
ENGINEERING ' /^^ C;(-IFM(-F 



usinessme 



put a glass pipe line underneat 
uttermilk Channel 

If you've ever driven through a long tunnel. 
you know how hard the lights arc on your 
eyes. 

The reason is you pass under a succession 
of bright spots of light which are apt to 
take your attention from the road. And 
you're made uncomfortable by the reflec- 
tion of these bright spots from the top of 
the car ahead. 

But New York's new 91 17-foot Brook- 
lyn-Battery Tunnel-America's longest, 
built and operated by the Triborough 
Bridge and Tunnel Authority-has an 
amazingly different and better kind of tun- 
nel lighting. 

Instead of the disturbing flicker of lights 
placed at regular intervals, motorists enjoy 
bright and even illumination-practically 
daylight-every foot of the way beneath 
Buttermilk Channel andNew YorkHarbor. 

The pipe line for this flood of light is built 
of 3000 twelve-foot sections of Corning's 
Pyrex brand glass tubing. Each length o f  
pipe is a self-contained light cartridge, with 
two slim fluorescent lamps inside. 

Should one of the lamps die out, that 
cartridge is replaced with another, assem- 
bled and kept ready on a repair truck. And 
replacement is made as easily as you'd pop 
a new bulb into a light fixture in your home. 

The twelve-foot sections of Pyrex pipe 
are only two inches in diameter, with walls 
only a quarter of an inch thick. But despite 
their slimness, they're so strong they can 
withstand washing with a high-pressure 
hose. They're so sturdy they're not injured 
by truck tarpaulins which sometimes work 
loose and slap against them. 

Designers of this new tunnel lighting sys- 
temhad no trouble finding amaterial needed 

tomakeit work because, yearsago, (.'onling 
developed heat-resistant Pyrex pipe for in- 
dustrial use. 

Throughout industry, Corning means re- 
search in gla^s-research that has helped 
make glass a material of practically limit- 
less uses. 

So, when you're out of college and busy 
planning new products or processes, or im- 
provements in existing ones, it will pay you 
to keep glass in mind. Then we hope you 
will call on Coming before your planning 
reaches the blueprint stage. Corning Glass 
Works, Corning, New York. 



B O O K S  
AIR POWER: KEY TO SURVIVAL 
by Alexander P. de  Seversky 
Simon and Schuster, New York, 
$3.50, cloth; $ 1 ,  paper 

Re1,iewed by George K. Ttinluirti, 
Instructor of History 

AIR P U W h K :  K E Y  TO ~ ~ J R V I V A I .  niiglit 
well be termed a repeat performance, 
with some slight modifications made 
by the eight years that have gone by 
since Severskys previous 1)ook. The 
thesis is the same one lie advocated 
in Victory Through Air l'ouvr i r ~  
I 9 4 2 t h a t  "air power alone can 
impose surrender on an eneniy.'. 

A rommon i n i s i i n d c r s t a n d i n ~ s  
that by this Seversky means strategic 
bombing of the enemy. He does not: 
he means '"conquest of the air." and 
then bombingas an incidental pro- 
cedure until the enemy seeks peace. 
He feels that once an opponent is 
stripped of his air power- just as 
in previous times when his ~1rn1) \M  ̂

wiped out h e  will seek peace. 
Two factors have added streiigttli 

to the already persi~asive nature ( i f  
this thesis. In the first place World 
War I f  demonstrated the great value 
of air power, especially in the final 
defeat of Japan. Vannevar Bush, in  
his Modern Arms and Free Men.  
admits that, viithont friendly control 
of the air, land and sea forces are 
practically useless. Even opponents 
of air power concvde tliat 'without 
air superiority other military opera- 
tions are extremely difficult, if not 
impossible. In a se11se thi-  ̂ is en- 
couragiisg to Seversky, but he dainis 
that by clinging to the idea of the 
need for land and naval forces as 
equal partners in a fulure war, these 
thinkers have weakened the concept 
of air power and unrieces-.arily di- 
vided our defense effort. Since the 
war will be won by planes based in 
the Lnited States. there 'will be no 
need for overseas bases or the army 
or navy. 

A second factoi streiig~heniiig the 
theory is that in the present cold war 
with Russia the Inited States is in- 
ferior in numbers and materials, and 
only in a technological sense does il 
have a real superiority. As this 
seem> to be reasonably true, vtx inust 
utilize our strength and wage \$at 
on our terms- not fight on Russia's 
terms of masses of men and mak7rial. 

Since many Americans have recog- 
nized these facts, the Seversky theory 
becomes all the more appealing. He 
does not. however. foresee a twenty- 
four hour victory. but f e d  that 

there Ã i l l  he biltei ancl perhaps 
h a m - o u t  hghting for air control. 
So it is no rlieali or easy means of 
Mctory. 

The 'weakiies. in  this book sees* 
to be the failure of the author to 
01)jectivelj appraise tlie defcnse. 
Since the oflensive was dominant in 
the Idst war. he assumes that it 
alwa\s has been and always w i l l  he. 
though lesions of World War 1 
~ o u l d  seem to indicate that at given 
periods of history the defense can be 
nearly impregnable. 

Seversky claims that in air war- 
fare all the instriuneriis and methods 
used by h e  defense may be used by 
the bombers to combat the clefeiiMve 
forces. Tliis may be true. hut he 
fail. to recognize the fact that the 
terl i t i iu~~i~ of grourid  installation^ 
( rddas.. etc. ) and ground control 
have been .1n0 u il l probalih remain 
superior to those utilized in a 
hombes . 

Defensive aspects of battle 

\o illustrations may he used to 
show Sevessky's neglect of the cle- 
fensive aspects of battle. In the first 
plan he states that escort planes will 
no longer be 'stnall one-seaters. but 
a- large as bornhers and equipped 
uith all the latest scientihc devices 
lor  'lir combat. He fails to  point out 
that the deferi-.ive fighters may be 
of the same type. 

Secondlj. after he has admitted 
that homing devices and proximity 
fuses may lie used by the defense, lie 
then states that the same measure- 
may be used by the boni l ) t~s  to ex- 
plode the rriis-iiles aimed at thens by 
the upposingground defense. He 
neglects to say that if these devices 
are so perfected they might lie used 
liy tlie defending air forces against 
enemy bumbers and fighters, and 
even to explode dropped liomhs be- 
fore they reach the target. 

Even though Seversky ~elegates 
bunibingtto a minor role. i t  nould 
seem lliat. il the war - producing 
capacity of a n a t i o n  'was not 
destroyed, ihe ability to continue the 
war would still exist. Therefore 
h~rihirig '  would seem to be essential. 
W hile denyingthis. he gives grcat 
space to strategic bombing. Here 
again he assumes that precision 
bombing will be infallible and com- 
pletely effective, though there is con- 
siderable evidence that during World 
War II bombers at time-' not only 
vould not locate their ta~gets. l ~ u t  

alhu were itieffcctive againqt them. 
Vannevar Bush even goes so far  as 
to say that the days of mass bomb- 
ings are over. not only because of 
improved defenses, but because of 
the difficulty of hitting the targets. 

While Major Seversky niarshal1s 
many facti, thinks clearly, and 
ax gues pet suasively for liis theory, 
it -^till seems a larse gamble. 

PLANT BIOCHEMISTRY 
by James Banner 

Academic Press, New York, $6.80 

FOK ~ ~ h i . v r  \i \RS Hiology Profes- 
in1 James Banner ha< been giving a 
course in plant biochemistry at the 
Institute. In  the absence of any 
appropriate text the course has been 
conducled by lectures and readings 
in the original literature. 

In this hook. based o n  his course. 
Dr. Bonner has brought together the 
scattered work on general biochern- 
istry as it applies to plants, and 
surnmari~ed those helda of biochem- 
istry pertaining to tlie plant. As the 
onh  modern book in this field it is 
a valuable reference work for ad- 
vanced students in the plant sciences. 
a5 \\ell as a valuable text for courses 
it8 plant or agricultural biochemistry 
on the seiiior and rarly graduate 
level. 

CHANCE AND CHOICE 
by Lancelot Hogben 

Chanticleer Press, New York ,  $9.50 

AS sT<rfcr) in the foreword to this 
book. Professor Hoghen, author of 
Mathf>rr~(~fIcs for the Million and 
Science for t f ie  Ci/izen. has lieie set 
himself the task of preseiiiiiig the 
iatioisale of m o d e r n  s t a t i s t i c a l  
methods to readers having a model- 
ate mathematical background. 

In order to accomplish this lie has 
made extensive use of charts, dia- 
pan i s  and other visual aids. Thus 
many combinatorial theorenis are 
given diagrammatic as well as formal 
proofs, and most of the illustrations 
are taken from situations which can 
conveniently lie represented visually 
by cardpack or urn schemes. t'urther- 
more, assuming a familiarity with 
the element. of the calculus, the 
book contains quite complete deriva- 
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tions of all of the necessary inathe- 
matical results. 

Though quite self-contained mathe- 
?latically, the book will not lie 

eas i lv  read bv anyone of limited 
4 d 

mathematical facility. Indeed, the 
mathematical limitations frequently 
lead to cumberbonie and inelegant 
proofs. Also, the author's attempt 
to make the basic ideas precise by 
introducing new terms for standard 
statistical concepts is, at the very 
best. confusing. It seems likely that 
the reader for whom the book is 
intended would do better to first de- 
vote a little time to ,the neceshary 
mathematical techniques and then 
consult one of the standard treatises 
on the subject. 

THE LOS ANGELES BOOK 
Photographs by Max Yavno 
Text by Lee Shippey 
Houghton Mifflin, Boston, $5 

THC 1.0s AM.E~.LS BOOK is not 
solely a picture book, through Max 
Yavno's striking photographs do cap- 
ture all your a ~ e n t i o n  when you first 
open i t .  Actually the book is almost 
W/,  text. 

Thi'i has been written by Lee 
Shippey, columnist (.'The Lee Side 
of L.A.") for the Los Angeles Times. 
In His W/C of the book Mr. Shippey 
packs in an astonishing number of 
little-known facts about L.A. (Some 
bamples: The city of Chicago could 
be contained in ihe San Fernando 
Valley area. The first public huild- 
ing in I,.A., in 1781. was the jail. 
There are 430 public schools in L.A. 
today, and the minimum campus of 
a high school here is 20 acres- 
though one school in the Sari Fer- 
nando Valley uses 400. Los Angeles 
has a Buddhist Temple, as well as 
five different kinds of Rii.-isian 
chiirches. In fact. there are more 
Russian-born here than either Eng- 
lish-born, German-born or Italian- 
horn residents. L.A. has (.hinese. 
Japanese, Yugoslav and Dutch co111- 
munities, and it's said there are more 
Mexicans here than in any other city 
except Mexico City). 

Mr. Shippey"s text is refreshingly 
objective, and free from back-slap- 
p'ng. chest-swelling or Chamber-of- 
Lommerce adjectives. 

Max Yavno's photographs, which 
range all the way from Muscle Beach 
to a Hollywood ^preemeer7' to 
Angels Flight. Pershing Square, the 
116~ freeway and the oil fields, are 
in a variety of styles as well--a nice 
mixture of scenic, art. documentary, 
candid and character studies'. 

A l l  in all, it's about as "cod a 
book on Los Angeles as you can find 
- a n d  a natural, of course, for 
Christmas. 

