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THE GLORY 
This halo of prismatic colors is most often seen around the shadow 

of an airplane on a cloud. Its cause is not the same as that of the 

common rainbow, and involves phenomena at the frontier of physics 

by Howard C. Bryant and Nelson Jarmie 

""

I
f it be shortly after sunup of a morn­
ing when the fog has obliterated 
the highway below, I am then re­

warded with a spectacle rare to witness. 
Looking up the coast toward Nepen­
the . . .  the sun rising behind me throws 
an enlarged shadow of me into the irides­
cent fog below. I lift my arms as in 
prayer, achieving a wingspan no god 
ever possessed, and there in the drifting 
fog a nimbus Boats about my head, a 
radiant nimbus such as the Buddha him­
self might proudly wear. In the Hima­
layas, where the same phenomenon oc­
curs, it is said that a devout follower of 
the Buddha will throw himself from a 
peak-'into the arms of Buddha.' '' 

So does Henry Miller, in Big Sur and 
the Oranges of Hieronymus Bosch, de­
scribe his observation of the meteoro­
logical phenomenon known as the glory. 
He conveys his feeling of apotheosis on 
viewing his shadow on a fog bank, "glori­
fied" with colored rings similar to those 
of the rainbow. The spectacle is indeed 
a rare one for ground-based observers 
such as the solitary hiker in Miller's nar­
rative, because it requires an unusual 
configuration of the sun, the observer 
and a cloud composed of droplets of uni­
form size. It is seen regularly, however, 
by air travelers, particularly those who 
know where to look. In fact, it is some­
times called the pilot's bow. Other 
names for the glory are the anticorona 
and the brocken bow. 

Like the common rainbow, the glory 
is caused by the scattering of sunlight 
by droplets of water. Like the primary 
rainbow, the brightest in a series of rain­
bows, it consists of concentric rings of 
color, with red the outermost and violet 
the innermost, encircling a bright cen­
tral region in the direction opposite to 
that of the sun. Unlike the primary rain­
bow, whose red ring is invariably at an 
angle of 42 degrees from the direction of 
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the shadow cast by the observer, the 
glory has rings whose angular diameter 
varies inversely with the diameter of the 
droplets that give rise to them. The pri­
mary rings are often accompanied by as 
many as four similar sets of rings of larg­
er angular diameter. Typically the inner­
most red ring has a diameter of two or 
three degrees. 

To see a glory close up you must view 
the cloud of uniform water droplets in 
such a way that your shadow is pro­
jected on the cloud. You will be reward­
ed by a vision of the shadow of your 
head surrounded by a series of colored 
haloes. Moreover, a feeling of uniqueness 
may be oddly enhanced: if someone else 
is with you, his shadow will not appear 
to be so endowed. One may even specu­
late that the artistic practice of render­
ing the heads of holy or powerful per­
sonages with luminous and sometimes 
colored haloes or nimbuses could have 
arisen from the observation of such ha­
loes on fog banks by solitary mystics on 
well-illuminated heights. The use of the 
halo is not restricted to Christian iconog­
raphy: glorylike structures can be seen 
surrounding the heads of Roman em­
perors and Greek gods, and of icons from 
China, Burma and India, suggesting that 
such representations may have a univer­
sal natural origin. 

The first scientific record of the glory 
was a drawing made by Antonio de 

Ulloa during a French expedition to Peru 
in 1735. Both he and Pierre Bouguer also 
wrote descriptions, translations of which 
can be found in R. A. R. Tricker's Intro­
duction to Meteorological Optics. Bal­
loonists in the 19th century were able to 
see the glory encircling the shadow of 
the basket of the balloon, as Gaston Tis­
sandier relates in his Observations mete­
orologiques en ballon. These sightings 
and others are described in detail in the 

classic work Meteorologische Optik, by 
Josef M. Pernter and Felix M. Exner, 
published in Vienna in 1910. 

C. T. R. Wilson built the first cloud 
chamber in 18 95 for the purpose of re­
creating the glory in the laboratory. He 
put aside his original objective when he 
found that energetic charged particles 
leave visible tracks of water droplets in 
the moist air. In his Nobel prize lecture 
of 1927 he reported: "In September, 
18 94, I spent a few weeks in the observ­
atory which then existed on the summit 
of Ben Nevis, the highest of the Scottish 
hills. The wonderful optical phenomena 
shown when the sun shone on the clouds 
surrounding the hilltop, and particularly 
the colored rings surrounding the sun 
(coronas) or surrounding the shadow 
cast by the hilltop or observer on mist or 
cloud (glories), greatly excited my inter­
est and made me wish to imitate them 
in the laboratory." 

