...................................................5.40
Flat line.............................................................................20.5
Maximum voltage and current..........................................20.6
Myths about....................................................................20.20

Station
Assembly........................................................................24.1ff
Documentation................................................................24.11
Layout.............................................................................24.6ff
Location............................................................................24.1
Notebook..........................................................................26.6 
Power...............................................................................24.2

Stefan-Boltzmann’s constant (k)...........................................5.34
Stethoscope (troubleshooting)..............................................26.6
Stop band depth and frequency...........................................10.5
Stopband (filter)....................................................................10.3
Stray (parasitic)......................................................................5.1
Stripline....................................................................10.26, 20.32
Stub (transmission line)......................................................20.11

Combinations..................................................................20.12
As filters..........................................................................20.11
Measuring.......................................................................20.12
Quarter- and half-wave...................................................20.11

Subaudible tone (see also CTCSS).............................18.7, 18.9
Sudden ionospheric disturbance (SID)...............................19.19
Summing amplifier................................................................4.59
Sunspots...............................................................................19.9
Superheterodyne (receiver)................................................12.12

Down-, up-conversion.....................................................12.18
Image, image response..................................................12.17
AM and SSB...................................................................12.13
Bandwidth.......................................................................12.12
Digital modulation...........................................................12.14
Dynamic range................................................................12.19
Filters..............................................................................12.15
FM..................................................................................12.15
Image-rejecting mixer.....................................................12.16
Mixer...............................................................................12.11

Superheterodyne receiver
Roofing filter....................................................................12.19

Superposition........................................................................3.31
Suppression, carrier and sideband.......................................13.2
Suppression, sideband (measurement)..............................25.50
Surface acoustic wave (SAW) filter....................................10.26
Surface meshing...................................................................6.23
Surface wave........................................................................19.5
Surface-mount technology (SMT).......................................23.11

Package types................................................................23.11
Soldering......................................................................23.12ff

Surge protector.....................................................................24.3
Susceptance (B)...................................................................3.11

Capacitive (BC).................................................................3.11
Inductive (BL)....................................................................3.12

SVC Filter by W4ENE..............................................10.11, 17.32
Swinging choke....................................................................7.14

Switch...................................................................................2.11
Make and break................................................................2.12
Poles and positions...........................................................2.11
Ratings.............................................................................2.11
Types of switches.............................................................2.11

Switch wafer repair.............................................................26.30
Switched-capacitor filter (SCAF)........................................10.12
Switching circuit....................................................................4.55

Circuit design....................................................................4.55
High-side and low-side switching......................................4.56
Power dissipation..............................................................4.55
Reactive loads..................................................................4.56
Transistor selection...........................................................4.57

Switching mixer..................................................................12.28
Switching time......................................................................5.15
Switchmode power conversion..................................7.21, 27.41

Boost converter.................................................................7.23
Bridge converter...............................................................7.25
Buck converter..................................................................7.21
Buck-boost converter........................................................7.23
Construction techniques...................................................7.26
Continuous conduction mode (CCM)................................7.22
Design aids and tools.......................................................7.27
Discontinuous conduction mode (DCM)...........................7.22
Flyback converter.............................................................7.23
Forward converter.............................................................7.25
Pulse-width modulation............................................7.22, 7.26
RFI....................................................................................7.21
Switching loss...................................................................7.21

SWR (See Standing-wave ratio)
SWR meter................................................................25.37, 26.4
Symbol, symbol rate.............................................................15.1
Synchronous transformer...................................................20.15
Synthesizer

Commercial IC architectures..........................................9.42ff
Component circuits.........................................................9.49ff
Direct analog synthesis (DAS)..........................................9.28
Direct digital synthesis (DDS).........................................9.28ff
Fractional-N......................................................................9.38
Integrated PLL/VCO.........................................................9.44
Noise sources...................................................................9.58
Phase noise......................................................................9.57

System Fusion (Yaesu).........................................15.33, 18.20ff
C4FM..............................................................................18.20
Configuration..................................................................18.21
IMRS...............................................................................18.21
Modes.............................................................................18.21
Versions..........................................................................18.20
WIRES-X........................................................................18.21

T
T antenna...........................................................................21.25
T match...............................................................................21.35
T network........................................................5.29, 20.14, 20.18
Tank circuit..................................................................9.1, 17.9ff

Component ratings.......................................................17.15ff
Design methods..............................................................17.12
Efficiency........................................................................17.10
Flywheel effect..................................................................17.9

Tayloe mixer.......................................................................12.36
TCP/IP..................................................................... 15.26, 15.34
Technical Coordinator (TC), ARRL.......................................26.2
Technical Specialist (TS), ARRL..........................................26.2
Telemetry............................................................................16.9ff

Digital modes..................................................................16.11
Non-licensed...................................................................16.11

Television interference (TVI)...................................27.1, 27.31ff
Cable TV.........................................................................27.34
Causes...........................................................................27.32
Digital TV (DTV) receivers..............................................27.34
Solutions.........................................................................27.33
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Temperature
Antenna............................................................................5.36
Excess..............................................................................5.34
Noise................................................................................5.34

Temperature coefficient (TC, tempco)....................................4.2
Temperature compensated oscillator...................................9.19
Temperature compensation..................................................4.72

VFO..................................................................................9.16
Temperature range

Automotive........................................................................16.2
Commercial.......................................................................16.2
Industrial...........................................................................16.2
MIL-SPEC or MIL-STD.....................................................16.2

Temperature sensor.............................................................4.66
Terminal node controller (TNC)..........................................15.20

Multi-protocol controller (MPC).......................................15.20
Multimode communications processor (MCP)................15.20

Termination.........................................................................25.27
Tesla (T)...............................................................................2.19
Test equipment...................................................................26.3ff

