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QUESTION SECTION B-006-001: 
Transmission line fundamentals



  

B-006-001: Transmission line fundamentals

1. What is a transmission line and its basic role?
● A transmission line connects your transceiver (radio) to the 

antenna.
● It carries radio frequency (RF) energy from the transmitter to the 

antenna (and received signals back).
● Common types include coaxial cable (coax) and open-wire / ladder 

line.



  

B-006-001: Transmission line fundamentals

50Ω



  

B-006-001: Transmission line fundamentals

Open Wire Line
500–600 Ω 

Window Line
450Ω 



  

B-006-001: Transmission line fundamentals

Characteristic Impedance – The Key Property
● Characteristic impedance (Z₀) is like the "natural resistance" the line 

presents to RF energy. It's measured in ohms.

●  eXamples: 50Ω, 52Ω, 75Ω, 300Ω, 450Ω, 600Ω.

● It is not changed by length — a 20 m piece of 52Ω line cut to 10m is still 52 
ohms.

● Matching impedance between radio, line, and antenna/load minimizes losses 
and reflections (important for efficient power transfer).



  

B-006-001: Transmission line fundamentals

Characteristic Impedance – Why this matters
● The connector on the back of the transceiver is expecting 50Ω
● Radio standardized on 50Ω  because it provides the best compromise between 

maximum power handling (optimal at 30Ω) and lowest signal attenuation 
(optimal at 77Ω) for coaxial cables.  

Regardless of 
connection type, it’s 
always 50Ω at the rig



  

B-006-001: Transmission line fundamentals

What determines characteristic impedance?
● Depends on the physical construction of the line — not on length or the 

materials alone in a simple way. 

● For coaxial cable (coax):

● Determined by the ratio of the diameter of the outer shield (conductor) to 
the diameter of the inner conductor.

●  Different diameters can yield the same impedance if the ratio stays the →
same (explains why RG-58, RG-8, etc., are often ~50Ω despite size 
differences).



  

B-006-001: Transmission line fundamentals

All 50Ω Coax
despite diameter 

variation



  

B-006-001: Transmission line fundamentals

What determines characteristic impedance?
● Depends on the physical construction of the line — not on length or the 

materials alone in a simple way. 

● For open-wire (parallel conductor, ladder line, twin-lead):

● Determined by:  The spacing (distance) between the centres of the two 
conductors  

● The diameter of the conductors  Wider spacing or                                                   →
thinner wires generally increases impedance.



  

B-006-001: Transmission line fundamentals

Practical Points for Hams  
● Coaxial cable is commonly used and can be buried directly in the 

ground for some distance without major problems (it's shielded 
and protected).  

● For maximum power transfer with no reflections (ideal case): If 
the transmitter sees a 50Ω line, the load (antenna or dummy load) 
should also be 50Ω (purely resistive). The load then absorbs all the 
RF energy delivered.



  

B-006-001: Transmission line fundamentals

Other Important Influences:
● Velocity factor — How fast RF travels in the cable compared to free 

space (always <1).
● The major factor is the dielectric material (the insulating material 

between conductors). Air has VF ≈1; polyethylene ≈0.66; foam ≈0.8–
0.85, etc. This affects electrical length and phasing.



  

B-006-001: Transmission line fundamentals

What happens with mismatch?
● If the load impedance (Ex: Antenna) differs significantly from the 

line's characteristic impedance (mismatch), the input impedance 
seen at the radio end is not simply the load value.

● Instead, it's a complex value influenced by the line length (plus 
frequency), leading to standing waves, higher losses, potential 
damage to the transmitter, etc.  Use matching or tuners when →
needed.

Reflection Coefficient: Γ



  

QUESTION SECTION B-006-002: 
Types of transmission lines

and baluns



  

 3 Main Types of Transmission Lines Used in Ham Radio

● Coaxial cable
● A centre conductor (wire) surrounded by insulating material 

(dielectric), then covered by a metal shield or braid (outer 
conductor), and an outer jacket.

● It's unbalanced because the shield is typically at ground potential.
● Common in ham setups (EX: RG-58, RG-8, LMR-400) due to shielding 

and ease of use.

B-006-002: Types of transmission lines and baluns



  

 3 Main Types of Transmission Lines Used in Ham Radio

● Window line (also called ladder line or twin-lead):
● Two parallel wires embedded side-by-side in insulating material 

(often with "windows" cut out to reduce weight and dielectric 
loss).

● It's balanced — both wires carry equal but opposite RF currents, 

no ground reference.

B-006-002: Types of transmission lines and baluns



  

 3 Main Types of Transmission Lines Used in Ham Radio

● Open-wire line (true ladder line or open-wire feeder):
● Two conductors (wires) held a constant distance apart by 

insulated rods or spreaders (often homemade with plastic or 
ceramic spacers).

● Also balanced, with very low loss when kept away from 
metal/ground. Popular for multi-band HF antennas.

B-006-002: Types of transmission lines and baluns



  

 Balanced vs. Unbalanced Transmission Lines
● A balanced transmission line has two parallel wires carrying 

equal currents in opposite directions (no net current to ground).  
● An unbalanced line has one conductor connected to ground (the 

shield in coax).

B-006-002: Types of transmission lines and baluns



  

 What is a Balun and Why Do We Need It?
● Balun = Junction device (transformer) between BALanced and 

Unbalanced systems. 
● purpose: Connect balanced and unbalanced systems and preventing 

common-mode currents on the outside of coax shield, which can 
cause RFI, pattern distortion, or shock hazards.

B-006-002: Types of transmission lines and baluns



  

Common Balun Uses in Ham Radio:
● Feed a balanced antenna (EX: dipole, doublet) with unbalanced coax 

(50 Ω).
● Install the balun between the coaxial cable and the antenna 

(often at the feedpoint).
● A 1:1 current balun (also called a 1:1 Choke) is typical here to 

choke common-mode currents.

