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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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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
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RigExpert
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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
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Rohde & Schwarz: can you afford this portable one?




The “high-end” Vector Network Analyzers

®H°HD!&SCHWAHZ ZVL - NETWORK ANALYZER - 9 kHz ... 6 GHz [mm [ o ][Iw ] ‘7"”1 @ [___}
‘ L Smin_Ref U] )
— v B =
5171
===

( ) S
| N
e

’@ﬂ|@§§ﬂll|




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

NanoVNA




Measurement limit of 101 data points internal
battery for field work

NanoVNA




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




Important Parameter Definitions

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

|gammal = p (rho)

O<p<kl1

RETURN LOSS (dB) = - 20 log (p)
usually written as a positive number since log (p) is <0

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
0 infinite 1.0
0.1 20.0 1.2
0.2 14.0 1.5
0.3 10.5 2.0
0.4 8.0 2.3
0.5 6.0 3.0
0.6 4.4 4.0
0.7 3.1 5.7
0.8 1.9 9.0
0.9 0.9 19.0
1 0.0 infinite

p = V(reflected) / V(forward) RL= -20 log(p) SWR = (1+p) / (1-p)




Reflection Coefficient vs.

Reﬂection Cpefﬁ?:ient vs. VSWR
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RETURN LOSS (dB) vs. VSWR

Return Loss“ vs. VSWR
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Smith Chart
A graphical representation of

RESISTANCE and REACTANCE

Reactance
Axis

\\z?ﬁﬁve

negative

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




We can make the Bull’s Eye 50 ohms




Smith Chart (think DART BOARD)
reflection coefficient p and SWR
Bull’s Eye is a “perfect” match with zero reflected power




20% of incident voltage is reflected: SWR 1.5:1




33% of incident voltage is reflected SWR 2:1




50% of incident voltage is reflected ==> SWR 3:1
All values or R+jX on perimeter show equal p and SWR




SWR of 4:1 with 60% reflected




0% reflected ==> SWR 20:1




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
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® 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 ©
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[1 Enable Delta Marker

M a rke rS [ Show data | Locked O

TDR
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Serial port control
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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




We WILL return to
Smith Charts later




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




Antenna Length and Resonance
“Grampy, push in phase with my natural swinging please”




You want the feed line to “push” the electrons in
rhythm with the natural vibrations of the electrons in
the antenna at some frequency F




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




he electrons must travel a length of twice th
dipole length in one RF cycle (period)

€ A2
I(x)




Resonant Frequency for 130 ft dipole

1) Electrons must travel 260 ft in one RF cycle

2) Current speedin wire v = 1 ft/nanosecond

3) Time for 1 rf cycle must be about 260 nanosec

4) 260 x 10° seconds = the PERIOD of osc

5) Frequency = 1/ period

6) Frequency = 1/ (260 x 10 seconds)
Resonant frequency = 3.8 MHz




At resonance the current and the voltage
are IN-PHASE at the feed point connection
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What happens if you transmit on a frequency that is NOT
resonant? SWR climbs, but WHY?




Dipole now shows REACTANCE (phase errors)
and behaves like a series RLC circuit
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1/4 Wavelength ~—  1/4 Wavelength
Insulator r Insulator
Insulator

Center
Conductor Shield

RG-58 or RG-8
Coaxial Cable

ARRLO113 To your transceiver

: the dipole is too s
iving vol




SWR climbs off resonance due to big changes in REACTANCE

FREQUENCY, MHz




We all want RESONANCE to make our
grandkids happy




ut does the antenna itself need to be at its resona
frequency 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 wire can work well with
some help from an antenna “tuner”

Stranded Copper
Wire (as long as
possible)

Coaxial Cable

Transceiver
Antenna

Tuner

o {C} 9 Insulator




Center Fed dipole with Low-Loss BALANCED Line
can work on all HF bands with TUNER in the shack

Insulator Insulator Insulator

g b,

.
o
~

/

Stranded Copper Wire
Any Length

450-Q Ladder Line

Coaxial Cable

Antenna

To Radio

ARRLO0116




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

B4IB CHICOGHAG 18 —85.444R
2 11. lnl'lCHi primrianodf 1*'-?4“




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



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




Trap Dipole 80m all graphs
markers at 3.5, 3.6, 3.7, 3.8, 3.9, 4.0 MHz

57 NanoVNA Saver 0.3.7 (Sweep: 2020-12-02 15:53:59 @ 5050 paints) - [m] X

Sweep control S11 Smith Chart |S11] S11 Phase
1

Start | 3.5MHz| | Center 745MHz| 22542
Stop Span
Segments 37.05Hz/step
1 Sweep settings ...