Software-based...............................................................25.26
Test probes...........................................................................26.4

Inductive pickup................................................................26.4
Use for troubleshooting.....................................................26.4

TETRA (protocol)................................................................15.33
Tetrode.................................................................................17.5
Thermal conductivity (k).......................................................4.67
Thermal noise.......................................................................12.2
Thermal resistance (θ)..........................................................4.67

Rectifier.............................................................................7.11
Thermal runaway..................................................................4.70
Thermionic emission.............................................................17.4
Thermistors...........................................................................4.72
Thevenin equivalent circuit.....................................................2.8

Thevenin’s Theorem...........................................................2.8
Thin-film resistor...................................................................4.42
Third-order dynamic range (3IMD DR)...............................25.44

SDR....................................................................................8.6
Third-order intercept point (IP3).........................................25.45
Three-terminal voltage regulator..........................................7.18

Adjustable.........................................................................7.19
Current source..................................................................7.20
Increasing output current..................................................7.20
Low dropout......................................................................7.19

Throb..................................................................................15.12
Thrust bearing....................................................................21.71
Thyristor................................................................................2.28
Time constant (τ)

RC....................................................................................2.17
RL.....................................................................................2.23

Time division multiple access (TDMA).........11.25, 15.33, 18.17
Time domain................................................................3.4, 25.17
Time standard stations.......................................................25.31
Time-domain reflectometry (TDR)......................................25.38
Time-invariant.......................................................................3.31
Timer (multivibrator) IC.........................................................4.63

Astable (free-running).......................................................4.65
Monostable (one-shot)......................................................4.64

Tinkercad............................................................................23.48
Tip-ring-sleeve (TRS) connector........................................13.29
TLW by N6BV.......................................................................20.4
Tolerance................................................................................4.2
Tone, repeater access..........................................................18.7
Tools

Care of............................................................................23.41
Recommended for electronics........................................23.42

Toroid
Coupling...........................................................................5.33
Inductors...........................................................................4.19
Isolation............................................................................5.33
Leakage flux.....................................................................5.33
Turns................................................................................5.33
Winding.............................................................................5.33

Total harmonic distortion + noise (THD+N)..........................8.14
Touchstone (data format)...................................................25.22

Tower
Base, concrete................................................................22.19
Tie-off rule, 100%...........................................................22.24
Climbing safety...............................................................22.22
Construction and erection...............................................22.19
Crank-up.........................................................................22.11
Design and planning............................................22.15, 22.17
Field Day.........................................................................22.17 
Ground crew...................................................................22.27
Guyed.............................................................................22.17
Guying and guy wires.....................................................22.21
Legal considerations.......................................................22.17
Maintenance...................................................................22.15
Personal safety equipment.............................................22.25
Removal..........................................................................22.15
Roof-mounted.................................................................22.18
Safety...........................................................................22.15ff
Safety references............................................................22.27
Safety tips.......................................................................22.27
Self-supporting................................................................22.17
TIA-222...........................................................................22.18
Temporary.......................................................................22.17 
Wind load........................................................................22.18

Tower work
Carabiner........................................................................22.20
Gin-pole..........................................................................22.19
Ropes and slings............................................................22.20
Tools and rigging gear....................................................22.19

TR (see Transmit-Receive switch)
Tracker (see APRS)
Tracking generator.............................................................25.36
Transceiver

Handheld..........................................................................18.8
Home station (FM voice)...................................................18.8
Mobile (FM voice).............................................................18.8
Troubleshooting..............................................................26.28

Transconductance................................................................3.32
Forward transconductance, gm.........................................4.36

Transequatorial propagation (TEP)....................................19.21
Transfer characteristics........................................................3.33
Transfer function..........................................................3.33, 3.36
Transfer switch.....................................................................22.5
Transformer..........................................................................4.23

50 Hz considerations..........................................................7.3
Broadband (RF)..............................................................17.32
Color codes.......................................................................4.28
Evaluating...........................................................................7.3
High-voltage......................................................................7.30
Impedance matching...........................................20.16, 21.54
Impedance ratio................................................................4.25
Interwinding capacitance..................................................4.26
Isolation..............................................................................7.3
Laminations......................................................................4.24
Leakage flux.....................................................................4.26
Leakage reactance...........................................................4.26
Losses..............................................................................4.26
Magnetizing inductance......................................................7.3
Power.................................................................................7.3
Power ratio........................................................................4.25
Primary and secondary.....................................................4.23
RF.....................................................................................5.31
Shielding...........................................................................4.26
Step-up and step-down.....................................................4.25
Turns ratio.........................................................................4.24
Volt-ampere rating..............................................................7.3
Voltage and current ratio..................................................4.24

Transient...............................................................................7.12
Diode clamping and RC filtering.....................................27.57
Gas discharge tube (GDT)..............................................27.58
Metal oxide varistor (MOV).............................................27.56
Protection devices..........................................................27.56
Series and shunt devices................................................27.56
Spark gap.......................................................................27.59
Standard types...............................................................27.55
Transient voltage suppessor (TVS) diodes.....................27.56
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Transient protection
Gas tube...........................................................................7.12
Varistor.............................................................................7.12
Zener diode......................................................................7.12

Transient response (filter).....................................................10.6
Transient suppressor diode (TVS)........................................4.33
Transimpedance amplifier....................................................16.5
Transistor

Gain versus frequency......................................................5.17
Switching circuits..............................................................4.56

Transistor array IC................................................................4.63
Transistor tester

Use for troubleshooting.....................................................26.6
Transition region (filter).........................................................10.4
Transmatch (see Antenna tuner)
Transmission line................................................................20.1ff

Incident, forward, and reflected waves.............................20.4
Attenuation (loss)..............................................................20.5
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