B-006-002: Types of transmission lines and baluns



  

Common Balun Uses in Ham Radio:
● Examples of 1:1 Chokes
● Uses a Ferrite Core
● Turns of coax go around

and through the core

B-006-002: Types of transmission lines and baluns



  

How does the Balun Work:

B-006-002: Types of transmission lines and baluns



  

How does the Balun Work:

B-006-002: Types of transmission lines and baluns



  

How does the Balun Work:

B-006-002: Types of transmission lines and baluns



  

Common Balun Uses in Ham Radio:
● Connect coaxial cable (unbalanced) to window line or open-wire 

line (balanced).
●  Use a balun at the junction.→

B-006-002: Types of transmission lines and baluns



  

QUESTION SECTION B-006-003: 
Practical considerations for 

transmission lines



  

B-006-003: Practical considerations for transmission lines

Coaxial Cable in Real-World Ham Use

● Coax is more usable in a wide variety of settings compared to open-wire or window line.

● Key advantages include:  Excellent shielding — blocks external noise and prevents RF 
from radiating from the feedline.  

● Can run near metal objects (ex: attached to a metal fence for several metres) without 
being adversely affected (unlike balanced lines, which suffer severe imbalance and 
losses near conductors or ground).  

● Handles harsh weather better — in locations with frequent icing conditions, coax is the 
most suitable transmission line (less ice buildup issues, no spacers to ice over).  

● Overall reliability and convenience for most HF/VHF/UHF setups.



  

B-006-003: Practical considerations for transmission lines

Coax Dielectric Choices: Solid vs. Foam
● Foam dielectric (e.g., in many modern low-loss cables like LMR-400): 

Primary advantage is lower loss (better signal strength over long 
runs, especially at higher frequencies).  

● Solid dielectric (e.g., older RG-58 or RG-213 styles): Preferred when 
making a common-mode current choke by winding coax on a ferrite 
toroid — less risk of a short because the center conductor can't 
move and contact the shield under flexing or temperature changes.



  

B-006-003: Practical considerations for transmission lines

Shielding in Coaxial Cable
● The outer conductor (shield) prevents RF leakage and external 

interference.
● The type offering the best shielding is a solid shield (ex: hardline 

or some premium cables with a solid copper tube) — provides 
near-100% coverage and superior rejection of noise compared to 
braided or foil + braid shields.



  

B-006-003: Practical considerations for transmission lines

Common RF Connectors in Ham Radio
● PL-259 (UHF connector): Commonly installed on RG-213 (or similar 

thick coax) for connection to HF transceivers.
● SO-239 (Female)



  

B-006-003: Practical considerations for transmission lines

Common RF Connectors in Ham Radio
● SMA connector: Usually joins a modern hand-held transceiver (HT) 

to its antenna — compact and common on VHF/UHF rigs.



  

B-006-003: Practical considerations for transmission lines

Common RF Connectors in Ham Radio
● N connector: Popular RF connector designed to be moisture 

resistant — threaded, weatherproof when properly installed 
(great for outdoor/base station use).



  

Common RF Connectors in Ham Radio
● BNC connector: Commonly used for low-power transceivers and 

test instruments (quick twist-on, good up to ~GHz).

B-006-003: Practical considerations for transmission lines



  

Maintenance Tip: Connector Care
●Regularly clean and tighten all antenna connectors 

to keep contact resistance at a minimum — prevents 
power loss, heating, intermittent connections, and 
potential damage from high SWR.

B-006-003: Practical considerations for transmission lines



  

Permanent Outdoor Install:
●Wrap in Self-amalgamating

tape, then seal with 
electrical tape.

B-006-003: Practical considerations for transmission lines



  

QUESTION SECTION B-006-004:
Transmission line losses and 

performance 



  

B-006-004: Transmission line losses and performance 

Transmission Line Losses
● RF energy travelling through any transmission line loses some 

power due to resistance in conductors, dielectric heating, and 
radiation/leakage.

● Losses are expressed in decibels (dB) per unit length (ex: dB per 
100 metres or per 100 feet).

● Higher loss = less power reaches the antenna  weaker →
transmitted signal and poorer received signals



  

B-006-004: Transmission line losses and performance 

Key Factors That Increase Loss 
● Length: Signal loss increases as the length increases.
● Ex: Doubling the length from 20 m to 40 m increases loss by 100% 

(it's additive in dB).  
● Frequency: Loss increases with increasing frequency due to skin 

effect (current flows only on conductor surfaces) and dielectric 
losses. Higher bands (EX: 70 cm / 440 MHz) suffer much more loss 
than HF (EX: 80 m / 3.5 MHz).



  

B-006-004: Transmission line losses and performance 

Comparing Common Cables: RG-58 vs. RG-213 vs. Open-Wire
● Smaller/thinner cables like RG-58 have higher loss due to smaller conductors and 

solid dielectric.

● Major adverse consequence of using RG-58 on the 70 cm band (UHF): Excess RF loss in 
the line (often 15–20+ dB/100 m, wasting most power).  

● Switching from thicker RG-213 (lower loss) to RG-58 (higher loss): Less RF power is 
radiated from the antenna (even with same transmitter power).  

● Lowest loss transmission line on HF: Open-wire line (very low dielectric loss, high 
efficiency even at mismatch).



  

B-006-004: Transmission line losses and performance 

Major Advantage of Open-Wire (or Ladder) Line
● It can be operated at high SWR (standing wave ratio) without 

excessive loss.

 Ideal for multi-band →
antennas with tuners — 
mismatches cause less 
heating/power waste 

compared to coax.



