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What Devices do Network Analyzers Test?

Filters

Couplers

Cables

Amplifiers -
Antennas

Isolators

Mixers I‘

Most 2 (or more) port devices (and some I port
devices)
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Network Analyzers Vs Spectrum Analyzers
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[ Network analyzers:

. measure components, devices,
circuits, sub-assemblies

» contain source and receiver

 display ratioed amplitude and phase
(frequency or power sweeps)

« offer advanced error correction

a3

( Spectrum analyzers:

measure signal amplitude characteristics
carrier level, sidebands. harmonics...)

can demodulate (& measure) complex signals
are receivers only (single channel)

can be used for scalar component test (no
phase) with tracking gen. or ext. source(s)

Vector Network Analvzer




Which device would you rather have in your ham shack?
They each cost about $50




Evolution of MFJ Antenna Analyzers

259D measures frequency, SWR, Resistance, Reactance, Impedance
223 can display graphs in multiple colors and scan bands
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Rig Expert has many models with various graphical displays

RigExpert
RigExpert

SWR Mmeasurement
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Comet makes a nice looking Antenna Analyzer
note the analog scales measure SWR and Impedance

CAA-500
Maril]

1.8-500MHz

BAND FREQ.

e

ANTENNA




Rohde & Schwarz: can you afford this portable one?




The “high-end” Vector Network Analyzers
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Can you afford this beauty? 10 MHz to 20 GHz
Four ports and 9 graphs in color
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Enter the Nano VNA instrument USB connectivity
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VNA measures the V(forward) and the V(reflected) sign
various frequencies as a vector (magnitude and phas

Antenna

—

Feed line

I —

reflected




FORWARD - REFLECTED - THROUGH signals
DUT = “device under test”
typical reference impedance = 50 ohms

50 Q Fm N

Port 1
Phase/
/\) V Source @T&ﬁe




Two “ports”: ChO and Ch1
4 traces in 4 colors, touch screen

NanoVNA




Measurement limit of 101 data points
internal battery for field work




Important Parameter Definitions

Reflection coefficient = V (reflected) / V (forward)
' (gamma) = a complex number

absolute value |gammal| = p (rho)

O<p<kl1

RETURN LOSS (dB) = -20 log (p)

usually written as a positive number since log (p) is <O

SWR = (1+p)/ (1-p) = V(max)/V (min)



Reflection Parameters

* Retum Loss, VSWR, Impedance, and Scalar Reflection
Coefficient are calculated from measured Vector Reflection

Coefficient (I')

Coefficient

Reflection ) = A reflected

incident

=p4¢=

Z,~-Z,
Z,+Z,

VSWR =

Vmax I+p

Vmin  1-p

Return Loss = -20log| p)

Full reflection

IIHHIIIH




VNA Measurements

Calculated

Calculated

REFLECTION COEFFICIENT

RETURN LOSS (dB)

SWR
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p = V(reflected) / V(forward)

RL= -20 log(p)

SWR = (1+p) / (1-p)




Reflection Coefficient p vs. VSWR

ReﬂecltionprefﬁJcieht vs. VSWR
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RETURN LOSS (dB) vs. VSWR
(you want a high RETURN LOSS)

~ Retum Loss“ vs. VSWR
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Smith Chart Review

+X

.jx
Rectilinear impedance plane

Smith Chart maps
rectilinear impedance
plane onto polar plane

Polar plane

Constant X
Constant R

Z,=0 (short)
['=1/4%180°

Smith chart

7%~ Agilent Technologies




Smith Chart
raphical representation of RESISTANCE and REACTA

Reactance
Axis

\\:ﬁﬁﬁve

negative

Fig 2—Reactance circles (segments) of the Smith Chart
coordinate system.




The Bull’s Eye can represent 50 ohnms RESISTANCE
and zero REACTANCE

j50




Smith Chart (think DART BOARD)
reflection coefficient p and SWR
I's Eye = perfect match to 50 ohms with zero reflected po




IF 20% of incident voltage is reflected: SWRis 1.5:1
All points on the rim represent impedances with p =0.2




If 33% of incident voltage is reflected
p=0.2 and SWR 2:1




50% of incident voltage is reflected
All values or R+jX on perimeter: p=0.5 and SWR




SWR of 4:1 with 60% reflected




0% reflected p=0.9 ==>SWR 20:1




QUIZ: Where is this antenna resonant?




UlZ: Where is the SWR lowest?




