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In 1609 Galileo turned his telescopes toward the sky. His 

favorite—it was the fifth, finished within six months of the first 

trial—was about 5 feet long and had a lens about 2 inches in 

diameter. It magnified nearly thirty times and its light-gathering 

power was equal to about eighty human eyes. He called it “Old 

Discoverer,” and with it he saw mountains on the moon, phases 

of Venus, four moons of Jupiter, and stars innumerable beyond 

the limit of the unaided eye. 

It was then that the explorations of space began—the ex- 

plorations that have swept outward in wave after wave as tele- 

scopes developed, until in our time we study a region of space 

so vast that it may be a fair sample of the universe itself. Today 

there is nearing completion a new telescope, far more powerful 

than any previously made, and it is proper to consider its 

significance both as an engineering achievement, and as an in- 

strument for further explorations. With this end in view, I 

propose to discuss briefly the development of telescopes in gen- 

eral, the 200-inch in particular, and some of the problems it 

may help us to solve. 

Galileo’s optic tubes with single-lens objectives grew rapidly 

into telescopes from 20 to 25 feet long with lenses 2 to 3 inches 

in diameter. There the development stopped, for practical pur- 

poses, because of the engineering difficulties with still longer 

tubes. 

* Alexander F. Morrison lecture, delivered in Pasadena, California, 
April 8, 1947. 
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The longer focal lengths were considered desirable in order 

to oyercome color: difficulties. With a single lens, each different 

color was brought to a focus at a different distance from the 

lens. Hence the image, when focused for any particular color, 

was blurred by the out-of-focus images in other colors. The 

long telescopes represented an attempt to spread out the images 

of different colors over so long a distance that one color could 

be focused with minimum interference from the others. Tele- 

scopes 100, 150, and even 200 feet long were actually con- 

structed, with lenses from 3 to 6 inches in diameter. These 

monstrous instruments, however, were too unwieldy for use, 

and the real work during the first century and a half after 

Galileo’s time was done with the smaller telescopes. 

Finally, in the middle of the eighteenth century, the color 

problèm was solved by replacing the single-lens objective with 

a compound objective, each of whose separate components, made 

of different kinds of glass, canceled out most of the color effects 

of the other. These color-free (achromatic) lenses gave much 

better images and permitted the use of relatively short tubes 

for a lens of a given diameter. Telescopes immediately entered 

a new period of growth which culminated in the 40-inch lens, 

with a focal length of 63 feet, at the Yerkes Observatory in 

Wisconsin. The 40-inch was finished in 1892, and since that 

time developments have concerned lenses for special purposes 

rather than for greater light-gathering power. For technical 

reasons, it seems unlikely that larger lenses will be made in the 

foreseeable future. 

This greatest of all lenses had been ordered originally by a 

group of enthusiasts here in southern California in connection 

with a plan for a “University System.” The project did not 

fully materialize, and the unfinished telescope was bought and 

completed by the University of Chicago. 

The very large telescopes of recent times, in which light- 

gathering power is the most important consideration, are all 

reflectors, not refractors. The light is funneled to a focus, not 

by refraction through a convex lens but by reflection from a 

concave mirror. These telescopes are free from color effects 

because all colors are reflected in the same way. 
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The first reflector was made by Isaac Newton in 1672, in a 

deliberate effort to avoid the color troubles of single-lens re- 

fractors. His first model had a burnished metal mirror, about 

an inch in diameter, figured to a concave spherical surface, and 

mounted at the bottom of a tube about 6 inches long. The 

image, which would lie in the middle of the upper end of the 

tube, was thrown to the side by a small plane mirror set at 45 

degrees to the axis, just below the focus. Newton presented 

the toy to the Royal Society, where it may still be seen, sitting 

on a volume of his famous Principia. 

Although Newton’s reflector avoided the color problem, it 

suffered another defect, known as spherical aberration, arising 

from the spherical surface of the main mirror. It was not until 

fifty years later when Hadley, in 1722, found a method of 

parabolizing concave mirrors, that the development of reflectors 

finally got under way. About ninety years ago metal mirrors 

were replaced by glass, silvered on the front surfaces. In our 

time aluminum has been substituted for silver, low-expansion 

glasses have been developed, methods of parabolizing have been 

perfected, and engineering problems of constructing telescopes 

have been solved as they arose. 

The 40-inch refractor was installed at Yerkes under the 

direction of George E. Hale. He clearly saw that, regardless of 

the success of this telescope, the quest for still greater light- 

gathering power depended upon mirrors rather than lenses. 