  

B-006-004: Transmission line losses and performance 

Practical Tips to Minimize Loss
● Keep feedlines as short as possible.

● Ex: If transmitter and antenna are only 15 m apart but connected by 60 m of 
RG-58, shorten the excess cable to reduce unnecessary loss.  

● Choose lower-loss cable for longer runs or higher frequencies (EX: RG-213, 
LMR-400, or open-wire on HF).  

● On VHF/UHF, avoid thin coax like RG-58 for anything beyond short jumps.



  

QUESTION SECTION B-006-005:
Standing Wave Ratio (SWR)

and measurement



  

B-006-005: Standing Wave Ratio (SWR) and measurement

What is SWR and What Do Readings Mean?
● SWR (Standing Wave Ratio) measures how well the antenna system is matched to the 

transmission line and radio (ideally 50 Ω). Sometimes this is called VSWR (Voltage 
Standing Wave Ratio).

● It compares forward power (from transmitter) to reflected power (bounced back 
due to mismatch).  An SWR of 1:1 means the best impedance match has been attained 
— no reflections, maximum power transfer to the antenna. 

● An SWR of less than 1.5:1 means a fairly good impedance match — acceptable for 
most operations with low loss. (In the Real world, this swr is just fine). 



  

B-006-005: Standing Wave Ratio (SWR) and measurement

How an SWR Meter Works
● An SWR meter measures forward and reflected voltage (or power) 

to calculate the ratio.
● It shows SWR on a scale (ex: 1:1 is perfect, higher numbers 2:1 or 3:1 

= worse mismatch).
SWR measurement 

on a Nano VNA.
~3.6:1 is not very 

good.



  

B-006-005: Standing Wave Ratio (SWR) and measurement

What Causes Standing Waves?
● If the characteristic impedance of the transmission line does not match the 

antenna input impedance, standing waves are produced in the line.

● EX: Using 75Ω Coax instead of 50Ω to feed a 50Ω antenna.

● It’s like trying to force a square peg through a round hole

● The stuff that doesn’t fit through the hole reflects back!



  

B-006-005: Standing Wave Ratio (SWR) and measurement

Effects of High SWR / Standing Waves
● Presence of standing waves results in reduced transfer of RF 

energy to the antenna
● Main adverse effect of operating with high SWR: Increased 

transmission line loss (reflected power heats the line, especially 
in coax; less power radiates)

● Excessive SWR Can also damage the finals in your transceiver! 



  

B-006-005: Standing Wave Ratio (SWR) and measurement

Common Causes of High or Erratic SWR  
●An open or short circuit in the antenna system (EX: 

broken wire, water in connector)
● Intermittent connection in the antenna system (loose 

coax, Bad solder) — most likely cause of erratic 
readings on an SWR meter



  

B-006-005: Standing Wave Ratio (SWR) and measurement

Effect of Line Loss on SWR Readings  
●Line loss (attenuation in the cable) decreases the SWR 

reading at the station because reflected energy is 
attenuated twice (to the antenna and back) 

●  High-loss lines can "mask" a bad mismatch — →
always check at the antenna end if possible!



  

B-006-005: Standing Wave Ratio (SWR) and measurement

Tools for Tuning and Diagnosis  
●Antenna analyzer: Very useful for adjusting the 

physical length of an antenna (trim for resonance) 
●Provides detailed info: SWR of the antenna system 

over a range of frequencies, impedance, resonance 
points, etc. 



  

B-006-005: Standing Wave Ratio (SWR) and measurement

Tools for Tuning and Diagnosis  



  

B-006-005: Standing Wave Ratio (SWR) and measurement

What Actually happens with mismatch?

50Ω
72Ω

22Ω 
‘REAL’ Resistive Difference



  

B-006-005: Standing Wave Ratio (SWR) and measurement

Reflection Coefficient:  (Gamma)Γ

ZL = 72Ω (Load Impedance)
Z0= 50Ω (Characteristic Impedance)

Γ=
ZL−Z0
ZL+Z0

Γ=72−50
72+50

Γ= 22
122  Γ = 0.18



  

B-006-005: Standing Wave Ratio (SWR) and measurement

Voltage Standing Wave Ratio Calculation

VSWR= 1+Γ
1−Γ

VSWR= 1+0.18
1−0.18

VSWR=1.18
0.82

VSWR=1.44



  

B-006-005: Standing Wave Ratio (SWR) and measurement

Impedance = Resistance + Reactance
● A “Resonant Antenna” means no reactance (opposition to AC Current) –     

which is nearly impossible. But we can come close!

●  Z (Impedance) = R (resistance) +jX (reactive component)

● This is frequency dependant. As you change frequency, reactance is going to 
change which is going to affect our impedance which will affect swr!

● with antennas: “everything affects everything!”



  

B-006-005: Standing Wave Ratio (SWR) and measurement

“Complex impedance”
● Complex Impedance is written as:

● Jx is your reactive component of Capacitive or inductive reactance

● When you shorten an antenna, you are adding capacitance

● When you lengthen an antenna, you are adding inductance

● This is trying to tune the antenna circuit to frequency by “cancelling out” Jx   

Z=R+ jX



  

B-006-005: Standing Wave Ratio (SWR) and measurement

Nano VNA Smith Chart

M3 43.88 + j1.52Ω

M31 49.13 - j1.625Ω

1.625 Ohms of 
Capacitive (-) 

Reactance

1.52 Ohms of 
Inductive (+) 
Reactance



  

B-006-005: Standing Wave Ratio (SWR) and measurement

The Culprit!
● In real life, your antenna (load) is hardly 

ever a perfectly matched 50Ω
● Antenna tuners or match-boxes use varying 

levels of inductance and capacitance to 
minimize reactance as much as possible.

● This helps make your antenna, feedline and 
rig close to purely resistive for maximum 
power transfer.



