|PS ELECTRONICS

PS Builds a LASER

--and so can you

The incredible ruby ray is the hottest scientific discovery of the decade,
but practical uses are still scarce. Here's your chance to join the search

—June, 1960: Dr. T.H. Maiman, of the
Hughes Aircraft Co., reports the develop-
ment of the first successful ruby laser.
—November, 1964: PoruLar ScieNce pub-
lishes plans for the first do-it-yourself ruby
laser.

By Ronald M. Benrey

T MAY sound like science fiction—
I but it's really science fact: You can

build a working ruby laser. It could

be the most challenging—and rewarding—
home-workshop project that you have ever
tackled.

A ruby laser is a source of coherent light.
All of the light waves in the pencil-thin,
bright-red ruby laser beam are in phase—or
in step—with each other. This extraordinary
property of the laser beam—shared by no
other light source—has spurred a world-wide
search for practical uses.

Ordinary light sources—a light bulb, for
example—generate incoherent light; the light
waves are out of phase with each other.

Drop a pebble into a still pond, and
the waves ripple out smoothly in all direc-
tions. This represents a single light wave
from a light source. All light sources pro-
duce more than a single wave, however.

PS laser fires at the touch of
a pushbutton (upper right on
Fum:l], but not unless vou
irst arm the trigger circuit by
turning the key-locked safety
switch to “on.” Variable-
voltage transformer (upper
left) and 0-1500-volt DC
panel meter let you set pre-
cisely the energy-storage ca-
l‘uwilur—!mnk voltage. Neon
ights warn that the power is
“on,” the capacitors are
charged, and the trigger cir-
cuit is ready to fire,
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CAUTION!

Never look into a laser beam. The lens in
vour eve will focus it to a pinpoint spot on
vour retina, causing severe retinal burns and
permanent eye dﬂ'”h‘!,’.ﬂ'-’. Never aim at'a

They act as if o dropped a handful of
pebbles at once: You get a jumbled clutter
of waves one on top of another, This clut-
ter of waves is analogous to incoherent light.

Suppose, though, vou dropped vour hand-
ful of pebbles one pebble at a time, each
in exactly the same spot in the pond. The
waves would continuously radiate from that
point. All of the wave crests would be in
plr.l.st_-. This is coherent radiation.

A ruby laser generates a coherent light
beam by a similar process. Laser is an acro-
nvm for Light Amplification by Stimulated
Emission of Radiation. Inside the ruby
laser rod—heart of the ruby laser—excited
atoms are stimulated to emit light waves in
phase with each other,

A coherent beam can be focused to a
needle-sharp spot with a simple lens system,
concentrating the beam’s energy into a tiny
area. Focused laser beams have seared holes

in wooden blocks: burned holes in diamonds:
performed delicate eve surgery by “welding”
damaged retinas.

Enerzy-storage capacitors tower over power-
supply components. Wide-open layout is good

high-voltage wiring practice. Automotive spark,

coil (center rear) serves as Hash-trigrer coil.
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shiny surface capable of reflecting the beam
back at vou or others.

The high voltages in this project can
kill! Each electrolytic capacitor can store
enough energy, even when partially charged,
to deliver a lethal shock. Don’t cheat the
safety interlocks. They turn off the power
and rapidly discharge the capacitors if the
laser head is opened.
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Single-flashtube laser head has a two-inch-long
ruby rod in a brass-tube holder. Microswitch in-
terlocks inside top of case shut off power, dis-
charge capacitors if sides are removed.

The PS laser won't duplicate the feats of
strength of large, powerful professional
models—but then, it costs only 1/50
much. You can assemble the PS laser for a
total cost of under $175,

What can it do? We've left that up to

CONTIMUED

as

back

control pan 1. The fully enclosed steel case
keeps iingers away from high voltage and makes

Trizger circuitry ( except coil) mounts on
Eﬂ

a solid base for mounting iu-.n} parts,
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Laser Gun Sparks Lectures

balloons (but not red ones,
absorb red light).
Chassis (right)

By K. H. Sherwin

Department of Physics, Stanford University

Our balloon-busting laser “ray gun” keeps
physics lectures popping. A lens in the
muzzle focuses the beam; it will burst blue
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vou. The PS laser is an open-end project:
There is room for vou to experiment, modify
the basic design, and add vour own ideas.