USB connections to computer and battery charger

Selection button




Useful Cables: SMA to SO239 coax
(for use with standard size coax)




Nano VNA Saver software

much easier to use by computer control

Extract NanoVNASaver.xi4

Haome Share View Compressed Folder Tools

Documents [&] Pictures Antenna Tuners || [E\

15}
. Antenna Tuners Part Il | | NANO VNA files I Desktop g

; Downloads _ Documents J\_ Music - Ec‘;ll?d

Extract To

&« v @, » ThisPC » Downloads » MNanoVMNASaverxfd 0 Search ManoVMASaver.x64
o Quick access

[ Desktop

* Downloads

Documnents

Pictures

|:l|| Antenna Tuners ||

|:l|| Antenna Tuners Par

|| NANO VNA files

@ OneDrive

[ ThisPC
"} 3D Objects
[ Desktop
Documents
< Downloads
J\ Music
Pictures
i Videos
‘i Local Disk (C:)
- PWRSPBKUP (F:)
- BarryF data (G:)

= BamyF data (Gi)
= PWRSPBKUP (F:)

_‘ Network




® 7 NanoVNA Saver 0.3.7 (Sweep: 2020-09-01 16:12:0

Sweep control

Start | 3.5MHz Center ;. 75MHz

Computer Control mmltanelie oot

Settings —‘ e

[ Sweep [ \ Stop |

Markers

Com PO rt SElECt Marker 1 | 3.585MHz| [l ©

Marker 2 | 3.505MHz| [l ©
Frequency Range Marker 3|  3.62miz] [l @

[1 Enable Delta Marker

Select Markers BT Loc-d O

TDR
51.933 m

esolution ENHANCED e
CAL points
files

Reference sweep

| Set current as reference

[ Reset reference

Serial port control
|[comMme6 (NanoVvNA) | Rescan |

[ Disconnect | [ Manage ]

| Files ... | | Calibration ... |
Display setup .-.1 [ About ... ]




Choose Graphs to display (up to 6) Colors, etc.

B " Display settings

Options Chart colors
Return loss is: @® Negative [ Use custom chart colors

O Positive Chart background I:I
[ Show lines Displays a thin line between data points Chart foreground E]
| Dark mode Black background with white text

Sweep color D

Font
Second sweep color [] Font size 12
ont size

Chart text (]

Reference color E
Bands

[ Show bands
Chart bands D

| Manage bands

Second reference color ||

Point size l 4 px 3|
Line thickness | 8 px 2|
Marker size [ 20 px |2 |
[J Show marker numbers Displays the marker number next to the marker ~ VSWR Markers

M Filled markers Shows the marker as a filled triangle VSWR Markers D

Data point is: @® At the center of the marker INone V]
O At the tip of the marker

. Add.. = Remove |

Displayed charts
S11 Smith Chart  ~| S11 VSWR ~| None
S11 Real/Imaginary ~ Si1 |Z| ~| None

Markers

| ] [ Remove




# Calibration

Active calibration Calibration standards

a calibration first Calibration: Application calibratio & Use ideal values
. - y p. Source:  Calibration assistant
ration "assistant

Calibrate L0 (H(e-12))
_ Short | Set (101 points) L1 (H(e-24))

0

. . 0
in of 101 readings BB <t (101 pins) sy o
e 0

0

_ Load | Set(101 points) L3 (H(e-42))
‘.Tthth Un@ﬁtl)_rated Offset Delay (ps)

Isolation  Uncalibrated

CO (F(e-15)) SO
Offset delay 0.00psi3]  Ci(Fe27)) 0

9?!!9@!1993%‘5@!!!_‘, | C2 (Fe36)) 0

Apply | | Reset C3 (F(e45)) 0
Offset Delay (ps) 0

Resistance (Q)

Inductance (H(e-12)) 0
Offset Delay (ps) 0

Offset Delay (ps) 0

Saved settings

{_save calibration § {




First Step: CALIBRATE VNA over a frequency range (MHz)
Calibration standards included as SMA connectors
Short, Open, Load (50-ohm), and Through




Calibration: SHORT circu

it (ZERO R) on far left of the

Smith Chart RESISTANCE axis




ircuit (infinite R) on far right

the RESISTANCE axis




nter)
rmalized to 1.0

50-ohm LOAD (prime ce

Calibration:

middle of the RESISTANCE scale: no




You can also CALIBRATE the device
on its own (small) screen: limit of 101 data points




Measuring Antenna Characteristics

Resistance R (ohms)
Reactance X (ohms)
mpedance Z (ohms)
Phase 0O (degrees)
Reflection Coefficient p rho
RETURN LOSS (dB)

SWR

Smith Chart Analysis




Even young kids know this
“Grampy, please push in phase with my natural swinging

to get me going higher”




What happens if Grampy pushes
too soon? too late?




