


active.

owe ts information source!

® |t is amazing (and perhaps a cary) to see the technological

advancements that are happening at such a rapid pace.
<

%




ur radio

o Yie

® Analysis based on real-wo ation design & troubleshooting

%




LINK BUDGET AND LINK MARGIN
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along there is construction, or ...

® Those things inserted alc reduce your ability to arrive at the expected

time.
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ALL SYSTEMS HAVE SOME INSERTION LOSS

¢ HF bands == Icom 7300: 100 Watts

» Total insertion loss: ~0.9 dB (approx. 82 Watts out at dipole)

100 Watts

'."."i 100 ft RG-8X

IC-7300 Lightning
N Arrestor
A
~0.6dB ~0.1dB

CENTER-FED DIPOLE ANTENNA

~— -. 1:1 .I

& cyRRent B
BALUN

100 ft RG-8X T
COAX

80 m:~0.2 dB
40 m: ~0.3dB
20 m: ~0.6 dB
10m:~1.1dB

A —
~0.9dB
(approx. 82 Watts out
at dipole)




Percentage of lost or gained signal per dB

dB Change |% Change  dB Change|% Change |dB Change |% Change
0.1 2.28 1.7 32.4 3.3 53.2
0.2 4.5 1.8 33.9 3.4 54.3
0.3 6.67 1.9 35.4 3.5 55.3
0.4 8.8 2 36.9 4 60.2
0.5 10.9 2.1 38.3 5 68.4
0.6 12.9 2.2 39.7 6 74.9
0.7 14.9 2.3 411 7 80
0.8 16.8 2.4 42.5 8 84.2
0.9 18.8 2.5 43.8 9 87.4
1 20.6 2.6 45 10 90
1.1 224 2.7 46.3 11 92.1
1.2 241 2.8 47.5 12 93.7
1.3 25.9 2.9 48.7 13 95
1.4 27.6 3 19.9 14 96
29.2 3.1 51 15 96.8

30.8 3.2 52.1 20 99

Power Change vs dB (Linear Scale)
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K EXAMPLE OF COMPONENTS THAT MAY
1\@ CONTRIBUTE TO INSERTION LOSS

O

END-FED HALF-WAVE
EFHW] ANTENNA

ATU-100

AUTO TUNER o i g ol
B0 L

SWR / Power Antenna Bandpass  Lightning 100 ft RG-8X
Meter Switch Filters Arrestor COAX




COAX CABLE

30 MHz




Attenuation in dB per 100 feet

Cable Group 30 MHZ |50 MHZ {100 MHZ|150 MHZ 450 MHZ|1000 MHZ {2400 MHZ
LMR-100A® 3.9 5.1 7.2 8.9 15.8 24 .1 38
LMR-200® 1.8 2.3 3.2 4 7 10.4 16.5
LMR-240 Ultra® 1.3 1.7 2.9 3.6 53 9.5 12.7
LMR-240® 1.3 1.7 2.4 3 5.2 7.9 12.7
LMR-400 Ultra® 0.8 1.1 1.5 1.5 3.2 5 7.9
LMR-400® 0.7 0.9 1.3 1.5 2.7 4.1 6.6
RG-174 5.5 6.6 8.8 10.3 18.1 27.4 43
RG-213 1 1.5 2.1 2.8 4.4 7.1 12
RG-214 1.2 1.6 1.9 2.4 5.1 8 13.7
RG-316 4.3 5.6 7.9 4.4 17.2 26.1 45
RG-58A/U 2.5 4.1 5.3 6.1 10.6 24 38.9
RG-8/U FOAM 1 1.2 1.8 2.4 4.4 7.1 12
RG-8X 2 2.1 3 4.7 8.6 12.9 21.6
RG218/U 0.4 0.6 0.8 1 2 3.8 6.4




CONNECTORS & ADAPTERS

®* SMA Connec

* Chains of adapters add up quiciy.

