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The Chemistry of Synthetic 
Resins. In Two V ols. 

By CARLETON ELLIS 

SY'ITHETIC RESINS have in very recent years devel­
oped a sizable and important industry_ In spite of that 
fact, the literature on the subject has been slow in 
coming_ Here at last is a two-volume set which totals 
over 1 600 pages of information on all phases of 
chemistry relating to these new products_ Types of 
synthetic resins, their uses, chemistry, and manufac­
ture are fully covered_ An indispensable set for the 
advanced chemisL-Both VoIs- $20.00 postpaid. 

Photo-Electric and Selenium 
Cells 

By T. J. FIELDING 

PHOTO-SENSITIVE cells of various types have found 
so many applications in science and industry that it 
is surprising that a greater literature has not yet 
grown up about them. The present book contains 
a chapter on home-made selenium cells, devotes some 
space to home experiments, and touches briefly upon 
the many applications of photo-cells in general. 140 
pages with a comprehensive index.-$1.90 postpaid. 

-<+-------------------------.+--- ---------------------------+>0 
If You're Going to Drive Fast 

By RAY W. SHERMAN 

DRIVERS of cars are egotists_ Each thinks he knows 
how to drive better than the other fellow. Each would 
learn much, however, through a quick reading of 
this ISO-page book which deals with all phases of 
good driving and safety on the road. It does not 
recommend fast driving but it indicates that speed. 
of itself, is not dangerous, and sets forth ways and 
means to inject a greater amount of safety into the 
ever-faster driving of our time. Captain Edward V. 
Rickenbacker has written an introduction in which 
he says: "I believe it is the obligation of every car 
driver and owner to become acquainted with this 
book. ... "-$1.15 postpaid. 

Unsolved Problems of 
Science 

By A. W. HASLETT, Cambridge Univ., England 

IT IS the author's claim, and it is probably true, that 
the unsolved puzzles of science are fully as intrigu­
ing as the things science has definitely settled. His 
book covers these unsolved puzzles in the sciences 
of cosmology, geology, meteorology, anthropology, 
biology, physics, and mathematics. The style of writ­
ing is excellent, the author's scientific information is 
broad and accurate. He seems to be as fully aware 
of the important researches in science on this side 
of the Atlantic as the other. One of the best books 
we have seen on current advances in science.-$2.15 
postpaid. 

*+-----------------------+ ------------------------+>0 

-<+-

Getting Acquainted with 
Minerals 

By GEORGE LETCHWORTH ENGLISH 

Now that the mineral collecting hobby is spreading 
so rapidly we are beginning to see some good books 
and magazines about it. This book is aimed spe­
cifically at the amateur collector and it tells him how 
to go about collecting-what to do and what not 
to do. With this information is combined a general 
elementary treatise on crystallography and miner­
alogy-all prepared by an author who has been an 
outstanding mineral collector and a scientist as well 
as lifelong collector. A really practical book, with 
257 illustrations and 307 pages of text.-$2.65 post­
paid. 

Why We Don't Like People 
By DONALD A. LAIRD 

IT MATTERS little how much you know, how good­
looking you are, how much money you have, if you 
are out of tune with the people and things about you. 
If you are "maladjusted"-a social or business misfit 
-you can't go far in this world. The author has pur­
posely written this volume in non-technical language 
so that the layman who has never had guidance in 
analyzing his own failures and shortcomings will find 
this book interesting and helpful.-$2.65 postpaid. 

-------------------------------------+ ------- -------

Handbook for the Amateur Lapidary 
By J. HARRY HOWARD 

HERE at last is something of a real book on a subject concerning which there have been 
little more than pamphlets, and mighty few of these. One of these was the one dollar sketch, 
"The Working of Semi-Precious Stones," by the same author, who also wrote, in Scientific 
American, March, 1 932, an article on amateur lapidary work or gem polishing. Howard's 
newest book now provides practical instruction in all kinds of gem cutting for the beginner 
and for the advanced amateur. Its accent is on the practical, for this is a real shop book that 
tells not merely a lot of generalities about lapidary work but actually how to do it, how to 
set up the rig to do it with, and even where to get the parts of that rig. Lapidary work was 
much of a trade secret till Howard bored in, learned the methods and, by means of his books, 
turned the secrets into a fascinating hobby for everybody.-$2.15 postpaid. 
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50YEARsAco IN • • • 

(Condensed From Issues 01 May, 1886) 

P ANAMA CA NAL-"When M. De Lesse ps and h is party inspected 
the Panama Canal , in Fe bruary , they were accompan ied by Mr. 
John Bigelow , as the representat ive o f  the New York Cham ber of 
Commerce. Mr. B igelow states t hat it is impossi ble to say what the 
final cost of the work will be , or when it can be com pleted. Mr. 
B igelow regards the canal as an undou bted p oss ibil ity if sufficient 
funds be prov ided , but he ventures no opinion as to whether they 
will be, or what sum or w hat amount of time would be necessary 
to complete the work." 

DEEP FO UNDATION -"The locat ion of the Hawkes bury River 
railroad bri dge near S idney , Austral ia is one that demanded ex­
traord inary work , not in regard to the su perstructure , but in rela­
tion to the foundations for the 
piers _ The total height from the 
bottom of the piers to the ra ils 

w ill be 227 feet. S inking piers to 
such a great depth has never been 
attempted, even in th is age of 
wonderful engineer ing. Like most 
of the methods of American en­
gineers , the chief character istic of 
these plans , as now contemplated , 
is simplic ity. The outer tu be of th e 
caisson is o blong in plan , being 
20 feet w ide by 48 feet long. 
Within the outer tu be are placed , at equal distances apart , three 
cylinders or dredging tu bes , 8 feet in d ia meter _ The lower part of 
these tubes is extended to meet the cutting edge. The space be­
tween these tu bes w ill be filled w ith concrete as the cylinder .sinks. 
After the c ylinder has reached a sol id resting place, the three inner 
dredging tu bes will also be filled w ith cement , thus making a pier 
of solid cement from the bottom to the water level." 

GA S T AN KS-"The famous South Metropolitan Station gas holder , 
of London, 2 1 4 feet in d iameter , over 150 feet high, and 5 ,500,000 
cu bic feet capacity, long held its position as the largest in the 
world . It has now been ecl ipsed by a pa ir of holders erected re­
cently at the Birmingham (Eng. ) Corporat ion Gas Works. Each of 
these is contained in a ta nk 2 40 feet in d iameter , is sa id to be 
150 feet high, and to hold 6,400,000 cu bic feet." 

SA W-"A saw wit hout teeth , th at 
minutes, is in operation at the 
Central Hudso n shops , in Green­
bush , N. Y. The disk is made 

w ill cut a steel ra il in two 

SP A NIS H W ARS HIPS -"The Spanish Government have contract­
ed with Messrs. Yarrow & Co. , of Poplar , for the construction of 
two first-class torpedo boats of the Falke type. The speed in fight ing 
tr im ,  carrying 17 tons on board , is guaranteed to be 23 knots , and 
when runn ing l igh t 25 knots , or a bout 26 � and 28 % m iles per hour." 

HEALT H-"The great quest ion of the day is not th is operation or 
that , not ovar iotomy or l ithotomy , or a h ip jo int amputation , which 
have reflected so much glory upon Amer ican med ic ine , but preven­
t ive med ic ine , the hyg iene of our persons , our dwellings, our streets , 
in a word , our su rround ings , whatever or wherever they may be , 
whether in city , town , hamlet , or country , and the esta blishment 
of effic ient tow n a nd state boards of health." 

"AMERICA'S" C UP-"The yacht Atlantic was successfully launch­
ed on May 1. The new cl ipper has been bu ilt after the designs of 
Capta in Ph il ip Ellsworth by a sy nd icate of yachtsmen composed of 
prominent mem bers of the Atlantic Yacht Clu b. The purpose of 
her ex istence is the def ense of the America's cup , jor w hich the 
Br it ish cutter Galatea is now the avowed competitor. " 

G UN MO UNTS -"Capta in W. H. Bix by ,  Corps of Eng ineers, U. S. 
Army , proposes to replace the present slowly bu ilt , d ifficultly 
moved , d ifficultly releveled masonry foundat ions for heavy guns 
behind eart hen parapets by rap idly constructed , eas ily moved , easily 

re leveled wrought iron foundations , to rest on cross girders or 
sleepers em bedded in the earth of the terre-plein, and prov ide d with 
a front parapet anchorage sufficient to res ist al l d irect recoil." 

ELE CTRIC WOR KS-"The remarka ble inventions of Mr. Charles 
F. Brush have been made ava ila ble and remunerative by the Brush 
Electric Company , who are the sole owners of all his patents. This 

com bination of inventive genius 
and business sagac ity has , within 
the last decade , .done much to 
revolution ize the artificial illumi· 
nat ion of the wor ld, and built up 

a business in whose various 
branches more than $25,000,000 
are now invested. The entire area 

occupied by the bu ildings is about seven acres. In the main shop 
are manufactured the dynamos , arc lamps , and indeed all other 
apparatus requ iring the use of mach inery. The heav ier machines , 

such as the planers , drill presses , 
lathes, some of them being very 
ponderous, are all placed on 

of Bessemer steel , and runs at a 
ver y high rate of speed. While 

AND NOW FOR THE FUTURE sol id stone foundations. " 

in operation a band of fire en­
circles the saw , and the many 
sparks flying from the revolving 
disk rese mble a d isplay of pyro­
technics. A sm all stream of wa -
ter c ools the sa w wh ile in mo­
tio n. By this plan one saw will 
c ut nearly 3000 ra ils before it 
is worn out. " 

STAMPS -"Mr. Patrick Chal­
mers, o f  Wim bledon , has issued 
a pamphlet claiming that h is 
father , James Chalmers , book­
seller, Dundee , was the inventor , 
in the month of August , 1834, of 
the adhesive postage stamp. " 
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ClCThe Truth About Smoking: A Critical Summary of 
Scientific Findings. 

ClCCalling on the Black Widow Spider : Intimate Ob­
servations of Her Home Life. 

ClCStrange and Interesting Facts Regarding the Human 
Brain and Its Versatility, by Prof. G. H. Estabrooks. 

ClC"The Road to Empire", by Jotham Johnson: The 
Results of Archeological Excavations in Modern Italy. 

ClCAccomplishments of Amateur Telescope Makers: 
Some of the Excellent 12-Inch Instruments Produced. 

ClCEngineering Activities at the Site of the Fort Peck 
Dam Now Building. 

TELESCOPES -"A long article 
is contr ibuted to Ciel et Terre, 
in wh ich the writer mainta ins 
that the real inventor of the 
telescope was John Lippershey , 
a spectacle maker at M iddle­
burg (Netherlands ) , who was 
born in Wesel , Germany. James 

Metius , who, according to Des­
cartes , has be en regarded as the 
inventor , wrote on the 17th of 
Octo ber , 1608 , to the Provinces 
of Holland , stating that he , as 
well as the specta cle maker of 
M iddle burg , was manufacturing 
the instrument tha t brings o b­
jects near ." 



Personalities 
• 

In 

Science 

STRETCHED along several blocks of 
Manhattan's eastern waterfront is a 

semi-isolated string of low buildings 
whose corridors smell of antiseptics_ 
Here, near the heart of a great com­
munity, yet strangely detached from its 
noise and too vibrant atmosphere, a 
corps of white-coated biologists of plain 
appearance and simple manner works 
day by day on some of the more funda­
mental problems of biology and medi­
cine-problems often of the kind which 
cause unintelligent men and women to 
throw down their newspapers in disgust 
and ask what earthly good could come 
of such absurd experiments_ 

But the Rockefeller Institute for Medi­
cal Research does not explain_ It does 
not need publicity, and is beholden only 
to the fact that it knows what it is do­
ing. All its energies are turned, instead, 
to the prosecution of its work. Later on, 
the outcome of the "absurd" experi. 
ments, trickling dow,n through to physi­
cians, will doubtless touch that same 
man and woman's lives in some vital, 
practical way, and if that happens, per­
haps it is enough. In science, one ad­
vance cannot be pursued with much 
hope of success until previous "log 
jams" are unsnarled. The Rockefeller 
Institute's business is to unsnarl log 
jams. 

Among the scientists at "The Insti­
tute," none is so very widely known, so 
frequently discussed, none has become 
such a tradition in the outside world, 
as a stocky, brachycephalic Frenchman, 
Dr. Alexis Carrel, whose age will short­
ly be 63. Yet seldom is Dr. Carrel seen 
in public life. His work is done in quiet 
and modest simplicity. In "American 
Men of Science," the special who's who 
of the scientific world, Dr. Carrel's life 
work is summarized in a mere 7% mod­
est lines-less than many a lesser man 
-for he wrote the summary himself. He 

states his special interests in science 
simply as "experimental surgery; bi­
ology." Each of these covers a vast ter­
ritory. 

"Chicken hearts -isn't he the scientist 

DR. ALEXIS CARREL 

who has kept a chicken's heart alive for 
ten years?" This is what the average 
man most quickly links with Dr. Carrel. 
But the truth is that Dr. Carrel has kept 
a chicken heart not only alive but beat­
ing in a glass tube of nutrient solution, 
and constantly growing, for 24 years, 3 
months. That small, famous portion of 
chicken giblets seems to be well on its 
way to immortality, both in a literary 
and literal sense. 

But such experiments are more -far 
more -than an interesting stunt; they 
throw significant light on two big prob­
lems, one purely scientific, the other 
purely practical. The biggest, likewise 
the most fascinating, problem of bio­
logical science is to answer that bafRing 
question, "What is life? ," also its corol­
lary, "Is life a purely physical and chem­
ical phenomenon or is it something more 
(vitalism)?" Secondly, the practical, 

immediate problem of human beings 
growing old. Just what is growing old, 
anyway? More facts must be learned 

before we can fully answer this question, 
but Dr. Carrel has done this much: by 
introducing different chemicals into 
those bits of tissue of which he has 
several which are junior to the one aged 
24 years, he found not only how tissues 
grow old, but evidence that indicates 
that if tissues were kept cleansed of 
waste, they would never grow old. 

In 1912 Dr. Carrel received the Nobel 
Prize for Medicine in recognition of his 
technique for growing tissues outside of 
the body. His researches point to the 
future possibility of transplanting live 
organs from one organism to another. 
As we do not die all over at the same 
instant, some organs outliving others by 
minutes or hours, and the skin some­
times by still longer, organs may some 
day be transplanted from persons who 
have died in part to living persons who 
require new ones. 

Researches like these dig deep into the 
very foundations of things. They are ba­
sic. And they sometimes change history. 
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THE above sketch, made by R. W. Porter after 
the latest engineering designs under considera· 

tion, gives the best idea now available of the probable 
appearance of the 200-inch telescope_ A one tenth 
scale steel model of this type, built in the Instrument 
Shop of the California Institute, is nearly ready for 
rigorous tests for flexure, torsion, and so on. Bearing 
tests are already under way. The telescope tube will 
be more than 20 feet in diameter and 60 feet long, 
stiff enough to carry an observer at the upper end 
without flexure. As the total weight of the moving 
parts will be about 425 tons, the perfection demanded 
of the bearings, driving mechanism and all controls 
and auxiliary apparatus is obvious. The telescope 
will be suitable for many classes of work. Probably 
its chief use will be for the study of the faint extra­
galactic nebulae and the spectroscopic investigation, 
with the highest dispersion, of the brighter stars of 
our own galaxy.-George E. Hale. 



Changing observers at the primary focus of the 200-inch telescope 

THE 200-INCH TELESCOPE 
IT was an oppressive August evening 

at Rochester in 1892, and a group of 
us had flocked out on the sidewalk, to 

escape the hot rooms of the hotel. A 
prominent figure in the company was 
Alvin G. Clark, who still carried on his 
father's well-known optical shop at 
Cambridgeport. He was telling of a re­
cent experience, to which I listened in­
tently. A plan for a large refracting 
telescope in Southern California had 
failed for lack of funds. However, the 
excellent 40-inch disks of optical glass, 
ordered for this purpose from Mantois 
some years before, had been completed 
and were then in Clark's shop. Did any­
one know of a purchaser ? 

I had come down to the American 
Association meeting from the Adiron­
dacks, where my wife and I were spend­
ing a short vacation. Fly-fishing for 
trout, though a favorite sport, had not 
been entirely free from dreams of a 
large telescope, which I needed to pur­
sue my plans for solar research. We 
had visited the Lick Observatory two 
years before, and I was still under the 
spell of the great 36-inch refractor, first 
dimly seen reaching toward the heavens 
in a huge dome lit only by the compari­
son spark of Keeler's spectroscope, with 
which he was engaged in his classical 
researches on the radial motions of the 
planetary nebulae. 

I had been offered the use of the Lick 
telescope at that time for the develop­
ment of the spectroheliograph, which J 
had begun at my small spectroscopic 

Observatory Design ... A New Astrophysical Ob­

servatory . . . The Great Reflecto r . . . Auxiliary 

Devices . . . Purpose of the New Observatory 

By G E O R G E  E. H A L E  
Honorary Director, the Mount W ilson Observatory of the 
Carnegie Institution of Washington. Chairman of the Ob­
servatory Council of the California Institute of Technology 

laboratory and observatory at Kenwood 
( Chicago ) in the previous year. But the 
installation of a 12-inch refractor at 
Kenwood seemed the wiser plan, and 
with this the spectroheliograph was 
completed and brought into daily use 
for the photography of the solar prom­
inences and the calcium flocculi early in 
1892. 

AFTER hearing Clark's story I lost 
11.. little time in returning to Chicago, 
where I combed the financial district 
in vain. However, a suggestion by Mr. 
Charles Hutchinson, a trustee of the 
nascent University of Chicago, led to a 
visit by President Harper and myself to 
Mr. Charles T. Yerkes, who promised 
to give the 40-inch objective, subse­
quently a Warner & Swasey mounting, 
and finally a building at Lake Geneva 
for the Yerkes Observatory. As one of 
the comparatively few surviving mem­
bers of the first faculty of the University, 
I look back upon this experience with 
pleasure, in spite of the troublesome 

task of raising the funds for site, equip­
ment, and maintenance. 

This task was essentially completed 
in 1902, when a new possibility pre­
sented itself. The Carnegie Institution 
of Washington, established in that year, 
considered several projects in as­
tronomy. One of these was an astro­
physical observatory, for which a com­
mittee of three ( Lewis Boss, Campbell, 
and the writer ) ,  selected a provisional 
site on Mount Wilson, near Pasadena. 
As a special gift, expected by the trus­
tees for this purpose, did not then ma­
terialize, I began some inexpensive ex­
periments on the mountain in the win­
ter of 1903-04, with instruments bor­
rowed from the Yerkes Observatory. 
The results led the trustees to appro­
priate 10,000 dollars for a continuation 
of the work. A few months later further 
funds became available and the original 
project was provided for. 

How to design an observatory, wheth­
er large or small, is a many-sided prob­
lem. I had encountered it in elementary 
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form as a boy, when I began my first 
amateur work in chemistry, physics, 
microscopy, photography, spectroscopy, 
and astronomy. Each of these subjects 
delighted me, and I have found all of 
them of use in later life. Concentrating 
my attention when about 15 on spec· 
troscopes and telescopes, I used my 
other tools and instruments, many of 
them home· made, as auxiliaries. The 
value of bringing fixed and sharply de· 
fined celestial images into the labora· 
tory, for study with the most powerful 
spectroscopes I could obtain, was ob· 
vious, though this method had been 
little used. For certain kinds of work, 
however, a moving equatorial telescope, 
with photographic or spectroscopic ap· 
paratus attached, was more desirable. 
Both schemes were tested at Kenwood, 
and from this experience the Yerkes 
Observatory was designed. 

THE conditions at Lake Geneva and 
Mount Wilson were nevertheless 

very unlike. The Yerkes Observatory 
sprang from a lucky chance, which in 
considerable degree determined its 
character. Its chief instrument must bc 
the 40·inch refractor, admirably adapted 
for some types of solar and stellar reo 
search, but not suitable for others. It 
could not be too far from the University 
of Chicago, though many other possible 
sites within the same radius were 
studied before Lake Geneva, Wisconsin, 
was selected. Its building must be a 
single one, of rather ornate construc­
tion, to mcet the wishes of the donor. As 
for its miscellaneous instrumental equip­
ment, nearly all had to be built in our 
own shops,· except the useful nucleus 
supplied from the Kenwood Observa­
tory. The reader might be amused if I 
were to recount the many expedients 
by which small gifts were obtained. A 
typical instance of necessary economy 
was the purchase of the large portrait 
lenses ( old Voightliinder type ) ,  em­
bodied iIi the Rumford spectrohelio­
graph, from a pawnshop in St. Louis ! 

The staff was necessarily organized 
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slowly, as small gifts were secured here 
and there for salaries. Its character was 
defined by the possibilities of our in­
struments and resources, rather than by 
the needs of a homogeneous and well­
ordered plan of research. But we never 
failed to get the best men obtainable, as 

The base or turn-table on which the 
disk will be ground, polished, figur­
ed and tested, ready to be lifted to 
the spindle of machine shown below 

those who recall its composition will 
agree. 

Mount Wilson offered a very different 
condition of affairs. The site was se­
lected after an extensive survey in 
California, Arizona, and Australia, 
made by one of the most experienced 
double-star observers at the Lick Ob­
servatory. The late Professor Hussey, 
whose admirable report on this survey 
may be found in an early publication of 
the Carnegie Institution of Washington, 
knew good seeing when he found it. The 
initial scheme of research, worked out 
in a homogeneous way after 15 years of 
planning and investigation at the Ken­
wood and Yerkes Observatories, in­
volved a physical and astronomical study 
of stellar evolution, giving special at­
tention to the sun as the only star near 
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enough to be analyzed in detail. Instead 
of doing what we might with a single 
large refractor, the various telescopes 
were designed to meet the observational 
needs in view. Novel difficulties of many 
kinds must be overcome, partly because 
of the choice of a rugged mountain, ac­
cessible only by narrow trails, and part· 
ly because of the uncertainties involved 
in the use of new types of instruments, 
such as large coelostat telescopes suit­
able for long exposures on the sun. Va­
rious papers in the A strophysical lour· 
nal tell how these problems were solved. 

Of course, as is almost invariably the 
case, the financial problem was the most 
serious, at least for nearly a year. Af­
terwards it disappeared for some time, 
until it was revived in a still more seri­
ous sense when it became necessary to 
find more than half a million dollars to 
mount and house the IOO-inch mirror 
provided for by Mr. Hooker of Los 
Angeles. Later the generosity of Mr. 
Carnegie came to the rescue, and this 
telescope has proved to be the most 
powerful instrument of its kind. 

AFTER I had felt forced by repeated 
.tl illness to resign the directorship at 
Mount Wilson, some isolated place for 
continued research became necessary as 
my health gradually improved. I began 
work in a crude wooden hut on the 
grounds near my house, and succeeded 
in developing the first promising spec­
trohelioscope. As soon as I was able to 
perfect this instrument under the bet­
ter conditions afforded by my solar 
laboratory ( about the size of the old 
Kenwood Observatory) ,  erected for me 
on the edge of the Huntington estate, I 
realized its new possibilities. Hence· the 
designs of spectrohelioscopes pub­
lished in Scientific American and the 
improved standard form described in 
the Astrophysical lournal. This com­
prises a complete small solar observa­
tory, and is in daily use by amateurs 
and professionals in many parts of the 
world. It is mentioned here because it 
illustrates some of the possibilities of 

The table shown in the illustration at the top, in place 
on the large machine in which the mirror will be made 

The working mechanism of the machine, run off, showing 
the turn-table (ultimately to be the base of the telescope) 
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small special instruments for produc· 
tive research. 

In 1927 I was asked by the editor of 
Harper's Magazine to contribute an 
astronomical article. "The Possibilities 
of Large Telescopes" seemed an attrac­
tive subj ect, so I described some possi­
bilities suggested by the Mount Wilson 
experience. A proof of this paper, sent to 
Dr. Wickliffe Rose, then President of 
the General Education Board, led with­
in a few weeks to a gift to the Cali­
fornia Institute of Technology for a 
200-inch telescope and a complete astro­
physical observatory, with laboratories, 
shops, and auxiliary equipment. 

Although I had been a trustee of the 
California Institute for many years, I 
was still a member of the Mount Wilson 
staff, and had not the faintest idea of 
establishing a new observatory for the 
Institute when I wrote to Dr. Rose. I 
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Institute and the Mount Wilson offices 
and laboratories. An astrophysical 
laboratory on the grounds of the Insti­
tute will provide space for this staff, with 
such laboratories as will adequately sup­
plement those already available. Near 
at hand, also on the Institute campus, 
are the necessary instrument and op­
tical shops. These are also equipped so 
as to supplement the corresponding 
shops of the Mount Wilson Observatory, 
which are still as busy as when they 
were erected in 1904. 

The 200-inch telescope is being de­
signed so as to reach all parts of the 
heavens seen from our latitude, and will 
be provided with a variety of auxiliary 
apparatus. Several types of mounting 
have been studied, and investigations are 
still in progress on the final model. A 
satisfactory type of tube has been de­
signed and rigorously tested in the form 

Close-up detail of the high-speed 
spindle and· 48-inch grinding tool 
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Convex mirrors, to trans­
form the telescope instantly 
into the Cassegrain or coude 
form, will be mounted below 
the principal focus. One of 
these, when turned into posi­
tion by an electric motor, will 
give a large and well-defined 
star field below the perforated 
200-inch mirror, where direct 
photographs or spectrograms 
can be taken. 

had hoped that the 200-inch, 
if it could be obtained, would 
be given to the Carnegie Insti· 
tution for the use of the Mount 
Wilson Observatory, but Dr. 
Rose thought otherwise. The 
Carnegie Institution and the 
California Institute had worked 
in co-operation for years, but 
it could not be denied that the 
needs of the graduate school of 
the Institute, combined with 
the facilities offered by its very 
able staff and its physical and 
chemical laboratories, offered 
new and promising possibili­
ties. However, if another ob­
servatory was to be provided, 
a special problem of organiza­
tion and design was evidently 
called for. 

The high-speed spindle attachment and 48-inch grind­
ing tool attached to the 200-inch grinding machine 

A special attachment, to be 
used for the first time with the 
200-inch telescope, will be a 
pair of cradles parallel to the 
polar axis, hung on opposite 
sides of the (hollow) declina­
tion axis, and so geared that 
they will hold any instrument 
in a vertical plane as the polar The Mount Wilson Observa-

tory, with its three solar telescopes, its 
60-inch reflector, its 100-inch reflector, 
and several other major instruments on 
Mount Wilson, aided by its laboratories, 
computing division, and shops in Pasa­
dena, was at the height of its efficiency, 
and any solution adopted evidently 
should not interfere with its future re­
searches. The equipment of the new ob­
servatory must therefore be designed so 
as to supplement, rather than to dupli­
cate, the astronomical and physical in­
struments and other facilities already 
available, and a closely co-operative 
scheme of research must be devised. 

The solution was simple, and I pre­
pared a general outline in New York as 
soon as I found that the desired co­
operation between the two institutions 
could be arranged. Dr. Adams, my suc­
cessor as director at Mount Wilson, felt 
that a better site could be found under 
present conditions for the 200-inch tele­
scope, and a search lasting several years 
has recently resulted in the selection of 
Palomar Mountain, in San Diego Coun­
ty. The headquarters of the staff will be 
in Pasadena, in touch with the California 

of a one tenth scale model, and atten­
tion is now centered on the kind of bear­
ings best adapted to support the north 
end of the (yoke) polar axis. The ratio 
of focal length to aperture decided 
upon is f /3.3, to permit the faintest and 
most remote extra-galactic nebulae to 
be photographed. Thus the principal 
focal length will be about 55 feet. The 
great size and stiffness of the tube will 
permit an observer to be carried in a 
cartridge-shaped chamber, mounted at 
the center of the tube at the principal 
focus. Such a house, affording ample 
space for the observer, will obstruct only 
a very small fraction of the total light 
falling on the 200-inch mirror-no more 
than a Newtonian mirror would do. 
Electrical controls within easy reach 
will permit the observer to move the 
telescope at will and to observe celestial 
objects visually or photographically, 
with spectrographs, or with such in­
struments as photo-electric cells. The 
small field of good definition given by 
an f /3.3 mirror will be adequately in­
creased by a correcting lens designed 
by Dr. Frank E.  Ross. 

axis revolves when following a star. Thus 
a long and powerful spectrograph, or 
such a delicate device as the most sensi­
tive radiometer, can be employed to ex­
cellent advantage on any part of the sky. 
The converging beam will be sent to the 
slit or radiometer vane after reflection 
from a 45 degree plane mirror at the 
center of the tube and a totally reflect­
ing prism mounted before the slit or 
vane. 

ANOTHER Cassegrain mirror, in con­
.t\. junction with a plane mirror, will 
form a star image in a fixed position 
south of the hollow polar axis. Here it 
can be analyzed by several powerful 
spectrographs, mounted on a massive 
pier in a constant temperature chamber. 

An agreement has just been made 
with the Westinghouse Electric and 
Manufacturing Company to build the 
200-inch telescope mounting at their 
Philadelphia plant, after its design has 
been completed at the California Insti­
tute. 

Because of the low coefficient of ex­
pansion of fused silica, a long and seri-



240 S C I E N T I F I C A M E R I C A N 

/ 

A simple little wooden model, incomplete in several respects, of the mount­
ing for the 2oo-inch mirror. It is being studied by the Engineering Committee 

ous effort was made by the General 
Electric Company to manufacture large 
mirror disks of this substance. Dr. Elihu 
Thomson and his associate, Mr. Ellis, 
undertook many ingenious experiments, 
which I have briefly outlined in the 
Astrophysical Journal. In spite of the 
extreme difficulties encountered, they 
were successful up to a certain point, 
but a 200-inch disk proved to be unat­
tainable. 

Fortunately we could turn to the 
unique resources of the Corning Glass 
Works, where a new form of Pyrex, 
especially adapted for our needs, was 
developed by the research staff under 
the gener�l supervision of Dr. Arthur L.  
Day. An excellent 120·inch disk, which 
has been partially ground in our optical 
shop, was soon produced, and a 200-inch 
disk is now practically ready for ship­
ment to Pasadena. We are greatly in­
debted to Dr. Day and the Corning Glass 
Works and especially to Dr. Hostetter 
and Dr. McCauley for their skilful work. 

A 120-inch grinding machine, and a 
large one for the 200-inch disk, 

have been designed and built in our 
shops. The base of the tube for the 
200-inch telescope, built after our de­
signs by the Baldwin Works in Philadel­
phia and the Babcock and Wilcox plant 
in Barberton, Ohio, has recently arrived 
at our optical shop. Approximately 20 
feet in diameter and four feet deep, and 
weighing about 19 tons, it will serve as 
the turn-table of the 200-inch grinding 
machine. Within it the 200-inch Pyrex 
disk will lie on its special support sys­
tem during the long process of grinding, 
polishing, figuring, and testing. 

In addition to a series of spectru­
graphs, from those giving the very low 
dispersion serving for radial velocity 
measures of tp.e extra-galactic nebulae 
to the large and powerful instruments 
required for the adequate analysis of 
the bright stars of our own galaxy, much 
other auxiliary apparatus is needed. 
But before speaking of some of this ap­
paratus, two other methods of increas­
ing the efficiency of the 200-inch re­
flector should be mentioned. 

The first of these is the process of 
aluminizing telescope mirrors, first de­
veloped on a large scale by Dr. John 
Strong of the California Institute. 
Aluminum mirror surfaces, deposited 
electrically in a high vacuum, have many 
advantages over silver. They do not re­
quire burnishing, and thus are free from 
the diffuse light produced on silver by 
the rouge on the burnishing pad. This is 
admirably shown blthe much greater 
clearness with which such objects as the 
companion of Sirius can be seen. Their 
coefficient of reflection is high over a 
long range of wavelength, especially in 
the ultra-violet. This results in an in­
crease of about 50 percent in total re­
flecting power. Examples of the gain 
thus obtainable are shown in Wright's 
photographs of the ultra·violet spectra 
of planetary nebulae and the large ex­
tension of the Ring Nebula in Lyra 
photographed by Duncan with the 100-
inch telescope. Equally important is the 
fact that they do not tarnish like silver, 
an advantage best appreciated in the 
case of large telescopes ( the 200-inch 
mirror, though lightened by its ribbed 
back, weighs nearly 20 tons ) .  

The small field of sharp definition of 
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telescope mirrors having focal ratios 
ranging from /15 to /13.3 is well known. 
An extensive study of this problem, now 
being made for us by Dr. Ross of the 
Yerkes Observatory, has greatly im­
proved the efficiency of several large re­
flectors, and will be still more impor­
tant in the case of the 200-inch tele­
scope. Dr. Ross has already computed 
many types of "zero" correcting lenses, 
which are mounted near the principal 
focus of the large mirror. Some of them 
are described in various papers pub­
lished in the Astrophysicallournal. 

In order to photograph the spectra of 
the faintest nebulae, lenses of very short 
focal length are used in the cameras of 
special spectrographs. Dr. W. B. Ray­
ton, of the Bausch and Lomb Optical 
Company, succeeded in designing a lens 
having an equivalent focus of 32 mm. 
and a relative aperture of /10.59. This 
high-speed lens, when used by Mr. 
Humason with the 100-inch telescope, 
cut down the exposure time for a twelfth 
magnitude star from two hours to ten 
minutes, usirig two prisms. It is with this 
lens that the radial velocities of the very 
remote nebulae have been photographed, 
leading Dr. Hubble to the determina­
tion of the linear relationship between 
their velocity and distance ( "the expan­
sion of the universe"). 

THE Ray ton lens is designed on the 
type of a 4 mm. microscope objec­

tive. Recently Mr. R. J. Bracey, of the 
Britisn Scientific Instrument Research 
Association, has designed for us an im­
mersion objective of the extraordinary 
ratio of /10.36. This lens, made by Beck, 
should be decidedly faster than the 
Ray ton lens. It gives sharp spectra over 
an adequate range of wavelength, the 
focus being on the plane surface of the 
rear lens of the system, with which the 
film of the photographic plate is kept in 
optical contact by a special immersion 
fluid. 

Other auxiliary instruments of great 
sensitivity and usefulness have been de­
signed for us, including the photo-elec­
tric amplifier of Dr. Albert E. Whitford, 
already applied with great success by 
Dr. Joel Stebbins on Mount Wilson. 
With the 100-inch reflector the limiting 
distance at which a candle could be de­
tected by this amplifier is 3000 miles, 
assuming no absorption in the atmos­
phere beyond one mile. Important im­
provements of the radiometer have been 
made by Dr. Sinclair Smith, and Dr. 
Charles G. Abbot, who has already suc­
ceeded in measuring the energy curves 
given by the spectra of several stars at 
the coude focus of the 100-inch tele­
scope. 

In a more complete account of the 
above work given in the Astrophysical 
Journal (September 1935) I have added 
a description of a search for the best 

(Please turn to page 293) 
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Industry and Employment 

PERHAPS the most significant point 
yet brought out in connection with 

the question of technological unemploy­
ment is the fact that, although the pop­
ulation increased 62 percent from 1899 
to 1929, the number of gainfully employ­
ed persons rose 69 percent. In this par­
ticular period, marking the rapid mech­
anization of American industry, more 
workers were required, in proportion to 
population, than ever before. During 
that period, the national income rose 
from a mean average per worker of 
547 dollars in 1899 to 1719 dollars in 
1929, the income per worker rising 215 
percent in dollars, or 48 percent in pur­
chasing power. Thus the question of 
technological unemployment becomes 
merely an academic one. It is all a matter 
of viewpoint. Each new machine, or set 
of machines for a particular process, 
does necessitate a temporary period of 
adjustment, but by the long view is seen 
to add new employment. 

In a new book "Machinery, Unem­
ployment, and Purchasing Power," by 
the National Industrial Conference 
Board, the economics of the machine are 
once more elucidated in a fact-finding 
study that withstands a most search­
ing analysis. To the figures quoted above, 
others equally as pertinent may be add­
ed. There is, for example, the unques­
tioned fact that in the 50 years ending in 
1929, 18 new industries came into being 
and accounted for an 18 percent in­
crease in total employment. Manufac­
turing as a whole employed 29 percent 
of the working population as against 
21 percent 50 years earlier. No more 
definite proof that machines make jobs 
could be adduced. 

The status of the trade, transportation, 
and service industries has also shown 
vast improvement. These three absorbed 
only 10 percent of the workers in 1879 
but 29 percent in 1929. Domestic help 
jumped from 10 to 13 percent. Yet ma­
chines innumerable have been developed 
to "compete with" human labor in all 
these fields. 

As a Parthian shot, the Board's study 
dispels the delusion that present un­
employment is permanent, a point on 
which there is a continual babble of un­
informed argument. Industrial produc­
tion in June, 1935, stood at 71 percent 
of the 1929 average, yet employment was 
76 percent. 

Despite facts and figures, however, 
the country will probably continue to 
be treated to the spectacle of spell-bind-
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ers urging audiences to smash machines 
or perpetrate some other equally foolish 
act. "Because of the machine" they have 
already urged reduction of working 
hours to a ridiculous point. What would 
have been the status of American indus­
try today-indeed, of the American 
worker-had such misguided zealots 
fought their fight and had their way at 
the birth of the now enormous electrical 
industry just 50 years ago ! 

Japanese Example 

COLDS are so often of an epidemic 
nature, and are so common to all 

seasons of the year, that it would be 
greatly to the advantage of our country 
to adopt a certain Japanese custom 
which has been recommended by Dr. 
John E. Loveland, a Middletown, Con­
necticut, physician. 

The Japanese, instead of shaking 
hands, bow deeply and often several 
times when they meet socially. In a room 
full of Japanese this habit shows itself 
to be a gracious, cordial address, fully 
as friendly as our hand shake. 

We may well imitate the Japanese in 
their forms of politeness, for they have 
a reputation of being among the most 
polite people in the world. 

In our country a person with a cold 
contaminates his hands by his hand­
kerchief and then, in shaking hands, 
inoculates other hands. If a public en­
emy wanted to start an epidemic of 
colds in a city, he could accomplish his 
purpose effectively by hiring a person 
with a cold to go about shaking hands 
with as many persons as possible. 

In Copenhagen, in a large laboratory, 
the staff and guests are instructed not 
to shake hands. 

If we could do away with this unclean­
ly and infectious habit in our country 
we would probably prevent much dis­
comfort and loss of time from colds, and 
by preventing epidemics we would less­
en loss of life among infants and old 
people. Pneumonia usually is ushered 
in by a cold. 

The embarrassment of refusing a 
handshake can be avoided by substitut­
ing a more kindly tone of voice and more 
of a smile and bow. 

If a group of our leading people such 
as our college professors, judges, and 
doctors-especially the doctors-would 
start the hygienic bow agoing they 
would be public benefactors. 

Placards could be used in places of 
congregation, requesting the omission 
of hand infection. With very little effort 
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we could break up the unnecessary pass­
ing around of the bad that is temporarily 
in us. What misguided cordiality it is to 
distribute disease under the disguise of 
a friendly hand grasp. Many of us real­
ize this fact but feel that we must con­
tinue to follow the conventional method 
of greeting because it is conventional. 
But it is a conventionality which arose 
before the age of science, and in our 
era it is essentially unscientific. 

American Practice 

SHORTLY after the war, at a time 
when America had already outstripp­

ed the world in paved highway construc­
tion, we read with amusement one Brit­
ish writer's reason for the high power of 
American cars. Their high power, in 
contrast to contemporary European 
practice of building low power cars, was 
necessary, said the commentator, to ne­
gotiate roads of our wild and undevelop­
ed hinterland ! Europeans are now begin­
ning to understand the real reason, and 
are rapidly adopting American practice. 
The change is coming about because of 
the new high-speed highways being 
built on the Continent. 

In Germany and Italy, particularly, 
have great highway construction pro­
grams been carried out ; and in our last 
issue was published a short item on Eu­
rope's Highway No. 1, which is eventu­
ally to link London with India and 
South Africa. On highways such as this, 
where there is no speed limit, old-style 
engines burned themselves out and fell 
apart after an hour or so of hard run­
ning. And there is no question as to 
hard running, for the German highways 
have two lanes, each to accommodate 
four cars abreast ; and both these and 
the Italian Autostrada are toll roads 
having no grade crossings. The result is 
that the old type European engines are 
being re-designed along American lines, 
with particular attention to bearing pres­
sures, methods of lubrication, and safe­
ty factors. Designing engineers every­
where are receptive to American ideas. 
They seem especially interested in the 
use of aluminum cylinders and in latest 
American combustion chamber design. 