While developing the PS laser, we con-
sulted Prof. Arthur Schawlow of Stanford
University, coinventor (with Dr. C. H.
Townes) of the maser—a microwave amp-
lifier that led directly to the laser’s discovery.

Inside the PS laser there is:

® A cigarette-size ruby laser rod cut from
a single erystal of man-made ruby. Both
end faces are ground parallel to each other
and polished optically flat. One end face

which won't

holds two flashtubes and
ruby rod. Not shown are 200-watt-second
power supply and degreased foil reflector
that wraps around H.lsﬁl:es and ruby.

is coated with a totally reflecting mirror
surface; the other with a partially trans-
parent mirror surface. The best mirror sur-
faces are the multiple-laver dielectric tvpe
made by vacuum-depositing a sequence of
thin lavers of transparent material on the
end faces. Constructive interference of light
waves inside the lavers makes the mirror
reflect red light, but pass other color light.
The layers are very expensive to apply, and
amateur-quality ruby rods are usually sup-
plied with silvered mirror surfaces. (See Dr.

[Continued on page 228]
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PARTS LIST

K1, R2, R3, Rd—100-o0hm,
iﬂ-w wire-wound  re-
sistor

R5, R6, R7, RS—100,000-

R e e
9, , R14—220,-
mt?-ahm. 1-t0. carbon
resistor

R11—G80,000-0hm,
carbon resistor

RI2—1,000.000-0hm, lin-
ear taper potentiometer

Ri15, RI16-330,000-0hnm,
Lomtis, carbon resistor

Cl, C2, C3, Cd4=3,000-
mfd., 250-volt electro-
Iytic capacitor (Mallory

33T 25001)

Ci—=I-mfd.. 400-p. paper
apacitor
2, D3, Dd=1N2071
or equivalent silicon rec-
tifier (Texas Inst,, G.E.)
Tl Fiﬁ:mcnl‘ transformer,
0. A secondary
1’.5mnmr P=G465
T2—FPower transformer,
650-v, AC -sm.urndnry
{Stancor PC-8 07)
T3—12-c. ﬂutomo!u.e igni-
tion coil
Td—variable autetrans-
former  (Superior  type
10-B Powerstal)
RLI=DFDT relay, G-v. AC
coil (Potter & Brumfield
KAILAY)
S1-5PST toggle switch
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Eleetronics, Westhury,

PEK XEI1-2 xenon flash-
tulre  (for dual lamp
head) PEK Labs Inc.,
825 E. Ecelyn AL‘I.’rrlu.’,
Sunnyvale, Calif.

Laser rodds—ruby rods are
available  from Linde,
Co., Crystal Prod. Du. i

Eennedy Ace., E
Chicago, }mi rp\rrr:.:
range from §30-100, de-
pending on size)

CaWy rods are availalle

52, 83—5P5T microswitch

S54—5FPST kew-operated
lock switch

55-8PST snap-action

shbution switeh

|‘I -—o-: illfr!r“"lrr:ﬂ_’r" Illl"’[f-
ammeter calibrated with
0-1,500-v. scale.

PLI1, PL3, PL3, PL4—Ne-
on  pilot- light assembly
with built-in resistor

Cabinet—Bud SB-2140
“shadow cabinet”

Laser head s Duilt into
Vector ;jnn 28-X alu-

minum sliding side case from Isomet Corp., Pali-
Flashtubes—E.G. G, FX- saces Park, N.J. (8100
38A zenon flashtube (for for 17-by-24"-dia. rod),

and Perkin-Elmer Co.,

single lamp head) avail-
Nornwalk, Conn.

able from  Schweber
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How the Ruby Laser Works

By Prof. Arthur Schawlow

Department of Physics, Stanford Unirersity

A ruby is an aluminum oxide crystal in
which a few aluminum atoms have been
replaced by chromium (Cr) atoms. If a
chunk of ruby (not a laser rod) is bomb-
harded by a bright flash. it responds with a
diffuse incoherent red glow.

