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[57] ABSTRACT 
Apparatus for effective and uniform optical excitation 
of laser material for light amplifiers (lasers) compris-
ing a laser rod which extends through one of the focal 
lines of an elliptically tubular mirror or of an ellipsoi-
dal mirror, a flash-light lamp passing through the other 
focal line of the mirror, the lamp and rod extending 
parallel to one another. The lamp and the laser rod 
are each surrounded by a respective cooling tube, 
through which a cooling fluid flows, the cooling tube 
surrounding the laser rod being light-dispersive to pro-
vide substantially circular lines of equal intensity of 
optical excitation around the rod. 

6 Claims, 6 Drawing Figures 
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APPARATUS FOR OPTICAL EXCITATION OF A foci are designated as F, and F*. The half-axes of the 
LASER ROD ellipse have lengths a and b, and the longer axis 2a of 

the ellipse is situated so as to coincide with the axis r 
— r which is the axes about which the ellipse is rotated 

5 to form the ellipsoid. 
1. Field of the Invention A cylindrical flash-light lamp 4 and a laser rod 5 ex-
The invention relates to apparatus for optical excita- tend parallel to one another in the chamber 2 and pass 

tion of a laser rod which extends through one of the through the focal points Fj and F2 respectively in such 
focal lines of an elliptical mirror or a portion of an ellip- a manner as to be perpendicular to the axis of rotation 
tical mirror, a flashlight lamp passing through the other 10 r — r. The laser rod is made, for instance of yttrium-
focal line of the mirror, the lamp being parallel to the aluminum garnet (YAG). The flash-light lamp 4 is se-
laser rod, the lamp and the laser rod each being sur- cured in the housing 1 by means of two holders 6 
rounded by cooling tubes through which a cooling fluid mounted at its ends, and the lamp is surrounded by a 
flows. cooling tube 7 which is connected to a source of cool-

2. Prior Art 15 ing fluid or a sink by means of corresponding channels 
In a conventional apparatus of this kind, there is provided in the holders 6. The holders 6 also carry elec-

known a tubular mirror of elliptical cross-section which trical supply lines for the electrodes 8 of the lamp 4, the 
defines a chamber which is limited in the axial direction electrodes being spaced apart by a distance equal to the 
by elliptical plane mirrors. The excitation lamp and the length of the laser rod 5. The laser rod 5 is secured in 
laser rod extend in the chamber along the focal axes of 20 the housing 1 by means of two holders 9 and is sur-
the tubular mirror. It is already known that adumbra- rounded by a cooling tube 10 which is connected to the 
t ions o c c u r in the light b e a m s r e f l ec t ed by t h e mi r ro r , sou rce of cool ing wate r o r with the sink by m e a n s of 
caused by the finite diameters of the lamp and the laser corresponding channels of the holders 9. 
rod, which adumbrations results in irregular illumina- In contrast with the laser rod cooling tubes of con-
t ion of t h e laser rod , wh ich resul ts in a d is tor t ion of the 25 vent ional exci ta t ion appa ra tu s , t h e cool ing t u b e 10 is 
laser rod, and, consequently, in irregularities of the not a smooth transparent tube, through which the light 
mode of oscillation of the laser resonator in which the beams coming directly or after reflection in mirror 3 
laser rod is provided. D. Ross in his book entitled "La- from the flash-light lamp 4 pass in accordance with the 
ser ," published by Akademische Verlagsgesellschaft refraction law and reach the laser rod 5, but rather the 
Frankfurt am Main in 1966, examines this behavior in 3 0 tube 10 is a significantly light-dispersing tube, wherein 
greater detail on page 445, et seq. the light dispersion perferably results from substantial 

Ci . H U , n v n c - r u n i m i / c m t i o m roughening of the outer surface 11 of the cooling tube 
SUMMARY OF THE INVENTION 1 0 (see FIG. 4). However, in principle, the dispersion 

An object of the invention is to provide apparatus of can also be achieved by roughening the inner surface 
the character described above but in which the above 3 5 12 of the cooling tube 10, or by an appropriate choice 
disadvantages and irregularities are avoided. of the glass body itself, e.g., opal glass. An operative 