As the user of more cars than all the 
rest of the world combined, America 
has been the proving ground of high­
way and automobile practice. It is to 
be hoped that other nations, in drawing 
on our experience, will also observe and 
heed the warning of our vast number of 
automobile accidents. They can draw 
many lessons therefrom, if they will. 
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SOME people think that hatchery 
trout are as far removed from a 
real trout as a Caspar Milquetoast 

is from Mussolini. They deem them 
nothing but caricatures of the fish that 
once filled our clean, cold streams and 
lakes. They judge them helpless, unfit, 
over·fat, tasteless, pampered degener. 
ates raised at great expense and turned 
loose to perish unless some deluded 
angler catches them first as a substitute 
for real fish. 

If these contentions are accurate, 
then the fishermen of our land are in 
a bad way indeed, for no other way is 
left to provide fishing at home except 
to release these same hatchery.reared 
trout. 

It has been said time and time again 
that trout are just incidental to the 
outing ; that the real joy of fishing lies 
in the blue sky overhead, in the bits 
of bird song, and in the play of sun· 
light and shadow on the riHles. All very 
nice--but show us a man who does not 
feel ever so much more appreciative 
and soothed if the trout are there and 
rising and if his creel sags a little 
heavier as the hours pass ! 

Full creels today, however, would in· 
deed be rare if it were not for the 
restocking of trout waters by states, 
government, and sportsmen's clubs 
everywhere. Each year there is a cry for 
more and larger fish and each year 
sees our streams whipped harder. It is 
no wonder that, with the demand for an 
ever· increasing output, our fish·rearing 
establishments have not had much time 
to see if they were turning out the best 
sort of trout possible. Trout rearing at 
its best is a gamble and all too often 
the fish culturist is too busy being 
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Do HATCHERY 
thankful for any kind of 
output to do much worrying 
about any shocking differ· 
ences between the appear· 
ance and behavior of his 
pets and the wild fish they 
are intended to replace. 

Fortunately, there has 
been so much learned about 
the feeding and care of trout 
that it is no longer necessary 
to turn out ludicrous imita· 
tions of the genuine article. It 
is possible to raise trout at 
hatcheries in no way inferior 
as to shape, color, and vigor 
to the typical wild fish. I do 
not say that this is being done 
everywhere, but it is possible 
where environment and diet 
are correct. 

Such an improvement in hatchery 
trout is the result of years of experi. 
menting not only by the United States 
Bureau of Fisheries but by other 
agencies. For example, the Bureau of 
Fisheries in 1925 turned over a trout 
hatchery at Pittsford, Vermont, to be 
devoted entirely to research in trout cuI· 
ture. The business of this hatchery is to 
make the fishermen of the country more 
agreeable people to live with by finding 
means to provide them with bigger and 
better trout at less expense. Thus, 
studies in the diagnosis and control of 
fish diseases, elaborate feeding tests, 
selected breeding work, and a program 
of stream improvement and related 
studies of trout stream production have 
all played a part in the task of restoring 
our overworked trout waters to a 
semblance of their former status. 

THE starting food usually used at 
the Pittsford hatchery is finely 

ground beef heart or liver. Heart, lungs, 
liver, and spleen of swine, sheep, or 
cattle are time· honored hatchery foods. 
Fish is also used extensively in some 
situations. At Pittsford various dried 
products, when mixed with finely ground 
liver, make the trout grow faster. Dried 
foods successfully used have been fish 
meal, meat meal, dried buttermilk, clam. 
head meal and others. Salmon egg mea"l 
makes the fish grow faster and gives 
better color than the others. The food 
bill is always the chief item on the list 
of hatchery expenditures. Dried foods 
must never be used alone ; some fresh 
meat is required to keep the fish in con­
dition. 

The present article, however, con­
siders only the results of some experi-

ments designed to find out whether the 
trout produced in the course of the work 
would be worth anything as game fish. 

The first test involved 100 marked 
brook trout liberated in August of their 
second summer in an excellent trout 
stream adjoining the hatchery. The 
primary object of the experiment was to 
see if the fish were capable of finding 
their own food soon after planting or if 
there would be a gradual period of ad­
justment to a new environment. Their 
behavior as sporting fish was, of course, 
of equal importance. 

It was planned to give the fish ap­
proximately 24 hours' liberty and then 
to commence taking a daily sample of 
ten fish with rod and reel until all, or 
as many as possible, of the fish were 
recaptured. 

On the day following liberation the 
first assault was made on the planted 

Weighing food to be fed to trout 
at the Pittsford, Vermont, hatchery 

trout. As I approached the brook I ad­
mit having felt a bit excited, for I was 
intensely interested in seeing whether 
those trout would respond to flies in true 
game-fish fashion. There was not long 
to wait ! In the fast current of the first 
liberation pool a trout hit the gray 
hackle with force and accuracy, and 
from the rise until he twisted on the 
shore he did his best to undo his fatal 
mistake. An angler who found fault 
with that battle for freedom would be 
a hard person to please. As I went about 
the business of preserving the stomach 
in a bottle of formalin for future study, 
and setting down the data as to the place 
of capture and so on, I found myself 
wondering if this well-behaved fish was 
the exception, but before the daily sam­
ple had been taken all doubts had van­
ished. Those hatchery fish needed no 



Restocking is the Trout Fisherman's Only Hope 

for the Futu re . . . Proper Methods . . .  Results 

of Hatchery Experiments . . .  "It Can Be Done" 

By R U SSE L L F. L O R D  
I n  charge, U .  S .  Exp erimental Trout Hatchery, Pittsford, Vt. 

one to apologize for them in any respect. 
The brook itself was low and clear 

and it was soon found that as much care 
was necessary in approaching pools as 
in any ordinary fishing. A sudden move­
ment on the shore would send the fish 
darting for cover as if they had spent all 
their lives in avoiding mysterious shad­
ows on the edge of their watery world. 
When they decided to take a fly they 
struck hard and acted as trout should 
act. Due to a diet designed to bring out 
the colors, they were as brilliantly mark­
ed as the ordinary wild fish. And, in­
cidentally, the flavor of the specimens 
was not to be adversely criticized ! 

Not only were these fish proving to 
be on the alert for food, but they were 
actively competing with the trout already 
present in the stream. For example : On 
one cast the angler hooked and landed 
not one fish, but two ! A wild rainbow 
and one of the newly-planted brook 
trout had both struck the moving flies 
and of the two fish the brook trout was 
more firmly hooked_ Rainbow trout have 
a habit of getting under way like light­
ning once they decide on something 
tempting, but the hatchery-reared brook 
trout was equally alert. 

THE stomach of the brook trout show­
ed an interesting assortment of food_ 

The posterior end still contained re­
mains of the last hatchery meal, while 
the anterior end contained 13 freshly 
taken caddis worms and a few mayfly 
nymphs. This did not look as if the pam­
pered hand-raised trout had been very 
much handicapped by its former con­
finement. 

Fishing continued until 82 of the 100 
brook trout were recaptured and every 
moment of it was real fishing. The 
trout responded when it pleased them to 
do so and before the final score could 
be tallied the anglers were forced to re­
sort to a variety of lures. The fish 
definitely did not "come easy." 

environment, we might expect to find a 
steadily-increasing number of food or­
ganisms in the stomachs as time passed. 
Such was not the case. Nothing resem­
bling a daily increase in the amount of 
food was observed. The only conclusion 
possible, therefore, is that hatchery en­
vironment had little deleterious effect on 
the ability of the fish to forage for them­
selves on short notice. In fact, the aver­
age number of insects per stomach was 
very close to that found by another in­
vestigator who examined the stomachs 
of a large sample of wild trout from New 
York State waters. 

It is not surprising that hatchery fish 
can take up the business of foraging. 
One has only to observe a pond of fish 
during the summer when the midges are 
active or a hatch of mayflies is on in a 
nearby stream. I have seen fish jumping 
in the Pittsford ponds so steadily that 
dozens of them were in the air at once, 
and they kept it up as long as the insects 
were active. At other times the fish in 
the ponds have been observed working 
over the bottom gravel, picking it up in 
their mouths and ejecting it with force. 
This winnowing process allowed the 
heavier gravel to sink while the midge 
larvre, which represented the gold of the 
mining activities, were snapped up be-

fore they settled to the bottom. Often too, 
when fingerlings are being transferred 
to outdoor pools, the first pailful of trans­
planted fish can be seen reveling in 
their freedom and jumping for low-fly­
ing midges before the second pailful of 
young fish has been brought from the 
hatchery. From my observations it seems 
that a trout on being liberated is as 
pleased as a small boy quietly raiding 
the ice-cream freezer on a school picnic. 
Everything is his ; lots more of his fav­
orite food and nobody to curtail any 
little whim ! 

THE general conclusion is that the 
anglers of our country need no long­

er feel too downcast over the passing of 
typically wild trout. Hatcheries can, if 
they follow the right methods, rear 
trout capable of taking care of them­
selves on being planted and that will 
be pleasing to the anglers as game fish. 
This can not be done, however, by hold­
ing fish in an unsuitable environment 
and feeding them the first thing that 
comes handy. Not all hatchery-reared 
fish can be expected to meet the require­
ments. The hatchery environment should 
approach as closely as possible the wa­
ters to be stocked. Over-fed trout reared 
in relatively warm, crowded pools can 
not any more be expected to make good 
in a cold, swift stream than a soft city 
man can be expected to duplicate the 
feats of his northwood's guide. In short, 
our trout fishing near home is entirely 
up to the hatcheries, and it is up to the 
hatcheries to see to it that the fish put 
out are something worth the expense of 
rearing and the effort of catching. The 
bright spot is . . .  it can be  done. 

• 
« Sportsmen can do much to promote 
'\ better fishing in their localities by 
urging scientific methods in their ow"u 

hatcheries. More emphasis should be 
placed on better fish than on quantity 
production.-The Editor. 

Every stomach was preserved and con­
tents analyzed. If it is assumed that hat­
chery trout must gradually learn to for­
age for themselves because of their new 

That's a real trout. Note for comparison the man's arm helping this nine·pound 
hatchery·reared mamma rainbow trout to look pretty for the photographer 
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CUT WEIGHT-CUT COST 
WELDING is revolutionizing pro­

duction technique_ Within the past 
half dozen years it has graduated 

from primarily a tool of repair to a fore­
most tool of production_ 

In almost every enterprise which in­
volves joining of metal, welding has 
been introduced because it permits 
faster, cheaper, and better work, 
and produces a stronger and 
lighter product_ 

It is welding to which we owe 
the low-priced automobile with­
out squeaks and rattles, the 
streamlined train, the railroad 
track without the clickety-click 
at rail joints which makes for 
passenger discomfort and main­
tenance expense, and airplanes 
which fly to the Orient on sched­
uk 

Welding's Rapidly Growing Importance . . .  Used 

for Production, Patching, Repairs 

Weight and Thus Modifies Design Practice 

By P H I L I P H. S M I T H  

Saves 

ly automatic in operation so that 
high speeds can be maintained 
and good welds produced with a 
minimum of worker fatigue. 

Welding can be made to serve 
several purposes, although it is 
strictly a process for joining 
metals_ It can be used for fabri­
cation, for repair of broken or 
worn parts, and for hard-surfac­
ing parts in new equipment or 
machinery which have become 
worn in use_ A major, indirect 
achievement is reduction of prod­
uct weight- Welding strikes at 
the weight problem from several 
angles and in so doing it creates 

Flame welding, as an efficient mender-of-metals, 
quickly repairs broken machine parts of all kinds 

One of the most ingenious 
equipment developments in arc 
welding is the coated electrode. 
It is well known that certain 
metals oxidize readily at high 
temperatures, and the formation 
of oxides is apt to result in im­
perfect welds. To get around this 
risk, the electrode is covered 
with a flux coating which fuses 
along with the wire. The flux 
protects the metal while going 
through the arc and covers the 
deposited metal to exclude prac­
tically all oxides and nitrides 
while the metal is solidifying. 
Such coatings contain a sub­
stance to help maintain a steady 
arc, the stabilizer usually being 
titanium dioxide. 

new standards. It does away with bolts, 
rivets, and re-inforcing sections in join­
ing metal pieces. Elimination of rivet 
holes makes for greater strength, hence 
smaller sections can be used. Welding 
also makes possible the use of high 
strength steels in place of castings. This 
means the elimination of useless re-in­
forcing metal as well as a lightening of 
the product itself by virtue of using a 
stronger material. 

IF you search through books to find out 
why welding has suddenly become so 

important, you will get little satisfac­
tion. Welding is not a new art. Gas 
welding goes back nearly 40 years ; re­
sistance welding has been known for 50 
years ; the first patent on the carbon arc 
was issued about 50 years ago, and one 
on the metallic arc followed immediate­
ly. Current achievements cannot be ex­
plained by a simple recitation of dis­
coveries, because they really stem from 
a series of minor developments. 

Welding is a primary tool of industry 
today because a few pioneering souls 
kept everlastingly pushing it. Scientific 
American prophesied a great future for 
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it some 15 years ago-despite the terrific 
fight that was being waged against it­
but it takes a long time to overcome in­
dustry's resistance to the new. It re­
quires pressure and iri this case the 
"push-over" was given by the depres­
sion. Manufacturers seeking greater 
economies in fabrication found welding 
ready to be used and coincidental de­
velopments made it much more practi­
cal and dependable than ever before. 

Welding metallurgy, practice, and 
equipment have all been improved. It 
has been learned, for example, that 
metals can be made more weldable by 
adding small amounts of other metals to 
the base metal, or to the electrode, or to 
both. A case in point is the addition of 
columbium or titanium to stainless steel 
to reduce the formation of carbides and 
to give welds which will not corrode. 
Copper, long regarded as difficult to 
weld electrically, is now being handled 
very easily by the "long-arc" process. 
Advances in equipment cover an even 
wider range. Multi-flame torches have 
reduced costs and increased speeds in 
oxy-acetylene welding, while electric 
welding machines have been made large-

Today a manufacturer has at 
his disposal a number of different weld­
ing processes to meet the varied require­
ments of material and design. These 
types are : gas, electric arc, flash, resis­
tance, atomic hydrogen, and thermit ; a 
brief description of them will aid in a 
later portrayal of achievement. 

GAS welding burns acetylene and oxy­
gen to supply the necessary heat 

for fusion. Recently it was discovered 
that an excess acetylene or carburizing 
flame has a marked advantage in the 
welding of plain carbon steels because 
it increases speed and efficiency. Its 
paramount use is for welding overland 
pipe lines and industrial pipe. 

Arc welding employs either a carbon 
or metallic electrode. When the carbon 
electrode is used, additional metal is 
supplied by a filler rod as in acetylene 
welding ; the metallic electrode itself 
melts down in the heat of the arc to 
supply the weld metal. Metallic elec­
trodes differ in composition depending 
upon the kind of metal to be welded, 
and the various metallic ingredients are 
introduced to the deposit either from the 
rod or the coating. 
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Flash welding likewise employs an 
arc. Pieces to be welded are placed close 
together and then separated to create an 
arc; When sufficiently heated, the pieces 
are brought together under pressure. 

Resistance welding covers all types 
where resistance to the passage of an 
electric current generates localized heat. 
Under this classification come butt, spot, 
and projection welding. Butt welds are 
made by clamping work in close contact 
and letting the current flow until the 
joint is heated. Union is then made by 
applying a forging pressure. Spot weld· 
ing is performed by placing two sheets 
of metal in contact between tapered 
electrodes and permitting a low voltage, 
high amperage current to pass through 
the circuit for a brief period to fuse the 
metal at the electrode points. 

A PROJECTION weld is a modified 
spot weld. Here proj ections or but­

tons are raised on the sheet or plate at 
the points to be welded. When a current 
passes, the projections themselves act as 
electrodes and a series of welds are thus 
made in one operation. 

Spot welding has two other forms 
which are important. One is seam or 
stitch welding ; the other, shot welding. 
Seam welds resemble stitches in appear­
ance because the weld is formed by a 
series of overlapping spots� The elec­
trodes are fitted with rollers and the 
work is fed between them to effect a 
series of intermittent welds. Shot weld­
ing, sometimes called electro·percussion 
welding, calls for the passage of a low 
voltage, high amperage current between 
copper electrodes and through the plates 
to be welded, the electrodes pressing 
against the outer sides of the plates. This 
achieves an intense, quick heat which 
does not penetrate to the outer faces of 
the metal where it would reduce the non­
corrosive properties. Momentary high 
surges of power are obtained without 
high kilowatt demand by means of a con· 
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denser or an inductive winding which 
constitutes a potential reservoir. This res· 
ervoir fills and overflows with each shot. 

Atomic hydrogen welding is relatively 
new. In effect, a stream of hydrogen is 
passed through an arc betweeri tungsten 
electrodes. The molecular hydrogen 
breaks down into the atomic state with 
absorption of great heat. Upon leaving 
the influence of the arc, the hydrogen 
reverts to the molecular state, giving up 
its absorbed heat to the metal which it 
fuses. The hydrogen creates more heat 
while burning and also excludes airo from 
contact with the weld. 

Thermit welding utilizes the reaction 
between powdered aluminum and iron 
oxide at high temperature. A charge of 
these materials is ignited in a crucible 
and when the temperature rises above 
2800 degrees Fahrenheit, the aluminum 
unites with the oxygen of the 
iron oxide to set free the iron 
at a high temperature. At this 
point the molten metal is al. 
lowed to flow around the joint 
to be welded, to melt it and 
then to solidify to form a 
homogeneous mass. 

Industries which have to do 
with transportation afford the 
most striking examples of the 
use of these processes in fab· 
rication. The automobile in­
dustry sets the pace. This can 
be attributed in part to the 
proverbial willingness of the 
automobile manufacturer to 
adopt anything which will 
bring about production econ­
omies, and in part to the fact 
that producers of moving 
mechanisms are most con· 
scious of the importance of 
weight reduction. 

A vast amount of develop­
ment work had to precede the 
application of electric weld· 
ing to mass production. 

Arc welding, too, is an important tool for repairs. Here a broken gear is being 
given an arc-welded filling of new metal in which new gear teeth will be cut 
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Means had to be found to repeat the 
welding cycleo automatically . and control 
had to be established over pressures, 
heat, and timing. Welding had to be 
made a precision operation before it 
could be fully accepted. Now with that 
goal attained, electric welding has be· 
come a genuine tool of mass production. 

Resistance welding is wdl suited for 
automobile manufacture because it af­
fords the means for uniting forgings and 
stampings into strong, light, integral 
parts at a speed unequaled by most 
other processes. One of our lowest priced 
cars boasts more than 3200 welds, and 
to put them in requires more than 600 
welding machines and over 1000 weld­
ing torches. Gas, flash, butt, spot, seam, 
and electric· arc welding are employed. 
The fuel tank, for example, is made in 
halves and united by seam welding. The 

Arc welded piping and valves 

seam runs 102 inches and is finished in 
90 seconds. Rear radius rod brackets are 
welded to the axle housing at the rate of 
55 inches per minute, while a vast num­
ber of sub·assemblies undergo similar 
speed treatment. 

To list all welding operations would 
be tantamount to describing all assem· 
bly ; enough to say that the car body 
emerges as a single metal unit without 
bolt or screw to hold it together-and 
later to let it fall apart. The saving in 
time, material, and weight conspires to 
produce a vehicle that is better and 
cheaper than its counterpart of a few 
years ago. 

The saving of weight made possible by 
welding is of paramount importance in 
aircraft construction. High·strength al­
loy steels, welded together in lasting 
union, spell low weight, high perform· 
ance, and maximum safety. The China 
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Clipper, which has mastered the Pacific, 
reveals exceptional use of welding as the 
following item will testify. The engine 
mounting comprises two circular brack. 
ets made of 18· and 12.gage chrome· 
molybdenum tubing, welded to form. 
It weighs but 74 pounds yet it supports 
an 800 horsepower engine weighing 
2380 pounds, and takes the vibration 
without a whimper. 

The railroads are a little behind the 
procession but are coming fast. Here 
again weight reduction is vital to operat­
ing efficiency. The railroads recognize 
that their come-back depends largely up­
on a modernization of equipment, lead­
ing to higher train speeds and increases 
in pay loads. Their steps to this end 
involve the use of high-strength alloy 
steels coupled with welding. 

THE Burlington Zephyr is an exam­
ple of welding progress. The bump­

er, engine bed, and bolster are formed 
from high-tensile-strength steel alloy 
plates arc-welded together. The Diesel 
engine-block is built up from welded 
steel plates. The body proper is con­
structed entirely of cold rolled stainless 
steel, shot welded. Stainless steel, sub­
stituted for ordinary st�el, achieves an 
ultimate strength of 150,000 pounds per 
square inch as contrasted to 45,000. No 
weaketting of the structure is occasioned 
by rivet" 'holes, nor are there any rivet 
heads to offer resistance to the wind. 

Having seen motor truck bodies.light­
ened, the railroads have applied the idea 
to freight cars, finding that welded alloy 
steels permit a saving of 25 percent in 
weight of hopper cars. This new con­
struction gains a payload increase of 
10,000 pounds per car and a correspond­
ing reduction in dead weight to be 
hauled back empty. 

Railroads have made shop use of 
welding for many years. Locomotive 
frames, driving-wheel spokes and cen­
ters, rocker shafts, cross heads, guide 
yokes, and a great number of other parts 
are kept in repair with welding. A new 
technique is to build up worn hub liners 
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by simply depositing the right kind of 
bearing metal, saving time and cost of 
disassembly and replacement. 

Rail maintenance is a big item in 
operating costs and is bound to increase 
under the hammering of higher speed 
trains. It is claimed that the railroads of 
the country repair 500,000 battered rail 
joints with oxy-acetylene welding every 
year and 400,000 with the electric arc. 
Now comes a scheme which promises to 
reduce this upkeep expense substantial­
ly. 

The new idea 'calls for welding rail 
ends together to do away with the rna· 
jority of joints. What we learned in 
school about the need for expansion 
joints between rails was all a mistake. 
Rails have been joined satisfactorily in 
lengths as great as 2600 feet, though the 
practice abroad where the method has 
been well tried out, is to limit lengths 
to about 400 feet. There is no warping 
or buckling of the rail and wear and tear 
is cut sharply. Some authorities say that 
maintenance can be reduced as much as 
65 percent, and figuring rail upkeep at 
300 dollars per mile per year, here is a 
potential saving of large proportions. 

Reducing the weight of moving mech­
anisms is not confined to transportation. 
In the electrical industry a beginning 
has been made in replacing castings 

An engine of the China Clipper on its welded support. Weld strength is shown 
by weight of engine : 2380 pounds, and of the welded steel frame: 74 pounds 
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with fabricated structural steel, arc­
welded, to save anywhere from 25 to 
50 percent in weight. A typical example 
is a rotor for a synchronous motor, arc· 
welded from steel plates and rolled 
H-sections. A similar trend is observed 
in other industries where intricate 
shapes are cut with oxy-acetylene flame 
and then welded. 

Welding has been pioneering in build­
ing construction for many years, but only 
now are real results appearing. The 
possibilities are very clearly revealed by 
the following comparison between weld­
ed and riveted types of construction : 

If we take a standard riveted beam, 

Welding finds more and more 
uses in many phases of build­
ing operations and in engineer­
ing. Here the water main to a 
building is being joined per­
manently by the electric arc 

Design of some of the newer, 
pre-fabricated houses is pred­
icated on the use of welding 
of studs, braces, and the like. 
The design shown here is all 
steel and welded throughout 

15 feet long, weighing 798 pounds, with 
an elastic limit of 55,000 pounds per 
square inch and ultimate load of 68,900 
pounds, and switch to welding, the 
weight can be reduced to 785 pounds, 
yield point raised to 65,000 pounds and 
the ultimate load lifted to 77,200 pounds. 
If the beam is redesigned to make the 
most of welded construction, the weight 
can be reduced to 656' pounds, with the 
yield point holding at 65,000 and the 
ultimate load rising to 78,000 pounds. 
Generally speaking, welded construction 
can save from 15 to 30 percent in weight 
over the riveted form. 

Probably the largest welded structure 
at the moment is the Sterling Memorial 
Library at Yale which soars 18 stories 
into the air. Under construction in Illi-
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nois is a modern factory into which will 
go 2000 tons of welded structural steel 
and about 50,000 feet of weld. In resi­
dential building, notable work has been 
done in framing and now comes a weld­
ed house without frame. 

This arc-welded structure, just an­
nounced, is made up of sheet steel 
panels : two sheets four by nine feet to 
a panel, with insulating material be­
tween. The panels are simply welded to­
gether and then sprayed with paint and 
white silica sand to give a plaster or 
stucco effect. Not a single nail nor a 
piece of wood is used. Such construc­
tion reduces the amount of material re­
quired, permits factory production of 
insulated panels, and speeds up erection 
on the site. 

The qualities which make welding 
suitable for uniting structural steel are 

An arc-welded butt joint and 
a welded steel roller support 
for a 14-inch steam pipe line 

Welding does a production 
job. The strong, welded, air­
plane control socket shown be­
low was made up of 18 pieces 

those which recommend it for repair 
and construction of bridges. Pressed to 
find ways of maintaining bridges in the 
face of lower appropriations, one county 
highway department has adopted weld­
ing for all repairs of parts that have 
failed or suffered from corrosion. It has 
even gone so far as to salvage old bridges 
and re-form them to make new ones. 

Among the many other uses of weld­
ing which have come to the fore in re­
cent years, there · should be mentioned 
the joining of pipe to make miles and 
miles of unbroken overland lines, and 
the installation of domestic and indus­
trial piping of all types. The bulk of this 
work is being done with oxy-acetylene 

S C I E N T I F I C  A M E R I C A N  247 

Unique "amphibian" landing truck for the China Clipper. Made of welded 
chrome-molybdenum steel tubing, this cradle is used to haul the giant plane ashore 

welding. Household refrigerators are 
full of welds today. Home and office 
furniture is being made of welded steel 
and even kitchen utensils are being fab­
ricated with a welding process. Pressure 
vessels for industry and tanks for the 
storage and shipment of milk and chemi­
cals are being fabricated from non­
corrosive metals ; this field has as yet 
hardly been touched. 

In the field of industrial work, bronze 
welding is gaining rapidly as a means 
of repair. Practically all commercial 
metals can be so treated, the practice 
being one of depositing bronze from a 
welding rod, using the oxy-acetylene 
flame to melt the rod and to heat the 
base metal. Although the base metal is 
not melted and there is no fusion with 
the bronze, extraordinarily strong welds 
can be made. 

Closely allied to this process is the 
bronze-surfacing of metal parts to im­
prove their wearing qualities. Bronze­
surfacing can be used on new wearing 
parts or to build up worn ones. When 
parts are subject to extreme abrasion 
as is common in mining, dredging, and 
drilling equipment, hard-surfacing can 
be effected by use of an alloy material. 
There are several such alloys now avail­
able ; one is a chromium-manganese­
iron ; another is cobalt-chromium-tung-

sten ; and the most recent to appear on 
the market is cast tungsten carbide, a 
material with near-diamond hardness. 
The carbide is crushed and screened and 
placed in a steel tube to form a welding 
rod. When the tube is melted by an oxy­
acetylene flame the tungsten carbide is 
distributed evenly over the wearing sur­
face and bonded by the steel from the 
tube. Hard-surfacing is in its infancy 
and destined to grow because of the 
dollar-and-cents saving. 

With brass, bronze, aluminum, cop­
per, and alloy steels now being welded 
successfully on a production basis, the 
manufacturer who would utilize the best 
that research has made available can 
no longer ignore welding as a tool of 
fabrication. The product may be tanks 
for industry, machine tools, or agricul­
tural implelJlents-it doesn't matter 
what-there is a strong probability that 
welding has something to offer. 

MANY welding processes are now so 
automatic that operation is no 

more unpredictable than it is with the 
modern machine tool. This is true de­
spite the fact that there remains a great 
deal of art in the technique of welding. 
Operation can be controlled and quality 
can be maintained, even at high rates of 
speed. Indeed, it is this high degree of 
control which makes speed and quality 
mutually inclusive. 

The field for welding has only begun 
to open up, even though its basic prin­
ciples were known a half century ago. 
We are now poised on the threshold of 
a new era. Welding, coupled with recent 
metallurgical developments, is about to 
transform the industrial world. And 
when its contribution is finally chalked 
up, perhaps the outstanding items will 
be the rejuvenation of the railroads and 
the unscrambling of the home building 

. problem. 

Photographs courtesy Climax M olybdenum Co. ,  
Hobart Bros.,  General Electric Co., and The 
Linde Air Products Co.  



A CATASTROPHE THAT DID 
WITHIN th'e past month a discovery 

of unusual interest has been an­
nounced_ On the 12th of February, 

Delporte, an assiduous and successful 
observer of asteroids, reported hom the 
Belgian National Observatory at, Uccle, 
near Brussels, the discovery of a faint 
object, of the 13th magnitude, in the 
constellation Leo, which showed a most 
unusual motion-south-westward at the 
rate of very nearly two degrees per day, 
which is eight or ten times the average 
rate for an asteroid near opposition. 

Later observations-cabled to this 
country in answer to a request from 
Harvard-permitted the computation of 
a preliminary or bit, which showed that 
this body was receding hom the earth, 
and rapidly growing fainter, and was in 
danger of getting lost. Fortunately, the 
weather cleared late that night, and a 
photograph showing the object was se­
cured at the Harvard station at Oak 
Ridge by Whipple and Cunningham­
the latter the computer of the orbit, who 
must have felt well repaid for the high­
pressure work of calculation by this 
happy result. Since then, more observa­
tions have been secured at ,Harvard, 

. Yerkes, and Lick-and doubtless also in 
Europe, though the mails which would 
bring them here have not yet arrived­
and several computers have described 
orbits which agree well enough to make 
it evident that the newly-discovered 
body is moving in one of the most re­
markable orbits known to astronomers 
thus far. 

Figure 1, which is based on calcula­
tions by Mr. Herget and Miss Davis at 
Berkeley (the latest now at hand) , 
shows the situation clearly. At peri­
helion, the orbit comes within 41 million 
miles of the sun-less than Mercury's 
greatest distance : at aphelion, the dis­
tance is slightly more than 300 million 
miles-more than halfway from the 
earth to Jupiter. The orbital eccentricity 
is 0.763, and the orbit resembles that 
of a comet, rather than a planet. 

For this reason, the body has so far 
been called by the non-committal name 
of the "Delporte object." Van Bies­
broeck, however, observing with the 40-
inch Yerkes refractor on February 22, 
found that it appeared perfectly stellar, 
with no trace of hazy surrounding light 
-which is sufficient reason for classify­
ing it as an asteroid. No other of the 
more than 1300 minor planets has so 
eccentric an orbit : but Hidalgo, discov­
ered in 1920, runs it fairly close, with an 
eccentricity of 0.65. 
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Why the Billion-Ton Minor Planet which Recently 

Passed Closer to the Earth than Anything Ever 

Known to Astronomers did not Strike it 

The Earth is Safe for a Long Time to Come 

By H E N  R Y N O R R I S R U S S E L L ,  P h . D .  
Chairman of the D epartment of Astronomy and D irector of the Ob­
servatory at  Princeton University. Research Associate of the Mount 
Wilson Observatory of the Carnegie Institution of Washington. 

President of  the American Astronomical Society 

Along with this high eccentricity goes 
a very low inclination, P25'. In con­
sequence, the or bit passes very close to 
those of Venus, the earth, and Mars. In 
our diagram, the earth's orbit is sup­
posed to be exactly on the plarie of the 
paper. The other orbits come up through 
it at the points marked by cross-lines, 
and drop below again at the dotted 

A photograph of the constellation 
of Orion, taken by C. A. and H. A. 
Lower of San Diego, California, 
with a Schmidt telescope of the 
type described by Professor Russell 
in the number for July 1935. The 
telescope or camera has an aperture 
of 10 inches and a focal ratio of 
1/ 1 and its notable feature is the 
fact that, unlike telescopes with or­
dinary paraboloidal mirrors, it has 
a very wide undistorted field-up 
to 12 degrees in diameter. Built by 
H. A. Lower, such a telescope con­
sists of a spherical mirror and at 
the upper end of the tube, a thin, 
irregularly curved, plano-concave 
lens whose function is to counter­
balance the spherical aberration of 
the primary mirror. On examining 
the half-tone with a lens it is evi­
dent that various pairs of stars on 
the original have linked themselves 
together in the reproduction, but on 
the original negative the stars are 
everywhere tiny round sharp dots 

cross-lines shown on the opposite sides. 
The closest approach to the earth's 

orbit is at the point marked A, where 
the planet's orbit lies above the earth's, 
but by only 1/60 of the distance between 
either one and the sun-that is, no more 
than 1,500,000 miles. 

This is the closest possible approach 
between the earth and the new asteroid 
-and it actually happened, very nearly 
if not exactly, on February 7th. When 
the planet was discovered, it was about 
eight million miles from us, and receding 
at the rate of a million and a quarter 
miles per day. By the end of February, 
it was 28 million miles away, and at the 
end of March it will be 80 million 
miles from the earth and twice as far 
from the sun. 

ON the other side of the sun, as the 
planet comes in, its approach to 

the earth's orbit is not so close-about 
2,200,000 miles-but still very much 
nearer than any other planet ever comes. 

The approach to Venus' orbit, at the 
point marked B, is still closer-about 
1,000,000 miles. The least distance from 
Mars is at C, and is slightly less. 

A hypothetical inhabitant of this 
planet would therefore have remarkable 
opportunities of observing these three 
larger neighbors. The earth, at the re­
cent close conjunction, would have ap­
peared to him three fifths as large as the 
moon does to us-a conspicuous disk 
to eyes such as ours-nearly at the full 
phase as it approached, a half-moon 
when largest, changing rapidly into a 
crescent and shrinking as it receded. 
Venus, at a similar favorable oppor_ 
tunity, would look as big as the moon 
does to us, and Mars more than half 
as big. This little world would be a fine 
station for planetary observers ! 

They would have to be long-lived, 
though, to hope for many good chances. 
The planet's period is calculated as 
2.55 years, or about 930 days. If it finds 



NOT HAPPEN 
the earth close by at a given return to 
the conjunction·point, next time the 
planet will be right away on the opposite 
side of its orbit. To get a really favorable 
approach, the earth, which moves 1 ,600,· 
000 miles a day along its orbit, must reo 
turn to this point within less than a day 
of the time when the planet reaches the 
corresponding place upon its path. 

Among conjunctions, taken at ran· 
dom, therefore, not one in 500 will be 
as favorable as that which has just 
passed unobserved, and the average in· 
terval between them will be more than 
1000 years. Venus moves faster and close 
approaches should therefore be some· 
what rarer, while for Mars they may be 
a little more frequent. 

PASSING from fancy to fact, we no· 
tice, conversely, that it may be as 

long before we dwellers upon earth may 
have another equally good chance to see 
the new planet. It must be a very small 
one. From the rough estimates of its 
brightness which are so far available, it 
appears that, if its reflecting power is 
similar to that of Mars or the moon, it is 
from half to three· quarters of a mile in 
diameter-a mere "mountain broke 
loose." Next year, when it is again in 
opposition, it will be near aphelion and 
it would appear like a star of the 22nd 
magnitude--beyond the power of even 
the greatest telescopes to reveal, even if 
we knew precisely when to look for it. 
When near perihelion it would, like Mer· 
cury, have a small angular distance from 
the sun, and would be very difficult to 
photograph. The only chance of finding 
it again would seem to be when it once 
more approaches one of the two favor· 

able points at nearly the same time as 
the earth does. Unless it can be followed 
with large telescopes and very carefully 
observed, then it is lost in the distance 
even for them. It will not be possible to 
determine the period accurately enough 
to justify predictions over a long inter· 
val ; and it may be a long time before 
it is observed again. 

This strange little body sets one specu· 
lating. How has it been able to follow its 
orbit for millions of years without col· 
liding with one of the planets which it 
so narrowly misses ? In the short run, 
this offers no difficulty-a million miles 
is really fairly wide of even a planetary 
target. But in the long run, the inclina· 
tion and eccentricity of its orbit will 
slowly change, as will those of the larger 
planets, owing to their mutualperturba. 
tions. A change of 1% 0 in the relative 
inclination of its orbit to the earth's 
would bring a chance of actual collision. 
We do not know, in default of laborious 
computations, how fast the planet's orbit 
plane will shift, but to change the plane 
of the ecliptic by 11/20 takes about ten 
thousand years-so we and our immedi. 
ate descendants appear to be safe. Even 
if the two orbit planes were, and reo 
mained, exactly coincident, there would 
probably be many years of grace before 
the crash. If, when the planet reached 
the point of intersection, the earth was 
as much as 10,000 miles ahead or behind, 
no harm would come of it. The actual 
danger zone ( allowing for the oblique 
crossing ) is about 12,000 miles in total 
width. Now the circumference of the 
earth's orbit is 600 million miles, so that 
there is only one chance in 50,000 of a 
collision. Fifty thousand revolutions of 

Figure 1 :  The path of the recent visitor across the locality of the earth's orbit 
-though it is not exactly in the plane of the same orbit. See text for explanation 

San Diego, 9 P.M., 10 seconds, // 1 ,  
Schmidt telescope. Lower and Lower 

the asteroid would require about 125,000 
years. Within a much shorter time, the 
perturbations of the orbit planes would 
abolish the dangerous grade crossing. 

During the two billions or so of years 
since the solar system came into being, 
a good deal may have happened to this 
tiny planet. It has certainly never hit a 
larger planet-for in that case it 
wemldn't be here--but it may well have 
made a close approach to one of the 
planets, and been deviated by its attrac· 
tion from a less sensational, and less 
dangerous orbit. 

Despite these well· founded reasonings, 
a certain sense of insecurity remains. 
When we reflect that a projectile weigh. 
ing perhaps a billion tons, and moving 
more than 20 miles a second, got by the 
earth, nearer than anything ever known 
before to astronomers, without being 
seen till it was well past, one starts 
thinking. Why it wasn't seen sooner is 
clear enough-it came from the region 
in the heavens close to the sun, and, 
when nearest, was in the region around 
the celestial pole, where planet·hunters 
do not work. If its orbit had intersected 
the earth's, and if it had come but a few 
hours earlier or later, we would have had 
no warning of the impending catas· 
trophe. In · any event, it would not have 
wrecked our planet, nor destroyed all 
life, or all civilization upon its surface, 
although it might have spread nation· 
wide devastation. 

IF such a body should be observed at 
some fairly close approach, prior to 

the collision, and kept under watch till 
its orbit was precisely determined, it 
would be possible to predict the place, 
as well as the time, of the disaster, and 
one might imagine a systematic evacua· 
tion of half a continent to escape the 
periL But the chance of such a thing is 
so excessively small that, from the actu· 
arial standpoint, astronomers could not 
honestly ask for the endowment of an 
extensive "asteroid patrol" to forewarn 
us.-Princeton University Observatory. 
March 4, 1936. 
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« Editor's Foreword : Seeing in the 
'\ dark may be said to be one of the 
ends of research in electronics ; in the 
accompanying article Dr. Zworykin tells 
briefly yet succinctly of the results that 
have been obtained. By the system de· 
scribed, it is possible to focus electrons 
that have been emitted from certain sur· 
faces under the action of light, either 
visible or invisible. With such an elec­
tron lens it was only a step to the devel­
opment of telescopes that can be used 
for seeing in the dark. 

ELECTRON optics is a comparative­
ly recent branch of the science of 
electronics, based on the similarity 

of electron paths through certain types 
of electric fields and those of light rays 
through ordinary lenses. This field of 
study shows that it is possible to shape 
electrodes in such a way that the elec­
tric field between them will act as an 
"electron lens," capable of focusing the 
electrons leaving a cathode into an im· 
age of that cathode. Such an "electron 
lens" is found to have properties almost 
identical with those of an ordinary glass 
lens. For example, the image must be 
in focus if it is to be sharp ; the mag· 
nification is determined by the distance 
from the electron source or object to 
the lens and from the lens to the ob­
ject ; furthermore, the image will be 
inverted as is the case with an optical 
image. Just as the camera lens must be 
corrected if the image is to be free from 
distortion, so must the electron lens be 
corrected in order to obtain a perfect 
image. 

Certain surfaces, such as cesiated silo 
ver, emit photo-electrons under the in-

/oCU.5 1 n1 riT1�.s 

SEEING IN 
Made Possible by the Electron Lens . . . Focuses 

Electrons as  Glass Lens Focuses Light . . . Use-

ful for Secret Signalling . . . Image Fidelity 

By V L A D I M I R  K. Z W O R Y K I N  
Director, Electronics Research 
RCA M anufacturing Company 

Figure 2:  In this view of the image 
formed of a rectangular grid, dis. 
tortion is present, but in Figure 3, 
at the right, this distortion is elimi­
nated by the simple expedient of 
curving the infra·red sensitive cath. 
ode of the tube upon which the 
image of the object to be repro­
duced is thrown. Curved cathodes 
are shown in the drawings below 

fluence of radiation extending from the 
ultra-violet, through the visible, and well 
into the infra-red. If we could watch the 
electrons leaving such a surface �h,f!l; 
an i�frl:l,re<l image w�s pr?jected on it, 
we·-�ould see c10se to' the surface an 
"electron image" which is identical with 
our original projected image. However. 

d d d d d d  �=========�a . 