%




ANTENNA TUNERS

ATU -100
Antenna Tuner

* High SWR at tuner input

®* Matching at the antenna beats matching in the shack.



BALUNS & UNUNS




FILTERS, SWITCHES & RELAYS

woor. DELTA-4

COAX EWSTCH- SURGE PROTECTON
2 cqu/, .
N




ent)

R

®* Warm devices & wide tuning ranges usually mean loss.




B ManoVWMA Saver 0.6.2.post1.dev2+g2f8c334 (Sweep: nanovna_2024-08-01 16:52:58 @ 101 points) — O > o
=
" ~—
Sweep control Marker 1 %
511 VSWR 521 Gain [dE) =
start | 3MHZ| Center | 16.5MH1| Frequency: 3.81000 MHz VSWR: 1.052 3 0 - - e
Impedance: 50.5+j2.48 0 Return loss: -31.990 dB 1 ¥
stop | 30MHz||Span [ 27MHz| | seriest 10367 nH Quality factor: 0.049
Series -16.831 nF 511 Phase: 77.66% -
SELmERE ZT00KHZ/step | paraiielR: 50,601 0 521 Gain 0.071 dB 2 =
: . e 2.5
H Sweep settings ... Parallel X: 42,982 uH 521 Phase; 9,10 ?
1l
I .
Sweep Stop I 2.0
Markers Frequency: 14,0700 MHz VSEWR: 1174 5
Impedance: 57.2+j4.72 0 Return loss:  -21.920 dB
1 Marker 1 381MHz| B @ Series i 53.432 nH Quality factor: 0,083
Series C:  -2.3947 nF 511 Phase:  30.79° 1.5
Marker 2 140tmHz | (B O Parallel i 57.378 Q 521 Gain -0.208 dB / -5
Marker 3 28.11Mbz | |l o Parallel ¥:  7.8853 uH 521 Phase: -32.50 -"/——4"’_
|:| Enable Delta Marker |:| Reference 1.0 -10
3.000M 16.50M 30.00M  3.000M 16.50M 30.00M
Hide data Locked O Marker 3
=1L R=  511R=jX(Q) -X 511 smith Chart NqnoVNA 1-0
TDR Frequency: 281100 MHz VSWR: 1.341 65.0 7.80
. Impedance: 6£3.8-9.29 0 Return lass:  -16.726 dB
Estimated cable length: 1.163m series L 52,587 nH Quality factor: 0.146
_ _ Series C:  609.50 pF S11Phase:  -20.25° T medadsure
imelPomainFeTEslomeiES Parallel R:  65.167 0 s21Gain: 0,260 dB 620 e " 3.64
Parallel X: 12,645 pF 521 Phase: -63.28%

Reference sweep

, characteristics

Set current as reference

Reset reference s11

of a 1:1
Balun (Choke)

Min VSWR:  1.042 @ 3.00000MHz

ectalperionin Return loss: -33.768 dB

Paort | COM4 [H) e Rescan

521 53.0 B84
Disconnect Manage
Min gain: -0.285 dB @ 21.9000MHz

Max gain: -0.056 dB @ 3.27000MHz

Files ... Calibration ...

. 3.000M 16.50M 30.00M
Analysis ..

ur - 4:56 PM
- i J‘ o} “» : ‘-‘ 95°F Sunny 8/1/2024 EI

Display setup ... About ...

H M O Type here to search






MY HF STATION DIPOLE EXAMPLE

Radio w/Internal Tuner:

~0.6 dB . Frequency: 14 MHz ,¥ Icom 7300:100 Watts

* Total insertion loss: ~1.5 dB (approx. 71 Watts out at dipole)

4 connectors: ~0.3 dB

CENTER-FED DIPOLE ANTENNA

Lightning Arrestor: ~0.1 dB

100 Watts
SEIE™ =
75 ft RG-213 @ 14 MHz: AN ORI O P s .'Tf._
~ SN I AL 4 —r= g B,
0.3 dB e il
IC-7300 4 connectors Lightning 75ftRG213 &
A & Arrestor
Balun: ~0.3 dB ~0.6dB ~0.3dB ~0.1dB 80 m: ~0.2 dB .
40 m: ~0.3 dB ~1.5dB
20 m: ~0.6 dB (approx. 71 Watts out
Total = 1.5 dB 10 m: ~1.1dB at dipole)

