
W2WF  May 26, 2025 

1 

Waves & Coffee –  
C - the speed of light 
How is it related to electricity & magnetism? 
By Stephen W2WF 
 

Radio operators commonly use a quantity called the speed of light, or “c” for short.  We don’t 
give it much thought and simply “plug-n-chug” it into our equations to get the length of wire 
that we must cut when building our antennas.  Of course, we know the formula that will give 
the length for a full wavelength dipole or vertical antenna; so, for a halfwave dipole or quarter-
wave vertical we’d need to divide the result by 2 or 4 respectively.  As we learned when we 
studied for our technician license, our formula is:		

𝐿𝑒𝑛𝑔𝑡ℎ	𝑜𝑓	𝑓𝑢𝑙𝑙	𝑤𝑎𝑣𝑒𝑙𝑒𝑛𝑔𝑡ℎ	𝑤𝑖𝑟𝑒	 =
300

𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦	𝑖𝑛	𝑀𝑒𝑔𝑎ℎ𝑒𝑟𝑡𝑧 

Or written in a more general form, our equation is the following, 

𝐿 = 	
𝑐
𝜈	 

𝑐 = 	𝑠𝑝𝑒𝑒𝑑	𝑜𝑓	𝑙𝑖𝑔ℎ𝑡	(𝑖𝑛	𝑢𝑛𝑖𝑡𝑠	𝑜𝑓
𝑚
𝑠 	) 

𝜈 = 	𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦	(𝑖𝑛	𝑢𝑛𝑖𝑡𝑠	𝑜𝑓	𝐻𝑒𝑟𝑡𝑧	𝑜𝑟	 1 𝑠B 	) 

That’s all fine and good, but many of us may have had this question in our minds when we 
studied this:  

“Why are our radio waves using the speed of light?”  Well, the stock answer says, “because 
our RF waves travel at the speed of light.” 

As newbie Ham operators we’d likely answer:  

“Yes, I get that, but our radio waves, RF, are electro-magnetic in nature, what does that have 
to do with light?  Why the speed of light?  Where does this link between electromagnetic 
waves and the speed of light come from?” 

As always, we begin our analysis by looking at the physics involved.  Let’s start with the 
electrical force and specifically, Coulomb’s law,  

𝐹! = 	
𝐾!	𝑞"	𝑞$
𝑟$  
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Where, 

𝐹! = 𝐹𝑜𝑟𝑐𝑒	𝑑𝑢𝑒	𝑡𝑜	𝑡ℎ𝑒	𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐	𝑓𝑖𝑒𝑙𝑑	𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑	𝑖𝑛	𝑁𝑒𝑤𝑡𝑜𝑛𝑠 

𝐾! = 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙	𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

𝑞" = 𝑐ℎ𝑎𝑟𝑔𝑒	𝑜𝑓	𝑓𝑖𝑟𝑠𝑡	𝑏𝑜𝑑𝑦	𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑	𝑖𝑛	𝐶𝑜𝑢𝑙𝑜𝑚𝑏𝑠	(𝐶) 

𝑞$ = 𝑐ℎ𝑎𝑟𝑔𝑒	𝑜𝑓	𝑠𝑒𝑐𝑜𝑛𝑑	𝑏𝑜𝑑𝑦	𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑	𝑖𝑛	𝐶𝑜𝑢𝑙𝑜𝑚𝑏𝑠	(𝐶) 

𝑟 = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒	𝑏𝑒𝑡𝑤𝑒𝑒𝑛	𝑡ℎ𝑒	𝑐ℎ𝑎𝑟𝑔𝑒𝑠	𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑	𝑖𝑛	𝑚𝑒𝑡𝑒𝑟𝑠	(𝑚) 

We solve the equation to isolate the electrical constant in terms of the measured quantities: 
charge 1, charge 2, distance r, and force 𝐹!. 

𝐹!𝑟$

𝑞"	𝑞$
=	𝐾! 

⟹	𝐾! =
𝐹!𝑟$

𝑞"	𝑞$
 

Using laboratory measurements, this gives 𝐾! = 9.0	𝑥	10% 	&	'
!

(!
 

