
THE AMATEUR SCIENTIST. 

Conducted by C. L. Stong 

A n ideal laser, from the amateur's � point of view, would be easy to 
make, reasonably inexpensive and 

capable of generating light of any color. 
An instrument of this kind has been built 
by J. R. Lankard of the Internation
al Business Machines Corporation. He 
made it at home with ordinary hand tools 
for less than $75, largely to prove that it 
could be done. 

The amplifying medium of the laser 
is a dilute solution of organic dye that is 
periodically "pumped," or illuminated, 
by a homemade Rash lamp. The output 
is an intense beam of coherent light five 
millimeters in diameter that can be fo
cused to a point with lenses. The sharp
ness of the point is limited only by the 
wave nature of light. The beam can also 
be spread into a pattern of diverging 
rays. The color of the coherent rays is de
termined by the nature of the dye. 

Various dyes can be used. Each of 
them generates light that spans a char
acteristic portion of the spectrum. The 
laser can be tuned to generate light of 
any wavelength within these ranges by 
means of a diffraction grating. When the 
laser is pumped at a suffiCiently high 
rate, say 60 pulses per second, the out
put beam appears to the eye to be con
tinuous. This modification increases the 
cost substantially, because the size of the 
power supply must be increased and pro
visions must be made for cooling the 
unit. 

Like the helium-neon laser, the dye 
laser consists essentially of a slender am
plifying tube, or dye cell. The ends of 
tlle tube are closed by a pair of Rat win
dows that face a pair of mirrors. A sec
ond tube, the Rash lamp, is mounted 
parallel to the amplifying tube. Both 
tubes are surrounded by an aluminum 
tube of elliptical cross section with an 
interior surface that is highly polished to 
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A tunable laser using organic dye 
is made at home for less than $75 

function as a mirror. The axis of the am
plifier tube occupies one focus of the el
liptical mirror and the axis of the lamp 
occupies the other focus. White light 
emitted by the lamp is thus concentrated 
by the mirror on the amplifying tube 
[see illustrations on opposite page]. 

The amplifying tube is filled with an 
alcohol solution of dye that is known to 
Ruoresce. When such solutions absorb 
white light, some molecules of dye ac
quire an abnormal amount of energy and 
so are raised to what is termed their 
lowest excited singlet state. Later they 
spontaneously emit the excess energy as 
light of longer wavelength. This is the 
phenomenon known as Ruorescence. 

If the white light is sufficiently in
tense, as it is in the dye laser, a majority 
of the dye molecules absorb more than 
enough energy to reach the singlet state. 
Hence they are raised to one or another 
of the possible higher energy states. 
From these levels they can also drop 
back spontaneously to lower energy 
states by emitting light. Some of these 
emitted waves, strictly by chance, head 
toward one or the other of the laser's Rat 
mirrors, which reRect the light waves 
back into the amplifier tube. Here the 
waves stimulate other excited molecules 
to emit excess energy. The resulting 
emission is identical in color, and so in 
wavelength, with the stimulating waves. 
The waves merge and thereafter proceed 
in lockstep. In effect, the waves that 
were emitted spontaneously are ampli
fied and continue to accumulate energy 
as they are subsequently reRected back 
and fortll through the tube [see "Organic 
Lasers," by Peter SOl'okin; SCIENTIFIC 
AMERICAN, February, 1969]. 

The Rat mirrors of the dye laser are 
coated with aluminum. One mirror re
Rects about 92 percent of the incident 
light and absorbs 8 percent. The other 
mirror, which has a thinner coating, re
flects 74 percent, absorbs 8 percent and 
transmits about 18 percent. The trans
mitted portion constitutes the output 
beam of the laser. In Lankard's apparat
us it amounts to about 5,000 watts per 
pulse, which is a million times more in
tense than the output of the helium-neon 

laser! This substantial power and the 
tunable feature of the laser open new 
experimental opportunities to amateurs 
who have been restricted to the helium
neon and argon lasers previously de
scribed in this department [see "The 
Amateur Scientist"; SCIENTIFIC AMERI
CAN, September, 1964, December, 1965, 
February, 1967, and February, 1969]. 

