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- THE SCIENTIFIC METHOD
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Postulates are developed (as few as possible)
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Heinrich Hertz

From Wikipedia, the free encyclopedia

Heinrich Rudolf Hertz (22 February
1857 — 1 January 1894) was a German
physicist who clarified and expanded
James Clerk Maxwell's electromagnetic
theory of light, which was first
demonstrated by David Edward Hughes
using non-rigorous trial and error
procedures. Hertz is distinguished from
Maxwell and Hughes because he was the
first to conclusively prove the existence of
electromagnetic waves by engineering
instruments to transmit and receive radio
pulses using experimental procedures that
ruled out all other known wireless
phenomena.[l] The scientific unit of
frequency — cycles per second — was
named the "hertz" in his honor.!?!



In 1883, Hertz took a post as a lecturer in theoretical physics at the University of Kiel.

In 1885, Hertz became a full professor at the University of Karlsruhe where he discovered
electromagnetic waves.

The most dramatic prediction of Maxwell's theory of electromagnetism, published in 1865,
was the existence of electromagnetic waves moving at the speed of light, and the conclusion
that light itself was just such a wave. This challenged experimentalists to generate and detect
electromagnetic radiation using some form of electrical apparatus.

The first successful radio transmission was made by David Edward Hughes in 1879, but it
would not be conclusively proven to have been electromagnetic waves until the experiments
of Heinrich Hertz in 1886. For the Hertz radio wave transmitter, he used a high voltage
induction coil, a condenser (capacitor, Leyden jar) and a spark gap—whose poles on either
side are formed by spheres of 2 cm radius—to cause a spark discharge between the spark
gap’s poles oscillating at a frequency determined by the values of the capacitor and the
induction coil.

To prove there really was radiation emitted, it had to be detected. Hertz used a piece of
copper wire, 1 mm thick, bent into a circle of a diameter of 7.5 ¢cm, with a small brass sphere
on one end, and the other end of the wire was pointed, with the point near the sphere. He
bought a screw mechanism so that the point could be moved very close to the sphere in a
controlled fashion. This "receiver” was designed so that current oscillating back and forth in
the wire would have a natural period close to that of the "transmitter" described above. The
presence of oscillating charge in the receiver would be signaled by sparks across the (tiny)
gap between the point and the sphere (typically, this gap was hundredths of a millimeter).

10 Heinrich Herlz - Wikipedia, the free encyclopedia

In more advanced experiments, Hertz measured the velocity of electromagnetic radia.ltion and,
found it to be the same as the light’s velocity. He also showed that the nature of radio waves
reflection and refraction was the same as those of light and establisheq beyond any doubt that
light is a form of electromagnetic radiation obeying the Maxwell equations.

Hertz's experiments triggered broad interest in radio research that evenFu-ally produced
commercially successful wireless telegraph, audio radio, and later telev1s.1on. In 1930 the
International Electrotechnical Commission (IEC) honored Hertz by naming the unit of

frequency—one cycle per second—the "hertz" 1]



28.5 STANDING ELECTROMAGNETIC WAVES

Interference (and diffraction) phenomena are so
characteristic of waves that their presence has
always been accepted by physicists as conelusive
proof that a process can be interpreted as a wave
motion. For that reason, when in the seventeenth
century  Young, Grimaldi, and others observed
interference (and diffraction) in their research on
light, the wave theory of light became generally
accepled. At that time electromagnetic waves were
not known, and light was assumed to be an elastic
wave in a subtle medium, calied ether, that pervaded
all matter. It was not until the end of the nineteenth
century that Maxwell predicted the existence of
electromagnetic waves, and Hertz, by means of
interference experiments which gave rise to standing
electromagnetic waves, experimentally verified the
existence of electromagnetic waves in the radio-
frequency range. TLater their veloeity was measured
and found to be equal to that of light. The reflection,
refraction, and polarization of electromagnetic waves
was also found to be similar to those of light. The
obvious conclusion was to identify light with electro-
magnetic waves of certain frequencies. At that
time optics, to all intents and purposes, ceased to be
an independent branch of physics and became simply
a chapter of electromagnetic theory.