Figure 1 (abo'Ye) : A diagram of the 
electron lens system described, show­
ing the curved cathode and the 
anode cylinder to which a high posi­
tive potential is applied. The focus­
ing rings and the anode form the 
electron lens system which is adjusted 
by varying the potential applied to 
the rings at the point indicated by V 2 
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I Figure 5: An image tube with nine­

inch screen. Note the focusing rings 

Figure 4: The aperture is introduced in 
the electron lens system to vary the mag­
nification. This result is obtained by vary­
ing the potential applied to the aperture 

V, through V 3' thus "shifting" the lens position 



THE DARK 
these electrons move .in�alLdirections 
so that at a very ·short distan�e Iro'm 
the photoelectric surface, the electron 
image blurs into a random cloud which 
bears no resemblance to the original 
picture. At first sight, it seems impos­
sible that these electrons can ever be 
reassembled into an image again, but 
at this point electron optics comes to our 
aid and makes possible the reconstruc­
tion of the image. This reconstructed 
image can then be made visible to the 
eye by directing it against a fluorescent 
screen. 

The electron image tube makes use 
of an electron lens system to reassemble 
the electrons from the photo-electric 
cathode and to focus them onto a fluo­
rescent screen which becomes luminous 

Figure 6: A telescope for "seeing 
in the dark," described in the text 

when bombarded by elec­
trons. Figure 1 shows dia­
grammatically how this lens 
system is constructed. A high 

positive potential VI is supplied to the 
long anode cylinder to accelerate the 
electrons to a high velocity in order to 
produce fluorescence on the viewing 
screen. The anode, together with the 
focusing rings, form the "lens" system 
which can be adjusted by varying the 
potential V 2. This lens system will 
image a rectangular grid into an image 
such as is shown in Figure 2 on the op­
posite page. 

In order to correct for the "pin 
cushion" distortion and curvature of 
the image field existing in Figure 2, 

Figure 8: A micro-specimen as seen 
with the set-up illustrated . below 

the cathode is made curved as shown 
in the two diagrams, Figures 1 and 4. 
A photograph of the final corrected im­
age obtained by this tube is shown in 
Figure 3. 

Finally, in order to be able to vary the 
magnification of the lens system, an 
aperture is introduced between the an­
ode cylinder and the focusing rings. 
Varying the potential V 3 of this a per­
ture in effect "shifts" the position of the 

Figure 7: A microscope set-up for infra-red microscopy 

Figures 9 and 1 0 :  Examples of in­
fra-red pictures as reproduced on 
the screen of an electron image tube 

lens, causing a vanatIOn in magnifica­
tion. Figure 4 illustrates this arrange­
ment. 

A typical image tube with nine-inch 
viewing screen is shown in Figure 5. An 
interesting use to which this type of 
tube may be. put is exemplified in Fig­
ure 6. A large aperture lens is mounted 
so as to image the scene, towards which 
the telescope is pointed, onto the infra­
red sensitive cathode of the tube. This 
image is in turn reproduced on the fluo­
rescent screen of the image tube, thus 
enabling the observer to "see" by infra­
red radiation. Such a device can be used 
to test haze and smoke penetration by 
infra-red, for secret signalling, and 
other obvious applications involving in­
fra-red rays. 

A NOTHER use is in connection with 
ft infra-red microscopy. Figure 7 
shows an image tube and microscope  
arranged for infra-red work. The visible 
image of a micro-specimen as produced 
on the fluorescent screen is shown in 
Figure 8. 

The next two photographs (Figures 
9 and 10)  were made by photographing 
the fluorescent screen of an image tube 
while an infra-red picture was projected 
onto the cathode. They illustrate fairly 
well the resolution and fidelity of the 
image obtainable. 
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BORDEAUX, for many generations 
famous for its wine trade, stands 
forth today because it is the third 

largest of the seaports of France. 
Present interest in this historic city 
is especially justified because of cer­
tain engineering achievements recently 
wrought by the alert technicists of the 
Bordeaux Port Authority-accomplish­
ments that have added greatly to Bor­
deaux' importance as a center of mari­
time commerce. 

Bordeaux lies inland from the Atlantic 
Coast of France a distance of fully 62 
miles, and is reached by way of the 
Gironde and the tributary Garonne 
River, on which the port is located. The 
run between the open sea and Bordeaux, 
quite. apart from tidal considerations 
and currents, is at times hampered by 
fog or by other obscuring conditions 
of the atmosphere. Low visibility com­
pels reduced speeds and may lead to 
mishaps of varying gravity. Until lat­
terly, vessels carrying passengers and 
mail matter have used Bordeaux, itself, 
as the point of embarkation ; and un­

. favorable weather has occasioned vexa­
tious delays both in the time of arrival 
or in reaching the open waters of the 
ocean. 

The demand for greater speed and 
the saving of time led the Port of Bor­
deaux Authority to call into being an 
advance port or landing place for At­
lantic liners at a comparatively sheltered 
position just inside the mouth of the 
Gironde and close to the sea. This halt­
ing place for liners is linked by rail with 
Bordeaux ; arriving passengers, mail, 
and express matter can be quickly trans-

A MODERN PORT 
Advance Port at Ocean for French City . . .  Wharf 

Piers Unique . . . Built on Land, Floated, Sunk 
. . . Engineering Problems . . . Channel Dredge 

ferred to trains and whisked off to Bor­
deaux no matter what may be the ex­
isting navigational difficulties on the 
water route. Conversely, outgoing trav­
elers, mail matter, and so forth, can 
now leave Bordeaux hours later than pre­
viously and reach their waiting steamer 
at the advance port and be out at sea a 
short while afterwards. This makes it 
possible to save several hours, and is a 
great convenience to the traveler and of 
much value to the shipper. The Bor­
deaux Port Authority has spent approxi­
mately 11 ,000,000 dollars in providing 
the new accommodations . 

THE advance landing place consists 
primarily of a wharf, 125 feet wide 

and 1041 feet long, that is connected 
with the neighboring shore by a jetty 
that has a length in excess of 1000 feet. 
The wharf carries a building in which 
there are commodious waiting rooms, 
baggage rooms, a restaurant, and other 
conveniences. The wharf is wide enough 
for four railway tracks for the accom­
modation of both passenger and freight 
trains ; there are typically modern facili-

ties for loading and unloading arriving 
and departing steamers. The connect­
ing jetty carries two tracks and a broad 
roadway for motor vehicles plying be­
tween the landing place and the nearby 
mainland and the coastal towns. The 
terminal is far enough offshore to as­
sure at low tide a depth of water along. 
side averaging more than 40 feet ; 
because the estuary is occasionally 
swept by strong winds and sizeable 
waves, the landing place is equipped 
with hydraulic fenders that serve as 
buffers between the wharf and moored 
vessels, so that neither the craft nor the 
terminal strncture shall be damaged by 
any surging movement. 

The construction of the advance port 
presented difficulties. The landing place 
had to be set on an underpinning that 
would have its footing in a bed of firm 
clay underlying a stratum of sand, 
gravel, and shattered shells that has a 
vertical depth of from 20 feet to 30-odd 
feet-the area frequently being swept 
by sudden storms. It was manifest that 
pneumatic caissons could not safely and 
efficiently be used to get the sustaining 

piers down to the prescribed 
seating. That method would 
take too long and would be 
too grave a menace to the 
sand hogs laboring in the 
working chamber. After 
considerable experimenting 
and successive modifica­
tions, the chief engineer of 
the port authority devel­
oped unit piers or columns 
of a unique type that could 
be sunk into place quickly 
without employing pressure 
workers at all. 

Two of the reinforced concrete cylinders in course of construction on shore and near the 
site of the advanced landing wharf for steamships. Compare with man on the center scaffold 

Most of the piers that are 
carried deep into the water­
bed took the initial form of 
cylindrical shells having a 
general diameter of 13 feet, 
a length of 87 feet, and flar­
ing sections at one end 
about 25 feet in diameter. 
These cylinders, nearly 100 
of them, were heavily rein­
forced concrete structures 
that were built on shore ; 
launched from a broad-gage 
marine railway so that they 
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FOR BORDEAUX 
By R. G. S K E R R E T T  

could be picked up, one by one, by a 
large floating derrick ; and transported 
to their respective points of sinking at 
the terminal site. The derrick stood each 
cylinder upright with the flaring end 
downward and then set it on the bottom 
of the estuary. At that time each cylin· 
der weighed about 290 tons ; and its 
deadweight was counted upon to make 
it penetrate the water· bed as the mate­
rial inside the lower chamber was ex­
cavated and transported to the surface. 

THE excavating of the sand, gravel, 
and sea shells was done by a number 

of agitators arranged equidistant on a 
circle within each cylinder, the intake 
ends of these pneumatically operated 
contrivances lying a foot or two below 
the cutting edge of the flared bottom of 
the cylinder. Each agitator served the 
twofold function of stirring up the bot­
tom material and of lifting it to the 
suiface, and it was made up of tubing 
10 inches in diameter in which was in­
serted axially a two-inch pipe that con­
veyed high-pressure air to its lower end 
and discharged the · air through 3D-odd 
small holes that pointed upward. Both 
the lO-inch tubing and the contained air 
pipe reached from the water-bed up to 
the working platform on top of the cylin­
der ; the bottom edge of the agitator 
had long saw-like teeth to cut into 
and to break up the bottom materials. 

When compressed air was 
discharged upward, it pro­
duced, in effect, an emulsion 
that was lighter than the en­
veloping water, and this un­
balancing caused a strong 
inrush at the bottom of the 
agitator and a vigorous 
movement surfaceward -
the current being strong 
eU:ough to carry fair-sized 
rocks up and overboard at 
the discharge points of the 
six agitators. 

neath the cutting edge, the 
agitators were used as pumps 
to lower the level of the water 
within the cylinder, and that 
operation caused the outlying 
water to act with a downward 
pressure, like a deadweight, 
great enough to force the 
cylinder two or three feet in­
to the clay and to anchor it 
securely there. With that 
done, the flared bottom cham­
ber was permanently sealed 
with concrete to produce a 
plug that would permit the 
complete unwatering of the 
interior of the cylinder, after 
w h i c h  t h e  c y l i n d e r  w a s  
poured full o f  concrete to 
transform the shell into a 
monolithic column. 

By following the proce­
dure described, unit piers 
were launched, transported to 
their prescribed pOSItIOns, 
and sunk to their final foot-

The mole, or advanced landing near Le Ver­
don, lies just inside the mouth of the Gironde 

holds in the sub-aqueous clay in the as­
tonishingly short period of only two 
hours on an average. The pneumatic­
caisson method would have taken much 
longer, would have been more costly, 
and would have been exposed to dam­
aging if not destructive interruptions by 
abrupt changes of weather. 

Having created the advance landing 

place near the mouth of the Gironde, 
the Bordeaux Port Authority had next 
to provide a channel to the sea that 
would be of ample size to meet increased 
traffic and the needs of the biggest of 
French liners that would make use of 
that base. The existing zigzag channel 
could not be altered to satisfy the re­
quirements, and the only acceptable so-

In the foregoing manner, 
the materials enveloped by 
the belled bottom of the 
cylinder were excavated and 
the cylinder settled deeper 
and deeper until it reached 
and penetrated a few inches 
into the basic stratum of 
firm clay. Then, with the 
cutting edge thus sealed so 
that external water could 
not enter the cylinder be-

One of the monster, 290-ton pier cylinders being swung upright by a powerful derrick 
preparatory to starting its journey downward deep into the sand and clay of the water-bed 
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running that had a height of 11 feet and 
more-the dredge going steadily for­
ward at a rate of two knots against a 
current that had a velocity of five knots. 
The ship was able to load and to dis­
charge herself 15 times in the course 
of 24 hours. This included the time taken 
to run to a dumping point and to return 
to .her place of dredging. 

Transverse section of advance port, with ship tied up. Note the buffers on the 
side of the wharf; also flared bottom ends of piers penetrating water-bed 

A LL told, the Pierre-Lefort, and an 
ft older modified steam dredge, have 
excavated the new channel by which the 
Gironde is now linked with the Atlantic_ 
That channel is more than half a mile 
wide, 2lj2 miles long, and has a depth of 
not less than 30 feet at low tide. The 
cutting of that channel required the ex­
cavating of about 10,000,000 cubic yards 
of material. Both the building of the 
advance port and the dredging of the 
new channel have increased to a marked 
extent the advantages of Bordeaux for 
maritime trade ; but from a technical 
point of view, what has been done there 
is of outstanding interest to the entire 
engineering world because of the ways 
in which natural difficulties have been 
mastered. Both undertakings have been 
under the direction of Frangois Leveque, 
chief engineer of the Port of Bordeaux 
Authority ; each proj ect was attacked in 
a practical way only after much pre­
liminary study and experimentation. 

lution of the problem was the excavating 
of an entirely new channel that would 
cut straight across a wide and far-flung 
sand bar that lies off the mouth of the 
Gironde. This meant that dredging 
would have to be done in the open and 
often boisterous ocean_ To deal with the 
difficulties, it was necessary to design 
and build a sea-going dredge of excep­
tional characteristics and to equip her 
so that she could do her work without 
having her dredging apparatus dam­
aged or herself injured in that exacting 
service. 

THE craft built especially for the 
work is the suction dredge Pierre­

Lefort. The vessel has Diesel-electric 
drive, can be completely controlled from 
a central station, and is capable of re­
ceiving and transporting to a point of 
discharge fully 2600 cubic yards of ex­
cavated material. The Pierre-Lefort has 
two large suction tubes or dredges fitted, 
one on each side of her, to trail as the 
craft advances. The bottom intake or 
suction end of each of these tubes is 
fan-shaped and is arranged to rest upon 
the bottom and to be dragged along as 
sand or sediment is drawn into it. Pow­
erful electric pumps within the Pierre­
Lefort suck up bottom material and wa­
ter at the same time and deliver the 
mixture into cargo compartments where 
the solid matter remains after most of 
the water is diverted overboard. Gates 
in the bottom of the cargo compartments 
are opened when the loaded vessel has 
been moved to a deep water point for 
the discharge of the spoil. 

Aside from her notably up-to-date 
equipment and method of propulsion 
and mechanical drive, the success of the 
Pierre-Lefort is, in the main, due to the 

unique flexibility of her suction pipes 
which are so devised that the suction 
ends can follow freely the contour of 
the water-bed, while the vessel pitches 
and rolls in a seaway without causing 
wrenching or harmful stresses either to 
the ship or to the attached and dragging 
suction pipes_ Each suction pipe is long 
enough to do its work in water 65 feet 
deep. The pipes are each about 21% 
inches in diameter and are secured to 
the vessel at their upper ends by revolv­
ing connections_ Interposed in the steel 
pipes at suitable positions there are flex­
ible joints, and the suction or lower end 
of each pipe is provided with a sturdy 
ball joint. This exceptional flexibility in 
her suction pipes has enabled Pierre­
Lefort to do her work, day in and day 
out, in the open sea while waves were 

The completed proj ect bears witness 
to the thoroughness with which that 
study was made, as well as to the in­
genuity displayed by the French engi­
neers in performing an outstanding job 
under great difficulties. 

• 
« R. G. Skerrett, author of the pre­
'\ ceding article, has written another, 
for early publication, on the enormous 
Fort Peck Dam project. It is an unusu­
ally interesting and lucid story of a sig­
nificant engineering feat.-The Editor. 

A seated cylinder-a steel-encased monolith-about to receive its concrete cap 

for the immediate support of the deck and superstructure of the advance port 



TOWING TANK 
Tests Ship Scale Models 

THERE has recently been put in full 
operation at Stevens Institute of 
Technology, Hoboken, New Jersey, 

an experimental towing tank, equipped 
to make accurate resistance measure­
ments on ship models, and marking the 
culmination of four years of investiga­
tion by Professor Kenneth S_ M_ David­
son and other members of the Depart­
ment of Mechanical Engineering_ 

What is of particular interest in this 
connection is the fact that testing will 
be done with small models whose advan­
tages in the matter of cost and conveni­
ence are immediately apparent. In addi­
tion to fundamental research in the field 
of hydrodynamics, the tank is 
available for commercial test­
ing_ 

The towing tank is 100 feet 
long, 9 feet wide, and 4.5 feet 
deep, of semicircular cross­
section. It is built of �-inch 
copper-bearing steel plate set 
into cradles of three-inch 
channels. The whole struc­
ture is carried on two lines of 
IS-inch I-beams, which in 
turn are carried directly on 
specially built foundations in 
the cellar under the building. 
This precludes the possibility 
of building vibration being 
transmitted to the tank. It is 
set down slightly into the floor 
so that the top is at a con­
venient height for observa­
tion. 

A general view of the towing tank 
described in the accompanying text 

cable passes over a stepped pulley, di­
rectly connected to a gear box, which in 
turn is connected to both an alternating. 
current and a direct-current motor. The 
direct-current motor is for acceleration 
and reversing and the alternating-cur-

The towing carriage is 
drawn along a stainless-steel 
rail by an endless cable. The 

Testing a model of a Hog Island type of ship 
in the tank. Note bow waves and instruments 

Below: A scale model of a racing yacht is held by the car­
riage at a heeled position to determine efficiency of hull 

rent drive is for constant speed towing. 
The measuring apparatus in general 

consists of a longitudinal dynamometer 
and two lateral dynamometers, all of 
which can be mounted on the carriage 
at once. In addition to measuring longi­
tudinal resistances of ship models in the 
usual manner, combinations of both 
longitudinal and lateral forces can be 
obtained for sailing yacht models in vari­
ous positions. These positions include 
heel angles up to 45 degrees and lee­
ways up to 10 degrees. Measurements 
can be taken to determine the centers of 
lateral resistance. A large dynamometer 
for obtaining hull resistances of full-size 
yachts is also part of the equipment. 
Included in the auxiliary equipment is 
an apparatus for calibrating the dyna­
mometers against dead weights. 

It is believed that the Stevens tank is 
a valuable supplement to existing ship 
model towing equipment in this coun­
try_ It is thought that the small tank will 
be of decided value in the hull design 
field of both sailing yachts and commer­
cial vessels. This can easily be seen when 
one compares the cost of models. On a 
particular project several small models 
with suggested differences could be built 
and towed for the cost of one large model 
and its test. This would allow consider­
able latitude in trying hull changes_ 

Setting up the dynamometers on the towing carriage to 
measure longitudinal and lateral resistance of a yacht hull 
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THE MYSTERY OF THE 

IF anyone ever compiled the Ten Com­
mandments for science, the law of 
conservation of energy would sure­

ly be included among them_ If ever 
there was a law within which nature 
seemed confined, it was the one which 
stated that energy may change its form, 
but it cannot be created nor destroyed_ 

Energy is the chameleon of science_ It 
appears as heat, as light, as motion_ It 
is stored chemically in the food we eat, 
the air we breathe, and the coal that 
keeps us warm_ It sends the electric 
current humming along our telephone 
wires, and it annoys our neighbors via 
our radio loudspeaker_ It is latent in 
all matter, for science has shown us 
that mass and energy are only two dif­
ferent forms of the same thing_ Yet 
whatever its form, it remains intrinsi­
cally the same : the capacity to do work. 

When we drive a car, the chemical 
energy of the gasoline is turned first 
into heat, and then into the mechanical 
energy which operates the pistons and 
turns the wheels. When we stop for a 
traffic light, the car's energy of motion 
is transformed back into heat in the 
brake bands, the tires, and the road. 

Radiant energy of the sun is stored 
in growing plants by a chemical process 
known as photosynthesis. The eater, in 
turn, stores the supply ih brain and 
muscle, ready to be put to use for men· 
tal or physical activity. 

ENERGY changes such as these can 
be similarly analysed in many an­

other cycle. Often the amounts going into 
each successive form can be exactly mea­
sured. The first scientist to suspect that 
these many different aspects of energy 
are equivalent was Benjamin Thompson, 
a British sympathiser who escaped from 
America during the Revolution. He be­
came a military engineer for the Bavari­
an government, which bestowed upon 
him his familiar title of Count Rumford. 
Late in the 18th Century, he was super­
vising the task of boring cannon, when 
he noticed that the brass became hot and 
stayed hot as long as the process con­
tinued. He experimented with a crude 
calorimeter, and concluded that motion 
could be turned into an equivalent 
amount of heat. This observation in­
spired a series of experiments which 
culminated a half century later in the 
acceptance of the law of conservation of 
energy. 

Today no one can say whether that 
law holds universally or not. The study 
of atoms has brought to light many cases 
where previously accepted laws and the-
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A Particle or Entity which May Turn Out to be 

a Nonentity . . .  The Law of Conservation Appar­

ently Fails . . What Scientists are Wondering 

By J E A N H A R R I N G T O N  

ories have seemed to fail. It is as if the 
atom assumed the privilege of misbe­
having within its own tiny, private 
sphere. Not the least of its sins is its 
apparent disregard of the law of conser­
vation of energy. 

To understand the how and why of 
this atomic peculiarity, we must first 
know a little about radioactivity. There 
is a certain group of heavy elements-

a: 

Figure 1 :  A diagrammatic represen­
tation of the three types of rays 
emitted from radioactive elements 

uranium, thorium, and radium are typi­
cal examples-which are by nature un­
stable, and which are breaking down 
continually into lighter and more stable 
elements. The reason for this spon­
taneous disintegration is not thoroughly 
understood, but it has to do with un­
balanced energy conditions within the 
nucleus of the atom. For the heavier 
elements, the nucleus contains so many 
protons and neutrons that the forces 
holding them together are ill-adjusted 
and easily upset. In such a case, the 
nucleus will try to rebalance and stabi­
lize itself by emitting some kind of par­
ticle or radiation. A minute quantity 
of a radioactive element may take any­
where from a few minutes to a billion 
years to disintegrate, depending upon 
how easily its equilibrium is upset, and 
how great the forces a particle in the 
nucleus must overcome in order to es­
cape. 

A nucleus may choose one of three 
ways to throw off some of its excess 

internal energy, for there are three types 
of spontaneous emission. When these 
were discovered by Becquerel, back in 
1896, scientists thought they were some­
thing new and mysterious in the way of 
radiations, and named them vaguely 
enough-alpha, beta, and gamma rays. 
But later investigation showed them to 
be old familiar friends, coming from a 
new and different source. The alpha 
rays proved to be streams of helium 
nuclei, massive particles with a positive 
charge of two. The beta rays turned 
out to be nothing but the well-known 
negative electrons, while the gamma 
rays were not particles at all but ap· 
peared to be similar in nature to light 
and X rays of a very short wavelength. 

THERE is a very neat little diagram 
( Figure 1 )  which shows the differ­

entiation of the three kinds of rays. 
Suppose we have a little piece of radium 
in an open metal container. If we put 
this in a strong magnetic field, the effect 
will be to sort out and separate the rays 
as they emerge. When an electrified par­
ticle encounters a magnetic field, a force 
is set up which tends to make the par­
ticle travel in a curve instead of a 
straight line. Now the alpha particle has 
a positive electric charge, so its path is 
bent in one direction ; while the beta 
particle has a negative charge, and is 
sent off in the opposite direction. The 
reason its path is so much more curved 
is that it weighs so much less than the 
alpha particle, and hence responds more 
easily to the deflecting force. The gam­
ma rays, being electrically neutral, are 
not affected at all by the magnetic field, 
and continue their straight line course. 

Actually, this experiment could never 
be carried out, because the conditions 
for detecting the rays must be adapted 
for each of the three separately. More­
over, no single radio-element ever gives 
off all three radiations simultaneously. 
A nucleus may emit an alpha or a beta 
particle, but not both together, although 
gamma rays may accompany either 
particle. 

In Figure 2 is a sketchy representa­
tion of a typical disintegration family-



NEUTRINO 
part of the radium series. It shows how 
a nucleus breaks down in successive 
stages, by one way or another, until it 
reaches a stable form. Radium A, at the 
left of the diagram, emits an alpha par· 
ticle and thereby becomes a new ele­
ment known as Radium B. This in turn 
gives up an electron and becomes Ra­
dium C. The latter is a bit peculiar. 
Most of its atoms-more than 99 per­
cent, in fact-emit beta particles and 
become atoms of Radium C'. A tiny, in­
dependent fraction, however, chooses 
another path and turns itself into C" by 
shooting off alpha particles_ The end 
product of both is the same thing, both 
C' and C" eventually becoming Radium 
D. This is a stable isotope of lead, and 
there is no further disintegration. 

To be strictly accurate, we should 
mention still a fourth kind of radio­
emission. When elements are made arti­
ficially radioactive, they sometimes emit 
positrons or positive electrons. But these 
need not concern us in our study of en­
ergy conservation. It is the beta rays 
which concern us most. 

Now every atom of a given element 
is perfectly similar to every other atom 
of the same element_ Each contains the 
same number of electrons revolving 
around the nucleus_ Each contains the 
same number of protons and neutrons 
within the nucleus_ And with each is 
associated a certain characteristic 

velocity, and hence the kinetic en­
ergy of the particle, accounts for 
an additional loss. If these two are 
not sufficient to make up the re-

quired energy difference of the two 
nuclei, a gamma ray may be thrown in 
to even things up. The gamma ray may 
possess varying amounts of energy, de­
pending upon its frequency or wave­
length. 

We have now arrived at a point where 
we may state our problem, and the gist 
of it is this : Given two identical nuclei, 
each of which emits an identical par­
ticle, each thereby becoming identical 
nuclei of a different kind, the energy 
loss in both cases should be exactly the 
same. This is true for alpha emission, 
but it does not always hold for beta 
emission. At this crucial point, the law 
of conservation of energy apparently 
fails. 

How do we know this is true ? Return­
ing to our two identical nuclei, we shall 
submit them to a test which should show 
whether or not the energy loss really 
differs in the two cases. The experiment, 
devised by Ellis in 1924, is similar in 
theory to the one sketched in the first 
diagram ; but this method is practical; 
for it is designed to study only the beta 
rays ( Figure 3 ) . A tiny speck of, let us 
say, Radium B, is placed in a metal 
container, next to a heavy lead block 
which bears a photographic plate. The 
whole apparatus is placed in a vacuum 
box in a strong magnetic field. The rays 
passing through the slit are bent by 
the field, just as before, so that they fall 

-- ct� ALPHA PARTICLE EMISSION 
-- fJ �  BETA PARTICLE EMISSION 

Figure 2:  A typical disintegration series. Part of the radium family, from 
Radium A to Radium D, which is an isotope of lead. Explained in the text 

amount of energy. Thus, when a nu­
cleus of one element loses an alpha or 
a beta particle, it changes itself thereby 
into the nucleus of a quite different ele­
ment with a different characteristic en­
ergy. Each transmutation, then, must 
involve the loss of a certain fixed amount 
of energy. 

The loss may be accounted for in sev­
eral ways. In the first place, the very 
mass of the ejected particle represents 
a large amount of latent energy. The 

on the plate, where each electron leaves 
its "photograph" as it falls. 

Suppose for a moment we have just 
two nuclei of Radium B and two beta 
rays, X and Y. They have the same en­
ergy due to their intrinsic mass, and if 
they had the same velocity, they should 
be deflected the same amount by the 
magnetic field and land on the same spot 
on the film. The fact that they do not 
proves that they must have different en­
ergies of emission, and there are no 

gamma rays in this case to make up the 
difference. Yet both parent nuclei turn 
into identical nuclei of Radium C. 

Of course we could never get two iso­
lated particles such as X and Y. There 
are many thousands of them, but they 
behave in the same way, perhaps no two 
among them having the same velocity. 
The developed film ( Figure 4) shows 
a wide spread of energies, ranging con­
tinuously from a maximum which cor­
responds to the exact difference in en­
ergy level between the two nuclei, down 
through 6 or 7 million electron volts. 

Because this apparatus sorts out elec­
trons of different energies, just as a 
prism sorts out light of different wave­
lengths, it is called a beta-ray spectro­
graph. Indeed, the developed plate looks 
very much like a spectrum of light. 

UNFORTUNATELY, the experiment 
is complicated by the so-called sec­

ondary beta rays-electrons which do 
not originate inside the nucleus, but are 
knocked from their orbits outside the 
nucleus. These, however, can be fairly 
easily identified. Instead of having a 
wide range of unrelated velocities like 
the electrons from the nucleus, they fall 
into various speed groups, depending 
on which orbits they come from. Many 
of them land, therefore, on the same 
region of the photographic plate, leav­
ing a band or spectrum "line" which is 
darker than the background, as at A ,  
B ,  and C in  Figure 4, and is easily dis­
tinguished. 

But what of this continuous back­
ground ? Why do the nuclei send forth 
electrons of such different speeds ? And 
what becomes of the excess energy when 
the electron is traveling slower than it 
ought ? That is just what the scientists 
are wondering. If part of that energy 
simply disappears, leaving no trace of 
its passing, then the conservation law 
is an empty formula. Naturally, the 
investigators are reluctant to let it go 
at that. And so there have been pro­
posed a number of alibis which seek 
to absolve the atom from its asocial be­
havior. 

The explanation which has aroused 
the most interest to date introduces a 
new particle, the neutrino, into the 
atomic family. Unfortunately, the neu­
trino, if it exists at all, is extremely shy 
and retiring. It has never been observed, 
and it has consistently evaded attempts 
to track it down. But if there really is 
such a particle, it will prove a godsend 
to the defenders of the energy conserva­
tion law. 

The theory of the neutrino is simple 
enough on the surface. We have pointed 
out that the mass of the electron ac­
counts for part of its energy. This is a 
by-product of Einstein's law that mass 
and energy are only two different forms 
of the same thing. When the electron is 
going too slowly to use up all the ex-
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if it is not mathematically sound, then 
alas for logic ! The neutrino worked in­
to so neat a case for the law of energy 
conservation that it is rather a pity to 
discard it. But it seems we must, at least 
for the time being, until someone puts 
it on a sounder mathematical basis, or, 
better yet, actually finds it. 

Figure 3: A diagram showing how Ellis's magnetic beta ray spectrograph works 

Two German physicists, Beck and 
Sitte, have put forth an alternative the­
ory, which likewise has its good points 
and its bad. Instead of a neutrino ac­
companying each beta particle, they 
suggest that a positron or positive elec­
tron is its chosen mate. Dirac has shown 
that electrons and positrons may be 
created in pairs out of other forms of 
energy, so there would be nothing 
strange in this. Instead of actually es­
caping from the nucleus, as the neutrino 
is supposed to do, the positron is im­
mediately recaptured by the nuclear 
forces, and is thenceforth divorced from 
its partner electron. 

cess energy within its parent nucleus, 
suppose that the nucleus also emits an­
other particle, with just enough mass to 
make up the difference. If this particle, 
our neutrino, had any electric charge, 
it should be easily detected in a mag­
netic field. Since this is not true, we 
must assume that it has no charge, and 
is just a neutral mass like the neutron. 
On the other hand, if it were as heavy 
as the neutron, again it should be easily 
detected, because it would leave the 
nucleus so much lighter. As a matter 
of fact, scientists have made the start­
ling assumption that the neutrino at 
rest has no mass at all ! 

THIS sounds absurd, of course, un­
til we remember that a photon, or 

particle of light, has no detectable mass, 
but still has energy and can be converted 
into mass upon occasion. Moreover, 
there is another scientific law which has 
bearing here : the peculiar fact that the 
faster a body moves the heavier it is. 
This effect is so slight at ordinary speeds 
that it cannot be detected. A freight 
train going at a 50-mile-an-hour clip 
weighs only a tiny fraction of an ounce 
more than it does at rest. But bring a 
body up close to the speed of light-
186,000 miles a second-and its mass in­
creases very appreciably. 

These particles shooting off from 
atoms come as close to the speed of light 
as anything we know of except light 
itself. So if our neutrino, starting out 
from nothing, and working up to a 
velocity of 100,000 miles a second, may 
acquire for itself a small but very im­
portant mass. 

Since the velocity of the beta ray is 
a variable quantity, differing from atom 
to atom, naturally the neutrino must 
also be a variable. The two are comple­
mentary mates, the one making up the 
deficiencies of the other, and the energy 
of the two always coming to the con­
stant total we need to save our con­
servation law. 

Up to date no one has been successful 
in devising an experimental technique 
sensitive enough to catch the neutrino 
up to its tricks, if, indeed, there is one 
to catch. All we have on it now is cir­
cumstantial evidence. For instance, Dr. 
Kenneth Bainbridge of Harvard report­
ed recently to the American Physical 
Society the discovery of certain pairs 
of isobars which, he claims, could not 
exist unless the neutrino also exists. 
Isobars are elements identical in weight 
but differing in chemical properties. 
That is, their atoms contain the same 
total number of protons and neutrons, 
but in different proportions. By a com­
plex mathematical development, it has 
been apparently shown that pairs of iso­
bars differing in atomic number by only 
one are a theoretical impossibility, un­
less a neutrino weighing more than zero 
is a factor in their creation. Dr. Bain­
bridge and his associates, using a mass 
spectrograph, a precision instrument for 
weighing atoms, have definitely isolated 
three such pairs. This is, of course, in­
direct evidence for the neutrino hypothe­
sis, and it is not entirely above question. 

The neutrino theory was first pro­
posed by Pauli ; since then the great 
Italian physicist Fermi has tried to put 
it on a mathematical basis which would 
conform to wave mechanics, the quan­
tum theory, and all the other theories 
of the nucleus. Unfortunately, the neu­
trino has of late fallen into disfavor, 
principally because Fermi's mathemat­
ics predict the wrong results. In science, 
a theory may be logically possible, but 

A 

This theory does not fit well, either, 
with the experimental facts, without 
some intricate and not thoroughly justi­
fied mathematical juggling. It has re­
ceived less interest and attention from 
physicists than the more spectacular 
neutrino theory. 

A third school of thought has attempt­
ed to show that the law of conservation 
of energy does not necessarily always 
hold true. We have mentioned before 
in another article the principle of proba­
bility, the underlying theory of wave 
mechanics, which has already reduced 
many of our physical laws to expres­
sions of average rather than absolute 
behaviour. Perhaps energy conservation 
is also only an average condition. 

It seems improbable, however, that the 
law should be broken only, so far as 
we know, by the beta rays. Such con­
sistency in misbehavior is rather incom­
patible even with the law of probability. 

I DO not claim to set myself up as a 
prophet of science, but I am willing 

to hazard a guess that none of these 
three theories will hold out much longer. 
Probably the ultimate solution of the 
beta ray mystery is still forthcoming, 
when some scientist or other thinks up 
a better idea ; an idea perhaps just as 
understandable as any of these, but 
which will better fit the facts. And the 
rest of the scientific world will be left 
thinking, "I wonder why that didn't 
occur to us before ? "  
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Figure 4: A beta ray spectrum, showing a continuous background due to primary 
beta rays, and darker "lines" A, B and C, due to groups of secondary beta rays 



The "caisson" system worked out by Emile Bertin, the 
French naval designer. Intended as a defense against gun· 
fire, it has been adapted for protection against air bomb· 
ing. Modified, it is followed by all navies of the world 

A pre·war type of armored ship, the French Danton, 
utilizing the Emile Bertin system of protection-a "cais· 
son" within the hull-as a protection against torpedoes 
which can be launched from aircraft as well as water craft 

Armor protection of the French Bretagne which is still in 
commission. The main armor belt is 13 Y2 feet wide; and 
there are two protective decks plus a complex system of 
interior bulkheads, all of which protect against torpedoes 

How the United States Navy does it. In this system, the 
slopes (glacis or talus) are thicker than the lower armored 
deck itself. The double hull and strong bulkheads provide 
protection against all kinds of underwater explosions 

The much·discussed "blisters," or bulges, which add a 
cushion to absorb the shock of underwater explosions. 
This section, of the British Royal Sovereign, shows good 
internal protection through extreme compartmentation 

The great battle·cruiser Hood of the British Navy, the 
armor and protection of which weighs 13 ,800 tons, or 
one third the vessel's load displacement. Note the liquid 
"mattresses" that are formed by the open·at·bottom bulges 

THE CAPITAL SHIP 'S STRUCTURAL DEFENSE 

THAT the mightiest units of world navies of today are 
proof against surface, underwater, and air attacks is a 

hotly discussed question. Yet certain battleships are well­
nigh invulnerable. Why this is possible can readily be im­
agined after a study of the extent to which compartmentation 

and armor plating are achieved in the capital ship sections 
shown above_ While the hulls may appear thin, they are in 
reality quite heavy, the armor belts at the water-line being 
up to 16 inches in thickness. From drawings by C. E. Turner, 
through the courtesy of The Illustrated London News. 
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'F AIRBOTTOM BOBs
' 

MORE than 40 years ago, at the very 
time when Henry Ford was build­
ing the car that was to revolution­

ize land transportation, there appeared 
in Scientific American an article called : 
"A Newcomen Steam Engine" and in it 
the unnamed author commended the di-
rectors of various techno­
logical museums for their 
attempts to "give the pres­
ent generation a vivid idea 
of the triumphs of some of 
the great mechanical minds 
long passed away'" through 
models based on old draw­
ings and engravings_ He 
pointed out, however, that 
valuable as these models 
were, they lacked actuality 
and left a doubt in the mind 
of the spectator of their 
literal accuracy, and, fur­
ther, lamented the fact that 
more actual examples were 
not obtained and preserved 
for posterity. 

Oldest Newcomen Engine . . .  Salvaged, Shipped to 
America from England . . .  Restored . . . Operating 

Once Again . . .  A Mechanical Link with the Past 

By F. D. 1\1 c H U G  H 

nized the historical impor­
tance of the Newcomen­
the first practical form of 
reciprocating steam engine 
-and resolved that if pos­
sible he should have it as 
the keypiece of the power 
exhibit in the great museum 
then taking form at Dear­
born. 

When he visited England 
in 1928, one of his first con­
cerns 'was to make a pil­
griIpage to Ashton-under­
Lyne; not far from the fa­
mous Lancashire cotton city 
of Old�am, finally reaching 
the site of the' , old engine. 

"At the present moment," 
the article read, "there is a 
specimen of an engine built 
by Newcomen, of Dart­
mouth, in 1705, rusting 
away in the open air for 
want of a friendly hand be­
ing put forth for its preser­
vation . . . .  The date of its 
erection in Fairbottom Val­
ley, half way between Ash­
ton-under-Lyne and Old­
ham, is uncertain, but it was 
probably toward the end of 
last century. It is still on 

In the foreground is the "wagon" type boiler that replaced 
the original "haycock" type which powered Fairbottom Bobs 

As was to be expected, old 
Fairbottom Bobs, after 

working some 70 years in all 
sorts of weather and stand­
ing derelict another 100, 
was not much to look at 
when Mr. Ford first viewed 
it. The beam had collapsed, 
the connecting chains ' had 
disappeared. All that re' 
mained visible of the struc­
ture was the masonry col­
umn that had supported the 
beam trunnions, the cylin­

the original site." , 
There followed a technical description 

of the engine, in which the interesting 
point is made that to keep the piston 
joint in good working order, the top was 
commonly packed with horse dung. 

"It appears probable," the article con­
cluded, "that this is the oldest engine in 
existence, but it is in a most dilapidated 
state." 

It was "Fair bottom Bobs" the author 
was describing, but he did not know it 
by that name. This is how it came by its 
nickname, according to local tradition : 
When motionless it was hidden from the 
view of the surrounding countryside by 
low hills of slag, built up when the val­
ley was still a prosperous mining dis­
trict, but when it was in operation the 
beam-ends could just be seen bobbing 
up and down against the horizon, like a 
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couple of bent old rustics nodding over 
their cups. 

Thirty-four years elapsed between the 
time that article was written and the 
time when it was brought to Henry 
Ford's notice. Meanwhile, the obscure 
farmer-engineer of Dearborn had be­
come an international figure and the 
"ruler" of one of the world's greatest 
industrial empires. 

After all those years old Fairbottom 
Bobs, now well past the two-century 
mark, still stood its ground, still awaited 
the "friendly hand" that was to rescue 
it from oblivion, and the old residents of 
Fairbottom Valley who had lamented its 
passing themselves had long since passed 
from the scene. 

Mr. Ford, who had operated ( station­
ary ) engines long before he began put­
ting them on wheels, immediately recog-

der and its piston rod, which had fallen 
sideways, the trunnions and their steps 
and old curved wooden arm, sundry iron 
work from the beam, and the wreck of 
an old "wagon" boiler. But that was 
enough. Mr. Ford had no difficulty in 
envisioning this great mechanical link 
with the past restored in its entirety. 

The trustees of the estate of the Earl 
of Stamford, apprised of the purpose" 

for which Mr. Ford desired the engine, 
proved to be in utter sympathy with the 
idea ; in fact, insisted that Mr. Ford ac­
cept the famous engine as a gift. Only 
there were, of course, many formalities 
to be complied with and legal technicali­
ties to be straightened out. 

The negotiations between Mr. Ford's 
agents and Lord Stamford's trustees en­
dured a year and had assumed the pro­
portions of an international treaty when, 
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in July, 1929, everything having been 
most satisfactorily arranged, the work 
of taking down and " picking up the re­
mains of Fairbottom Bobs and prepar­
ing it for shipment to America began. 