It bears repeating that laser action oc
curs only if the dye is exposed to white 
light of sufficient intensity. LankaI'd de
veloped the required intensity with an 
extraordinarily simple lamp. It is a tube 
of fused quartz provided with stainless
steel electrodes and filled with air. The 
electrodes are connected to the terminals 
of a 15-microfarad capacitor charged 
to a potential of 3,000 volts. To Rash the 
lamp Lankard pumps air from the tube. 
When the pressure falls to about 60 torr, 
the capacitor discharges through the 
lamp. The resulting flash consumes some 
35 megawatts of power and persists for 
about two millionths of a second. The ca
pacitor is speCially designed to discharge 
in that brief interval. Ordinary capaci
tors discharge more slowly and will not 
work in this application. 

The dye emits only a small part of the 
absorbed energy as coherent light. That 
part is transformed into heat that causes 
random differences in density through
out the column of dye and, as a result, 
random differences -in the optical refrac
tion of the fluid. Fortunately the heating 
effect lags behind the flash by several 
millionths of a second. By the time the 
optical distortion becomes substantial 
the laser light has been emitted. 

The dye must be at uniform tempera
ture, however, before the laser can be 
pulsed again. A convenient method of 
cooling is to circulate dye continuously 
through the amplifier tube. The tube 
consists of an 80-millimeter length of 
seven-millimeter quartz tubing with a 
bore of five millimeters. The ends of the 
tube are closed by Rat windows cement
ed in place at the edges with epoxy ce
ment. Dye solution flows into one end 
of the tube through a port in the side and 
out through a similar port at the other 
end. 
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The ports can be made by welding 
short lengths of quartz tubing, as side 
arms, near the ends of the amplifier tube. 
Fused quartz is difficult to soften and 
manipulate. It must be worked in an 
oxyacetylene flame. Lankard suggests 
the use of metal tubing as an alternative. 
A T fitting can be improvised from cop
per or stainless-steel tubing. The inside 
diameter of the T should be seven milli
meters to match the outer diameter of 
the quartz tube. One end of the crossbar 
of the T can be slipped over the end of 
the quartz tube and fixed in place with 
epoxy. The quartz window, which has a 
diameter of about 10 millimeters and a 
thickness of one millimeter, is put on the 
remaining end of the crossbar and held 
in place while a coat of epoxy is applied 
to the joint. A short nipple of copper or 
stainless steel forms the leg of the T and 
functions as the port through which the 
dye solution flows [see top illustration 
on next page]. 

Dye solution can be circulated 
through the laser by a small pump. The 
cost of the pump can be avoided by si
phoning dye solution from an elevated 
container and discharging it into a sim
ilar container at lower elevation. The 
dye should flow at the rate of about one 
liter in 15 minutes. 

The pump that evacuates the lamp 
tube can be the sealed compressor from 
a discarded electric refrigerator that is in 
reasonably good condition. Connect the 
exhaust port of the lamp to the inlet tube 
of the compressor. Usually the inlet tube 
is the larger of two copper tubes welded 
into the sealed unit as a pair. The smaller 
of the tubes resembles a wire about 3/32 
inch in diameter; it is actually a capil
lary that serves as the outlet of the com
pressor. Cut the capillary by filing a nick 
about 1/32 inch deep and bending the 
tube at the nick until it breaks. Run a 
small hose from the capillary to a bucket 
of soapy water. 