(~30% power loss)




MY HF RADIO SYSTEM EFHW EXAMPLE

1 RGO * Frequency: 14.250 MHz Q?fé Ilcom 7300:100 Watts
adio:
e Total insertion loss: ~3.0 dB (approx. 50 Watts out at EFHW)
ICOM IC-7300 @
END-FED HALF-WAVE
100 W EFHW ANTENNA
Antenna: EFHW with o HOValts
49:1 UNUN TQ " 7150000

“L (¢ - W 100 ft RG-8X
Coax: 100 ft RG-8X

IC-7300 4 connectors Lightning 100 ft RG-8X

Arrestor COAX

Bands: HF £ - A
~0.6 dB ~0.6dB  _0.1dB 80 m: ~0.2 dB

40 m: ~0.3 dB = ~3.0dB
20 m: ~0.6 dB (approx. 50 Watts out
10 m: ~1.1dB at EFHW)







Question Winner

Raw efficiency Center-fed dipole
RX SNR Center-fed dipole
Predictable performance Center-fed dipole

Convenience / space EFHW
2Nnience

efficiency:

Coax Selection
Antenna choice



| NanoWMNA Saver 0.6.2.post].dev2+g2f8c534 (Sweep: nanovna_2026-02-20 14:30:38 @ 101 peints)

Sweep control Marker 1
521 Gain (dB)
Start | 3MHz| Center | 16.5MH2| Frequency: 7.32000 MHz VSWR: 1.014 1.11
Impedance: 49.4-j379m 0 Return loss: 43,410 dB
Stop | 3’DMHZ| Span | 2_"'|'\"|HZ| Series Lt -2.2456 nH Quality factor: 0,008

Series 57.332 nF 511 Phase: -145.40°
Segments 270.0kHz/step | paajiei R 49.449 0 21 Gain:  -0.046 dB

Parallel X:  3.3724 pF 521 Phase: -7.29¢

| Sweep settings ... |

\VEIRTE] I
Marker 2
l nte n n a Markers Frequency: 14.3400 MHz VSWR: 1.021

Impedance: 49.4-j850m 0 Return loss:  -39.809 dB

. Marker 1 7.32MHz li‘ @ Series Lt -8.4324 nH Quality factor: 0.017

SW I tC h Series @ 13.059 nF S11Phase:  -122.78°
Marker 2 1234mtz| (B O | paratierr: 494570 521 Gain: -0.068 dB

. Marker 3 28.92MHz lil O Parallel ¥:  3.8574 pF 521 Phase: -14.02

I n S e rt I O n |:| Enable Delta Marker |:| Reference

[ Hide data | Locked O Marker 3

LO S S TDR Frequency: 289200 MHz VSWR: 1.041

Impedance: 49.2-1.81 0 Return loss:  -33.924 dB

Estimated cable length: 366.1m Series Lo -5,9313 nH Quality factor: 0,037

| Time Domain Reflectametry Series 3.0343 nF 511 Ph;se: -113.66°
Parallel Rz 48233 00 521 Gain: -0.084 dB

Farallel X:  4.1236 pF 521 Phase: -28.04°

Reference sweep

| Set current as reference

Reset reference s11

Min VSWR:  1.010 @ 3.27000MHz

serial port control Return loss: -46.053 dB

Part | COM4 (H) || Rescan |

521

| Disconnect | | Manage |

Min gain: -0.097 dB @& 29.7300MHz

Max gain: -0.029 dB @ 3.00000MHz
|| calibration ..

| Files .

| Display setup ... || About ... Analysis ...

