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These slides are uploaded to my website


https://k7ojl.com/class-course-materials/general-class-
course-materials/


just before class each week.


Depending on how the class goes, they may get updated 
after the class.
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Questions from Last Week? 
Any Issues with hamstudy.org?
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https://www.ebay.com/sch/i.html?
_from=R40&_trksid=p2334524.m570.l1
311.R1.TR2.TRC0.A0.H0.Xpixie+tran.T

RS0&_nkw=pixie+transceiver&_sacat=0
&LH_TitleDesc=0&_osacat=0&_odkw=p

ixie

http://www.hfsignals.com/index.php/ubitx/

Need A Transceiver?
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Class Overview

• Grounding

• HF Antennas

• Feedlines

• The Exam
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Grounding
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Safety, RF, and Lightning

https://www.youtube.com/
watch?v=Luy8XP8O390
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Important Points
• Round wires (particularly stranded) may generate 

reactance which impedes the flow of current to ground. 
Best use braided strap


• Connect all grounds to a single point to avoid creating 
ground loops


• Keep ground wires short as possible to avoid the wire 
acting as a receiving antenna


• Loose connectors will arc and cause wide-band 
interference


• Avoid soldering ground straps at the base of an antenna as 
lightning will destroy them. Best to use hardware clamps

G4C07
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What Does Bad 
Grounding Sound Like?

• The VOX circuit may not un-key the transmitter

• The signal may be distorted

• Frequent timeouts when using digital modes

• Distorted speech on nearby landline phones

• On and off humming or clicking when using CW
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Curing Interference 
Problems

• Often a small capacitor (0.01 microfarads) across the 
speaker leads will keep the RF out of the speaker


• Snap-on ferrite chokes can be very effective on audio, 
power, or network cables


• Installing a common-mode choke on the feed line near 
the antenna (several turns of coax around a 2-liter bottle 
… do search on an “ugly balun”) will keep RF off the 
outside of the coax

G4C01, G4C08
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Mobile Interference

• The alternator can introduce “whine” into the radio. The 
radio’s noise blanker will likely help


• The computers in the vehicle may be generating 
unintentional RF. Sounds like a steady, raspy carrier


• The fuel system may introduce ticking and clicking 
sounds across the bands

G4E07
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HF Antennas
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Fed Law Regarding 
Antennas

Amateur Service communications must be reasonably  
accommodated, and regulations must constitute the 
minimum practical to accommodate a legitimate purpose 
of the state or local entity. 
• Essentially this give home owners associations and 

others who implement and enforce CC&R’s (covenants, 
conditions, and restrictions) the ability to decide what 
“reasonably accommodated” means.


• So far that hasn’t gone well for amateur radio operators

• The ARRL has been trying to get federal legislation to 

better define the allowable restrictions. 

G1B06
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HF Antenna Topics

• Dipole antennas

• NVIS antennas

• Ground plane antennas

• Vertical antennas

• Yagi antennas

• Antenna Q and 

impedance matching

• Quad antennas

• Delta Loop antennas

• Log periodic antennas

• Beverage antennas

• Loop Antennas

• Mobile antennas

• Compromise antennas

• Antenna analyzer

• Field Strength meter

• Decibels
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Dipole Antennas
• 1λ length in feet = 468 / 

frequency in MHz

• Optimal height 1/4 wavelength

• Impedance at feed point goes 

down as height above ground 
decreases


• Impedance at feed point goes 
up as feed point moves from 
the center


• The radiation pattern is a 
figure 8 at right angles to the 
antenna


• Dipole antennas are 
horizontally polarized and have 
lower ground reflection losses

Standard dipole antennas are fed in the center. Other types of horizontal antennas include the “off center fed dipole” and the “end fed half wave”. The impedance of these 
antennas generally has to be imperially calculated. The end fed half wave will have an impedance of 2500 ohms or higher.


Dipole antennas need not be horizontal. Sloper configurations (one end higher than the other) and “inverted V (center supported, both ends slope down towards the ground)” 
are two non-horizontal antenna configurations. 