Antennas work the same way

The input “push” from the feed line needs to be

in-phase with the natural vibrations of current in the
antenna conductors

We call this “resonance”

Can the Nano VNA help set up your antenna?



ou want the feed line to “push” the electrons back an
forth in rhythm with the current in the antenna




The charges at the ends of the antenna have
reversed polarity in 72 cycle of RF




The RF wave A must travel twice the dipole
oth in one RF cycle (period)

A2
I(x)




1/4 Wavelength ; 1/4 Wavelength
Insulator Insulator
Insulator \

Center
Conductor Shield

RG-58 or RG-8
Coaxial Cable

ARRLO113 To your transceiver




Resonant Frequency for 130 ft dipole

1)
2)
3)
4)
5)
6)

RF wave must travel 260 ft in one RF cycle A

RF velocity in wire: V about 1 ft/nanosecond

Time for 1 RF cycle must be about 260 nanoseconds
260 x 10° seconds = the PERIOD T of oscillation
Frequency = 1/ period

Frequency = 1/ (260 x 10° seconds)

Lowest Resonant frequency 130 ft dipole = 3.8 MHz




This looks like an “end-fed” dipole




At resonance the current and the voltage
are IN-PHASE at the feed line connection
and maximum current occurs in the antenna
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If you transmit on a frequency thatis NOT RESONANT

SWR climbs, but WHY?




Maximum Power Transfer

Conjugate Match Z(load) = Z (feed Iine)

Power Transfer Efficiency

Rs
For complex impedances, maximum
power transfer occurs when Z, = Z*
(conjugate match)
Rs +jX

e

X

e %
/ \\\ R

I

USSP RS —

Load Power

(normalized)

© o 9o 9 :
o N b O O = N

0 1 2 3 4 5 6 7 8 9 10
RL/Rs

Maximum power is transferred when R = Rg

‘i~ Agilent Technologies




Off resonance a dipole now shows
REACTANCE (phase errors)
and behaves like a series RLC circuit

) U U \

L

S




1/4 Wavelength
Insulator
Center

Conductor

ARRLO113

1/4 Wavelength

Insulator

Shield

RG-58 or RG-8
Coaxial Cable

To your transceiver

he dipole is too shao



SWR climbs off resonance due to big changes in REACTANCE

U e G O R T N O 0 T T e

L T Ty T ST S PP P SR R R

125

100

5

50

CE OR REACTANCE, OHMS

RESISTAN

FREQUENCY, MHz




How do you get rid of “reactance”?
ake down antenna and change length of dipole:

|




Resonance will make your grandkids happy
so CANCEL that REACTANCE in your shack!




But does the antenna itself need to be
resonant to work well?

Insulator

Insulator

Insulator \
BIMES ﬂm% <Nfe
Center \ Stranded

-~ 1/4 Wavelength »I - 1/4 Wavelength »‘

Conductor Shield Copper Wire

RG-58 or RG-8
Coaxial Cable

ARRL0113 To your transceiver




This “random” length non-resonant wire can work well on many
HF frequencies with some help from an antenna “tuner”
What exactly is the antenna tuner “tuning”?

Stranded Copper
Wire (as long as
possible)

Coaxial Cable

Transceiver
Antenna

Tuner

9 {)} 9 Insulator




130 ft Center Fed dipole with
Low-Loss BALANCED Ladder Line
can work on all HF bands with TUNER in the shack
WHERE is the SWR low in this image?

Insulator Insulator Insulator

Stranded Copper Wire
Any Length

450-Q Ladder Line

Coaxial Cable

Antenna

To Radio

ARRLO116




Tune out the REACTANCE in the shack by introducing
a “conjugate impedance” in your antenna tuner




Impedance Matching Schemes
the common L network

Impedance Matching

 We want to match RP to RS and cancel reactances
with a conjugate match.

