~ laser tube, Between the mirrors of the

MERCURY VAPOR ION LASER

EASY TO MAKE DESIGN

MOST PARTS CAN BE OBTAINED FROM AN OLD COPY MACHINE, BIG ONE.

MATERIALS ARE LISTED AS THEY ARE USED.

This laser will emit bright pulses of green light and red-orange light. 567.7 nanometer and 615
nanometer. Dean Morelli or Rye, NY discovered an easy way to constuct one using readily available
materials. In the right conditions Morelli’s laser can emit both wavelengths simultaneously. The two

colors can be separated by passing the beam through a prism.

Below we will columnate from an article which will describe the laser’s capabilities and details about

different aspects of the laser

lower levels, cmitting light as they do so.
’l;hls light is the glow—not the beam—
" from the laser tube. Some of the ions
.. will be at a level of energy that is impor-
~'tant to the laser process (the level la-

large, for a laser-emitting visible light. -beled 5/2Foy, in spectroscopic nota-

(Indeed, it was with this type of gas laser - . tion). An ion at this level can emit a

. . photon at a wavelength of 567.7 nano-
that high gain and high power were first - ; meters if it drops to’ the lower energy

_demonstrated :in the visible range.) The : “level 642D
;laser’js; cmissions near 615 nanometers - A few otpltzhe photons thus emitted go
are almost purely monochromatic, that down the axis of the faser tube. As such

is, its range of frequencxes and wave- a phot th
lengths in that region is very narrow, so *: photon passes other mercury ions at

that it could serve as a standard of fre- $° 5{;2?7’ 2 level the electric fields of

quency. Construction of Morelli’s laser :kl: t:hzns::estér:‘;ﬂate tcll\otsre lons to

lasll‘nl{nany resp ;zcts easier than building - With each transition :t:voi;er p;r:)?(t)f?s
elium-neon- . e ok ; .

The gain :’; :slc:ser is a measure of . emxtted;. it is 1dermcaL with the passing
how much the intensity of light is am- P hgtgp mt_phasei, associated wavelength
plified in the: laser (through stimulat. ~2RC Cirection o travel. By the time the
ed emission) compared with the losses m:;xal photon reaches the end of|the
(thrm.lgh scattering, diffraction and ab- l:r eext hasbsnm;xlztedt thel e';:'ss‘on of a
sorption). In the green e:g':sions Morel- ge number of icentical photons.

This type of la~
ser is’ distinctive in several respects. It -
‘was the first gaseous-ion laser. Its gain :
'and the width of its beam are unusually =

li's laser probably has a gdin of about 50 u s:‘:liyp l;::;i 051:2:;: I::e:ih:ns;:g:\ sb's
. pereent per meter along (e length of the switching from a description of light ix{
terms of photons to {.e in|terms of
waves. The llght waves generated by the
stimulated emission are said |to bei co-
herent because they travel m\ the same
du-ectxon, have the same wavelength
and are in step. They therefor¢ interfere
constructively, thereby augmémmg one
another, and so they yield a wave of

laser the intensity of the lxght is quite
‘high. Several ‘experiments in spectros-
copy can be done by putting the ob-
ject of study inside the cavity of the
laser, where it intercepts part of the in-
. tense light, (The part of the beam that
-emerges from’ the laser can still be uti-
" lized in other laser-beam experiments.)

|
. The tube of Morelli’s laser contains :arge arlr;p 1‘;“'1‘7. Which feans that the
i mercury vapor. The laser is electrical- i 1gT;11s right. -
,ly excited by:a high-voltage discharge c waves are refleted back jand

through the tube.'When' an electron in' ' forth through the tube of mercury vépor
the discharge collides with an atom of ) by the mirrors built into the laéer, st
mercury, an électron is removed from J lating still more emissions at the wave-
"the atom andi the result is a singly ion- length of 567.7 nanometgrs. Part of o the
{ized mercury ion that is at an excited light leaks through the “
jenergy le!el.,:rhe mercury ions are ex- the external laser beam| Wha't happens
i?ted' into & variety of energy levels, - to the I “tt of the }:gl: °m;>" g l;‘y the
rom W s mercury atoms in the tube, both the un-
™ hICh they spontancously drop to - ;' jonized ones and the smgly xojlzed nes
"that do not participate in stimulated
1 emission? Each of those atoms cither is
‘at the wrong energy level or emits light
spontaneously before being stimulated
by a passing photon. The llght from
‘such atoms goes outward fror the tube

irrors to orm'

in all directions and merely contributes
to the glow of the tube, This light is inco-
herent, that is, the emitted waves are not

all at the same wavelength, do not go
in the same ectlon and do not proceed
in step.