The invention is characterized in that the cooling range of roughness is 1 to 20 fim. 
tube surrounding the laser rod is light-dispersive. The surprising effect of this simple measure will now 

As a result of the fact that the conventional cooling be explained with reference to FIGS. 3 to 6. 
tube which is transparent and has a smooth surface is FIG. 3 shows lines of equal intensity of the fluores-
replaced by a light-dispersive tube, a very significant cent light excited in the laser rod 5 (lines of equal in-
improvement of the regularity of the laser mode is tensity) in a cross-section through the laser rod 5, in the 
achieved in a surprising manner. case when a conventional, smooth, transparent tube 

„ „ , ^ . 10' is used. In order to record the lines of equal inten-
B R I E F D E S C R I P T I O N O F T H E D R A W I N G 45 s i t y t h e field j s s c a n n e d do t -by-dot in success ion by 

FIG. 1 is a schematic cross-section of excitation ap- means of a lens and an aperture or diaphragm with an 
paratus taken along line I — I in FIG. 2, interposed fluorescent light filter and the light is trans-

F1G. 2 is a cross-section taken along the line II — II mitted to a photodiode connected to an oscillograph, 
of FIG. 1, During this procedure, the surface of the laser rod, with 

FIG. 3 is a diagrammatic illustration showing lines of the exception of a narrow annular zone at the edge of 
equal intensity of the optical excitation in a cross- the cross section, has been covered so as to prevent the 
section of the laser rod with a conventional cooling light beams from entering the laser rod. It can be seen 
tube, in FIG. 3 that the lines of equal intensity deviate signifi-

FIG. 4 shows the corresponding lines in a laser rod 5 $ cantly from a circular form. In FIG. 5, there is plotted 
using a roughened cooling tube, the relative intensity Irei along the X-axis, wherein l rei 

FIG. 5 is a graph showing the intensity along the X- = 1 corresponds to the highest value thereof. A cross 
axis of the apparatus of FIG. 3, and denoted as u in FIG. 3 indicates that the flash-light 

FIG. 6 is a graph showing the intensity along the X- lamp 4 is located to the left of the laser rod 5, but, of 
axis of the apparatus of FIG. 4. 6 0 course, the lamp is far more distant from the rod as 

A n - - rxcc-DtDTTrw shown in FIGS. 1 and 2. In a like manner, the diameter 
Dh 1 AILED Ufc-MKIFI 1UIN of the tube 10' and 10 is significantly reduced in FIGS. 

The excitation apparatus in FIGS. 1 and 2 comprises 3 and 4 in relation to the diameter of the laser rod 5. 
a housing 1 which defines a chamber 2 of ellipsoidal It can be seen that the relative intensity, proceeding 
shape whose inner surface is mirrored and forms a rota- 6 5 from the side where the flashlight lamp 4 is located, in-
tionally elliptical concave mirror 3. The housing 1 con- creases at first very rapidly in a curved portion m 
sists in a conventional manner Of two half-bowls 1' and beginning at the boundary of the cross-section, then in-
1" . The cross-section of chamber 2 is an ellipse whose creases more slowly in a second curved portion n until 
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it reaches its maximum p located beyond the center of 
the cross-section and then returns almost to the starting 
value along a slightly convex portion q ending at the op-
posite boundary of the laser rod. Such an illumination, 
whose pattern is similar in each cross-section of the 5 
laser rod, results in a non-uniform heating of the laser 
rod 5, which results in distortion of the laser rod. As a 
result of the above, the heating of the laser rod in the 
course of its operation not only produces the known 
bulging of its end surfaces (lens effect of a laser rod), 10 
but also a certain inclination of these end surfaces in 
relation to the axis of the laser rod. This is very detri-
mental to the production of regular natural oscillations 
in the laser resonator in which the laser rod 5 is 
mounted, since this inclined position varies in the 15 
course of duration of the single flash-light pulses and in 
the intervals between consecutive flash-light pulses. 