It was no easy task-an engineering 
job in itself_ On one side lay slag hills 
crossed only by na.rrow foot-
paths_ On the other flowed 
the Medlock, normally a 
gentle stream about 12 feet 
wide, which runs down an 
80-foot channel it has cut for 
itself through the slag heaps 
and can :l�asily be crossed 
on stepplrilr stones. After a 
few hoti)-�ilPi rain, however, 
it becontei' it ragl�� torrent. 

To get trucks amilflerrick 
to the site, l'lll�/later to re­
move th,!, QarefuUy'boxed re­
mains "t{'thtif<o'ld boilers and 
170 tOIl$: of masonry and 
machinery, MrJ.,Ford's en­
gineers had to brtlld a tem­
porary bridge and 11l;y a nar­
row-gage railway aCl-?ss it. 
Several times during. the 
building of the bridge the 
workmen had to abandon 
their tools and run for their 
lives and then, when the wa­
ter had subsided, recover 
tools and planks many miles 
downstream. 

S C I E N T I F I C  A M E R I C A N  

Fairbottom Bobs taken 60 years before 
plainly indicated that certain missing 
parts must have tumbled down the well 
when the engine's superstructure fell 
apart. To reach the bottom of the 220-
foot shaft, filled with water to within 18 
feet of the surface, was, the searchers 
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the aid of careful measurements and 
photographs, the reconstruction of what 
possibly is the oldest engine on earth 
could easily be achieved. 

Carefully ( and somewhat hastily, be­
cause souvenir-hunters were by that 
time visiting Fairbottom Valley in in-

creasing numbers ) the pre­
cious relics were boxed and 
moved across the wooden 
bridge to waiting railway 
trucks and shipped to the 
docks. Meanwhile, as a ges­
ture of friendliness toward 
the generous trustees of the 
Earl of Stamford, Mr. Ford 
ordered a new footbridge 
erected near the site of the 
one washed away during the 
operations, so that today, no 
matter how merrily the 
Medlock overflows its banks, 
the cottagers of the valley 
can reach their homes dry­
shod. 

MOTHER Nature gave 
the Ford forces va­

liant battle every step of the 
way. She had spun a web of 
heavy interlacing branches 
of ivy about old Fairbottom 
Bobs. She had sent up tall 
trees to hide her century's 

Fairbottom Bobs in its original setting. This and the il­
lustration on · opposite page are from 60 year old photos 

ON November 2, 1929, 
just four months after 

operations were begun at 
Ashton-under-Lyne, Fairbot­
tom Bobs was shipped to the 
United States. Some months 
later Mr. Ford's English 
agents were enabled · to 
acquire another N ewcomen 
type atmospheric engine­
one of the three known to 
be working throughout the 
world-and this one a par­
ticularly interesting speci­
men, since it has a separate 
condenser, and is thereby 
unique. In the neighborhood 
they found an old "haycock" 

labor and thrust their destructive roots 
into the crevices of the stone foundation. 
Chains and other parts of the engine 
had fallen into the 220-foot pump shaft. 

When the engine had been dismantled 
and all visible parts carefully examined, 
cataloged, and crated, the work of re­
covery was only well begun. Next came 
the turning up of the soil for yards 
about to uncover parts of the operating 
gear that through the years had gradu­
ally become buried in the earth's sur­
face : cylinder castings, reduction box, 
jack head pump, suction flange, top and 
bottom motion shafts, operating levers 
and the like. It was long, hard labor but 
well rewarded ; as each new find came 
to light and revealed to the patient 
searchers more precise knowledge of the 
actual mechanism of the engine, it was 
greeted with much enthusiasm. 

Next came the removal of the central 
column, a 14-foot pylon built of some 
450 heavy blocks of stone. Each stone 
was marked in position with identifying 
colored numerals. 

Now began the attempted search of 
the pump shaft itself. Photographs of 

realized, a well-nigh hopeless task, and 
even if successfully accomplished prob­
ably would prove a fruitless one, since 
several generations of Fairbottom boys 
had amused themselves by tossing bricks 
and other objects into the well and any 
pieces of value at the bottom in all 
likelihood would now be buried under 
mud and debris. Some of the missing 
parts, however, might be wedged across 
the shaft and on that chance heavy grabs 
were lowered. 

The results of this method were nil, 
so a staging was built down to the water's 
edge and there a force pump capable of 
lifting 200 gallons a minute set up. At 
first this effort seemed to be meeting with 
success. The water level rapidly fell 10 
feet. But it fell no farther. Seepage from 
old mine galleries far below now easily 
overcame the pump. The engineers con­
ceded this final minor victory to the 
forces of nature, and though the water 
was probed with an 18-foot boathook 
from the lowered level nothing of value 
came to light. 

They were satisfied, and well might 
be, for with the material they had and 

boiler, of the type used originally with 
Fairbottom Bobs, the "wagon" boiler 
having been a later "improvement." This 
boiler was still in service-as a water 
tank. It was bought and shipped to Dear­
born-where it gives the final and au­
thentic touch to the restored masterpiece 
of Thomas N ewcomen, the blacksmith 
who gave the world the first practical 
means of draining mines. 

In the operation of the Newcomen 
atmospheric engine, steam at little or 
no more than atmospheric pressure was 
admitted to the cylinder through a valve, 
a counterweight on the beam raising the 
piston . .  A jet of water then entered 
the cylinder, condensing the steam. At­
mospheric pressure, forcing the piston 
down, did the work on the pump. The 
next entry of steam expelled the eon­
densed water through a valve. 

Fairbottom Bobs has been perfectly 
restored, with the use of only such new 
material as was necessary to put it in 
working order again. And it does work 
today, or could be made to work, as well 
as ever it worked in the old Cannell Col-
leries in Ashton-under-Lyne. 



The cliff which is the site of the richest radium strike to date, at Great Bear 
Lake in the Canadian Arctic. The productive vein follows along the water's edge 

Ores of the Canadian Arctic By Air and 

Water and Rail to the South . . . Refined and 

Made Ready for Hospital Use Near Toronto 

AT a well guarded factory in the small 
.fl. town of Port Hope, Ontario, 60 

miles east of Toronto, chemists are 
busy extracting the world's most pre· 
cious mineral from tons of carefully 
guarded and protected rock which have 
journeyed nearly 3000 miles by air, wa· 
ter, and rail. Radium sells for 70,000 
dollars a gram, or about 2,000,000 dol· 
lars an ounce. 

Radium is being manufactured in 
Canada from ore found on the shores of 
Great Bear Lake, on the Arctic Circle. 
Ontario hospitals are using radium 
mined in the far north, and the medical 
world is looking to the Canadian Arctic 
to supply large quantities of this valu· 
able mineral so necessary to·day in the 
treatment of cancer. 

There is a jump of nearly 3000 miles 
from the Port Hope radium plant to the 
mining camps on the shores of Great 
Bear Lake. It used to take the better 
part of a year to get into the country. 
Now, from the mine to the plant, with 
favorable flying weather to Edmonton 
or Waterways, railway points, takes but 
three and a half days. The airplane has 
to a large extent made possible the rapid 
development of this new mining region. 

Radium from the Arctic dates back 
but a few years, to the beginning of the 
decade, when two prospectors struggled 
against blizzards, snowblindness, and an 
inhospitable country to reach an island 
in Great Bear Lake on which they had 
noted a peculiar mineral formation the 
previous summer while flying over the 
region, southward bound. 

A plane on skis, with freight, at 
Echo Bay, on Great Bear Lake 

ARCTIC 

Prospectors working on a claim in 
the Great Bear Lake mining field 

silver and radium content. Tunnels have 
been dug in what a few years ago was 
an unknown and isolated wilderness, 
passed through by perhaps a few trap· 
pers and a few Indians. Now there are 
mine railways, ore compressors, work· 
shops, log cabins, stores, airports, and 
radio stations. Now the lake in summer 
has the traffic of a variety of boats, 

. while planes land and take off from its 
sometimes turbulent waters. There, on 
the shores of Great Bear Lake, the bags 
of ore are filled, ready for shipment 
south. 

At Port Hope a new method has been 
developed which cuts the time of extrac· 
tion from the rough ore to three months. 

On the shores of Great Bear Lake 
men are busy, winter and summer, tak· 
ing from the earth tons of rock rich in 

Pilots who fly the Canadian northland are nowadays prepared for shipwreck 
on the many lakes of that region. They carry inflatable folding rubber canoes 
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RADIUM 

Gilbert LaBine, discoverer of the 
ore at Great Bear Lake ( on right ) 

Radium can be obtained only by chemi­
cal treatment requiring many opera­
tions_ Three tons of chemicals are neces­
sary to procure radium from a ton of 
ore. With these huge quantities of 
chemicals the crushed ore is treated. 
Every resultant solution and residue are 
handled over and over again, to extract 
every particle of radium concentrate 
from it. With every move in the process 
so carefully checked, weeks go by be­
fore pure radium is produced. 

Great care is taken in handling ra· 
dium bearing ore at the plant, for radium 
is a dangerous mineral, although it has 
healing qualities. Even the ore as taken 
from the mine is likely to damage the 

The plant at Port Hope, Ontario, where radium is being produced from ore 
mined in the Canadian Arctic. A large plant, considering the circumstances 

By J A M  E S M 0 N T A G  N E S 

A finished radium "needle," for 
use in treating cancer by radium 

skin of any person handling it careless­
ly or injudiciously. 

The chemical process of extracting 
radium from pitchblende develops a 
number of by-products in the form of 
salts and minerals of different kinds. 
These are reclaimed from the various 
solutions · through which the ore is put. 
Sily�r, 1�<l�, . and some minerals used 
in the paint l'j.l1d pottery trades are thus 
obtained. Other> by-products, such as 
uranium by-products, are sealed in small 
glass containers and shipped to recog­
nized laboratories in Canada, the United 
States, and Europe for certification of 
radium content. 

THE radium plant differs from most 
mining plants in that it is largely a 

laboratory, few heavy machines being 
used, except for the crushing, boiling, 
and live steam processes. Earthenware 
jars, glass retorts, and other utensils of 
the chemical laboratory are mainly in 
evidence, rather than the bulkier obj ects 
one would expect. 

Refined work in the radium laboratory at the Port Hope radium plant, show­
ing how the ore is reduced to a fraction of a gram for medical purposes 

Doctors and patients have their eyes 
on this radium plant. The hopes of many 
cancer sufferers are centered in this com­
paratively new industry, for radium 
treatments are the best cure for cancer 
ailments discovered up to this time by 
the medical profession. Only a very 
small quantity of radium is in use in 
hospitals�nearly all that is now avail­
able. And that small amount is not 
enough for all the hospitals where can­
cer sufferers are being treated. The ex­
pense and scarcity of the mineral, until 
recently mined only in the Belgian Con­
go, have made it possible for only the 
larger hospitals to have fractional quan­
tities of a gram. A source such as that 
of the Canadian Arctic is therefore con­
sidered of the greatest importance in 
the medical world. 
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THE SCIENTIFIC AMERICAN DIGEST 

LYING-DOWN SPECTACLES 

"RECUMBE NT spectacles"-glasses for 
invalids and others who have to lie 

more or less flat on their backs and who 
wish to read-were shown to the public for 
the first time at the British Industries Fair, 
reports Science Service. These spectacles 

enable the wearer to see more or less at 
right angles to the ordinary line of sight. 
They contain a pair of prisms, which pro­
ject incoming rays of light in such a way 
that the wearer can read a book held com­
fortably at arms' length, resting on the 
waist-in a position where it could not be 
read at all, ordinarily, without raising the 
head from the pillow. Corrective lenses for 
righting defects of eyesight in the usual way 
can be combined with the two prisms. 

SHORTAGE OF COAL-TAR 

C HEMICALS 

AWORLD shortage of important coal·tar 
chemicals is predicted for the near 

future by Industrial and Engineering Chem­
istry. The shortage of crude naphthalene is 
described as acute. Germany has already 
placed an embargo and indications are that 
at least one other country abroad will fol­
low suit. Unsettled conditions abroad plus 
fundamental changes in certain chemical 
processes aggravate the condition. In the 
last few years naphthalene has gained an 
unusually prominent place among intermedi­
ates. It is widely used in industry for the 
manufacture of dyestuffs, explosives, and 
phthalic anhydride. The latter is a consti­
tuent in the manufacture of one of the plas· 
tics, the demand for which has grown 
rapidly, particularly with its inclusion in 
formulas for protective coatings. 

According to the Chemical Division of  the 
Department of Commerce, 4934 metric tons 
of naphthalene were shipped from Germany 
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to the United States in the first 11 months 
of 1935, as compared with 8942 tons for the 
corresponding period of 1934. The domestic 
demand for naphthalene in Germany has 
increased to a point where a national short· 
age is threatened there and as a result the 
Reich Government has issued a decree pro­
hibiting exportation of crude naphthalene, 
although refined grades may still be export­
ed under certain circumstances. 

The consumption of naphthalene has not 
appreciably declined for the manufacture of 
the older products, such as moth balls, and 
the increase has been for these new uses. 
::9uring 1934 over 38,000,000 pounds of re­
fiited , naphthalene were produced in the 
United ' States and 48,000,000 pounds of the 
crude were imported, 22,000,000 of these 
cominir'from Germany, 7 ,300,000 from Bel­
gium, 7;000,000 from the United Kingdom, 
5,765,000 from Poland and Danzig, and the 

( 'ourlesy The ""h lte  Motor Compn ny 

balance from Czechoslovakia, the Nether­
lands, Russia, and Canada. 

It is a tribute to the enterprise of our 
chemical manufacturing industries that 
there should be a threatened shortage in 
naphthalene, especially since domestic 
sources have already developed to the point 
of furnishing quantities far in excess of all 
demands that could have been foreseen but 
a few years ago.-A. E. B. 

FIFTH AVENUE 

JEWELRY, silk stockings, wo­
men's dresses, hats, lingerie, cos­

metics-many South American wo­
men now shop for these things on 
Fifth Avenue by air. 

JAPANESE BEETLES 
RESISTED WINTER 

COLD weather of the past winter in the 
area infested by the Japanese beetle-' 

roughly, eastern Pennsylvania and the south­
ern two thirds of New Jersey-seems to 
have been uo hindrance to the grubs that 
were hibernating in the ground. 

The world's largest strip shovel is shown lifting the world's largest coal truck 
loaded with 50,000 pounds ( total weight 90,000 pounds ) .  This powerful Bucy­
rus-Erie shovel can move from 2000 to 3000 cubic yards of earth every hour 
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Recent studies by entomologists of the 
United States Department of Agriculture 
show that numbers of this destructive pest 
in the soil do not decrease in winter, usually 
the season of heaviest insect mortality. Even 
the abnormally cold winter of 1933·34 in 
the east killed comparatively few beetle 
grubs. 

Low temperatures, entomologists explain, 
stop activities of disease organisms that 
prey on larvae of the beetle in the soil in 
warm weather. Furthermore, the larvae, or 
grubs, of the beetle-the overwintering 
form-go down so deep into the groulld that 
they are beyond the reach of intense cold. 

Japanese ' beetles in the ground reach 
gteatest numbers early in September at the 
end of two months of active egg laying. 
Then they decrease until the weather gets 
cold. Return of warm weather starts another 
decrease in the number found in the ground 
-most striking in May and early June. 

NEW TREATMENTS FOR 
HEART DISEASE 

INJECTIONS of alcohol into the nerves 
beside the spine, removal of the thyroid 

gland, and a diet of few calories are among 
the new methods of treating heart disease. 
These and many others were described by 
Dr. W. D. Stroud of Philadelphia at a meet· 
ing of the American College of Physicians. 

Too often the heart is treated for symp· 
toms that are brought on by disturbance of 
the sympathetic nervous system, Dr. Stroud 
pointed out. Doctors are finding more and 
more that prolonged constant anti·syphilitic 
treatment is  of definite value in preventing 
heart disease due to syphilitic infection. 

As yet no vaccine has proved beneficial in 
arresting rheumatic heart disease, Dr. 
Stroud said. Digitalis, nitroglycerin, and rest 
continue to be standbys in treating certain 
forms of heart disease. For the much· 
dreaded angina pectoris, Dr. Stroud said 
that a cheerful outlook, reassurance of the 
patient as to his condition, and a readj ust· 
ment of his daily routine with mild sedatives 
continues to be beneficial.-Science Service. 

NEW AUTOMATIC 
TRAIN STOP 

AN automatic train stop has been perfec· 
.tl. ted by an Austrian engineer named 
Kofler, which is apparently free from the 
defects of those now in use, particularly un· 
der conditions of ice and snow which put the 
present contact equipment out of operation. 
The Kofler train stop, which is characterized 

S C I E N T I F I C  A M E R I C A N  

The "star gazer" in use 

by rugged construction, extreme simplicity, 
low initial cost ( said to be about 167 dol­
lars ) , and low upkeep cost, consists of an 
arm attached to a signal post. When set at 
"stop" the arm lowers, engages a tripbar on 
the locomotive that has direct connection 
with the wheels and sets in motion the mech­
anism that brings the locomotive to a stop. 
The device is illustrated in two accompany­
ing photographs. 

PESTS 

TWO billion dollars just about 
covers the damage done by in­

sect pests in this country each year. 
This sum is estimated from the 
known amount-about nine hun­
dred million-of the damage done 
annually by 34 of the more impor. 
tant insect pests. 

STAR GAZER 

MOST practical of all the gadgets we 
have seen for locating and learning 

the constellations is a rather simple one in­
vented by Prof. Walter Bartky of the De­
partment of Astronomy at the University 
of Chicago. A common flashlight battery 
and lamp illuminate a motion picture film 
which may be shifted to any one of the 
common constellations shown on it, simply 
by pushing the film through to the desired 
"frame." The whole "Stellarscope" is then 
held up to one eye, while the other eye 
beholds the actual sky. The Stellarscope is 
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then moved about until the images in both 
eyes coincide, and this automatically picks 
out the whole constellation far more easily 
than the familiar old method of "Now fol· 
low down from that one, a little bit to the 
left to a red one ; and then over to the next 
one just above Smith's woodshed ; and on 
down again about to the roof ; and then 
over. . . ." Or, even if large illuminated 
charts are used, the eye must be shifted 
back and forth, so that the views are not at 
first seen as a whole, as with this little de· 
vice. It deserves the commendation it prob­
ably will receive. The University of Chicago 
is using Stellarscopes in its evening class 
work exercises. 

WOOD DISTILLATION 
COMES BACK 

JUST a few years ago we reported in these 
columns that synthetic methods for the 

production of acetic acid threatened the life 
of the wood-distillation industry. The wood­
distillers were not willing to give up the 
ghost so easily, however, and they put re­
search chemists to work with the result that 
improvements in wood distillation methods 
ha ve again put acetic acid from this source 
in a favorable economic position to com­
pete with the synthetic product. By con­
tinuous direct separation of acetic acid, 
wood alcohol, acetone, and tar from the 
crude pyroligneous acid from the retorts, 
substantial savings are effected over the now 
obsolete process involving the intermediate 
production of calcium acetate. The azeo­
tropic distillation process yields glacial 
acetic acid directly.-A . E. B. 

-------

THE ELECTROCAMERA 

PARALLELING recent developments in 
the photography of lightning dischar.ges, 

a new technique called "electrophotogra­
phy" has produced portraits of electrical 
discharges through insulating materials. The 
importance of the new development, accord­
ing to the Industrial Bulletin of Arthur D .  
Little, Inc., is due to  the need for better 
insulators in modern methods of power 
transmission and use. Moist oil·immersed 
photographic film or paper is placed in a 
light-proof housing with the insulating ma­
terial being examined, then a high-potential 
alternating current is passed through and 
a photographic record is made of the loca­
tion and intensity of the breakdown of the 
insulator. 

Collision of electrons and charged posi· 
tive ions produces a local corona, says the 
physicist, but whether he is right or wrong, 

Two views of the automatic train stop, showing the trip bar on the locomotive, and the signal·post arm 
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the new method indicates the voltage at 
which cable destruction will begin, and it 
may be applied as well to mineral insulating 
oils, solid insulating materials, the new 
"superdense" papers and tapes used in cable 
manufacture, and even impregnating com­
pounds. The very mechanism of electrical 
breakdown and the factors effecting it may 
now be studied more effectively, and the 
modern knowledge of materials brought 
more successfully to bear on electrical en­
gineers' problems. 

GREAT CIRCLE AIRCRAFT 

CONSTRUCTION 

THE shortest distance between two points 
on the surface of the earth is on a "great 

circle." The diameter of a "great circle" 
is the diameter of the sphere itself. But 
what has the great circle to do with airplane 
construction, and why did newspaper an­
nouncements of  geodetic or great circle 
construction by Vickers in England arouse 
such interest ? 

The most efficient way to build an air­
plane is to make it a monoplane, and the 
most efficient way of securing good climb 
and take-off is to give the monoplane a large 
aspect ratio, which, in non-technical lan­
guage, means to give the wing a long span. 
But when the monoplane wing is long and 
thin ( it should be thin for aerodynamic effi­
ciency) the high bending moments near 
the fuselage are very hard to meet struc­
turally. The aerodynamic efficiency of the 
long monoplane wing is counteracted by 
the high structural weight of the wing. 

American designers have been the pio­
neers in all-metal monoplane wings of large 
aspect ratio and have designed their struc­
tures in a number of different ways. A typi­
cal construction is that shown in one of our 

Conventional wing construction 

diagrams. The sketch shows a number of 
rather light spars or longitudinals ; at in­
tervals the spars are connected together by 
rigid bulkheads or ribs ; over the ribs and 
bulkheads there is  a metal skin covering 
riveted to . spars and bulkheads ; to make 
the skin of the upper surface of the wing 
contribute to the strength, this skin is rein­
forced at intervals with "stringers" ( not 
shown in the sketch) . 

This construction has proved surprisingly 
effective, but is also very complicated in cal­
culation and, what is worse, is very hard 
to build. There are thousands of rivets to 
be placed-driven in, sometimes in the most 
awkward positions. 

B.  N.  Wallis of the Vickers company has 
hit on an entirely new method of construc­
tion, the geodetic method, which gives 
promise not only of greater lightness ( or, 
alternatively, the ability to make the wing 
longer for a given weight ) but also of far 
greater simplicity. 

Suppose we have a curved member of  
metal as shown, to  which a tension load i s  
applied. What happens ? The member tries 
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to extend and the center portion of the 
curved member tries to go down. But sup­
pose we have a curved member of metal, to 
which a compression load is applied. The 
member tries to compress and the center 
tries to go up. If the compression member 

Curved member under tension 

Curved member under compression 

is thin it will fail very readily. This is the 
reason why the thin metal cover of the upper 
surface of a wing has little strength in com­
pression and buckles or crinkles easily. 

Now here is Mr. Wallis's brilliant idea : 
Suppose we connect curved compression 
members to curved tension members at 
their centers. The tendency to rise and the 
tendency to go down at the center points 
will neutralize and the full strength of the 
material will be developed. One of the 
illustrations shows diagrammatically how 

Great circle wing construction 

this new and simple principle is applied 
in the construction of a monoplane wing. 

There is still a spar to take up the bend­
ing loads, but there is  only one such spar. 
To take up the twist loads, thin strips of 
metal are wound in contrary directions with 
a connection between the strips at their in­
tersection points. The whole is  covered with 
very thin sheet. Owing to this neutralization 
of loads at the intersection points, and the 
fact that the strips are placed as far as 
possible from the center line or "neutral 
axis" of the wing, all the material works in 
the most efficient possible fashion. These 
curved strips are "geodetics" or great circle 
lines-hence the name. 

A fuselage built on the same principles 

Great circle fuselage construction 

is also shown. It certainly is reduced to 
the simplest form, all other internal mem­
bers disappear, and a great deal more room 
is available for baggage, mail, and so on. 
-A. K. 

BLIND FLYING BY SOUND 

IN a recent paper presented before the 
Institute of Aeronautical Sciences, Luis 

de Florez, consulting engineer and private 
plane owner, described some novel experi­
ments demonstrating that blind flying with 
the ear as a guide is quite possible. 
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It has long been known that our ears 
detect the direction of sound through what 
is known as the "binaural" sense with which 
virtually everyone is endowed. This direc­
tional sense is based on the ability of  the 
brain to interpret differences in phase and 
volume of sound which occur when sound 
waves strike the ears unevenly. Thus if a 
sound be produced to one side, the nearer 
ear will be struck by the sound waves first 
as well as in greater volume. When we wish 
to face the sound we turn the head until 
the ears receive the sound waves simul­
taneously and in equal volume. It is upon 
this principle that Mr. de Florez's experi­
ments are based. 

The laboratory experiments were made 
with very simple apparatus, shown diagram­
matically in the sketch. The sound was 
produced by a six-toothed inductor wheel 
rotating between the poles of two electro­
magnets, producing alternating currents in 
the circuits and setting up a hum in each of 
a pair of earphones. By varying the speed 
of rotation, changing the position of one 
magnet with respect to the other, and 
manipulating the rheostats, variations in 
pitch and intensity could be imparted to 
either ear. 

When Mr. de Florez sat in a swivel chair, 
and someone else operated the apparatus, 
he found that he could follow the apparent 
source of the sound all around the room. 

The second phase of the experiments was 
to determine whether the average ear could 
remember and return to a given pitch. This 
was done by varying the speed of the wheel 
and returning it to approximately the same 
pitch as before such manipulation. It was 
found that the ear and brain were quite 
capable of such a task. 

The next step was to make experiments in 
actual flight. The pitch sound was produced 
by a small wind-driven magneto attached 
to the flying struts and well out of inter­
ference with the wing. If the airplane nosed 
down and its speed increased, the lipeed of 
the windmill would increase also, the acous­
tic pitch would be higher and the pilot 
would be "aurally" notified that the nose 
of his craft was going down. The gyroscopic 
turn indicator was so connected with the 
electric circuit that a turn to the right 
brought the sound to the right ear and 
vice-versa. 

The flight tests were carried out in a two-

Laboratory unit for experiments in 
blind flying by sound, showing in­
ductor wheel and movable magnet 
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seater parasol Fairchild 22 equipped with 
a Watner 145 horsepower engine. Mr. de 
Florez states that with eyes blindfolded, or 
in fog, he was able, after relatively little 
training, to keep a fairly straight course for 
more than 40 minutes, and carry out turns 
correctly. After his controlling co-pilot had 
deliberately put the plane in a spin, he was 
able to bring the ship back to normal after 
somewhat more of a dive than usual. 
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Space will not permit us to go into greater 
detail. In general, it was found that the 
acoustic characteristics of the position of  
flight were interpreted almost subconscious­
ly, perhaps in the same way that dancers 
follow music without conscious effort. One 
can readily see what a help it would be to 
the pilot if in blind flying he received indi­
cations subconsciously through his ears 
while his eyes were free for the many other 
duties which a pilot has to perform.-A. K. 

Comfortable interior of the new Fairchild 91 described below 

AIR TRADE 

T HE United States not only leads 
every country in the world to­

day in air trade with South Amer­
ica, but her yearly trade by air 
with that continent is greater than 
that of all other countries of the 
world combined. 

INSIDE AN AMPHIBIAN 

WE never cease to marvel at the com­
plexity of  the modern airplane as 

compared with the stark simplicity of the 
early stick-wire-fabric contraptions that 
flew so daringly. The new Fairchild 91 ,  
which is said to be the world's fastest and 
largest single-engined amphibian, is a splen-

did example of the remarkable equipment 
that is taken for granted in the passenger 
aircraft of to-day. Powered with a Pratt & 
Whitney Hornet of 750 horsepower, it has 
a top speed of  173 miles per hour and a 
useful load of 3904 pounds (crew, radio, 
fuel, oil, passengers, mail, and express ) .  
The gross weight is 10,500 pounds, which 
means that the useful load is about 40 per­
cent of the gross weight-somewhat of an 
achievement. 

The new craft is to be put in service by 
Pan American Airways on a 1000-mile 
stretch of the Amazon River, between Para 
and Manaos, reducing the run from 10 to 
6% hours, and bringing Manaos, in the 
wilds of  the Brazilian jungle, to within four 
days' travel by air from New York City. 

Our photograph shows an interior view 
of the cabin. The 16-foot cabin is divided in­
to two compartments, each fitted with four 
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reclining seats which are set in rubber. A 
bulkhead is inserted between the two pas­
senger compartments. There is a large in­
dividual window at each seat, and individual 
nozzle-type ventilation controls. The sound 
level is low, thanks to scientific sound­
proofing and because the wing is placed 
between the engine and the cabin, with the 
engine well forward. The diagrams supplied 
by the Fairchild company indicate 58 
items in the equipment and installation. 
What troubles the aircraft designer must 
have in combining all this equipment with 
structure, aerodynamics, performance, pow­
er plant installation, and other problems ! 
-A. K. 

AIRSHIP SURVEY REPORT 

A LL airship disasters are probed by in-
1\. vestigating committees, and all the 
committees recommend in their reports that 

The equipment of the Fairchild amphibian, illustrated above, 
is as follows : ( 1 )  Tow Line. ( 2 )  Sea Anchor. ( 3 )  Oil Dis­
penser for Sea Anchor. ( 4 )  Mooring Post, retractable. ( 5 )  
Utility Line. ( 6 )  Anchor. ( 7 )  Propeller Guard. ( 8 )  Boat 
Hook. (9) Fog Hom. ( 10 )  Bell. ( 1 1 )  High Pressure Pump. 
( 12 )  Tool Box. ( 1 3 )  Engine and Propeller Covers. ( 14 )  
Bucket. ( 1 5 )  Baggage Hold-down Rings. ( 1 6 )  Sealed Tool 
Container. ( 1 7 )  Special Airplane Tools. ( 18 )  Dual Control 
Column. ( 19 )  Control Column Lock. (20)  Very Pistol. ( 2 1 )  
Hand Fire Extinguisher. ( 22 )  Axe. (23 ) Machete. ( 2 4 )  First 
Aid Kit. (25)  Battery. (26)  Life Preservers. (27)  Pilots' 
Seat. (28) Log Book Container. ( 29) Pilots' Ventilator Out-

let. ( 3 0 )  Passengers' Ventilator Outlet. ( 3 1 )  Passenger Chair. 
( 3 2 )  Hand Fire Extinguisher. ( 3 3 ) Water Container. (34)  
Life Raft. (35)  Life Preserver. ( 3 6 )  Soundproofing and In­
terior Trim. ( 3 7 )  Cabin Floor. ( 3 8 )  Baggage Rack. (39)  
Water Jug. (40) Cup Holder. (41 ) Lavatory Ventilator. 
(42 )  Mirror. ( 43 )  Tissue Dispenser. ( 44)  Wash Basin. ( 45 )  
Chemical Dry Toilet. (46) Head Protector. (47) Deodorizer. 
(48 )  Paper Towel Dispenser. (49 )  Waste Receptacle. ( 5 0 )  
Retractable Water Rudder. ( 5 1 )  Bilge Pump. ( 5 2 )  Hoisting 
Sling. ( 5 3 ) Retractable Tail Wheel. (54)  First Aid Kit. 
( 5 5 )  Entrance Ladder, interior fixed. ( 5 6 )  Entrance Ladder, 
outside retractable. (57)  Dome Light. ( 5 8 )  Engine Nacelle. 
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Newsreel 
Another type of rail-highway truck that makes possible store-door delivery of 
freight. The flanged wheels are so arranged mechanically that they can be low­
ered to the rails, or raised out of the way for highway travel, in a very short time 

more airships should be built. The argu­
ments offered are now almost classical­
that there are disasters in other fields of 
transportation as well, that the safety record 
of small airships is remarkable, that the mili­
tary or naval value of the airship is well 
established, and so on. The conclusions of 
the recent Airship Survey Committee Report 
and its general character are closely remi· 
niscent of a series of articles on airship 
safety which appeared in the columns of 
Scientific American early in 1925 ! 

The Committee suggests, however, that 
the next large airship to be built for the 
Navy should not be intended for actual 
service with the fleet, but should constitute 
an experiment on scientific lines. That is 
probably the very best way of really settling 
the question once and for all. 

The Committee recommends that the air­
ship be designed in the light of the most 
recent studies and advances in structure, 
aerodynamic theory of the loads imposed, 
and meteorological science, particularly as 
regards gusts. 

When completed the ship would be used 
as a giant laboratory. The constructors, in 
co·operation with the Navy Department, 
would take strain gage readings at all criti­
cal points, and make other careful technical 
observations under progressively more se­
vere operating conditions. The personnel 
would be specially trained in weather study. 

With the construction of the ship under­
taken as a scientific experiment and with 
no false expectations aroused in the minds 
of the public, the Navy certainly would be 
in a "safer" position to undertake the build· 
ing of another airship.-A. K. 

MARINE GRASS CUTTER 

IF you've ever had to pole a boat through 
a heavy growth of seaweed or underwater 

plants of any kind ; if you've ever had to 
clear a weed·fouled propeller ; if the chan­
nel to your boathouse is so weed-choked that 
you-but let's omit the profanity and ex­
amine a new weed cutter developed by 
Electri-Craft Corporation. 

The cutter blade is between two plates 
which have periodic notches to "back up" 
the plants being cut. The blade is protected 
by a vertical guard ring ; and the shaft is 
hinged so that when this ring hits a stone 
or snag, the entire mechanism swings up. 

For power, this device depends upon a 
storage battery, the motor being built into 
the top of the shaft. In full cutting opera­
tion, the motor draws an average of 14 
amperes. 

RUBBER FOR CAULKING 
MASONRY 

AN adhesive and caulking material for the 
.tl. building trades, called "Plasoleum," 
has been announced by the Revertex Corp. 
of America. The base of the new product is 
concentrated rubber latex which gives it the 
water-proofing qualities of rubber as well as 
its durability and resistance to temperature 
change. Plasoleum can be spread with a 
trowel in cold form. Combined with certain 
fillers, it makes an advantageous material 
as a filler for expansion joints in buildings 
and as a caulking material for window. 
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frames and the like. Other special uses in­
clude its adaptation as an adhesive for lay­
ing wood and wood block, linoleum, rubber, 
cork, and tile on concrete or steel, and for 
laying linoleum, wainscoting, tile, rubber, 
and glass on concrete, wood, brick, and 
plaster walls.-A. E. B. 

TRANSPLANTED HEARTS 

THE chicken heart which has 
been living for years without 

a body had better look to its laurels. 
Now comes news of hearts of an­
imals that were transplanted to the 
bodies of other animals and 'kept 
beating as long as the "adopted" 
bodies lived. These experiments 
were carried out on lowly animals: 
red-spotted newts. 

DUST CONTROL 

THE recent furore concerning alleged 
deaths from silicosis at Gauley Bridge, 

West Virginia, has increased the demands 
for a better dust respirator which workmen 
may use when exposed to the dangerous 
quartz and silica dust. Says Dr. Philip 
Drinker of Harvard University, who is the 
inventor of the artificial "lung" known as 
the Drinker respirator : 

"Some firms, driven panicky by the pres­
ent silicosis-dust racket, have even gone so 
far as to stock up with 'approved' respirators 
so that they might be able to show they 
have on hand the best respirators made in 
case they find themselves defending a dust­
compensation lawsuit." 

In a report to the American Society of 
Mechanical Engineers and j ust published 
in Mechanical Engineering, Dr. Drinker 
further points out : 

"It can be said of all the mechanical· 
filter-type of dust respirators that they are 
a poor substitute for dust control. Ultimate· 
ly it is not an economy to supply workmen 
with air-line respirators or with dust respi· 
rators instead of installing the proper dust­
control equipment. Further, the time is not 
far off when the courts and compensation 

As shown in the illustrations, this device 
consists of a circular saw which operates 
in a horizontal plane at the lower end of a 
shaft clamped to the stern of a row-boat. 

Upper left: The marine grass cutter in raised position. Lower left: Close.up of 
the weed-cutting disk and guard ring. Right: The cutter in operating position 
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boards will make short shrift of the em­
ployer who lets his men work in dense 
clouds of dust, regardless of what the dust is. 

"In general, the employer would do well 
to try some of the dusty jobs himself, wear 
the men's respirators, and thus decide 
whether or not it would be better to install 
dust control instead of respirators. How­
ever, dust respirators are centuries old ; they 
have a legitimate place in industry, and 
are an important aid in the prevention of 
dust inhalation, but they are not a substi­
tute for dust prevention and never should 
be used as such."-Science Service. 

MOTOR S YNCHRONISES 
WITH ALL TELEVISION 
TRANSMISSION 

No matter whether a television transmit­
ter is sending 30-line images at the 

rate of 15 per second or 343·line pictures, 
interlaced, at 60 per second, they will be 
automatically synchronized by a new re­
ceiver scanning mechanism now being used 
in the laboratories of the Peck Television 
Corporation. The secret of this mechanism 
is a new multi-speed synchronous motor, de­
veloped by William Hoyt Peck, to run at a 
rate governed entirely by the incoming sig­
naL 

This motor is but slightly larger than 
those commonly used in electric clocks, 
measuring only four inches in diameter and 
two-and-a-half inches in length, and operates 
upon much the same principle. The rotor, 
two inches across and a half· inch thick, 
rotates between six stationary pole pieces, 
the windings of which are connected in 
pairs_ The power to energize these windings 
is drawn from a single stage push· pull audio 
amplifier, connected in shunt with the am­
plifier which controls the light modulation. 
Each frame impulse and each line impulse 
thus acts upon the field windings of the 
motor j ust as the 60-cycle impulses control 
the ordinary synchronous motor_ 

Two pairs of the field windings of the 
multi· speed synchronous motor are con­
nected directly across the output of the 
power amplifier, the third pair being con­
nected back to the input, so that the current 
generated in them by the movement of the 
rotor is fed back in, to intensify the power 
output. The frequency of this regenerated 
impulse is, of course, governed by the rate 
of rotation, so that synchronism is main­
tained. 

When run directly from 60-cycle A_ C., 
the motor turns at a speed of only 150 revo­
lutions per minute, but when various signals 
from audio- or radio-frequency oscillators 
are fed into the amplifier, its speed has been 

Motor that synchronizes televisors 
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increased up to 28,000 revolutions per min­
ute-well in excess of the 25,725 revolu­
tions per minute necessary for scanning the 
most detailed picture as yet contemplated 
by any television concern. 

S OUND RECORDED BY 
ULTRA-VIOLET 

T
HE lisping and hissing effects which 
have marred the screen voices of many 

talking picture stars have been completely 
eliminated, and the quality of musical re­
production immensely improved, by means 
of a new sound recording and printing 
method which utilizes ultra-violet light, in 

a narrow range above visibility, instead of 
ordinary white light_ 

Recording with the new ultra-violet sys· 
tern is a good deal like improving the details 
of a photograph. In this case the photograph 
is the picture of the sound on the film_ 
Acknowledging some earlier research along 
similar lines by Carl Louis Oswald, the RCA 
Photo phone engineers, working in the re­
search laboratories of the Radio Corporation 
of America, discovered that by restricting 
the light focused on the film negative, dur­
ing recording, to a narrow band in the ultra­
violet range, sharper focusing of the lenses 
in the optical system and controlled pene· 
tration of the light on the negative emulsion 
made it possible to photograph the sound 
patterns with a sharpness and delineation 
which corresponds more closely to the char­
acteristics of the original sound than ever 
before_ 

The tendency for the high·pitched voices 
of some screen celebrities to sound sharp­
edged, especially in the sibilants, has long 
presented a difficult problem to motion pic­
ture sound engineers_ The technical reason 
for these harsh sounding effects is that by 
ordinary recording and printing methods 
the finely graded variations in amplitude of 
which the upper frequency tones are com­
posed become blurred or distorted on the 
sound track, so that instead of an exact 
pattern of the speech characteristics there 
is merely an approximation. The upper 
frequencies are the tones which make pos­
sible realistic reproduction_ 

When a high-pitched voice, recorded by 
visible light, reaches the neighborhood of 
9000 cycles, it is necessary to cut off the 
top range of frequencies or depend on ex­
tremely critical and laborious printing of 
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Ultra. Viol et  
Compare photographic quality of 
these sound records as recorded on 
film by white and ultra-violet light 

the final track to remove the objectionable 
rasping effects. The new ultra-violet method 
is said to give such a sharp and clear defini­
tion of the peaks and valleys of the high­
frequency waves that there are now no 
practicable limitations in recording and re­
producing all the frequencies necessary for 
faithful reproduction from film. 

CHESTNUTS 

SINCE the fungus which has de-
stroyed most American chest­

nut trees originally came from the 
Orient, it is interesting to note that 
Oriental chestnut trees are now be­
ing planted in Virginia to see 
whether they are resistant to the 
blight_ The destruction of our chest­
nuts was a maj or blow to American 
forest industries, for the chestnut is 
a tree of many uses. 