Oil of any kind-indeed, any contami
nation of the dye-will suppress laser ac
tion. Do not use ordinary plastic tubing 
in any portion of the dye plumbing. 
Most plastics contain an oily plasticizer 
that preserves the flexibility of the ma
terial. Use glass reservoirs and connect 
them to the amplifier with either glass or 
Kodak Polyflow tubing, a plastic that 
contains no plasticizer. Do not attempt 
to operate the laser in a room where the 
air may be contaminated with oil, and 
remember that mechanical vacuum 
pumps discharge oily fumes. Such fumes 
can be minimized by discharging ex
hausted air from the pump through a 
container of soapy water. 

The lamp can be flashed by either of 
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two triggering schemes. In the simpler 
and cheaper of the two a T fitting is in
stalled in the tube that leads from the 
lamp to the air pump. Cut the tube at a 
convenient point and insert the crossarm 
of the T. Air will be pumped through the 
open leg of the T. To Hash the lamp, plug 
the opening of the T with your thumb. 
When the pressure drops to about 60 
torr, the lamp will Hash. The grounded 
side of the power supply must be con
nected to the electrode through which 
the air is exhausted or you will get an 
electric shock when the lamp Hashes. 

The second scheme is a special trig
gering transformer in the power supply. 

slightly flattened 
dluminum tube: 
polis.hed on ;n5ide 

Details 0/ the trigger lamp and the amplifier 

This device develops high potential, 
much like a spark coil, when power is 
applied to its primary winding. One ter
minal of the transformer is connected to 
ground and the other one to a few turns 
of fine wire wrapped around the middle 
of the lamp. The lamp is exhausted to a 
pressure about 10 torr above its normal 
firing pressure, which must be deter
mined experimentally. Then, with full 
voltage applied across its terminals by 
the charged capacitor, the lamp can be 
fired by applying power to the primary 
winding of the triggering transformer. 
High voltage ionizes air inside the lamp 
and initiates the discharge, as indicated 
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by the broken lines in the illustration 
below. The scheme is convenient when 
an experiment requires that the laser be 
fired electronically by an associated ap
paratus that includes a switch for closing 
the triggering circuit. 

The lamp must have a port for ex
hausting the air. A side arm of quartz 
can be welded to the tube. Alternatively, 
the air can be withdrawn through one of 
the electrodes. The electrodes are prefer
ably made from small rods of stainless 
steel that make a snug fit with the bore 
of the quartz tube. The diameter of the 
inner portion of both electrodes should 
be reduced to about four millimeters 
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through a length of about eight millime
ters and the end rounded into a polished 
hemisphere. The portion of reduced di
ameter, along with about six millimeters 
of the full diameter of the rod, is inserted 
into the end of the quartz tube and 
sealed in place with an external coat of 
epoxy cement. The reduced diameter 
provides a 1/2-millimeter space between 
the metal and the quartz. The space pre
vents hot plasma from concentrating in 
the zone where the metal and the quartz 
make contact. The portion of the rod 
that extends outside the tube may be of 
any length convenient for the attach
ing of leads from the capacitor. 

The machining can be done by clamp
ing the rod in the chuck of an electric 
drill and cutting the metal with a file 
as the drill turns. Air can be exhausted 
through a hole about a millimeter in di
ameter drilled partway through the axis 
of the rod and joined at a right angle by 
a hole of similar size drilled from a point 
close to the shoulder. Do not drill the 
axial hole completely through the elec
trode. A tube of copper capillary can be 
brazed to the outer end of the electrode 
for attaching the air pump. Connect this 
electrode to the grounded side of the 
power supply. 

The lamp and the amplifying tube are 
mounted parallel, 15 millimeters above 
the base, with their centers separated by 
about 12 millimeters. The base can be a 
slab of Formica about 1/2 inch thick. 
Lankard clpmps the tubes in Minifuse 
clips attached to the base. 

The reHector consists of an 80-milli
meter length of aluminum tubing that 
has an inner diameter of about 25 milli
meters. The inner surface must be high
ly polished; the polishing can be done 
with a small buffing wheel. Bring the 
surface to a semipolish by applying trip
oli to the buffing wheel. After washing 
the metal with soap and water complete 
the polish with a clean buff to which 
rouge is applied. 

