
Chapter 4  
The Science of Radio Waves 
Now we can start making some sense out of the questions from the exam.  

In this book, each question is preceded by a code number that looks something like T1A01 (C) [97.1]. This 
identifies the subelement information of the question such as T1A01. In this case, “T” for Technician, 1 for 
subelement T1, “A” for group A of subelement T1, and 01 for question #1 in that group, the letter of the 
correct answer, (C),and in some cases the applicable FCC rule. [97.1]  

Those numbers are there so you can easily refer to other sources if something's not quite clicking. 
T3A07 (A) 
What type of wave carries radio signals between transmitting and receiving stations? 
A. Electromagnetic 
B. Electrostatic 
C. Surface acoustic 
D. Ferromagnetic 

An antenna radiates both electric and magnetic fields. Put them together and you get electromagnetic waves. 
This question more or less repeats in another section of the question bank... 

T5C07 (B) 
A radio wave is made up of what type of energy? 
A. Pressure 
B. Electromagnetic 
C. Gravity 
D. Thermal 

Still electromagnetic! 

T3B03 (C) 
What are the two components of a radio wave? 
A. AC and DC 
B. Voltage and current 
C. Electric and magnetic fields 
D. Ionizing and non-ionizing radiation 

A radio wave consists of two components. There's an electric field and a magnetic field. They are polarized at 
a 90 degree angle to each other, so if the electric field is horizontally polarized, the magnetic field is vertically 
polarized. 
They're both created when we energize the transmitting antenna, but antennas are optimized to create and 
receive electric fields, so the magnetic field isn't very important to us, aside from some very specialized 
applications, so when we talk about polarization, we're talking about the polarization of the electric field. 

  



Polarization 
T3B02 (A) 
What property of a radio wave is used to describe its polarization? 
A. The orientation of the electric field 
B. The orientation of the magnetic field 
C. The ratio of the energy in the magnetic field to the energy in the electric field 
D. The ratio of the velocity to the wavelength 

Radio signals are polarized. They might be vertically polarized, horizontally polarized, or circularly polarized. 
(They might also be elliptically polarized or even randomly polarized, but let's set that aside for the moment.) 
The direction of polarization is relative to the ground. A horizontally polarized signal is polarized parallel to 
the ground, and a vertically polarized signal is polarized perpendicular to the ground. 

Here's how to visualize the phenomenon of polarization. Imagine you have this printed on a 3 x 5 index card. 

 
That's a radio wave. To be specific, it's the "electro" part of an electromagnetic wave.  

Hold that index card parallel to the ground. That's horizontal polarization. 
Now hold it so the wave is running from left to right and the paper is perpendicular to the ground. That's 
vertical polarization. 
Now imagine the paper is rotating on the left-to-right axis, so the wave is spinning around the zero axis. That's 
circular polarization. 
Of course, in real life polarization is a more complex and three-dimensional phenomenon, but believe me, this 
model works just fine and the more complex model really isn't necessary. 
Different transmitting antennas produce different types of polarization. For best reception, your receiving 
antenna needs to match the transmitting antenna's polarization. 
Up until now in your radio experience, this has all been handled for you. When you listen to a commercial FM 
station, they're almost certainly using a circularly polarized transmitting antenna. That way, no matter how 
your receiving antenna is oriented, it's going to work. 
If you have a handheld radio, you can adjust the polarization quite easily. I'll demonstrate with my little 
Baofeng handheld: 



 
Adjusting Polarization. Left: Vertical. Right: Horizontal 

Frequency Ranges 
According to the ITU, the International Telecommunication Union, the radio spectrum stretches from 3 Hz to 
3,000 GHz; 3,000 billion cycles per second. Within that huge range, the ITU identifies bands of frequencies, 
such as ELF; Extremely Low Frequencies, from 3 Hz to 30 Hz. Within a particular band of the spectrum, such 
as VHF, the various frequencies within that part tend to share certain characteristics, such as how they interact 
with terrestrial objects or the ionosphere. 
Most ham radio activity takes place in the Medium Frequency, High Frequency, Very High Frequency, and 
Ultra High Frequency bands. 

 
Generals and Extras do have some new privileges in the Super Low Frequency 135 kHz band and the Ultra Low 
Frequency 472 kHz band, but those bands are experimental at this point. The more trafficked ham bands begin 
at the 1.8 MHz band, about in the middle of the MF band. 
Notice the progression. 300 kHz is equal to 0.3 MHz. Multiply 0.3 MHz by 10 to get the frequency that is the 
top of the MF band, 3 MHz. The bottom of the HF band is 3 MHz, and the top is 10x that, 30 MHz. For the 
exam, you just need to know HF starts at 3 MHz, and multiply by 10 to get the top of HF and bottom of VHF, 
then 10 again to get the top of VHF and the bottom of UHF. 
T3B10 (C) 
What frequency range is referred to as HF? 
A. 300 to 3000 MHz 
B. 30 to 300 MHz 
C. 3 to 30 MHz 
D. 300 to 3000 kHz 

Remember, HF starts at 3 MHz. Multiply by 10, and that tells you the HF bands run from 3 to 30 MHz. 
Notice that last answer is in kHz, thousands of cycles per second, not MHz, millions of cycles per second! 

T3B08 (B) 
What are the frequency limits of the VHF spectrum? 
A. 30 to 300 kHz 
B. 30 to 300 MHz 
C. 300 to 3000 kHz 
D. 300 to 3000 MHz 

HF starts at 3 MHz. 3 x 10 is 30, so we know the bottom of the VHF band is 30 MHz. Multiply that by 10 and 
we know the top is 300 MHz. VHF is 30 to 300 MHz. 



T3B09 (D) 
What are the frequency limits of the UHF spectrum? 
A. 30 to 300 kHz 
B. 30 to 300 MHz 
C. 300 to 3000 kHz 
D. 300 to 3000 MHz 

The UHF spectrum starts where the VHF spectrum leaves off. For the exam, you can just think of it as 
"everything above 300 MHz." Officially, 300 MHz to 3000 MHz. 

Key Concepts in This Chapter 
 Radio waves are electromagnetic waves. 
 Electromagnetic waves contain electric and magnetic fields. 
 The magnetic field's polarization is rotated 90 degrees from the electric field's. The 

polarization of an electromagnetic wave is defined as the orientation of its electric field. 

 The frequency range referred to as HF is 3 to 30 MHz. 
 The frequency limits of the VHF spectrum are 30 to 300 MHz. 

 The frequency limits of the UHF spectrum are 300 to 3000 MHz. 
 