Refractors were preferable for certain types of work (including, 

for instance, visual resolution of double stars, precise measure- 

ment of position, wide-angle photography, etc.), but for light- 

gathering power, with all that it implies, the future lay with the 

reflector. Because the reflections are from the front surfaces, 

transparency and absolute homogeneity of the glass are not 

demanded; the mirror may be supported from the back and 

sides, instead of from the rims alone as in the case of lenses, 

and, of course, there are no color effects. 

Hale took the lead in America in encouraging the develop- 

ment of large reflectors. A 24-inch of unusual perfection was 

made by G. W. Ritchey and installed at Yerkes. It proved so 

successful that plans for a 60-inch were immediately set in 
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motion. When Hale left Yerkes to establish the Mount Wilson 

Observatory, he was able to transfer Ritchey and the unfinished 

60-inch mirror to Pasadena, where the telescope was completed 

in 1908. The work of the 60-inch on Mount Wilson so fully 

justified the faith in larger reflectors that plans for a new one 

were immediately made, this time for a 100-inch mirror. This 

reflector, completed during the first World War, marked an 

important epoch in the history of astronomy. It is still the 

greatest telescope in operation. Four large reflectors with mir- 

rors from 60 to 84 inches have since been completed (two in 

Canada and two in the United States), and others, including a 

120-inch for Lick Observatory, are in process of planning or 

construction. 

The 100-inch opened up new fields of investigation of 

the very first importance, and furnished glimpses of even 

richer fields beyond. If more light-gathering power were avail- 

able, these more distant fields could be explored. In the face of 

this challenge the possibility of larger telescopes was the favorite 

topic of conversation among astronomers at Mount Wilson, and 

presumably at other places as well. We talked of 200 inches, or 

300, and even dreamed of still more light. One of the group, 

F, G. Pease, drew tentative designs for a 300-inch, and demon- 

strated that the engineering features were not impossible. 

Again Hale took the lead. Through his efforts funds were 

secured in 1928 in the form of a gift from the International Edu- 

cation Board to the California Institute of Technology for the 

establishment of an astronomical observatory and laboratory. 

An Observatory Council, with Hale as chairman, and with the 

greatest experts in the country as advisers, administered the 

details of the project. When Hale dropped out, Max Mason took 

over the chairmanship. It was decided that a 200-inch reflector 

was as bold a step beyond the 100-inch as could be justified dn 

view of the unknown problems, both optical and engineering, 

that might be encountered. Laboratories and shops were erected 

on the California Institute campus, a site for the observatory 

was found on Mount Palomar, a disk of pyrex glass was achieved 

by the Corning Glass Company, and the project proceeded 

steadily until it was interrupted by the war. Work was resumed 
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soon after V-J Day, and the telescope is now nearing completion. 

On Palomar, the dome and mounting have been ready for 

some time. Details of the drive and a considerable amount of 

gadgetry are in process of completion; all are scheduled to be 

ready when the great mirror is installed. 

The mirror also is in the final stages. John A. Anderson, 

who has guided the optical work from the start, tells me (as of 

early April) that the departures from a true paraboloid are now 

of the order of one-fourth of a wave length of light. This pre- 

cision might once have been accepted as good enough—but not 

in these days. The very delicate work will be pushed until the 

departures are down to a tenth of a light-wave—say a millionth 

of an inch—over the entire disk—and Anderson, I suspect, 

dreams of going below even that limit. 

But someday, before the summer is over, the figuring will 

be stopped and the mirror transported to Palomar. The trans- 

fer, however, is merely one more step toward completion of the 

telescope. A considerable amount of work not of an optical 

nature will be done on the mountain before the mirror, with its 

thin film of aluminum, is installed for the initial tests. Only 

then, sometime in the autumn, will it be possible to predict and 

schedule the date of completion. Meanwhile, we like to believe 

that some research may be started during the early months of 

1948. 

Once the telescope is in successful operation, the two observa- 

tories on Mount Wilson and Palomar will be merged. This 

merger will represent the complete co-operation between the 

Carnegie Institution of Washington and the California Institute 

of Technology in a common effort to enlarge our knowledge of 

the universe. There is no possibility of competition. Each 

telescope on the two mountains will be used in its proper fields. 