G9B04, G9B07, G9B08, B9B09, G9B10, G9B11, G9B12, G9D02, G9D12
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NVIS Antennas
• Stands for Near Vertical 

Incidence Skywave

• Special case of a dipole 

antenna close to the ground

• Between 1/10 to 1/4 λ


• High radiation angles give 
radiation in radius of a few 
hundred miles

• Very useful for short 

distance communication

• Most 80/75 meter horizontal 

dipoles are, in fact, NVIS 
antennas

G3C10, G9D01
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Ground Plane 
Antennas

• Feed point impedance 
increases as radials move 
from horizontal to sloping

• Horizontal: abt 25 Ω

• 45° angle: abt 50 Ω


• Usually mounted high above 
the ground


• Very common for VHF and 
higher frequencies


• The radiation pattern of a 
quarter-wave, ground-plane 
antenna is omnidirectional in 
azimuth

G9B03
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Vertical Antennas
• Always require radials

• Ground mounted: as 

many radials as possible 
on the ground or buried


• Elevated: straight out, at 
least 2 per band tuned to 
the band


• Very low take-off angles

• Good for DX contacts


• More susceptible to QRM

• More efficient on 160m and 

80/75m than a dipole

Horizontally polarized antennas generally have lower ground reflection losses.


G9B02, G9B06
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Yagi Antennas
• A 3-element Yagi is most 

common

• The driven element is 1/2λ

• 1/4 on each side


• Reflector is 5% longer than 
driven element


• Director is 5% shorter than 
driven element


• To increase gain, add directors

• To optimize gain, front/back 

ratio, SWR bandwidth:

• Lengthen the boom

• Add director elements

• Increase element spacing

• Impedance at the feed 
point is very low. 
Requires some kind of 
matching


• Higher above ground is 
better

A two-element quad antenna has about the same forward gain as a 3-element yagi


G9C01, G9C02, G9C03, G9C05, G9C10, G9C14
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Yagi Radiation Pattern

The main lobe is where the most gain is directed.

The Front to Back Ratio measures the signal strength of 
the main lobe vs the signal strength opposite the main 
lobe.

Stacking Yagis vertically 1/2λ apart narrows the elevation 
of the main lobe.

Two 2-element stacked yogi antennas provides a 3Db 
gain over a single 3-element yagi

G9C07, G9C08, G9C09, G9D05
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Antenna ‘Q’
• Q measures the bandwidth of the antenna

• The higher the Q the narrower the bandwidth

• Magnetic loop antennas have a very narrow bandwidth 

and thus a very high Q

• An antenna with a high Q requires either an antenna 

tuner or re-tuning the antenna when the frequency 
changes


• Shortened and compromise antennas have a higher Q 
than full-sized antennas

• Mobile antennas used on 80/75meters have a narrow 

bandwidth and a high Q
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Useful Antenna Info
Since Yagi antennas have a very low impedance at the feed 
point, a gamma match is used to raise the impedance. The 
match looks like a short circuit to an ohmmeter.

An antenna can be made into a multi-band antenna by 
employing antenna traps, coils of wire forming an inductor 
that either inhibits or permits the flow of current at particular 
frequencies. Trapped antennas, however, have poor harmonic 
rejection.

As an antenna is put lower than 1/2λ, the radiation pattern 
becomes more omnidirectional.

A tower 200’ or higher requires registration with the FCC and 
the FAA (less if close to a public airport).

The advantage of a gamma match is that it does not require the driven element to be insulated from the boom

Instead of a gamma match, beta or hairpin matches can be used. These are shorted transmission stubs placed at the feed point 
of a Yagi antenna


G1B01, G9B05, G9C12, G9C16, G9D04, G9D11
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Cubical Quad Antenna
• Each side is 1/4λ

• Two elements are common

• Susceptible to ice and snow

• Reflector 5% longer than 

driven element

• Moving the feed point from 

top or bottom to either side 
changes polarization from 
horizontal to vertical


• 2 element quad has about 
the same gain as a 3 
element yagi

G9C06, G9C13
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Delta Loop Antennas
• A delta loop fed from the 

top (apex up) or bottom 
(apex down) is horizontally 
polarized. Move apex to 
either side (bottom or top) 
then it is vertically 
polarized