BLACK BONANZA 
by Frank J. Taylor and Earl M. Welty 
McGraw Hill, New York, $4.00 

SLBTITLED "How an Oil Hunt 
Crew Into the l l~ i ion Oil Company 
of California,"' B lack  B o n a n z a  
attempts to describe the fantastic 
growth of "the industry that furn- 
ishes tlie lifeblood of modern living" 
by descriliing the growth of one oil 
company from a wildcatting opera- 
tion in the late nineteenth century to 
one of the "Big Twenty" today. 

['nion Oil serves as an excellent 
case study iri this endeavor. ft 
hridges the complete life span of the 
oil business; big as it is, it's still 
classified as an independent; and it 
can take credit fur an impressive libt 
of '"firsts": liuilding the first tankter 
on the Pacific Coast, for instance: 
laying the f i r ~ t  pipeline from the 
oil fields to tidewater: first ipaniiirig 
the Isthmus of Panama with a pipe 
line from the Pacific to the Atlantic: 
and perfecting the first oil burner 
to mention just a few. 

The authors, both piofe'-sional 
writers, find little to criticize and a 
great deal to praile -in the history 
of I nion Oil, and have managed to 
make a fairly'lively btory out of a 
mass of research material and old 
records. For good measure. the book 
contains nearly 200 photographs. 

ADVENTURE INTO THE UNKNOWN 
The First 50 Years of the 
General Electric Research Laboratory 
by Laurence A. Hawkins 
William Morrow, N.Y., $3.50 

THIS DOESN'T pretend lo he a 
full-scale history of the 50-year-old 
General Electric Hesearch Labora- 
tory: it's merely a quick survey of 
some of the prominent men who have 
worked in the lab. atid wnie of the 
valuable developments which have 
come out of it. 

The book is intended for popular 
consumption, and. aside from an 
>ccasional passage of purely intia- 
tnnral interest (the author was with 
the Research Laboratory for 38 yeais 
- having retired as itb Lusinesi man- 
ager in 1948) should appeal to most 
science-minded laymen. 

4dvrnture Intn the I/rikr~o7~~ii con- 
centrates chiefly on the contributions 
of the three directors of the Research 
laboratory - Willis K. VS/ hitney 
( 1900-32). \V. D. Coolidge ( 1932- 
15). and the present director. C. (>. 

Suits as well as those of the lab- 

oraioi y's tiio-it Ji.-itirigiiished scien- 
tist, Irviiig Langmiiir. Other men 
and their contributions are mentioned 
briefly and the work of the labora- 
tory in general reviewed and brought 
up to date wi th  a description of the 
plant and program of the new Knoll- 
Atomic Power Laboratoq . 

MAN THE MAKER 
by R. J. Forbes 
Henry Schuman, New York, $4.00 

Reviewed by R. 1,. 1)aue.fierty. 
Professor of Mechanical Enginrerinn, 

f i s  BOOK T K I C I ~ S  the 1le\~eIop111ent 
of man from tlie pre-dawn of hi'tor? 
down to tlie present day, not so much 
through the growth of his brain and 
incrcase in culture as by unfolding 
for us his achievement* in inventing. 
making, and improving tools and 
marhines from their crudest tiegin- 
tiiiigs. 

The story starts with the Stone 
4" and traces the developnwnts 
i t i  irrigation, spiiniingaand weaving, 
pottery niak i ri g, working stone, 
rnetalInrgy. and communication. 11 
goes on to the woiks of the peoples 
i t  the empirt's of the Year Ea'it; the 
contributions of the Greeks and the 
Kot~iana. iucli as the building of 
roads, aqueducts. bridges. and v+ai 
machines: the rise of the medieval 
engineer, the use of the water wheel 
and windmill. the production of cast 
iron and of  papex. and the 1)eginiiirig 
of the art of printing. 

A chapter headed "Steam Comes 
of Age" describes the various early 
types of stearn engines and the indus- 
trial revolution bronghi into being 
I)] this new source of power. 

Another chapter, on "The Con- 
quest of Distance." describes the 
growth of highway systems with 
p o d  paving and the evolution of 
the railroad, streetcar. bicycle, auto- 
mobile, and airplane. 

The closing chapter. entitled "Steel 
and Klectricity," covers the develop- 
ment of the modern 'iteel industry on 
which so much of our present day 
civilization is based; the electric 
pon e r  industry, together with radio 
and television; and finally some 
phase> of modern chemical engirieer- 
ins. r 

The author a chemical engineer. 
formerly on the staff of the Shell 
Oil (company, and now professor of 
the history of science and technology 
at the Amsterdam Municipal Iniver-  
sity in the "Netherlands - has con- 
densed a vast amount of material. 
both in time and in content, into this 
hook. But he has done a skillful 
job and the book is not highly tech- 
nical, so it can be read with interest 
and profit by anyone. 
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DECEMBER, 1950 

Here it is, winter again. And unless 
this year turns out different from all 
the years that have gone before, win- 
ter means that the whole country- 
side is going to be slopped up with 
rain, mud, sleet, snow, fog, wind and 
what have you? 

Except, of course, down in the 
South and Southwest. Around Palm 
Springs, Phoenix, Tucson, etc. the 
sun is now spending the winter. You 
can do all the shirt-sleeve loafing you 
like there. We recommend it. 

How're You Going? 
There are, of course, many ways to 
get to the Southwest resort and guest 
ranch country. For example, you 
could walk. (You'd probably encoun- 
ter some interesting bone formations 
from people who found this method 
over-tiring. 'l 

Having thus eliminated the unrea- 
sonable ways to go, that brings us to 
the one best way to travel. In short, 
as it says on the signs. . . 

Next Time, Try The Train 
We have fine, fast, streamlined trains 
to take you to winter sunshine. Our 
new Sunset Limited and Golden State 
streamliners directly serve the heart 
of the winter resort country. 

And what a way to go! 
You relax in complete, air-condi- 

tioned comfort, while the engineer 
does the driving. Sleep (if you're 
sleepy) in luxurious private Pullman 
rooms. Or, if you're traveling on a 
budget, doze in super-comfortable 
"Sleepy-Hollow" chair car seats. 

Good food travels with you in din- 
ing and coffee shop cars. You eat 
when you want to on S. P. trains- 
not when you happen to pass a place 
that looks suitable. And you'll find 
all the companionship-or all the pri- 
vacy -you want. Baggage allowance 
is generous, too-probably more than 
you can lift. 

- ,  

Another possibility is to drive your 
own car. On the off chance that you 
may be considering this method, we 
have prepared a special presentation 
of the scenery you can expect to en- 
counter en route. 

I n  the crowded, metropolitan 
areas, where traffic creeps along 
bumper to bumper, if you dare take 
your eyes off the car ahead for a 
moment, chances are you'll receive 
a by-then untimely suggestion like 
this : 

Farther along, where the highways 
are narrow, winding and slippery 
when wet, you'll more than likely 
see this: 

And then, before you get there, about 
the time you're wondering why you 
undertook the project at all, you'll 
probably get another cheery greet- 
ing like the one at the top of the 
ad joining column. 

Of course, some people aren't sun 
worshippers. So if you believe there's 
no fun like snow fun-or if you have 
some other reason for heading north 
-we have some very sweet stream- 
liners headed thataway. 

From Los Angeles to San Fran- 
cisco, you can go by Daylights, Star- 
light or Lark. From San Francisco to 
Portland, take the Shasta Daylight 
or the Cascade. And if your spirits 
need a Reno-vation, go there over 
the High Sierra on the City of Sun 
Francisco. 

Happy Holiday 
The nearly 90,000 men and women 
who are Southern Pacific join in wish- 
ing you a very merry Christmas and 
a happy, prosperous and peaceful 
New Year. 

S P The friendly Southern Pacific 
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L L U T I O N  P O B L E M  IN 

IK ro i  I I TI()\ I S  \ o r  a unique jiroblenl ol our  machine 

q c .  l i i  about 1 SOU A.1). a royal deciee by the King of 
Ktigland foihade tlie use of a certain type of coal because 
it produced \apors  damaging to the health. A rominittee 
i f  investigation was set u p  to punish the infringers by 
fines and demolish their oven. in  rase of repetition. One 

unfortunate individual was condemned to death berau-.e 
he had i n f r i n p d  ihe imoke rules three time.. 

I telt great l j  relieved when I read in a recent i -we o! 
the Pasadena St(ir-!\f>u'!, that a kiln operatoi i t 1  l,o, 
Angeles had just received his 54th notice of \ iolatioil (if 

the anti-smog laws and was fined $1.000 and "entenced t o  
five days in jail a sentence which his l c t y e i  promptly 
appealed. Thiq comparison shows. among other things. 
that after 050 years a i r  pollution is still with 11.. home 
of the problems a re  xery much the same 'te then. exccpt 



Wind direction in Los Anfeles (comity 
Sumnn~r-Y a.m. l o  Noon 

I f  ind direi*tinn i n  Los A n o d e s  C."oinit-} 
Summer Midnight to 7 a.m. 
W in t~r  7 p.m. t o  10 a.m. 

, 
P , C I ~ I C  0 E A S  .. ,. 

Position of area of  eye irritation (it various t i m a  of day 
in Los Angele.5 Count) 8 a.m. t o  J p.rri. 

( harts from htdu\fi~a/ und fing;t~eernig i ) f i r n i ^ t ~ h  I'(~'w7w '#V 

that tlie magnitude oi the pollutioii i* nidriy iinies grtxitpi. 
Usually we ronsidei the air as an unlimited iesi>rvoir 

tor our refuse. However. in densely populated .ntxas Â¥tt 

soon find out that this is not true. and at pre-eni w e  <ire 
sadl? avtare that there are limits to the d l l l i 7 U U k  of 

iiiaterid which we can send up into the air \\ithoul vieat- 
i n g a  anuisance and even health ha/ards. This is especiall! 
true when geological and niete~rologic~il conditions lavor 
[he accumulation of air polli>taiitb. 

A favorable sit 

Such a situation exists in the Los A n ~ l e -  are~t. vlieic 
a half-circle of mountains prevents the tree movement ul 
the air. Early in the rnor~iing a slow sea wiiid of ~i lew 
miles per houi carrier the exhausts of the p a t  rity u p  
to the high im~untain barrier in  the north. In tlie c w -  

n i u g t t ~ e  wind turns. drid the pollutants move seawdrd. 
Usually tlre speed of this land b rec~e  is loo slov 10 lw 
very eflective in cleaningthe area. 

T i l  hile the air is hampered in i t *  tree movement in d 

horizontal direction by tlie mountain h a r r i ~ ,  ~ r i ~ t ~ o r i ) I o g -  
ical conditioris limit the movemerit in a vertical direction. 
Meteorologists have observed that dur inga  l a r ~  pait  of 

the year the lower layers of the air over the Los Anpeles 
area have a lower tcniperature than the higher one&. The 
colder air. because ot i t s  higher density. is not able to 
rise. and it is just this la!er that contains the grises, 
iinokes dud fumes ieleased in ihis d r ~ a .  

r ,  This so-called temperature inversion is quite irequeiit. 
though the height of the layer is \cry diflereut on  diftci- 
ent days. and may range from several bundied lo stxverdi 
thousand feet. Loinplainis ahout srnog a i t *  usiidlh 
received \+hen the base of the iiner'-ion layei i s  frotu 000 
to 1200 feet. 