  

QUESTION SECTION B-006-006:
Impedance matching and antenna 

tuners



  

B-006-006: Impedance matching and antenna tuners

Why Impedance Matching Matters in Ham Radio  
● Modern solid-state HF transceivers are sensitive to mismatches.
● An excessive impedance mismatch between the transceiver and 

transmission line will cause the radio to automatically reduce 
power (foldback protection to prevent damage from high reflected 
power) 

● Goal: Deliver maximum power from transmitter to antenna with 
minimal loss and no damage.



  

B-006-006: Impedance matching and antenna tuners

Why Impedance Matching Matters in Ham Radio  
● If both source (transceiver) and load (antenna) impedances 

are purely resistive, maximum power delivery occurs when 
load impedance equals source impedance.

● AKA: The system is well-matched and tuned



  

B-006-006: Impedance matching and antenna tuners

What an Antenna Tuner Does 
● “Tuner” is a bit of a misnomer.
● An antenna tuner (also called an antenna coupler or matching 

unit) matches a transceiver to a mismatched antenna system.
● It does not change the antenna itself — it compensates by adding 

capacitive or inductive reactance to cancel out the mismatch.  
● enables the transceiver to deliver rated power to a mismatched 

antenna system without triggering foldback



  

B-006-005: Standing Wave Ratio (SWR) and measurement

Manual Tuner
● Inductor Taps for Inductance
● Variable Capacitors for Capacitance



  

B-006-006: Impedance matching and antenna tuners

Ideal Placement of the Antenna Tuner
● Best place to minimize losses is At the junction between the 

transmission line and antenna (remote / remote tuner)
● Advantage of locating the tuner near the antenna feed point (vs. 

near the transceiver): Less transmission line loss — the tuner 
makes the line see a good match, so reflected power doesn't travel 
back through the entire cable causing extra heating 

● Remote tuners are ideal, but they are costly!



  

B-006-006: Impedance matching and antenna tuners

Remote Tuner 
Outside at the 

Antenna

Remote Tuner Head Unit 
inside at the Rig



  

B-006-006: Impedance matching and antenna tuners

 Key Rule About Matched Systems
● If the antenna is correctly matched to the 

transmission line (SWR ≈ 1:1 at the feed point), the 
length of the transmission line will have no effect on 
the matching — the transceiver sees 50 ohms 
regardless of cable length 



  

B-006-006: Impedance matching and antenna tuners

Convenient Placement of the Antenna Tuner
● Most hams have a tuner at the rig instead of a remote tuner because they are cheaper and 

more convenient.
● With the tuner at the rig, it only makes the transmitter see 50Ω (low SWR from tuner back 

to radio). But the coax between tuner and antenna still sees possibly high SWR (depending 
on antenna setup).

● Coax has higher loss when SWR is high (more current/voltage extremes cause extra 
heating in the dielectric and conductors). This loss is additional to the matched-line loss 

● Example: RG-8X might be 0.5 dB/100 ft at 1:1 SWR but 2–4+ dB/100 ft or more at 10:1+ SWR, 
depending on band and length. Result: A noticeable fraction (sometimes 20–50% or more) 
of your transmitted power gets dissipated as heat in the coax instead of radiated by the 
antenna. Receive signals are also attenuated the same way (reciprocity)!



  

B-006-006: Impedance matching and antenna tuners

High Impedance Antennas
●End-fed half-wave (EFHW) antennas have very high 

feed-point impedance (~several thousand ohms).
●To match to 50-ohm coaxial cable, use a transformer 

Generally 49:1 or 64:1 UnUn – Unbalanced to 
unbalanced.



  

B-006-006: Impedance matching and antenna tuners

High Impedance Antennas



  

B-006-006: Impedance matching and antenna tuners

High Impedance Antennas
●Example: A folded dipole has ~300 ohms feed-point 

impedance, fed with 50-ohm coax. Required 
transformation ratio: 6:1 (since 300 / 50 = 6) 

●Advantage of transformers at radio frequencies: can 
be designed to match over a wide bandwidth 



  

QUESTION SECTION B-006-007:
Antenna polarization

and basic patterns



  

B-006-007: Antenna polarization and basic patterns

What is Antenna Polarization?
●Polarization refers to the orientation of the electric 

field (E-field) of the electromagnetic wave relative 
to the Earth's surface.

● It determines how the wave travels and is received — 
mismatched polarization can cause significant signal 
loss (up to 20+ dB in extreme cases).



  

B-006-007: Antenna polarization and basic patterns

What is Antenna Polarization?
●Horizonal Polarization: The electric lines of force are 

parallel to the Earth's surface
●Vertical polarization: The electric lines of force are 

perpendicular to the Earth's surface



  

B-006-007: Antenna polarization and basic patterns

What is Antenna Polarization?

Vertic
al

Horizontal Combined



  

B-006-007: Antenna polarization and basic patterns

How Antenna Orientation Determines Polarization
●The polarization matches the orientation of the 

radiating element (for linear antennas like dipoles or 
Yagis):  A Yagi antenna with elements parallel to the 
Earth's surface produces horizontal polarization



  

B-006-007: Antenna polarization and basic patterns

How Antenna Orientation Determines Polarization
●A half-wavelength antenna (ex: dipole) mounted 

perpendicular to the Earth's surface – Vertically - 
produces vertical polarization 



  

B-006-007: Antenna polarization and basic patterns

Practical Reception and Compatibility
●VHF signals from a mobile station using a 

vertical whip antenna (common on vehicles) 
are best received using a vertical ground-
plane antenna at the base station 



  

B-006-007: Antenna polarization and basic patterns

Practical Reception and Compatibility
● A vertically polarized wave that travels via ground wave (common on lower 

HF bands) arrives with vertical polarization at the receiving end 

● Compared to a horizontal antenna, a vertical antenna will receive a 
vertically polarized radio wave at higher strength (B-006-007-011).