By use of the light-dispersing cooling tube 10, FIG. 
4 (which corresponds in all other respects to FIG. 3) 
shows that the lines of equal intensity are substantially 20 
circular, and FIG. 6 shows that the curve of relative in-
tensity along the X-axis is provided with two substan-
tially symmetrical portions r and s at the boundaries of 
the laser rod. As a result of this, the above mentioned 
asymmetrical deformation of the laser rod and the dis- 25 
advantages resulting therefrom are avoided. 

Instead of providing a mirror 3 having the shape of 
an ellipsoid, a variant can be used including two mutu-
ally opposite elliptical plane mirrors 3 ' with a tubular 
mirror 3 " extending between mirrors 3 ' and having an 30 
elliptical cross-section corresponding to that of the 
plane mirrors 3'. These mirrors define a chamber hav-
ing the shape of an elliptical cylinder, as shown in dash-
dotted lines in FIG. 2. In this case, the lamp 4 and the 
laser rod are positioned so as to be perpendicular to the 35 
plane mirrors 3 ' , and are fastened and cooled in a man-
ner which is substantially the same as in the first de-
scribed embodiment. It has been acknowledged that 
such an excitation arrangement is already known, but 
the known arrangement employs a smooth, transparent 40 
cooling tube 10' and not a cooling tube 10 which has 
substantial light-dispersing property. The first embodi-
ment in FIGS. 1 and 2 is shown in solid lines and has 
the advantage as compared to the second embodiment 
that the light produced in the flash-light lamp and 45 
transmitted to the laser rod 5 varies to a lesser degree 
in the axial direction of the laser rod, i.e., the lines of 
equal intensity are less different from each other in var-
ious cross-sections of the laser rod 5 surrounded by a 
light-dispersing cooling tube 10 as compared to when 50 
the mirrors 3 ' and 3 " are used. This has been proved, 
for example, by experiment. Up to now, when a rota-
tional ellipsoid mirror was used, the lamp and the laser 
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rod were arranged along the axis of rotation r — r and 
were cooled by a common cooling water circuit; how-
ever, this is not advantageous as regards freedom of vi-
bration. 

Furthermore, it is to be mentioned that, in order to 
avoid vibrations, in addition to utilization of the light-
dispersing cooling tube, the use of flexible holders 6 for 
the flash-light lamp 4 is very advantageous. The holders 
of this kind can be provided, to advantage, with a flexi-
ble sleeve made of copper wire mesh. Holders 9, in 
which a rubber ring is pressed against the correspond-
ing end of laser rod, are advantageously used for fasten-
ing the laser rod 5. 

The laser rod 5 does not necessarily have to consist 
of a single solid body, in particular, a crystal, but it also 
can be formed by a tube filled by a liquid laser medium. 

What is claimed is: 
1. Apparatus for effective and uniform optical excita-

tion of laser material in a laser, said apparatus compris-
ing a reflector system including an elongated chamber 
with an elliptical cross-section having a mirrored sur-
face and two focal points, said laser material compris-
ing a laser rod extending axially in the chamber at one 
of the focal points, a pump source for said rod consti-
tuted as an excitation lamp extending axially in the 
chamber and parallel to the rod at the other of the focal 
points, a cooling tube surrounding the rod and a second 
cooling tube surrounding the lamp, the first said cool-
ing tube around the rod being transparent and light-
dispersive wherein said cooling tube surrounding the 
rod has inner and outer surfaces, one of which is rough-
ened to provide the light dispersive effect. 

2. Apparatus as claimed in claim 1 wherein said 
chamber has the shape of an ellipsoid of revolution 
which is formed by rotating an ellipsoid about its major 
axis, the elliptical cross-section of the chamber corre-
sponding to said ellipse. 

3. Apparatus as claimed in claim 2 wherein said exci-
tation lamp and said rod extend perpendicular to the 
axis of rotation of the ellipse. 

4. Apparatus as claimed in claim 1 comprising flexi-
ble holders for said lamp at the ends thereof. 

5. Apparatus as claimed in claim 4 comprising hold-
ers including flexible support elements for said rod at 
the ends thereof. 

6. Apparatus as claimed in claim 1 wherein the light-
dispersive property of the first cooling tube is produced 
by a granulation of a magnitude of 1 to 20 /xm to pro-
vide substantially circular lines of equal intensity of op-
tical excitation around said rod. 

* * * * * 

60 

65 