The proper fields for the 200-inch are determined primarily 

by its immense light-gathering power. Because adequate con- 

sideration of all the possible applications would require more 

time than is now available, I propose to limit the following 

discussion to three typical problems. These problems are, first, 

the existence of canals on Mars ; second, the relative abundance 

of the chemical elements in stars; and, third, the large-scale 
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structure of the universe. Each problem represents a particular 

aspect of light-gathering power, namely, resolution, dispersion, 

and depth penetration. 

As a brief introduction, let me comment on the telescope 

itself. The mirror intercepts a beam of light 200 inches or 17^4 

feet in diameter—in other words, it gathers as much light as a 

million human eyes, or four 100-inch reflectors. It funnels this 

light to an image at the primary focus, 55^4 feet in front of the 

mirror. There an image of the sky is formed such as you may 

see on the ground glass of a camera. This image may be exam- 

ined visually with a microscope, recorded on a photographic 

plate, analyzed with a spectrograph, or studied by other tech- 

niques. Actually, most of the work will consist of direct pho- 

tography or spectrum analysis. By using long time exposures, 

it is possible to photograph stars or nebulae several times fainter 

than can be actually seen in the eyepiece. For this reason, the 

200-inch is best described as a huge camera. 

Now let us consider some typical problems for the 200-inch. 

I will start with a problem concerning a member of the solar 

system. The telescope will not be turned on the sun because 

of temperature effects—in some ways it would act as a burning 

glass. Nor does it offer any unique advantages for the study of 

the moon. In that field it will serve merely to improve data 

of a kind that can be got nearly as well with several other 

telescopes. In the field of planetary photography, however, the 

opportunities are unique because, for the first time, it may be 

possible to photograph all that the eye can see with a telescope 

of moderate size. An immediate application is to the highly 

controversial question of canals on Mars. 

The canals are described as very fine, dark lines running 

along great circles, sometimes doubled, and often converging or 

crossing at spots called “oases.” Such fine, hair-like patterns, 

superposed on the background of large, well-known markings, 

have been recorded by various trained, visual observers, using 

telescopes of all sizes from 6 inches upward, during the whole 

of the past seventy years since Schiaparelli first reported them. 

The canal systems, if real, would almost necessarily imply the 

existence now or in the past of intelligent beings on Mars. 
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But other trained observers, again using telescopes of all 

sizes, report no trace of canals. E. E. Barnard, perhaps the 

greatest of the American visual observers, studied the planet 

over many years with the then largest telescopes in the world, 

including the 36-inch refractor at Lick, the 40-inch at Yerkes, 

and the 60-inch reflector at Mount Wilson, and, although he 

saw an immense amount of detail, he found no canals. 

The two groups of observers flatly contradict each other, 

and since the observations are personal impressions neither 

group can demonstrate the validity of its assertions. Evidently 

the controversy must be resolved by photography. Once photo- 

graphs are available on which the canals should appear if they 

are real features of the planet, the question will be settled be- 

yond reasonable doubt. The test has not been possible as yet 

because existing equipment, although closely approaching the 

required standards, does not actually fulfill them. The 200-inch, 

however, should meet all the necessary conditions and settle the 

question. 

The problem is as follows: Mars is a small object. The 

image at the primary focus of the 100-inch is less than Vie inch 

at the most favorable oppositions, and less than % inch at the 

long Cassegrain focus. In order to get an image large enough 

to serve as a critical test of fine markings (i.e., to make the 

resolution of the photographic plate comparable with the optical 

resolution of the telescope) it is necessary to use an enlarging 

lens. Thus the total light collected by the telescope is spread 

over a much larger, and correspondingly fainter, image. Further- 

more, because of the atmosphere on Mars, it is necessary to 

photograph the surface markings through deep orange or red 

filters, still further reducing the effective brightness of the image. 

The reduction is so great that photographs with existing tele- 

scopes require time exposures instead of snapshots. The ex- 

posures may be only a second (or even a fraction of a second, 

with the 100-inch) but they are long enough to permit the 

dancing or shimmering of the image to smear oüt the finest 

detail. 

You doubtless realize that a telescope magnifies the twinkling 

of stars along with everything else. Critical observations are 
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restricted to periods of maximum steadiness (good seeing, as 

it is called), and even then, the shimmer is appreciable under 

high magnification. The eye can “hold” an image under these 

conditions, but photography with time exposures is helpless. 

The shimmer smears out the fine details. It is for this reason 

that, in the case of fine markings such as the canals on Mars 

are said to be, the eye can see more than the photographic plate 

can record. 