Under tht>qt> conditions the unlimited re~eivoir  of ail 
has shrunk considerably : liowe\er. it i'- still of esiitrnious 
size. %hen we look at a map of this area on which haq 
been plotted the movement of the (.lo~id of eye irritants, 
we notice a gradual displacement and spreading towards 
the San Fertiando Valley in the northwestern direction 
and towards San Bernardino in the caiteiii direction. 

V( lien '-ui#h an ared, of approximakely 25 by 25 milt'--. 
is rovered unitormb with a layer which \\c îlI 
assume to lie about 1000 feet thick. w e  c a i  calculate that 
apl)roximately 500.000,000,000 cubic meters of air have 
been polluted. Since one cubic meter viei8i-i dl~iout 
kilograms, the actual weight of this s ~ ~ r o g - c < ~ i r t a i t i b  
layer i& about t~50.000.000 tonh. Tliis enoi rnous tonridge 
is ofter~ overloi)ked in '*quick c~11-e~" for frniog. ~ 1 1 t b 1 t  

propoials ale made to place fans on the iriountaiiis (11 

drill tunnels through the inou111aiii-i t o  drive away tlic 
s1110g. 

Knowingthe volume oi air involved gi\ea us a basih 
for a calculation of the quantitieq of materials which m e  
liollutin";our atmosphere. 1) a sul>Â¥~~anc givt-s initatiosi 
in foi~eentration ol i m  part  PI million. we I I~PW! 



this iirea 050 tons of  maicrial I D  show this t7f'lect. \\'her1 
oiily one tenth of a part per mil l ior~ is riece-isary for  
irrilaiion. v>e need h?> i o n s  and for  one hundredth of a 
par t  per million h.5 tons must lie ieh-ased. 

It is interestiiigto compare the+, values with a list of 

the threshold concentration. of nome of the most potent 
war gases, a l l  of nhich have threshold concentrations 
above one hundredth of a par t  per million. For  one of 
the most potent teal gases, chloro-acetophenone. we need 
150 tons to cover a n  area such as we a re  dealing with. to  
give eye irritation. For the war gases Lewisite and 
mustard gas, we need huridieds of tons to make life 
rather unpleasant. Further assurance that we dre not in 
immediate danger conies from the column in the table 
below, sho'tti~ig the enormous tonnage ~ h i c h  is necessary 
o r  lethal action. 

WEIGHT IN TONS TO CAUSE IRRITATION IN 625 SO MILES INVERSION BASE 1000FT 
VOLUME OF AIR 500.000.000.000 M" 
WEIGHT 650.000.000 TONS 

SMELL IRRITATION TEARS 
ETHYL MERCAPTAN 002(20Kt.) 

LETHAL 
SYNTH MUSK 0005 (5Kt) 

80 3500 180.000 

400 

150 400.000 

185 3.000.000 
400 60.000 

SULFUR DIOXIDE 30,000 3000,000 

Our seme of smell usually responds to much smaller 
quantities of material than those iiecessar? fo r  irritation. 
One thousandth of a milligram of ethyl mereaptan i a 
relative of the skunk smell 1 released in a sinall audi- 
loriurn ran  be ieadily detected by smell. If we extra- 
polate this example to the 2 5  In 2 5  mile area. we find 
t i a t  20  kilograms (about  4 6  pounds) of ethyl niercaptari 
released at  the City Hall in 1.0s Ar~ge lw would be 
noticed in Pasadena. For  a iiinil'ir experimeni %it11 
musk or  skatol ( o n e  of the cot idtuents  of feces) .  the 
(iuaiitities riecessary would be  o11ly about -ix pound- and 
a half a pound. respectively. These exceedingly low 
threshold value- fo r  odor perception a r e  in accord x i t h  
11ie common ol~iervatioti  that  the smell of smogiq noticed 
I o n d i e f o r e  there is any conipliiint of irritation. 

Sources of pollution 
Vi e h a v ~  'eeri {hat  the quantitien involved in irritation 

ivt-r q c h  a large area run into hundred. of tons. These 
large quantities can be released by  industries handling 

Idrge tonnage of material, o r  by numerous small offend- 
els. At one end of the yeale we find the petroleum 
indubtry, where a few refineries a re  handling matq 
thousands of tons o f  material every d a j .  But the half 
niillion auti~nioliiles driving around in Los Aiigeles 
contribute their share to a i r  pollution. too. 'l'ogeththi 
(hey burn approximately 12,000 tons of gasoline daily. 
Even if the combustion were 99 percent complete, which 
it t'ertainly is not. 120 ton. ot unburncd gaasline would 
c releaseil. Another example of this type of pollution 

is the private incinerator, where the large riiimher corn- 
tensates fo r  the siiiall quantity released by the indi\idiial. 

r . 1 he aildl1 -'is of dir corilainiriaiits hcis some special 
l ea lures  d ~ i e  to the minute .nnouiits pre-.ent in a large 
volume of air .  The state in  which these pollutants a r e  
present as  gases. liquids and solid p a r t i c l e  of greatly 
different sizes presents additional difficultie'-. The srriall 
particles of le's than one micron diameter d o  not .settle 
out. but a r e  in a stable wspension arid form so-called 
aerosols. 

Collecting air contaminants 
The analytical chemist has devoted a great deal of 

effort to devisingrmethods for  the collection of this 
lieterogerieou~ material. Most of tllese methods a re  based 
on the principle that the particlw a re  given enough speed 
to collide with each other o r  with collecting surfaces. In 
the impactor. the air  is drawn through a small slit, thun 
attainin"; a velocity close to that of sound. The  particles 
iii the a i r  colliding with a $ass slide a re  deposited on 
the slide and  ran  be observed niicroscopically. A sample 
<it Los Angeles' a i r  shows numerous oily droplets of a 
size mailer than 0.5 micron. a. ivell as  crystalline 
1eposil'- of metals and halts. 

In a thermal precipitator the sarne principle is applied 
b y  passing the a i r  over a heated wire which is placed 
between cooled surface-i. The particles move from the 
hot wire to the cooler surface, and are  there deposited. 
Other instruments cause agglomeration of the smog 
)ar t ic les  by accelcrat i i igthe particles with ultra sound 
Naves. o r  through the application of a -^trorig electric 
field. Man? of  these different tecliniques a re  used in 
industry to remove aerosols f rom ~ \ a s t e  material. and 
:ire kiiinvrt as  Venturi scriildieis. sonic and electric 
previpitatorb. 

Vfaterial rollwtet! f ioin ii i i  electric precipitator was 
s h o \ ~ i  to consist of approxin~ately one half inorganic 
material .uch as  silica, tract"- of lead. ~ i n c .  copper. iron 
aull a ~ a r i e t y  of other metdls; their oxides: and salts 
such as sulfates, nitrates, nitrites and ammonium salts. 
The othei half ot the col lec~ed material coiisisted of 
organic material. which is partly soluble in fat  solvents. 
and  ~ h i c h  contains hydrocarbons, aldehydes and organic 
acids. The insolul~le  organic" material contains fibrous 
ina~crial .  carbon and salts of orgdnic acids. 

41 though the electric precipitator allows the process- 
in";of large quantities of air. a disadvantage of this 
niethod is the liosbibilitl thdt. under the inthence of the 
rorona dincharge in a precipitator. secondary reactions 
would modify the organic material-. Therefore. the 
+ I I ~ J  of organic pollution has I w n  conducted mainly 
on material collected on filit~ls. or obtained from scrub- 
hers. When a i r  is passed through a liiter paper, the 
paper take, on a grey appearance, and  extraction with 
organic solvents gives an oi l j  material. Subsequent 
extraction with water reniim's --alts of orgaiuc. as  well 
as inorganic acids. 

Howeter, this method loo has disadvantages, since 



nmsi of the volatile material is lost. l'or this reason. 
rxten.-'ive use has hetm made of traps held a t  very low 
it-mperatnre. Mas. spectrographic htudies on the collected 
dilute aqueous w111tions have been useful in the analysis 
of tli(1 hydrocarbons present in the atmosphere. 

o r  the isolation of special groups of substances. 
r ~ i b b e r  technique. a re  often useful. In o u r  sluilies on 
the oiganic acid- piesent in the air ,  scrubbers with 
sodium hydroxide were lined. However, the most common 
n g a n i c  acid in the ai l ,  rarhon dioxide, occurs in quanti- 
ti(* s e i e u i  hinidred ti~iie- greater than those of the ail  
pollutants. i t  is therefoie necessa~y  to s tai t  \tith a large 
piant i tv  01 coiireiitiated -.odium hydroxide to lie able to 
c o l l t ~ t  si/al)lth quantities of the organic acids. 

I on1 experiments we started with several liter. 01' 
ten perrent sodium hydroxide and, in a run of several 
l a \ \ .  made a verv expensive sodium carbonate from 
,$0.000 cu. ft. of air.  However. after careful acidification 
am1 ether extraction, several tenths of a gram of organic 
acid. rould lie extracted. 

' l i e  identification of the"e aciils ran he made liv 
rotnert ing tlieiri into derivatives which have rharar ter-  
I - t i c  nu~ltiii";)oints. liefore this can he done, they inust 
i f  sepai&ted t iom each other. Such separations. \\ ith 
+inall quan~itie.  involved, ran be accompli'Aed v+ it11 
r t~ioinatographir  procedures. \\ e have used a method 
whereby the acids are  converted into the phenylphenacx I 
ik.tt*i., uhicli h a + e  the advantage ol fluoresi~ing i n  ultra- 
t iolet li$it. 

Identifying acids in the air 

Vt lien the mixture of derivatives is passed through a 
rohiinn oi silica. a number of fluorescent bands appear. 
each representing a simple compound or  a mixture of 

losely related acids. In this way we obtained fifteen 
i f  these bands. illustrating the complexity of the acid 
iriixluie piesent in the air .  Some of these acids a r e  
noinial and branched-chain ones; others contain. in 
'iddition to the rarboxfl group. keto- and hydroxyl 
".loLlps. 

o r  a iontine analysis of the a i r  \+hen n o  detailed 
separ'ition of the collected material is intended. we rel j  
I the specificity of the reagents. When. for  example. 
a w l i i ~ i o n  of ~ u l f a n i l i c  acid and a lpha  naplithylamine 
tiirn. pink when aii  is bubbled through. we a re  reason- 
ably of the presence of nitric oxide. 

The difficultv corner when w e  use less specific reactions 
oi determine p o u ~ s  of iubstances on  the basis of their 
oxidation. reduction power or  acidity. For  example. if 
I\(% \+ish to determine the oxidizing material in the air.  
the amount of iodine liberated from potassium iodide 
solution can be used a3 a measure of ihis activity ihrougk~ 
iiiratioii with sodium thiosulfate o r  electro~iietric titration. 