£ Type here to search




87 NanoVNA Saver 0.6.2.post].dev2+ g2f8c534 (Sweep: nanovna_2026-02-20 14:35:19 @ 101 points)

SWR
Meter

Insertion
Loss

Sweep control

start | 3MHz | | center | 16.5MHz |

Stop | 30MHz| | span | 27Me]
Segments 270.0kHz/step
| Sweep settings .. |
I -

Markers

we
Marker 2 14.34mmz| (B O
wo

|:| Enable Delta Marker |:| Reference

| Hide data | Locked O

TDR

Estimated cable length: 0.067m

| Time Domain Reflectometry ...

Reference sweep

| Set current as reference

Reset reference

Serial port control

Port | COM4 [H] ~| [ Rescan |

| Disconnect | | Manage |

Marker 1

Frequengy: 7.32000 MHz
Impedance: 49.7+j1.73 0
Series L 37.692 nH
Series C: -12.542 nF
Parallel R: 49,789 0
Parallel X:  31.054 pH

Marker 2

Frequency: 14,3400 MHz
Impedance: 49.8+j35Tm 0
Series L 9.5087 nH
Series C -12.954 nF
Parallel B: 49,837 0
Parallel X:  32.166 pH

Marker 3

Frequenge: 28,9200 MHz
Impedance: 50.1+j181m 0O
Series Lt 498,06 pH
Series C: -30.345 nF
Parallel 2 50,053 0
Parallel ¥: 76,021 yH

VSWR:
Return loss:
Quality factor:
511 Phase:
521 Gaim:

521 Phase:

VSWR:
Return loss:
Quality factor:
511 Phase:
521 Gaim:

521 Phase:

VSWR:
Return loss:
Cuality factor:
511 Phase:
521 Gain:

521 Phase:

1.036
-35.094 dB
0.035
97.89°
-0.128 dB
-5.33°

1.018
-41.145 dB
0.017
101.22°
-0.143 dB
-12.37

1.004
-54.491 dB
0.004
73.91°
-0.178 dB
-25.32°

Files .. || calibration ..

51

Min VSWR:  1.003 @ 30.0000MHz

Return loss: -55.374 dB

521

Min gain: -0.178 dB @ 28.9200MHz
Max gain: -0.116 dB @ 4.08000MHz

Display setup ... | | About ...

Analysis ..

521 Gain (dE)
1,11

L Type here to search




SO-239
Insertion

Loss

MNanoWNA Saver 0.6.2.postl.dev2+g2f8c534 (Sweep: nanovna_2026-02-20 14:47:15 @ 101 points)

Sweep control

Start | 3Mhz| | center | 16.5MHz]

stop | 30MHz| | Span | 27mbz|

Segments -
| Sweep settings ... |
A, oo

Markers

e
"o
o

[] Enable Delta Marker [ | Reference

270.0kHz/step

[ Hide data | Locked O

TDR

Estimated cable length: 365.675m

| Time Domain Reflectometry ...

Reference sweep

| 5et current as reference

Reset reference

Serial port control

Part | cOM4 (H) ~| [ Rescan |

| Disconnect | | Manage |

Marker 1

Frequency:
Impedance:
Series Lt
Series C
Parallel R:
Parallel X:

Marker 2

Frequency:
Impedance:
Series Li
Series G
Farallel R:
Farallel X:

Marker 3

Fraquency:
Impedance:
Series L:
Series C:
Parallel R:
Parallel X:

7.32000 MHz VSWR: 1.011
49.5-j212m Q Return loss:  -45.303 dB
-4.6106 nH Quality factor: 0.004
102.53 nF 511 Phase: -156.77°
49,504 O 521 Gain: -0.004 dB
1.8814 pF 521 Phase: -0.84%

14,3400 MHz VSWR: 1.014
49,6-j581m 0 Return loss: 43,068 dB
-6.4513 nH Quality factor: 0.012
19.094 nF 511 Phase: -123.45%
49,617 0 521 Gain: -0.012 dB
2.6208 pF 521 Phase: -1.65%

28,9200 MHz VSWR: 1.028
49.7-1.37 0 Return loss:  -37.103 dB
-7.52% nH Quality factor: 0.028
40226 nF 511 Phase: -99.93°
49,779 0 S21 Gain: 0.001 dB
3.0407 pF 521 Phase: -3.31%

Files ... | | calibration ...