BAD NEWS FOR UNLUCKY 
PARENTS 

I
F parents have one malformed baby, are 

later children born to them likely to be 
defective too ? Physicians are asked this 
question so many times that one of them, 
Dr. Douglas P .  Murphy of Philadelphia, 
has made a study of 275 Philadelphia fam­
ilies known to have possessed a congenitally 
malformed or defective child. 

What he found is reported in The Journal 
0/ the American Medical Association. Dr. 
Murphy concludes from his study that off­
spring with serious congenital malforma­
tions are approximately 24 times as likely 
to occur in families possessing a congeni­
tally malformed child as in the population 
at large.-Science Service. 

ROBOT CHEMIST DETECTS 
GAS DANGER 

A
MACHINE that does the work of an 
analytical chemist was described re­

cently by Murray D. Smith, of the Davis 
Emergency Equipment Company. The in· 
strument is known as the J·W Combustible 
Gas Alarm and when installed in a factory, 
paint shop, or other similar location, it con-
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1 935-36 MUCH COLDER EVERYWHERE 
EXCEPT I N  AREA SHADED 
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Was the winter of '35-'36 colder than previous winters? This comprehensive 
United States Department of Agriculture map tells the whole story at a glance 

tinuously analyzes the air at any desired 
point_ If, at any time, the air contains a 
dangerous amount of inflammable gas, the 
device sounds an alarm, and may also, if so 
arranged, shut down machinery or start up 
a ventilating system.-A . E. B. 

CATAPULTING COM­
MERCIAL AIRPLANES 

W RITING in the News Letter of the 
Aero Insurance Underwriters, Jerome 

Lederer advocates catapults for use with 
commercial airplanes. 

An important factor in the finances of air 
transport operation is, of course, the pay­
load for a given horsepower. But increasing 
the pay-load means increasing the gross 
weight, and that means a longer and more 
difficult take·off. Why not use catapults, 
therefore, to increase the permissible pay­
load ? 

The catapult would have to be designed 
so as to give a uniform acceleration not 
greater than the acceleration due to gravity 
in a falling body. Otherwise the passengers 
would complain of discomfort. Also, the 
catapult would have to bring the airplane 
up to a speed above the minimum flying 
speed, as otherwise the ship would be in 
very poor control at the instant of leaving 
the launching device. Another precaution 
would be the use of powerful flaps so that 
if the heavily loaded ship "lost" its engines 
after being catapulted it would not land at 
too great a speed. 

The technical problems in the design of 
catapults have been solved in naval work, 
and these devices have also been used on 
ocean liners for launching mail carriers. 
With passengers on board the design would 
have to be worked out more carefully, but 
the project is undoubtedly feasible. It will 
be interesting to see whether operators of 
airlines will give the idea consideration. 
-A. K. 

S UN-S POTS AND 
MAGNETIC S TORMS 

PROBABLY the most fascinating char­
acteristic of sun·spots is that of rapid 

change. Some show changes from week to 
week, some from day to day, and in some 
cases the appearance changes even from one 

minute to the next. And it is only natural 
that, from the very first, men have tried to 
connect these changes with occurrences upon 
the earth. Attempts have been made to 
correlate sun-spot activity with a large num­
ber of variable phenomena-such as rain­
fall, earthquakes, the price of wheat, and so 
forth-without reaching any conclusions 
that have been generally accepted. In fact, 
of all the influences which sun-spots have 
been suspected of having upon the earth, 
only one is so definite that the connection 
is unquestioned. It is the relationship be­
tween sun· spot activity and disturbances of 
the earth's magnetic field. 

Many theories ascribe the origin of the 
magnetic storm to something propagated 
from the sun to the earth, such as a stream 
of electrified particles expelled from a sun· 
spot, or ultra-violet radiation, but so far no 
theory has been proposed which adequately 
explains all the observed facts.-Dr. R. S. 
Richardson of the Mt. Wilson Observatory, 
in "Leaflet 84," the Astronomical Society of 
the Pacific. 

SPONGE 

M AN has never been able to 
make a sponge comparable 

with the natural ocean sponge-un­
til now_ One recently developed is 
made of pure cellulose, is a tough 
compact material when dry, but a 
soft sponge, comparable with the 
ocean variety when wet. 

SHOWERS B EFORE SWIMMING 
NOT ENOUGH 

SHOWER baths required before swimmers 
are allowed to enter pools are not 

enough to prevent the spread of the strep· 
tococcus infections of nose and throat, which 
so commonly develop among those who use 
pools regularly, W. B. Ardrey of the Michi­
gan State College recently reported to the 
Society of Bacteriologists, Pathologists and 
Allied Workers, according to Science Ser­
vice. 

Mr. Ardrey found that, when examina· 
tions were made of the skin at various parts 
of the body, streptococci were found in very 
small numbers except on the hands, and 
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that when swabs were made of the mouth 
and nose, tremendous numbers of these 
"germs" were discovered. 

Bathers were instructed to take their 
usual baths before entering the pools and 
then to stay at the shallow end of the pool 
and wade around. Few or no streptococci 
were found in the water until the bathers 
were told to swim and take exercises which 
placed their mouths and noses under wa­
ter. Bacterial counts then made of the swim­
ming pool water showed large increases in 
streptococci. This was explained on the 
basis that some water enters the nose and 
mouth and is immediately blown out again. 

SECOND HIGHEST DAM 
BUILT IN FRANCE 

FRENCH engineering skill recently com­
pleted the second highest dam in the 

world-the Sautet Dam at the headwaters 
of the Rhone River in the French Alps. The 
structure, a thin wall of concrete 414 feet 
high, blocks the narrow canyon of the Drac 
River. 

Though second to Boulder Dam in height, 
it is by far the highest in the world to be 
built upon tricky limestone, according to 
Science Service. As at the Tennessee Valley 
Authority's Norris Dam in this country, 
extreme precautions have been taken to fill 
the caves and hollows through which water 
might leak around the dam. Hundreds of 
holes were drilled into the limestone near 
the structure-their combined depths total 
20,000 feet-and 3000 tons of cement were 
pumped into them under pressure as great 
as 500 pounds per square inch. 

Engineers were spurred to conquer ex­
treme difficulties in building Sautet Dam 
because the structure will store water until 
needed by several power plants down­
stream. It is also similar to Norris Dam in 
this respect. 

Sautet's power plant is wedged into the 
bottom of the narrow canyon. Indeed, the 
space there is so narrow that the plant's six 
13,000 horsepower generating units are con­
trolled by cables from the top of the dam. 

SAFE ELECTRIC FAN 

WHAT seems to be about the most sen· 
sible development in electric fan de­

sign and construction has been announced 
by Samson United Corporation, electrical 
appliance manufacturers. 

It is claimed to be the only fan ever built 
that is really safe ! The reason for its in­
ability to cause injury to even the most 
careless person lies in its new, flexible blades 

Rubber fan blades for safety 
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of tough, molded rubber. These blades, 
though rigid enough to deliver a steady cur­
rent of air strongly, are sufficiently soft to 
prevent injury to even a child's fingers. 
Thus the necessity for unsightly and cum­
bersome guards is eliminated. 

GLASS PAPER 

THE Editor recently received 
from the Owens-Illinois Glass 

Company a letter on a tough let­
terhead which feels like damp 
parchment. We learned that it is 
made with glass fibers slightly im­
pregnated with a small amount of 
rubber as a binder. 

MOTOR RUNS ON FUEL 
OF ITs OWN MAKING 

OPERATING on methane gas derived 
from a sewage disposal process which 

in turn is activated by the engine, the Ford 
V-8 motor shown in our illustration has 
achieved something faintly resembling per­
petual motion. The engine is in regular daily 
use at the Greencastle, Indiana, sewage dis­
posal plant. 

The V -8 engine serves two functions in the 
plant. Power from the engine drives an air 
blower supplying oxygen to the aeration 
basin where bacteria are propagated. Fur­
ther, heat from the engine's cooling system 
is used to keep the septic tank at a tempera­
ture favorable to bacterial action. Under the 
conditions thus induced, the bacteria be­
come active, resulting incidentally in the 

Motor set-up that runs on sewer 
gas which it helps to manufacture 

formation of the methane gas. The gas, in 
turn, is piped to the air intake of the engine 
where it is diffused with air before it enters 
the motor. 

The engine has been in successful opera­
tion since March 1, 1935, using the methane 
gas exclusively as fuel. It runs 24 hours a 
day, seven days a week, at a speed of 1500 
revolutions per minute. Two regular Ford 
water pumps are used to pump the water 
nearly a quarter of a mile to the septic 
tank, through the coils and back to the 
motor. According to the engineer in charge, 
only minor repairs have been necessary dur­
ing a year's operation and the engine is 
performing as well as when first installed. 

The sewage treatment process in use is 
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FAST THROUGH ROCK 

How artificial earthquakes are used to locate underground rocks 

known as the "activated sludge" system. 
About 30 sludge gas engine plants have been 
installed in this country, England, and Ger­
many since 1927. As fuel costs are next to 
nothing, the plants normally pay for them­
selves in about a year. 

-------

AIR TRANSPORT INCREASES 

THE air lines started the year in 
excellent fashion. Passengers 

carried during January were 44,061 
against 28,922 in January of last 
year. Express pound-miles flown 
were over 195 million against more 
than 1 1 3  million last year, and the 
total miles flown were 4,245,199 
against 3,23 1,096 last year. 

S OUND WAVES LOCATE 
UNDERGROUND ROCK 

By precise timing of sound waves racing 
through earth and through earth and 

rock, engineers of the Bureau of Public 
Roads have developed practical field meth­
ods for determining the distance below the 
ground surface to solid - rock. These engi­
neers have perfected an instrument by which 
measurements can now be made on the sur­
face with apparatus that will indicate within 
a few feet how far below the surface rock 
will be found. Engineers need such infor­
mation in planning bridges and buildings, 
estimating cost of grading for highways, and 
for other purposes. The measuring instru­
ment is a sensitive seismograph. The method 
saves the time and expense of drilling to 
find out how deep the rock lies. 

Accurate results are obtained by measur­
ing the speed with which an impulse from 
the explosion of a buried blasting cap or 
small charge of dynamite travels through 
the ground. Such an impulse will travel 
through soil at a speed of 1000 to 6000 feet 
per second but the speed through rock is 
16,000 to 20,000 feet per second. A cap is 
exploded in the ground and at the same 
time the electric current exploding the cap 
causes a record to be made with precise ap­
paratus for measuring time. Special detec­
tors are placed at different distances from 
the explosion and pick up the impulse as it 
comes through the ground. The detectors 
are electrically connected with the time­
recording device and the time of travel of 
the impulse from the explosion can be mea­
sured to a small fraction of a second. 

When a detector is close to the explosion 

one impulse coming through the soil is re­
ceived. At a greater distance an impulse 
coming through soil is received and a sec­
ond one moving down through soil to rock, 
through rock, and from the rock up to , the 
surface arrives a fraction of l'i;, second later. 
At still greater distances the"impulse mov­
ing through soil and rock artives 'ahead of 
the impulse moving more slowly through 
soil alone. Knowing the speed of travel 
through soil and through rock and the time 
of travel through different distances it is 
possible to calculate how far the impulse 
went downward through soil before it en­
countered rock. 

This method has been used extensively in 
prospecting at considerable depth for oil. 
Elaborate and costly apparatus has been 
used. The Bureau of Public Roads has now 
developed simplified apparatus that is giv­
ing excellent results. 

IODIZED WRAPPERS PRE­
SERVE FRUIT 

IODINE, the old reliable of the first-aid 
kit, is a useful medicine for fruit too, 

according to Food Industries. Experiments 
by the Food Investigation Board of the De­
partment of Scientific and Industrial Re­
search in Great Britain have established the 
interesting fact that when paper wrappers 
for certain kinds of fruit are treated with 
iodine, fungal rotting is greatly retarded. 
The appearance and flavor of the product is 
unimpaired. Bunches of grapes wrapped in 
iodized paper were found to remain free 
from mold much longer than those wrapped 
in plain paper. The same applies to tomatoes 
and oranges. The iodized wraps also reduce 
the brown rot of plums and peaches, but 
certain varieties of these fruits were ad­
versely affected by the treatment, failing to 
ripen properly and even turning black.­
A. E. B. 

RICKETS PREVENTION 

APROTEIN substance found in milk 
and called lactalbumin helps in the 

prevention of rickets, according to Dr. 
James A. Tobey, reports Science Service. 
The - lactalbumin apparently does not have 
any rickets-preventing effect by itself, but 
when vitamin D is added to milk by irradia­
tion with ultraviolet light, the dispersed 
lactalbumin increases the effectiveness of 
the vitamin's rickets-preventing power, Dr. 
Tobey explained. 

The discovery of the role of lactalbumin 
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in augmenting the rickets-preventing po­
tency of vitamin D in irradiated milk was 
made by Dr_ George C. Supplee at the Bor­
den research laboratories at Bainbridge, 
New York. 

S PEEDS IN S KY :  GLIDES 
ON LAND 

COL. ROSCOE TURNER, one of Ameri­
ca's outstanding speed pilots and win­

ner of many trophies for trans-continental 
airplane records, is "going places" on land, 
as well as in the air, these days. In his plane, 
in which he has often crossed the continent 
between dawn and twilight, he carries a 
novel vehicle, which was built especially for 

Col. Turner and his "motor glide" 

him and which is known as a "motor glide." 
When he lands at an airport, often some 
miles from the nearest city, he climbs on 
his motor glide and speeds away. On the 
streamline tires of his motor glide, he travels 
five miles at a fuel cost of one cent. 

MYSTERY SPRINGS IN 
NORTH AUSTRALIA 

FIFTY miles south-east of Boulia town­
ship, in the far west of Queensland, are 

two mystery springs. One, known as Eliz­
abeth Spring, consists of a circular hole four 
or five feet in diameter in which tepid water 
is continually bubbling up and overflowing. 
The water, which is perfectly clear, is pe­
culiar in that the human body cannot sink 
in it owing solely to the force of  the water 
bubbling up from below. About 50 yards 
away is another called Lubra Spring. Its 
water is  always icy cold and is  jet black. 
The human body sinks like a stone in it. 
According to the aborigines of the locality, 
the water in this spring turned black ages 
ago when a lubra ( native woman ) j umped 
into it and was never seen again.-Aus­
tralian Press Bureau. 

PROFESSIONAL DRAFTING 
B OARD 

A DRAFTING MACHINE to catch the 
eye of any engineer is the new Wri­

graph professional model, shown in the il­
lustration, manufactured by L. G. Wright, 
Inc. 

It is a newly designed drafting machine 
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A versatile drafting machine 

mounted on a 22-inch by 30-inch cleated, 
white pine board. The parallel mechanism 
is hand-assembled with all-steel nickel­
plated parts and solid phosphor-bronze 
bearings. This machine is equipped with a 
vernier-indicating protractor reading to de­
grees. The protractor unit has a chuck plate 
to hold the drawing attachments in align­
ment. The graduated L-square blade is made 
of Pyroxylin and is riveted to a lightweight 
aluminum stiffener which has been given 
a satin finish to eliminate glare. The draw­
ing edges of this blade are transparent. 

UREA 

THE first organic substance to be 
made synthetically was urea. 

Wohler, a German chemist, pro­
duced urea accidentally in 1828. 

WAR FIRE 

FOGS of fire sprayed from low flying air­
planes may be among the new horrors 

which the next war will bring to civilian 
populations far behind the actual combat 
lines, suggests Lieut.-Col. A. M. Prentiss of 
the Chemical Warfare Service. 

Fire, spread by incendiary bombs, shells, 
and flame throwers, is not dead as a war 
measure, says this expert, despite the rela­
tively ineffectual success of incendiary tech­
niques in the World War. The rise of avia­
tion since the war is the reason. 

While the actual battle forces have be­
come so mechanized that there is little about 
them to burn but their clothing, the civilians 
behind the lines will feel the brunt of the 
warfare by fire. 

Writing in The Military Engineer, publi­
cation of the Society of American Military 
Engineers, Colonel Prentiss traces the his-
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tory of fire-making devices in warfare from 
the first "flame-thrower" used at Delium in 
424 B_C., through the famous "Greek fire" 
of 660 A_D., down to the World War. 

Of all incendiary agents used in the World 
War, thermit was probably most widely em­
ployed, he states. Thermit is a mixture of 
metallic oxide and aluminum which react 
with an enormous liberation of heat. In fact, 
it is used in the welding of metals. 

For warfare use, thermit was often mixed 
with a flame-sustaining material. One of the 
most potent such devices was the British 
"Baby Incendiary" bomb. 

Flame projectors, among the most spec­
tacular of all wartime incendiary devices, 
not only throw flame, Col. Prentiss points 
out, but, more important, streams of ignited 
liquid. Due to research during the war it 
was finally possible to shoot a stream of 
liquid which was 30 percent unburned when 
it reached its objective. There it could 
spatter and spread its damage. A jet con­
taining a half gallon could be thrown nearly 
100 feet with some forms of the equipment. 
-Science Service. 

NATIONAL NOISE S TANDARD 

RELIABLE standards for the guidance 
of the 5,000,000 men and women who 

need mechanical aids to hearing will result 
from the work of a new committee of the 
American Standards Association.  Headed by 
Dr. Vern 0. Knudsen of the University of 
California at Los Angeles, a group of 
manufacturers, specialists, and users will 
develop national standards for measuring 
noise so that physicians and the deaf can 
select devices to aid hearing with scientific 
guidance .-Science Service. 

BRITISH "SPEAKING 
CLOCK" FOR TELLING 
TIME OVER TELEPHONE 

ASPEAKING clock being used by the 
British Post Office department to tell 

time over the telephone announces the time 
automatically every 10 seconds, day and 
night, with an accuracy of one tenth of a 
second. Each hour the system is checked 
against the astronomical clocks at Green­
wich Observatory. 

The telephone time announcements run : 
"At the third stroke it will be eleven seven­
teen and forty seconds." The spoken words 
are followed by three "peep" signals of 800-

Flaming particles thrown from a "Baby Incendiary" bomb exploding at night 
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cycle tone, at one second intervals and last­
ing one tenth of a second. 

Four glass disks, carrying sound tracks 
photographically recorded, make the an­
nouncement. One disk, turning 60 times 
each minute, carries records of the odd num­
bers 1 to 59, and a second disk the numbers 
2 to 58, together with the word "o'clock." 
A third disk speaks the hour and carries 
also the phrase "it will be." The fourth disk 
makes the preliminary announcement "At 
the third stroke" and adds the final part 
of the speech "and ten seconds." 

Optical systems and photoelectric cells 
turn the disk records into electric cur­
rent.-Science Service. 

ANTI-FRICTION MOLDING 
MATERIAL 

WHILE standard phenolic molding com­
pounds are fairly resistant to friction, 

there are applications where constant fric­
tion, plus impacts of varying degrees, re­
quire material of greater resistance, such as 
cam parts, automobile door bumper shoes, 
builders' hardware parts, refrigerator latch 
bolts, machine parts in constant friction, 
and so on . . To withstand this friction, Gen­
eral Plastics has developed a new Durez 
material called " 1564," which combines both 
impact strength and friction resistance. It 
contains 10 percent graphite, and has an 
impact strength that is roughly 40 percent 
greater than ordinary materials. Its most in­
teresting use is the small bumper shoe which 
bears against the metal wedge on motor-car 
doors, supporting them and preventing rat­
tling.-A . E. B. 

LIVE BAIT.FISH THREATEN 
TO SPOIL FISHING 

F ISHERMEN in Utah's trout streams are 
threatened with serious damage to their 

sport because other fishermen make use of 
live bait. This ironic situation has received 
the attention of W. F.  Carbine, of the Uni­
versity of Utah. 

Small fish used as live bait sometimes slip 
off the hook, and live to grow up and repro­
duce. Prominent among fish thus introduced 
is the chub, a species not particularly 
esteeI:I\ed for either sport or food. This fish 
makes life harder for trout in two ways. 
It produces many more eggs, in the same 
spawning grounds that the trout frequent. 
The more numerous and hardy young chub 
gobble up a great deal of the food that the 
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troutlings would normally have for them­
selves. 

Young trout that survive this period of 
over-competition for nourishment find that 
their troubles are not over by any means. As 
they swim down the streams, the adult chub, 
which are big fish measuring up to 16 inches 
in length, pounce on them and gobble them 
up in numbers. Young chub, on the other 
hand, are not taken for food to any extent 
by the adult trout. 

To reduce the numbers of this trouble­
some enemy of the trout, Mr. Carbine sug­
gests forbidding the use of live bait ; also 
netting the chub and lowering of the water 
level in the lakes which are their favorite 
waters .-Science Service. 

PASTEURIZED DIRT 

CLEAN dirt, not an anomaly but a neces­
sity for florists and specialty growers, 

can be obtained electrically with the use of 
equipment j ust develo.ped. The sterilization 
process, similar to that employed in the 
pasteurization of milk, has been performed 
with steam, hot water, and chemicals, but 
an inexpensive method was needed to make 
soil sterilization available to a larger num­
ber of plant growers and at the same time 
to afford a process that was convenient and 
dependable. The function of sterilization is 
to increase the temperature of the soil suffi­
ciently to kill any plant enemies, such as 
weed seeds, insect life, and fungi, as it is 
only when plants are free from these ene­
mies that they can grow at a maximum 
consistent rate. 

The sterilizing equipment, developed by 
General Electric, consists of a number of 
electric heating units, each enclosed in a 

Aboye :  An electrical heating unit 
used for pasteurizing dirt. Below: 
Plants < left ) grown in pasteurized 
dirt, and (right) weed growth in 
dirt that has not been pasteurized 
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brass vane, which are provided with mount­
ing straps, studs, nuts, and washers. The 
grower builds this equipment into a wooden 
vat or container following plans made to 
meet his own requirements. A thermostat 
can be supplied which will maintain auto­
matically the necessary temperature of 160 
to 180 degrees, Fahrenheit. Growers have 
found that the single saving from not hav­
ing to weed small plants is sufficient to off­
set the cost of electric sterilizing. 

MOTOR OF MANY USES 

A NEW slow-speed versatile electric mo­
tor should be found useful by engineers, 

chemists, inspectors, and inventors, for it 
provides an extremely simple, time-saving 

Multi-speed multi-purpose motor 

means of securing the many different speeds 
and motions required by laboratory and 
shop testing. 

The illustration shows the simple con­
struction of the Testmotor which consists 
of a slow speed, induction or universal 
motor, equipped with a cooling fan that 
circulates air through the motor, permitting 
its use under extreme heat conditions. The 
motor is mounted on a heavy steel frame. 
All shafts are 14 inch in diameter, in self­
lubricating bearings. Each shaft has a thrust 
washer, so that loads may be taken endwise 
without excessive wear or special lubrica­
tion ; a milled flat provides each shaft a 
positive connection for gears and adapters. 

The motor is mounted by rubber grom­
mets that eliminate vibration, insuring si­
lence, or by holes in the frame ears over 
which these grommets fit. The overall dimen­
sions are 4% by 4% by 5 inches and the 
weight is 3% pounds. 

The shaft motions of the motor are : Fast 
Rotary-56 R. P. M. ; Slow Rotary-6 
R. P. M. ; Oscillating-70 °  Movement ; In­
dexing-Stops at 600 intervals for a period 
of 3 seconds. 

For additional speeds, a frame having a 
gear ratio of 8% to 1 is available. 

A few of the many applications of the 
Testmotor are : With tilting mercury switch­
es, it can be used for all start-stop electrical 
tests ; Life test of electrical switches ; Mix­
ing compounds or solutions ; Revolving color 
wheels on spot lights ; Display advertising ; 
Turntable for spray painting. 

PEANUT-W ALNUT 

HAVE you ever had a "peanut-walnut" ? 
So far as is known, there are only two 

trees in the whole United States which pro-
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duce this freak form of the common black 
walnut. One of these trees is somewhere in 
Ohio ; the other grows on the farm of Ralph 
Throp, near Greensburg, Indiana. From Mr. 
Throp the department of botany at Field 
Museum of Natural History has received 
specimens of the curious peanut·walnuts. 

Viewed from the outside there is nothing 
remarkable about the appearance of peanut· 
walnuts, but when they are opened the 
kernel or meat falls out or may easily be 
removed in a single piece. The kernel is only 
one half of an ordinary kernel in form, but 
is larger in size. 

The advantages of such a kernel, which 
can be removed whole, are apparent, and it 
would be highly desirable to propagate the 
tree " commercially. Grafting experiments, " 
however, have so far been unsuccessful, 
and, according to Paul C. Standley, asso­
ciate curator of the museum herbarium, it 
is questionable whether a freak or sport of 
this kind would be reproduced in seedlings. 

HUGE STAINLESS SHEET 

PRODUCTION of what is believed to be 
the largest, polished, stainless steel sheet 

yet made, has j ust been completed by the 
Allegheny Steel Company. This sheet, one 
of an order of 15, is slightly over 208 inches 
long, 72 inches wide, 'JiG of an inch thick, 
and weighs approximately 810 pounds. Ac-

Largest stainless-steel sheet 

cording to the records, the largest similar 
sheet previously produced was 90 by 84 
inches. 

These sheets were all furnished with a 
bright smooth finish and are used in the 
textile industry, in forming the bottom of 
dye kettles through which articles being 
dyed are conveyed. 

B UREAU OF STANDARDS 
"VISITOR'S MANUAL" 

TH E  Bureau of Standards publishes an 
interesting "Visitor's Manual" ( Misc. " 

Publ., MI53 ) ,  giving a brief synopsis of its 
history, functions, and facilities, according 
to the magazine Nature. An afternoon visit 
to certain of the laboratory rooms is ar­
ranged every day. It is "mentioned that the 
discovery of deuterium ( heavy hydrogen ) 
was the result of co-operative work of the 
laboratory with Columbia University. The 
use of the lowest temperature so far attained 
in the United States-the melting point of 
liquid helium (-456 degrees Fahrenheit ) 
-has made possible the study of the prop­
erties of materials at very low tempera· 
tures, in particular the supra-conductivity of 
metals. The Bureau constructed the first 
"altitude" laboratory for studying airplane 
engine performance under flight conditions. 
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In it, the low air pressures and temperatures 
encountered at altitudes up to 30,000 feet 
can be duplicated. The Bureau workers 
were the first to discover that a thin coat· " ing of pure aluminum greatly decreases the 
atmospheric corrosion of duralumin, an 
alloy largely used in aircraft construction. 
They worked out the very successful process 
of plating steel and other metals with 
chromium, the hardest metal known ; this 
more than trebles the life of gages, print­
ing plates, and similar devices. The Bureau 
developed the paper now used for printing 
United States paper currency, which has 
extended the total service life of such notes 
at least three times. It discovered that cer­
tain waste water from paper mills makes 
satisfactory material for tanning leather, and 
it established the dextrose ( corn sugar ) in­
dustry. It keeps the public well informed of 
its work, and its staff has increased by 50 
times since it began in 1903. 

VANILLA PAINT 

CAN you imagine walking into the hard­
ware store and asking for a can of 

white paint, vanilla flavor ? Strange as it 
sounds, you'll be able to buy j ust that if a 
new plan for "killing" the odor of paint is 
generally adopted. In a statement by Dr. 
Henry A. Gardner, issued by the scientific 
section of the National Paint, Varnish & 
Lacquer Association, it is disclosed that 
ordinary vanillin-one part in 2000 parts of 
paint-is rated very highly for deodorizing 
or rather changing the odor of paint to one 
that is not obnoxious. The vanillin is slight­
ly higher in cost than other types of in­
dustrial perfumes. Vanillin may be dissolved 
in turpentine or linseed oil to make a con­
centrated base which can be added in the 
proportion referred to above when treating 
interior paints.-A . E. B. 

FIRST ALL-METAL, 
STREAMLINED MILK 
TANK CAR 

TH E  first all·metal, streamlined milk 
tank railroad car ever built-a giant 

"thermos bottle" refrigerated so that even 
in summer milk can be transported 200 miles 
with a rise of not more than one degree in 
temperature-was recently "launched" at 
Hoboken, New Jersey, by H. A. Cronk, 
President of the Borden's Farm Products 
division of The Borden Company. The car 
was immediately placed in service in the 
New York area. 

This giant "thermos bottle" throws addi-
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tional safeguards around the safety and 
purity of the milk of city dwellers. All 
future replacements to the present 60 tank 
cars the company now "operates in the New 
York metropolitan area will be of the 
streamlined type. 

Fifty percent better refrigeration will be 
brought about by the use of six inches of 
cork insulation between the two 12,000-
quart, glass-lined tanks in the car and the 
all-steel outside. Tests indicate that the all­
metal construction will result in lower re­
pair and painting costs and much longer 
service. 

The new car is equipped with standard 
passenger train brakes and trucks, so that it 
can be coupled to fast passenger trains for 
speedier milk service from outlying dairy 
districts to the metropolitan area. 

TINY GLASS TUBE PUT IN 
BLOOD VESSEL 

A METHOD of gaining new knowledge 
on obscure diseases of blood vessels 

and on the watery swellings known as edema 
was described by Dr. Eugene M. Landis of 
the University of Pennsylvania Medical 
School at a meeting of the American College 
of Physicians. For the development of this 
method, which was called the most out­
standing piece of medical research in 1935-
36, Dr. Landis was awarded the John 
Phillips Memorial medal of the college, re­
ports Science Service. 

The method is designed to give infor­
mation about the state of minute artery 
endings called capillaries. These are found 
at the tips of the fingers and toes, in the 
nail beds, and j ust under other outer sur· 
faces of the body. In certain cOhditions like 
Raynaud's disease, in which the fingers and 
toes are always cold and an unhealthy white 
color, physicians know that a disturbance 
of the blood flow through the capillaries is 
to blame. Just what the disturbance is and 
what to do for it are still unsettled questions 
which are engaging more and more the at­
tention of medical research workers. 

The method Dr. Landis devised for in­
vestigating the state of these capillaries is 
to insert a very tiny glass tube called a 
pipette into a single capillary in the bed of 
a man's nail or in tissues of other animals. 
The capillary blood vessels and the glass 
tube are both so small that Dr. Landis has 
to work under a microscope. 

By this method he has measured the pas­
sage of fluid through the walls of normal 
capillaries into the surrounding tissues. 
With this as a standard, he measured the 

! B O RDEN'S 
"'.LX.-S37 

This streamlined tank car for milk is a giant "thermos bottle" 
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passage of fluid when the capillary walls 
had been damaged by chemicals or by 
mechanical injury. He found that the fluid 
passed through the damaged capillary walls 
from five to seven times more rapidly than 
normal. This finding shed light on the con· 
dition known as edema in which apparently 
too much fluid passes through the capillary 
walls. 

AUTOMATIC LIQUID 
MEASURING PUMP 

AN EW liquid measuring pump has solved 
the problem faced by chemists, en· 

gineers, druggists, and others who must 
constantly dispense measured small quan· 

Accurately measured quantltles of 
liquid are delivered by the pump 

tities of oils, glycerine, and other liquids. 
This inexpensive little device is built for use 
with a standard quart can, or standard gal. 
Ion can, the first delivering one half ounce 
of liquid per stroke and the latter one ounce 
of liquid per stroke. This pump is a con· 
venience to engineers and oilers of pumping 
stations, power houses, steam boats, and 
other power machinery, for use in replenish· 
ing oil cups. 

UNDERGROUND PIPE 
"WRAPPED IN CELLOPHANE" 

WE have become accustomed to having 
almost ev"rything "wrapped in Cello· 

phane," but had to admit the novelty of an 
application described in a recent issue of 
Western Gas-underground pipe is being 
wrapped in Cellophane ! The wrapping is 
said to serve admirably as a protective mea· 
sure against moisture and soil impurities. 
The theory underlying the use of two layers 
of Cellophane or Kodapak adjacent to one 
another, is that a slip joint or a "lubricated" 
surface between the inner and outer coats 
of asphalt or coal tar is effected. In other 
words, the steel pipe, the priming material, 
the first two layers of asphalt or coal tar, 
and the first layer of · Cellophane or Koda· 
pak, constitute one unit which will move 
freely within the second unit, consisting of 
a second layer of Cellophane or Kodapak, 
asphalt coating, and Kraft paper. This outer 
casing or wrapper, due to the stresses caused 
by expansion and contraction in the heavier 
types of soils, will be g�i pped as in a vise. 
The slip joint created by the two layers of 
Cellophane or Kodapak allows the pipe to 
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WITH EVERY TURN of the lathe, this cylinder increases in value. As metal, 
it is worth only a few cents a pound. But shaped, finished, as part of an auto­

mobile, a refrigerator, or a plumbing fixture, it becomes useful and valuable. 

All over the world, G-E motors drive intricate machines. G-E apparatus controls 
their operation. The machines are shaping necessities for industry and for the home. 

Carboloy tools cut metal with unprecedented speed. Electric gauges accurately 
measure dimensions less than one ten-thousandth of an inch. Copper brazing and 
atomic-hydrogen welding join metal parts into a useful whole. X-rays, from tubes 
developed in the G-E Research Laboratory, in Schenectady, N. Y. ,  probe the inner 
secrets of metals and point the way to improvements in material and design. 

Such advances, made possible, in part, by G-E research, come home to you in better 
quality and lower cost in the machine-made products that are part of your daily life. 
Every field of endeavor benefits by G-E research, that has saved the public from ten 
to one hundred dollars for every dollar it has earned for General Electric. 

GENERAL�ELECTRIC 

L uftfahrtforschung 
publishes the works of the most important German institutes of 
research in the field of flying technics. 

Trial number and prospectus free of charge. 
12 numbers are published yearly. 

Price per year : 
Germany and Switzerland : RM. 24.­
Other countries : RM. 16.-

Publisher : R. Oldenbourg I Miinchen 1 (Schlie.Bfach 31) 
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En route . . .  Un ited Airl i n es 

A M I L L I O N  
T H I S  Y E A R  

At th i s  very moment, w h i l e  you 
a re rea d i n g  these words,  we l l  
over a thous a n d  people are flyi ng 
the a i r l i n es of our  country. Before 
the year is out, well over a mil1ion 
passengers will be served. This  
wi l l  be more t h a n  double the 
n u m ber ca rried i n  1 9 3 4. 

When you ta ke your fi rst a i r  
tri p you w i l l  m a rvel  at  the effi ­
c iency a n d  c o u rtesy w h i c h  g reet 
you a t  every step. Note, too, the 
perfecti on of a ircraft, e n g i n es 
a n d  prope l l e rs which speed you 
on you r way. 

U N I T E D  
A I R C RA FT 
MAN U FACTU RI N G  C O RP. 

Makers of 
WASP AND HORNET ENGINES 

HAMILTON STAN DARD PROP ELLERS 

VOU G H T CO RSAI RS 

S I KORSKY AIRL INERS 

;>; 
EAST HARTF O R D, C O N N ., U .  S. A .  
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contract and expand without breaking the 
bond between the coating and pipe. From 
recent examinations of pipe protected as 
above outlined and laid in heavy adobe 
soils where soil stresses are very severe, it 
appears that this reasoning is logical.­
A. E. B. 

AERONAUTICS IN NAVAL 
ARCHITECTURE 

PROBABLY no two branches of engineer· 
ing are so closely connected as naval 

architecture and aeronautical engineering. 
Ideas and progress in one field very soon 
make themselves felt in the other. That is 
why a paper, under the above title, by C. p. 
Burgess, the well·known airship authority, 
recently read before the Society of Automo· 
tive Engineers, has a decided appeal for any· 
one interested in either water or aircraft. 

We are apt to be very proud of the vari. 
ous Miss Americas and their constructor, 
Gar Wood. But Mr. Burgess gives us some 
comparative figures which may make Mr. 
Wood less satisfied with his speedy hydro· 
planes. A modern flying boat such as the 
China Clipper will transport a ton of gross 
weight 16 miles at 125 miles per hour, with 
energy derived from one gallon of gasoline. 
In Miss America X, a gallon of gasoline will 
be responsible for less than two ton miles at 
110 miles per hour. The flying boat has by 
far the best of it ! 

The difference lies in the ratio of lift to 
drag in the two types of craft. The China 
Clipper has a lift·drag ratio of 13 or there­
abouts, whereas in the most efficient hydro· 
planes this ratio is only 5. 

This difference is not due to the fact that 
the Clipper operates in air, and Miss Amer­
ica in water : the laws of flow and resistance 
are almost the same in both media. The 
explanation is that the Clipper derives its 
lift by "circulation" flow around the wing 
which is wholly immersed in the air. The 
hydroplane derives its support solely by the 
impact of the water on its under side, a 
far less efficient method of securing lift. 

If the hydroplane is ever to have an effi­
ciency comparable to that of the airplane, it 
may have to be carried at high speed by 
hydrovanes, metal wings totally immersed 
in the water and lifting the actual hull of 
the boat far out of the water. 

The suggestion that hydrovanes be used 
for very fast water craft is not new. Graham 
Bell, in experiments in Nova Scotia in 1919,  
attained a speed of 60 miles per hour with 
moderate power and in spite of a choppy 
sea. More recently Dr. Tietjens of the West­
inghouse Electric and Manufacturing Com­
pany has made interesting experiments 
along the same lines. Why is it that this 
idea is not more generally adopted, particu­
larly if it is acknowledged that hydrovanes 
would give much smoother operation ( be­
ing completely immersed ) than the hydro­
planes of to-day which undergo such terrific 
pounding ? 

The answer is that a number of practical 
difficulties are involved. The hydro vanes, to 
be efficient, should be long and thin and 
hence fragile. Also they are likely to catch 
up seaweed or floating objects. The hydro­
vane acts as a wing and derives the major 
part of its support from the suction on its 
upper surface. But when this suction reaches 
the atmospheric pressure of 14.7 pounds per 
square inch ( or 2 1 00 pounds per square 
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foot ) then the water leaves the upper sur· 
face of the vane and air takes its place. 
This phenomenon, termed "cavitation," not 
only means rapid erosion of the hydrovane 
surface but also complete loss of lift. And 
the critical speed at which cavitation occurs 
is only 27 knots. 

Mr. B urgess also gives a few hints to those 
intrepid though somewhat archaic souls who 
cherish the arts of sailing and yacht build­
ing. He suggests that while the air resistance 
of a yacht is not as large as a streamline­
conscioLis public might suppose, it is im­
portant nevertheless. Particularly in racing 
yachts it might be advantageous to round 
the edges of deck erections, make the decks 
flush, make the masts streamline, and pro­
vide devices for revolving the mast. These 
devices have been considered by others from 
time to time, but yachtsmen are people of 
tradition and do not like to depart from ac­
cepted forms. In fact, racing rules prohibit 
such devices. It would be interesting to see 
a sailing race in which all such rules were 
held in abeyance and in which aerodynamic 
ideas for hull and sails were given free 
play. Some wonderful new records might 
be made by our yachtsmen ! -A.  K. 

B RIGHT FINISHED 
ALUMINUM 

WITHIN the last few years research 
and invention have solved the problem 

of the aluminum reflector for lighting pur· 
poses, and the solution may be aptly desig. 
nated as "brilliant" in both senses of the 
word, says Chemical and Metallurgical En· 
gineering. An anodic electrolytic brighten. 
ing treatment which raises the reflectivity 
of a buffed aluminum reflector from about 
70 percent to approximately 85 percent, 
while fully retaining the specular quality of 
the original surface, and which then can be 
protected with an oxide coating that causes 
substantially no reduction in reflecting 
efficiency and is resistant to weather, would 
have seemed a fantastic dream to the in­
dustry five years ago. The Alzak process is 
now doing this commercially to the satisfac· 
tion of the world's foremost lighting en. 
gineers. This, of course, opens up a new 
market for aluminum in a field where silver­
ed glass or silvered brass formerly held al­
most undisputed sway.-A . E. B. 

ROTARY DUPLICATOR 

FROM England comes a new and simple 
spirit duplicating machine which oper­

ates in a fashion similar to the hectograph 
and mimeograph processes but is superior 
in that it will reproduce in colors. This 
machine, called the Fordigraph, is now be· 
ing distributed in the United States. 

In operation, a piece of hectograph car­
bon is placed with its ink side on the back 
of a sheet of master paper. Typing, sketch. 
ing, or writing is then done in one, two, 
three, or fonr colors, as desired, by the ap· 
plication of different colored carbon papers. 
The master sheet is then ready to be placed 
on the large roller of the Fordigraph, from 
which copies may be made at the rate of 40 
per minute or more. 

The machine does not use stencils, gela· 
tin or ink ; instead it is necessary only to use 
the hectograph carbon and to moisten the 
reverse side of the master sheet by a liquid 
which is carried in the tank of the machine. 
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The moistening is, of course, automatic. 
It is claimed by the distributors that tissue 

paper may be run on this machine without 
wrinkling and that regular letter paper, 
postcard stock, cardboard, or blotters may 
follow the tissue without any adj ustment of 
the machine. It is further claimed that 500 
or more copies can be obtained from a single 
master sheet. 