“Matching Network™




Let’s put the Nano VNA to work testing real antennas
S11 = Signal goes out ChO and returns to same port

D4 - CHITCOGHAG 18 -85 .44,
» 1 lnHCHI PHPQ!‘-‘QH”dE r?o




R E F LECTI O N Pa ra m ete rS (Agilent Tech great resource)

Reflection Parameters

Reflection 1~ Viefected _ _4-Z
Coefficient I " pLO = 7, +2
(0)

Return loss =-20 log(p), 2 = IT|

Voltage Standing Wave

Vimax Ratio
Viin VSWR = Vmax
Vmin

No reflection Full reflection
(Z. = Zo) (Z. = open, short)

0

Agilent Technologies




Let’s check out some of the
antennas at K3EUIl QTH

We are measuring the HF signals
returning to shack after
100 -150 ft
RG213 50-ohm coax



135 feet 80 meter Inverted V antenna
fed with 100 ft RG213 and W2DU current balun
On what frequencies is this antenna “resonant”?

Inverted V Antenna

1/2 wave length +
height of end points

|




- -
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SWR plot: 135 ft center-fed dipole (3 -30 MHz)?
Note resonant “harmonics” are not in a ham band

Sweep control 511 VSWR
Start|  3MHz|| Center [6.5MHz| 8.0
Stop | 30MHz| | Span  [27MHz]
[ 30 8.914kHz/step 7>
Sweep seftings ... ‘

Sweep Stop e l ‘
Markers
Marker 1 ‘WSSMHZ‘ O 5 l l
Marker 2 | 11.566426MHz| [l O
Marker 3 [17.313521MHz| Il O 55 l
Marker 4 |19.265365MHz| [l O ‘

Marker 5| 21.43408MHz| [l O 5
Marker 6 [27.777573MHz| I ®

[J Enable Delta Marker 4. ‘

Show data Locked O \ y ‘
TOR 4.0 A A

56.227 m
Time Domain Reflectometry ... 3.5

1 ,
i v.
!

—

Reference sweep ' '
Set current as reference 2.5 | !
| | | ' E ' '
Serial port control 2.04 : i

il v
|COM7 (NanoVNA) v| | Rescan '

Disconnect Manage L5,

Files ... Calibration ... ;
il s Shooe 4800k 6.6M 8.4m 10:2M 12'0M 1338M 15.6M 17:4M 192M 2110M 228M 2416M 26.4M 287M




RETURN LOSS (dB) plot: 135 ft center-fed dipole
shows the resonant frequencies more sharply than SWR

NanoVNA Saver 0.3.7 (Sweep: 2020-12-10 11:10:48 @ 5050 points) = (m]

Sweep control S11 Return Loss (dB)

Start| 1MHz|| Center [5.5MHz| 0 +
, 2
Stop | 30MHz||Span |29MHz 3

1

50 5.744kHz/step 6

Sweep settings ...

I 0%

Sweep Stop 10

Markers ' ' '

Marker 1| 3.602032MHz] [l ©
Marker 2| 7.100128MHz| i O
Marker 3 [10.008496MHz| [l O
Marker 4 [ 14.102064MHz| Il O
Marker 5 @ | [§e]
Marker 6| 28.502272MHz| |l ®

[J Enable Delta Marker
Show data Locked O

-20 ¥

TDR
55.719m -30
Time Domain Reflectometry ...

Reference sweep

Set current as reference

7 -40
Reset reference

Serial port control

COM7 (NanoVNA) v | | Rescan

Disconnect Manage

Files ... Calibration ... 50
About ... 1000k 2933k 4867k 6.8M 8.73M 10:67M 12:6M 14.53M 16.47M 18:4M 20:33M

Display setup ...




Smith Chart tells you everything you want to know
Where is the lowest SWR on the band?

S11 Smith Chart
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Resonance (3600 kHz) is easy to spot on this
PHASE PLOT




80m Inverted V antenna: all 6 graphs
At what frequencies will this antenna work best?

S11 Smith Chart |S11] 511 Phase
1 225.8°
0.81 1500

0.6 75.04

-75.02

-150

0 -225.0°
3500k 3625k 3750k 3875k 4000t 3500k 3625k 3750k 3875k 4000}

511 VSWR S11 Return Loss (dB) R- S11R+HX(Q) -X
4 0.0 150.6 100.(

3.5

-35J0 0
13% DOk 3625k 3750K 3875k Zo00 | 3500k 3625k 3750k 3875k 4000k 3500k 3625k 3750k 3875k




3990 kHz portion of PHONE band (SWR = 3:1)



Introduce an “antenna tuner” in the shack

How does this work?