The polished tube must be converted 
into an elliptical mirror. Clamp it in a 
vise and by trial and error exert just 
enough pressure to deform the metal. 
When the pressure is released, the tube 
should spring into an ellipse with its ma
jor axis some three millimeters longer 
than its minor axis. If you squeeze it too 
much, so that the difference in length is 
more than three millimeters, correct the 
error by rotating the tube a quarter of a 
turn in the vise and squeezing it again. 

Mount the reHector to the Formica 
base with a pipe clamp. The major axis 
should be made parallel to the base. The 
Minifuse clips are attached to the base at 
points such that the axes of the amplifier 
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Construction of the mirror cells 

and the lamp coincide with the focuses 
of the ellipse, which lie 12 millimeters 
apart. 

Cells for supporting and adjusting the 
position of the mirrors consist of two alu
minum plates fastened together with 
machine screws and helical springs of 
the compression type [see. illustration 
above J. One of the plates, a rectangle 
that serves as a pillar, is fastened to 
the Formica base with machine screws. 
Three holes spaced 120 angular degrees 
apart admit machine screws that en
gage threads in the second plate, which 
can be of triangular form. Compression 
springs that surround the screws hold the 
plates apart. A hole about eight milli
meters in diameter is drilled through 
both plates of one cell. The hole is cen
tered in the triangular plate. The par
tially transmitting mirror is cemented at 
its edges to this triangle, with the alumi
num coating facing the dye cell. The 
hole functions as an aperture for the out
put beam. The fully transmitting mirror 
is Similarly ceJilented with epoxy to the 
remaining cell. 

The power supply can be assembled 
in a metal box that supports the Formica 
base. It is extremely important to use the 
shortest possible leads for connecting the 
15-microfarad capacitor to the lamp, 
preferably leads of copper strap about 
one millimeter thick and 10 millimeters 
wide. The leads can be cut from copper 
Hashing of the kind available from lum
beryards and tinsmiths. Attach the leads 
to the screws that fasten the Minifuse 
clips of the lamp to the base. This con
struction minimizes the electrical induc
tance of the circuit and the interval re
quired for the capacitor to discharge. 
The intensity of the light varies inversely 
with the rate of discharge. 

The microammeter, which can be 
mounted in one side of the box, func
tions as a voltmeter, the scale indicating 
hundreds of volts. A reading of 30, for 
example, indicates that the capacitor is 
charged to a potential of 3,000 volts. A 
potential of 120 volts applied to the pri-

mary winding of the oscilloscope trans
former appears as 2,400 volts across the 
terminals of the secondary winding. The 
rectified voltage that appears across the 
capacitor is equal to the output potential 
of the oscilloscope transformer divided 
by .707; a potential of 120 volts applied 
to the primary winding develops 2,400/ 
.707, or 3,400 volts, across the capacitor. 

This potential exceeds the breakdown 
rating of the capacitor. To protect the 
capacitor, Lankard inserts a variable 
transformer between the power line and 
the power supply and adjusts the poten
tial to 3,000 volts as the capacitor ac
cumulates charge. Do not omit the three 
resistors shown at the right in the bot
tom illustration on the opposite page. 
They function as bleeders, draining 
charge slowly from the capacitor. With
out this safety provision the capacitor 
would retain a substantial portion of its 
lethal charge indefinitely. Never touch 
the power-supply circuit until the ca
pacitor has been short-circuited, even 
though the circuit includes bleeder re
sistors. Short-circuiting can be done by 
brieHy connecting a short length of cop
per wire across the terminals of the ca
pacitor. The wire should be fixed to a dry 
wooden handle about a foot long. 

Several dyes have been used success
fully in the laser, and others are under 
investigation. A good one for a begin
ning experiment is rhodamine 6G. This 
orange dye emits light that spans a spec
tral range of some 440 angstroms from 
yellowish-green to red. The molecular 
weight of the dye is 449. It is used as a 
10-4 molar concentration in methanol. 
The concentration can be achieved by 
dissolving .045 gram of the dye in meth
anol to make one liter. 