, . 
l i i s  total oxidizing capacily does not allovv the making 

I '  any predictior~ a s  l o  the specific nature of the coni- 
) o u n d s  present. and the results a r e  further complicated 
) P  tlie pos-iiljle presence of reducing sub-tdnces ~ t i i c h  
act in the opposite way. The  iodine li1)eration is a 

balance of the 1 x 0  effects. diid .-'epai'ate drtenniriations 
for  a numhci of compounds such a s  li\dro";n peroxide. 
nitrogen oxide and rcdm i t i p ~ i h ~ t a t i c r s  a r e  nece-<an to 
enable us to explain this liberation ijuarititativt4~. 

hi the 1 ~ ) s  Angeles area it via? found b~ several 
independent inbe-tigators that [lie liberation ot iodine 
from potas-iium iodide $\as  relativtsl\ high. and exi erded 
by -everal nine- the atnotint \ \hi( l i  could i t ~ ~ i o n a h l j  be 
expected a s  a res~i l t  of the presence ol o ~ o n e .  \\ ith 
reagents more specific tlian j io t~s~iu t r i  iodide. siich a s  the 
dye. indigo-sulfonic acid. i t  is found that the ozone 
content cannot exceed a f e w  part. per hundred millioii. 
h i t  even 111e.e 1eagent-t a re  not fullv specific. and 
scrutibiiig the air  \\ ith a solution of feri ic cliloi iile and 
postassium I'eiric n'inide. \vliich dot,- not reiict \\it11 
ozone. ietluct^ h e  apparent wontA content itill further. 
Semiifuantitative exjicrinient'- on ruliher-rracking --iippori 
these lower figincs to1 the o/one roiltent in this a iea.  

High oxidizing powers of L.A. air 

I t  is clear that the (ieterminatioii of the oxidi/ing 
compound. needs a p e a t  de'il more \ t u d b  and <it the 
preserik time Me are faced I\ it11 {lie dillic~iltj of findinÂ 
an expldnatioii 1 oi i l i ~  liigli o\ vi'dll oxidizing 1)oIver of 
the Lo. Anodes air .  Since none ol the itrorpdnic i~o l ln t -  
ants gi \es  an i ~ t i s v \ i > i  to  lliis piohlrm. i t  is otil) natural 
to look lor  the preseiu-e oi orp11ic nuter ial  \ \hirli  m a  
h e r a t e  iodine from pota-siuni iodiile solu;ioiis. 

,, 1he organic sub-itanco in the 'iii d ie  of niitnifold 
oiigin and a re  suhjectcd to ~unligl i t .  a i r  and \\atci : and  
as  a result a rather complicated niixtine can I)e expected. 
It  i-i. therefore, of a < : h a i i ; ~  to cuii>,idei first uliat tlie 
suurccs of organic material are, and to what dcsiee +\e 
can hope to analyzr to r  these cornpo11nd-i. 

, I y he volatile material released into (lie ail  consists of 
liydrorarhorls. saturated and iiii.a;nrated. originating 
from products deri \ed f rom tlie petroleum industr) arid 
industries using sohents  of different kinds. This includes 
all  the material l o s ~  at the oil fichk. iefinet ie-. filling 
si'itions. autoinohilt~s. t-tr. 

Products of incomplete combustion 
r \ 1 hen \he have lo ronsicfer the producl-i of incomplete 

r o ~ ~ i h ~ i - i t i o n  from fuel as  well as  g a r l ~ a p  oot JlI kinds. 
I n  the literature v\e find detailed analyses for  a fev of 
these products. For  a repie.entative petroleum, the 
Jat ional  Bureau of Standards published the identification 
of approximately 90 hydrocaibons. These a re  mostly 
yaturated, whereas in the cracked gasoline extensixel) 
used nowadavs there i s  '1 large atiiount of nn-attirated 
hydrocarbons. 

Flie products f rom the r o ~ ~ i l ~ u s t i o n  of fuels liavt~ not 
lieen studied ver) t l ~ o r o u g l ~ i ~ .  Some of these product. 
a re  carl)on monoxide. nieil~~ine. fotnialdehyde. acrolein 
and phenol-'. Similar unsat i -factot~ data a re  available 
o n  the  ro~nluistion products of garbage. Its majoi 
components a t e  of plant and atiiinal origin. arid i t  con- 
tain. i~ high peiceritage of v+oo(i an(l [laper. 'I'he 



combustion will be a partial oxidation which in many 
rasps will approach a dry distillation when, as is often 
the case, not too much attention is paid to a sufirient 
-lul)ply uf oxygen. 

1'or one of the garbage materials. wood, we possess a 
thorough analysis of the distillation products. It has 

been. shown that saturated acids- - mostly acetic acid- - 

are formed, acci.impanied by a few unsaturated acids and 
one %it11 a furane ring. Also formed are alcohols. 
ketone'-. ctlclehydei. phenols and phenol ethers, ammonia 
derivatives and hydrocarbons of the benzene and turaue 
series. In total, more tliar1 a 1111i1cIred com[)ot~nds were 
identified in  these distillates. 

These examples, incomplete as they are, suffice to 
Y h o ~  the conipiexit-y of the material released into the air. 
\X hen tlieqe productb are released and exposed to sun. 
air and water. drastic changes in the rnolerules take place. 
such as oxidation and polymerization. 

This fact can easily be shown in the laboratory by 
exposing unsaturated hydrocarbons to the sunlight. 
Peroxide. are formed, and iodine is liberated from 
potassium iodide solution which has been added to ihe 
oxidized hydrocarbons. This behavior is not lin~ited 
to hydrocarbons. I t  has been shc~wn to occur with a large 
number of oiganic coinpoututs alcohols, aldehydes and 
acids. These peroxides in turn are decomposed and 

smaller aldehydes and acids are formed. The purifying 
action of the air will eventually break most of these 
compounds down to carbon dioxide. 

An interesting experiment on the oxidation of unsatur- 
ated hydrocarbons can be performed by mixing two 
streams, one of dilute ozone and the other of small 
amounts of pure, unsaturated hydrocarbons or mixtures 
such as cracked gasolines. %here  the two streams meet. a 
dense aerosol is formed. This shows some similarities 
to that observed in the Los Angeles a r e a ~ a s ,  for example. 
its oxidizing capacity, eye irritatingeeffect, and its nearly 
neutral character. 

This experiment presents a convenient way of prepar- 
ing a type of aerosol quite different from that obtained 
with sulfur trioxide, and ran be of help in the study of 
collecting techniques and analytical methods in this field. 
I t  also illustrates the possibility of a continuous chemical 
change of the products which one tries to determine. As 
soon as the ozonides are formed, the relatively unstable 
peroxides begin to decompose with the formation of more 
stable peroxides and the formation of acids and alde- 
hydes. At the same time a considerable amount of poly- 
merization takes place -probably the main cause of the 
formation of the dense aerosol. Also. the interaction of 
the products formed has been established, and we may 
therefore expect a rather complicated mixture in samples 
collected from air when uni-aturated hydrocarbons have 
been released. 

i n  such a case, the interpretation of the analytical 
results should be made with caution. and should take 
into consideration the possibility of conversions of the 
original products as well as the interaction of the com- 
ponents. 

On the basis of the analytical work, the conclusion was 
reached that the oxidation of organic material - under the 
influence of sunlight and ozone. and possibly other air 
contaminants such as nitrogen oxides plays an im- 
portant role in the pollution of the atmosphere. In these 
reactions, aerosols are formed which have eye irritating 
properties and which, because of the small size ot their 
particles, are able to decrease the visibility. 

Support of these conclusions came in an unexpected 
way when the action of smog on plants was investigated. 
It had been observed that crops such as spinach, beet6 
and grasses are often badly damaged when grown in this 
area. The symptoms are not identical with any observed 
in other areas. and are certainly different from sulfur 
dioxide damage. 

Effect of smog on plants 

I n  a project combiningthe efforts of the I.. A. County 
Air Pollution Control District (LACAPCD). the Univer- 
sity of California Agricultural Experiment Station at 
Riverside. and the California Institute of Technology an 
attempt was made to study the effect of smog and of 

individual air pollutants on plants. 
I t  is fortunate (although not accidental) that the 

facilities at the Institute's Earhart Plant Laboratory are 



ideallv s~iiled Jur .-,~ndies ol this kind. I D  this Jaht~ratory, 
rooiris are available where the effect of gases on plants 
can lie studied under closely controlled temperature and 
light roiiditiorit. Chemicals can be dispersed in these 
ooliis either in gabeous form 01 as aerowls. '1'he large 
turnovci ol air, amounting to 0,000 liters per minute. a i d  
t iopei  dis~iibiiiion of the incoming and outpirig ail 
make it poisibltb to carr] out quantitative determinations 
on  rht\inical plant damage with consideralile accuracy. 
(,as outlets provided in the doors permit the deterniiiia- 
tion of the coiiiaentration of the p w s  used in the fmni- 
ration. The effect of a riurnbei of possible air pollutants 
\~YI\ sfudied i i r l  CL series of ~dant- '  which lvere know11 to he 
sniceptible lo smog. 

The smog indicator plant- include spinach, s u v r  beet, 
endive. alfalfa and odts. The symptoms on the first three 
species axe mainly silvering or hron~ingiof (he underside 
of tile l e d ,  whereas alfalfa and  oath s h o ~  hieaching 
cflfc'ti. Some lift? ciirnpouiuis pos-,ibly present in the air 
were testcd on their ability io  cau.itx sniog <lainage 
without SIMW-s. However. when [lie reaction pioduct.s of 

o r e  with un-iatu~ated hydrocarbons w i t *  tiied, tvpic.11 
smog t l amge  resulted. 

r 7 1 he o7oni/ation wd< carripd out in vapor phase l ~ y  
bringing tlie vapors of the hydrocarbons into ~OlitAf! 
with the (>/one. V( hen the two streams nitset, ulense 
aerosol is formed which, through the adequate turbulence, 
is readily and evenly distributed in the room. 4q a source 
of the hydrocarbon.-, ten-degree fractions of a ci  dckeJ 
gasoline were used, (All gasolim- i i o ~  availahit-' is 
cracked, and contains 20 percent of olefins, 01 unscitiii- 

ated hydroc~rboiiii. The straight-run gaboline formerly 
used contained no more than 1 perrent of olefins). I t  
w d s  found  hat the maximum of typical plant damage 
ocriirred with the oxidation products of low-boiling 
hydrocarbons. 

After these encouraging results a series of pure olelins 
was tried in the ozone furniga~ion experiment-'. Maximum 
damage w a ~  found to occui with olefins of a cliain length 
of fiie to six carhon atoms with the double bond in the 
end position. 

Active agents in ausing smog damage 

During these oxidations a series of products ate 
formed, with aldehydes and '%rids as end products. 
Fumigation experinien~s wilh these shotv thai they are 
not responsible for the typical damage. We concluded. 
therefore, that the starich of peroxides lorrned by the 
addition of omne to the double bond are the active agents 
in causing the twical  smog damage. Threhhold determ- 
inations cairied out on 1-11-hexeiie showed that oxidation 
of this hydiorarhoii with a concentration of ozone ah lo\\ 
as 0.05 parts pel million still caused slight, bill twical  
sl impiamage.  

11 i-. leasoticible tu  assume that in o u r  dtinosphere 
where olefins are availdl>le, ihf (>Lone uhirh occurs iii 
unpolluted a i l  in concentratioii. of 0.05-0.08 part- per 
million ronibine5 with hydioraibor~s released in the 
area to produce material causing croli damage. Hun-  
evw, the exieni of the damage expeiiein*ed when a snsog 
wave hits the plants lead, one to suspect that there are 
additional means by which oxidi/ed fi~irorarbotis  roiild 
i t %  formed. 

I t  lias l i i w i  ilunin that oil fractions acquire ~ e e d -  
kil1inm)iopertie-i  lien t'xposed to the action of -.1111- 
light ami oxygen. Saturated as well as uti-'aturated 
hydrocarliori~ are thereby oxidized, yieldingperoxide-. 
and [heir conversion products, aldeh\des and tivids. 