What is the explanation of this lovely 
apparition? We have indicated that the 
glory is caused by the scattering of light 
from water droplets back toward the 
source of the light. In the process the 
scattered light is enhanced. To be sure, 
light is enhanced when it is scattered 
backward from many things other than 
fog or clouds, including plowed fields, 
foliage, the eyes of many animals and 
dewy grass. Let us first discuss some of 
these non glory effects to illustrate the 
variety of the mechanisms at work. 

The "cornfield effect," or backscatter­
ing from a plowed field or foliage, can 
actually be observed on any rough sur­
face that casts small shadows. When we 
look at the surface from the direction of 
the illumination, we do not see the shad­
ows and the surface looks unusually 
bright. The reason is that the brightness 
is contrary to our expectation: from oth­
er directions parts of the surface are 
darkened by the shadows, and the eye 
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GLORY FROM THE AIR surrounding the shadow of an airplane 

projected on a cloud below is seen in this photograph made by 

Fritz Goro. Since the glory is often visible under these circum· 

stances, it is sometimes called the pilot's bow. Around the shadow 

GLORY FROM THE GROUND was photographed by 10hn C. 

Brandt of the National Aeronautics and Space Administration at 

the Zodiacal Light Observatory on Haleakala Crater on the Ha­

,\iii ian ioland of Maui. The picture was taken before sunset as the 

there is a glow covering a circular area half·obscured by the shad­

ow. Surrounding the central area are two sets of concentric colored 

rings with blue on the inside and red on the outside. To unaided 

eye the colors are sometimes much brighter than they appear here. 

crater was filled with cloud or fog. Five glory rings are visible; 

their angular radii, measured from the red rings, are 1.2 degrees. 

3.0 degrees, 4.9 degrees, 6.7 degrees and 8.3 degrees. Normally the 

shado\\ of the person viewing the glory is visible, but here it is not. 
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integrates the image so that the surface 
appears uniformly darker. 

Backscattering from animal eyes arises 
from the fact that the illuminating light 
ray is reversed with high precision. Light 
entering the animal's eye from the direc­
tion of the observer is brought to a focus 
on the animal's retina; then some portion 
of it is scattered back toward the lens 
of the animal's eye and refracted back in 
the direction from which it came. The 
result is that the animal's eye appears to 
be illuminated from within. 

The effect is enhanced in cats, dogs, 
rabbits and other animals because they 
have a reHecting layer behind the retina. 
Man lacks this layer, but on occasion his 
eyes backscatter very well. David L. 
MacAdam, editor of The Journal of the 
Optical Society of America, comments: 
"Any photographer who has taken many 
close-up color pictures with a Hash lamp 
built into his camera, close to the lens, 
will recall his dismay when some of his 
pictures were ruined by brilliant red 
spots coincident with the pupils of the 
eyes of some of his subjects. A consid­
erable portion of fair-haired, light-eyed 
persons have such strong reHection from 
the fundus of the eye as to produce this 
Heiligenschein [the German for halo]. 
It can also be seen clearly by another 
person over whose shoulder a bare in­
candescent tungsten bulb is shining di­
rectly into the eyes of the subject, in an 
otherwise poorly lighted room." 

It is effects of the Heiligenschein type 
that are seen against a background of 
dewy grass. When one looks at the grass 

from the direction of illumination, the 
shadow of one's head appears to be sur­
rounded by a bright area. As with ani­
mal eyes, the water droplets, which are 
more or less spherical, serve as miniature 
converging lenses that collect the light 
and focus it on the blades of grass on 
which they rest. Much of the focused 
light is scattered in all directions by the 
leaf, but some of it reenters the droplet 
and is refracted backward in the direc­
tion from which it came. 

A completely different mechanism is 
needed to account for the glory. In 

1947 the Dutch astronomer H. C. van 
de Hulst put forward the explanation 
that the light of the glory is sent back 
from the edges of the spherical water 
droplets in the cloud. For the moment 
let us set aside the question of how the 
light is returned from the droplet's edge 
and concentrate on understanding how 
the glory would be produced in that way 
by a random distribution of uniform 
droplets. 

Since each droplet is returning the 
light from its edge, each is effectively a 
ring-shaped light source sending light 
back toward the sun. One way to simu­
late examining the optics of a field of 
backward-scattering water droplets is to 
replace the droplets with an opaque 
screen that has ring-shaped apertures in 
it and illuminate the screen from behind 
with a beam whose rays are parallel [see 
bottom illustration on page 64]. When 
the screen is viewed from a distance, the 
resulting diffraction pattern, or distribu-

LIGHT THAT ACCOUNTS FOR THE COMMON RAINBOW is not sent straight back 

toward the observer. The primary rainbow is caused by parallel light rays that are incident 
from the left being refracted off to lower left by a spherical water droplet. The rays to the 

right of the droplet are those that go straight through wilhout contributing to the rainbow. 
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tion of the intensity of the scattered 
light, will be very much like the diffrac­
tion pattern of the glory. 