An interesting dye, which emits a 
strong blue laser beam that is tunable 
from 4,300 to 4,900 angstroms, is 7-
diethylamino-4-methylcoumarin, a dye 
found in commercial detergent whiten
ers. It has a molecular weight of 231.3 
and is used in the laser at a concentration 
of 75 milligrams of dye per liter of meth-
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anol. Another dye, sodium fluorescein, is 
used at the same concentration as rho
damine 6G but in an ethanol solution. 
The molecular weight of sodium fluores
cein is 370. Laser emission from this dye 
centers on 5,500 angstroms. Mix the dyes 
in clean glass containers, and be careful 
to avoid oily contamination. 

The operation of the fully assembled 
laser requires one critical adjustment: 
the mirrors must be positioned so that 
their surfaces are exactly parallel and 
perpendicular to the axis of the dye cell. 
When the surfaces are so aligned, light 
rays that are emitted parallel to the axis 
of the amplifier tube are reflected back 
on themselves and thereafter oscillate 
between the reflecting surfaces as though 
trapped in a cavity. Several schemes 
have been devised for aligning the mir
rors. The most convenient one involves 
the use of an instrument consisting of a 
small telescope, an optical beam splitter 
and a source of light. Lankard's instru
ment consists of a seven-power telescope 
that is available from the Edmund Sci
entific Co., 600 Edscorp Building, Bar
rington, N.J. 08007 (catalogue number 
50,249). The telescope comes with a di
agonal mirror that deflects the incoming 
light at a right angle into the eyepiece. 

Lankard substituted for the diagonal 
mirror a beam splitter that is also avail
able from Edmund Scientific, and be
hind the beam splitter he installed a pin
hole aperture and a small incandescent 
lamp [see illustration below]. Rays from 
the lamp proceed through the pinhole, 
the beam splitter and the objective lens 
of the telescope. When the telescope is 
aimed at a distant mirror that reflects the 
light back into the telescope, a portion 
of the incoming light is diverted into the 
eyepiece by the beam splitter, and an 
image of the pinhole appears in the eye
piece. 

eyepiece. 
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To align the laser, Lankard removes 
the partially transmitting mirror and, 
with the telescope, looks through the 
axis of the empty dye cell at the distant 
fully reflecting mirror. That mirror is 
then adjusted to center the image of the 
pinhole in the eyepiece. The partially 
transmitting mirror is reinstalled. Two 
images of the pinhole, usually displaced, 
now appear in the eyepiece. The partial
ly transmitting mirror is adjusted to 
bring the two images into exact register. 
This completes the adjustment. When 
the laser is thus adjusted, it will emit a 
pulse of coherent light each time the 
lamp flashes. The beam appears yellow
ish in the case of rhodamine 6G dye. 

The laser can be tuned to emit any 
desired spectral line within the range of 
the dye by substituting a reflecting dif
fraction grating for the fully reflecting 
mirror. The grating, which need be no 
larger than 10 millimeters square, is 
mounted so that it can be rotated in three 
planes: its own plane, the horizontal 
plane and the vertical plane [see illus
tration at right]. The rulings are placed 
exactly parallel to the horizontal axis of 
rotation. (The grating, which must be 
obtained commercially, should be ruled 
with at least 1,800 lines per millimeter 
and blazed for 5,000 angstroms in the 
first order.) When the grating is properly 
aligned, it reflects light of a Single spec
tral line into the amplifier. The color de
pends on the horizontal angle the grat
ing makes with the axis of the amplifier 
tube. 

Initially the grating can be set to an 
angle of about 70 degrees. A colored 
image of the filament will appear in the 
alignment telescope. When the image is 
brought into register with the white im
age reflected by the partially transmit
ting mirror, the laser will emit light of 
the selected color. The output beam can 
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then be tuned to any other part of the 
available spectrum (from a shade of 
green through yellow and to red) by ro
tating the grating on its vertical axis. 