To understand the formation of standing electro-
magnetic waves, assume that the waves produced
by an oscillating electric dipole are falling with
perpendicular incidence on the plane surface of a
perfect conductor (Fig. 28.21). Taking the X-axis
as the direetion of propagation and the Y- and Z-axes
as being parallel to the electric and the magnetic

(b)

28.21 Standing electromagnetic waves produced by reflection
from a conducting surface.

fields, respectively, we have a wave that is plane
polarized, with the electric field oscillating in the
XY-plane. The electric field is then parallel to the
surface of the conductor. But at the surface of a
perfect conductor the electric field must be per-
pendicular to the conductor; that is, the electric
field cannot have a tangential component. The only
way to make this condition compatible with the
orientation of the electric field in the incident wave
i3 by requiring that the resultant electric field be
zero at the surface of the conductor. This means
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- Hertz" experiment on interfer-
ence of electromagnetic waves.

that the electric field of the reflected wave at the
surface must be equal and opposite to that of the
incident wave, thus giving

E=8+6& =0

for = 0. 'This condition is mathematically
equivalent to the condition for the reflection of
waves in a string with ore end fixed, discussed in
Section 28.4. Since the mathematics is the same,
we may use Eq. (28.18) to write an expression for
the resultant electric field,

& = 28¢ sin kz sin wi.

The magnetic field oscillates in the XZ-plane.
Using Fq. (24.8), we find that the magnetic field is
expressed by

® = 2®¢ cos kzx cos wf,

with ®, = &,/c. Therefore there is a phase differ-
ence of 4 in the space variations and of P in the
time variations of the two fields. From the mathe-
matical expression for ®, note that the magnetic

field has maximum amplitude at the surface. This
can also be seen from the boundary condition at the
surface: referring to Fig. 28.21(b), we see that if the
electric field of the incident wave is along the Y-
axis, the magnetic field must be along the —Z-axis,
according to the relative orientation of the two
fields with respect to the direction of propagation
of the incident waves, which is along the — X-axis.
For a zero resultant electric field to exist at the
surface, the electric field of the reflected wave must
be along the — Y-axis, and since the reflected wave
propagates along the X-axis, the magnetic field
must be along the —Z-axis. Thus, although the
electric fields interfere destructively at the surface,
the magnetic fields interfere constructively there.
The amplitudes of the electric and magnetic fields
of the resulting wave at a distance z from the surface
are 28, sin kz and 2®, cos kx. They are indicated by
the shaded lines in Fig. 28.21(a). At the points where

kr = nw or x = An\,

the electric field is zero and the magnetic field is
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28.23  Standing waves on
a rectangular membrane.

A

B

(a)

maximuim. At the points where

kx = (n+Hr  or &= (@n4 DN,

the electric field has a maximum value but the
magnetic field is zero.

Hertz' Experiment It is instructive to see how Hein-
rich Hertz, in 1888, with his primitive equipment,
verified the theoretical predictions given above. Hertz’
oscillator is shown on the left in Fig. 28.22. The trans-
former T charges the metallic plates C and C’. These
plates discharge through the gap P, which becomes
a dipole oscillator. Along the line PX, the direction of
the electric field is parallel to the Y-axis and that of the
magnetic field along the Z-axis. To obseirve the waves,
Hertz used a short wire, bent in circular shape, but with
a small gap. This device is called a resonafor. The
diameter of the resonator used in this kind of experiment
must be very small compared with the wavelength of the
waves. If the resonator is placed with its plane per-
pendicular to the magnetic field of the wave, the varying
magnetic field induces an emf in the resonator, resulting
in sparks at its gap. On the other hand, if the plane of the
resonator is parallel to the magnetic field, no emf is
induced and no sparks are observed at the gap.

To produce standing electromagnetic waves, Hertz
placed a reflecting surface (made of a good conductor) at
Q. In such a case, when the resonator is at a node of the
magnetic field, no matter what its orientation, it will show

(b)

no induced emf (or sparks). At an antinode of the mag-
netic field, however, the sparking is greatest when the
resonator is oriented perpendicular to the magnetic field.
By moving the resonator along the line P¢), Hertz found
the position of the nodes and antinodes and the direction
of the magnetic field. The results obtained by Hertz
coincided with the theoretical analysis we have given.
By measuring the distance between two successive
nodes, Hertz could calculate the wavelength A, and since
he knew the frequency » of the oscillator, he could
calculate the velocity ¢ of the electromagnetic waves by
using the equation ¢ = Av. It was by this means that
Hertz obtained the first experimental value for the
velocity of propagation of electromagnetic waves.
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