Oxidizing the hydrocarbons 

A third way of oxidi/ing the hydrocarhoiis was found 
in the plant experimeiits when oxides of nitiogen were 
used together w it11 olefin.-,. These oxides add to the 
double bond of the hydrocarbon and form nitrosatei and 
nitrosites. Fumes are produced which can be eye-irritat- 
ing when the reaction is taking place too \iolcntly. as in 
the case of butadiene. tliroiigh the formation of nitio 
olefin.-,. While i he nitrosate- and nitrosites are not caus- 
ing plant ddniage at conwtilration-' lower than one par1 



W I  million, one of ill? nitro olefiiis. nitroelliylcne (a Â ¥ ~ - l  
~Hicivr~t h i r h ~ y m a t o i ~  did produce smog symptoms at 
coin-eiitrfttions of 0.1 part pet million. The presence 
of  this (*ompound i n  tlie ail has riot been estahlishecl. 
:~l~liouy:h theie i5 evidence thai some of the higher nilro 
iilchns do orcur. since we fouiiil small amounts of their 
) o h  n i ( , i ~  in ihv filter-paper extiacts. 

Since i t  was known thai the riitiogeii oxides ma\ 
ti~nriioii f i  oxidation ~tfttiijsts uiide~ the influerice ol' 
light. pittiit fu~r~igations wet e also carried out with 
i t  dioxide and [lie olt~fiti1- uridei ultraviolet light. 
Tvpicdl siiiog fimiagc has produced o n  ~ I I P  plants uith 
hot11 gasoline aiid 1-it-hexme. These syniptorrii ran be 
1iroduccif retidilv in sutilighi since, froni chemical evi- 
deiicc. it is known  that the upper limit of the photo- 
r a t a l~ t i c  artion of nitrogen dioxide is at approximately 
I'WO 4. a wa\elengtli ot light within the rat)"; eoi 
wavelt~t~gtlis ieceived Irom the sun at the earth"-' 
sui lacc. I. iiift~i tlit* iiifhience of the light the re:ii~~ion 
N 0 2 - + 0  1 0 iuii i ishe~ titon~ic oxygeit v^iirh is avail- 
dlile iot the oxidation of the li\drocarl~oi)s. 

Smog effects on rubber 

Supportiiis; evidence tor tins \02 cataly~cd oxidation 
came from a lotall\ difterent aspect, of the smog prob- 
lem. Tire inanufaclmers had observed that ruhher 
deteiiorates fastei in this area than i n  other parts of 
tlie i o~int rv. The eff ecis observed are rapid cracking 
v\ lien du' uibhei is stretched 01 bent iluriiig tite t~xposiirc 
to [lie atmosphere. This pfl'ect was initially attributed 
to tlie o7one in  the atmosphere. llowevei, siiice it was 
shown that the high uxidizing value of the 'air was not 
due to the action of u/oiit', hut to that of peroxidizeil 
organic i i ~ t c i i a l ,  it was i iecessq  to find another 
~xpl~ii~ti t iot i  foi thik ~iherioii~enoo. Jh. C. K. Hiadley 
developed a lechnicjue to study iiihber cracking hy plar- 
inp hetit' rubber strips iii a measured sireain of air. 
I ndei the condition'-; of the test, i t  take< half an hour to 
o w  liout to piodiice c i c ~ A i n g  on a iioii-sniog day. %hen 
the s m o c s  81 ~i iifiiximuitl. the cracking is visilile after 
or14 %ev?n mi~iiites. This clacking effect can be (-om- 
iared ~ i t h  thd~  caubtd by ozone. While. for example, 
on a noirnal day the concentralioii of "ozone' calculated 
in thib way i s  2-3 parts per hundred million, on a smug 
day calculations 'how that there should be 10 parts per 
hundred million of '"iozaiw"' in the air to give similar 
daniagc. 

\^ in t h e  plant experiments, many substances were 
~ r i e d  VMtlioui producing tlic typical cracking. and when 
i t  was found that the action of sunlight on hydrocarboris 
and nilrwen oxide gave plant damage, bent rubher 
samples were exposed to a similar action. The result'- 
of these tests -.bowed that cracking of rubber similar to 
thai caused 111 ozone could be produced. In this case, 
the rubber, beingan olefin. functioned as did the lighter 
iit~satiirated hydrorarboiis in the plant experiments, as 
avc<>j~tin 01 ihe uxy y r ~ .  

r 7 I lie ev iden t  from these different lines of research 
all points to the prc'eiivc of peroxidized compounds, and 
a direri (lenion'~tration of their presetice ran be made 
when enzymatic reactions are iiscd. Peroxidase is able 
to oxidize a number of amincs and phenols to colored 
coiiipoiiinls onlj  1% hen hydropn peroxide or alk! 1 
peroxides are present. This reaction is readil! giw'i ky 
condeiisatei collected from tlic air in trclps coulee) with 
liquid oxygen. This peroxidasc ri'artioii and the color- 
ing of the reagent is prevented 11) poisoning the c r i z p c  
with hydrogen cyanide. thereli> e s t a b l i s l i i n ~ t ~ a t  {lie 
color is not due to a non-specific oxidation, hut to the 
enzymatic action of the peroxidase. 

As a result of [his work \\c have come to the con- 
cliision that the organic material. mos~l l  li\droearhoiis. 
released into the air is oxidized 1)y the o ~ o n e  initially 
present: by the action of oxypi i  and suiilight ; and by 
the catalytic action of the MI2 and V) cjcle releasing 
atomic oxygen under the influence of the sunlight. These 
oxidations produce peroxides, aldehydes and acids, and 
aerosols arc formed whicli decrease visil)ilit\ and would 
be a source of eye irritation. In addition. iide reactions 
such as the addition of the nitrogen oxides to the double 
lwouds might occur, gi l ingrise to aerosols. as well a'- eye 
irritants. These reactions are incorporated in the follow- 
ing scheme: 

\ ,  

-a  
EYE IRRllATION 

PRODUCTS RUBBER CRACKING 

lf'or 'i totdl pirlurt- ul tile an  yollutioii 1irol)let11, the 
presence of inorganic malt-rial* catmot be neglected. 
Surh a roiitribution VM' find in the StL, which through 
its oxidation with Â¥srnligh and oxygen w i l l  decreae tht* 
visibilily. I ndoubtt~dly the rakalytic action of ttie NO.. 
with light plays an important role. as i n  the case of the 
oxidation of the organic material. Through the toinbinecl 
efforts of the enforcement agencies as well as industry. 
this source ot pollution has been greatlj reduced, as has 
that of metallic diists. 

Where we go from here 

\Vi l l i  tlicse i(lcas o n  the callst-- of tlie srnog nuisance. 
the sirlog eihiiiiatioii has entered a n c ~  phase. Careful 
studies have to he made of the amo~ints and nature of 
the organic material released into the air. In this way 
we can hope to make u p  a balance sheet on which all the 
deposits of the coiitributors are listed. Only in this 
uieinotional way ran we hope bring relief to this area. 



D A Y  

Bt-I O K I .  1 1 g f c  v~ V K  the In-titule used to hold dII t i r ~ t ~ t i c i l  

open house f o r  (lie pubfir. The popularity ot [hi'- uftau 
finally reached the point where sorne 20.000 r i t imih 
stormed the In'-titute on Exhibit Pa? am$ all but brouglit 
its normal operation to a standstill. The v\ai finally 
caused the abandoninerit of this function. 

r 7 1his month the Institute held its first p o s t - ~ < n  open 
hou-e. I t  \\a" open orih to pro-11ecli\e sludenl-' thi- 
time. a n d  about 750 senior% from soiithein ( A i l o t n i a  

'high srliool-i were selected. 1 ) ~  their le i i~ect ive jirincipal+ 
and iiciericc tt~acliris. to vi-iit tlie ln*titutt> on S t u d e ~ n ! ~ ~  
I la?.  Satnrda'\ D e c t ~ ~ h e r  2.  

Accompanied b \  111ei1 t t~ac l ie i~ .  l l n '  high s(hoo1 
itudenis -^perit the r x i o r n i r ~ ~ o ~ i i i t i g  tlie 10-odd exhil)it- 
v\hii.'li \ \ere  "el u p  and operaled l)\ Tccli students in dll 
the major departments. After a box lunch i n  the student 
houses. and a talk In Pievident DuHiidge. the student" 
attended demonstration l e r l i i r e ~  in tlie aftel i1oon. Sotne 
of the things the? ~ a w  and did a l e  shoun  o n  tlie-t" pp. 

In  the ni'u l ~ ~ i t g i n ~ e r i i l g  building Rill Priglit '51 d m -  
ori,'vtrates a r c  uu'lting o f  titanium in  helium atmosphere. 



but as won os the 1 ;$ i for  l e t s  go of t/w aluruinmil ring 
i t  juinps after hun. due to fltc ~f>pulf .nin 01 tin' i ~ g ~ t c t .  



T W O  N E W  
R T I O N  

D E T E C T 0  

Institute researchers develop a nonstop 

cloud chamber and a nonstop Geiger counter 

by C. M. STEARNS 

El <AM \\ . ( ,<w \ \ .  hi . td i i t  1' iofew)r 0l" Physics 
w o ~ k i i i g i i n  Carl 4tiilei*oii7s ~ r o u p .  has wweeded  in 
making ibosrnu'-r'x'v tracks v isihle on a 2 l-houi h i > .  
The standard "cloud cliainbei'-" that ptnsici>t-' use to 
make the track. of .uhatomir part i d e s  \ isihle m e  good 
foi one set of tiack'- e v e n  few ini111ite-i: but blip chamber 
has to have ci rest ht~tvecri sets. ( \~waii \  "continuously 
sensitive diffusion cloud ( h n i b e r . "  on tlie other hand. 
ran latch particle tiaek* one after another fo r  consider- 
able leiigths of time without pause. Furthermore. 
Cowd~l's cloud c h a m h t ~  i n  small. inexpensive a n d  simple 
a n d  thin is a good thing. -lince it is at present more 
of a cosniir-ray dernonstratioii iielice than a pieci'ion 
research instriimerit fo r  which cinyoiitS ~ o u l d  care to 
t i  it laruy --uni of money 1 .  It is -0 .imple. in  Cart. 

-rirli a s  the ~a i t inn i  on a watch dial :  it inai  come fro111 
a particle accelerator. such as  a cyclotron; or it inaj  he 
a cosmic rav eithei i n  the priniary form of a paiticlc 
r o m i r ~ g  in from outer spare. o r  in the secondary fo im 

of a particle set in  morion liy the primarv r q  in a 
co l l i~ io i i  with ~ i n ~ e  atuni in tht, eartlk's at~iio>phert.. 

The  particle5 that make up cosmic ray* a re  thy 0110s 

that rrioht cloud rhaiiibers, including ilie new one. 'ire 
de.-ipned to study. Dr. Cowan's iieu cloud chainher not 
only rnakes die tracks of such cosmic-I a \  particles con- 
tinuously visible: bill also "holds" each track Ion"; 
enough for pas) visual inspectioii. 

D i e  riel* cloud chamber- in one form. is little rnorc 
than a liox, with transparetit sides. s i t ~ i n g o n  a cuke i i t  

o r d i n a q  " d n  ice.'' The liox i *  i'overed %it11 a pad 
which has been soaked with >-ligIitl\ heated dicotiul. 
The heated alcohol vaporizes and. under the teniperatuic 
conditions that the heated top and cold bottom of the 
box dictate, diffuses downward inside the box. At this 
btage. siiice the alcohol vapor  is a n  imisible  "5. 110th- 
inn ran  he seen inside the box. 