Most of the energy levels attained by
the singly ionized atoms of mercury do
not participate in the laser action be-
cause on the average the ions stay too
bneﬂy at those levels. If a partxcular
transition between energy levels is to
contribute to laser action, more atoms
must be in the upper level than are in the
lower one. This sntuat:on is called a pop-
ulation inversion.’ :

Suppose populatxon inversion is ab-
sent, so that there are more atoms in the
lower level of a pair of levels than there
are in the upper one. A fortuitous down-
ward transition by an atom could still
send a photon down the laser tube, and
the photon could cause a stimulated
emission if it passes another mercury
ion in the upper energy level. Without
inversion, however, the stimulated pho-
tons are likelier to encounter lower-level
atoms than upper-level ones. A passing
photon meeting a lower-level atom will
be absorbed by it. Absorption domi-
nates, and the result i is an absence of
laser action.

Population inversion is possible if
there is an energy level at which an atom
can stay for a long time compared with
its lifetime at a lower level to which it
can make a transition. The atoms at the
lower level drop to still lower levels
quite quickly, leaving the level they va-
cated empty and the topmost level rela-
tively full; the result is a population in-
version.

The energy level of the singly ionized
mercury ion that can give rise to laser
light at 615 nanometers is the one la-
beled 7p2Pes,. The transition is to the
level 7528,,,. Part of the stimulated light
leaks through a mirror to form another
laser beam, which is in the red-orange
region of the visible spectrum.




Each mirror was mounted in an alu-
minum tube 29 millimeters (1 inches)
wide and 21.5 millimeters long. The
wall of the tube was 1.5 millimeters
(.058 inch) thick. With epoxy the tube
was fastened to a triangular plate that
was attached to a support plate by three
screws. An aluminum retainer ring
25.4 millimeters (one inch) wide and
six millimeters long was slipped into the
tube and glued into place. The mirror
and another ring were then slipped in.
Morelli held the ring in place with trans-
parent tape. It would not do to glue the
ring, he notes, because the mirrors must
be removed at times for cleaning.

The mirrors ordinarily installed in la-
sers that emit visible light have several
layers of dielectric thin films designed to
increase the reflectivity of light at a cer-
tain wavelength. Morelli had his mirrors
designed to reflect best for a wavelength
of 567.7 nanometers. The thin film next
to the glass had arefractive index higher
than that of the glass. Its optical thick-
ness was one-fourth of the designated
wavelength.

On top of this film is another layer
with a lower refractive index. More lay-
ers are added, alternating between high
and low refractive indexes. The outer-
most layer of each pair has the higher
value. Each layer reflects part of the
light reaching the mirror. With this de-
sign all the reflected rays interfere con:
structively, yielding a bright refiection
A mirror usually reflects about 99.8 per-
cent of the light reaching it. Without the
dielectric coatings the reflectivity would
be considerably lower.

The range of wavelengths over which

. . N -, .
a mirror will reflect depends on the ratio \trode. He connected a variable capaci-

of the refractive indexes of the dicicc
tric-coating films. Morelli’s mirrors rc¢
flect about 99.5 percent of the light with
a wavelength of 567.7 nanometers. The
range of reflection extends over aboul
100 nanometers and includes the 615-
nanometer emission that can also be ob
tained with his laser. He notes, however.
that the reflection is relatively poor at
this wavelength, with the result that the
emission may be dim or absent.

The laser is excited by a high-volt
age discharge through the laser tubc
A variable autotransformer feeds cur
rent to the primary winding of a ncon
sign transformer rated at 9,000 volts (:
20 milliamperes). The output from th
transformer is rectified by a bridge «
four diodes and then fed to a capacitc
connected across the laser tube. Whe
the voltage difference between the cle:
trodes in the laser tube reaches abor
5,000 volts, the gas in the tube becom:
ionized and so can conduct clectricit
thereby enabling the capacitor to dv
charge its current through the tube. Th:
high-current arc lasts for about a micro
second. Depending on the setting of the
autotransformer, the discharge can be
repcated as often as several hundredd
times per seccond. At such a rapid repe
tition the laser output appears to be
steady beam.