Why should this be so? The diffraction 
pattern from a single ring can be under­
stood by regarding each point on the 
ring as a separate source of coherent 
light waves. This means that all the 
wavelets coming from each point on the 
ring will be in phase with one another. 
The light arriving at any particular point 
on another screen at some distance from 
the aperture will consist of contributions 
from all the points around the ring. Only 
on the part of the screen that is directly 
in front of the ring will the wavelets be 
exactly in phase, since it is only there 
that the distance each wavelet has trav­
eled from the ring's edge is tIle same as 
the distance every other wavelet has 
traveled. At that point on the screcn 
there will be a circular spot of maximum 
brightness. 

In a region at a small angle away from 
the spot of maximum brightness the path 
each wavelet takes is either longer or 
shorter than the path of its neighbor, and 
the wavelets begin to interfere destruc­
tively with one another. The intensity of 
the light falls to a minimum, and there 
is a ring of minimum brightness around 
the central bright spot. At a greater angle 
away from the bright spot the light in­
tensity begins to increase again to a sec­
ond-order maximum: wavelets from op­
posite side,s of the ring have a difference 
of one wavelength in the distance they 
travel to the screen and are back in 
phase again. This second-order maxi­
mum (and successive maximums at even 
greater angles, for which the differences 
in path length differ by two, three, four 
or any other whole number of wave­
lengths) is not as intense as the principal 
maximum in the center because it is only 
at that one central spot that all the wave­
lets are in phase. 

So far we have described what happens 
with only one ring. To illustrate what 

happens in a glory we prepared a ran­
dom array of many ring sources. First 
we drew 241 circles two millimeters in 
diameter with black ink on a piece of 
white paper about 12 centimeters on a 
side. Then we photographed the piece of 
paper to get a 35-millimeter negative; 
the negative showed transparent rings on 
a black background reduced in size by a 
factor of 16. We set up a parallel-ray 
source of coherent light by passing the 
red beam of a helium-neon laser through 
a shutter into a microscope lens with a 
pinhole at its focal point. The beam was 
then directed through a converging lens 
whose focal point was also at the pin-
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LIGHT THAT ACCOUNTS FOR THE GLORY follows paths that 
are different from those that are responsible for the common rain· 

bow. The paths consist of light that is reflected repeatedly at an 

angle of 82.8 degrees within the droplet, together with small seg· 

ments of surface waves in which the light clings to the surface of 
the droplet and is conveyed the rest of the way around the droplet 

b 

to the backward direction. When a number of different paths give 

rise to light waves that are in phase, there is a resonance, or en· 

hancement, in the back scattered light. The glory is believed to be 

due principally to the paths in which the light travels halfway 

around the droplet (a) and those in which it travels three and a 

half times around the droplet (b) before being sent straight back. 

hole. This train of optical devices gave 
us a parallel-ray beam of coherent light 
two centimeters in diameter, into which 
we inserted the photographic negative of 
the array of rings. 

We now had a field of coherent ring 
sources, each about 125 micrometers 

across, which together simulated the ef· 
feet of a uniform field of spherical drop· 
lets that are backscattering light. In or­
der to record the diffraction pattern as it 
would appear at a distance from the ar­
ray we put a lens with a focal length of 
one meter in front of the array and 

placed a sheet of photographic film in its 
focal plane. The resulting photograph of 
concentric bright and dark rings approxi­
mately represents the appearance of a 
glory seen through a red filter [see il­
lustration on page 65] . 

We can now explain the presence of 

PATH DIFFERENCE OF LIGHT FROM OPPOSITE EDGES 

RETURNED RAYS 

EDGES OF WATER DROPLETS of uniform size scatter sunlight 
back toward the observer in the formation of a glory. Here the path 

of rays returning from a single droplet is traced; the droplet is cut 

in half to show the geometry of the rays. If the observer is straight 

back from the droplet, the waves on every ray from the edge of the 

droplet will be in phase and will reinforce one another. As the 
angle of the observer to the path of the light falling on a droplet 

increases, the waves from opposite edges begin to go out of phase 

and interfere. As the angle increases further, they come back into 

phase and reinforce again. A secondary maximum in brightness is 

reached near the point where the difference between paths AC and 

BC is one wavelength. The rings of the glory are colored be· 
cause the many different wavelengths in sunlight go through their 

