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5 Radio communication

Hertz’s discovery led to the 
idea of using radio waves for 
communication without wires. 
Some people said this would not 
work beyond the horizon because 
the waves travel in straight lines, 
but Italian engineer Guglielmo 
Marconi (1874–1937) sent and 
detected radio signals over long 
distances, including the first 
transatlantic transmission in 1901. 
In the early twentieth century, 
Marconi and other engineers set up 
many long-distance wireless links. 

6 Atmosphere and satellites

Long-distance radio communication is made 
possible by the atmosphere and, nowadays, also 
by satellites. 

The atmosphere’s density decreases with 
height, and so does its refractive index. Radio 
waves refract into regions of higher refractive 
index, changing direction and bending towards 
Earth’s surface. Between altitudes of about 
75 km and 1000 km is the ionosphere, a 
low-density region containing ions and free 
electrons. Radio waves set the electrons in 
motion; electrons re-radiate the waves and 
their path bends away from the regions of high 
electron density. Radio waves below about 
3 GHz can be refracted back to Earth’s surface, 
appearing to be reflected from the ionosphere. 
Satellites can be used to direct high-frequency 
signals around the Earth.

7 Radio transmission masts for phones, 
TV and radio are widely used today

4 Radio waves

In the early twentieth century electromagnetic waves with 
frequencies of about 3 kHz–300 GHz (100 km–1 mm wavelength) 
came to be called radio waves. 

Continuous radio waves can be produced by an alternating 
potential difference across a gap between two metal rods (a dipole). 
As the potential difference changes direction, so do the electric field 
lines between the two halves of the dipole, and loops of electric 
field travel outwards from the dipole. The waves can be detected 
when their electric field produces a varying potential difference 
across the gap of another dipole. 

For an animation see: https://en.wikipedia.org/wiki/Radio_wave

Radio
 at a glance

1 Hertz’s electromagnetism experiments

In the 1880s German physicist Heinrich Hertz (1857–94) demonstrated the existence of 
electromagnetic waves. A coil produced a high voltage across a gap, causing a spark, and 
radio waves were detected by a loop antenna. The waves could be refracted by a prism made 
of pitch, and reflected from metal sheets. A transmitter at the focus of a parabolic reflector 
produced a parallel beam, which could be directed onto a receiver by a second reflector.

3 Electromagnetic waves

Maxwell’s equations predict transverse waves in which electric and 
magnetic fields vary at right angles to each other. The waves travel in 
a vacuum at speed c:

c = 
1

 μ0ε0

where μ0 is the permeability and ε0 the permittivity of a vacuum.

μ0 = 4π × 10−7 H m−1 
ε0 = 8.85 × 10−12 F m−1

For an animation see https://i.stack.imgur.com/gktPy.gif
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2 Maxwell’s equations

In the 1860s Scottish 
physicist James Clerk 
Maxwell (1831–79) 
developed four equations 
that describe how charges (ρ 
per unit volume) and currents 
(J per unit area) produce 
electric and magnetic 
fields (E and B), and how 
a changing electric field 
produces a magnetic field 
and vice versa. The symbol 
∇ denotes differentiation of 
vectors in three dimensions. 

∇ ⋅ E = 
ρ
ε0

∇ ⋅ B = 0

∇ × E = − 
∂B
∂t

∇ × B = μ0J + μ0ε0

∂E
∂t
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