However, the 200-inch will collect so much light that, for 

the first time, it will be possible to photograph enlarged images 

through filters with snapshots. These exposures will be short 

enough to catch a dancing image at the end of a flicker—when 

it is momentarily at rest as it reverses direction. If many ex- 

posures are snapped on a movie film, a certain percentage of 

them may be expected to record what the eye can see (at least 

with telescopes of moderate sizes). 

There is much more to the story, but it is too technical for 

the present discussion. But it can be said with some confidence 

that the 200-inch may settle the long-standing controversy con- 

cerning the canals on Mars. 

The second problem I have selected for discussion involves 

spectrum analysis. You know, of course, that light reaches us 

as a jumble of waves of all different wave lengths, each repre- 

senting a different color. It is possible, with prisms or gratings, 

to spread the colors out into an ordered sequence or spectrum, 

running from the long waves of the red to the short waves of 

the violet, and beyond in either direction. Such spectra of stars 

and nebulae show phenomena of profound significance at cer- 

tain particular wave lengths. Spectrum analysis involves the 

isolation and study of these particular regions. 

Your radio offers an analogy. With the tuning dial you run 

along the spectrum of radio waves and isolate a particular wave 

length in order to hear a particular station which is broadcast- 

ing on that wave length. 

If there were no tuning device, and you heard all programs 

at once with a nonselective receiver, the result would be bedlam. 

The step from such a nightmare to the clear reception of mes- 

sages from individual stations suggests the nature of the step 
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in astronomy from the study of integrated light to spectrum 

analysis. 

Light from stars and nebulae originates in atoms. There 

are as many kinds of atoms as there are chemical elements, and 

the atoms may have various stable states. Each stable state of 

each kind of atom represents a set of broadcasting stations, 

sending messages concerning the nature of the atoms and the 

physical conditions under which they exist. By tuning in and 

reading these messages, it is possible to identify chemical ele- 

ments, to determine temperatures, pressures, and other physical 

attributes, and even to measure motion in the line of sight (radial 

velocity). 

But in order to read the messages clearly it is necessary to 

achieve precise tuning—that is, to spread out the spectrum on 

the maximum possible scale. It is here that the great light- 

gathering power of the 200-inch offers new possibilities. 

The length over which a spectrum can be spread, and still 

remain bright enough to be photographed, depends upon the 

brightness of the object. The sun has been spread out over a 

spectrum about 50 feet long from red to violet; the brightest 

stars, over about 3 feet, and the faintest naked-eye stars over 

about one foot. The shortest spectra giving useful information 

are about of an inch long, and have been obtained from stars 

and nebulae about a hundred thousand times fainter than the 

faintest naked-eye stars. With the 200-inch, all the stellar and 

nebular spectra can be lengthened about four times, and conse- 

quently the analysis can be carried out much more precisely 

than was hitherto possible. 

One new held, now faintly glimpsed, can be explored rather 

fully. The important data are the relative abundances of the 

different chemical elements in different kinds of stars. These 

data are derived from the comparative study of the different 

stations (or lines) due to different chemical elements in a spec- 

trum, and require the longest practical spectra (the highest 

possible dispersion) for adequate analysis. 

There is reason to believe that more than 99 percent of the 

atoms in the universe are hydrogen. Even by weight, hydrogen, 

with the simplest and lightest of all atoms, probably contributes 
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a large fraction of the total matter in the universe. There are 

insistent suggestions that the relative abundance of hydrogen 

varies considerably from star to star. There is also some reason 

to suppose that the relative abundance of other elements does 

not vary widely in the stars, although the physical conditions 

of the stars do vary widely (from giants to dwarfs, from hot 

blue stars to cool red stars). The supposition rests mainly on 

negative evidence and requires further study with powerful 

instruments. 

It is believed that the 200-inch alone can adequately explore 

this field, now dimly outlined with existing telescopes. What 

is now suggested by analysis of three or four of the very 

brightest stars can be critically tested in these objects, and the 

study can be extended in a comparable way over a large sample 

collection of stars in general. We cannot predict the final results 

of the exploration. They may represent the next major chapter 

in the development of our knowledge of the universe, or they 

may prove to be relatively trivial. But the unexplored field 

looms as a challenge, and the challenge will be met. 

The data are immensely important because they bear directly 

on two very fundamental problems, namely, the source of stellar 

energy and the origin of chemical elements. 