cycles of maximum and minimum brightness at different angles. 
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colored rings in the glory. When each 
wavelength in the solar spectrum is back­
scattered from an array of droplets of 
uniform diameter, it will give rise to a 
pattern similar to the pattern of con­
centric rings in the photograph. The 
longer the wavelength, the larger the 
diameter of the diffraction rings. Al­
though all wavelengths will contribute 
to the bright central maximum, at other 
angles only light of certain wavelengths 
will be at a maximum. Therefore the 
light in the glory away from the central 
maximum will be colored. In every se­
quence of spectral colors red will be at 

the largest angle from the center, since 
it has the longest wavelength. Thus the 
outermost ring of the glory is always red. 

Of course, our artificial ring sources 
are only an approximation of the optical 
properties of an array of backscattering 
water droplets. One difference is that the 
laser light giving rise to the diffraction 
pattern in the artificial array is not back­
scattered. We have left out the effects of 
the polarization of the light; we have 
also neglected the beam directly reflect­
ed from the center of the droplet. The 
correct treatment of polarization alters 
the distribution of the light's intensity 

somewhat, and the inclusion of the cen­
tral point source produces an enhance­
ment or diminution of every other ring, 
depending on its phase. 

We now retnrn to the question of how 
droplets scatter light backward from 
their edges. The fact that they do so can 
be demonstrated by constructing a large 
transparent sphere and directing sun­
light at it. Permanently mounted in a 
lecture hall at the University of New 
Mexico is a heliostat, an optical mecha­
nism made up of a series of mirrors that 
tracks the sun across the sky during the 
course of a day and sends a sunbeam 35 

SINGLE RING APERTURE (left) illuminated by plane-parallel 

light (color) gives rise to a diffraction pattern that is a series of 
concentric circles. The ring aperture can be regarded as one droplet 

in the cloud that causes the glory. Each point on the ring (indicated 

by the two rectangles) acts as a separate source of wavelets of coher­
ent light. Wavelets interfere either constructively or destructively 
at different angles away from direction of light coming straight 

back. This interference produces the light and dark rin gs (right). 

LASER 

MICROSCOPE OBJECTIVE LENS 

MANY RING APERTURES together (insert at top left) act as a 
cloud of uniform water droplets and generate a diffraction pattern 

that resembles the glory. First a series of 241 randomly placed 
circles were drawn on white paper. Then a much reduced photo· 
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graphic negative was made from the drawing. A parallel.ray beam 

of red light from a helium-neon laser was directed through the ar· 

ray of rings; a lens formed an image of the diffraction pattern that 
was recorded on Polaroid film (see illustration on opposite page). 
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centimeters in diameter across the front 
of the hall. Into this beam we can insert 
a Lucite sphere with a diameter of 30.48 
centimeters (12 inches). 

In addition to producing a marvelous 
rainbow that covers one of the white 
walls of the lecture hall, the system dem­
onstrates the "backward" optics of trans­
parent spheres. We can view the sphere 
from the direction of the sunbeam by in­
serting a small mirror into the beam. It 
can be seen that the backward-directed 
light indeed comes principally from the 
edge of the sphere, with a small addi­
tional contribution from specular reflec­
tion at the center of the sphere's face. 

When the sphere is viewed from a 
point that is even at a slight angle to di­
rectly backward, its appearance changes 
considerably. Its edge is still well illu­
minated, and the equatorial region of the 
edge is particularly bright. The specular 
reflection from the face is off center. 

If a plant leaf or a piece of paper 
is placed five centimeters behind the 
sphere, one can see the Heiligenschein. 
The sphere becomes very bright. The 
presence of the leaf greatly enhances the 
amount of light sent backward in the 
direction from which it came, to the ex­
tent that the glow reflected back to the 
mirror of the heliostat can be seen 
throughout the lecture hall. 

This procedure with sunlight and the 
Lucite sphere is instructive, but more 

relevant studies have been made in the 
laboratory with laser light and real drop­
lets of water suspended in midair. Theo­
dore S. Fahlen, who was then working 
at the university, found that droplets 
could be suspended in two different 
ways. In the first method a resonator 
made from a cylindrical piezoelectric 
crystal and a circular watch glass pro­
duced an acoustical standing wave. 
Droplets as large as a millimeter in diam­
eter could be suspended in midair at 
the region of maximum acoustical pres­
sure for up to several minutes without 
appreciable vibration. 