• Each side is 1/3λ

• 2 element delta loop has 

about the same gain as a 
2 element quad or a 3 
element yagi

24 GeneralClassOct19Session4.key - November 14, 2019



Loop Antennas in General

• Multi-wavelength horizontal loop antennas are virtually 
omnidirectional


• Electrically small loop antennas (less than 1/3λ in length) 
have nulls in their radiation pattern broadside to the loop

G9D03, G9D10, G9D13
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Log Periodic Antennas

• Elements are spaced 
logarithmically along the 
boom


• Antenna has a lower Q 
than a Yagi at the same 
frequency, meaning that 
the antenna has a wider 
bandwidth


• Lower gain and a higher 
front/back ratio

G9D06, G9D07
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Beverage Antennas
A Beverage antenna 
consists of a horizontal wire 
from one-half to several 
 wavelengths long (hundreds 
of feet at HF to several 
kilometres for longwave) 
suspended above the 
ground, with the feedline to 
the receiver attached to one 
end and the other 
terminated through a 
resistor to ground.

Beverage antennas are highly 
directional. They are used as 
receiving antennas. Losses 
are too high when used as 
transmitting antennas.

G9D09
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Mobile Antennas
• A popular HF mobile 

antenna is a 
“screwdriver” antenna

• The feed-point 

impedance is changed 
by varying the base 
loading inductance


• Capacitance hats are 
often used on a mobile 
antenna to electrically 
lengthen a physically short 
antenna

• Because mobile antennas 
are physically shortened, 
they have a very high Q, 
meaning the bandwidth 
may be very limited

Screwdriver antennas function by using a large motor at the base of the antenna to raise and lower a decoupler against the winds of an inductor, usually hidden underneath a 
plastic tubing.


A coronal ball may be put on the top of an HF mobile antenna to reduce RF voltage discharge from the tip of the antenna while transmitting.

The efficiency of the electrically short antennas used in HF mobile operations is the factor that most limits HF mobile installations.


G4E01, G4E02, G4E05, G4E06, G9D08
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Antenna Analyzer
• Can measure the SWR, the 

impedance, and reactance of 
an antenna when connected 
to the feed line and antenna


• Can also measure the 
impedance of coaxial cable


• A number of antenna 
analyzers are on the market. 
The pictured MFJ product is 
very popular


• These devices can be 
affected by strong, nearby 
signals

G4B11, G4B12, G4B13
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Field Strength Meter

• A calibrated field strength 
meter is used to measure 
RF output from an 
antenna.


• The radiation pattern of an 
antenna can be plotted 
using a field strength 
meter

G4B08, G4B09, G0A09
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Remember Decibels?
• Every 3 dB doubles so 3 

dB is 2x, 6 dB is 2x * 2x or 
4x


• Each S-unit is a change of 
6 dB. To go from S8 to S9 
means power must 
increase 4 times


• A signal reported as “20 
over S9” means the signal 
is 100 times stronger than 
an S9 signal

0 dB 0 x Change

1 dB 1.3 x Change

2 dB 1.6 x Change

3 dB 2x Change

6 dB 4 x Change

9 dB 8 x Change

10 dB 10 x Change

20 dB 100 x Change

G4D05, G5B01, G5B10
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Decibels as Used with 
Antennas

• Three different dB measures are used:

• dBd: measurement versus a dipole

• dBi: measurement versus an isotropic antenna

• dBw: measurement ratios in watts


• A dipole has 2.15 dB gain over an isotropic antenna

• An antenna with 6 dBd of gain would have 8.15 dBi of 

gain

Stated another way, dBi gain figures are 2.15 dB higher than dBd gain figures.


G9C04, G9C15
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Antenna Gain Examples
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Feedlines
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Coax
• Coax used in most amateur 

applications has a characteristic 
impedance of 50Ω (although 
75Ω is also occasionally seen)


• Coax has loss which increases 
as the frequency increases


• The loss (attenuation) is 
expressed as dB/100 ft

• 1 db of loss is 20.5% of loss


• If measuring SWR at the input 
to the antenna feed line, High 
loss feed lines could be 
absorbing all the power and 
show a bogus 1:1 SWR!