I I O M ,  a i h ~ p t ' t l  cosmic-ra\ particle such a-i ail 
electron passes through the box. i t  disrupts the atoms 
in its path ~ i i d  leave-. a trail of elect1 icallv-charget) 
kagn~ei i t s  behind it. The alcohol vapor coinlerisf-, on  

these fragment-. to make visible droplet-.. The end 
result is  a cloud trail a thin thread of droplets, t~asily 
visible in a strong light, that marks the oath taken hy  

the cosmic ray. 
Other cloud chambers rely on the same basic phenom- 

enon the condeiisation of vapor on the charged ion- 
left in the wake of a speeding particle. But. to achieve 
the conditions that must exist fo r  auch condensation to 
occur. the) require a sudden, large drop in pre5iure in 
the chamber; and this in  turn requires. besides some 
fairly complex mechanical appaiatus. a rest period 
ranging from one to several minutes between opeiations. 
Only the tracks of particles that pas- through at  01 

about the time of the pressure drop a re  made visible. 
and thew tracks remain \ is ihle  fo r  only about one-teiith 
I a second. The continuous cloud chamber require* 
neither n i o v i n g p a r t s  nor rest periods, and the tracks 
that appear  in it remain visible fo r  several seconcLs. 

In its laboratory form, the continuous cloud chamber 
has many refinements. Electric elementq hedt its top. 
which supports a pad automatically supplied with 
methyl alcohol. The  inert pas argon fill5 its interior. 
An elrctric field, energized briefly from time to time. 
m i l s  I D  tlie top or  hottom the charged fragments ttiat 

the passing r t i \s  hare  let I. lea\ ing thtt clurr~hcr inoic 

some promise in the held of inve-i~igation of "elertroti 
showers." cascades of thousands of high-speed electrons 
that cosmic iav- sometimes pioduce. Other u-es i v i l l  
undoubted l~  be diwov w e d  to take ad\  antage of tlii 
continuous operation of \ \hirh the chamber is capable. 

At pri'ient. the liest use of the coiititiuous clond 
charnhei is found in teaching atid demonstration. I t  
can. a t  a fraction of the cost of a riasaic cloud chamher. 
make available for stuch the t iarks  of main of the 
20-odd cosmic-ra\ particle. that strike e\ t a n  foot of 
ground at yea l e ~ e l  e v e n  second, and thii- provi<le an 

P G E I G E R  C 
Wnii fi rnr h s ~ i ~ i l r r , ' s  Phy-iics Division was 1 ) ~ s ~  
making a r~onstop cloud chamber. the hetter to watch 
one kind of radiation the B i o l o n  \Divi-.iott was liuildin"; 
I noristop Geiger counter to measitre another kind. 

Dr. (Jeoffrey Keighley. concerned over the tedious 
o u r s  spent hy lal) assistants in measur ing the  minute 
radiation t-mitted hy the various material;. resnlting from 
'tagget1 atom" rei-eardi, has  finished an autorna~ic 
counter that doe, moat of the work without human 
assistance. It takes ah man) as  100 radioactive saraplr\. 
examines the ra(lioa< tivity of each for  any preselected 
time between five minutes ar~cl one hour. and prir1t.i it- 
finding* on a paper tape. Though it is not the only 
device of its kind in existence. Keighley's counter ha> 
rertain advantages ovei the few others that have been 
m i l t ;  a n d  its ability to work nights and weekend* 
without siipeniaion is of n o  mean value to Ca1tech.s 
Biology laboratories, whose light-' 1)urii late enough a' 
i t  is. 

I i i  biological researrh that relies on " t a g p 4 "  atoms. 
or iadioadive tiareis,  sani[)le-roiintiiig is the h n d  

r o n . u m i n ~ c h o r e .  
I s u a l l ~  this "counting" iimil\t^ puttiugeedch saw1)lta 

i i i  a Leiget rouiitei that measuies. jq ies1wridir1g to the 
particles ejected b\ ea rh  raclioactire atotii as i~ disinte- 
grate$. the nun~liei  o i  radiuacti\e atoiii- l)re-.ent in the 
-.ample. Then the operator rnu<t wait perlidps SO 
minutes hut r o t  29 or 51  ) for  the coiintet5-. report. note 
acciiiatt~lv the "coiiiit" ( a n d  often -.everal hundred 
thousand ctto~nic disiiitegtations dif involved. e\t"n in 
a half-thiniLlcl'i.il of material 1 .  reinole the 'ample. reset 



tlic counter. put in anothct <aiiiplt>. and so on. Since 
many rxpe~inn-i l ls  1)ro<!uce hft> 0 1  moie -lainpit's. i t  is 

easy to see Ã § l i  a machine to do this jol) autoinaticallv 
5 v\cl,-omt~<l 111 1lu41nstitute biolnjii-ts. 

r 3 l i t -  automatic rounter itself is a ~ ~ i t n l ~ i n a t i o n  of the 

I it is e ~ c i  ntxct,-Tiarv. ihe r o m i t e ~  r a n  make one- 
hour count' ol 100 samples. opeiatiiig unattended fox 
ovei four  d a l -  and tuiiiin;;; i twlt  off at the t ~ d  of tlitx 
joli. Since a ';SO-ininute iountirifi time i' usuall? long 
t'nough. and since there d ie  iaiely n~a i j?  a. a full 100 
*ainples. tlie tmchinc bi l l  pio1ial)Iy nevex tak<> o ~ i  a 
1 iliat long: hul a day o r  two of uork  ma\ he expected 
l o r n  I i ine to I i me. 

so  far,  Keiphle1'- counter has -.pent most of it', tirnv 
" " w u i i t i n g  iadioacti\t, 'aiiiples oLtdiiie11 in  a studv of 
)rotein 9 iithesis. I f  has lieen known f o r  man\ veais 
th'it li\iiig s ~ e i u ~  somehow take a selection of the 21 
iomplex cliernical compounds known a+  amino acids 

Dr. ( r f ' o f f r ey  1<eig/t/cy's- automatic counter measures 
minute radiation emitted by ~ i r i o u s  mater~al f i  resulting 
from " t a ~ c d  i i ~ o m '  research. Samples  move beneath 

and out of thein make piotci i~< muscle. n e n e .  lilood, 
pel m-cell, bactm'a. v ims,  d e p e n ~ i i n ~  1111 what s j  stern 
is doing the inaking. ho one knot+-. hoi\ the Ihin"; 
sptem-i  do it. A mo\t promising attack on this problem. 
i n  attack al-o being made in othei laboratorie-. a l l  over 
the \\oi l i i .  is to incorporate I adioacti\e atonic (usually 
atonic of carhoii. in their radioactive forni of carbon 11 
a re  ~ s e d  I into the v ariou-. t t i i~ino acids lo see what the 
living -interns 00 with eacli acid. The autoinatic 
countel. after ihe expeiimetit-. lui\e been run and 
'ampler obtained. l)iu\ idt,, the resiills for the seientistb 
ttlio sit' ~ + O r k i i i ~  oil lhe ~~io le i i i - spn the ' i i~  problem at 
the In.titute. 

A money saver too 

Sfsides *dv ing i r i~im teiliou-. inan-hours. the autoinatit  
couniei should save iiioiie\. Ktidioactive carbon 11 i+ 
olitaine<l. in quantities adequate fu r  ieseai ch of I hi3 -art. 
oiilv from the Oak liidge nuclear icactor ot the Atomic 
' n e i o \  (.onirriis-ion. and i-. expensive txvtbn though the 
A.K.L. proxides i t  at a. lo\\ a cost as  i- po-.silile. I h i l d -  
in"; a i  lion 1 1 into aniiiio aciils is an extreinely complex. 
i n d  therefort, expensi\e. p i e c e s .  1 et. the less carbon 11 
that is u w d  In a oi \en experiment. the longel each 
'ample ha- to bts counted the lei- the radioactivity o r  
the \mallet the -.ample. the longei the time necessaiy to 
grt ,I s c i e ~ ~ t i f t r a l h  acceptable connk. \\'hen inen and 
women cire doing tlu- counting. this i.-, im1)ortant; when 
h e  automatic i ~ ) u n t e i  ib i ioi~ip it. lime i-. no Ionper 10 

important, and le- of the expensive carhoii 11 and 
carbon 1 1   compound^ need he n-.ed. 





PRELUDE TO A SQUARE MEAL Today, about 1235% of our population works on farms and ranches, supplying food for America and 
the world. And steel, more than any other material, has helped to make their work easier, their production greater, their lives 
pleasanter. For steel not only gives them strong, weather-proof roofing and siding for farm buildings like these, (U-S-S Stormseal 
and U-SS Tenneseal are famous names in rural areas) but helps to bring them modern farm machinery and equipment, the 
blessings of electricity, fast transportation and scores of other benefits. 

THE CAP IS THE CLIMAX. Many of the  
things we need to keep us healthy and 
happy these days come to us in handy, 
closed containers. And the caps, or 
closures, of these containers are actu- 
ally the climax to a painstaking effort 
on the manufacturer's part to keep the 
container's contents pure and safe. 
Last year, 53,592,563,699 of these 
closures were used in America-many 
of them made from U-S-S Tin Plate. . . 
steel with a very thin coating of tin. 

KEY TO BURIED TREASURE. This is a rock 
bit, the steel drilling tool that chews 
its way down through the earth to tap 
our deeply-buried treasures of oil and 
gas. For such bits, U-S-S Alloy Steels 
supply the super-strength, the extra 
toughness, the high resistance to im- 
pact, shock and abrasion needed for 
drilling to great depths. 

AMERICAN MIDGE COMfANf' AMERICAN STEEL & WIRE COMPANY. CAIiNEGIE-ILLINOIS STEEL FORPORA~ION* COLUMBIA STEEL COMPANY * H. C. FRICK COKE AND ASSOCIATED COMPANIE' 

OLIVER IRON MIN ING COMPANY ! PITTSBURGH LIMESTONE ATION * PITTSBURGH STEAMSHIP CO 

BNiIED S H I E S  STEEL PRODUCTS (0  



O R M  WINDOWS LAST A LIFETIME. When 
iur storm windows are made of U-S-S 
sinless Steel, they're an unmixed 
essing. They cut fuel costs, increase 
om comfort, of course. But what's 
ore, they're corrosion-resistant, 
an't warp, bend or twist; they never 
ked painting; they last a lifetime! 

ROAD SEPARATOR THAT TALKS. Supplying reinforcing steel and cement for mod- 
ern highways is one of the important jobs of United States Steel. Making 
highways safer is another one. This traffic lane marker, developed by Universal 
Atlas Cement, does double safety duty. Made of Atlas white cement, it is 
clearly visible a t  night. And its corrugated design (inset) actually causes it to 
sound a plainly-audible warning should you veer out of lane and your car 
tires ride on the corrugations. 

lislen lo . . . The Theatre Guild on the Air, presented every Sunday evening by United States Steel. 
National Broadcasting Company. coast-to-coast network. Consult your newspaper for time and station. 

and this label is your guide to quality steel 

STEEL COMPANY ' GERRAKD STEEL STRAPPING COMPANY . M I C H I G A N  L I M E S T O  E S, CHEMICAL COMPANY ' N A T I  N A l  TUBE COMPANY ' O i l  WELL SUPPLY COMPANY 
EE COAL, I K O N  8 RAILROAD COMPANY . U N I T E D  STATES STEEL EXPORT C S W W  
\L ATLAS CEMENT COMPANY ' V I R 6 1 N I A  BRiDSE COHPAHY 



National Science Foundation 

P ~ h s i u h ~  h l j ~ l r ) < ~ ~  was appointed by I're~iclent Tru-  
man last. month to tlie Roard ot the r a t i o n a l  Science 
li'oiindation, set u p  hy ( . o n p e s s  to develop and encourage 
"the formation of a national policj fo r  the promotion 
ol basic research and education in the sciences." 