●  Always try to match transmit and receive polarizations for maximum →
signal (cross-polarization loss is a big deal in weak-signal work)



  

B-006-007: Antenna polarization and basic patterns

The Isotropic Radiator – A Theoretical Reference
● An isotropic antenna (or isotropic radiator) is a hypothetical point source 

that radiates equally in all directions 

● Its three-dimensional radiation pattern is a perfect sphere (uniform 
intensity everywhere)

● Real antennas (dipoles, Yagis, etc.)
have directional patterns —

    the isotropic is used as a reference
    to calculate gain 



  

QUESTION SECTION B-006-008:
Antenna resonance and length 

adjustments



  

B-006-008: Antenna resonance and length adjustments

Resonance and Length Adjustments for Wire Dipoles
● A half-wave dipole is resonant at a frequency where its total 

length is approximately half a wavelength ( /2 in free space, λ
adjusted slightly shorter due to velocity factor/end effects).

● Resonant frequency is inversely proportional to length: 
● shorter antenna  higher frequency→
● longer antenna  lower frequency.→



  

B-006-008: Antenna resonance and length adjustments

Resonance and Length Adjustments for Wire Dipoles
● Examples:

● A wire dipole resonant at 3900 kHz (80 m band) can be changed to 3600 kHz 
by making it longer 

● A dipole resonant at 3600 kHz can be tuned to 3900 kHz by making it 
shorter 

● To lower the resonant frequency, the operator should lengthen the antenna  

● The resonant frequency of an antenna may be increased by shortening the 
radiating element 



  

B-006-008: Antenna resonance and length adjustments

Resonance and Length Adjustments for Wire Dipole

“If the frequency is too low, it’s too long!”



  

B-006-008: Antenna resonance and length adjustments

Adding Reactance to Change Resonance

Adding a series inductance (loading coil) to an 
antenna would decrease the resonant 
frequency (effective electrical lengthening 
without physically extending the wire) 



  

B-006-008: Antenna resonance and length adjustments

Wavelength in Free SpacE
● The speed of a radio wave is the same as the speed of light.
● Lightspeed is 300,000,000 m/s
● Easy Formula. Wavelength: λ(metres)= 300

f (MHz)



  

B-006-008: Antenna resonance and length adjustments

Wavelength in Free SpacE
● Examples:

● A 25 MHz signal has a wavelength of 12 metres
● A 2 MHz signal has a wavelength of 150 metres

150 metres

300÷2MHz=150m



  

B-006-008: Antenna resonance and length adjustments

Why Use Insulators at Antenna Ends?
● Insulators are used at the ends of a suspended wire 

antenna to limit the electrical length of the antenna 
(prevent the wire from "shorting" to ground or supports, 
which would change resonance or cause losses) 



  

B-006-008: Antenna resonance and length adjustments

Multi-Band Antennas: Traps
● Some antennas use traps to operate on multiple bands.
● A trap is a coil and capacitor in parallel (parallel LC circuit) that 

acts as a high-impedance "block" at one frequency (stopping 
current beyond the trap) while passing others 



  

QUESTION SECTION B-006-009:
Antenna gain, directivity 

and parasitic elements



  

B-006-009: Antenna gain, directivity and parasitic elements

Parasitic Elements – The Key to Directional Antennas
● A parasitic element is not directly connected to the 

feedline. It is energized by induction or radiation from the 
driven element (the one connected to the transmitter)

● Adding one or more parasitic elements to a half-wave 
dipole increases its directivity (focuses radiation in a 
preferred direction)



  

B-006-009: Antenna gain, directivity and parasitic elements

Parasitic Elements – The Key to Directional Antennas

Yagi-Uda 

Or 

“Yagi Antenna”

Is a 

Beam Antenna



  

B-006-009: Antenna gain, directivity and parasitic elements

How Parasitic Elements Shape the Pattern in a Yagi  
● Adding a slightly shorter parasitic element (director) in front of 

the driven dipole: Radiation strength increases from the dipole 
towards the new element (forward direction).

● Adding a slightly longer parasitic element (reflector) behind the 
driven dipole: Radiation strength increases from the new element 
towards the dipole (also forward, as the reflector "pushes" 
energy forward).



  

B-006-009: Antenna gain, directivity and parasitic elements

How Parasitic Elements Shape the Pattern in a Yagi  



  

B-006-009: Antenna gain, directivity and parasitic elements

Antenna Gain and References
● Antenna gain is the ratio of the radiated signal strength of an antenna to 

that of a reference antenna (in the direction of maximum radiation) 

● Gain concentrates power in certain directions

● Approximate gain of a half-wave dipole in free space relative to an isotropic 
radiator: 2.1 dB 

● The "i" in dBi stands for isotropic (hypothetical point source with spherical 
pattern) 



  

B-006-009: Antenna gain, directivity and parasitic elements

Antenna Gain and References
● An antenna with 4.1 dBi gain has 2.0 dB gain over a half-

wave dipole (since a dipole is ~2.1 dBi ; 4.1 - 2.1 = 2.0 dB)



  

B-006-009: Antenna gain, directivity and parasitic elements

Radiation Pattern of a Half-Wave Dipole
● In free space, a half-wave dipole has maximum radiation 

broadside (perpendicular) to the antenna wire — figure-8 
pattern in the horizontal plane, doughnut-shaped in 3D



  

B-006-009: Antenna gain, directivity and parasitic elements

Radiation Pattern of a Half-Wave Dipole

TX

Side View, Broad Side the Antenna

1/4 Wavelength Height



  