The laser can also be tuned within 
broad limits by altering the concentra
tion of the dye or-what amounts to es
sentially the same thing-by altering the 
length of the amplifier tube. In general 
the wavelength of the output beam in
creases with the concentration of the 
dye or the length of the amplifier tube. 

All the materials reqUired for the con
struction of the dye laser, with the ex
ception of the telescope, beam splitter 
and diffraction grating, can be obtained 
from Henry Prescott, 116 Main Street, 
Northfield, Mass. 01360. Many parts can 
be improvised from odds and ends. Lan
kard's instrument came largely from his 
scrap box. Do not attempt to economize 
on the 15-microfarad capacitor. Capaci
tors characterized by higher inductive 
reactance will not work. Do not substi
tute other materials for fused quartz. 
Finally, avoid the laser beam as if it were 

. the flame of an oxyacetylene torch. It 
can fry tissue, including the tissue in 
your eye. 
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Are IOU keeping pace with the 
giant strides in computer technology? 
It isn't easy. But The Library of Computer and Information Sciences helps 
you tune in with what's happening. By providing you with the most ad
vanced, most essential, most significant books in the exploding world of 
computer science. 

Each month, the Library carefully screens hundreds of manuscripts, and 
chooses only the most informative and most important. Books on program
ming. Software. Hardware. Theory. Management uses of the computer. Books 
that help thousands of executives, EDP managers, programmers and techni
cians keep up-to-date. And move ahead in their careers. 

All books are yours at discounts of up to 30% (sometimes more). And for 
each four books you buy, you get your choice of a fifth-a free bonus book. 

The strides computer technology is taking daily are boundless. No matter 
how alert you are, it's tough to keep in step. Unless you take advantage of this 
special introductory offer-now. 

(retail prices shown) 56430. INTRODUCTION TO STATISTICAL DATA 
PROCESSING. Theodor D. Sterling and Seymour 
V. Pollack. The first and only comprehensive 
book, including brilliant summaries of heuris
tic techniques and multivariate analyses. 680 
pages. $12.50 
70070. PRINCIPLES OF HOLOGRAPHY. Howard 
M. Smith. The history, theory and practice 
of one of the fastest-moving areas in applied 
science today. $9.95 
77670. SEMANTIC INFORMATION PROCESSING. 
Edited by Marvin Mlnsky. A trail-blazing 
work by six experts. One of the most sig
nificant volumes of this decade. $15.00 
40410. CONVERSATIONAL COMPUTERS. Edited by 
William D .Orr. Comprehensive review of the 
latest developments by J. C. R. Licklider, 
John McCarthy, Vannevar Bush. and others. $8.95 
34090. APPLIED NUMERICAL METHODS. Brice 
Carnahan, H. A. Luther and James O. Wilkes. 
Tremendously important new book presenting' 
practical solutions to problems in science, 
engineering and applied mathematics. 624 
pages. 

. $14.95 
56490, INTRODUCTION TO COMPUTATI ONAL 
LINGUISTICS. David G. Hays. Comprehensive 
work in an exciting new field. Ideal for self
tuition. $9.75 
56140. INTRODUCTION TO OPERATIONS RESEARCH. 
Frederick H. Hiller and Gerald J. Lieberman. 
Basic technology and techniques, with empha
sis on motivation and simplicity of explana
tion. $14.75 

Trial Membership Application 
The library of Computer and 7-869 
Information Sciences 
P.O. Box 7777, RiverSide, NJ. 08075· 
Please enroll me as a trial member 

