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A new method is proposed for obtaining electron interference patterns.
It has been observed that the electric field on the edge of a charged film that is

transparent to electrons can cause coherent splitting of an electron wave.

One of the methods of obtaining the interference pattern is shown in Fig. 1.

tric field produced in the system shown in Fig. la changes the front of the electron wave.
The phase shift of the electron wave passing through such a field, disregarding the relativ-

istic terms, is [1]

Ab = — MV (x,y) dy,
AU -L/2

where A is the length of the electron wave, V(x, y) the
potential distribution near the film,
ating voltage, and L the distance between the zero-

U the acceler-
potential surfaces. The integration is along the tra-
jectories x = The x axis lies in the plane of
the film perpendicular to its edge. The y exis is
perpendicular to the plane of the film. Passage through
the film produces an additional phase shift,

const.

equal to

Ag . _..’.'.?ﬂ..d._._,

AU
o is the average internal potential of the
film material and 4 is the film thickness. Figure 1b
shows the character of the distribution of Acpt ot = Ao
+ A P along the film, which duplicates the variation of
the form of the wave front in the field of the system
shown in Fig. la, is shown in Fig. 1b. 1In this case the
interference pattern is produced against the background
of the shadow image of the film boundary as a result of

superposition of two coherent waves emerging from the

where o

sources Sl and SO and passing outside the film as
well as through the film. The distance A between the
fringes of such an interference pattern is given by
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Fig. 1. Diagram showing the oc-
currence of electron interfer-
ence on the edge of & positive-
1y charged film.
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where ll and ! 5 are the distances from the film to the plane of the sources and to the
plane of observation, respectively, and 7y 1is the deflection angle of the electrons moving
through the space near the film.

The intensity is modulated in the region of electron-wave overlap (Fig. 1b) only if the
coherence condition & < At l/! 2 is satisfied, where & is the dimension of the source. The
presence of a sharply nonlinear region of variation of 4@ near the edge of the film leads
to the appearance of a third interfering beam. Owing to the smallness of this region (its
size is of the order of the film thickness), the intensity of this beam is low and cannot
change the periodicity and the total intensity of the two-beam interference pattern. The
character of the phenomena under consideration depends
little on the form of the zero equipotentials, therefore
the scheme under consideration has a certain degree of
generality.

We observed the interference with an electron inter-
ference microscope based on the UEMV-100 electron micro-
scope [2]. We investigated carbon films 300 - 500 A
thick, obtained by sputtering in high vacuum on freshly
cleaved mica. The scheme shown in Fig. la constituted
in practice an aggregate of three superimposed microgrids
spaced a distance on the order of 100 p apart. The in-
vestigated film was deposited on the central microgrid,
to which a potential #(0 - 100) V was applied. The en-
tire setup was placed between the objective and inter-
mediate lenses of the electron microscope. A shadow
image of the film, magnified 650%, was produced on the
end screen. Figure 2 shows the interference patterns of
the edge of the film, produced when & positive potential
is applied to the £ilm.* With increasing potential, the
distance between the interference maxima decreases and

the interference zone increases. Just as in the case of
the interference of electrons with a biprism [3], Fres-
nel diffraction causes modulation of the intensity of
the interference maxima. The high contrast of the inter-
ference lines ((jma.x - Jmin)/(jmax + Jmin) = 0.4) is
Fig. 2. Shadow image of the edge evidence that the coherence of the electron wave is main-
of a thin film at film potentials tained on passing through a thin film.

0 (a), 8 (b), +16 (c), and +24 Thus, the method proposed by us allows us to obtain

(d4). Accelerating voltage 75 kV.
Total magnification 4000. electron interference images with adjustable character-
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istices.

The principal analogy between the method of obtaining electron interference images of
the edges of the films and the method of cbtaining holograms in light optics makes it possible
to use these phenomena in electron holography.

The authors consider it their pleasant duty to thank Academician I. M. Frank for in-
terest in the work.
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* Coherent splitting of an electron wave can also be produced by the fields of the
electrostatic charges created in a conducting or semiconducting film bombarded with electrons.
In this case the film must be placed in the object plane of the objective lens of the micro-
scope, and the interference image of the film edge is observed by suitable defocusing. We
observed in such a system distinct interference patterns of the edges of thin collodion films.
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Besides the existing methods for tuning the emission wavelength of a parametric light
generator (PILG), namely mechanical rotation of the erystal in the resonator [1] and change
of the crystal temperature [2], the electrooptical method is of definite interest.

The gist of the electrooptical method is that the output frequency of the PIG (Aw) is
varied by applying an external electric field to vary the refractive index (4n) of a KDP (or
KHQPOh) crystal: Aw ~ An ~ r63E, where r63 is the linear electrooptical coefficient, equal
to 10'7 cgs esu at T = 300°K. Calculations performed for a KDP crystal [3] have shown that
at room temperature even relatively strong fields (100 kV/cm) do not produce a noticesble
effect. An appreciable change in the PLG frequency can be obtained in the region of the
ferroelectric transition (the Curie temperature of the KDP crystal is T, = 123°K). 1In this
region, the electrooptical effect increases sharply and reaches 10  cgs esu units at the
Curie point itself [4]. The results of calculations for a pumping wavelength kp = 0.53 u
(the second harmonic of a neodymium laser) and for an "eoe" type of synchronism are shown
in Fig. 1, from which it follows that when an external electric field is applied to the KDP
crystal the tuning curves shift in accordance with the megnitude and sign of the field. Thus,
smooth tuning of the PIG frequency is possible at a fixed crystal direction, defined by an
angle 6. To verify this possibility, we performed an experiment with the setup shown
schematically in Fig. 2. A polarized beam from a Q-switched (rotating prism) Nd3+
laser passed through an amplifier and struck a KDP doubler crystal (£ = 3 cm), in which it
excited a second-harmonic wave serving as a pump for the PIG. An additional plate was placed

glass

in the laser cavity at the Brewster angle to produce more complete pelarization. A liquid
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