The capacitor should have a capu.
itance of about 01 microfarad and .
breakdown voltage of 15 kilovolts. M«
rclli makes it from a piece of double-si.i
ed printed-circuit (PC) board. The 1v
quired arca of board (in square-mctvl
units) i1s determined by the formula
a = ct/de,, where €,1s 8.85 X 10 12 fi
ad per meter, ¢ is the capacitance in fiu
ads, ¢ is the thickness of the diclectric in
meters and d is the dielectric constant ol
the insulating material. The epoxy-glis
material in the PC board has a diclecti
constant of 4.8 and a breakdown voli
age of 95 kilovolts per millimeter ol
thickness.

Morelli etched away one centiumeten
of the copper atong the perimeter of 1he
board on both sides to prevent arcing i
that region. Then he cexperimented 1o
find the best arca of the board for 1.
laser. The larger the area, the larger e
optimum capacitance. The capacitine ¢
is smaller for the brightest output at
567.7 nanometers than it is for the 615-
nangmeter beam. - P

The two electrodes must be protect-’
ed from the bombardment of electrons.
they receive as the electric arcs course
through the tube. Morelli obtained com-’
mercial electrodes that were coated with
a mixture of barium and strontium car-
bonate suspended in a binder of nitro-
cellulose; After he had sealed the laser :
tube he heated theelectrodes in order to .
convert the coating into a protective lay-
er. He did the heating with a coil of wire -
slipped over the electrodé assembly and
excited by a high-frequency oscillator. -
The oscillating current in the coil in-
duced an oscillating current in the elec-

tor in paraliel with the coil so that he
could generate a resonance between the
oscillator and the capacitor-coil system.
The oscillator should be rated for at
least 50 watts.

The heating of the electrodes decom-
posed the nitrocellulose, liberating hy-
drocarbon gas. The carbonates were con-’|
verted into oxides and released carbon
dioxide. The oxides protected the elec-
trodes from the arcing current. In ad-
dition the reactions gave rise to metal-
lic barium and strontium that acted as
“getters,” removing active but unwant- '
ed gases from the tube.

Morelli’s vacuum system consisted of
a two-stage mechanical pump, an oil-
diffusion pump, a, closed-end mercury
manometer, a mercury McLeod gauge,
a cold trap, a flask of helium and two
stopcocks. He says the diff usion pump is
helpful but not crucial. Plans for mak-
ing the gauges are given in Creative Glass
Blowing. Additional instructions for the
gauges and other elements of the vacu-
um system appear in Light and lis Use¢s/
(see the chapters on helium-neon lasers®
and argon lasers). A L

Morelli's first step toward: operating
the vacuum system was to freeze the
mercury in the central'side arm. Then he
turped on the pumps and began‘heating’

the laser tube with a Bunsen burner to
remove molecules of gas adhering to the
~walls of the tube. He took care to avoid
heating.-the Brewster windows and the
mercury in the side arm,

Having prepared the electrodes with
oxide coating, Morelli connected them
to the alternating-current output of the
neon-sign transformer. Helium was let
into the tube under a pressure of a few
torr. The glow discharge that built up
while the helium was in the tube cleaned
the interior of the tube. The helium was
‘pumped out and fresh helium was ad-
mitted, and the procedure was repeated
until the discharge through the tube gen-

“erated a pink glow. Then the helium

- pressure was adjusted to be between .5
-and one torr. The side arm of mercury
was put in a beaker of water at a temper-
ature of 40 degrees Celsius and the elec-
trodes were connected to the pulse-pow-
er supply.

Once mercury has diffused into the
tube" adjust the mirrors until the laser
begins to operate, at least in the green
region. Several adjustments should be
made to maximize the output. The cells
holding the mirrors may need further
.adjustment. The operator can also vary

# the gas pressure, the temperature of the

side arm holding the mercury and the
capacitor of the power supply.

Morelli suggests that all the leads on
the electrodes be reversed periodically
so that the electrodes exchange roles as
anode and cathode. This procedure pre-
vents one of the electrodes from receiv-
ing the entire bombardment of elec-
trons. It also keeps the mercury ions
from being pumped toward only one
end of the tube. The gas pressure will
gradually drop as some of the helium is

- buried under sputtered clectrode mate-

N

rial. The helium must be replenished af-
ter the laser has been operating for sev-
cral hours. )

I caninot overemphasize the potential
danger of a lascr. Most pcople realize
that a laser beam entering the eye can
permanently damage the retina, but the
danger extends to stray reflections of the
beam from objects in the room. You
must also beware of the high currents
developed by the power supply. Thit
danger is particularly acute if you work
with the laser in partial darkness tha:
prevents the circuit from being fully vis
ible.