The second method simply entailed 
suspending the droplet by its own sur­
face tension from a glass fiber whose 
end had been enlarged to form a tiny 
bead; the fiber could hold droplets two 
or three millimeters in diameter. This 
method proved to be more useful than 
the other one. If the optical effects are 
to be observed, the surface of the drop­
let must be exceedingly quiet and 
smooth, much quieter and smoother 
than the droplets that were levitated in 
the acoustical resonator. M. J. Saunders 
of Bell Laboratories has used the fiber 
method to make and study water drop-

DIFFRACTION PATTERN that approximately represents the appearance of a glory seen 

through a red filter was photographed with the apparatus that is shown in the illustration at 
the bottom of the opposite page. Graininess in the picture is caused by interference among 
individual apertures; if the number of apertures were increased, graininess would decrease. 

lets as small as nine microns in diameter. 
(His fibers were bits of spider web.) 
Saunders has verified that even with 
such small droplets the backscattered 
light comes from the edge of the sphere. 

Why should the light be scattered 
mostly from the edge? In trying to an­
swer that question we approach some 
current frontiers of optics and particle 
physics, even though the precise solu­
tion of how an electromagnetic wave (in 
this case light) is scattered from a trans­
parent sphere has been known since the 
beginning of the century. 

In 1908 the German physicist Gustav 
Mie showed that the intensity of an elec­
tromagnetic wave scattered from a 
sphere can be calculated as precisely as 
one wants for any angle, including angles 
in the backward direction. He showed 
that the intensity of the light scattered 
at any angle can be represented as a 
sum of a series of algebraic terms, each 
composed of involved mathematical ex­
pressions. These terms are not of the 
type that can be easily computed on the 
back of an envelope. In addition the 
number of terms that must be evaluated 
in order to arrive at the intensity at a 

given angle for a specific wavelength is 
somewhat larger than the circumference 
of the sphere in nanometers divided by 
the wavelength in nanometers. For a 
droplet one millimeter in diameter, for 
example, and green light of a wavelength 
of 500 nanometers, some 6,300 terms 
have to be evaluated and added togeth­
er. And to get the entire intensity pat­
tern for just one wavelength of light re­
quires repeating the process for a num­
ber of angles. 

Thus in addition to a desire to learn the 
details of Mie's predictions for a giv­

en case one must have access to the ser­
vices of a high-speed computer. It is 
only within the past decade that Mie 
calculations for large spheres have been 
conducted to any extent. To make mat­
ters worse, the intensity of the backscat­
tered light is extremely variable. As A. J. 
Cox has demonstrated at the University 
of New Mexico, a very small change in 
the wavelength of the light can result in 
a change of intensity as large as a factor 
of 100. 

There are less exact but perhaps more 
instructive ways to treat the scattering 

65 

© 1974 SCIENTIFIC AMERICAN, INC

This content downloaded from 
�������������64.106.42.43 on Tue, 29 Sep 2020 22:55:31 UTC�������������� 

All use subject to https://about.jstor.org/terms



This content downloaded from 
�������������64.106.42.43 on Tue, 29 Sep 2020 22:55:31 UTC�������������� 

All use subject to https://about.jstor.org/terms



This content downloaded from 
�������������64.106.42.43 on Tue, 29 Sep 2020 22:55:31 UTC�������������� 

All use subject to https://about.jstor.org/terms



© 1974 SCIENTIFIC AMERICAN, INC

This content downloaded from 
�������������64.106.42.43 on Tue, 29 Sep 2020 22:55:31 UTC�������������� 

All use subject to https://about.jstor.org/terms



fOr instant prints and negatives. 

A new rum for cameras and instruments 
now using Polaroid 31A"x4Y.t 6Im. 

Introducing Type 105. 
A brand new Polaroid Land film for serious amateurs 

. and professionals that delivers exceptionally high-quality 
prints and negatives. And delivers them economically 
and conveniently. 

Just 30 seconds after you shoot with Type 105 you get 
a black and white print of exceptional tonal range, sharp­
ness and luminosity. 

And a quality negative to match. With ! 
a resolution of over 150 lines! mm so en­
largements retain original sharp detail. 

What's more, this new positive! 

negative film comes in our convenient 
3�· x 4W eight-shot pack format. So it fits 
any instrument, camera, and Polaroid Land 
camera that already uses our lYpe 107 or Type 108 
pack film. 

(For 4 x 5 cameras and instruments we're 
introducing a new adapter for all our 3l,4· x 4�' 

pack film called the Malel 405 Land Pack 
Film Holder.) 

Ask at your photo store for our new Type 
105 Land film. A superb black and white 
film for instant prints and reprints. 