B-006-009: Antenna gain, directivity and parasitic elements

Radiation Pattern of a Half-Wave Dipole

Top View looking Down on the Antenna
Horizontal H-Plane

W E Dipole Wire
Runs East to West

Radiation Pattern
Goes North and 
South Broadside

1/4 Wavelength Height

S
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B-006-009: Antenna gain, directivity and parasitic elements

Radiation Pattern of a Half-Wave Dipole

Facing the Antenna
Elevation E-Plane

Sky

1/4 Wavelength Height



  

B-006-009: Antenna gain, directivity and parasitic elements

Radiation Pattern of a Beam Antenna



  

QUESTION SECTION B-006-010:
Vertical antennas and ground 

systems



  

B-006-010: Vertical antennas and ground systems

Calculating Quarter-Wavelength Antenna Length (for HF below 30 MHz)

● A quarter-wavelength ( /4) vertical is a popular simple λ
antenna, especially for HF (below 30 MHz). It radiates 
omnidirectionally in the horizontal plane when properly 
installed.

● To Calculate: Divide 71.3 by the operating frequency in MHz.



  

B-006-010: Vertical antennas and ground systems

Where does 71.3 come from???
● To find the wavelength in metres when the frequency is in 

megahertz WE USE OUR SAME FORMULA:  (λ) = 300/F (MHz)
● Since this is a quarter-wave (1/4λ) design, the free-space 

length must be divided by 4. 300/4 x f = 75/f 
● We apply the velocity factor of 0.95 to account for the 

wire antenna’s impedance. 75 x 0.95 = 71.3



  

B-006-010: Vertical antennas and ground systems

Example Calculations for Quarter-Wave and Half-Wave Verticals

● Question B-006-010-002: If you made a quarter-wavelength 
vertical antenna for 21.125 MHz, approximately how long 
would it be? Answer: 3.37 metres.

● Calculation: 71.3 / 21.125 ≈ 3.37 m. This is in the 15-metre 
band — a compact vertical for HF.



  

B-006-010: Vertical antennas and ground systems

Example Calculations for Quarter-Wave and Half-Wave Verticals

● Question B-006-010-003: If you made a half-wavelength 
vertical antenna for 223 MHz, approximately how long 
would it be? Answer: 67 cm.

● Half-wave is twice the quarter-wave length. At VHF/UHF like 
1.25 m band, antennas are much shorter. 
Calculation: (300 / f) / 2 ≈ 0.67 m or 67 cm.



  

B-006-010: Vertical antennas and ground systems

Advantages of Different Vertical Lengths - Especially VHF/UHF 
Mobile

● Verticals perform differently based on electrical length.
● A 5/8  vertical compresses the radiation pattern toward λ

the horizon, providing More gain — typically 3 dB or more 
over a 1/4  — making it popular for mobile VHF/UHF use λ
where range matters.



  

B-006-010: Vertical antennas and ground systems

 Radiation Pattern of a Quarter-Wave Vertical
●  a 1/4  Vertical has an λ omnidirectional pattern in the 

horizontal plane. 
● This makes quarter-wave verticals excellent for mobile or 

base use where coverage in all directions is needed.



  

B-006-010: Vertical antennas and ground systems

 Radiation Pattern of a Quarter-Wave Vertical

RF goes out equally well 
in all horizontal 

directions.



  

B-006-010: Vertical antennas and ground systems

 Radial Systems for Ground Plane / Elevated Verticals
●  Radials are essential for

a good ground plane,
affecting impedance and efficiency.

Sloping radials ~30–45° adjust the 
impedance from ~35–40 ohms (horizontal 

radials) toward 50 ohms, improving match 
to common coax.



  

B-006-010: Vertical antennas and ground systems

 Practical HF Mobile Verticals: Short Antennas and Loading
●  HF mobile antennas are physically short compared to 

wavelength, so loading is required.
● Short antennas are capacitive
● the coil provides inductive reactance

to resonate the system.



  

B-006-010: Vertical antennas and ground systems

A radial field (eX: 16–60 
wires, each ~ /4 long) λ
creates an effective RF 
ground, minimizing 
losses in poor soil and 
improving efficiency.

 ground mounted vertical HF antennas



  

QUESTION SECTION B-006-011:
Yagi antenna design and 

performance



  

B-006-011: Yagi antenna design and performance

 Multi-Band Yagi Design (Traps for HF Bands)
●  Yagi antennas are directional beams with high gain, popular on HF 

for focusing power in one direction.
● Traps are parallel LC circuits inserted in elements. They act as 

insulators at higher frequencies (isolating outer sections) and as 
loading at lower frequencies, allowing one set of elements to 
resonate on multiple bands like 14 MHz (20 m), 21 MHz (15 m), and 28 
MHz (10 m). This makes "triband" Yagis practical and compact.



  

B-006-011: Yagi antenna design and performance

 Multi-Band Yagi Design (Traps for HF Bands)



  

B-006-011: Yagi antenna design and performance

 Approximate Element Lengths for Yagi Antennas
● Yagi elements are based on half-wavelength dipoles, with 

adjustments:
● reflector longer (5% longer),
● driven element resonant,
● directors shorter (5% shorter). 



  

B-006-011: Yagi antenna design and performance

 Approximate Element Lengths for Yagi Antennas
● Driven element: ~143 / f (MHz) metres (or close to 300 / f / 2 with 

Velocity factor shortening).  
● Reflector: ~152 / f metres.  
● Director: ~137 / f metres.
● These are practical rules-of-thumb for quick estimates for the 

Exam. Real-life designs vary slightly with element diameter, 
spacing, and boom effects.



  

B-006-011: Yagi antenna design and performance

Example Calculations for Yagi elements

● Question B-006-011-002: What is the approximate length of 
the driven element of a Yagi antenna for 14.0 MHz? 
Answer: 10.21 metres.