If you want to buy parts 1or this mct
cury-vapor laser or other lasers thig
have been described in this department
check the advertisements in two publi
cations: Laser Focusand EOSD (Electro
Optical Systems Design). They speciul
ize in lasers and publish an annual dirc.
tory of suppliers of laser equipment
library is not likely to have cither pubi
cation; you may have to borrow a coy
from someone in the physics or ¢ny
ncering department of a university or
a local company that works with lusc:

Morelli bought his mirrors, window
glass, electrodes and accessorics fro
North Country Scientific, R.F.D
Plymouth, N.H. 03264. °
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Notice that the pump sctup is somewhat old. You can probably use a much simpler vacuum setup. When
you inject your gases into the rod for operation, you may want to inject 5-20% xenon gas to help increase
the power output.

This design will put out an estimated 150 watts. This laser can be used to light up clouds and holograms.
Different gases will cause different effects. This article originally came from a column in a Scientific
Magazine. It took over 4 hours of research to find it. It also took 34 hours to build it. Itis definitely
worth it.

UUE carries a lot of the parts needed to build this laser. We also have power supplies and large
capacitors. 1-619-903-3991.vm.

We at UUE are not liable for any information contained herein or elsewhere. We are not liable for death,
harm. property damage or any other related subject from use or misuse of any information obtained from
uue or any other source.

Thank you for your arder.
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7+ ;Another section of tubing, four centi-

* fused to the open

Morelli made his tube from a stan-
dard length (122 centimeters, or four
feet) of Pyrex glass tubing that had a
standard wall and an outside diameter
of 15 millimeters, He cut another piece
of the same kind of tubing to a length of
7.5 centimeters and sealed ii at right
angles to the long tube 7.5 centimeters
from one end, employing a gas-oxygen
torch to make the seal. A neon-sign elec-
trode 15 millimeters in diameter was

nd of the shorter
e,

-
i

T g y’.i_w».,‘,,‘ : D N
‘tube.. An identical ‘electrode assembly
‘was mounted at the'pther end of the

“’long tube, <5 .-

- meters long with an outside diameter of

* seven millimeters, was joined to one of

the electrode tubes to serve as a vacuum

. port. A second section of the seven-mil-

limeter tubing was fused to the center of
. the long tube on the side opposite to the

" electrode arms. This section, 2.5 centi-

meters long, served as the source of the
_mercury vapor, 5
If you do not have a gas-oxygen torch,

“you can make your tubing of soda-lime

" -glass that can be fused with a propane

torch of the kind available in hardware
stores. Two of the books cited in the

.. bibliography for this month [see page
-.210] are particularly helpful: Creative

Glass Blowing for the work with glass

"Tand Light and Its Uses for a number of

- pointers on the construction of lasers.

Morelli sealed.the ends of the long
‘tube with Brewster windows, which are
made of flat glass of optical quality.

‘Each piece is mounted on the tube at

a precise angle chosen to minimize the
loss of light reflecting from the win-
dows. The angle is measured between
the axis of the tube and a line perpendic-
ular to the surface of the window.
This Brewster angle, as it is called, is
equal to the arc tangent of the window’s
index of refraction. The angle has a
bearing on the polarization of the light.
Early in the laser process the light inci-
dent on the window is unpolarized. Be-

- cause of the Brewster angle, however,

one type of polarization is enhanced,
and it quickly comes to dominate the
laser process.

Suppose a ray of unpolarized light
is incident on a Brewster window. The
electric fields of the light oscillate along
all possible axes in a plane perpendicu-
lar to the ray. It is helpful to imagine

- that the oscillations are along two per-

pendicular axes, One axis, labeled x, is
in the same plane as the incident ray
and the reflected ray, The other axis, la-
beled y, is perpendicular to x, Because
of the particular geometry of the Brew-
ster window the light refiected from the
surface of the window is entirely polar-
ized in the y direction, This light is re-
flected out of the laser tube and no long-
er contributes to the laser process. None
of the x-polarized light is reflected, and
so it goes through the window and is
sent back through the tube by one of the
laser mirrors. In this way the x-polarized
light comes to dominate the laser proc-
ess. Thereafter the light created by stim-
ulated emission is almost entirely polar-
ized to avoid reflection at the windows
and little light is lost by them.

Morelli employed quartz windows
for which the index of refraction was
1.459 for light at the wavelergth of
567.7 nanometers. The arc tangent of
1,459 is 55 degrees 34 minutes, which
therefore was the angle of mounting of

the Brewster windows. (The emission at
615 nanometers does not reach the win-
dows at exactly the proper angle, be-
cause the index of refraction is slightly
lower for this longer wavelength. The
Brewster angle, however, is almost the
same for the two wavelengths and so
the laser will work at 615 nanometers.)