RO aED
____________E_g%%g“,ﬁ




Same 80m antenna but now tuned to 3990 kHz (PHONE)
by an antenna tuner in the shack

NanoVNA Saver 0.3.7 (Sweep: 2020-12-03 19:56:01 @ 5050 points) - ul
Sweep control S11 Smith Chart 511 511 Phase
Start | 3.5MHz| | Center |.75MHz 14 22542
Stop | 4.0MHz || Span H00kHz 2 4
Segments 5039.03Hz/step 0. 3 1502
Sweep settings ...
I, : 00+ 0.6 75.0
Sweep
4
Markers 0.5 0°
Marker 1 3.5MHz Bl ©
Marker 2| 3.59990MHz | O 0.3 -75.08°
Marker 3| 3.69998MHz| il © |
2
Marker 4| 3.70997MHz| il O 0.1 _15(! = |
Marker 5| 3.89996MHz| il ©
Marker 6| 3.90896MHz| il @ 0 225100
S 3500k 3625k 3750k 3875k 40001 3500k 3625k 3750k 3875k 4000k
[ Enable Delta Marker
H 511 VSWR 5114Return Loss &dB) R-  S11R+X(Q) -X
Show data Locked O 131 0 3 100.0 50.0
TDR 4
-5 87.5 37.5
60.997 m 114
Time Domain Reflectometry ... 10 75.0 25.0
9.0 4
-15. 62.5 12.5
Reference sweep
0 X
Set current as reference L a Ll L
-25. 37.5 -12.5
5.0
Serial port control
COM7 (NanoVNA) ~| Rescan =t 24 2
3.0
Disconnect Manage 35 125 375
Files ... Calibration ... 13ﬂ a0 I 0 50,0
Display setup ... About ... 500k 4000t 3500k 3625k 3750k 3875k 4000} 3500k 3625k 3750k 3875k 4000k




How might a two-band 80/40m
TRAP dipole behave?

(10.07m)




80 and 40 meter TWO-BAND TRAP DIPOLE
Trap is high-impedance LC circuit tuned to 7 MHz
Overall length about 110 feet: height 25 feet (NVIS)

22t 33ft 33t
6.7 ;
(6.70m) | J ='= v ' (10.07m) (10.07m)

TMHz Trap




s

80/40 Trap Dipole RETURN LOSS and SWR

NanoVNA Saver 0.3.7 (Sweep: 2020-12-10 11:29:05 @ 5050 points)

Sweep control

Start|  1MHz| | Center [5.5MHZ]

Stop | 30MHz|| Span [29MHz |
5.744kHz/step

[ s0]
Sweep settings ...

I 00

Sweep Stop

Markers

Marker 1| 3.602032MHz| [ O
Marker 2| 7.100128MHz| [l O
Marker 3 10.098496MHz| [l O

Marker 4 fliTOZioaﬁHz | |fe]
Marker 5 [21.098256MHz| [l O
Marker 6 28.502272MHz| [l @

[ Enable Delta Marker
Show data
TDR
71.488 m

Time Domain Reflectometry ...

Reference sweep
Set current as reference
Reset reference
Serial port control

}COM? (NanoVNA) | Rescan

Locked O

Disconnect Manage
Files ... Calibration ...
Display setup ... About ...

511 Return Loss (dB)

Low SWR on both 80m and 40m
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Trap Dipole 80m only all graphs
markers #1-6 at 3.5, 3.6, 3.7, 3.8, 3.9, 4.0 MHz

NanoVNA Saver 0.3.7 (Sweep: 2020-12-02 15:53:59 @ 5050 points) - [ X

Sweep control 511 Smith Chart |S11]| 511 Phase
1

Start Center 225.4°
Stop Span
Segments 37.05Hz/step

Sweep settings ...

0.8

Sweep Stop
Markers
Marker 1 3.5vHz| [l O

Marker 2 | |§e]
Marker 3 | [§e)
Marker 4 | |fe)
Marker 5 B0
Marker 6 | iG]

0 -225,0°
3500k 3622k 3745k 3867k 3990F 3500k 3622k 3745k 3867k 39901
[ Enable Delta Marker
511 VSWR 511 Return Loss (dB) 511 7| 6
Show data LockedO 5 0.0 70
TDR
311.272 m 43 60,
Time Domain Reflectometry ... 5
3.6 50.
Reference sweep
0
Set current as reference = il
Reset reference L
2.3 30.
Serial port control
COM6 (NanoVNA) | Rescan 2 4
0
Disconnect Manage Lo 8 <
Files ... Calibration ... o 5 10
]35 DOk 3622k 3745k 3867k 39901 3§§0k 3622k 3745k 3867k 3990+ 3500k 3622k 3745k 3867k 39901

Display setup ... About ...