I, (00%

| Sweep Stop

Markers

Marker 1 e}
Marker 2 | |fe]
Marker 3 | |[§e)
Marker 4 | e}
Marker 5 mo
Marker 6 | i)

0 -225.0°
3500k 3622k 3745k 3867k 3990} 35‘36k 3622k 3745k 3867k 3990}
[ Enable Delta Marker
511 VSWR S11 Return Loss (dB) S11 |Z| 6
| Showdata | LockedO g 0.0 70
TDR 5 b
311.272 m 43 5 60
= 4
| Time Domain Reflectometry ... 5 2 s
36 L 50
-1 Vi
Reference sweep
’ 3.0
| Set current as reference R
Reset reference -15 L
- 2.3 30.
Serial port control
Rescan - 20 .
0 d 0.
| Disconnect Manage M 3 4
Files ... | Calibration ... " s 10
1 So0k 3622k 3745k 3867k 3990} 35‘§0k 3622k 3745k 3867k 3990+ 3500k 3622k 3745k 3867k 39901

Display setup ... About ...




80m Trap Dipole Smith Chart

S11 Smith Chart

"80m Trap Dipole -

Inductive Rc/ténce 5

LOW Resistance

N =
o v?

\_




80m Trap Dipole: Reflection Coefficient (RHO) p = V(ref) / V(forward)
0 = no reflection

|S11]
1

1 = total reflection
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80m Trap Dipole
RETURN LOSS=(20logp)=20dB and SWR=1.2:1

S11 Return Loss (dB)
0.0




Trap Dipole 80 meters PHASE and R,X graphs
Resistance R blue trace (left scale 0to 80 ohms)
Reactance X (right scale -100 to +100 ohms)

Note TWO locations where REACTANCE X is zero (resonance)

S11 Phase
225.9°

-225.10°

3500k 3554k
R-  S11R+X (Q)
80.0

70.0

60.0




Impedance (Z) 80m trap dipole
ldeal Z = 50 ohms R to match 50 ohm coax Marker 2

511 |z
70.

65.

60.

55

50

45

40

35

30.4

2!

20

15,

10

5.0

0

3500k 3533k 3567k 3600k 3634k 3667k 3700k 3734k 3767k 3800k 3834k 3867k 3901k 3934k 3967k 4001}




Enter: Antenna Tuner in shack
Tuned for minimum SWR at 3600 kHz




.
o

Note changes in shack — post ANTENNA TUNER
tuned for lowest SWR at 3600 kHz

S11 Smith Chart |S11] S11 Bhase
1 1801
5
0.8 1202
0.6 60.09
0. _3_ 00
0.34 -60.02
0.1 -120
0 -180.0°
3500k 3623k 3745k 3868k 3991k 3500k 3623k 3745k 3868k 3991}
S11 VSWR S11 Return Loss (dB) 5 R- S11R+X(Q) -X
4.0 0.04 80.0 40.0
5 3 70.0 30.0
3.5 4
60.0
-104
SH
50.0 A
3 b
2.5 40.0
-20-
30.0
-25
20.0
-30 10.0
-35/0 0.0
3623k 3745k 3868k 3991} 3500k 3623k 3745k 3868k 3991} 3500k 3623k




Trap dipole on 40 meters: 7.0 - 7.3 MHz
(cut to the low end of band)