Geologists, studying the history of the earth’s surface, assure 

us that the sun has been pouring out energy at a fairly constant 

rate over the last several hundred million years at least. Pos- 

sible sources for the unfailing supply were not only unknown 

but were unimagined, until the modern science of nuclear physics 

was developed. Now explanations may be sought over a wide 

range of nuclear reactions giving various lifetimes to stars up 

to the limit set by Einstein’s famous formula, 

energy = mass X (velocity of light)2 

For instance, if the whole of the sun’s mass were transformed 

directly into energy, the sun could radiate at the present rate 

for a million million years. But, if nuclear reactions supplied 

the energy, the possible lifetime (with the present rate of radia- 

tion) would be reduced according to the particular reaction 

involved. 
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The nuclear reactions, in general, produce the transmutation 

of elements—the old dream of the alchemists. The most plausible 

of the current theories concerning the source of the sun’s energy, 

proposed by H. Bethe, is based on the carbon cycle in which, 

because of the presence of carbon at temperatures found in the 

sun, hydrogen nuclei may combine to form helium, releasing 

energy in the process. One test of the theory is furnished by a 

comparison of the relative abundance of the different isotopes 

of carbon actually observed in the sun with the relative abund- 

ances involved in the carbon cycle. 

In a vaguely analogous way, it is possible to speculate on 

the building up of all elements from the primitive hydrogen 

atoms, and these speculations may be guided by the observed 

relative abundances of elements in stars of widely different 

physical characteristics. 

Thus the data on abundances, derived from large-scale 

spectra, bear directly on all theories concerning the source of 

stellar energy, the origin of chemical elements, the past history 

of the universe, and its future evolution. 

The third unique field of investigation for the 200-inch is 

cosmology—the structure and behavior of the universe as a 

whole. Astronomers hope that the observable region of space— 

the region that can be observed with telescopes—is a fair sample 

of universe, and they attempt to infer the nature of the universe 

from the observed characteristics of the sample. The 200-inch, 

because of its great light-gathering power, should penetrate 

into space about twice as far as the 100-inch, and consequently 

will permit us to explore a volume of space about eight times 

that now available. The probability that the observable region 

may be a fair sample of the universe will thus be greatly 

increased. 

It was the 100-inch that opened this new field and prepared 

the way for the new telescope. The picture developed rather 

suddenly during the 1920’s. The sun with its family of planets 

seems isolated and lonely in space, but we know that it is merely 

one of the stars—one of several thousand million stars which, 

together, form the stellar system. This system is a swarm of 

stars which drifts through space as a swarm of bees drifts 
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through the air. From our position somewhere within the sys- 

tem, we look out through the swarm of stars, past the boundaries, 

into the universe beyond. 

Those outer regions are empty for the most part—vast 

stretches of empty space. But here and there, scattered at 

immense intervals, we find other stellar systems comparable 

with our own. They are so remote that individual stars can be 

seen only in a few of the nearest systems. In general they appear 

as faint patches of light, resembling tiny clouds, and have long 

been called by the Latin word for clouds—that is, “nebulae.” 

We now know that these nebulae are huge stellar systems 

averaging about a hundred million times as bright as the sun. 

They are the true inhabitants of space—vast beacons that serve 

as landmarks for the exploration of the universe. We see a few 

that appear large and bright. These are the nearer nebulae. 

Then we find them smaller and fainter in constantly increasing 

numbers, and we know we are reaching out into space farther 

and ever farther, until, with the faintest nebulae that can be 

detected with the largest telescope, we have reached the frontiers 

of the observable region. 

This region has been explored with the 100-inch out to dis- 

tances so remote that light, speeding at 186,000 miles per second, 

requires five hundred million years to make the journey. Thus 

the observable region at present is a sphere, centered on the 

observer, with a radius of about five hundred million light-years. 

Throughout this sphere about a hundred million nebulae are 

scattered, each a stellar system comparable to our own system 

of the Milky Way. 

The study of this observable region ás a sample of the uni- 

verse has led to the recognition of two large-scale features. The 

first feature is homogeneity. The nebulae are scattered singly, 

in groups, and even in great clusters, but when very large vol- 

umes of space are compared, their contents are found to be quite 

similar. On the grand scale, the observable region appears to 

be very much the same, in all directions and at all distances. 

The second characteristic is the fact that light-waves from 

distant nebulae seem to grow longer in proportion to the distance 

they have traveled. It is as though the stations on your radio 
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dial were all shifted toward the longer wave lengths in propor- 

tion to the distances of the stations. In the nebular spectra the 

stations (or lines) are shifted toward the red, and these red-shifts 

vary directly with distance—an approximately linear relation. 