80m Trap Dipole Smith Chart: Bull’s Eye SWR 1:1
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Trap dipole on 40 meters: 7.0 - 7.3 MHz
(cut to the low end of 40m band)

S11 Smith Chart
Trap Dipole Ometer
Marker very'5 OkHz
\ 7000 kH
/ Inductive Re anc
/ // ><\

\

N

\/
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How do “traps” isolate 40m?
LC parallel circuit is a HIGH impedance
at the resonant frequency
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Trap Dipole: Return Loss and SWR
looking at the trap resonance 7 MHz

Sweep control S11 Return Loss (dB)
Start| 6MHz| | Center | 7MHz| 0 4

Stop| 8MHz||Span | 2MHz|

Segments | 50|396.1Hz/step

Sweep settings ... -5

Sweep

Markers -10
Marker 1 | 6MHz| il
Marker 2| 6.500148MHz| [l
Marker 3|  6.9999MHz| [l O 15
Marker 4 | 7.100088MHz| Il
Marker 5| 7.19988MHz| ll O
Marker 6| 7.300068MHz
[J Enable Delta Marker
Show data Locked O

V6.CM 6.13M 6.27M 6.4M 6.53M 6.67M 6.8M 6.93M 7.07M 7.2M 7.53M 7.4IM 7.6M 7.73M 7.87TM 8.0M

TDR
60.997 m
Time Domain Reflectometry ...

Reference sweep

Set current as reference

Serial port control

[com7 (NanoVNA) || Rescan

Disconnect Manage
Files ... Calibration ... =
Display setup ... About ... 6.0M 6.13M 6.27M 6.4M 6.53M 6.67M 6.8M 6.93M 7.07M 7.2M 7.33M 7.47M 7.6M 7.73M 7.87TM 8.0M

N



80m Vertical: 2 inch diameter tubing
40 ft tall with “loading coil” at base and
two 65 ft radials 10 ft above ground
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80m Vertical RETURN LOSS and SWR

cut for the middle of the band 3800 kHz

Sweep control
Start\j 3MHz| | Center | 4MHz

Stop { SVMHVZJ Span \ 2MHz

Segments 50396.1Hz/step

Sweep settings ...

I 00
Sweep Stop
Markers

Marker 1| 3.500148MHz| [l O
Marker 2| 3.50994MHz| [l O
Marker 3| 3.700128MHz| | O
Marker 4| 3.79902MHz| [l O
Marker 5| 3.900108MHz| [l O
Marker 6 W‘JMHZJ | G}
[0 Enable Delta Marker

Show data Locked O

TDR
30.498 m

Time Domain Reflectometry ...

Reference sweep
Set current as reference

Reset reference

Serial port control

|COM7 (NanoVNA) v || Rescan

Disconnect Manage
Files ... Calibration ...
Display setup ... About ...

511 Return Loss (dB)

0 4

-10

-60

3000k 3133k

S11 VSWR
4.0

3267k

3400k

3533k

36066k

3800k

3933k

4066k

00k

4333k

44b6k

4600k

4733k

4866k

4999}

3.0

2.0

1.5

1.0

3000k 3133k

3267k

3400k

3533k

3666k

38

3933k

4066k

00k

4333k

4456k

4600k

4733k




Single Band Vertical “ground plane”




20 meter home brew vertical: 17 ft high with 17 ft radials
this is obviously mistuned to 13.7 MHz
Conclusion: shorten the vertical and the radials to about 16.5 feet

7 NanoVNA Saver 0.3.7 (Sweep: 2020-10-24 12:07:24 @ 1010 points) - o X
SEPE 511 Smith Chart st 2| 511 Phase
Start Center 1266 180.9¢
Stop Span
Segments 191.1Hz/step 102 , 1200
Sweep settings ... 5 .
[ 1000% 8 60.03
Sweep Stop
Markers 65
Marker 1 e
Marker 2 | e} 46.
Marker 3 e
[J Enable Delta Marker 28
Hide data Locked O
TDR 10 -180,0°
36.561 m 13.5M 13.75M 14.0M 14.25M 14.5¢  13.5M 13.75M 14.0M 14.25M 14.5V
e Do Re ey glcl VSWR 1%," S11 RHX (Q) -;(0.0 311 Return Loss (dB)
106.2 - 10.0 -5
34
92.5- . 0.0 -10 ; 2; :
2
78.8 4 — -10.0 -1
Reference sweep
Set current as reference 020 \ =
Reset reference 512 | i 300 -25
Serial port control
Disconnect Manage 23.8 -50.0 -35
Files ... Calibration ... 10,0 =00 B
S 1355M 13.75M 1410M 14725M 145M  1315M 13.75M 1410M 14725M 14lsy