S11 Smith Chart 1511 511 12|
1 156
0.83 125
0.6 1000
2
0.5 75
1
0.3 50
0.13 25
0 0
6.8M 6.95M 7.1M 7.25M 7.4M  6.8M 6.95M 7.1M 7.25M 7.4M
S11 VSWR S11 Return Loss (dB) R- S11R+X(Q) =X
4.0 0 100.64 100.(
87.5 75.0
3. 2
=5 75.0 50.0
3.0
62.5 25.0
255 -10 50.0 0.0
1
37.5 -25.0
2.0
=15 25.0 -50.0
1.5
12.5 -75.0
1 08' | -20 i 0 | -100
6.8M 6.95M 7.1M 7.25M 7.4M  6.8M 6.95M 7.1M 7.25M 7.4M 6.8M 6.95M 7.1M 7.25M 7.4M

-




80 meter Inverted V (single band)
d with 100 ft RG213 and W2DU current balu

Inverted V Antenna

1/2 wave length +
height of end points

J







80 m Inverted V Dipole: Return Loss (dB) 22 dB and SWR

S11 Return Loss (d8)
0.04




S11
15f

1Z|
0

80m Inv V Impedance Z (ohms)
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80m InvV PHASE
At resonance: phase = 0 degrees

S11 Phase
80.0

68.69

57.14

45.74

3734k 3767k 3800k 3834k 01k 3934k 3967k 4001




80m Inv V: R = Resistance blue (30-160 ohms) LEFT
X = Reactance (-80 to +40 ohms) RIGHT

R-  S11R+X(Q) -X
160.0 40.0
152.4 32.9
144.7 25.9

3

137.1 18.8
129.4 118
121.8] 47
114.1 24
106.5 9.4
08.8 -16.5
91.2 235

3607k 3643k 3679% 3715k 3750k 3786k 3822k 3858k




m Vertical: 40 ft tall with “loading coil” at base a
two 65 ft radials 10 ft above ground

VERTICAL RADIATOR

LOADING NETWORK
FEED POINT s

- - ___..—--“"ﬂh

- '-'

" GROUNDSYSTEM L.




80m Vertical with loading coil and two above ground 65 ft radials
(cut for low end of band)

S11 Smith Chart |S11] S11 Phase
1 250.4=
0.8 1672

0.6F 83.3

0°

-83.32

-167.

0 -250.J0°
3500k 3625k 3750k 3876k 4001} 3500k 3625k 3750k 3876k 4001}

S11 VSWR S11 Return Loss (dB) R- S11R+X(Q) =%
3.0 0 80.0

72.5
2.6

65.0
2.3

57.5
2.0 50.0.

42.5 1
1.6

35.0
1.33

27.5 -10.
1 % L -30 | 20.0 L -20.0
3500k 3625k 3750k 3876k 4001 3500k 3625k 3750k 3876k 4001F 3500k 3625k 3750k 3876k 4001k




20 m Vertical with four 17 ft radials
Cushcraft A10 one-half wave without base matching coil/capacitor




20 meter home brew vertical: 17 ft high with two 17 ft radials
this is obviously mis-tuned 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

NEACTIVE
TuNma

MODEL
_ MN—EBDD MATOMNG NETWO R




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?

2.2

2.1

2.0.

1.9

1.84

1:7:

1.6
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1.44

1.3
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13M
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4AM

-53M
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13.
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13

.93M

14.

07M

14.

2M

14:

33M

14.

47M

.6M

.73M

.87M

15.

]



Jetstream 10m vertical: 5/8 wave
Gain about 3 dB over Y wave vertical

10 meter verticalf

about 20 ft tall

8 ft rdial

N

coax here



10m Jetstream
SWR < 2:1 from 28.0to 29.3 MHz

S11 |Z|
136

S11 Smith Chart

8540 0|

700 |

550 -

40 1
27.5M 27.