G9A02, G9A05, G9A06, G9A13
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Twinlead / Window Line
• The distance between the 

center of the conductors and 
the radius of the conductors 
determine the characteristic 
impedance

• TV style twinlead: 300 Ω

• Window/Ladder line: 450 Ω


• Easy to make. Just need wire 
and spacers


• Keep the line straight as 
possible (twisting changes the 
distance between conductors)


• Keep 4-6” away from metal like 
the tower or siding on the house

G9A01, G9A03
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SWR
• The closer the match between the feedline impedance 

and the antenna impedance, the lower the SWR

• SWR can be measured with an antenna analyzer while 

testing and tuning. A directional wattmeter can be used 
to measure SWR during actual operation of the 
transmitter


• If the transmission line is lossy, a high SWR will increase 
the loss


• Putting an antenna tuner between the radio and the coax 
to the antenna makes the radio happy but doesn’t do 
anything about the SWR on the feed line between the 
antenna tuner and the antenna itself

Note that while the characteristic impedance of an antenna at the feed point may be a good match at a particular frequency, changing the frequency will 
change the match at the antenna. If the antenna has a high Q, the SWR can climb very rapidly as the frequency is changed.


G4B10, G9A04, G9A07, G9A08, G9A12
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SWR Table

When calculating the SWR, the larger number is always the 
numerator, meaning that the denominator will always be 1.

Feedline 
Impedance

Antenna Impedance SWR
50 10 5:1
50 25 2:1
50 100 2:1
50 200 4:1
50 300 6:1

G9A09, G9A10, G9A11
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Connectors
PL-259: commonly called a UHF 
connector. Loss increases as frequency 
goes above VHF. Not waterproof
SO-239: The male connector that matches 
to the PL-259 connector

SMA: Connector family used on most 
HT’s and software defined radios. Small 
threaded and good to several GHz

Type-N Connector: Connectors generally 
used in VHF and higher frequencies as it 
has very low loss at those frequencies. 
Moisture resistant and good up to 10 GHz

The PL-259 / SO-239 family are useable up to about 150 MHz


G6B07, G6B11, G6B13
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The Exam
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The Exam Session

• Please bring:


• Your FRN Number


• 2 forms of ID, one of which 
must have your picture


• A calculator


• $14 in cash or check. An 
additional $1 will be added 
to credit card payments
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Form 605 Paperwork
• The Form 605 is generated 

electronically by the information 
entered when you registered for 
the exam


• You will be asked if you have 
ever been convicted of a felony

• If you have ever been 

convicted of a felony,  a 
written statement as to why 
you should be granted a 
license must be submitted


• You will need to sign the Form 
605 upon completion of your 
exam

If you’ve been convicted of a felony, see me after the class for explanation of what the statement must include and how to 
submit the statement.

Note that a felony conviction does not disqualify an applicant. Further, the VE team has no involvement in the statement 
submission or review process.
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Taking the Exam
• The exam is taken on the 

computer. If you’ve been studying 
using HamStudy.org, the test will 
look like the practice exams you’ve 
been taking.


• You’ll be given two blank pieces of 
paper to use as scratch paper. You 
must turn in the two sheets of 
paper, even if they weren’t used 
when you turn in the answer sheet


• Double / triple check your answers. 
Be careful when changing an 
answer


• There is no time limit. It’s easy to 
misread a question. Take your time!

• A VE will start your test 
session on the computer


• Your test will be different than 
your neighbors


• Three VE’s will supervise the 
test session
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Upon Successful 
Completion

• You will be issued a form 
indicating successful 
completion


• The white (top) copy of the 
form is given to the 
successful applicant, the 
yellow is kept in our local 
files, and the pink is sent to 
W5YI-VEC as part of your 
application for a license


• Keep the form at least until 
your license upgrade 
appears in the FCC database

Your new license information will 
appear in the FCC call sign 
database 10-12 days after the test 
session


http://wireless2.fcc.gov/UlsApp/
UlsSearch/searchAmateur.jsp

No login is required as call signs are part of the public record.

If you already have your Technician Class License, you may immediately upon passing the General Class License Exam begin 
using your privileges. Until your upgrade shows up in the FCC database, when operating on General Class frequencies, sign with 
your call sign “/AG” (e.g., Kilo Seven Oscar Juliet Lima Stroke Acting General”
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https://hamstudy.org/
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Questions? Comments? 
Remember! 

Exam Thursday, November 21st  
at 7pm
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