The 24 appointees to the hoard 17 of then1 educators. 
7 prominent in various scientific fields represent all 
sections of the country. Besicley l ) i .  1)uBi id" the! 
include: Sophie 1). 4berle, Special Ke-iearch Director. 
I'nivcrsit> of hew Mexico: K o h e i ~  Percy 15arnes, Head 
of the Lhen~istry Department. Howard I riiversity ; 
Cheiter I .  ILirnaiJ. President of the Hockefellcr I'oui~da- 
Lion; Detlev Vi.  I-ironk, Piesident of Johns tlopkins 
I niversity ; (Ãˆert T h e i t w  Cori, Proftbsior of Biolugi(-a! 
i.heniistry, \Vashiiigton L'riiversity Medical School: 
Ja i r i e~  Bryant (.onant. President of t l a n a r i l  I niver-it's : 
John W. Davis, President, West Virginia State (.allege; 
(Juries Uollard. President of the Cariie+e ( .o rpo~at ion :  
hdvMn 15. Fred. l'reyident, I niversity of Wisconsin; Dr. 
' a n l  M. (;rosy. Dean of the (.;raduate School, Duke 
I iiiver-.ity; (ieorge I) Humphrey, President of the I^tii- 
ver->it\ of b o r n i n g ;  Dr. 0. W .  Hyman. Dean of the 
Medical School am1 Vice l'resident of tlic l1niversit-y of 
Tennes-ieq Koher~  F. I,o& Bard Piofessor of iVIedical 
Serv i w i  College of IJhysirians and Surgeoii- ; Dr. 
Donald 11. A'lcLauyhlin, President of the Honiestake 
Mining (A. ;  Frederick A.  Middlebush. President of the 
1 niver-ity of Missouri; Eilward I,. Moreland, IJartner. 
Jackson & Moreland. Engineers; Joseph C. Morri% Head 
r ~ f  the Physics Depcirtment ami Vice-President of Tulane 
Ilniversitj : Haio ld  Marston Morse, Professor of Mathe- 
inatics, Princeton 1 uiversity ; Andrey 4. Potter, Dean 
of K n ~ n e e r i n ~ ' m d i ~ e  Ilniver-iity; James A. Reyriiers, 
Directoi of the Ractei iolog~ 1,aboratories at  \otre  Daint. 
I niver-ity; 1-Iviii ( A  Stahman. (.hief of tin- [Division of 
IJlant Pa t l io log~  & Hotany. I ni\ersity of Miniieyota: 
( lurle-. KcKvard \\ iliori, President of the General l\lec- 
tric (,o.; Fatrirk J-Ienr\ Yancey . Professor of Kiolopv. 
Spi ing  Hill i.ollege 

Trustees 

CH V I K M A N  o b  ,I H L  Ho \ i< i )  James R. Page annnounced 
the election of three new Institute trustees last month 
Leonaid S. L-von, l l a r r j  J.  Volk, and Kobert W .  Vliller. 

Mr. Lyon. a paten1 attorney. is a member of the firm 
of [.yon & I.yon in Los A n p l t ~ s .  He is president of the 
(.alifornia Institute Research Foundation, a memhel of 
the I . S. Patent Oflice advisory comniittee and a lecturer 
on patent law at  Stanford Iniversi tv .  

Mr. Volk is vice-president of the Prudential Insurance 
 ompa pan^ in charge of vvestein operation-, with office-. 

I I s  Anples .  He is also ;i trustee d 1<11tgers 
I ni l  ersity . 

Mr Miller is a director of h e  Standard Oil ('ompany 
of California and  president of the Pacific Lighting 
Company of San l:ra~i~.ibro. He has the adder! distinction 
of being the first n o n - ~ i 1 1 h ~ n  (^alifornian to l)e tblei-ttvi 
to the Institule'-i 2 1-nian board. 

JPL Expansion 

BIDS l OR 1 H i '  STWT of a $008.000 conslriictioii. expan- 
sion and relocation project at the Jet Propulsion 
Laboratory sho111d be annoimced this month. The work. 
\vhic11 ha-. been authorized hy (~ongress. includes the 
demolition of ten sniall building-. Ã § h i c  aie now 

ob-olete. construction of two new wings on the engineer- 
inglal i i i ra tor j .  cor~strnction of a mv  rehouse, so~iiid- 
s ~ p p r e s s i o n  of the rocket-test valves, and landscaping. 
I+'undy have been allocateil as  pcirt of the Militar! 
Oonstiurtion Rill tor the s t rengthcri i~~p of tlic rialions 
tIeffllse^' 

In if.\ October i.'i.$ue E & 5 ran a picture of yi l l iutn V .  
Otto, Prepurotur in the (rectos' Division, surrounded hy 
L irzus.\ o f  holier u~At'c/t tic cluinied umild p i  t ~ r~ t~ i / t l l y  
n~/ ;ke  (i reconstructed skel(>ton u/ a ground sLot/z. Tin, 
awesome result, shown o l m  c, is on di.~pI/;'v in  Mudd f i l l .  



the worl 
ALL THE WORLD MOVES ON BFARINCS-bearings of steel, Carbon provides bearings in special cases where chemicals 
of wood, of plastic, of rubber, ot carbon, j es, even hearings would attai k inetals. And in many ships the propeller shaft 
of ruby and sapphire. W of them reduce the friction of turns in plastic bearings that are not affected by salt water. 
moving parts. Every time J ou start your car or plug in your The people of I'nion Carbide have a hand in providing 
vacuum cleaner it is bearings that make possible snunith, better materials that go into bearing;-; of all sorts. Perhaps 
efficient action at a variety o f  speeds and under ahno'-t any thev can help solve your problems with materials of these 
operating load. t r  other kinds. 

Great roller and hall bcarings of six-rial alloy steels, I R E  E : I f  *ou uoidd J I L ~  to know more about man% 

rullninc; on their own smooth tracks, our giant ~ f i ~ e f ' " " i t ^ o ~ z l ' p ~ ~  * Ã ˆ . s e n d f o  t'6p"'i1'tr,ue'* 

hwklei "Products awl Procrsses." I t  teHf limt 'science 
loeomotixcs. Small hearings that fit in the palm of your and indintri m e  1 C\ , ' t / / o~ , ,  Chemnal~,  Cttrl,onsv 

Gases, and Piusties. Write for fin' doollei G.  
hand arc vital to your lawn mower. J our washing machine 
motor, your mixer. And bearings, known as jewels, of 
ruby and sapphire. smaller than the hcad of a pin, increase N I O N  CARBIDE 
the precision of your watrh. './' 

Other materials bring you othci kinds of bearing\ too. 3 0  E A ~ T  4 2 ~ ~  sTREEr N B W  Y O R K  1 7 ,  N. Y. 



Some Notes on Student Life 

"HI n i , u i - ~  ( ,AVF a loud groan. took 1111 a liook W I I -  

rerried with the course he was nio-t behind in, and 
ambled into the sun-flooded court. The mid-term hlues 

small wonder they called them "lilue s l i p . "  The  
Heave1 had got his share too. 

A s  he selected a nice sunny nook iincl betook himself 
to a chair therein. he asked himself w h y  it w d s  thai he 
was consistently behind and concluded that it \+as due 
to the i r~tmmeiable events which had taken place qince 
the start of the school year. This masterpiece of ration- 
ali/ation was the one lie always used. 

He grunted audih l j  a s  he thumbed through the index 
to find the approximate location of the material he was 
to have studied during the past -even weeks. The hook 
creaked. The Beavei moaned. 

M a n y  fiiint \-toy lines, railed "mtclli tc lions'", orig- 
inrite i7t utomic transition', hc tucm s/a/c.s o f  double 
i n n i x t i o m .  

h o  sooner had the f rosh rotation and initiation taken 
l)Iare than a s t r ies  of exrhange eflances broke out. Then 
came the n m l ~ i p l i c i t ~  of fail-term v\ents. 

I'he Pajamarino was a great event. Tech rnen had 
donned gaudy night attirta and danced \+ill) \ar iou\  
(legreei of  madness arournl a bonfuv of inon-trou. pro- 
pot tions. Then. escorted st~vtlra I motorr) r l e  polire- 
men. the'\ proreeded to the American Legion Hall. l)el- 
lowing all  the while. Prizes were given to tlio-'e in  the 
most fantastic co-itunws and thete were many -iich. At 
the Aineriran Legion Hall. wht~ ie  the Occidental creis 
held faith \+ill1 short skiti  am1 songrroutines. the female- 
starved Tech men sat heady -eyed and swayed impel - 

ceptihlv to the strains of the ui~nai i t ic  s o r i p  tihiit issued 
from the red-lipped coed.. 

liut [hi" could not la.[. The Trrli c l i t ~ ~ i - l e a d e i ~  

Inter-House Dance 
r 7 1 he Hva\ t~ sighed. H'11 d upon the l'ajarnariiio hiid 

followed the inlet-house dance. One of the dis- 
advantages of the inter-house \ \as  the vast m o u n t  of 

preparation. A tremendous iocket h e p n  lo shape up 
in the Rickett- courtyard. and the -ound of r a r p e n t n  
issued forth 'it all  t i n ~ e s  of d q  . The l)abne\ nit-11 f o u n d  
a certain fascination in buildirigi~ti t'lectionic tnenagerie. 
and great buaids of impiessive dials. li$ts and r e l w  
were erected in older  to co t i t~o l  the lithe probosci. of a 
papier-1nach6 elephant. The Klackt~i i~es fashioned a 
toad-stool of astronoinical dinieiisioii. to w r \ e  a- tlie 
entrance to their underground dissii)ator\. Flemin":. in 

I i ( 1 1 ) r ~ ~ ~ y  look on ( t  c i t r u s  d t n i o . ~ ~ t i ~ n '  j o ~  / l ie intt~-lnni.'vi* i-iiial aliandon. created a steamboat which inrliided as  a 
dunce, puf ( / A  orche\tra / ~ t t / t / ~ ; f l  liiirs / 0 7  ~ ~ ~ j t ~ t v ~  s(~/i'c. CONTINUED ON PAGE 26 



Crankshafts stay rig! . . . foods stay frigi 
Designers of a compressor for refrigeration plants 

<r <, 

were looking for a way to insure smooth, depend- 
able crankshaft operation. They couldn't risk the 
chance of breakdowns-and the food spoilage that 
might result. 

They stopped possible trouble at the design stage 
-by mounting the crankshafts on Timkenl@tapered 
roller bearings. Timken bearings take the heavy 
radial, thrust and combination loads, prevent shaft 
wobble, insure trouble-free service with minimum 
maintenance. 