OR -- Insert Antenna Tuner in shack
This makes rig happy
RIG sees 50 ohm Z and SWR=1:1 at rig’s port
but tuner in shack does NOT change SWR on line
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S11 VSWR

2.3

New SWR across 20m looks great < 1.7 : 1 across band
So do we now have more power radiated by antenna?
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Cushcraft R5 % wave Vertical (5 bands)
with four “traps” for 10/12/15/17 m bands
0s act as parallel tuned High-Z circuits to isolate each ba
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Cushcraft R5
(traps for 10/12/15/17 meters)




Cushcraft R5: 5 Band Resonances

Sweep control 511 VSWR
Start‘ 12MHZ‘ Center‘ 21MHz| 5.0

Stop | 30MHz| | Span |18MHz
60 2.971kHz/step 4.

Sweep settings ...

I 0% 36

Sweep Stop

Markers 3.0

Marker 1 jO
Marker 2 [18.009463MHz| l O 23
| [§e)
Marker 424.900082MHz| B O 14
Marker 5 [28.200863MHz| ll O

Marker 6 |29.600204MHz| l| © 1 %
[ Enable Delta Marker 1w e S
511 Return Loss (dB)
Show data Locked O p.0u
TDR
FL 2 6
52.846 m 4
Time Domain Reflectometry ... o
-15.
Reference sweep
Set current as reference L
Reset reference 5
Serial port control
COM7 (NanoVNA) ~| Rescan|
Disconnect Manage 35
Files ... Calibration ... 40l
12.0M 13:2M 14:4M 15.6M 16.8M 18:0M 19:2M 20:4 21.6M 22.8M 24.0M 252M

Display setup ... About ...




Cushcraft R5: 20m only Resonance 14.2 MHz
note PHASE plot agrees with SWR plot

7 NanoVNA Saver 0.3.7 (Sweep: 2020-10-24 11:43:38 @ 1010 points) - o X
Sheepcotgl 511 Smith Chart sti 2| 511 Phase
Start Center i 18W
Stop Span
Segments 297.3Hz/step 45, 3 1202
‘ Sweep settings ... |
I oo P 2 500
| Sweep Stop
Markers 35.4 0°
Marker 1 mo
Marker 2 Ho 30, ~60.0°
Marker 3 He
[J Enable Delta Marker 25 120
| Hide data | Locked O 3
TDR 20.0 -180J0°
333041.734 m 14.0M 14.07M 14.15M 14.22M 14.3v  14.0M 14.07M 14.15 1422M 143
e Dormain Renecomery ] ;191 VSWR 5%-.0 S11 R+X (Q) —;(0.0 511‘} Return Loss (dB)
" 46.2 745)
3
42.5 B 900 =15
- 388 125 ‘
Reference sweep
| Set current as reference | L SRR Sl
Reset reference 312 - 25 v

Serial port control L3
[coM6 (NanoVNA) ~| | Rescan | 3 ZL 290 (2
| Disconnect [Manage =t 23.8 75

| Files... Galibration ... | o0l Lol

Display setup ... | About .. 1&om 12:07M 14115M 1422M 13y 140M 137 T4T5M 1422M 1BM - 140M 14.07M 45M 1422 143y




Cushcraft R5 10m only

{7 NanoVNA Saver 0.3.7 (Sweep: 2020-10-24 11:39:08 @ 1010 points)

Sweep control 511 Smith Chart
Start Center
Stop Span

2.973KHz/step

\ Sweep settings ...
I oo

| Sweep | Stop

Markers

Marker 1 [27.998928MHz| [l O
Marker 2 [28.501365MHz| il O
Marker 3 T

[ Enable Delta Marker
Hidedata | Locked O

TDR : o || -180,
16.249 m 27.0M 27. . 27.0M 273

=
[Time Domain Reflectometry ... R P

Reference sweep

\ Set current as reference \

Reset reference

Serial port control
[coM6 (NanoVNA) ~| | Rescan |

| Disconnect | Manage|

| Files... || Calibration ... |
‘ ! i } ; ; y ; A 29:25M

Display setup ... | About ...




