Hidden energy in the destructive interference
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Two simple experiments and a simulation show tiegtrgy can be

hidden in invisible and immeasurable beams.

Introduction

The superposition of two coherent light beams ef $ame intensity, which are 180° out of
phase with each other, leads to complete destrictterference. In this case, the electric and
magnetic fields of the two beams cancel out eacherpt causing invisibility and

immeasurability of the resulting beam, its photand its energy.

Simple measurements show that destructive interéer@absorbs energy. Since superposition
does not change this energy, it must hide in detsiiinterference. The law of conservation

of energy is not violated just because we cannatsme the hidden energy directly.

As soon as the destructive interference collaptes,two beams and its hidden energy

become visible and measurable again.
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Il Experiment: Interferometer

A Jamin interferometer generates several parallgdud beams from one laser beam with two
normal mirrors. Some beams are adjustable betwestnudtive and constructive interference
by rotating one mirror with a micrometer screw. blguonly the "var." beam is used. Since
energy measurement is involved here, all inputahdutput beams must be measured.

Interferometer (with double slit

experiment at right)

Principle of the experiment
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Photodiodes, photoresistors, photoelements and cdomplultiplier were used, some with
optics to achieve the required large apertures.s@iisors showed similar tendencies with
respect to the light energy.

The laser power (Re) and the losses () due mirrors and scattered light were constant. In
contrast, the intensity of all simultaneously surdroatput beams (Ripi) was variable. Max.
constructive interference generated a sensor sgfrea). 500 pA (Rsible = Paser- Posg, Which
decreased to e.g. 420 HAilRe < Raser- Pos9 at max. destructive interference.

Since the input energy and losses are constant artde measurable output energy is
reduced with destructive interference, it is evidehthat some of the energy has been

hidden in the invisible output beam.



1. To validate the interferometer experiment, a double slit experiment is
performed

Often to read is the opinion that when two slits @pened the intensity doubles and from this
the interference pattern arises by redistributidms is incorrect, as the following experiment

shows.
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Principle of the experiment

The setup is simple: laser, double slit and sewstbr large aperture to capture the diffraction
pattern as a sum value. But the handling is dilfjduecause covering a slit in a dark room

requires skill. Furthermore, the sensor signal rbedinear to the light intensity.

First, one slit was covered and the output intgnsas measured (9 pA). Then the other slit
was covered and both intensities were mathematiedilied (9 + 8 = 17 nA). Then both slits

were opened and only 13 pA was measured. So 4eiABsing.

The double slit also gives the same result as thamin interferometer. As soon as
destructive interferences occur, a part of the en@y has been hidden in the destructive

interferences.



V. To validate the interferometer experiment, a simulation is performed

The f=75MHz-"laser beam" enters the input and spH§=1Q-lossless transmission lines are
used to simulate the light travel times. Symmelriedlections are rudimentary simulated
with T,. The left beam run within Tvertically through the interferometer. The rigkeam is
extended by the rotating mirror so that a pathed#fice of 180° (f=1/(2f)) occurs. Both

partial beams superpose (= galvanically separatetie long T=10"s-“output beam®.
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The plots shows voltage and current at the feedtpaf the output lines and the constant
output power of the laser and the absorbed powéheobutput beam. Up to,#T, the laser
energy is stored in the interferometer. Furtherrgyndas absorbed by the output beam,

although it is not visible or measurable. This dation leads to two simple formulas:

Puisible = (Ua + Up)? / (2 Z0) = 0 1)
The E- and M-fields cancel out by destructive ifgemnce. The output beam is invisible.

Pbeam = (Ua2/ ZO) + (szl ZO) = Plaser= Puisible T Phidden (2)
The power of the output beam is independent oirttezference.



V. Discussion

The power of the output beam (2) is constant antsists of visible and hidden parts. The
visible energy (1) is subject to interference.dtquite interesting, that these findings are

similar to Feynman's formulds

Feynman's probability with interference: Pi2= | + @2
Power with interference, derived from (1): P~ (U, + Up)?
Feynman's probability without interference: P12 = |@? + [pl?
Power without interference, derived from (2): P~ (W)?2+ (WU)?

Destructively interfering light consists of norntigiht and therefore carries energy. However,
this energy escapes direct observation or measuatemedestructive interference. When
destructive interference occurs, measurable energyissing, because this energy is hidden

in the invisible and unmeasurable superpositions.

The law of conservation of energy is not violatgdthis. We just do not have senses and

sensors to detect destructive interfering lighectily.

According to the superposition principle, photores bt notice their transient destructive
interference. Only the baryonic environment caniceoit, with which the destructively

interfering light does not interact in the usualywa

As soon as the destructive interference ends,ighe ils visible and measurable again, as if
nothing had happened.

! Feynman, Leighton, Sands, The Feynman Lecturéhgaics, Vol. lll, Addison Wesley Publishing Comgan