Morelli prepared the ends of the tube
for the windows by sawing them at the
complement of the Brewster angle, 34
degrees: 26 minutes. He made the cut
with a hacksaw that had a brass blade,
.025 inch thick, holding the tube and a
pair of saw guides in a miter box. A

mixture of No. 120 abrasive and water
served as the lubricant. Morelli points
out that the saw must be moved slowly
and ‘carefully to avoid chipping the
edgés of the glass. Chipped edges give

. rise to a loss of gas as the laser runs.

When the sawing is half completed,
the tube is turned over for the rest of the
cut. Then the ends are polished flat by
grinding them against a flat glass tool
supplied with progressively finer abra-
sive (the last and finest being No. 600).
The cuts should not deviate from the
complement of the Brewster angle by
more than half a degree.

Having finished the cutting and pol-
ishing, Morelli cleaned the long tube
and mounted it on its support. With an
eyedropper he put a few drops of mer-
cury into the side arm of the tube by
tilting the tube slightly and carefully let-
ting the drops run down the inside. This

- mercury must be very clean. Morelli

worked with mercury that had been dis-
tilled three times. -

Once the mercury is in place the side
arm is immersed in a beaker containing
dry ice and ethanol until the mercury
is frozen. Now the long tube is connect-
ed to a vacuum pump at the vacuum

port. With the pump running, the win-
dows are carefully held against the ends
of the long tube. (You may need a helper
here.) If the ends of the tube are suffi-
ciently flaf,"the suction from the pump
should hold the windows firmly. ’I:he
slightest leak will call for more polishing
to make the ends of the tube flatter. If
the contact is airtight, the windows can
be glued to the tube. Morelli did hi_s glu-
ing with a disposable hypodermic sy-
ringe that had a needle of large bore.
With the syringe he applied a coat of
epoxy around the connections bctw;en
the tube and the windows. The suction
should be maintained until the epoxy
hardens.

The base for the tube and the mirrors
was a rectangular piece of aluminum
tubing 72 inches long, with a cross sec-
tion of four inches by 1%/ inches and
walls 1/8 inch thick. It is the kind of
tubing sold for the making of metal
doors and windows. Two supports cut
from 3/4-inch plywood were attached
to the base to support the laser tube.
Epoxy was applied between the support
and the base and the support and the
laser tube. (In order to apply epoxy to
aluminum, Morelli prepared the alumi-
num by scrubbing it with a toothbrush
dipped in an abrasive cleaning powder.
He kept at it until water on the metal
formed a thin layer with no tendency to
bead.)

Each mirror was mounted in a cell
that could be adjusted with three
knurled nuts. Morelli aligned his mir-
rors with the laser tube by means of a
standard technique involving two index
cards, a small flashlight and a micro-
scope slide that served as a beam split-
ter. A circular hole was punched in each
card. A card was attached to each end
of the laser tube so that the hole was
aligned with the tube. The beam splitter
was put between a mirror and one end of
the tube at an angle of about 45 degrees
with respect to the axis of the tube. The
cell holding the nearest mirror was re-
moved so that the observer could look
down the axis of the tube and see the
mirror at the far end.

The flashlight, which should have a
bulb with a small filament, was posi-
tioned near the slide so that its light was

reflected from the slide and entered the

laser tube through the hole in the nearby
index card. The screws on the distant

- mirror were adjusted (again by a help-

er if one was available) until light was
reflected back to the observer sighting
through the tube. The alignment is cor-
rect when the light from the far mirror is
brightest. . ’

The support cell was removed from
the base without disturbing the adjust-
ing screws. That cell would remain in
adjustment when it was reattached to
the base. Mecanwhile Morelli aligned the
second mirror in the same way.

The mirrors were spherical, had equal
radii and were separated from each oth-
er by slightly less than one radius (an
arrangement called a confocal cavity).
Their radius of curvature was 147 cen-
timeters; they were 25.4 millimeters
in diameter and 9.5 millimeters thick.
The back of each mirror was ground to
be convex. The separation between the
mirrors was about 140 centimeters. (The
mirrors could be flat on the outside sur-
face if an external lens was employed to
collimate the external beam. They could
even be flat on the inside surface, but a
spherical-mirror system is easier to align
than a flat-mirror one.)
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The vacuum system

Varicble autotransformer
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rated for 9,000 volts at 20 mithamperes

The circuit of the power supply