-
and send the 

3 books whose numbers I have indicated. Bill me 
Just $3.00 for all 3 plus shipping and handling. 
If not delighted, I w!ll return them within 10 
days and my membership will be cancelled. As a 
trial member I I need accept only 3 more selec
tions during the next 12 months, all at reduced 
member prices plus shipping and handling. I 
understand that savings range up to 3 0%. and 
occasionally more. Ea.ch month, I will receive 
advance reviews describing forthcoming selec .. 
tions, along with a convenient form for request .. 
ing alternate selections or no book at all. For 
every 4 selections purchased, I may choose a free 
bonus book. (Introductory offer counts as the 
first selection) • 

3 books for only $1.00 each 
(writ_ In numb_,,) 

NAME . . . . . . . • . • • • • • • • . • . • • • • • • • . • • • • • . . . . • . • • •  

ADDRESS • • . • . . . . • . . • . • . • • . . • • . . . . • . • • • • • . • . . •  

CITY ................ STATE . . • • • • . .  ZIP . . . . . . . •  

Books bought for professional purposes may be a 
tax-deductibJe expense. (OlIer good in continental 

L���=�o�� ______ _ 

Special Introductory Offer: 

Take any 3 ($�Ug,O�) 
for 001y$100 each 

with a short trial membership in 

The Library of Computer 
and Information Sciences 

39990. COMPUTER MODELING AND SIMULATION. 
Francis F. Marrin. Lucid introduction to this 
powerful new technique. Clear and beauti
fully reasoned. $12.95 
84210. 360 PROGRAMMING IN ASSEMBLY LAN
GUAGE. Ned Chapin. A unique exposition of 
the basic symbolic language that puts the pro
grammer close to the computer. $12.50 
39940. COMPUTERS, SYSTEM SCIENCE, AND 
EVOLVING SOCIETY: The Challenge of Man
Machine Digital Systems. Harold Sackman. A 
big, 638-page volume that takes a close look 
at the computer revolution. $14.50 
70710. PROGRAMMING: An Introduction to Com· 
puter Languages and Techniques. Ward Doug
las Maurer. Remarkably lucid presentation, 
defining concepts in terms of computers in 
current use. $11.50 
41660. ELEMENTS OF DATA PROCESSING MATHE· 
MATICS. Wilson T. Price and Merlin Miller. 
All the math necessary for understanding the 
mysteries of modern computer programming. $10.50 
38160. CIRCUIT DESIGN OF DIGITAL COMPUTERS. 
Joseph K. Hawkins. At last-a simple, straight
forward exposition of principles, applications 
and limitations. $17.50 
54120. THE HUMAN SIDE OF PLANNING/MOVING 
MOUNTAINS. A dual selection. David W. Ewing 
on tailoring programs to people. Plus Henry 
M. Boettinger on the do's and don'ts of com
municating ideas. $13.90 

42170. DIGITAL COMPUTER SYSTEM PRINCIPLES. 
Herbert Hellerman. A unified and authorita
tive overview. $13.50 
42370. DISPLAY SYSTEMS ENGINEERING. Edited 
by H. R. Luxenberg and R. L. Kuehn. Thor
ough exploration, replete with illustrations 
and diagrams. $16.50 
70350. AN INTRODUCTION TO PROBABILITY 
THEORY AND ITS APPLICATIONS-VOLUME I. 
William Feller. Self-conlained introductory 
course: mathematical principles, modern tech
niques. $10.95 
54360. HYBRID COMPUTATION. George A. Bekey 
and Walter J. Karplus. Complete overview of 
theory, mechanization, and applications. Ideal 
for industrial and academic users. $13.95 
82560. TECHNIQUES OF SYSTEM ENGINEERING. 
Stanley M. Shinners. The most complete and 
up-to-date presentation available on one of 
the fastest changing fields today. $14.00 
81870. SYSTEMS ANALYSIS: A Diagnostic Ap
proach. Vall Court Hare, Jr. A highly useful 
book for "problem solvers," perfect for self
instruction. $12.50 
64520. NEW POWER FOR MANAGEMENT. David 
Hertz. The definitive work on the revolution
ary management sciences. Indispensable. $8.95 
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