311

Min VSWR:
Return loss:

521

1.010 @ 7.59000MHz
-45.703 dB

Min gain: -0.012 dB @ 14.3400MHz
Max gain: 0.006 dB @ 25.4100MHz

Display setup .. | | About ..,

Analysis ...

521 Gain (dEj
1,11

£ Type here to search




10dB
Attenuator

Insertion
Loss

| ManoVMNA Saver 0.6.2 post1.devd+g2f8c334 (Sweep: nanovna_2026-02-21 14:36:27 @ 101 points)

Sweep control

Start | amhz | | center [ 16.5MHz]|

stop | 30MHz| | Span | 27MHz |
Segments 270.0kHz/step
| Sweep settings .. |
— ™

Markers

Marker 1 38tmHd] (B @
Wo
WO

|:| Enable Delta Marker |:| Reference

| Hide data | Locked O

TDR

Estimated cable length: 432.954m

| Time Domain Reflectomet

Reference sweep

| Set current as reference

Reset reference

Serial port control

Port | cOMA (H) ~| [ Resean |

| Disconnect | | Manage |

Marker 1

Frequengy: 3.81000 MHz
Impedance: 48.9-j5.6m 0
Series Lt -234.1 pH
Series C 7.4539 pF
Farallel R: 48,907 O
Parallel X:  97.876 fF

Marker 2

Frequengy: 14.3400 MHz
Impedance: 48.9-73.1m 0
Series b -311.43 pH
Series C: 151.81 nF
Parallel Rz 43,545 0
Parallel ¥:  338.71fF

Marker 3

Frequengy: 28,9200 MHz
Impedance: 49-j180m 0
Series b -992.45 pH
Series 30.517 nF
Parallel R: 43,553 O
Parallel Xz 41347 fF

VSWR: 1.022
Return loss:  -39.129 dB
Quality factor: 0

511 Phase: -179.707
521 Gain: -9.960 dB
521 Phase: -0.21°

VSWR: 1.022
Return loss:  -39.424 dB
Quality factor: 0.001

511 Phase: -175.99°
521 Gair: 9,952 dB
521 Phase: -0.74%

VSWR: 1.021
Return loss:  -39.709 dB
Quality factor: 0,004

511 Phase: -169.75°
521 Gain: -9.963 dB
521 Phase: -1.39°

Files .. | [

sn

Min VSWR:  1.020 @ 30.0000MHz

Return loss: -39.905 dB

521

Min gain: -9.978 dB @ 10.8300MHz
Max gain: -9.929 dB @ 29.1900MHz

Display setup ... | |

Analysis ..

521 Gain (dEB}
2,248

s

67°F Sunny




7 NanoVMA Saver 0.6.2.post1.dev2+g2f8c334 (Sweep: nanovna_2026-02-21 13:48:47 @ 101 points)

Sweep control Marker 1
521 Gain [dB)
Start | 3MHz| Center | 16.5MH2| Frequengye: 3.81000 MHz VSWR: 1.051 0
Impedance: 51.8-1.780 Return loss:  -32.086 dB
stop | 30MHz||span | 27MHz| | Seriest: 74556 nH Quality factor: 0.034 [————

Series G 23405 nF 511 Phase: -43.81%
segments [ 1] ZT00KHZ/Step | pioei R 518580 521 Gain:  -0.766 dB
| Parallel X:  27.757 pF 521 Phase: -116.40%

| Sweep settings ...
RG-58 s —
Marker 2

Frequengye: 14.3400 MHz VSWR: 1.104

s Markers
n Se rt I O n Impedance: 55-j1.37 0 Return loss:  -26.159 dB
Marker 1 3.81MHz li' @ Series Lt -15.171 nH Quality factor: 0.025