Here's why: ==———HIGH-ENERGY STATE

Many chromium atoms ab-
SUTII il I'I{:Itl]"ll-l]ll!'l:l‘.“e {If- en-
erg}'—nF green light. These
atoms are gumped to a high
energy level (A on diagram ).
They quickly fall to a meta-
stable (partly stable) energy
level (B), where they remain
for a relatively long time: a

(wavelength, 6943 Angstroms) as it decays.

You convert an incoherent glow into a
coherent beam by svnchronizing the ex-
cited Cr atoms so they emit photons
in phase. The secret is stimulated emission:
An excited Cr atom will emit its photon if
it “sees” a similar photon pass by.

Laser action can oceur in a ruby rod
equipped with parallel mir-
rored end faces (see text) if

non-rapwtive  Well over half of the Cr atoms

TRANSITION in the rod have been pumped
metastasLe  into the metastable state. It
bheging when an excited Cr
atom decays spontaneously,
—~mn—rp and emits its photon parallel
—~~rm— to the ruby rod’s axis. As the
(6943 A°) hoton is reflected back and
orth, it stimulates the emis-

few thousandths of a second, GROUND-ENERGY STATE sion of light waves in phase

before they decay spontane-
ously and randomly back to

Photoflash pumps chromiom
atoms to energy leve

with itself. In a split second
| A, ¢r it stimulates an avalanche of

grﬂum‘,l state. Each atom atoms loose energy to crystal in-phase HH]H‘ waves: a co-

emits a photon of red light and fall to B.

R R R T T N R ]

herent light beam.
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i INTERLOCKS
mﬁ!ﬁ_ e =il D1-D4 ALL IN2OT »A
_¢;l'.__..!| ELE_ _:‘-"i_.: DI D2 RI an
FUSED ek
:@I PLUG (== 0-1MA.DC
PLI CALIBRATED
0-1,500VOLTS
R0
3 =3
I MEG
| POT
K= 1,000 _ =5
ALL RESISTORS Fecant Cl-C4 ALL 3000 MFD.  ADJUST R12 80
&ﬁ& 0% E | i 250V ELECTROLY TIC THAT SUM OF
| =11 AND RIZ
SPECIFIED BLACK RL1 L, RS-R8 ALL =1,500000 OHMS
GREEM Nf" C 100 K OHM I'WATT
o] Q—' W 100 OHM
r r3 /"10 WATT
AT
- b
il Lz 4 R13 IMED.
Re = 220K 400 VOLT
RED DOT ! C
T2
k >-_m3_ R4
8 ey iy 220K
© REDDOT
A BOTH LAMPS
RIE G PEREERS UTOMOTIVE
L ALTOM
330k S o, . DUAL i T IGNITION COIL
LAMP SPST 12-VOLT MODEL
HEAD PUSHEBUTTON
= “SNAP-ACTION®




DYNAKIT
high fidelity

stereo amplifier—$99.95

For the cost-conscious perfectionist
* AMPLIFIERS + TUNERS
* PREAMPLIFIERS

Write for detailed specifications
and impartial test reports

DYNACO INC., 3912 Poweiton Ave., Phila. 4, Pa.
. Please send specifications and test reports to: .

. Name

l L e e T TR L. |
ey State....... .

NEW MAGNET!

