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Fig 2—Behavior of radio waves encountering the
ionosphere. Rays entering the ionized region at angles
above the critical angle are not bent enough to return to
Earth and are lost to space. Waves entering at angles
below the critical angle reach the Earth at increasingly
greater distances as the angle approaches the
horizontal. The maximum distance that may normally
be covered in a single hop is 2500 miles. Greater
distances may be covered with multiple hops.

If the radio wave leaves the earth at an elevation angle of zero degrees, just toward the
horizon (or just tangent to the earth’s surface), the maximum distance that may be reached under
usual ionospheric conditions is approximately 2,500 miles (4,000 kilometers). However, the
Earth itself also acts as a reflector of radio waves coming down from the ionosphere. Quite often
a radio signal will be reflected from the reception point on the Earth back into the ionosphere
again, reaching the Earth a second time at a still more distant point.

As in the case of light waves, the angle of reflection is the same as the angle of incidence, so
a wave striking the surface of the Earth at an angle of, say, 15° is reflected upward from the
surface at the same angle. Thus, the distance to the second point of reception will be
approximately twice the distance of the first. This effect is also illustrated in Fig 2, where the
signal travels from the transmitter at the left of the drawing via the ionosphere to Point A, in the
center of the drawing. From Point A the signal travels via the ionosphere again to Point B, at the
right. A signal traveling from the Earth through the ionosphere and back to the Earth is called a
hop. Under some conditions it is possible for as many as four or five signal hops to occur over a
radio path, but no more than two or three hops is the norm. In this way, HF communications can
be conducted over thousands of miles.
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