Series G 81193 nF 511 Phase: -14.60°
Marker 2 1434tz | (B O | paanel e 550170 521 Gain: 1,372 dB

LOSS Marker 3 28,92MHz lil o Parallel ¥:  5.0154 pF 521 Phase: -71.81

5 3 5 f |:| Enable Delta Marker |:| Reference
( oS t) [ Hide data | Locked O

TDR Frequenge: 289200 MHz VSWR: 1.049
Impedance: 52.3-j818m Q Return loss:  -32.348 dB
Estimated cable length: 432.981m Series L: 4.5 nH Quality factor: 0.016

| Series C 6.7303 nF 511 Phase: -18.88°

Marker 3

o ElE oA et EeTome e Parallel R: 52343 0 521 Gain:  -1.860 dB

Parallel X:  1.8428 pF 521 Phase: -148.71%

Reference sweep

| Set current as reference

Reset reference 511

Min VSWR: 1,008 @ 22.4400MHz

schallpot et Return loss: 48,021 dB

Port | COM4 (H) | [ Rescan |

521

| Disconnect | | Manage |

Min gain: -1.914 dB @ 30.0000MHz

Max gain: -0.722 dB @ 3.27000MHz
|| calibration ..

| Files ..

| Displaysetup ... | | About ... Analysis ..

L Type here to search ¥ - - - ' 8°F Mostly sunny




| ManoVMNA Saver 0.6.2.post].dev2+ g2f8c534 (Sweep: nanovna_2026-02-21 14:26:01 @ 101 peints)

Sweep control Marker 1
521 Gain (dB)
start | 3MHz | | Center |  16.5MHz| | Frequeng: 3.81000 MHz VSWR: 1.024 0
Impedance: 49.4-j1.03 0 Return loss:  -38.543 dB
Stop | 3’UMHZ| Span | 2'l"l'\"”'|Z| Series L: 42,92 nH Quality factor: 0.021
Series C: 40.657 nF 511 Phase: -118.51°
Segments 270.0kHZ/step | parallelR: 494490 521 Gain: 0622 dB

Parallel X:  17.56 pF 521 Phase: -172.95°

| Sweep settings .. |

I, oo
Marker 2
RG _8X Markers Frequengy: 14.3400 MHz WSWR: 1.029
Impedance: 50.5-j1.37 0 Return loss:  -36.877 dB
Marker 1 3.B1MH21 li‘ ® Series Lk -15.167 nH Quality factor: 0.027
. Series C 81215 nF 511 Phase: -70.94°
I n Se rt I O n Marker 2 1434tz | (B O | paraierr: 04890 521 Gain: 1,145 dE

Marker 3 28.92mriz] [M] O | Parallel X 59544 pF 521 Phase:  76.03

Loss (100 ft) [iSSesiastsyy

Hide data | Locked O

Marker 3

TDR Frequenge: 28.9200 MHz VSWR: 1.024

Impedance: 50.5-j1.07 0 Return loss:  -38.510 dB

Estimated cable length: 432.036m Series L: -5.8819 nH Quality factor: 0.021

| Time Domain Reflectometry Series C: 5.149 nF 511 Phase: -62.97°
Parallel B: 50,554 Q 521 Gain: -1.525 dB

Parallel X:  2.3026 pF 521 Phase: 145.28°

Reference sweep

| Set current as reference

Reset reference c11

Min VSWR: 1.003 @ 8.40000MHz

SelEetont) Return loss: -56.405 dB

Port | COMA4 [H) ~| [ Rescan |

521

| Disconnect | | Manage |

Min gain: -1.561 dB @ 29.7300MHz
Max gain: -0.567 dB @ 3.27000MHz

[ Files ... || calibration ...

| Display setup ... || About ... Analysis ..

& o

£ Type here to search ¥ - : _ ' e 68°F Mostly sunny
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