ERADICATION OF SYPHILIS 
POSSIBLE 

A BATTLE cry against one of man's most 
dangerous disease enemies was sounded 

by Dr. Thomas Parran, Jr., New York State 
Health Commissioner, at a recent meeting 
of the American College of Physicians. It 
was a stirring "fight talk" from a leader to 
his captains in the war on disease. 

This disease ranks with tuberculosis and 
cancer as a major cause of death. It causes 
untold misery ; denies many married couples 
the privilege of parent·hood ;  causes help­
less, innocent children to be born blind or 
deaf ; cripples, and finally drives insane, 
many of its luckless victims. 

The name of this dastardly disease is 
syphilis, a word that many persons do not 
like to speak or print or read. Not so long 
ago there was the same feeling about can­
cer, tuberculosis, even appendixes and gall 
bladders. Yet these have become part of 
every-day speech. Syphilis must also be read 
about and heard about so that this deadly 
foe can be vanquished. Refusing to name the 
enemy ends in defeat, not conquest. 

This disease enemy of the unmentionable 
name, syphilis, can be conquered, Dr. Par· 
ran told the physicians. The outlook for 
the control .of syphilis is far more hopeful 
than for the control of cancer. It is far more 
hopeful than was the outlook for the con­
trol of tuberculosis 30 years ago. 

"The practical control and even eradica­
tion of tuberculosis in this country is a goal 
clearly in sight," said Dr. Parran. 

By comparison, the job of controlling 
syphilis should be far quicker, for medical 
scientists know the "germ" that causes the 
disease. They can diagnose the disease as 
soon as the patient becomes infectious and 
dangerous to others. They have remedies 
which will quickly make the infectious pa­
tient non-infectious and prevent his giving 
the disease to others. 

The big thing is to think of syphilis as 
a disease, to think of  the person who has 
it as a sick person whose ailment is catching, 
but who can be treated so that in a short 
time he will not be in danger of giving the 
disease to anyone else. Another hopeful 
thing about this disease is that, if discovered 
and treated thoroughly at the start, the 
damage it may do to body and brain and 
to future generations can be prevented.­
Science Service. 

MAKES HEAT 
TRANSFER VISIBLE 

CALCULATION of the rate of heat flow 
is a common but often very complicated 

problem for the chemical engineer. While 
others have been working out complicated 
mathematical formulas for the solution of 
this problem, Prof. A. D.  Moore, of the 
University of Michigan, has been devising a 
clever apparatus in which he can actually 
watch the flow of heat and measure it with 
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a ruler. The Moore device, demonstrated at 
a recent symposium on heat transmission at 
Yale, is known as the H ydrocal. It operates 
on the principle of causing water to flow 
in a manner exactly analogous to heat, by 
forcing it through capillary tubes of cali­
brated resistance. The flow is streamline 
and, as in heat flow, the rates are directly 
proportional to driving force. The height of 
the liquid column is exactly analogous to 
temperature. Solving a problem consists of 
connecting the correct resistance tubes in 
the apparatus, opening some valves, and 
reading water heights on a series of manom­
eter tubes at the end of specified times. The 
device is particularly useful for problems 
of the unsteady state and for some cases, 
such as an irregularly varying heat source, 
makes solutions possible which are impos­
sible with formal mathematics.-A . E. B. 

BABYLON'S " SOLID 

BEER" 

"SOLID beer" was a standby of the 
Babylonians and ancient Arabs when 

they went on a long j ourney. Just what this 
stuff was, and how it was made, has been 
traced by Prof. Paul Lindner, veteran B erlin 
bacteriologist, with the assistance of Dr. 
Engelbert Huber, student of the history of 
brewing. 

The early Arabs, according to ancient 
texts, knew the "solid beer" under the name 
of "saviq" ; their predecessors, the Baby­
lonians, gave it the more bubbly title of 
"hubur bulug gar." It was not sold by 
liquid measure, but in lumps by weight, 
and was carried wrapped up in packages 
on camel-back. When the caravan made 
camp, some of the lumps were soaked in 
water, and the mixture quickly fermented 
into a refreshing drink of low alcoholic con­
tent. 

The lumps of "solid beer" appear to have 
been made of a special kind of bread, in 
which barley malt was a prominent in­
gredient, and frequently containing also a 
considerable proportion of sweet date pulp. 
This bread was baked at a moderate temper­
ature on hot stones, and then packed up. 

The quick fermentation, Prof. Lindner is 
convinced, was due to the · action not of 
yeasts but of a species of bacterium which 
he himself discovered and identified some 
years ago, known as Termobacterium 
mobile. It is found in warm regions through­
out the world, and plays a leading part in 
the quick fermentation of the milder beers 
made of palm sap and other ingredients by 
primitive peoples. Prof. Lindner believes 
that this bacterium would be left unkilled 
by the mild baking of the "saviq," and 
that it would readily find its way into the 
mash by soaking it in water. 

The art of making "saviq" has apparently 
been lost by the town-dwelling Arabs of the 
Near East, but it may possibly survive 
among the nomadic tribes of the desert.­
Science Service. 

INSANITY INCREASE 

TIME and time again the question has 
been asked : "Is not the stress and strain 

of the depression responsible for the great 
increase in mental disease in this . coun­
try ? "  Time and time again that question 
has been answered in the negative, and the 
correct explanation given. Yet the ex plana-
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tion seems not to have reached many peo· 
pIe, for the question reaches us over and 
over from different quarters. 

Dr. Carney Landis, of the New York 
Psychiatric Institute and Hospital, recently 
stated the case plainly. In 22 years, he said, 
one type of menIal disease has increased 
from 2 per 1 00,000 to 14 per 100,000-a 
rise of almost 700 percent. But this is the 
mily type that has increased during those 
years, and it affects only persons beyond 
middle age. This particular type of mental 
disease is due to a hardening of the arteries 
of the brain. 

The reason for the increase is, therefore, 
obvious. Due to the great advance in public 
health work and preventive medicine, we 
have more old people than formerly. Twenty. 
two years ago, about one fifth the population 
was 45 years old or older ; but this group 
had increased almost to one fourth in 1934. 

"After all," said Dr. Landis, "a man must 
die of something, and if typhoid does not 
take him at 30, hardening of the arteries 
in the brain may at 60." 

SIX NEW AIR RECORDS 

THREE American aviators brought three 
international air records to the United 

States during February, besides setting a 
like number of national records. 

Miss Helen Richey of Pittsburgh, Penn· 
sylvania, flying an Aeronca C·2 Scout estab· 
lished a national and international speed 
record for 100 kilometers for Class C, light 
airplanes at a speed of 72.224 miles per hour. 

Terris Moore of Cambridge, Massachu· 
setts, captured an altitude record for light 
seaplanes, third category, Class C, in an 
Aeronca C·3, reaching an altitude of 1 1 ,558 
feet, establishing both a national and in· 
ternational record. 

Miss Iona Coppedge of Dayton, Ohio, in 
an Aeronca C·3, set a feminine altitude 
record for light airplanes for the third cate· 
gory, Class C, by reaching an altitude of 
15,253 feet. No record had previously been 
established in this category and according· 
ly the present one stands as both a national 
and international record. 

The standing of nations with regard to 
international aviation records at the time of 
writing is : United States 42, France 37, 
Italy 28, Germany 8, Poland 8, and En· 
gland 1 .  

A BANNER YEAR FOR 
AVIATION 

THE year 1936 has opened up for Amer· 
ican aviation in the most auspicious 

manner. Large Army and Navy contracts ; a 
war scare in Europe ; higher airmail rates ; 
ever growing volume of passengers, mail and 
express ; and a promising private plane 
market, all combine to make the industry 
extremely cheerful. 

Technical progress is certain to keep pace 
with growing prosperity. Even in the leanest 
of the depression years, American aviation 
progressed steadily. Profitable operations 
will induce even greater advances in con· 
struction and operation of aircraft. It is not 
out of place, therefore, to expand a little 
on the predictions of immediate develop· 
ments which are made by Jerome Lederer 
of Aero Insurance Underwriters : 

1. The adoption of the nose·wheel under­
carriage for small airplanes. The Depart· 
ment of Commerce development program of 
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a light plane for private flying has not been 
revolutionary to date, but it certainly has 
shown the value of the front wheel in pre­
venting nosing·over and in decreasing the 
hazards of cross· wind landings. 

2. The installation 0/ independent aux· 
iliary power plants in large transports to 
supply energy. Power is now needed in the 
transport airplane for radio, lighting, start­
ing, and operation of the retractable landing 
gear and flaps. Sooner or later the controls 
themselves will be power operated. Instead 
of batteries, wind driven generators, or 
geared eonnections to the engine, it would 
indeed seem logical to install an additional 
unit to take care of all these miscellaneous 
power requirements. 

3. Higher payloads through greater fuel 
economy and higher octane fuel. With more 
power it is possible to secure greater speed, 
which really means lower costs in operation. 

4. Counter·propellers to absorb the torque 
of high powered engines on sin8le·engined 
airplanes. When the power of a single· 
seater fighter approaches 1000 horsepower, 
the torque generated by the engine and pro· 
peller becomes relatively so high that lateral 
control is difficult. We understand that the 
Army Air Corps is even now considering 
proposals for the design of tandem pro· 
pellers driven by the same engine, but rotat­
ing in opposite directions so that the torque 
effects are eliminated. 

5. The use 0/ the catapult for starting 
heavily-loaded ships. While Mr. Lederer is 
predicting the catapult, the Mayo·Short 
composite aircraft is nearing completion in 
England. As our readers will remember, a 
small heavily loaded flying boat is to be 
carried above the wing of a very large flying 
boat, and is to be released when sufficient 
altitude has been reached. 

Mr. Lederer's predictions are both timely 
and logical.-A. K. 

"RADIO" ALARM FOILS 

ALL INTRUDERS 

THE kidnapper and the thief, the two 
oldest human parasites, today menace 

the property owner of position more than 
ever before. All people of prominence and 
means are potential victims of these des· 
perate enemies of society. Daily we read of 
invaded homes, of children, adults, and 
elderly persons attacked and injured by in­
truders. People are kidnapped from their 
own residences at the point of guns. 
Treasured possessions are stolen or wan· 
tonly destroyed by vandals. While such con­
ditions persist, people of position cannot 
afford to be without protection against th e 
marauder. 

About two years ago, an organization of 
expert electrical engineers foresaw the wave 
of kidnapping and violence now sweeping 
our country. These men turned their en· 
ergies towards devising an adequate and 
foolproof protective system for the fine 
home. The Teletector Property Protection 
System was the result. Today this scien­
tific development is  installed and operating 
in many fine homes, guarding against 
trespass. 

The Teletector is a sensitive electrical 
apparatus operating on · advanced radio 
principles, the function of which is to en· 
circle all doors, windows, or openings in 
a home or nursery with an invisible "radio" 

(Please turn to page 290) 
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THE AMATEUR TELESCOPE MAKER 
Conducted by A L B E R T  G. I N G A L L S  

IN this magazine last June Professor Rus· 
sell described the Schmidt telescope­

or camera, to speak more exactly, since it 
cannot be used to advantage as a visual 
instrument-and this present month with 
his article ( pages 248·249 ) we have repro· 
duced photographs, one celestial, the other 
terrestrial, taken with a Schmidt made by 
the Lowers of San Diego. The little picture 
on the present page is another, and the cam· 
era itself, its box uncovered, is shown at 
the bottom. 

For photographic work the Schmidt tele· 
scopic camera, with its oddly curved cor· 
recting lens in front, is as far ahead of a 
telescope camera having an ordinary parabo· 
loidal mirror without a correcting lens, as a 
paraboloidal mirror is ahead of a spherical 
mirror for usual work-farther, in fact. 
Oddly enough, the Schmidt reverts to a 
spherical primary but it is .its correcting 
lens that does all the blisiness of knocking 
out the coma that otherwise ' puts tails on 
star- images at the edge of the plate and, in 
fact, on all except the central eighth of a 
degree or so of plates taken with parabo· 
loidal mirrors such as the lOO·inch. But a 
Schmidt gives a good field 12°  or more 
diameter-no tails. The spherical primary 
is said by some writers who have never tried 
to make a real sphere to be easier than a 
paraboloid but, be that as it may, the real 
grief or "piece of resistence" in the Schmidt 
job is in the correcting plate. This is a thin 
piece of glass at the outer end of the tube, 
its curve so inconspicuous that the plate 
resembles an ordinary piece of thin, unal· 
tered glass. But the extremely shallow curve 
is neither spherical nor paraboloidal but 
decreases in radius as the edge is ap· 
proached, and it must be made by means of 
a flexible lap and a combination of patience, 
intuition, experience, bad language, cut and 
try, and occasional sheer good luck. It is 
not beginner's work and perhaps it is not 
merely fairly experienced work, but definite· 
ly is advanced work. The whole business­
theory and practice-will be covered in the 
"A.T.M. Supplement," due in a few months 
-please don't ask when, for this depends 
on when the last cunctative contributor 
sends in his material. The last contributor 
whose long· promised "copy" comes in is to 
receive a prize of an invisible telescope in 

an intangible, imponderable carrying case. 
In the meantime, here are Harold Lower's 

comments on some of the first photographs 
he and his father, Charles Lower, took with 
the Lower Schmidt, which embodies the fa· 
mous "Soup Bowl" mirror. "The 'candid 
camera' shot of Dad lighting a cigaret shows 
what one second exposure does, by the 
light of a match," he writes. "This is made 
at a distance of 12 feet. Lens wide open. 
The ni ght picture of San Diego ( page 249. 
-Ed. ) was made from Point Loma, across 
the Bay. Exposure 10 seconds, and over· 
exposed. By examining the negative with a 
glass one can count the windows in build· 
ings which are more than four miles away, 
but it is so badly over· exposed that they 
don't show in the print. The two pictures 
of the camera with one side removed were 
made before the interior was blackened, so 
as to show the parts in position." 

The crossed strings in the left hand 
( lower ) picture were placed there for help 

Lower Sr. caught smoking cigaret 

in the very delicate, critical collimation, 
and are not a permanent feature. 

ON the opposite page are drawings of two 
items from Cyril G. Wates, 7718 Jasper 

A ve., Edmonton, Alberta, Canada. The first 
is a gadget to permit easy reading of set· 
ting circles in the dark. "The scale proper," 
Wates writes, "is a disk of 116" Celluloid, 
one side of which is sprayed with black 
Duco. The scale divisions are cut through 
the Duco with a sharp knife, and the 
numerals scratched with a scriber. Work 
with a light under the Celluloid. This meth· 
od gives very fine markings. 

"The scale is attached to a collar which 
clamps to the declination axis by a set· 

screw. The drawing shows the common 
German type of mounting, but the same 
principle could be adapted to any mount· 
ing. The lens is a ten·cent magnifier. The 
mirror may be thin glass, silvered on the 
front and lacquered. I used a bit of chromi· 
urn plated metal. The 'index' is a piece 
of Celluloid with a vertical line scribed and 
blackened. It should be as close to the scale 
as possible, in order to avoid parallax. Note 
that the Duco side of the scale must be next 
to the lamp, and that the base of the nu· -
merals must be toward the edge, as the mir· 
ror inverts. 

"The lamp is a 3·volt flashlight globe 
working on one cell, to give a faint light. 
The socket and one side of the switch, are 
'grounded' on the mounting. This scale is 
delightful to use. The divisions are seen 
very clearly, yet the eye is not dazzled as 
when using a flashlight." 

It is suggested that the light be of as low 
candlepower as will clearly reveal the mark· 
ings, thus not unduly causing the pupil of 
the observer's eye to close. Mr. Wates' next 
item is a suggestion for a drive for an 
equatorial mounting. The drawing is his. 

"This drive is planned for a very heavy, 
double yoke mounting for a 12" telescope, 
but could easily be adapted for other mount· 
ings, such as the common German type, by 
means of an extension on the polar axis. 

"The actual drive consists of a screw such 
as is used in screw·cutting lathes, with a 
split nut. These screws are accurate within 
.0003" per inch length. The nut runs in 
guides ( not shown) , and has a thrust ball 
bearing at the top. The screw turns ( by 
means of suitable gearing )  at a speed 
slightly in excess of 30 rev. per hour. The 
motor should be variable speed if possible. 

"Mounted on the polar axis is a pulley, 
72" in circumference. A suitable pulley 
could be picked up at any junk shop, al· 
though possibly not of the exact diameter. 
It would be a simple matter to alter the de· 
sign and gear ratio to accommodate any 
p ulley or screw that happened to be avail· 
able. 

"On the left is a heavy drive weight sus· 
pended on a suitable steel wire passing 
around the pulley. On the right is a steel 
tape attached to a yoke, which in turn is 
fastened to the nut. The wire and tape lie 

The interior of the Lower Schmidt camera. Note stops Same interior, showing thin, clear correcting plate 
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Wates' circle reading gadget 

on the pulley side by side-they are not 
joined. Each is fastened to a stud on the 
face of the pulley. The pulley is a loose fit 
on the polar axis and can be clamped there­
to by a clutch, not shown. The fine adjust­
ment is obvious from the drawing. 

"Exact speed control will be by the so­
called 'Chaser' system. The wheel marked 
'control from clock' is not attached to the 
screw drive in any way, but is an entirely 
separate wheel driven by a pendulum clock 
at 30 rev. per hour sidereal time_ A contact 
on this wheel plays between two contacts 
on the screw drive wheel. If the latter gains, 
the motor is slowed down, and vice versa. 

"No means of restoring the nut to the 
bottom of the screw is shown, but it is 
planned to have the motor and gears slide 
to the right, disengaging the worm and en­
gaging a suitable gear direct from the motor 
shaft to restore the nut and weight. Contacts 
will of course be provided so that the motor 
will be shut down when the nut reaches the 
bottom. 

"Except at the equator, the piano wire 
will run over a pulley to the weight." 

"IN all fairness to others and to the best 
of my belief I feel I can safely lay 

claim to the distinction (if any ) of having 
the smallest observatory of any practical 
use. It measures exactly 60" x 17" x 25". 
To be precise, it is the scuttle hole to the 
roof of the house." 

This is our old friend Bill von Arx, broad­
casting a fighting challenge to the world 

711 MPTI1/( 
Proposed telescope drive-Wates 
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clusive agents for Bailey & Sharp distributors of the world famous Chance Bros. 
optical glass, we offer a complete stock of Objectives, Prism and Eyepiece Blanks. 
Again we repeat no order too large or too small. 
Advice and testing at all times. Send 6c for illustrated catalogue. 
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T I N S I� E Y  
3017 Wheeler St. 

L A B O R A T O R I E S  
Berkeley, California 

R. H. Combs, Canadian Representative 
Toronto, Canada 

Amateur Telescope Makers 
To make a GOOD telescope requires suitable materials. 
You cannot afford to fail because of poor stuff. 

We offer supplies selected after long experience, at 
prices extremely low considering their high quality. 

A six-inch telescope MIRROR OUTFIT :-glass, abrasives, pitch 
and rouge ;-All you need to grind and polish a GOOD 
parabolic mirror WITH INSTRUCTIONS .. $5 .00 

A suitable EYEPIECE :-positive, achromatic .. . . . . . . .  $4.00 

A really accurate one�inch PRISM ( inferior prisms introduce 
distortions which ruin the definition of even the best mir .. 
ror ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $6.00 

With these, and patience and intelligence, you can make a 
REAL ASTRONOMICAL TELESCOPE. 

We will also answer your questions and test your mirror. 
These services are free. Write for our price list of supplies. 

JOHN M •. PIERCE 11 Harvard St., Springfield, Vermont 

BlJILD YOlJR OWN 
REFLECTING TELESCOPE 

4 inch KiL . . . . . . . . . . . .  $3.75 
6 inch Kit . . . . . . . . . . . . . . . . 4.50 
8 inch Kit . . . . . . . . . . . . . . . .  7.75 

Kits contain 2 glass discs, all abrasives. rouge, pitch, 
and copy of INSTRUCTIONS. 
1 "  Prism $2.00-1� " Prism $2.25-1 Y2 " Prism $2 .50 

RAMSDEN EYEPIECE-$4.00 
Ca-talou free 

(Jopy of Instructions 1 0r 
O P T I CA L  RESEARCH LABO RATO R I ES 

Larchmont New York 

Telescope Makers 
SUPPLIES 

Highest-quality materials only 
Also 

ALUMINIZING 
IVrite for free fJrice list. 

A M E R I CA N  T E L ESC O P E  CO. 
4008 Add ison St. Chicago, I II. 

FOR SALE 
The famous 

HARTNESS TURRET TELESCOPE 
with seven-room underground 
study and laboratory, connected 
by underground passage to the 
beautiful 

FIFTEEN-ROOM RESIDENCE 
with all modern conveniences, in­
cluding Six Master-Bedrooms, 
Five Connecting Bathrooms. Am­
ple servants' quarters. Beautifully 
Landscaped Grounds. Extensive 
Acreage. 

S pedal Booklet on Request. 

WALBRIDGE REALTY COMPANY 
RUTLAND, VERMONT 

ALUMINIZING 
N E W S U R F A C E - H A R D E N E D  A L U M I N U M  

C O AT I N G S 

with greater resistance to mechanical abrasion 
and uniformly superior in reflectivity at the 
same reasonable prices maintained in the past. 

Coating Prices : 4"-$1 .75,  5 "-$2 .00, 6" 
-$2.50, 7"-113.00, 8"-113.50,  9"­
$4.25 ,  1 0"-$5 .00, 1 1 "-$6.50, 1 2"­
$7.50, and 12 Y2 "-$8.00. Larger sizes liP 
to 36 inches in diameter on request. 

LEROY M. E. CLAUSING 
5 5 07-5 5 09 Y, Lincoln Ave. Chicago, Ill. 

PUSH THE POWER 
OF YOUR TELESCOPE 

to the limit with the 
FA M O US A T E M S c O  SO L I D  O C U LAR 'h" E F L�ONE D OLLAR POSTPAID 

AMATEUR TELESCOPE MAKERS SUPPLY CO. 
24 West 20th Street, New York, N. Y. 

Western Agent : Northwest A m ateur Telescope S u pply Co. 
P.  O .  Box 945, Washburn, W i seonsin 

TOLLE S EYEPIECES 
'/, " & V4 " e.f. l .  @ $6.0 0  V." e.f.l. @ $8.00 

A l u m i n i.zed � i agona ls in sizes for 6" to 12" mirrors. 
Parabol iC M irrors made to order with accurate figure. 

MIRRORS FIGURED 
C.  H. N I C H O LSO N 

29 1 2  N. Rac ine  Ave. Chicago, I l l i nois 

TELESCOPE MAKERS 
M I R R O RS T ES T E D  F R E E  

M i rrors pol ished, paraboUzed and alum i n ized 
M I R R O R  O U T F I TS, ,om plete with 2 g l ass d iscs, 
abras ives. tempered p i tch. beeswax. rooge template and 
i nstructions--6"-$4.00. Other s izes proporti onately 
low. Qua l i ty equal to any on the market. 
P Y R E X  O U T F I TS as above, 6"-$6.00 ; 8"-$8.00 

PRISMS GUARANTEED SATISFACTORY 
3/4" b i n.-$ f ; 1 "-$2.75 : I Y2"-$4�50 ; . %"-$6� 

RAMSDEN EYEPIECES-finest quality lenses 
in brass mounti n os� standard I Y4 "  d i a m .  

�:: r. (�'� Fre�s··eyepieee· ·�t��3.; I
I �,f d�a�: : : : : : : : : : : : : : : :U:�g 

K E L L N E R  3 lens orthoscopi c eyepiece I Y2 "  F.L. $4.00 
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."..� I.���: $1 .50 
F R E E  catalog Telescopes. Mi-croscopcs, Binoculars, 
etc. Complete Instructions for Telescope Making, 1 0c. 

PRECISION OPTICAL SUPPLY CO. 
991 E. 1 63rd Street New York City 
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I O�LA80RATORY APPARATUS BIOLOGICAL SUPPLIES 

����:� 
professIOnal experimenters. Save 

Money-Buy Direct from manuf:lc-
' 

turer. Send lOco now (refundable) 

and get Special JO Day Offer. 

Know a second language for better business or social p08i� 
tion. read foreign book,,; really enjoy travel. Speak like a 
native. Now FUN to learn quickly. easily at home thi8 lMrn­by-li3teninu way. Write today for our amazing free boo k ,  
"The Cortinaphone Short Cut." State language interested in. fg�Uw. ��gem�ee�.e'll:v��� FREE BOOK 

T H E  M ECHAN IST I C A UTONOMY OF NAT U R E  
with 1 935 supplement on 

The New Vortex Atom 
120 pages, 25 diagrams 

The ONLY system which ascribes str u ct u re 
to protons, electrons, and neutrons. 

The ONLY system which depends on nothing 
except Eucl idean ger -etry for the explana ­
tion of physical a ;  chemical properties. 

A CHALLENGE TO OFFICIAL SCIEXCE 
whose present-day teachings are flatly con­
tradicted by this new system. 

Price. postpaid, $ 1 . 0 0 .  :Money must accompany order. 

C. F. KRAF FT. 25 1 0  Q St., N .W., Wash i ngton ,  D. C. 

For 
Scientific and Technical Books 
try our BOOK DEPARTMENT 

SCIENTIFIC AMERICAN 

AUTHORS, 
Writers, Speakers 

Technical and Scientific Subjects 
Your manuscripts, college 

theses, speeches edited and 
criticized for style and diction ; 
suggestions for rewriting giv­
en ; possible markets quoted­
$1.00 per thousand words. 

Every manuscript "serviced" 
by two active editors of long 
experience. 

Speeches and manuscripts 
prepared or rewritten at special 
rates. House-organs edited and 
proofread. 

Highest references 

TECH EDITORIAL SERVICE 

26 WEST 40TH ST., N. Y. C. 

S C I E N T I F I C  A M E R I C A N  

von Arx's petite observatory 

from his sky hole observatory at 573 Mon­
roe St., Brooklyn, N.  Y. What he writes 
shows the sad circumstances under which 
we poor metropolitan observers work 
( kindly start weeping here ) ; in fact, your 
scribe's telescope is now in moth balls in 
the attic, because a gas station 200' distant 
has converted his yard into near daylight 
with three big flood lights. For two cents the 
company's name would be revealed : a fa­
mous ocean was named for it. In revenge. 
no gas is being bought there-will the com­
pany fail ? But to return to Bill von Arx 
with his head sticking out of the sky hole. 

"Being one of the many sufferers from 
city lights and cold wintry breezes," he 
says, "I mounted a small equatorial camera 
on the southern edge of the scuttle, as shown 
in the photograph. Standing on a substan­
tial shelf 60" below the level of the roof 
it is quite comfortable to do all the observing 
and photographing any avid amateur might 
want to do. Of course, several regions of the 
sky are obscured by neighboring chimneys, 
ventilators and vent pipes, but in the main 
these are not disadvantageous because the 
sky light in the lower altitudes is so bright 
that most of the stars are lost. 

"Besides the equatorial camera 1 have a 
little 80-mm. triplet telescope of 22" focus 
and doubtful pedigree, on a mobile alt­
azimuth mount which can be trundled to 
the roof level with little difficulty. It is 
mounted on a pair of two by fours about 2' 
long, joined at right angles at their ends. 
Resting the legs of the mount on the comb­
ing of the scuttle-the mounting being fas· 
tened at the union of the two-it is quite 
easy to move this little glass in any position 
favorable for the observation being made. 
This manner of mounting has proved more 
than satisfactory in that it is light, easy to 
handle, and quite rigid even in strong wind.,. 

"Between the roof and the ceiling below 
there is a space a little over a foot high 
which makes a very convenient place to 
keep odd maps, books, binoculars, eye· 
pieces, as well as the two instruments men· 
tioned above. A board laid across the ceiling 
makes a convenient desk for j otting notes. 
This is even more comfortable when a stool 
of small dimensions is squeezed up on the 
shelf with the observer. An extension cord 
from the outlet in the room below gives 
current for the drive clock on the equa­
torial, as well as for a small ruby light for 
reading charts, etc." 

We asked Bill what his family does for 
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heat while the sky hole is open and he tells 
us the family heat simply passes out, after 
which the seeing is better. Whether the 
family does the same seems uncertain, but 
it was a cold winter. 

R E. CLARK, Box 112, Langeloth, Pa., 
• writes : "I have been experimenting 

with the following wrinkle, which I think is 
,new, and thought you would care to pass 
it along to some of the fraternity who 
make a specialty of spoiling good glass. 
Instead of using glass for a tool, try the 
following : 4 parts clean, 60-mesh silica 
sand, 2 parts clean, 200-mesh silica flour, 3 
parts Portland cement. Add lots of water 
and mix again very thoroughly. Pour into 
a mold the size you want your tool. Elim. 
inate all air bubbles by stirring with the 
finger, smooth off the top, which will be the 
back of the tool, and allow to cure for 72 
hours. If properly made there is little danger 
of scratches from detached grains of sand. 
Use plenty of water in mixing, so that the 
sand grains will segregate and form the 
working face." 

GEORGE MEIGHAN, 774 34 St., North 
Bergen, N.  J., suggests this dodge : 

"Instead of using the glass tool I use a 
round metal plate-stove lid or other. If 
the pitch hardens before I can get the 
grooves properly made, I hold the plate 
over the gas burner and soften it up again." 

NOW and then someone sends in a blue· 
print of a telescope, made at some cost 

of labor, and wishes it reproduced. A blue. 
print cannot be reproduced at all. The 
tracing is reproducable but generally the 
draftsman forgets that when the drawing 
is reduced the lettering will be reduced 
in proportion, In general, we dislike blue. 
prints, which smack of  the standardiza. 
tion idea. Drawings of individual features 
of telescopes are of interest, but few wish 
to "copy" a whole 'scope. 

AND now a club of telescope enthusiasts .f\. has been organized in St. Louis, the 
"St. Louis Amateur Astronomical Society," 
which is the astronomical section of the St. 
Louis Museum of Science and Industry. 
C. F. Hellweg, 5246 Cote Brilliante, is the 
secretary-treasurer. 

Orion as photographed by von Arx 
with camera shown above. Exp. 60 m. 
f /4.5, Schneider Xenar 10.5 cm. fo· 
cus. Gaevert Super Chromosa plate 
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" FILM 
/ 

-----GUIDE FOR SHUTTER 
sJ------- l = " 'SOLDER �1 _ _ _ _ ___ fF:TD 

Mowry's photographic adaptation 

THE top drawing, after a little study, 
shows how Nelson A. Mowry, 302 Gar­

land St., Edgewood, Pittsburgh, Pa., con· 
verted a 39-cent Model A Univex camera 
into a celestial camera for attachment to a 
telescope. The lens and shutter were re­
moved and a brass shutter inserted into a 
jig-sawed slot. Good pictures an inch in 
diameter were taken. 

Tran.vcnc 5 .. etio!�l·
r�� hold.r, DIC.k tltul!.. 5akt)' curtain c\o��d.. 

OETAILS OF CAR060/l.RO FILM HOLDER 
(.onetruet .. d in fiU",n minut .... �f ordil'llr:; cudbOlrd, 
Pl.lt totdhtr with an ordinary officI. 't.pl .... Ind tlpc.. ""k i' held dOled by rubber band. hell,;n;' ia  COM with thru (onvc.ntlonal .djult;!'." IHr .. WI on ctlt. 

Johnson's simple film holder 

In the second drawing, made by Vance 
Johnson, 821 West 27th St., Cheyenne, 
Wyoming, this draftsman-artist-telescope­
maker slurws how he and "Bertha" ( that is 
his telescope-Bertha Johnson ) ,  and the 
other cow hand . photographed the moon, 
Ilsing Pan film and a dingbat of their own 
invention. The lower objet d'art, also drawn 
by J ohnsop.; reveals details of the new 
Cheyenne Mounting; .with its slow motion 
drive. 

HORSE-CREEK 08SER'iATORY PHOTOGRAPHS T H E  MOOt-!-

Astro-science in wild Wyoming 

S C I E N T I F I C  A M E R I C A N  

L E E  
Heavy Precision 

TELESCOPE MOUNTINGS 
Send for circular 

HARRY LEE ARMIGER 
14269 Northlawn Ave. Detroit, Michigan 

P Y R E X  M I R R O R S  
MADE TO ORDER 

Guaranteed correctly figured, polished, 
parabolized and aluminized. 

O U R  PR I CES W I LL SU I T YOU 
\Yritten guarantee with each mirror 

Precis ion  Optical Co., 99 1 E .  1 63 St_, N. Y. C. 

When you write to advertisers 
• The Editor will appreciate 

it if you will mention that 
you 
saw 

it in 

S CIE N T I F I C  
A M E R I C A N 

283 

ATEMSCO OCULARS 
Approved and used from Coast to Coast 

RAMSDEN EYEPIECES- l � "  D iameter 

BRASS MOUNTED--FIBRE LENS CELLS 

Focal Lengths l � "-Yz "-� " 

One Dollar Each-Postpaid 

Amateur Telescope Makers Supply Co. 
24 West 2 0th Street New York, N. Y. 

Also Sold by the 

Northwest Amateur Telescope Supply Co. 

P. O. Box 945 Washburn, Wisconsin 

(DeRrriptive Circular for Stamped Envelope) 

TELESCOPE "DOOR MATS" 
PITCH LAPS�'ADE EASY 

FOR AMtf!]£URS 
Price $l.OO . Postp&id: anywhere 

THE H. O. CANP-II.lLD CO. 
Bridgeport Connecticut 
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A 
Modern Book 
for Modern 
Amateurs 

IN this comprehensive 

, and attractive collec­

tion you will find a well­

rounded discussion of the 

miniature camera, togeth­

er with a list of those 

available in this country ; 

an article on candid photography ; others on the use of exposure 

meters, telephoto lenses, creative enlargement, infra-red and 

ultra-violet ray photography, color filters, picture composition, 

indoor photography, pinhole photography, astronomical pho­

tography, and many other subj ects.  In addition there is  a careful­

ly chosen list of the most helpful books published for amateur 

photogra phers. 

5 0� 
The material has been carefully selected from the pages of 
Scientific American. All the articles are illustrated with perti­
nent photographs and special diagrams. Fourteen feature articles, 
plus 21 shorter items of wide general interest. Text printed on 
hcavy off-set paper ; cover on heavier tinted stock. 8% by 11 inches. 

MODERN AMATEUR PHOTOGRAPHY 
S ci enti fic A meri can, 24 W. 40 St., New York 
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Here is your 

opportunity to purchase 

a discontinued 

Voigtlander 

VAG 
( 2% x 3% )  

-one of the hest film pack 

and plate model cameras 

o n  t h e  m a r k e t  t o d a y  

at almost 

HALF PRICE 
The only reason the mannfacturer 
is discontinuing the model is be· 
cause if he maintained production 
on this camera today, it would be 
entirely too costly. 

The Vag is equipped with an F4.5 
�'kopar lens in Ibsor Shutter. 
Speeds 1/100, 1/50, 1/25, 1/10, 1 /2, 1 second. Bulb and Time 
operating with cable release. 

Has rising and faIling front and 
side movement, ' focusing hood on 
ground glass, brilliant finder, 
quick focusing lever. 

Single Extension Bellows of Genuine Leather. 
Camera measures l%. x 3Y2 x 4% inches. 

Weight 24 ounces. 

Former Price ,33.00 
SALE PRICE 

S18·50 
Price includes fi l m  pack adapter and three plate holders. 

ACT QUICKLY. THE SUPPLY IS 
LIMITED 

Mail Orders Filled. Write Dept. S.A.V. 

S C I E N T I F I C  A M E R I C A N  MAY · 1936 

CAMERA ANGLES 
Conducted by J A C O B  D E S  C H I  N 

TRAVEL PHOTOGRAPHY 

To travel without a camera is to forfeit 
half the value of a trip-the aftermath 

of pictured memory. Everyone realizes this, 
so practically everyone who goes a-journey­
ing, however little he or she may know about 
photography and even if the outfit is the 
most modest, packs a camera and films as 
one of the necessities to be included even 
at the cost of leaving something else be. 

Don't neglect buildings 

hind. The more zealous the photographer, 
the more sacrifices he will be willing to 
make in this regard. 

Whether it is mountain, land or sea, 
subject-matter will be found everywhere. 
We have but to look for it. A little reading 
of photographic literature dealing with the 
type of atmosphere-sea or high altitudes 
or land and sky or whatnot-into which you 
are traveling will help to jog memory on 
some points you may have forgotten and in 
addition give some valuable hints you 
had not thought of, a3 well as project you 
into thinking along the photographic lines 
which cover the type of pictures you will 
most likely be making. 

In general, it is advisable to take one of 
the relatively smaller cameras, not neces­
sarily the miniature type, although the lat­
ter can be very useful for the reason that 
they are so convenient and easily accessible, 
and because they carry a large loading of 
film at one time, thus obviating changing 
film rolls too often. A camera equipped with 
a range finder or one of the small reflex 

cameras would seem most suited for travel 
purposes, although other types of cameras 
up to 314 by 414 and 4 by 5 inches will be 
found easier to work with if landscapes and 
similar subjects are what you seek most to 
get. Range finders for cameras not so 
equipped may be had today at a low cost. 
In the case of the larger cameras you will 
now and then wish to use a tripod and focus 
on a ground glass. Ground glasses have 
been known to drop and break, leaving the 
worker helpless and the camera well-nigh 
useless, so be on the safe side and take 
along an extra one. 

Be generous with your film supply. It is 
hard to estimate how many pictures you 
will be likely to take. The number will de­
pend on the type of pictures to be made, 
the picture-taking opportunities offered by 
the locality, the length of time you plan to 
be away and on a number of other con­
siderations which will come up in individual 
cases. Take as much film as you can ac­
commodate ; film you do not use on the trip 
can always be used up on returning home. 
Include in your equipment a light tripod, a 
lens sunshade, a filter or two ( an ultra-

The Pickle Seller 

violet one if you plan to take pictures from 
mountain peaks ) ,  a good exposure meter­
a photographic "diary" in which to record 
exposure data and one or two other small 
items that may seem to you important. By 
no means, however, need you take along 
equipment for processing negatives en 
route. You are not trying to make a deadline 
-you go on a vacation trip to get away from 
deadlines--so you can take your time about 
seeing the results of your handiwork. Be­
sides, processing negatives en route would 
take time and trouble which should be de-
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$100 IN PRIZES 
FOR AMATEUR PHOTOGRAPHS 

ON SCIENTIFIC AND ALLIED SUBJECTS 
HERE is a real chance for advanced amateur photographers to achieve in· 

ternational recognition of their skill. Scientific American offers $100.00 
in cash prizes for the three photographs, submitted according to the follow· 
ing rules, which the Judges decide are the best. Furthermore, there will be ten 
Honorable Mention awards, each of a one·year subscription to Scientific 
American. The publishers also reserve the right to purchase, at regular rates, 
any non·winning photographs submitted in this contest. 

Read the rules carefully and then go to work. But please be sure that your 
entries comply with all the rules as the Judges cannot be held responsible 
for entries which do not. 

RULES OF THE CONTEST : 

1. Photographs entered in this contest 
must depict some phase of science, in­
dustry, engineering, aviation, or kindred 
subject. 

2. Entries will be judged on the basis of 
pictorial value and photographic tech­
nique. The decision of the Judges will 
be final. In case of a tie for any prize, 
duplicate prizes will be awarded to the 
tying contestants. 

3.  All <>f the photographic work involved 
in producing prints for this contest 
must he done by the contestant. 

4. Photographs submitted must be printed 
in black and white on glossy paper 
and must be mounted. 

s. Prints must not be under , inches or 
over 14 inches in their longest dimen­
sion. Mounts must not be larger than 
14 by 17 inches. 

6. Photographs must be submitted by 
first class mail, with sufficient cardboard 
included in the package to protect the 
print. 

7. Each entry must have the following 
informati,on written on the back of the 
mount: 

Name and addres.s of contestant; 
Camera and lens equipment used ; 

Size and emulsion of negative ; 
Filter used, if any ; 
Diaphragm opening and time of expo­

sure ; 
Month, time of day, and quality of 

light ; 
If indoor, contrast of paper used ; 
Developers used for negative and 

paper; 
Additional aids employed. 

8. Prize�winning photographs will , become 
the property of Scientific American, 
to be used in any manner at the dis� 
cretion of the publisher. 

9. Scientific American reserves the , right 
to purchase, at regular rates, any non� 
winning entry. 

1 o. Non�winning entries will be returned 
only if postage is included when the 
prints are submitted. 

1 L No entries will be considered from 
professional or commercial photog­
raphers. 

12.  All entries in this contest must be in 
the hands of the Judges by June 20, 
1 936. The results will be announced 
in our issue dated September, 1 9 3 6. 

1 3 .  This contest is open to all amateur 
photographers who are not in the em� 
ploy of Scientific American. 

PRIZES : 

First Prize, $50. 
Second Prize, $30. 
Third Prize, $20. 

Ten Honorable Mentions, each to receive a One·Year 
Snbscription to Scientific American. 

The Board of Judges of this contest will 
be announced in a subsequent issue. 