● Calculation: ~143 / 14 ≈ 10.21 m. This is for the 20-metre 
band driven element.



  

B-006-011: Yagi antenna design and performance

Example Calculations for Yagi elements

● Question B-006-011-003: What is the approximate length of 
the director element of a Yagi antenna for 21.1 MHz? 
Answer: 6.44 metres.

● Calculation: ~137 / 21.1 ≈ 6.49 m, close to 6.44 m with 
typical shortening For 15-metre band director.



  

B-006-011: Yagi antenna design and performance

Example Calculations for Yagi elements

● Question B-006-011-004: What is the approximate length of 
the reflector element of a Yagi antenna for 28.1 MHz? 
Answer: 5.34 metres.

● Calculation: ~152 / 28.1 ≈ 5.41 m, adjusted to ~5.34 m in 
practice For 10-metre band reflector.



  

B-006-011: Yagi antenna design and performance

Improving Gain in Yagi Antennas
● Adding elements and optimizing design boosts directivity and gain!

● Longer boom + more directors narrows the beam and increases forward gain 
— typically 1–2 dB per additional director in optimized designs.

● Wider spacing between elements — especially directors — allows better 
current distribution and pattern control, leading to higher forward gain, 
though it may narrow bandwidth or affect front-to-back ratio.



  

B-006-011: Yagi antenna design and performance

Why Yagis Are Practical on HF (20–10 Metres)
● Yagis shine on higher HF bands due to manageable size.
● At lower bands like 40 m or 80 m, elements are very long (20–40+ 

m), making rotation difficult/expensive. On 20–10 m, elements are 5
–10 m, so rotatable towers/masts are practical for pointing the 
beam toward desired contacts.



  

B-006-011: Yagi antenna design and performance

Key Performance Metrics: Front-to-Back Ratio and BandwidtH
● Front-To-Back Ratio is how much better the antenna performs in its main forward 

direction. the "front," (where you want the maximum signal to go) compared to the 
opposite direction (the "back," 180° away).

● It quantifies the antenna's ability to focus energy forward and reject or minimize 
radiation/reception from behind.

● A higher F/B ratio means the antenna is More directional — stronger forward, 
weaker backward.



  

B-006-011: Yagi antenna design and performance

Key Performance Metrics: Front-to-Back Ratio and BandwidtH
● Bandwidth describes how "wide" a band of frequencies the antenna can effectively 

transmit or receive signals without its performance dropping off too much.

● A wider bandwidth means the antenna works well across more frequencies 
(broadband), while a narrow bandwidth means it's tuned tightly to a specific 
frequency or small range (narrowband).

● The trade off is convenience (Wider range of operating Bandwidth) vs. Gain 
(narrower frequency = greater efficiency). 

● Q (quality factor) - how effective a tuned circuit will be in selecting only a 
narrow band of frequencies.



  

B-006-011: Yagi antenna design and performance

Key Performance Metrics: Front-to-Back Ratio and BandwidtH
● You can make a Yagi have greater bandwidth by using Thicker elements.

● This lowers Q-factor, broadening resonance and SWR bandwidth — useful for 
covering full bands like 10 m or 15 m.

● The best yagi element spacing for a compromise between gain and front-back ratio 
is 0.2 λ

● spacing between driven/reflector and driven/first director offers good balance: 
decent gain (7–8 dB) and solid F/B (15–20 dB) without excessive boom length.)



  

B-006-011: Yagi antenna design and performance

Stacking Yagi Antennas for Extra Gain
● Stacking (vertical or horizontal) combines multiple identical Yagis for more gain. 

● Question B-006-011-011: If the forward gain of a six-element Yagi is about 10 dBi, 
what would the gain of two of these antennas be if they were "stacked"? Answer: 
13 dBi.

● Proper stacking of two identical antennas adds ≈3 dB gain due to array factor — 
power combines coherently in the main lobe. This assumes optimal spacing, 
phasing, and feed. real-world may be ~2.5–3 dB.

● Stacking narrows vertical beamwidth and lowers takeoff angle, great for DX.



  

QUESTION SECTION B-006-012:
Dipole and related wire antennas



  

B-006-012: Dipole and related wire antennas

Half-Wave Dipole Length Calculations
● The half-wavelength dipole is a fundamental, balanced antenna.
● Approximate total length uses the formula:

Length (metres) = 143 / frequency (MHz).
● 300/2 = 150. 150 x 0.95 (Velocity Factor) = 143



  

B-006-012: Dipole and related wire antennas

Half-Wave Dipole Length Calculations
● Question B-006-012-001: If you made a half-wavelength 

dipole antenna for 28.150 MHz, approximately how long 
would it be? Answer: 5.08 metres.

● Calculation: 143 / 28.150 = 5.08 m. This is for the 10-metre 
band



  

B-006-012: Dipole and related wire antennas

Half-Wave Dipole Length Calculations
● Question B-006-012-009: If you were to cut a half-wave 

dipole for 3.75 MHz, what would be its approximate length?
Answer: 38.13 metres.

● Calculation: 143 / 3.75 ≈ 38.13 m. This is for the 80-metre 
band.



  

B-006-012: Dipole and related wire antennas

Radiation Pattern and Directional Characteristics
● In free space (ignoring ground), a half-wave dipole has a 

classic pattern; height and orientation affect real-world 
performance.

● Maximum radiation is broadside/perpendicular to the wire; 
minimum off the ends. The 3D shape resembles a doughnut 
(Torus) with the dipole through the hole.



