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GENERATION OF OPTICAL HARMONICS™

P. A. Franken, A. E. Hill, C. W. Peters, and G. Weinreich
The Harrison M. Randall Laboratory of Physics, The University of Michigan, Ann Arbor, Michigan
(Received July 21, 1961)

The development of pulsed ruby optical masers!,?
has made possible the production of monochro-
matic (6943 A) light beams which, when focussed,
exhibit electric fields of the order of 10°% volts/cm.
The possibility of exploiting this extraordinary
intensity for the production of optical harmonics
from suitable nonlinear materials is most appeal-
ing. In this Letter we present a brief discussion
of the requisite analysis and a description of ex-
periments in which we have observed the second
harmonic (at~3472 A) produced upon projection
of an intense beam of 6943 A light through crystal-
line quartz.

A suitable material for the production of optical
harmonics must have a nonlinear dielectric coef-
ficient and be transparent to both the fundamental
optical frequency and the desired overtones. Since
all dielectrics are nonlinear in high enough fields,
this suggests the feasibility of utilizing materials
such as quartz and glass. The dependence of polar-
ization of a dielectric upon electric field £ may be
expressed schematically by

E E?
P=XE<1+E+E;§+")’ (1)
where E,, E, ... are of the order of magnitude of
atomic electric fields (~108 esu). If E is sinusoi-
dal in time, the presence in Eq. (1) of terms of
quadratic or higher degree will result in P con=-

Table I. The square of the total p perpendicular to
the direction of propagation of light through crystal-
line quartz.

Direction of incident The square of the total p
beam perpendicular to direction
of propagation

E = 244 2~
x x 0) py pz 0

D= 2., 2- o2 4
y(Ey 0) b, *p EOE

c 244 2o a%E 24 F 22
z (Ez 0) px +py o (Ex Ey )

(z is the threefold, or optic, axis; x a twofold
axis). If a light beam traverses quartz in one of
the three principal directions, Egs. (2) predict
the results summarized in Table I. The second-
harmonic light should be absent in the first case,
dependent upon incident polarization in the second
case, and independent of this polarization in the
third.

If an intense beam of monochromatic light is
focussed into a region of volume V, there should
occur an intensity 7 of second harmonic given
(in Gaussian units) by

I~(w*/c®) (pv)*(V /v), (3)

~ oo
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FIG. 1. A direct reproduction of the first plate in which there was an indication of second harmonic. The
wavelength scale is in units of 100 A. The arrow at 3472 A indicates the small but dense image produced by the
second harmonic. The image of the primary beam at 6943 A is very large due to halation.
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"Beyond photon pairs: nonlinear quantum photonics
in the high-gain regime”
Advances in Optics and Photonics 14, 291 (2022)
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