Polaroid's instant positive/negative pack6Im. 
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theorists. The concept is that of the 
Regge pole, introduced by the Italian 
physicist Tullio Regge. The Regge pole 
is an abstract mathematical way of rep­
resenting an entire class of physical situ­
ations. For example, all our Type 8 
spikes can be described as originating 
from one Regge pole, so that instead of 
needing an infinite number of mathe­
matical terms to describe the behavior 
of Type 8 resonances, one can make do 
with the Regge pole alone. Thus we find 
that an important component of the ex­
planation of the glory is quite similar to 
one concept in the theory of elementary 
particles. 

Since the wave-particle duality ex­
hibited by light is shared by all elemen­
tary particles, beams of particles scat­
tered in accelerator experiments may 
also show optical effects such as the rain­
bow and the glory. In fact, the concept 
of a surface wave in a water droplet can 
be applied to the behavior of high-en­
ergy particles bombarding an atomic 
nucleus. There is no direct correspon­
dence, however, between the scattering 
of light by a transparent sphere and the 
scattering of particles by a nucleus. In 
the nuclear optical model the nucleus is 
rather like a muddy droplet with a poor­
ly defined surface, so that surface waves 
would be strongly absorbed and not as 
clearly defined as they are in a droplet 
of clear water. Nevertheless, a simple ex­
tension of the glory mechanism serves 
very well in describing certain instances 
of the backscattering of high-energy 
particles by nuclei. 

Like elementary particles and nuclei, 
entire atoms and molecules exhibit wave 
behavior when they are accelerated and 
scattered. In such experiments nothing 
comparable to the backward-scattered 
glory is observed, but wave effects re­
sembling the rainbow have been. More­
over, there is a distinct interference pat­
tern in the forward direction; it is often 
called the forward glory. Changes in 
such patterns produced by molecular 
beams have been utilized by chemists to 
investigate the energetic threshold of 
chemical reactions. 

W e hope that, having read this article, 
the reader who has never seen a 

glory will now be on the lookout for one. 
The easiest way to see a glory in this 
age of air travel is to watch for the small 
shadow of one's airplane on a layer of 
cloud below. If the conditions are right, 
the shadow will be surrounded by the 
bull's-eye pattern of the glory-a striking 
demonstration of the wave nature of 
light and a colorful reminder of the un­
derlying unity of the physical world. 

. • • •  A BIOFEEDBACK MONITOR 
THAT MEASURES AND RECORDS 

• • .  Gives Percentage Of Training Time 
Spent Producing Alpha/Theta! 

The Edmund On·Time B iofeedback Mon itor,  des igned for pro· 
fess iona l  researchers ,  c l i n ic i a ns ,  and  ser ious  amateurs ,  has 

a n  e l ectro n i c  scoring device for obse rv ing the exact degree 
of progress i n  a l pha/theta product ion for greater re lax· 

ation and conce ntrat ion .  A de l uxe h i g h l y  sens it ive 
instrument,  it provides the user  with re l i ab le  aud io  
a n d  v isua l  feedback i n  the a l p h a /theta b ra inwave 
spectrum.  Track ing t i m e  (0 to 20 m i n .) of a l p h a  or 
theta rhythm generated is  switch-contro l l e d .  Other 
i n n ovative and  sophist icated features i n c l u d e :  d iv i ­
s ion  of the bra i nwave spectrum into a n  a l pha  and 
theta mode,  each with spec ific feedback a u d i o  s ig­
n a l s ;  an artifact i n h ib itor  for d i s c r i m i nat ing  aga inst 
muscle i nterference of proper bra i nwave interpreta­
t ion ;  a ca l ibrated sens i t iv ity d i a l  sta rt ing i n  sub­
thresho ld  m i c rovolt sett ings .  The 12 - lb .  u n it 05 x 1 0  

STAN DARD MODEl (No Time Recording Control) x 6" )  r u n s  o n  (2) 2 2 1!z v  batte r i e s  ( n o t  i n c l u d e d ) .  
Order No_  1 635S . . . . $ 1 28.00 Ppd . I nstruct ions i nc luded .  