MEW ALNICO VI packs ; .n-., FinE power
small assembly (4" x 2° e It||I
Lifis 125 1h. I'|Iur| in '.-.n.-r
s L] nﬂﬂ. Ho. RALIZS.
BALE: 150 ib, pull govi. surpius
Alnleo ¥V mognet {0 b, Waorlh 885,
Sprcial $12.30 ppd. No $150.
SAMPLE 2 gmall bar magrnels & sale catalog 204
Money back guarantes f We pay postage

MAGHA "AGHEI'IEE TITT Swnzel, Low Angeles, Cal. 50046

IDEAL CHRISTMAS GIFT FOR ANY MAN

BEST LOW COST ELECTRIC WELDER
MONEY CAN BUY ONLY $14.95

5-YEAR GUARANTEE

10-DAY MOMNEY EBACK
TRIAL. WELDS, BRAZES,

SOLDERS, CUTS

ANYTHING OF METAL
Mo comparison for perform-
ance and valve. No sxperi-
ance needed to maks or
repair auvto bodies, fenders,
trailers, boats, furniture, farm
equipment, garden tools, any-
thing of metal. Use vp to
Is-in. welding rods and 14-in.
carbons on up to Y-in. metal.
Operates on any 110 V. line.

200
SEND ONLY $2.00

FUL

| You Gt : - meial cab-
SHIELD Ilf;“l Py

At -...|_'|JI1I1!

PS-:IE 4
|

WORLD'S GREATEST WELD-

ond e iructions. | ING VALUE. Over 500,000 in

gHLY $2.00. 5T | uwse by home owners, formers,

£12.95 '_':_}T'”;ﬂ, aniy | hobbyists, mechanics. 5-Year

| o delivdt o will s0ip | unconditional guarantee.
\. ?.-. .-\..'I;I1A1'!"| r tocday Order en l0-day moneyback

FOUR-WAY WELDER CO.

DEPT. W3-M, 1810 S. FEDERAL ST., CHICAGO, 80616 | 2B POPULAR SCIENCE NOVEMBER 1954

trial, if not votisfied return for
rafund,

PS Builds a Laser . . . and So Can You
[Continued from page 64]
Schawlow’s explanation' of the ruby laser on

another page.)

L. | [‘Jn\'.'{'!'f-ltl electronic [‘J]]uhlﬂ;iﬁl] unit,
similar in light output to a studio-size photo-
graphic speedlight. Its circuit contains: a
high-voltage power supply: a bank of four
high-quality computer-grade electrolytic

energy-storage capacitors: a trigger circuit:
and one (or two) xenon fashtube(s)
fﬁll'.‘l.ij_[l:l-lim: Hashtubes, not the Ffamiliar

curlicue-shaped tube)

The flashtubes are wired across the ca-
pacitor bank, which is charged to 1,000
volts DC by the power supply. Pressing the

laser rod

Invisible infrared beam from CaWoO,
excites a bright visible orange glow on a Kodak
I-R phosphor screen. Before use, the phosphors

are “charged |:}’ holding the screen close to
a Huorescent light for a few moments. The I-R
beam striking the charged phosphors makes them
fluoresce visible light. A  two-by-three-inch
screen costs 325, never wears out. Coherent light
reflected off the screen could cause eve injury.
Kodak recommends that vou view the screen
through a piece of Tmm-thick heat-absorbing
glass ( Pittsburgh tyvpe 2043),

“fire”. pushbutton trips the trigger circuit—
the trigeer coil generates a w*r'}-F:iu!u-vﬂ'l?:n.:m-
spark that ionizes the xenon gas inside the
flashtubes. changing it from an insulato
to a conductor. The ecapacitor bank dis-
charges through the fashtubes, pl'nnlrinir]j-_{ a
burst of white light. The capacitor bank
stores 373 watt-seconds of electrical energy
when fully charged. By comparison, average
amateur flash units are rated at about 50
W=h,

The ruby rod and Hashtubes are mounted
side by side in the laser head, and wrapped
with a piece of aluminum foil that has been
:Ii'jﬂ'{':t.\t'tl !r}' {_']f_‘.‘.miuu it with acetone
Degreased foil is a must since the ultra-

CONTINUED



' PS Builds a Laser . . . and So Can You
PUTZIJ IHTU | violet light output of a flashtube quickly

blackens grease spots. This simple foil re-
| flector concentrates most of the fashtube's
light output and directs it into the ruby.