The red-shifts are most easily interpreted as evidence of 

motion in the line of sight away from the earth—as evidence that 

the nebulae in all directions are rushing away from us, and that 

the farther away they are, the faster they are receding. This 

interpretation lends itself directly to theories of an expanding 

universe. The interpretation is not universally accepted, but 

even the most cautious of us admit that red-shifts are evidence 

either of an expanding universe or of some hitherto unknown 

principle of nature. 

The two observed characteristics of the observable region, 

namely, the approximately uniform distribution and the approxi- 

mately linear law of red-shifts, must be satisfied by any theory 

of the universe. They are the only observational results on the 

grand scale that can be used as tests. They serve to eliminate 

many theories formerly developed on insufficient data, but sev- 

eral modem theories survive the tests. These latter theories all 

permit the observed features in a limited region near the observer 

but they predict that departures from the simple approximate 

laws of distribution and of red-shifts will be found when the 

measures are extended to greater distances. These departures 

differ from theory to theory, and, if the measures can be extended 

to the necessary distance, will distinguish the correct theory from 

the false. 

Thus the most important observational problems in cosmol- 

ogy may be described as the small, second-order effects of great 

distances. The nebulae appear to be distributed in a roughly 

uniform manner and the red-shifts appear to be roughly pro- 

portional to distance, out to the limits of the 100-inch. The 

next step is to determine these features more precisely over the 

limited range of the 100-inch and approximately out to far 

greater distances. 

Attempts have been made to attain the necessary precision 

with the 100-inch, and the results appear to be significant. If 

they are valid, it seems likely that red-shifts may not be due to 
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an expanding universe, and much of the current speculation on 

the structure of the universe may require re-examination. The 

significant data, however, were necessarily obtained at the very 

limit of a single instrument, and there were no possible means 

of checking the results by independent evidence. Therefore the 

results must be accepted for the present as suggestive rather than 

definitive. 

The problem is essentially one for the 200-inch. This new 

telescope will penetrate into space out to a thousand million 

light-years, and the second-order effects of great distance will 

be so conspicuous that they cannot be missed. 

As a particular and final example, let me mention the effects 

of increasing red-shifts on apparent brightness. It is well known 

that a rapidly receding light appears fainter than a similar, but 

stationary, light at the same momentary distance. The reason 

is that the stream of light-quanta from the moving light is 

thinned out by the recession so that fewer quanta per second 

reach the observer. Since brightness is measured by the rate 

of arrival of quanta, the receding light appears abnormally faint. 

Actually the dimming factor (the reduction of apparent 

brightness) is a simple fraction represented by velocity of reces- 

sion divided by the velocity of light. Recession at %oo the 

velocity of light reduces the apparent brightness by one percent ; 

at %o the velocity of light, by 10 percent, and so on. Thus the 

effects of recession would be negligible until velocities of several 

hundred miles per second were reached. The effects would be 

appreciable at a few thousand miles per second, and conspicuous 

at several tens of thousands of miles per second. 

If red-shifts are evidence of actual recession, the dimming 

factors should become appreciable near the limits of measure- 

ment with the 100-inch and should be conspicuous near the limit 

of the 200-inch. At the very limits of direct photographs with 

the 200-inch, the factor should approach the order of 40 to 50 

percent, and should be unmistakable. 

We may predict with confidence that the 200-inch will tell 

us whether the red-shifts must be accepted as evidence of a 

rapidly expanding universe, or attributed to some new principle 

of nature. Whatever the answer may be, the result will be 



THE 200-INCH TELESCOPE 167 

welcomed as another major contribution to the exploration of 

the universe. 

I have mentioned the three specific problems of canals on 

Mars, relative abundance of chemical elements in stars, and 

the nature of the red-shift, because they illustrate the unique 

powers of the 200-inch telescope in three aspects, namely resolu- 

tion, dispersion, and space penetration. 

Because these problems are of first importance, and can be 

solved, they, together with others of a similar kind, will be 

included in the initial research programs. The solutions of these 

problems alone will fully justify the construction of the telescope. 

But such a program is merely a logical beginning—the first 

carefully considered stage in the exploration of vast unknown 

regions of the universe. As the darkness is pushed back, greater 

problems will doubtless emerge which we cannot now foresee. 