Irr:a:r.I:f1 T'Mr:Q".r:i�ir:I�JM:lT:u:'llr!f1� rMJ"I'Ilna':'lnlTllr:gr.,TB!'IllM"Ia':'ltliT',.'rJI.-
YOU MUST BE DELIGHTED I EDMUND SCIENTIFIC CO. I EVERYTH I N G  E D M U N D  SELLS H A S  300  E d s c o r p  B l d g . ,  B a r r i n g t o n ,  N.  J .  08007 

A 3D- D AY M O N EY- B A C K  GUARANTEE_  I Send me :  I Return it if you aren't del ighted. _ _  Qt! -T I M E  M O N I TO R ( S )  L--'::=;;':':':':'':':':':=�=::':=����4 @ $349.50 ea.  ( N o .  1652S)  

I __ STANDARD MON I TOR(S)  G IANT FREE CATALOG !  @ $ 1 2S.00 ea.  ( N o .  1 635S) 

I D FR E E  
N E W '  I S O  P A G E S  - OVER 4 5 0 0  U N USUAL I SO-pa g e 
B A R G A I N S  F O R  H O B BY I ST S ,  S C H O O L S .  Ca t a l o g  Serv ic e  & ha n d l ing cha rge __ . 50 

I I N D U STRY . . .  J U ST C H E C K  C O U PO N !  
E n c l .  is  0 Check ,  0 M . O .  Total  $, ____ _ 

D,· EDM U N D  SCI ENTIFIC CO. N
a me Please p r i n t  

I 
, -

� I Ad d ress I . � 
300 E�scorp B l d g  .• Barr i ngton, N . J .  08007 

Ame r i c a ' s  G reatest Sc i e n c e  • OptiCS • Hobby Mart LC i ty state---Z i P-__ :.J 
He l p i n g  to� develop Ame r i c a ' s  Technology fo r over  30 yea rs . _ _ _ _ _ _ _  _ 

LEGAL NOTICE TO PURCHASERS 
OF SWIFT BRAND MICROSCOPES 

SETTLEMENT OF CLASS ACTION 

There is now pending before the United Sfates Dis­
trin Court in San Francisco a class action, Fremont 
U n i fied School Disrricc vs.  Swift Instruments, Inc . . 
seek i ng co recover damages for al leged violations of 
Sen ion 1 of the Sherman An , Plaintiff class consists of 
all retail purchasers of Swift Brand Microscopes, mi­
croscope pans and accessories in  the Uni ted States , at 
any time during the period from February I, 1969 
through J une 6,  1 970,  from Swifr Instruments, Inc.  
and/or from any dealer (5) of Swift Microscopes. 

Defendant has proposed C O  settle this l i tigation , 
without any admission of l iability on terms which w i l l  
res ult in  total payments to t h e  class i n  an amount 
estimated to exceed 9% of £oral purchases. You may he a 
member of the claSf deJ(ribed above: if so, your rights w i l l  
b e  affeCted b y  t h i s  settlement .  Each c lass member w ho 
desires to receive payment musr submit a 5tatemenr of 
Claim no later than August 26, 1974.  A hearing w i l l  
b e  held before t h e  Court a t  2 : 00 P . M .  September 1 6 ,  
1 9 7 4 ,  t o  review and approve r h e  settlement a n d  i f  
approved, t o  enter j udgment dismissing said action.  

The Courr w i l l ,  upon requesr to rhe undersigned 
Clerk , exclude any member of the class who so requests 
in writing on or before August I S ,  1 974 .  Any j udg­
ment entered pursuant to the sertiemenr shall i nclude 
all c lass members who do not request exclusion. Any 
class member who does not elect to be excl uded from 
the class may but need not enter an appearance through 
his own counse l .  Further detai ls ,  including forms re­
quired for Statement of Claim are available upon writ­
ten request to counsel for plaintiff class:  Darrell Salo­
mon , Esq . ,  Law Offices of Joseph L .  A l ioto, I I I  Sutter 
SHeet,  San Francisco, California 94 1 04 .  

sIs F .  R.  Pettigrew 
Cleek 
U .  S .  DisHict Court 
Northern District of California 
4S0 Golden Gate Avenue 
San Francisco, California 94 1 02 

Social Response to 
, Environmental 

,Imperatives 
DennisC.Pirages 

Paul R.,Ehrlich 
"The b�'Ok's vision 

of the future as 

potential nightmare 
is guite convincing • • •  " 

-Washington Post 

"Extremely significant. 
. • .  It spln�:rout zero· 

gro,.,th )remedles 
for the crh,es in 

world economy 8Qd 
, i eco.logy." 

;iti!';;Kfrkus Revlflws 
' ,::� $8.95 

. THI; VIKING PRESS 
625 MadlsoniA�,�"ue, New York".,. Y. 1 02� 
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MEASUREMENTBcOMPUTATION: changing things for the better-------

X-ray inspection unravels 
structural mysteries routinely, 
right at your workbench. 

Not only in life science and crime laboratories 
but in industrial workshops and labs of every 
kind,  X-ray inspection can solve problems that 
defy solution by any other method.  Often radio­
graphy is the only way to examine what's inside 
a sample without destroying it. To check the 
registration of a printed circuit board,  for 
example.  Or defects in a metal casting , the 
condition of an encapsulated component, the 
presence of microfossils in sedimentary rock, 
the morphology of an organ. 