  

B-006-012: Dipole and related wire antennas

Radiation Pattern and Directional Characteristics
● Broadside radiation: maximum signal perpendicular to the 

wire. If ends are North/South, the lobes go East/West. 
N
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B-006-012: Dipole and related wire antennas

Feed Point Impedance
● Impedance matching is key for low SWR and efficient power 

transfer.
● Theoretical value in free space is about 73 ohms.
● In practice, near ground it drops to ~50–70 ohms depending 

on height; easy match to 50-ohm coax with a 1:1 balun or 
slight trimming to resonance.



  

B-006-012: Dipole and related wire antennas

Disadvantages of Random Wire Antennas
● Random wires are simple but have practical issues.
● Non-resonant lengths cause high SWR and common-mode 

currents on the feed line, leading to RF in the shack — 
distorted audio, hot mics, or equipment issues.

● Use a good tuner and common-mode choke/1:1 balun to 
mitigate.



  

B-006-012: Dipole and related wire antennas

 End-Fed Half-Wave (EFHW) Antennas
● EFHWs are popular for simplicity and multi-band capability.
● When fed at the end, an EFHW is resonant on its 

fundamental and odd harmonics (EX: 40 m EFHW works on   
15 m, 10 m too). With a 49:1 or 64:1 unun/transformer.)

● it matches well to 50-ohm coax for multi-band operation.



  

B-006-012: Dipole and related wire antennas

 Trap Antennas: Advantages and Disadvantages
● Traps allow multi-band operation on a single wire or beam.
● Traps isolate sections at higher frequencies, letting one antenna 

cover Multiple bands efficiently. common in dipoles for 80/40/20 m 
or triband Yagis.

● Traps can create additional resonances or act as loading coils, 
potentially increasing harmonic radiation if not designed 
carefully. Use low-pass filters or careful tuning to reduce this.



  

QUESTION SECTION B-006-013:
Loop antennas (quad and delta)



  

B-006-013: Loop antennas (quad and delta)

 What Are Loop Antennas? (Quad and Delta Loop Definitions)
● Loop antennas use closed wire loops approximately one full 

wavelength in circumference, offering different radiation 
characteristics from dipoles or Yagis (often lower takeoff angle, 
quieter receive).



  

B-006-013: Loop antennas (quad and delta)

 What Are Loop Antennas? (Quad and Delta Loop Definitions)
● A classic "cubical quad" has a driven square loop plus parasitic 

reflector/director loops on a boom — similar to a Yagi but with 
loops instead of linear elements. Provides good gain and front-to-
back ratio.)



  

B-006-013: Loop antennas (quad and delta)

 What Are Loop Antennas? (Quad and Delta Loop Definitions)
● A Delta Loop Antenna is a full wavelength loop in the shape of a 

triangle. It’s named after the greek letter Delta (Δ) due to the 
triangular shape.

● If you stack them with added parasitic deltas, it becomes a 
directional array like a beam. Single delta loops are simple and 
often hung vertically or sloped.



  

B-006-013: Loop antennas (quad and delta)

 Approximate Length Calculations for Loop Antennas
● Use the same formula: 

● then multiply the result by 1.02 
● This is an adjustment for velocity factor that they use in the exam

λ(metres)= 300
f (MHz)



  

B-006-013: Loop antennas (quad and delta)

 Approximate Length Calculations for Loop Antennas
● Question B-006-013-003: What is the approximate length of the 

driven element of a quad antenna designed for 21.4 MHz? Answer: 
14.30 metres.

● Calculation: 300 / 21.4 = 14.02 m. 14.02 X 1.02 = 14.30 m



  

B-006-013: Loop antennas (quad and delta)

 Approximate Length Calculations for Loop Antennas
● Question B-006-013-005: What is the approximate length of a delta 

loop antenna designed for 28.7 MHz? Answer: 10.66 metres.
● Calculation: 300 / 28.7 = 10.45 m. X 1.02 = 10.66 m for 10-metre 

band delta loop.



  

B-006-013: Loop antennas (quad and delta)

 Approximate Length Calculations for Loop Antennas
● Question B-006-013-009: What is the approximate length of the wire 

for a horizontal loop tuned at 7.15 MHz? Answer: 42.80 metres.
● Calculation: 300 / 7.15 = 41.96 m. X 1.02 = 42.80 m. 
● This is often called a "skyloop" or full-wave horizontal loop for   

40m. multi-band capable with a tuner.



  

B-006-013: Loop antennas (quad and delta)

 Polarization and Feed Point Location
● Polarization depends on orientation and feed point — critical for matching 

the desired radiation (horizontal for DX, vertical for local/NVIS).

● Question B-006-013-007: You are constructing an HF delta loop antenna. It is 
oriented with the bottom element parallel to the ground. Where should you 
locate the feed point for horizontal polarization? Answer: In the centre of 
the bottom element.

● Feeding at the center of the horizontal side excites horizontal currents 
across the loop, producing horizontal polarization



  

B-006-013: Loop antennas (quad and delta)

 Polarization and Feed Point Location
● Question B-006-013-008: Moving the feed point of a quad antenna from a side 

parallel to the ground to a side perpendicular to the ground will have what 
effect? Answer: It will change the antenna polarization from horizontal to 
vertical.

● Feeding a vertical side excites vertical currents, switching to vertical 
polarization — useful for local or ground-wave contacts, but may raise 
takeoff angle.



  

B-006-013: Loop antennas (quad and delta)

 Advantages and Disadvantages of Quad Antennas
● Compare to Yagis — quads offer some performance edges but practical 

trade-offs.

● Question B-006-013-006: What is a major disadvantage of a quad antenna, as 
compared to a Yagi antenna with the same number of elements and boom 
length? Answer: More susceptible to weather damage.

● Quad loops use more wire/spreader arms; ice, wind, or birds can damage the 
structure more easily than linear Yagi elements. Quads are often lighter 
and have slightly higher gain/better F/B in some designs, but mechanical 
reliability is a key drawback.
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