Cushcraft 10 element 2m beam




The “Gamma Match” is an UN-BALANCED circuit used to
match the low impedance of beam to 50 ohms for coax




Cushcraft “Ultra-Match” is just two Gamma matches
but provides a BALANCED approach relative to ground
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Impedance Cushcraft 2m BEAM
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Cushcraft 11 element 70cm BEAM
now SWR is getting to be critical - why?




SWR Cushcraft 11 element 70 cm BEAM
note SWR < 2:1 from 400 - 500 MHz




Diamond Dual Band 2m/70cm Vertical




Diamond VHF/UHF Vertical
2 meters: SWR and RETURN LOSS

S11 VSWR
3.0

(o}
1140.OM 140.8M 141. 3 146.

S11 Return Loss (dB)
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S11 VSWR

Dual Band VHF/UHF vertical
430 - 450 MHz
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Hustler G6 2 meter vertica

Ill

gain” antenna




Hustler G6 2m vertical
broad tuning across 2m band

S11 VSWR
2.0

0.0M 140.8M 5 4.2M 145.0M 145.8M

S11 Return Loss (dB)
0.0




MFJ) 3 element 2 meter beam
this one needs some tuning!

511 VSWR
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Other uses for a Nano VNA

Measure Cable Length
Measure Cable characteristic impedance (Z)
Measure Cable loss (attenuation) in dB/100 ft

Measure the Q (sharpness) of an antenna trap
Measure the inductance L of a coil

Measure the capacitance C of a capacitor
Measure the impedance Z of a RLC circuit
Measure PHASE ANGLES



Useful Adapter: SMA to SO239
but is the impedance still 50 ohms at UHF




Attenuation (dB per 100 feet)

Coax Cable Signal Loss (Attenuation) in dB per 100ft*

Loss* |RG-174 |RG-58 RG-8X RG-213 | RG-6 |RG-11 |[RF-9914 |RF-9913
1MHz 1.9dB | 0.4dB | 0.5dB | 0.2dB | 0.2dB | 0.2dB | 0.3dB 0.2dB
10MHz | 3.3dB | 1.4dB | 1.0dB | 0.6dB | 0.6dB | 0.4dB | 0.5dB 0.4dB
50MHz | 6.6dB | 3.3dB | 2.5dB | 1.6dB | 1.4dB | 1.0dB | 1.1dB 0.9dB
100MHz | 8.9dB | 4.9dB | 3.6dB | 2.2dB |2.0dB | 1.6dB | 1.5dB 1.4dB
200MHz | 11.9dB | 7.3dB | 5.4dB | 3.3dB | 2.8dB | 2.3dB | 2.0dB 1.8dB
400MHz | 17.3B |11.2dB | 7.9dB | 4.8dB |4.3dB | 3.5dB | 2.9dB 2.6dB




Use CHO for both signal out and reflection in
“Time Domain Reflectometry” ==> distance = velocity x time
Velocity of RF in cable = velocity factor x speed of light
Measure the loss of the return signal (dB) = cable attenuation

Calibrated nanoVNA

Unknown cable length

NanoVNA




HOW TO: Measure Length of unknown coax cable

Connect a cable that converts SMA to SO239 (coax female)
Calibrate the Nano VNA first, then SAVE CALIB file

Connect an unknown length of RG8X coax to ChO via a PL259 plug
Short out the “far” end of the 50 ohm RG8X coax

Set the FREQ sweep from 1 MHz to 100 MHz

Set the TDR display function to ON

What “should happen”
When the RF gets to the shorted end of the coax, impedance =0
100% of the RF should reflect back to ChO (SWR is infinite)



TDR display: Belden RG8X cable (VF =0.82)
An impedance “bump” appears 17.1 meters: WHY?

i TDR

RG-8X (Belden 9258) (0.82)
Velocity factor 0.82
Estimated cable length: 17.091m (56ft 0.9in)

TDR
6

602

51




N

Attenuation (dB) of 50 ft RG8X vs. Frequency (1-100 MHz)
At what frequency is the “heat” loss = 50% of the power?
Why does the attenuation increase with frequency?

S11 Return Loss (dB)
0.0

-~
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Measure the frequency response of a LC filter

by measuring the “

THRU” response: ChO to Chl




Help to adjust a manual ANTENNA TUNER
Where on the Smith Chart do you “want” the cursor?

INDUCTANCE




Advanced: measure trap Q by use of TWO Channels

o
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AminiVNA




A FM broadcast band-stop “filter”
Use the S21 mode (two ports)
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A Great Teaching Tool !