R-  S11R+X(Q)
- 123.Q




Cushcraft R5 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

(10 meters) A
1237

—_— 2nd Cap Plate
Yy Ll

Typical RS/ R7 Trap




Cushcraft R5: 20m only

7 NanoVNA Saver 0.3.7 (Sweep: 2020-10-24 11:43:38 @ 1010 points) - o X
Sheepcotgl S11 Smith Chart sit |z| 511 Phase
Start Center i ISW
Stop Span
Segments 297.3Hz/step 45, 3 1202
\ Sweep settings ... |
I 00 40 ) 00
| Sweep | Stop
Markers 35.4 0°
Marker 1 mo
Marker 2 mo 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 Do Reeanmeny] 3101 VSWR s?)to S11 R+X (Q) —i(o.o 511‘} Return Loss (dB)
- 46.2 745)
3
42.5 B 900 =15
- 388 125 ‘
Reference sweep
‘ Set current as reference | L 2y Sl
Reset reference 312 - 25 v

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

| Files ... Calibration ... | ’ 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 17 meters

7 NanoVNA Saver 0.3.7 (Sweep: 2020-10-24 11:59:14 @ 1010 points)

Sweep control 511 Smith Chart
Start Center

Stop Span R00kHz

Segments 198.2Hz/step

\ Sweep settings ... \
I 0

Tp[ Stop

Markers

Marker 1 [ 18.070536MHz| [l O
Marker 2 [ 18.100525MHz| Il ©
Marker 3 [18.164303MHz| [ll| ©

[ Enable Delta Marker
| Hidedata | Locked O

TDR 10.0 S — ) =i -18088
30.498 m 1810M 18, j 82y 18'0M

+ -
}__Time Domain Reflectometry \ 2191 — 5';- 0 Eigiye = i(0.0 311 EEREEE )

450 S 7.5

40.0

Reference sweep
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Cushcraft R5 15m only

{7 NanoVNA Saver 0.3.7 (Sweep: 2020-10-24 12:02:30 @ 1010 points)

Sweep control
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Cushcraft R5 10m only

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

Sweep control 511 Smith Chart
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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




Impedance Cushcraft 70cm BEAM




Diamond 70cm Vertical




Diamond 70cm Vertical
SWR below 1.5:1 across entire 70cm band

S11 VSWR
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Hustler G6 2 meter vertica

Ill

gain” antenna




Hustler G6 2m vertical
What could | “adjust” to improve this a bit?

L% om 140.7M T41.3M 142.0M 142.7M 143.3M Zvy 25 5. a5, 25 ; 148.7M 1493M 150.0




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 in the SO239 socket?




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

-~
1000k 7.6M 14.2M 20.8M 27.4M 34.0M 40.6M 47.2M 53.8M 60.4M 67.0M 73.6M 80.2M 86.8M 93.4M
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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
¥

AminiVNA




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

—
o
o
o
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Ready for a closer look at

Smith Charts




Smith Chart for feed lines

Where a feed line connects to your radio (or antenna tuner) the
impedance has a unique value: Z = R +/- jX

BUT..... your radio wants to “see” a 50-ohm resistance with zero
reactance (50 ohm coax)

So..... Let’s look at the

Smith Chart

to guide our thinking



ENTER the Smith Chart
sistance is plotted on horizontal axis from 0 to infini
ften the PRIME center is normalized to 1.0 (for scal

Resistance
Circles

R~

Prime
Center

Resistance
Axis




Plotting REACTANCE: circles tangent to RESISTANCE axis
Inductors produce POSITIVE reactance
Capacitors produce NEGATIVE reactance

Reactance
Axis

\\:ﬁﬁﬁve

negative

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




Every impedance (R +/- jX) hasa
unique location on this graph

Reactance
Axis

\\:ﬁﬁﬁve

Resistance

negative

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




Il impedances INSIDE this red circle have SWR = 2:1 (or les
SWR 2:1 impedances have a variety of R and X values

Fig 4—Smith Chart with SWR circles added.




Constant SWR circles
1 orless isinside BLUE circle 2:1 or less inside RED circl
(remember 1:1 is the single point at center)

SWR 5:1 or less




Smith Chart: conjugate match location
e center now normalized to 50 ohms for convenit




For every antenna impedance (R +jX)
there is a uniqgue “conjugate match” location (R—jX)
that will CANCEL the X and end up with 50 ohms R




A Great Teaching Tool !




This is via K5HAL Cullen
Smith Chart Slide Rule