When the flash unit fires. the intense
blast of white incoherent light directed at
the ruby rod pumps energy into it. If the
ruby absorbs more than a critical-threshold
gquantity of energy, it lases: The ruby spits
out a short burst of coherent red light,

MUN AHEH lasting 1./1,000 second, through its partially

POWER HYDRAULIC CONTROLS transparent mirrored end face.

FAN BELT and ELECTRIC MODELS A rubv's threshold value is measured in
Instant movement of your snow plow to up, terms of the minimum pumping power—
down, or hold position. Operate b__!.' hand lever or electrical-energy input to the fashtubes—
from inside the cal, Iustant gefion. Gef the that will make it lase. Ruby quality, size,

job done—faster! Imstallations for most vehi-
cles. Easy to install,

DON'T DELAY — SEND COUPON FOR INFORMATION lllrf:.-chu;tld._ ;
_____________________ In addition to ruby, several other crystal

"T" | materials that will lase coherent light have
-&n&- MONARCH ROAD MACHINERY COMPANY | been found. Most are still in the experimen-

1
|
ETE |
13635 Michigan St., N.E./Grand Rapids, Michigan 48303 | tal stage or are too expensive for amateur
|
|
|
|
|
|

and tvpe of end-face mirrors all affect the

Please send me illustrated folder: use. One material that can be used instead
of ruby in the PS laser is calcium tungstate
(CaWO,) doped with neodvmium. These
rods lase an invisible infrared beam.

CaWoO, has a much lower threshold value
than ruby, but it’s less efficient.

|  Ruby and CaWoO, laser rods can be

ordered in a wide range of sizes and quali-

ties (see parts list). To allow vou the widest

SAVE COSTLT | (.'II{JiL'C1 we ]:Hl":-'t.'- tI['HIgiI[“[I bwo lilﬂf"l'*]"l[".'l{!
o+ PLUMBING| | circuits that can be used interchangeably:

1) A single flashlamp circuit, simple and
inexpensive. Use it to lase thin ruby rods
PATENTED {about % inch) that are over bwo-inches

CUTTER
chs long, and any CaWO, rod. Its single flash-
1"TO 12¢ tube has a three-inch-long are length. so

ml:';:“, that it is most efficient when pumping laser

& rods between two and three inches long.
4 % FREE BOOK Tells

g 2) A double flashtube circuit that is
¢8 How To Clean All Drains slightly more expensive, but is also more

ADDRESS

|
I
|
|
|
| NAME
|
|
|

:_b:'o-t_.“_

TOILETS, SINKS. URINALS, BATHIURS, Hﬂgo lﬂ. oal efficient. Its two flashtubes each have two-
d'rlg‘uﬁﬁ%r sﬁ,f“ %k 0 af foul ocors. Do youromnrod | inch-long -arcs, so that it's most efficient

Pl AVErAgE | - g o TP, P
T gyt b A Pullding. Save Plumbing Bllls | when pumping shorter laser rods. Use it to
i

st aspid it BOOK g tower aid Mip SHENS USR | lase the popular-size two-inchlong by %-
s I A Ui | inch-diameter ruby rod.

B R | Building it. An experienced electronics

hobbyist could duplicate the PS laser by
working from the circnit diagram and photos
in this article. For readers who plan to
build it and want more information, we
have prepared a supplementary data sheet.
If you would like a free copy, send a

SAW SHARPENING IS EASY
Super Filar No. 11 joints and sharpens
‘ﬁn:i lt-lrlll:l nl.rculta[ns:wi: 6" to 10* n’i;._lh

ceth correc
bevel. When file hintflgil drn I:‘r. Iiagth
are finished. Saw runs true witk  $9.95
oo side pull, Includes 8° file. PPD,

“TRU-CIRCLE""

saw set automaii-
L‘Iu} sels t;nlh'a.l.

10° or
more N J stamped, self-addressed legal-size (9%-by-4-
MOMEY BACK QUARANTEE inch) envelope to: Laser, PoPuLAR SCIENCE,
A. D. McBURNEY, 1610 Victory Blvd., Glendale, Cal. 91201, Dept. 3114 | 355 Lexington Ave., NYC 10017, HE
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