Address all entries to : 

Photograph Contest Editor 
SCIENTIFIC AMERICAN 

24 West 40th Street, New York City 

voted to the purposes for which you took 
the trip-rest and picture·taking. Take 
care, however, that you mark the exposed 
film rolls or packs in some way to identify 
them and take the additional precaution to 
segregate them in some definite place in 
your grip away from the unused material. 

Nor ought you to yield to the temptation, 
however strong, to see "how they came out" 
and rush to the nearest local photo finisher. 
He may do a good job, but on the other 
hand, he may do an awfully bad one. At 
any rate, why take the chance ? 

Vacation trips imply a period of two or 
three weeks for most of us. For this reason 

we should take pictures as we meet them 
and not put off until the next moment what 
can be done right away. The first impres' 
sion is the freshest and most vivid. If a 
subject strikes you "right between the eyes" 
-or in the heart-lose no time to record 
it in the best way you know. You may 
never feel exactly that way about it again. 

On the return home, survey your devel· 
oped negatives with a critical eye, The en· 
thusiasm and excitement of the moments 
when the pictures were made are gone, so 
you can look upon the results in a relatively 
objective way, Do not hesitate to throw 
away what seem, on afterthought, to be 

THE 
Viscose Sponge 

FOR PHOTOGRAPHIC USE 

An extremely absorbent, long.wear. 
ing artificial silk sponge. 

Ideal for instant surface drying of 
photographic plates, film and paper. 
Excellent for bromoil work. 

Made in 4 convenient sizes : 
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No. I Por
Y���x��!t�3t�;g���1� 

.75 
No. 2 Po

r
Y8��x��!t'!.6t�ig��1¥f , 1.50 

No. 3 �fit=��':' ; g�:: � ��:: ,2.25 
Absorption : 12 ounces 

No. 4: ��it=�!1"x 
x44: � �'�� " ,4.00 

Absorption : 18 ounces 

Mail Orders Filled. Write Dept. S.A.V.s. 

Reduced in Price! 

THE 

(;ORREX TANK 

A Daylight Developing Outfit 
with Agitator 

that you can carry with you 

It is the most compact and most convenient 
roll.film developing tank made. Requires 
only 14 to 17 ounces of solution. Fixing and 
washing of film may be done in full light 
without touching the film. 

The film, without c,over paper, is coiled 
with the ap.ron on the . reel. Corrugation on 
the edges of the transparent apron grips the 
film automatically, suspends and protects it 
between the coils. 

Complete Developing Outfits 
( tank, lid, reel, apron ) 

No. 73 1 for Vi'�" Px"c��,, l27- ,8.00 
No. 733 for RoJ��

il
: i,��;

H20- ,8.50 
No. 736 for RoJ��

il
: t�:,; ll6- ,9.50 

Special Correx Thermometer- ,1.25 
Mail Orders Filled. Write Dept. S. A.  C. 
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B A S S  
stakes his quarter-century reputation on 
these two outstanding camera values 

• 9 x 1 2  cm. 3y,j x 4 y,j, Zeca Film Pack 
and Plate Camera, finest German 
make. All adj ustments, double exten­
sion, with S chneider Zecanar F :4 . 5  
Anastigmat lens in Compur shutter. 
Speeds : 1 second to 1/250th of  a sec­
ond. Complete with film $34 50 
pack adapter. A $59.50 value • 

• Baldax, 1 6  on 120 film, Meyer Trio­
plan F :2.9 lens in new rapid Com­
pur shutter with delayed action, a 
phenomenal value, brand new, with 
case at . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. 
$37.50 

Write for Bass Bargaingram . . mention whether 
Stin Camera. Cine. Lenses, or Photo Books. 

Mention Dept. «AD" 

Dept. "AD", 179 West Madison Street 
C H I C A G O  

Camera Headquarters fOT Tourists 

Before Buying ¥ ou,· 
Next Camera or Lens 

FIND OUT WHAT 

ABE COHEN'S 
EXCHANGE 
CAN DO FOR YOU 

Whether you live in Maine or in 
California, whether you are inter­
ested in a box camera or an im­
ported reflex, whether you wish to 
buy for cash or trade in your old 
camera, it is your duty to yourself 
to write to us to find out what we 
can do for you. Our enormous pur­
chasing power permits us to take 
advantage of any special cash buys 
offered by any manufacturer or 
importer, and we have earned an 
enviable reputation by passing on 
the benefit of these special buys to 
customers. Our large stock of used 
merchandise, accompanied by our 
ten days' trial basis, affords unusual 
opportunities to obtain the outfit 
you have always wanted and could 
not buy on account of price. Your 
mail orders are always assured of 
prompt and courteous attention. 

ABE COHEN'S 
EXCHANGE INC. 

120 Fulton Street New York 
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worthless things, but watch for the "worth­
less" negative in which some detail may be 
salvaged by the enlarging camera and turned 
into something quite presentable. The re­
sultant batch may be printed up for ar­
rangement in a book which will ever after 
call up the memory of the trip as no mental 
recollections of it can ever do. 

DAYLIGHT SILHOUETTES 

SILHOUETTES of persons or objects 
taken indoors by having the light behind 

the person or object and the shadow pro­
jected on a white sheet may be duplicated 
with outdoor lighting and without the, use 
of the sheet. The accompanying illustration 
shows how this is done. The exposure, of 

" • • •  against the outside brightness" 

course, is based on the outside light. The 
interior in which the subject is placed be­
ing relatively dark, even with normal light­
ing in the room or other enclosure, the 
subject is silhouetted sharply against the 
outside brightness. A profile, of course, is 
essential, and the "true" silhouette, the one 
in which no detail whatever appears, is the 
most striking. However, a "semi· silhouette," 
where the front part of the face has some 
light on it, is sometimes effective too. The 
"semi·silhouette" is made by having a per­
son close to a window or door. To insure 
a "true" silhouette, on the other hand, the 
person must be placed a bit away from the 
window or other aperture so that the day­
light does not strike his or her face directly. 

GLYCIN PAPER DEVELOPER 

USUALLY associated with fine·grain film 
developing, glycin has now been adapt­

ed by the Edwal Laboratories for use as a 
paper developer. In perfecting the developer, 
trisodium phosphate was substituted for 
potassium carbonate and three formulas 
evolved ; the Edwal 102 for deep black 
tones, the Edwal 106 for brown tones on 
chloride and chI oro bromide papers, and the 
Edwal 108 for greenish or olive tones. No. 
106 is called a "stunt" developer by the 
manufacturers because different tones can 
be had by lengthening exposures, the longer 
the overexposure the browner the print, 
with chloride papers capable of being toned 
in this manner to reds, greens, and sepia 
tones. All these developers arc obtainable 
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BUILD A 

PHOTOGRAPHIC 

LIBRARY 

Leica Manual, by Willard D .  Morgan 
and Henry M. Lester.  A beautiful book 
of over 500 pages dealing with all 
phases of miniature photography. It 
covers such subjects as panoramas, 
photomicrography, dental, stage, and 
aerial photography, photomurals, infra­
red, and many others. $4.00 . 

Practical Amateur Photography, by 
William S. Davis . Deals with the 
whole subject from the origin and 
growth of photography to the latest 
types and uses of cameras. 2 64 pages, 
illustrated.  $2 .40. 

Photographic Enlarging, by Franklin 
I. Jordan. A complete treatise on en­
larging, discussing not only the neces­
sary equipment but all of the dark­
room processing, dodges which may 
be employed, combination printing, 
mounting, and lantern slides. It is 
written in a light yet thorough-going 
manner. $3 .70 .  

Free-Lance Journalism With a Cam­
era, by Rufus H. Mallinson. Many 
serious amateur photographers would 
like to know how to make money with 
their cameras ; here is a complete guide 
to that work. It tells not only how to 
make salable pictures but also how to 
market them. $ 1 .65 .  

The Fundamentals of Photography, 
by C. E. K. Mees. Not only tells how 
to take and finish pictures but gives a 
solid foundation of the principles of 
photography. $ 1 . 1 0 .  

Portrait Lighting, b y  Frank R.  Fra­
prie. Takes up the rapid development 
in the last few years of artificial l ight­
ing for indoor photography. $2 . 1 5 .  

Modern Development, b y  F. R .  Fra­
prie . Describes all methods of develop­
ment, stressing particularly modern 
factorial and thermo methods. All for­
mulas are given. $ 1 . 1 0 .  

Camera Lenses, b y  A rthur W .  Lock­
ett. Explains simply and clearly, yet 
with scientific accuracy, all the under­
lying principles of lenses. SSc.  

Infra-Red Photography, by S. O. 
Rawlings. A treatise on the use of pho­
tographic plates and films sensitive to 
infra-red .  Exposure and processing are 
fully covered and many formulas are 
given for sensitizing . $1 .65.  

PRICES QUOTED INCLUDE POSTAGE 

Write to Us 

for Advice Regardfng Books on 

Any Phase of Photography 

SCIENTIFIC AMERICAN 
24 West 40th Street New York City 
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D oes E V E R V T H  I N G . I l l u ­
m i n ates F i l m  a n d  magn ifies 
i t  for revi e w i n g .  Provi des 
s i m ple system of i dentiflea� 

t ion  for e d i t i n g .  M akes 
s p l i c i n g  easy and certa i n .  
Enables y o u  t o  k e e p  fi l m s  
s park l i n gly c lear. Priced 
u n usually Jow. 

TWO POPU LAR MODELS 
C

.
o m p l ete,  �s i l l ustrated, $ 1 5 00 without S p l l  cer.. . . . . . . . . . . . . . . . . . .  -

With S p l i cer . . . . . . . . . . . . . . . . .. . . . . . . ... . . . . . . . . . .. $ 1 8.00 

10-DAY FREE TR IAL OFFER 
If your dealer does not handle FIJ.i1\:I­

VISOR. we will shIp direct to you on 1 0  -day free trial 
under Positive Guarant.ee of Satisfaction or your money bacTe. 

BOO K LET sfe��lU��I�e
inf���a�

tloro�
a ���r F���: 

THE  AUTO MAT I C  ELECTRI CAL D EVICES  CO .  
mI E A S T  T H I R D  �T • •  C I N [ I N NATI,  O H I O  

R O L L E I F L E X 
• 

• 
The uniquely different construction of these 
cameras facilitates the making of better 
photographs. They possess two lenses-one 
which takes the picture-the other which 
focuses your scene or subj ect in actual 
film size on a luminous ground-glass finder. 
These lenses are synchronized so that your 
"preview" in the focusing hood and your 
finished photograph are identical. These 
cameras possess, moreover, a number of 
automatic features found in no other in­
strument and represent an ultimate present­
day perfection in the construction o f  pre­
cise, picture-making instruments.  

Literature on Request 
FREE TRIAL GLADLY GRANTED 

BURLEIGH BROOKS 
127 West 42 Street, New York 
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in made-up form, an arrangement becoming 
increasingly popular for many types of  for­
mulas because of the convenience of  not 
having to weigh out the individual chemi­
cals. It is much simpler just to add water 
and mix_ 

3 5-MM. IN B ULK 

FOR those who buy their miniature 35-
mm. film in lengths of 25, 50, and 100 

feet and later cut them to the little over five 
feet accommodated by the magazine, Agfa 
has devised a convenient form of bulk film 
which does away with the necessity of mea­
suring the required lengths in the darkroom. 
Their Agfa Superpan now comes packed in 
rolls of 27% feet and 55 feet, the first di­
vided into five lengths by notches to indicate 
where to cut the film, and the larger film 
roll notched for ten lengths_ This gives a 
length of 5% feet for each loading, which 
will give the usual total of 36 pictures. 

NEW FLOOD LAMPS 

A SERIES of lamps for indoor camera 
workers is  now on the market under 

descriptive names which indicate their span 
of life_ They are offered as "Five HOl.lr Pic­
ture Flood," "Five Hour Filter Flood," 
"Fifteen Hour Jumbo Picture Flood" and 
"Fifteen Hour Jumbo Filter Flood_" The 
term "Jumbo" refers to greater size and last­
ing time, the term filter to the fact that these 
lamps are made of a special blue glass said 
to be ideal for Dufaycolor use indoors_ 

SCOTCH ADHESIVE TAPE 

SCOTCH opaque photographic tape can be 
used for so many things that it is easily 

the handiest thing about the darkroom and 
studio. It clings to the surface immediately, 
requiring no moistening. If you happen to 
have made a mistake it can as easily be 
removed without leaving a stain_ Thus it 
can be used over and over again, which is 
perhaps the reason for its name. It is 
opaque, waterproof, soft and pliable, and 
will not crack. When applied to the edge 
of a negative for masking purposes it will 
neither wrinkle nor curl the negative but 
will lie perfectly flat. Its uses include the 
holding of negatives to the plate glass dur­
ing printing and for blocking out desired 
borders, for making masks and for binding 
lantern slides, for repairing broken nega­
tives, photographs, and camera bellows. It 
does a more efficient job than thumb tacks 
or wetted gummed paper and gives a neat 
appearance to the finished product. 

LENS HOOD AND S KY 
FILTER 

D
ESIGNED for the Rolleiflex and Rol­
lei cord cameras, a new lens hood and 

grad uated filter has just been introduced 
with the distinguishing feature that the filter 
goes over the front of the lens hood, sliding 
vertically in a holder. The filter is  adjusted 
with the aid of the finder lens, then trans­
ferred to the taking lens for the exposure. 
As is usual with sky filters, no increase in 
exposure time is needed. The manufacturers 
designed the new sky filter arrangement on 
the theory that the usual sky filter has little, 
jf any, effect when placed directly over the 
lens ; the new method, they feel, keeps the 
filter at the correct distance from the lens. 
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Fast action photos that catch all the thrills­
pictures indoors or out-in daylight or at night 
-unposed candid shots of friends snapped on 
the spur of the moment, when they are most in-
teresting. _ _ _ These are but a few of the many 
things you can do with the versatile Contax. 

Range-finder focusing-no guessing distance. 10 
speeds up to 1/1000 sec. 12  interchangeable Zeiss 
lenses, including the Sonnar F /1.5 fastest lens 
furnished with any miniature came;a .  

S e e  C o n  tax and other Zeiss Ikon Cameras at 
leading dealers. Write fo r literature. 

CARL ZEISS INC_ 
485 Fifth Ave. 

New York 
Dept_ C 

728 So. HlIl St. 
Los Angeles 

National GRAFLEX 
SERIES II 

Gives You 
MORE  an d 
BETTER 
P ICTURES 

Foe the real camera enthusiast, it is not only the cost of the camera 
but also the upkeep that counts. That is why this fine, economical. 
All-American-made miniature reflex camera is a favorite, The 
National GRAFLEX-just a handful-gives you :1.5 % more pic� 
tures , • •  TEN vivid album-sized contact prints 2.�" x l.�" from 
every No. 12.0 8-exposure roll  film I And with its full-vision focus­
ing and wide range of shutter speeds you get better and mOre inter­
esting r.ictures-clear. sharp, sparkling negatives that you can 
easily 'blow up" to outstanding prize-winners with the new 
Grallex ENLARG-OR-PRINTER. 

�PE-£-D $flAfJJIIC 
3 % x 4% 

A new GRAFLEX product for ama­
teurs as well as  press photographers 
. . •  gets difficult, fast shots easily. 
Has 2.4 shutter speeds from ]/10 to 1/1000 and " time . "  Uses plates, cut 
film Ot packs. Also made in 4 x 5 
size. Ask your dealer to show you 
the Speed Graphic aDd other GRA­
FLEX Cameras and Accessories-and 
the new ENLARG-OR-PRINTER. 

Send today for new catalog of GRA­
FLEX Cameras and Accessories. Paste 
coupon below on penny pose card, if 
you wish . Folmer Graflex Coq:oration. 
Dept. SA-4,Rochester, N. Y. 

FoLMERGR"AFLEX CORPORATION- - - -
DEPT . SA-4, ROCHESTER, N . Y. 
Please send me your new catalog of GRAFLEX All-American­
made Cameras, Accessories. and the ENLARG-OR-PRINTER. 

Name: ________________________________ _ 

Address ____________ �--

City _________ State: ____________ _ 
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FREE I 
CATALOG 

SPRING 1936 

J ust OH the Press 
Ful l y  i l l u s t r a t e d ,  
showing special foot­
wear and clothing for 
fisherman and camp­
er, also special fish­
ing tackle. 

L .  L. BEAN, Inc. 
2 1 0  M a i n  Street 

Freeport Maine 

LEARN 
R E P R I G E R AT I O N  

AND 

A I R  C O N D I T I O N I N G  
the depression proof industries of the present and the 
future. Air CondItioning is just starting. Refrigeration 
is here. Prepare now for a place in these fields. 

\Vrite to 
D ET R O I T  S C H O O L  O F  R E F R I G E RA T I O N  

65 1 7  Grand R ivtlr D etro i t. M ic h i gan 

Wnl. �Iogey & Sons, Inc. 
FoulIded 1 8 8 2  

Highest grade visual and photographic re­
fracting telescopes. Write for  catalogue. 

Plainfield, N. J. 

STEREO-MIRROR 
for art lovers, photographers, libraries, 
schools, television, Physics and X-Ray lab­
oratories, etc. Send for Booklet. 

N u - M I RR O R  C O M P A N Y  
B R I D G EP O R T  C O N N EC T I CUT 

SPRINGFIELD RIFLE MODEL 1903 
Cal. 30. 8* pounds. 43 inches long, 24 inch barrel. as­
sembled and refinished, wHhollt bayonet. Price, $ 1 6.50 

Spr i n gfield rine,  cal. 45/70. 32%" barreL . . . . . . . . . . . . . . . .  $ 4.25 
Springfield ri fle, cal. 50 with 60 cartr i d g  ••. " . . . . . . . . . . . . . .  $ 5.00 

NEW 1 936. catalog, 364 pages, over 2600 illustrations sho\\,­
ing guns, pistols, daggers. swords, saddles, uniforms. 
medals. etc, . mailed for 50c. Special circular for 3c stamp. 

Established 1865 
F R AN C I S  BA N N E R M A N  S O NS, 50 1 B'way, N. Y. C i ty 

AGENTsp�gtfTLETTERS 
For Store Fronts and Office 'Vindows. Anyone can 
put- them on. Free samples. Liberal Offer to gen­
eral agents. ":rite to-day for territory. 
METALLIC LETTER CO., 440 N. Clark SI. Chicago 

NEW AUTOMATIC ADDER. $4.75 
J\fllkcR Ildding e�sy. It's accurate, Quick. 
dHfllble and easily operated. Capadty 8 
columns. Saves time. brain work and 
errors. 85,000 pleased owners. Fully · guar­
:mtccd. Price $4.75 delivered. Agents 
wanted. 

JI. H. Bassett & Co., Dept.No. 2. 1458 Hollywood Ave., Chicaco 

WHY NOT � �:;,n':;e ; � rlanit 
Kntliering butterflies-insects".' I huy hundred� of 
kinds for collections. Some worth $1 to $7 ench. 
Simr'(e outdoor work with my Instructions, pin­
tures. price list. Profit. Plelloslire. Scnd 10c (not 
.stumps) for Illustrated Prospectus, terms. be­
fore sending butterflies. 

(Patenwd 1 - / 7-22) 

Mr. Sinclair, Dealeri" Insects 
Dept. 36. Box 1424. San Dieco, Calif. 

The Midget Slide Rule 
equals a 12 In. straight slide rule in pre, 
eiBion. Has A. H, C, D, CI, Log-LOll:. 
Binary, Add and Subtruct &Cales. Givc� 
LOl[s. Gives Trig. functions to 1 minutf' 
from 0 to 90 del[rees. The Engine-divjJ 
cd Bcalcs are on white coated aluminu"" 
Permanently accurate. The Midl[et is. 
undoubtedly. the most versatile calculn­
tor ever invented. Dia. 4 In. Prioe. with 
Fabrikoid calle and Instruction Book, $2.00. cash or C. O. D. Money back if 
not satisfactory. Circulars free. 

Gilson Slid. Rule Co., Stuart. FIa� Slid� R�l� Maktu $ince 19J6 

WORLD-WIDE RADIO 
Conducted by M. L. M U H L E M A N  * 

"THE SHADOW" DISCOVERED 

No form of interference to radio recep­
tion has caused such intense interest, 

and speculation as to its nature, as has 
"the shadow." It has been attributed to the 
workings of a foreign government intent 
upon disrupting the communication chan· 
nels of the world ; it was thought by some 
to be the work of an intellectual crank ; 
others have suggested that it might be some 
new and odd form of radiation from anothe:' 
planet. 

It has fooled some of the best engineers 
in the field for the reason that its true loca­
tion could not be determined. To make mat­
ters worse, it had been reported from 
England, from Africa, from Japan. It was 
heard on the high seas, and it was heard 
on practically every channel from 30 meters 
down. And it is  still heard, but "the shadow" 
is no longer a mystery. 

It has been definitely determined that this 
interference is the · radiation, not from a 
single, but from a number of new type high· 
power diathermy machines used in hospitals 
and health institutions. The coils used for 
treatments, through which the high·frequen· 
cy currents pass, act as excellent antennas ; 
so excellent, in fact, that presumably a single 
machine in operation is capable of radiating 
a strong "sky wave" that can cover immense 
distances. 

Steps are being taken to equip these ma­
chines with suitable devices to prevent radia· 
tion of the high-frequency power. Until this 
is accomplished, world·wide radio will have 
to get along as best as it can. 

There are no limits to the repercussions 
of progress. Who would have believed that a 
listener in San Francisco could hear the 
electrical oscillations warming· a man's leg 
in New York ? 

SMALLEST MICRO-WAVE 
TRANSMITTER 

THE engineers of the National Broad· 
casting Company have designed an 

ultra short·wave transmitter so small that it 
just nicely fits the palm of one's hand. It 
looks like a toy but is far from being one ; 
in exhaustive tests of the first working 
model completed, distances up to four miles 
were attained. 

The midget transmitter is not intended 
for broadcasts direct to listeners' radio reo 
ceivers, but for actual program service of 
the "Vox Pop" type, at any point of origin, 
to extend the scope of pick·up for present 
radio networks. 

Announcement of the tiny transmitter 

marks the first NBC disclosure of results 
of more than two years' experiment in the 
micro·wave field, as part of the extended 
series of ultra-short-wave propagation tests 
conducted in the field and from the tops of  
skyscrapers in New York. 

The new micro-wave unit, as explained 

The smallest micro-wave transmit­
ter, showing the two-rod antenna 

by O. B. Hanson, chief engineer of NBC, 
is the culmination of attempts to develop a 
"coat· pocket" transmitter to enable foot· 
loose announcers to carry a microphone to 
any desired point, or circulate at will among 
large assemblages, for purposes of  broad· 
casting or to feed a public·address system 
from the floor of a hall or auditorium. The 
transmitter is  not available commercially. 

Hanson explained that investigations in 
the micro·wave field suggested that work in 
the band of 300,000,000 cycles and more 
would permit the use of the midget antenna 
equipment necessary for the compactness 
sought. Micro-waves also offered a phen· 
omenal degree of penetration through in· 
tervening structures, so the tiny waves were 
employed in developing the new portable 
transmitter. 

Earlier units of portable type, more cum­
bersome in size and operating on longer 
wavelengths of the order of 7 to 10 meters, 
were tested by NBC during the Horse Show 
at Madison Square Garden last fall, where 
they worked with marked success in relay­
ing instantaneously to the gallery the deci· 
sions of the judges on the floor. 

In its present stage-as shown in the ac· 
companying illustration-the micro·wave 

"Editor All· Wave Radio 
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set is a three-inch cube, with two ten-inch 
rods as the antenna system. It transmits on 
a wavelength of one meter or less at a 
power of two tenths 'of  a watt. The latest 
type of RCA "acorn tube" is used. One of 
these small tubes is shown on the table in 
the illustration. 

Current is fed to the midget set by a small 
battery unit of 90 volts. The complete bat­
tery unit weighs less than four pounds ; 
the transmitter proper less than a pound. 

BRITISH BROADCASTING 

THE Empire Broadcasting Service of the 
British Broadcasting Corporation re­

cently completed its third year of opera­
tion. With the addition of a . sixth trans­
mission period added last year, designed 

Power output stage of the Empire 
Broadcasting station at Daventry 

primarily. for listeners in Western Canada 
and audible in the United States, a daily 
program from Daventry became available 
for all parts of the British Empire at con­
venient local listening times. 

The present wavelengths of the Empire 
Transmitters, and their call letters, are as 
follows : 

Call Frequency Wavelength 
( Megacycles ) (Meters ) 

GSA 6.05 49.59 
GSB 9.51 31.55 
GSC 9.58 31 .32 
GSD 1 1 .75 25.53 
GSE 1 1 .86 25.29 
GSF 15.14 19.82 
GSG 17.79 16.86 
GSH 21 .47 13.97 
GSI 15.26 19.66 
GSJ 21 .53 13.93 
GSL 6.11  49.10 
GSN 1 1 .82 25.38 
GSO 15.18 19.76 
GSP 15.31 19.60 

Correspondence received by the Corpora­
tion from overseas listeners exceeded 27,-
000 letters and other reports, approximately 
double the number received in 1934. 

POLITICS AND POWER LOADS 

IT is an interesting fact that electric light­
ing loads in metropolitan areas increase 

many hundred percent during the Presi­
dent's "Fireside Chats." The additional 
load is divided between the increased num-
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ber of radio receivers and electric lights 
turned on during these periods. 

Apparently the power companies can 
gage to a nicety the radio audience of any 
program of national interest, but it is 
doubtful if the power load curves could 
serve as the basis of a straw vote : for one 
thing, the average farmer owns a battery­
operated receiver . . 

TEN METERS 

IF your all-wave receiver tunes down to 
ten meters, it will be well worth your 

while to listen in frequently at that amateur 
band. It extends from 28 to 30 megacycles, 
but only that part from 28 to 29 megacycles 
is provided for use by amateur radiophone 
stations. 

This is by no means a new amateur band, 
but it has been comparatively inactive until 
recently. Now it is a very active band, and it 
is not uncommon for an amateur 'phone sta­
tion to contact all continents in a single day. 

The band is unreliable in the sense that 
some days only transmissions from United 
States amateur stations can be heard, where· 
as on other days the whole world may come 
pouring in. Like the little girl with the curl 
hanging down on her forehead, when the 
band is good, it is very, very good ; when 
it is bad, it is horrid. 

But ten meters packs enough thrills to 
satisfy any person with sufficient patience 
to wait for the good days when the band is 
"wide open." It is distinctly a "daylight" 
band ; therefore listening should be done 
before nightfall. 

RECEIVER ALIGNMENT 

FEW radio receivers can maintain per­
. fect alignment of tuned circuits over 

long periods of time. If sensitivity and tone 
quality are to be maintained, re-alignment 
at fairly regular intervals is  desirable. 

It is not easy to determine when a re­
ceiver is out of alignment. The change in 
circuit values is usually so gradual that the 
listener is not aware of the drop in sen· 
sitivity or the alteration of tone quality. A 
condition of this sort can be detected only 
through the use of radio servicing equip­
ment ; the ear is  not sufficiently precise. 

NOISE SILENCER ADAPTERS 

ABRIEF explanation of the Lamb Noise 
Silencer appeared in these columns in 

the April issue of Scientific American. 
Since then, a number of companies have 
placed on the market noise silencer adapters 
suitable for use in conjunction with the 
average type of superheterodyne receiver. 

One type of adapter is designed for use 
with a receiver having but one stage of in­
termediate-frequency amplification ; an­
other type is made especially for a receiver 
having two stages. It is highly important 
that the correct type be used, as the adap­
ters are not interchangeable. 

It is also important that the intermediate 
frequency of the transformer used in the 
adapter be exactly the same as the inter­
mediate frequency of the receiver with 
which the adapter is to be used. 

The adapters will not silence all man­
made static, but they are of great assistance 
nevertheless. After a bit of practice, the 
average listener should have no difficulty in 
operating one satisfactorily. 

ONLY THE SHEL ­V ADOR offer. this 
extra. usable space, 
t his conve n i e n c e  
a n d  t i m e  - saving. 
Just open the doo r !  
There. at your fin­
ger-tips, are your 
most ... often ... need ­
ed foods. No reach­
ing. No searching. 
No soiled sleeves o r  
mussed - up foods. 
I n  ordinary refrig. 
erators an orange 
t a k e .  t h e  s h e l f  
space of a milk bot­
tle. In the SHEL ­
VADOR-fully i n ­
sulated door - an 
orange takes . the 
space of an orange ! 
These exclu8ive-ad .. 
vantages cost you 
nothing. so you 
might 8S well have 
them. 

Air (;onditioning 
By J. A. MOYER and R. U. FITTZ 

HERE for the first time in one 
volume is a complete treatise. 
The first half of the book covers 
theoretical fundamentals and 
discusses such phases of air con­
ditioning as air filtration, re­
frigeration, humidity control, 
and so on. The second half gives 
a thorough study of design re­
quirements, including such fea­
tures as examples of typical air 
conditioning designs with the 
necessary calculations for thea­
ters, restaurants, food factories, 
textile mills, and so forth, also 
giving attention to recent ad­
vances in household, office build­
ing, railroad train, and theater 
applications.-$4.20 postpaid. 

SCIENTIFIC AMERICAN 
24 West 40th St., New York 
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S O U T H  B E N  D LAT H  E WORKS 
ElEi £ . M A D I S O N  ST. S O U T H  B E N D , I N D .  U . S . A. 

G E A R S  
I n  Stock- I m m ed i ate Del ivery 

Gears. speed reducers. sprocketa. thl'Ullt 
bearings, flexible couplings, ]lulleys, etc. A 
com pletelineis carried in our OJ:. iCRgO stock. 
Can also quote on special gears of any kind. 
Send us your blue prints and inquiries. 

Write for Catalog No.  20 
CHICAGO GEAR WORKS 
769·713 W. J.,kson Blvd .. CHICAGO, Ill. 

Do You Want a Diesel Engine 
License? Then You Will Need 

The Blue Book of 
Diesel and Internal 

Combustion Engines 
BECAUSE it contains all the 
Questions, Answers and Problems 
required for a Diesel examination, 
whether you are going up for a 
Chief, First, Second or Third as­
sistant's examination. Stationary 
or Marine. 

It covers Diesel, Semi-Diesel, 
Solid Injection, Starting and Stop­
ping, Lubrication, Bearings, Fuel 
Pumps, All Valves, Air Compres­
sors, and Receivers, General Pip­
ing, Indicator Cards, Planimeter. 
What to do when engine knocks, 
smokes, or when ignition does not 
take place. 

The problems are all worked 
out for you and the text is in plain 
language. 

Cloth Bound-Pocket Size 

Price $3. 15 postpaid 

For sale by 

SCIENTIFIC AMERICAN 
24 W. 40th St. New York 
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( Continued from page 279 ) 

field, and, having done this, to operate an 
alarm system of some type the instant this 
field is penetrated or disturbed by the pres­
ence of a human body attempting to enter 
the protected area. Although the action is 
immediate and absolutely foolproof, the field 
thrown from its antenna system is  harmless 
and cannot be detected by the intruder. 

The control mechanism is installed within 
the protected area, generally in the cellar or 
in a closet. Antenna wiring is run to open­
ings or areas it is desired to protect and 
from this antenna the sensitive "radio" field 
is  generated only where desired. Installa­
tion of the antenna wiring may be com­
pletely concealed, as the generated field 
readily passes through wood, glass, tile, and 
so on. 

When the system has been turned on and 
is in operation, protection exists regardless 
of whether windows or doors are open or 
closed, 'and immediate warning is given 
before the criminal has entered. Frighten­
ing the marauder before rather than after he 
has gained entry, gives the greatest possible 
protection to the members of the household, 
as the criminal trapped within the home 
is a highly dangerous individual. 

FIREPROOFING COTTON 

DUCK 

rJ1HE use of cotton fabrics for awnings, 
.L tents, canopies, wagon and stack covers, 

and for other out-of-door purposes has al­
ways been accompanied by fire hazards. 
Also, the danger from fire exists elsewhere 
and was instrumental nearly a generation 
ago in leading the English chemist, Wil· 
liam Henry Perkin, to make a search for a 
way to fireproof flannelette which was wide­
ly used at that time for children's clothing. 
This chemist discovered the fireproofing 
properties of tin oxide and widely publi­
cized the possibility of fireproofing clothing 
by impregnation with this oxide. Many of 
his claims were not substantiated in prac­
tice and his treatment never attained wide 
use. 

Water will not remove tin oxide from 
cotton cloth and it would seem that treat­
ment with tin oxide would be excellent ' for 
awnings, tents, and like articles. Unfor­
tunately, tin oxide only flameproofs tbe fab­
ric and at the same time actually increases 
the tendency of the fabric to smolder. In 
fact, an awning treated only with tin oxide 
would burn up just as surely, if  a lighted 
cigarette butt was dropped on it, as would 
an untreated awning, although no flame 
would be apparent. 

Another fault possessed by the tin oxide 
is that it causes the fabric to lose its 
strength when exposed to the sun. At the 
end of one season the treated fabric would 
scarcely support its own weight because of 
this effect. 

. 

The Bureau of Chemistry and Soils has 
found that certain pigments can be put into 
the fabric which will retard this rotting 
effect of the tin oxide. Just as important, 
they also found a way to increase the effi­
ciency of the flameproofing effect of tin 
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oxide so that now only 5 to 10 percent of 
tin oxide need be used instead of 15 to 20 
percent as was necessary with the Perkin's 
process. This is  important because tin is an 
expensive metal. 

The Bureau also developed a new chlori­
nated resin which is especially suited for 
use on fabric in connection with the pig­
mented tin oxide. This resin prevents the 
smoldering tendency and thus the combined 
effect yields a fully fireproofed fabric which 
lasts longer in out-of-door service than un­
treated fabric. 

The complete process including the pro­
duction of chlorinated resin is being put 
on a commercial basis as rapidly as pos­
sible. 

The advantages of such a treatment are 
obvious. There is absolutely nothing that 
can be washed out of the fabric and conse­
quently the fireproofness remains through­
out the life of the fabric. The usefulness 
of canvas for awnings, tents, salvage covers, 
implement covers, and so on, is greatly ex­
tended as a direct result of permanent fire­
resistance. Aside from use which industry 
and the farmer may make of fire-proofed 
canvas, increased use of cotton will react 
indirectly to the benefit of the cotton farmer 
and the cotton goods manufacturer. 

RUBBER JOINTS FOR 

CONCRETE ROADS 

RUBBER joints for concrete roads may 
open an extensive new market for rub­

ber if present trials in New England con­
tinue to prove satisfactory, says Arthur D .  
Little's Industrial Bulletin. One of  the con­
stant troubles with concrete roads is  that the 
asphalt filler for expansion joints i s  forced 
above the road level when the road ex­
pands and does not recede properly when it 
contracts. Hard ridges are created which 
provide rhythmic but unpleasant bumps for 
the traveler, and the spaces from which the 
ridges came are eventually filled with water. 
The damaging effect of  water expanding to 
ice in such confined spaces is well known. 

Rubber latex compounds of a creamy con­
sistency that vulcanize in two weeks to a 
compressible elastic mass have been found 
to overcome many of the difficulties encoun­
tered with asphalt. Labor costs on the main­
tenance of the present asphalt joint are so 
great that a rubber latex-bond cost of the 
order of 1200 dollars per mile for each lane 
of road is  apparently a net economy. Experi­
ments have been conducted over a period of 
more than two years, and while it is still too 
early to make predictions, apparently no 
serious drawback has been found, and both 
road engineers and rubber men are follow­
ing the method with interest.-A. E. B. 

""J UMPY" SCREEN MAKES 

SMOOTH MOVIES 

YOUR favorite "movie" actor and actress 
will be made to perform in front of a 

"jumpy," or, rather, vibrating screen dur­
ing the "shooting" of scenes if the motion 
picture producers adopt the method for 
making more perfect "movies" recently per­
fected by Willis H. O'Brien, of Los Angeles, 
Calif. The jumpy screen actually makes a 
"smoother" picture. 

The invention is for use in making com· 
posite scenes. These scenes eliminate the 
necessity for companies to go on location 
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when they already have available in their 
film library pictures of the desired back­
ground. 

In this method of making movies, if a 
Paris, New York, or jungle background is 
required, the director selects a film of such 
a scene from the film library and uses a 
projecting camera to throw it on the back 
of a huge ground·glass or equivalent trans­
lucent screen. On a set in front of this 
screen the actors perform while the movie 
camera simultaneously "shoots" the actors 
and the scene projected on the screen. 

When the film is developed and shown on 
the usual screen, the effect is the same as 
though the scene was taken in the locale 
of the background. However, any defects in 
the background screen that show up in en­
largement, such as grain and irregularities, 
may spoil the effect. Inventor O'Brien has 
found out that he can literally shake these 
defects out of the picture by vibrating the 
ground glass screen during scene "shoot­
ings." This is accomplished by suspending 
the screen from two springs so that it can 
slide up and down in guide grooves in two 
vertical supports, and then vibrating it with 
a cam turned by an electric motor. 

BRAZED TEAR-GAS 
PROJECTILE 

IN the manufacture of  a new long.range 
projectile for use with tear or nauseating 

gas, the Lake Erie Chemical Company has 
adopted electric-furnace brazing as the most 
( and probably the only) practical method 
of providing five strong, gas-tight joints 
between seven important main members of 
the assembly. 

Soldering and torch-brazing were found 
unsuccessful because it was necessary to 

Abore: Gas gun and cartridge. 
Below: Projectile that is made gas­
tight by electric-furnace brazing 

obtain joints which would withstand high 
gas pressures without leaking and because 
the design of the shell embraces certain 
small, complicated parts having surfaces 
that are difficult to reach. Electric-furnace 
brazing in a controlled furnace atmosphere, 
a process developed by the General Electric 
Company, is making it possible to fabricate 
the shell with joints that are absolutely tight 
and able to withstand pressures of more than 
3000 pounds per square inch. In one test, 
the shell failed at a pressure of 3300 pounds 
per square inch, but the brazed joints re­
mained sound. 

The brazing is  accomplished in a 20-kilo­
watt batch-type electric furnace operated at 
2100 degrees, Fahrenheit, and used in con­
junction with a combustion-type furnace-at­
mosphere controller. The latter reforms a 
mixture of natural gas and air, supplying a 
reducing atmosphere which acts as a flux 
for the brazing metal. The shell parts, as­
sembled with copper wires tightly wound at 
the joints, are laid on trays and placed in 
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the heating chamber of the furnace for 15 
minutes. The copper flows into all parts of 
the joint by capillary action, and the process 
is completed by passing the work into the 
cooling chamber of the furnace, where it 
remains for an hour during which its tem­
perature is reduced to about 200 degrees, 
Fahrenheit. 

The shells thus manufactured are ap­
proximately nine inches long and an inch­
and-a-half in diameter. Loaded in a cartridge 
and fired from a 37-millimeter shoulder gun, 
they have a range of 500 yards and may be 
sent through a window at 100 yards. In 
appearance, they resemble an aerial bomb, 
being shaped like a torpedo and having a 
finned tail. When a rapidly moving shell 
of this type strikes a solid object, a per­
cussion cap is set off, firing an explosive 
charge which bursts the shell and liberates 
the compressed gas. 

Because of its long range and the accu­
racy with which it can be directed, the new 
projectile may be used to advantage by po­
lice officers. For example, when attempting 
to capture criminals barricaded in a build­
ing, instead of exposing themselves to gun­
fire, as might be necessary with commonly 
used hand-thrown grenades, the officers will 
in many cases be able to fire the new pro­
jectile into the building from a position of 
safety, thus overcoming the criminals with 
the gas and making possible their capture. 

SPARE THE HEAT-­

AND SAVE THE MEAT 

COOK meat at moderate temperature, 
says the Bureau of Home Economics. 

Meat is a protein and, like white of egg, 
is toughened and hardened by long heat­
ing at high temperatures. Broil, roast, or 
fry tender, well-fattened cuts from young 
animals, in an uncovered dish without wa­
ter. Braise, simmer, or stew less tender, 
leaner cuts with a cover, with or without 
water. 

All cuts of pork, Iamb, and veal are ten­
der. Pork and lamb are fat enough for 
roasting and broiling. Veal usually is fat 
enough only for braising-generally with a 
little liquid added. 

The less connective tissue there is  in beef 
-the more tender it is. Tougher cuts are 
made tender if cooked as pot roasts, 
"smothered" or braised steak, or stew, or 
if ground or chopped and cooked as tender 
meat in hamburg steak or meat loaf. 

To pan-broil tender steak or chops, brown 
both sides in a lightly greased, sizzling hot 
skillet, lower the heat and cook slowly, turn­
ing the meat to insure even cooking. Pour 
off accumulated fat or the meat will fry. 
Never cover or add water in pan-broiling. 