Many investigators dismiss radiography as a 
practical tool because it has traditionally re­
qu ired bulky ,  expensive cabinets and a specially 
shielded room. Although this was once an ac­
curate assessment , radiography now is practical 
and convenient for any lab or workbench with 
the HP 4 3 80 5  cabinet X-ray system . 

The 4 3 80 5  is as easy to operate as an office 
copier. Place your sample and film in the 4 3 8 0 5  
cabinet and close t h e  door: t h e  machine tells 
you what voltage to set for best picture con­
trast,  automatical ly selects the correct exposure 
time, makes the exposure , and shuts itself off. 
You get a good radiograph on the first try , with­
out wasting film and without extens ive training.  

The HP 4 3 805 cabinet X-ray system gives you correctly 
exposed films automatically-like these radiographs of a 
defective printed circuit board and an aluminum casting. 

The 4 3 80 5  makes sharp prints of a variety of 
samples because it has a wide enough voltage 
range ( 1 0  to 1 3 0 kV) to assure excellent contrast 
with materials as thin as a postage stamp or as 
dense as a pistol.  Use Polaroid ® films for 
1 5 -second,  self-developed prints;  Kodak Indus­
trex 600 ® paper film; standard film in sizes 
up to 14 by 1 7  inches ; or ultra-high-resolution 
wet film for enlarg ement of micro-detail .  For 
quick inspections,  you can dispense with film 
entirely and use the optional fluoroscope and 
manipulator. 

Most important , you can use the 4 3 8 0 5  right 
in your lab or work area.  Just plug it into a wall 
outlet. Shielded to exterior radiation levels be­
low those specified by NB S Handbook 93 for use 
in populated areas , the 4 3 80 5  also has double 
safety interlocks that prevent operation with 
the door open. 
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With prices starting at $ 3 3 50 , *  the 4 3 80 5  brings 
the benefits of instant X-ray inspection into 
laboratories that could not previously afford it, 
and enhances its feasibility for classroom 
use. The optional fluoroscope starts at $ 3 00,*  
and the manipulator at  $ 1 5 0 . *  

Think what you can do with 
4.8 million bytes of memory in a 
desk-top computing calculator. 

The new HP 9880B Mass Memory has been 
developed specifically for the HP 98 3 0A Program­
mable Calculator , dramatically extending the 
calculator's storage and instruction capabilities.  

For instance ,  its 4 . 8  million bytes of storage can 
accommodate large-data-bas e  programs in statis­
tical analysis , structural design, and inventory 

control -programs that previously required a 
sizeable computer system. 

With the 9 8 3 0  calculator and Mass Memory , 
you have enough storage capacity, for example,  to 
store twenty or more years of rainfall and stream 
flow data for an entire river drainage system. And ,  
through random access ,  the ability t o  retrieve any 
part of this data rapidly. Thus expected runoff and 
flood levels under varying conditions can be pre-

H E WLETT � PACKARD 

S a l e s  and service from 172 off ices in  6 5  countr ies. 
Palo Alto. California 94304 

dieted , dam sites selected , and optimum dam 
sizes determined . 

With a disc drive of one fixed and one removable 
platter , the Mass Memory can store 2 .4 million 
8-bit bytes on eaeh platter-as much as can be 
stored on 3 8  magnetic tape cassettes. If you want 
even greater capacity, a second disc drive with 
two more platters can be added to the system. 
Because access is random, it is extremely fast. 
You can retrieve any 1 ,000-word program and 
load it into the 9 8 3 0  in just one second. A com­
prehensive BASIC language command set pro­
vided with the Mass Memory lets you access 
files by name using simple commands such as 
"read" or "print . " 

A full  line of p eripherals is available for the 
Programmable Calculator system: card readers , 
line printers , plotters,  digitizers , and tape punches. 
The lease price p er month for the 98 3 0A Calcula­
tor and 9880B Mass Memory starts at $890.  * 

For more information on these products 
write to us. Hewlett-Packard,  1 502 Page Mill 
Road , Palo Alto , California 94304.  

• Domestic USA prices only. 004 3 1  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -.. Mail to Hewlett-Packard. 1 502 Page Mi l l  Road.  Palo Alto. CA 94304 
• 

Please send me information on: 

( ) HP 43805 Cabinet X-ray System 

( ) HP 9830A Calculator 

( ) HP 98806 Mass Memory 

Name _________ Title _____ _ 

Company ______________ _ 

Address ______________ _ : 
City _______ State ___ Zip ___ _ 

. 
. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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