For the magnetic case we have a magnetic force version of Coulomb’s law, 

𝐹' =	
𝐾'	𝑝"	𝑝$

𝑟$  

Where, 

𝐹' = 𝐹𝑜𝑟𝑐𝑒	𝑑𝑢𝑒	𝑡𝑜	𝑡ℎ𝑒	𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐	𝑓𝑖𝑒𝑙𝑑	𝑏𝑒𝑡𝑤𝑒𝑒𝑛	2	𝑏𝑎𝑟𝑠	𝑐𝑎𝑟𝑟𝑦𝑖𝑛𝑔	𝑎	𝑐𝑢𝑟𝑟𝑒𝑛𝑡 

𝐾' = 𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐	𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

𝑝" = 𝑐𝑢𝑟𝑟𝑒𝑛𝑡	𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑛𝑔	𝑡ℎ𝑒	𝑓𝑖𝑟𝑠𝑡	𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐	𝑓𝑖𝑒𝑙𝑑	𝑥	𝑙𝑒𝑛𝑔𝑡ℎ	𝑜𝑓	𝑏𝑎𝑟	𝑐𝑎𝑟𝑟𝑦𝑖𝑛𝑔	𝑡ℎ𝑒	𝑐𝑢𝑟𝑟𝑒𝑛𝑡 

𝑝$ = 𝑐𝑢𝑟𝑟𝑒𝑛𝑡	𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑛𝑔	𝑡ℎ𝑒	𝑠𝑒𝑐𝑜𝑛𝑑	𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐	𝑓𝑖𝑒𝑙𝑑	𝑥	𝑙𝑒𝑛𝑔𝑡ℎ	𝑜𝑓	𝑏𝑎𝑟	𝑐𝑎𝑟𝑟𝑦𝑖𝑛𝑔	𝑡ℎ𝑒	𝑐𝑢𝑟𝑟𝑒𝑛𝑡 

𝑟 = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒	𝑏𝑒𝑡𝑤𝑒𝑒𝑛	𝑡ℎ𝑒	𝑏𝑎𝑟𝑠 

Again, we solve the equation to isolate the magnetic constant using the measured quantities:  
current x length 1, current x length 2, distance r, and force 𝐹'. 

𝐹'𝑟$

𝑝"	𝑝$
=	𝐾' 

⟹	𝐾' =
𝐹'𝑟$

𝑝"	𝑝$
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Using laboratory measurements, this gives 𝐾' = 1	𝑥	10)* 	&	+
!

(!
 

Now, these two measured quantities were known at the time of James Clerk Maxwell who was 
a famous Scottish physicist and mathematician who was born in 1831 and died at the young 
age of 48 in 1879.   

He theorized that electric and magnetic forces were related to each other.  He then deduced 
that the constants 𝐾! and 𝐾' must also be related.  He divided the two constants for the 
electric and magnetic fields and got a result with units of the square of a velocity '

!

+!
.   

𝐾!
𝐾'

=	
9	𝑥	10%

1	𝑥	10)*

𝑁	𝑚$

𝐶$
𝑁	𝑠$
𝐶$

= 9	𝑥	10",
𝑚$

𝑠$  

He took the square root to get a velocity and got the speed of light. 

𝑐 = 	M9	𝑥	10", = 3	𝑥	10- 	
𝑚
𝑠  

 

It was this derivation from measured quantities that inspired Maxwell to create his theory that 
joined electric and magnetic fields.  As a bonus, the wave equation that comes from Maxwel’s 
equations can only exist if the wave’s velocity of propagation is exactly equal to that of light:  
𝑐 = 	3	𝑥	10- 	'

+
 

So, Maxwell’s theory successfully joined three seemingly different fields of study: Electricity, 
Magnetism, and Optics.  This was and continues to be a majestic discovery!  Imagine, 
electricity as in the charge in a capacitor, magnetism as in two fridge magnets attracting each 
other, and light as in what comes from our desk lamp, are all part of the same “thing”. 

Note: in the published literature the constants are typically expressed as "
./0"

 and  1"
./

  where 
𝜖2 = 𝑝𝑒𝑟𝑚𝑖𝑡𝑡𝑖𝑣𝑖𝑡𝑦	𝑜𝑓	𝑣𝑎𝑐𝑢𝑢𝑚 and 𝜇2 = 𝑝𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦	𝑜𝑓	𝑣𝑎𝑐𝑢𝑢𝑚. 
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