How many minutes per pound a roast 
takes depends mostly on oven temperature 
and whether the meat is to be rare, medium, 
or well done. A standing beef roast, seared 
for 20 minutes in a hot oven ( about 500 de­
grees, Fahrenheit ) and finished in a mod­
erate oven ( about 300 degrees, Fahrenheit ) 
usually is rare in 16 to 18 minutes to the 
pound, medium in 22 to 24 minutes, and 
well done in 30 minutes. Rolled roasts take 
from 10 to 15 minutes more per pound than 
standing roasts .  The only sure guide, how­
ever, is a roast-meat thermometer inserted 
into the thickest part of the meat. Beef is 
rare at about 140 degrees, medium at about 
160 degrees, and well done at about 180. 

291 

1936 model an even greater 
value than before. The Sports­
man attaches instantly to any 
boat ; drives rowboats, canoes, 
skiffs, fishing boats up to 7 m_p.ll. 
Runs 3 hours on gallon of 
fuel . So simple to operate that a 
child can easily start and run it. 
Note the handy light weight-only 24':12 lbs. Extremely quiet - under­
water silenced. Write today for new 
catalog describing Sportsman and 7 

other Evinrude models, 
i n c l u d i n g  t h e  n e w  
Hooded Power SPORT­
WIN, only $77.  
Address  EVI N R U D E, 
4740 N. 27th S t reet 

Milwaukee, Wis. 

Lomara Pocket Microscope 
Cl i ps i nto. Pooket Like' a Founta in Pen 

May also. be Attached to Base 
The LOMARA and UL TRA-LOMARA Mieroscopes 
r)()sw��s a range of powers from 15X to 1410X. Additional 
Jens sets to increase the power may be obtained at any 
time. These microscopes are scientific instruments with 
real optical systems and are backed by the reputation of 
the House of Goerz, one of the oldest and most important 
optical manufacturers ill Ameri('a.. $5.65 Bookl�t L on request and up If your lJ .. a'ercannol .• upplll you, 1J)rit� direct to 

C. P. GOERZ AMERICAN OPTICAL C O .  
3 1 7  East 3 4 t h  Street New York 

Established 1 853 

Corn Exchange 
Bank  

Trust Company 
1 3  WILLIAM STREET 

and 
73 Branches located in 

Greater New York 
Member of the Fed eral D eposit I nsurance 

Corporation 

Only $1 .00 for a com­
plete set of practical, 
widely used mathe­
matical tables con­
taining four and five 
p l a c e  l o g arithms,.  

squares, cubes, roots of numbers, differentials, 
integrals, algebraic and trigonometric formulae, 
trigonometric functions and their logarithms, 
interest tables, areas and circumference� of 
circles, and many others. Convenient pocket size, 4 )i  by 6%; inches, 278 pages bound in flexible 
Fabrikoid. For students7 teachers, engineers, 
draftsmen and others. Money-back guarantee. 

CHEMIC�L RUBBER PUBLISHING CO_ 

1 934 W. 11 2th St., Cleveland, Ohio 
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��!OU INVENTIVE 
INVENTORS: Send immediately for your 
copy of our big, new Free Books, "Patent 
Protection" and "Selling an Invention." 
Sixty-eight pages of interesting facts. They 
tell how Patent Laws protect you ; kind of 
sketch or model needed ; simple steps to take 
without cost ; how successful inventors have 
secured financial assistance ; show interesting 
inventions ; illustrate important mechanical 
movements and explain how to contact pros­
pective buyers. Other men have read and 
profited by these books. With books we also 
send Free Evidence of Invention Form, that 
you can use to establish date of disclosure. 
Prompt service, reasonable fees, special de­
ferred payment plan. Strictest secrecy . Thirty­
seven years' experience . Highest references. 
Write us today. The facts in our books are 
worth money to the man with a good invention. 
Address : Victor J. Evans & Co., Registered 
Patent Attorneys, 737·E, Victor Building, 
Washington, D. C. 

INVENTORS 
If you have a patent of merit and 

want it marketed consult us. We de­
velop and market new patented ideas 
on a percentage basis. Prefer medium 

heavy or light machinery. Address 

The General Engineering Company 
Frederick Maryland 

ELP FOR INVENTORS ! 
Millions have been made from ideas properly de· 
\'eloped and protected. Send us a rough sketch or 
model of your invention and we will submit com­
plete report backed by thirty years' experience. Confidential service ; bank references furnished. 
Modern equipment. 'Ve also manufacture inven4 
t ions in any Quantities at low cost. Free book1et 
"Making Inventions Pay" sent on request. 

C R E SC E N T  T O O L  CO M PANY. Dept. H, C i n c i n n ati , O. 

When you '''rite to 
advertisers 

• The Editor will appreciate 
it if you will mention that 

you 
saw 
it in 

S C IE N T I F I C  
A M E R I C A N  

MAKE YOUR OWN BLUE PRINTS 
Complete instructions including tracing 
and sample blue print and reproductions. 

POSTPAID . . . $1 .00  
RAPID BLUE PRINT SERVICE 

320 Security A nnex Cedar Rapids. I owa 

Experimental and Model Work 
Fine Instruments and Fine Machinery 

Inventions Developed 
Special Tools. Dies. Gear Cutting, Etc. 

H E N RY ZU H R, I nc., 1 87 Lafayette St., N. Y. C. 

THEODORE H. RUTLEY 
Patent Attorney 

Patent Office Register No. 13.938 
512 .. A Colorado Bldg. Washington, D .  C. 

• TIME COU NTS • 
in a�plyin& for patents. Don't risk delay in protecting 
your Ideas. Send sketch or model for Instructions or write 
for FREE book, "Patent Guide for the Inventor," and 
"Record of Invention" form. No charp o n  how to pro� 
eeed. Prompt, careful. efficient service. 
C LA R E N C E A .  O ' B R I E N  A N D  H Y M A N  B E R M A N  
548.E Adams =:fi!i\�e:ed Patent Attor��:hington, D. C . 
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CURRENT BULLETIN BRIEFS 
(Bulletins listed a s  being obtainable through Scientific American can b e  supplied only by mail) 

How TO BRONZE. WELD is a practical pres· 
entation of the fundamental theory and 

technique of bronze· welding and bronze­
surfacing, bringing out the advantages of 
speed and economy and also the ability of 
bronze· welding to accomplish jobs that 
would otherwise be difficult or impossible. 
The step by step procedure of bronze·weld­
ing is given, together with special informa· 
tion and advice. Write for Bulletin 536A to 
Scientific American, 24 West 40th Street, 
New Yorlc City.-3·cent stamp. 

THE QUESTION OF LIVING BACTERIA IN 
STONY METEORITES, by S. K. Roy, Field 

Museum. Are claims for bacteria arriving 
from space in meteorites true or false ? 
Field Museum of Natural History, Chicago, 
lllinois.-20 cents. 

YOUR NEW PLANT : MULTISTORY OR SINGLE 
STORy-WHICH ? is an 8·page pamphlet 

putting forth the results of a serious analysis 
of plant construction cost which has served 
as a guide to many industrial executives in 
determining the character of plants to be 
built. The booklet illustrates different types 
of factory buildings, together with floor 
plans. Write for Bulletin 536B to Scientific 
American, 24 West 40th Street, New Yorlc 
City.-3·cent stamp. 

RODENTS AND MOLES As PESTS IN BULB 
PLANTINGS considers various flower bulbs 

as a food desired by moles, mice, and other 
pests, and gives definite details of methods 
of preventing the ravages wrought by them. 
Numerous illustrations are included show· 
ing rodent traps and barriers. Superinten­
dent of Documents, Wa.shington, D. C.-5 
cents. 

How TO INSURE YOUR CROPS is an informa· 
tive pamphlet giving specific directions 

for treating with formaldehyde the more 
common grains and vegetables. The text also 
presents a new method of soil treatment with 
particular reference to greenhouse work. 
Write for Bulletin 536C to Scientific Ameri· 
can, 24 West 40th Street, New Yorlc City.-
3·cent stamp. 

THE AUTOMOBILE USER'S GUIDE, in 96 
pages, tells just about everything that 

the owner of an 8·cylinder Pontiac will want 
to know about his automobile, its mechan· 
ism, and its operation. Write for Bulletin 
536D to Scientific American, 24 West 40th 
Street, New Yorlc City.-3·cent stamp. 

LIVE AND LET LIVE is a sincere plea for 
safety on the highways of this country, 

dramatically presented in a series of striking 
cartoons and tabulations. Some of the illus· 
trations are presented in full color. Write 
for Bulletin 536E to Scientific American, 24 
West 40th Street, New Yorlc City.-3-cent 
stamp. 

DIESEL-THE MODERN POWER is a 32·page 
illustrated pamphlet which surveys the 

development of power units from the earliest 
days of beasts of burden up to the present 
time. It then describes simply yet com pre· 

hensively the Diesel engine and its operation 
and devotes several pages to its present and 
future applications. Write for Bulletin 536F 
to Scientific American, 24 West 40th Street, 
New Yorlc City.-3-cent stamp. 

PRECIOUS AND SEMIPRECIOUS STONES ( Gem 
Minerals ) .  By Sydney H. Ball. Annual 

report on gem mineral production, with side 
data. Superintendent of Documents, Wash­
ington' D. C.-5 cents (coin).  

THE SOARING CYCLE is issued in mimeo-
graphed form with occasional drawings 

and is published from time to time in the 
interests of a thorough and criticlil research 
in the theory and practice of soaring flight. 
It also deals with the lessons that may be 
drawn from the records of careful observers 
of the flight of birds. The Soaring Flight 
Co., Departmental Banlc Building, Washing­
ton, D. C.-25 cents per copy, 10 copies 
$2.50. 

CHEMISTRY AND WHEELS carries the sub-
head The Automobile Is a Chemical Fac­

tory on Wheels. It goes on to show how and 
why this is the case, in simple, straight­
forward text and with numerous illustra­
tions. Write for Bulletin 536G to Scientific 
American, 24 West 40th Street, New Yorlc 
City.-3.cent stamp. 

THE PINTO BASIN SITE, by E. W. C. and 
W. H. Campbell. An account of archeo· 

logical work done at a very ancient aborigi. 
nal camping ground in the California desert 
( Riverside County) by two amateurs who 
acquired professional technique. 51 pages, 
illustrated. The Southwest Museum, High· 
land Parlc, Los Angeles, Cali/ornia.-50 
cents. 

FLOODS IN THE UNITED STATES, U .S.G .S . 
Water Supply Paper 771 .  By Clarence S. 

Jarvis and others. Records of stage and dis· 
charge of past floods in 225 rivers of the 
U. S.  Analysis of such data to estimate 
magnitude and frequency of future floods. 
Superintendent of Documents, Government 
Printing Office, Washington, D. C.-$1 .00 
( cash) . 

THE PORT OF NEW YORK AUTHORITY, 15th 
ANNUAL REPORT, gives a complete pic­

ture of development work, covering in par­
ticular the mid·town Hudson Tunnel. 
Illustrated. The Port of New Yorlc A uthority, 
1 1 1  Eighth Avenue, New Yorlc City.-Gratis. 

AIR ELECTRIC WIND DRIVEN POWER AND 
LIGHT PLANTS is a circular describing 

modern windmill electrical generators built 
in various sizes for all services where cen· 
tral power plants are not available. Write 
for Bulletin 536K to Scientific American, 
24 West 40th Street, New Yorlc City.-3-cent 
stamp. 

PRACTICAL AIR NAVIGATION AND THE USE OF 
THE AERONAUTICAL CHARTS OF THE DE­

PARTMENT OF COMMERCE is a 64·page book, 
including typical portions of two full color 
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charts. The text deals with the three princi­
pal methods of air navigation-piloting, 
dead-reckoning, and radio navigation. In a 
final section a number of practical examples 
are worked out step by step. The book shows 
graphically the advantages of the aeronauti­
cal charts of the Department of Commerce 
to all those interested in aerial flight. Spe­
cial Publication No. 197, The Director, 
Coast and Geodetic Survey, Washington, D. 
C.-30 cents. 

WHEN THE WHEELS REVOLVE presents an in-
teresting running story of exactly what 

takes place in the automobile when it is in 
operation. Many analogies are given to 
familiar objects in order to assist to a com­
plete understanding. Write for Bulletin 
536H to Scientific American, 24 West 40th 
Street, New York City.-3-cent stamp. 

IMPROVED FABRICATION OF lS-S CHROMIUM 
STEELS is an S-page illustrated booklet 

showing the use of oxy-acetylene welding 
with this type of metal. Write for. Bulletin 
5361 to Scientific American, 24 West 40th 
Street, New York City.-3-cent stamp. 

AIR HYGIENE FOUNDATION OF AMERICA, IN-
FORMATION CIRCULAR No. 1, puts forth 

briefly the purposes of the organization and 
presents its code of regulations and its by­
laws. The pamphlet will be of interest to 
various industries and to town planning 
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committees, particularly in areas where in­
dustrial smoke and dust are menaces. Mel­
lon Institute of Industrial Research, Univer­
sity of Pittsburgh, Pittsburgh, Pa.-Gratis. 

ZINC AND LEAD DEPOSITS OF NORTHERN AR-
KANSAS is a 303-page paper-covered book, 

with maps, on the geology and mines as de­
scribed. Superintendent oj Documents, 
Washington, D. C.-$I.00. 

-------

. RUST-PROOFING BY THE CROMODINE PROCESS 
is a beautifully prepared booklet of IS 

pages, thoroughly illustrated with photo­
graphs showing the results obtained with the 
Cromodine process used as an under-coat 
for various types of paints. Write jor Bul­
letin 536J to Scientific American, 24 West 
40th Street, New York City.-3·cent stamp. 

THE NEWEST IN THE FAMILY OF MUSEUMS 
outlines the purposes of  the M useum of 

Science and Industry. New York Museum 
of Science and Industry, R CA Building, 
Rockefeller Center, New York City.-Gratis. 

STUDIES OF THE RELATIONS OF RAINFALL 
AND RUN-OFF IN THE UNITED STATES. By 

W. G. Hoyt and others. U.S.G.S. Water Sup­
ply Paper 772. An analysis of climatic and 
hydrolic data and their effect on rainfall, 
run-off, and related factors. Superintendent 
of Documents, Government Printing Office, 
Washington, D. C.-25 cents (coin) . 

THE 200·INCH TELESCOPE 
( Continued from page 240) 

available site for the 200-inch telescope. 
After many tests, extending over several 
years, Palomar Mountain, in San Diego 
County, has been selected. Here, on a tract 
of about 600 actes, several structures have 
already been erected, under the general di­
rection of Captain Clyde S. McDowell, 
U.S.N., Supervising Engineer. These in­
clude large storage tanks for water and 
gasoline, a pumping and distributing plant, 
a dwelling house, and SO on. The site for the 
200-inch telescope dome has been levelled, 
and it is hoped that foundations for the 
telescope and dome, as well as the lower 
( fixed ) part of the building, can be erected 
during the present year. 

Every large telescope, if efficiently used 
under good atmospheric conditions, not 
only adds to our knowledge of existing prob­
lems but reveals new ones for solution. 
Thanks in part to increased light-gathering 
power, and to the development of new 
auxiliary apparatus, the volume of space 
opened up for investigation may prove to 
be fully 50 times as great as that partially 
explored in 1925. 

It goes without saying that all observa­
tories, large or small, should have a well 
defined scheme of research. The Astro­
physical Observatory of the California In­
stitute will deal with the investigations for 
which it is especially adapted, in harmony 
with the observational and theoretical work 
of the Mount Wilson Observatory and the 
various departments of the California In­
stitute. In view of its great light-gathering 
power, one of the most important tasks of 
the 200-inch telescope will be the study of 
the structure and radial motion of the extra­
galactic nebulae, especially in their bearing 
on the still open question of the nature of 

the "expanding universe". The nearer large 
spirals, such as the Great Nebula in Andro­
meda, offer many problems for detailed ex­
amination, while the Galaxy, within which 
we live, presents scores of questions await­
ing their turn for study with powerful 
instruments. 

Take, for example, the critical analysis 
of the brighter stars. Ever since I began 
work at Kenwood with a ten-foot Rowland 
grating, I have felt hampered by the com­
paratively low dispersion of the spectro­
graphs ordinarily used for the study of 
stellar spectra. In fact, my chief incentive 
toward the construction of larger telescopes 
40 years ago lay in the possibility of obtain­
ing stellar spectra of high dispersion, com­
parable with that used in those days only 
on the sun. High dispersion has since been 
realized at the coude focus of the lOO-inch 
Hooker telescope, and the 200-inch should 
permit us to take another step in the same 
direction. Its increased light-gathering pow­
er, aided by the new types of spectrographs 
recently devised here, should be especially 
serviceable. 

If such research problems as I have men­
tioned lie chiefly in the field of astro­
physics, it should not be forgotten that the 
new observatory may also play an impor­
tant part in the field of pure physics. Scores 
of physical questions await attack in an 
observatory, simply because the conditions 
of high temperature or of extremely low 
or extremely high masses and densities en­
countered in many celestial objects cannot 
be duplicated in the laboratory. As chemical 
questions are also involved, it is evident 
that the new observatory may be expected 
to contribute materially to several branches 
of science. 

Cosmic Rays 
Thus Far 

By HAR VEY BRACE LEMON. 
Professor of Physics, University 
of Chicago. "Professor Lemon 
has been following the growth of 
the study of cosmic rays for many 
years and tells a story that stands 
out even in this day of rapid de­
velopment • • •  fascinating," writes 
Arthur H. Compton, Nobel Prize 
winner, of this book. Illustrated. 

$2.00 

Men 
Of Science 

By J. G. CROWTHER. "A splen­
did book which should prove to 
be a real highlight in the biogra. 
phies of scientists because it gives 
more human material in a few 
hours than one would be able to 
find in months of ordinary library 
research."-C. C. Furnas in The 
Saturday Review. Illustrated. $3.50 

How Animals 
Develop 

By C. H. WADDINGTON. Sim. 
ply written, this book will enable 
the general reader to understand 
recent revolutionary advances 
which have been made in Embry­
ology. A reliable and up·to·date 
survey. Illustrated. $2.00 

The PHENOMENA 
OJ LIFE 

By GEORGE CRILE, M.D. 
One of America's foremost sur­
geons here presents Ii new theory 
of the . living processes that 
bridge the gap between the liv­
ing and non.living. A Scientific 
Book Club Selection. Illus. $3.50 
The PHILOSOPHY OJ 

PHYSICS 
By MAX PLANCK. The dean 
of living physicists here presents 
his philosophy of the fundamen· 
tal science, for laymen and ex­
perts alike. $2.00 

PRACTICAL ASPECTS 
OJ PSYCHOANALYSIS 
By DR. LAWRENCE S. KU· 
BIE. A practical clarification of 
what psychoanalysis is and how 
it functions. $2.00 

W. W. NORTON & CO. 
70 Fifth Avenue, New York 

293 



Books 
GLANCES A T  INDUSTRIAL 
RESEARCH 

By Edward R. Weidlein and William A.  
Hamor 

"DURING Walks and Talks in Mel-
lon Institute" is the sub-title of 

this volume and while it appears to be 
just that-a collection of essays written 
at various times-it has been extremely 
well done and the various pieces so well 
organized as to make a most readable 
book. Some of the sections, each covered 
by several features, are as follows : In­
dustrial Research Procedure of Mellon 
Institute ; Industrial Research Successes 
and Opportunities ; Professional Aspects 
of Industrial Research ; Questions in In­
d ustrial Research Management ; Lit­
erary Activities in Industrial Research ; 
and there is a final section on the Prog­
ress of American Chemistry since the 
Outbreak of the World War. This dis­
cussion should prove valuable to those 
now engaged in, or desiring to do, in­
dustrial research.-$2.90 postpaid.­
F. D. M. 

MEN OF SCIENCE 

By J. G. Crowther 

To understand science, it is necessary 
to work back into its roots. More 

than any others, five great men of sci­
ence living in one century, the 19th, 
have altered our lives and outlook. These 
were Davy, Faraday, Joule, Thompson, 
and Maxwell. This book, whose author 
occasionally writes for the Scientific 
American, is not merely a set of biog­
raphies of these men but it also traces 
the direct significance of their discov· 
eries on life today.-$3.65 postpaid.­
A. G. !' 

FUN WITH ELECTRICITY 

By A. Frederick Collins 

IT is all very well to write about the 
fundamentals of some particular 

phase of science, but how much more 
interesting it becomes when the reading 
can be supplemented by easily per­
formed experiments which demonstrate 
certain facts. In this book such informa­
tive reading is coupled with complete 
and specific directions for performing 
such experiments. The author has divid­
ed the book into three parts dealing with 
direct currents, alternating currents, and 
high-frequency currents. Wherever he 
describes some ,!lPecific ph,el!?menon, he 
gives directions for the performance of 
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an experiment which proves the text. 
Although the book is written as far as 
possible in words of one syllable and is 
essentially intended for the curious­
minded boy, it will undoubtedly find a 
ready acceptance by more mature minds 
which are intrigued with completing in­
teresting experiments with their own 
hands. The section of the book dealing 
with high-frequency currents is espe­
cially recommended as it gives specific 
directions for constructing a power 
transformer as well as Tesla and Oudin 
coils, together with the other necessary 
equipment.-$2.15 postpaid.-A. P. P. 

JANE'S FIGHTING SHIPS FOR 1935 

Edited by Francis E. McMurtrie 

THERE have been so many millions 
expended in the modernization of 

capital ships in the United States and 
J apan and recently in England, on re­
placement programs, and on new ships. 
that it was necessary to revise radically 
almost the entire volume of Jane's. New 
silhouettes, new photographs, and new 
details of armor and weapons are given 
in this latest volume, the first under the 
editorship of Mr. McMurtrie. As usual 
it is a magnificent j ob, complete for 
most of the navies of the world. To those 
who do not already know this annual, 
let us repeat that it is the one compre· 
hensive picture . of world navies.­
$18.00 postpaid.-F. D. M. 

STARS AND TELESCOPES 

By James Stokley 

THE well-known director of the Fels 
Planetarium in Philadelphia ob­

served that no existing popular astro­
nomical book covered the ground which 
people who visited the planetarium 
wished elucidated, so he prepared a 
book which would cover it. "The most 
important and interesting points, rather 
than a complete treatise on astronomy," 
is the ground covered. The chapter sub­
j ects indicate the scope : the heavens, 
motions, ancient ideas, modern ideas, 
the telescope, improving the telescope, 
telescopes of today, amateur telescopes, 
bigger and better telescopes, methods 
and attachments, time, moon, sun, plan­
ets, comets and meteors, stars, clusters, 
nebulae, galaxy, spirals, life in the uni­
verse. In style this book is informative, 
is on the easy side of the mean, and is 

aimed at the average man who would 
visit a planetarium rather than at the 
more serious student. Included with the 
numerous illustrations is a photograph 
of an amateur or "back yard" astrono­
mer, with his telescope surrounded by 
feminine underthings hung on a clothes­
line----quite typical.-$3.15 postpaid.­
A. G. !. 

SCIENCE IN THE WORLD OF WORK 
Volume I :  APPLIED MECHANICS 

By Frank R. Deming and Joseph T. 
Nerden 

DEVELOPED originally to meet the 
demands of students in trade 

schools, the present book embodies ma­
terial also suitable for use in high 
schools. It is essentially a humanized 
physics book, dealing with that corner 
of physics known as applied mechanics. 
Illustrated with many photographs and 
line drawings, it is written in simple. 
understandable language with many 
helpful analogies that serve to explain 
the principles involved.-$1.45 postpaid. 
-A. P. P. 

SCIENCE IN THE WORLD OF WORK 
Volume II : APPLIED PHYSICAL 
SCIENCE 

By Frank R. Deming and Joseph T. 
Nerden 

THE same comments given for Vol­
ume I, reviewed above, apply also 

to this book which deals specifically with 
such phases of applied physical science 
as the properties of liquids, heat and 
cold, light, electricity, and sound.-$1.65 
postpaid.-A. P. P. 

GERMANY TODAY AND 
TOMORROW 

By Henry Albert Phillips 

WHATEVER may be our personal 
feelings regarding the present po­

litical activities in Germany, reasonable 
human beings will admit that there must 
be a Germany which has been obscured 
to a great extent by the larger, much 
featured issue. Mr. Phillips, a trained 
observer in foreign lands who has writ­
ten other successful books of this sort, 
gives us an insight into part of the truth 
about Germany today. He understands 
the uses and abuses of propaganda and 
passes that aside in getting at the meat 
of his story. After discussion of the tran­
sition from the old to the new Germany, 
he carries on to a discussion of Naziland. 
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as he calls it, of youth marching with 
banners continually, of the labor camps, 
Communism, kultur, of the neo-pagan­
ism, and finally ties this in with Border­
land Rumbles, or the influence upon 
neighboring countries_ Neither he nor 
anyone else can predict the future for 
Germany so he . simply ends with a 
chapter "Where Do We Go From 
Here ? "  Nevertheless, his discussion is 
provocative throughout.-$3.15 post­
paid.-F_ D_ M. 

AMERICAN PETROLEUM 
INDUSTRY 

A SURVEY of the present position of 
the petroleum industry, and its out­

look toward the future, published by a 
noted organization of oil men. Demand, 
production, supply, transportation, re­
fining, marketing, taxation, labor-these 
are the main aspects discussed_ The ru­
mor, once more rampant, that our oil 
supply is almost exhausted, is once more 
knocked down. A good book for the 
reader who wishes to keep up to date 
about the oil industry in general. 200 
pages, cloth binding.-65c postpaid.­
A. G. l. 

RAYON AND SYNTHETIC YARN 
HANDBOOK 

By Dr . E. W. K. Schwarz and Herbert 
R. Mauersberger 

SILK seems rapidly to be losing out 
in the competition against rayon, 

which today can be produced in fabrics 
practically indistinguishable from the 
silkworm's product. This volume covers 
the subject so thoroughly as to give an 
indication why this may be so. Although 
a technical treatise, it gives the histori­
cal background of the European and 
American rayon industry. Then, follow­
ing the economic and statistical back­
ground, is given a complete study of 
raw materials and their preparation and 
the later processes which turn the fiber 
into beautiful textiles. Dyeing and print­
ing, dry finishing, testing, and launder­
ing of rayon products are discussed in 
considerable detail.-$3.90 postpaid.­
F. D. M. 

PRESS PHOTOGRAPHY 

By James C. Kinkaid 

To the average person it must seem 
that the news photographer moves 

and lives in a little world of drama all 
his own. With the well known order "get 
the picture," it is his j ob to do just that 
regardless of consequences. The author 
has collected what might almost be 
termed a textbook for the press photog­
rapher. It is, however, much more than 
that. It goes into complete detail regard­
ing cameras used, dark rooms, develop­
ment, enlarging, and so on, and gives 
as well numerous hints regarding the 
proper operation of cameras under ad-

S C I E N T I F I C  A M E R I C A N  

verse conditions. The book itself is a 
beautiful piece of printing and engrav­
ing, being illustrated copiously with 
some of the most striking press photo­
graphs that have ever been produced. 
It is printed on fine, coated stock and 
contains 282 pages. If you are interested 
in any phase of photography, if you thrill 
to stories of achievement in everyday life, 
or if you have any ambitions to become 
a press photographer, this is a book you 
cannot afford to miss.-$3.20 postpaid. 

-A . P. P. 

THE PHENOMENA OF LIFE 

By George Crile, M.D. 

THE noted Dr. Crile, of the Cleveland 
Clinic, sets down in this semi-popular 

book the basis for his hypothesis that 
electricity is the basis of life. Oxygen, 
he says, produces radiant energy, this 
generates electric currents in proto­
plasm, and the normal and pathological 
phenomena of life are manifestations 
of protoplasm, hence life must be due to 
radiant and electrical energy. This 
hypothesis has not yet been accepted by 
science, but its discussion makes fas­
cinating reading, and Dr. Crile's stand­
ing in the world of medicine is high.­
$3.70 postpaid.-A. G. I. 

MODERN RADIO ESSENTIALS 

By Kenneth A. Hathaway 

HERE is a well written discussion of 
the underlying principles of radio 

communication as it stands today, pre­
sented in general form and avoiding 
completely the use of specific equip­
ment for explanatory purposes. This is 
one of the best books that we have ever 
seen for supplying a background of 
knowledge of a specific subj ect, without 
overburdening the reader with unneces­
sary side issues. The author has built 
up the text admirably by first describing 
the separate functions of various instru­
ments and then showing how these func­
tions are coupled to achieve a desired 
purpose in a completed circuit.-$2.15 
postpaid.-A . P. P. 

PHENOMENA IN HIGH-FREQUEN­
CY SYSTEMS 

By A ugust Hund 

RESEARCH workers, serious-minded 
students, and .teachers will find in 

this reference book a thorough discus­
sion of high-frequency phenomena ap­
plied to measurements. The subject 
matter is strictly up to date both as to 
theory and practice. Anyone who has 
the necessary background and equip­
ment for carrying on high frequency 
measurements or research work in this 
field will find this thorough-going v.hl-
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ume of inestimable help. It has a splen­
did index. 642 pages, 6 x 9 inches.­
$6.25 postpaid.-A. P. P. 

THE PRACTICAL ASPECTS OF 
PSYCHOANALYSIS 

By Lawrence Kubie, M.D. 

READERS with some-though not 
necessarily large-background with 

regard to psychoanalysis, also general 
practitioners in medicine, may use this 
book as a help or guide in getting hold 
of the right kind of psychoanalyst rather 
than some of the "pseudo" kind who 
have pinned the label psychoanalyst on 
themselves, much to the confusion of the 
public and the detriment of psychoan­
alysis. It also contains a list of accredited 
psychoanalytic societies. The author is 
a member of the College of Physicians 
and Surgeons at Columbia University. 
-$2.15 postpaid.-A . G. 1_ 

ELEMENTS OF DIESEL 
ENGINEERING 

By Orville A dams 

DIESELS are so rapidly coming to 
the fore that numerous books con­

cerning them are being published every 
day. Here is one which gives fundamen­
tal information conceniing stationary, 
marine, locomotive, and automotive 
Diesels and goes into the question of 
their engineering quite thoroughly. We 
might say that a study of this book would 
be the first step toward a complete un­
derstanding of the principles of Diesel 
engines, of the equipment that must be 
designed for them, and of the fuel they 
use. Many illustrations serve to make 
the discussion more lucid.-$4.25 post­
paid.-F. D. M. 

DIESEL OPERATING GUIDE 

By Julius Rosbloom 

COMPREHENSIVE language is the 
keynote of this 543-page volume. 

A careful examination indicates that it 
is one of the most complete books of its 
kind available today. It is divided into 
a number of sections, including one on 
the high-compression oil engine, one on 
maintenance of Diesel engines, one on 
instruction for safe operation of Diesel 
engines of either two or four cycle types, 
one on oil, and others on auxiliaries, 
waste heat recovery, accessories, Diesel 
electric drives for locomotive and rail 
cars. This is the first edition of a volume 
which apparently will be revised from 
year to year.-$5.25 postpaid.-F. D. M. 
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-identify each chair as to period 
and country? 

-say in exactly what sort of room 
each belongs? 

-select other furnishings and ac­
cessories which would go suita­
bly with them? 

-take either as a nucleus and cre-
ate a charming room around it? 

If you can't, wouldn't you like to? 
A knowledge of the characteristic de­
tails of furniture design and interior 
decoration is a never-ending source of 
pleasure and interest. Wherever you 
turn there are beautiful interiors offer­
ing themselves for your enj oyment. The 
lines of a chair, the details of its carv­
ing, the thoughts which its historical 
background evokes, provide a fascina­
tion which will never allow you a dull 
moment. 
Furthermore, such knowledge has im­
mense practical value. It represents the 
opportunity to enter, if you should de­
sire, a profession both delightful and 
lucrative. If already you should be en­
gaged in selling furnishings for the 
home, this course will increase your 
knowledge, enabling you to become ex­
pert in your subj ect and so obtain 
rapid advancement. 

ARTS and DECORATION 
HOME STUDY COURSE 

In Interior Decoration 
This fascinating course, consisting of  thirty lessons 
on period and modern decoration. will  fit  you in a 
few short months to create beautiful intEriors with 
skill and assurance. Prepared by three nationally­
known a uthorities,  it  gi\'es you a l l  the interesting 
details of historical styles .  a s  well a s  their present 
day modificatIons. Includes the principles of color, 
harmony, arrangement, a n d  design, how to handle 
the new modes of decoration and accessories that go 
with them. A wealth of available information, ar� 
ranged and simplified so that you can learn Quickly 
and easily what would otherwise require years of re� 
search and study. Don't miss what this coupon offers.  
MAIL IT NOW ! 

Arts & D ecorat ion  H ome Study C ourse 
In I nter i o r  D ecorat ion  

1 1 6  E a s t  16th St  . .  N e w  York City 

SAl 

'Without obligation. please send me your free booklet 
describing your Home Study Course i n  Interior Deco­
ration. 

Name . 

Address 

Has the "Judge" called 

you on the telephone. 

Mr. Business Man. on be­

h a l f  o f  " h i s  f a v o r i t e  

charity ?" 

Have you, Mr. Average }fan, 
bought junk at phoney auctions ,  
insurance in f a k e  companies,  or 
used cars from gyps ? This start­
ling book exposes the many non­
'i"iolence r ackets which each day 
defraud the public to the tune of 
hundreds of thousands of doliars. 
The Better Business Bureau hails 
this book as "the best racket in­
surance availabl e . "  $ 2.'i 0 

THE RUN for YOUR MONEY 
by E. Jerome Ellison 
and Frank W. Brock 

• 

DISTINGUISHED HOMES 

OF MODERATE COST 
Edited by Raymond L. B. Ha�d 

Do YOlt want to build a house 
some day ? Here are photographs , 
plans and specifications of fifty 
homes, chosen for their distinction 
and moderate cost.  $3 .00  

-
BIGGER and BETTER ROSES 

by G. F. Mappin 

An Indispensable book to the gar­
dener who would achieve perfec­
tion In his blooms. 
Ill!<strated. $2.00  

-
YOUR GLANDS AND YOU 

by Henry Smith Williams 

The mystery of yonr glands revealed! 
An entertaining explanation of your 
glandular system and Its maladjust­
ments. If you want to keep well this 
is a book you must read. $ 1 . 7 5  

• 

WAR IN THE PACIFIC ! 
by Sutherland Denlinger 

This dramatic book tells clearly and sim­
ply how huge fleets are maneuvered, how 
ton- weight projectiles are hurled twenty 
miles, how guns swing into position, the 
methods of range finding. etc . ,  and the 
strategy of the coming WAR IN THE 
PACIFIC ! The most exciting book you 
have read in years ! With charts and maps. 

$ 3 . 0 0  

-
"JOHNNY Q. PUBLIC" 

SPEAKS ! 
The Nation Appraises the New Deal 

by Boake Carter 

Are yon for or against the New Deal? 
In this book America's foremost radio 
editorialist reveals the Voice of America.  
Men and women of every class and pro­
fession tell,  In the form of letters written 
to Mr. Carter, what they think and are 
going to do about the future of their 
country. $2. 0 0  

From your bookseller, or 

ROBERT M. McBRIDE & COMPANY 
1 16 East 16th Street New York 

See FRANCE 
O R  

SCOTLAND 
ENGLAND 
HOLLAN D 
ITALY 
BELGIUM 

ON 

SWITZERLAND 
SWEDEN · GERMANY· NORWAY 

You wouldn't believe it possible for 
one to see so much of these countries 
for so little money. But after you have 
examined the delightful up-to-the­
minute guides prepared by that widely 
experienced traveler, Sydney A. Clark, 
you will want to rush right off to the 
nearest steamship office. He preaches 
no parsimony but shows how to see 
everything, do everything, where to 
stop, where to eat and how to travel 
comfortably. 

F R A N C E-Dazzling cities,  
s t a tely cathedrals, the Rivi­
era, visits to ?\""ormandy and 
Brittany.  

. 

S C O T L A N D-Colorful towns 
and people, rich history ano 
legend. 

E N G L A N D  - R o m a n t i c  
towns,  quaint inn s ,  storied 
castles and plenty of Lon­
don. 

H O L LA N D-Home of flow­
ers, windmills and Rem­
brandt.  From Amsterdam to 
Zuider Zee.  

I TA L Y-From Naples to 
H ome, through the hill towns 
to Florence and the Lake 
region. 

B E L G I U M-Grand palaces , 
picturesque canals, and beau­
tiful, peaceful countryside . 

SW I TZ E R LA N  D-Seren jew­
eled lakes, sublime moun­
tains and famous peaks . 

SW E D E N -From Stockholm 
through romantic towns of 
D alecarlia, Kalma r .  Visby, 
etc. .t�- G E R M A N Y-Historic cities, 

(�.. the Rhine, the Black Forest 
• and the Harz )Iollntain s .  

" -
N O RWA Y-Land of Vikings 
and the midnight sun, rich 
in scenel'Y and Cblol' .  

M r .  Clark in h i s  surpris­
i n g l y  c o m p a c t  b u d g e t  
shows you amazing ways 

to see everything at little 

expense. 

O N LY 

$1 .90 
EACH 

at all booksellers or 
- - - - M A I L  THIS COUPON - - - ­

ROB ERT M. McBRI D E  & CO. 
1 1 6 East  1 6th S t . ,  New York 

Please send the Travel Guides Checked. 

8 FRANCE 
ENGLAND o ITALY 8 SWITZERLAND 
GERMANY 

o Enclosed find $ . .  

Name 

Address . 

o SCOTLAND o HOLLAND 

B BELGIUM 
SWEDEN o NORWAY 

o Send C.O.D. 



TO MEN WDO 

DON'T WANT TO WAIT :; YEARS 

FOR A 'IO�OOO SALARY 

THERE ARE a few ambitious men in every 

company who have decided that it is 1936 or 

never. They are sick and tired of being spoken of 

as "men with a future." Whether their goal is 

$5,000, $ 1 0,000 or $20,000 a year, they want this 
year to begin to realize some of their financial 

ambitions. 

These men feel equipped to contribute substan­

tially to their company's problems. They under­

stand their particular end 

of the business. They 

are of executive calibre. 

What type of men use the Institute ? You have 

a right to know. Of the 4 0 0, 0 0 0  men whose 

business progress has been speeded by the Insti tute, 

more than half are Members of Boards of Directors , 

Presidents and Business Heads, Vice-Presidents, 

Treasurers, Secretaries, Controllers, General Man­

agers or Professional Men. 

For example, among the Institute's subscribers 

are : the president of one of the largest tobacco 

companies, the chairman 

of the board of one of 

And they know there is a 

special need for sound, 

constructive thinking in 

every business today. 

What a Busiuess Man 
Must Know Today 

America's biggest chain 

of newspapers, the chair­

man of the board of a 

leading food company, 

the president and general 

manager of one of the 

great motor car organi­

zations, the president of 

a famous soap-producing 

c o mpany, to m e n t i o n  

only a few. 

What is holding them 

back ? 

In most cases, very lit­

t l e. U s u a l l y  n o t h i n g  

that they cannot acquire 

with amodest investment 

of effort. 

There is a practical 

formula that has been of 

great value in helping 

m e n  t a k e  o n  t h e  i n ­

creased responsibility of 

leadership. T h e  Alex­

ander Hamilton Institute 

offers it to you. Through 

i t s  fam ou s  C o u r s e  o f  

This helpful book is offered free to 

men who want to speed up their 

business progress. Over a million 

copies have been distributed. The 

coupon below will bring a copy to 

your desk. 

Men who don't want 

to w a i t  t e n  y e a r s  for 

success are invited to 

take the first step to­

ward a major executive 

position now. Send for 

"What a Business Man 

M u s t  K n o w  T o d ay." 

T h i s  i s  the title o f  a 
recently prepared book 

that describes precisely 

how the Alexander Ham-

business reading, the In-

stitute will give you a 

sound perspective of all business. It brings you a 

working knowledge of banking and finance, of 

advertising and merchandising, of cost finding, 

and commercial law, and plant administration­

the kind of all-round knowledge that a man 

must have for outstanding success in times like 

these. 

Such an outstanding success is within your reach 

because the Alexander Hamilton Institute has put 

it there. It has assembled the experience of the 

great leaders of modern commerce and made it 

available to you in convenient, compact form. 

Among these men are such outstanding names as : 

ALFRED P. SLOAN, Jr. ,  General Motors ; 

C. M. CHESTER, Jr. ,  General Foods ; DAVID 

SARNOFF, Radio Corporation of America ; 

LEE H. BRISTOL, Bristol-Myers ; M. H. A YLES­

WORTH, Radio-Keith-Orpheum - plus many 

others equally famous. 

ilton Institute's formula works. 

If you are one of the men who are determined 

to get where they want to be this year, this book 

is for you. It comes without cost or obligation. 

The coupon is for your convenience. 

Alexander Hamilton Institute 

825 Astor Place, New York. 

Send me "What a Business Man Must 

Know Today" FREE. 

Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .  . 
PRINT HERE 

Business 

Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • • • . • • . • .  

Business 

Position . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Age . . . . . . . . . . .  . 

ALE XAN D E R  HAM I LT O N  I N S T I TUTE 