Q: rt on space? 
A: TIMKEN bearings! 

ecause Timken bearings have a tapered design, 
carry loads from all directions. N o  separate 

thrust devices needed. Also, Timken bearings have 
line contact between rolls and races. This gives 
them greater load capacity, permits use of smaller 
bearings. The space-saving feature is another reason 
why 9 out of 10 hearing applications can he handled 

ore efficiently by Timken bearings. 

1.kOC.MARK R t S  " 5 ,A, 0". 

TAPERED ROLLER BEARINGS 

nt to learn more 
about bearings? 

Some of the important engineering problems 
you'll face after graduation will involve bearing 
applications. If you'd like to learn more about this 
phase of engineering, we'll be glad to help. For 
additional information about Timken bearings and 
how engineers use them, write today to The Timken 
Roller Bearing Company, Canton 6, Ohio. And 
don't forget to clip this page for future reference. 

--------------------------------------------------------- 
NOT JUST A BALL 0 NOT JUST A ROLLER o=) THE TIMKEN TAPERED ROLLER 0= 
BEARING TAKES RADIAL AND THRUST -a- LOADS OR ANY COMBINATION % 



H E  CONTINUED 

iricijor feature, a bar. Throop uti l i~ed its more t'unc- 
tiorial architecture to set u p  such carnival concessions 
i s  <i t unne l  of love. a penny toss and a dart-throwing 
Ill~Otll. 

The Beaver Dances 

? a h !  It \\a> small wonder the Beaver ha5 unable to 
get anything done. The Mudeo liad come and gone. and 

the iiupossilile had lia[)pened ( 0 1  the tlliid time in the 
liistory of Tech: the Frois11 had won. The Fros1-1 pulled 
together and hauled the indigiiarit Sopli. into the rnuddy 
pit, though when it was later pointed oul that the lcrosh 
had had five more men than (he Sophs. ihc tug-o-war 
\ ic lon vtas ~raiisi'erreil to the Sophs. The sack race 
proveil futile to the secoml-1 ear iiien ; the newcomers 
hopped a\iav to a n  e a q  win. The Sophs sole win &s\s 

the ~lieell iai  row race. They navigated tlie niudtlv pit 
with remarkable speed while the Frosh tried the less 
eflec~ivc method of a submarine croi-sing. Hu t  the 
upper-dassrnen nevei again gained the initiative. The 
lioise and rider event proveil earth-shattering; one 
remaining Frosli team wiped out three sets of Soph*. 
Kven i n  the rnud fidi~ for eleven tires the judges had to 
l)t"-tow ]lie IdnreIs on itw Fr0.h. And w i t  weul t i l l  
the wore against the Sophs h a s  5-2. I t  \ \as the Sopli< 
who were lierit on throwing the Junior judge-^ into ihe 
pit. as c~~stoti i  requited. but tlic joy-laden Fro41 iiianagepd 
I D  help i fev* escape. I t  was all mos~ erratic. 

7 7 l i e  sun had managed to escape the Heaver's nook. 
The printed words flowered up at him through the Line 
h a ~ e :  Dm' to the l a r p  spin-^pin interaction o f  the 
electrons in l^S-coiipling. 5 and S process rapidly 
around their mechanical resultant S. 

on wiring.. . 
Sir and Madam, may we have your ear for just a 
word about wiring? The word is "adequate" and the 
time to say it is right now, when that home is in the 
planning stage. 

You'd turn thumbs down today on a home with no 
wiring-it wouldn't be'modern. Well, today's home 
will be quickly out-dated unless you provide enough 
circuits, outlets and switches. Electric service means 
a lot today, and it will mean even more as time 
goes on. More in living comfort, more in dollars and 
cents of market value. 

Certified Adequate Wiring, at a fraction of the 
total building cost, will makc comfort last and keep 
the home modern for longer. It is wiring for 
sound -investment! 

Ask your Edison office to send a trained Adequate 
Wiring advisor to help with your plans. There is 
no cost or obligation. 

SOUTHERN CALIFORNIA EDISON COMPANY 



Building thc first Amtric.ini7ed Presires5vt.i-dncreii: 
Bridge. (.rane which exceeds designed lo.id c.ip.icny 
of thie bridge operates safeiy on the unfinished span 
before its concrete slab has been laid or laterdl 
prestressing applied. 

The bridge, located in Madison County, Ten- 
nessee, was designed by Bryan and Dozier, of 
Nashville. . . built by Madison County Highway 
Dept. under supervision of Edwin C .  Rogers, 
County Engineer. Concrete blocks by NushviUe 
Breeko Block & Tile Co. 

Swinging the assembled concrete beams into place 
to form the deck cover for the bridge. Beams are 
only llV8" deep. 

Americanized Prestressed Concrete employs special 
galvanized cold drawn steel wire and specially 
designed fittings. I t  is these recent Roebling devel- 
opmepts which make possible this type of con- 
struction. 

I N  OCTOBER the fiist Presticssed-Concrcte Bridge in the United States 
was put 1x1 service. Its roadway, designed for a 15-ton load, was of an 
entirely new design which permitted amazing speed of constinction and 
cost only $2.00 per square foot. With the experience gained, it is esti- 
mated that similar spans to be built will be erected 111 five days-ieady 
for traffic in 14 days - and at an even lower cost. 

The sp~~r i  is made up of beams foi rned of n~achine-made concrete blocks 
laid hori/ontally with mortar pints. Two Roebling Prestressed-Conciete 
Galvanized Strands running through longitudinal holes in the blocks were 
ol.wed under tension. convert in^ each beam intd a self-contained mono- 
t " 
lithic conciete unit. After the beams were erected in place, the span was 
covered with a continuous, mesh-reinforced concrete slab and laterally 
piestressed when the concrete had cured to strength. 

Ameiicc~nized Prestressed-Conciete, employing special cold drawn steel 
wire and specially designed fittings, is an exclusive Roebling development. 
It makes available a new construction material with an exceptional strength- 
weight ratio.. . a material economical in itself and a real time-saver! Its 
potentials quickly recognized, it has already been adopted in several 
structures, including use for floors and roof of a large commercial building 
now undpr construction. 

The Roebling engineering staff is ready to help your engineers work out 
problen~s connected with new applications for Prestressed-Concrete. 

FOR NEW DEVELOPMENTS 
AND EXTRA V Ã £ U  IN WIRE <̂/sf 
AND WIRE PRODUCTS . . . 

J O H N  A. ROEBLING'S SONS COMPANY, TRENTON 2, NEW JERSEY 

Atlanta, 934 Avon Ave. * Boston, 51 Sleeper St. * Chicago, 5525 W .  Roosevelt Rd. * Cincinnati, 
3253 Fredonia Ave. * Cleveland, 701 St. Clair Ave., N.E. * Denver, 4801 Jackson St. * 
Houston, 6216 Navigation Blvd. * Los Angeles, 216 S. Alameda St. * N e w  York,  19 Rector St. 
*Philadelphia,  12 5. 12th St. * S o n  Francisco, 1740 Seventeenth St. * Seattle, 900 First Ave., S. 



F)"< '\t  SI ot i l i i  L ~ I I  KBI'D vot ld  situdtior~, nianv peo- 
ple in the t lilted States have felt that no lime should 

lost in adequate preparations for the passive deferisit, 
of the countn ; however, at the natioiial leiel i t  is only 
within receni months that coiisidt'ration has been @\en. 
beyond mere p l a i m i n ~  to thi. problem. States and 
local go\ernnitwtcil jurisdirtioiis have been ahead of the 
national ddniiiiistration in thi+ regard. 

Modern uai i s  iolal in that i t  re<~nires the whole effort 
of the riatiouals invoked to continue its imprest .  The 
airplane ha. made i t  possiljle for one nation to success- 
fully attack the civiliein morale. homes aiiil cities which 
lie behind tlie military defense of an enemy, and as a 
consequence the chilian has hecome an intimate part of 
the v^ar machine of his coiititr\. Civil tiefenhe, iit these 
modern times, nm*'t therefore lake its 1)lare alongsiiie 
the niilitary defeii*es of lht, nation. 

Civil Defense Objectives 

The ol>jectives of d civil defense piograiii lor a larpc, 
heavil! populated iiidustrial aica cart lie s ta t t~ l  as 
follows: 

1. To save tile grtBate+t number ot live+ 

2. To be prepared to render the peatest possible aid 
to the injured 

: .  To she the i;reate.'-I pos~il i l t~ protection to property 

1. By every nicaiis at hand, to maintain tlic mciale 
of die conimunitv at i t s  highest level 

5. To be prcpai(d to go lu tlie as&taiice of neigh- 
l iori i ipti  icken corrmiuiiitie-' 

Livil defeii-ie iriust be integrated into and be an inti- 
mate pait  of the pi>verriinent structure. All volunteers 
will work under heack of exislingunit* of goverii~nent. 
A ^ell-developed olgaiii~atiun. capable of fiinctior~ing 
in an eiriergencv. * i l l  include: Administration, supply. 
recruitment and Lraiiiingof volunteers, public inlorma- 
lion. medical and \+eHare services. law and order. fire 
s e n  ice*. (*oiiiirmiiicatio~i+, lrtiiisportation, and esrst>rppnc\ 
typeas of etigir~eeriii~ senices. such a+ utilities, public 
uorks and sanitation. 

(.ertain of thease di\isions. s d  as fire and police. %ill 
carry out their normal responsibilities but  with aug- 
mented volunteer foice'-; other divisions. like public 

health \ \ i l l  add new duties to their nutirial peacetitin" 
responsibilities; still other divisions w i l l  be peculias to 
a civil defense organization and \ \ i l l  have n o  coni-- 
parable guverrimerit group aireafh e*tahlshed. H ~ M P I C I .  
city or county employees w i l l  head these ernergeiicj 
divisions. and w i l l  organi~e  tliersi within the (,it i l  
Defense stiucture. 

it is also basic i n  civil defenst* plariniiig to use tlic 
services of each ritifcn hi the plare where hi'- dl)ilily. 
training and willingries> to serve contribute most to [lie 
total effort; thus i t  is logical that citizens ~ i t h  wienlilic 
or engineeritig t r a i n i n w i l l  be given lesponsildiiie+ 
~ l i i c h  naturally gruw out of their pedwtinit~ vu~Ã§k 

L'h il  defense in t h ~  last war meant pri~iiarj l  y proter- 
Lion of one's o\vn block from blast and fire. Too nian\ 
see c iv i l  defeiise in an atomic w a r  as t f i c  same paiochial 
task. with a ( ,e ipr  counter added to the Imcket of sand 
and the pas ma&. To a certain cxictit this w i l l  still lie 
the (*<)st,; +elf-help in the ea rh  '-lciges of a &-'aster is 
I -,tre'-wl; hut to <) much piwter degree than Itere- 
tofoi c cotice;\ eel, civil defense inus( he ari orgdiiir~d 
efloik of t i i t*  civilian population â  a is hole to keep the 
country as a whole a goiiig concern. 

The Scientist's Responsibility 

One can readily see that the ciipine(*r a i d  srienilst 
has a (Iefinite and particular responsibility in civil dc- 
feiise. To be specili(, the follow in? m~uirenie t~ts  can 
l)t- suggested for ronsideration at this stage of p lar i i i i i~~:  

1.  Trained radiation monitors heroine the uiost ini- 

portant iiidividuals after a low ground or underwater 
atomic explosion. At drat they miq asst-is the interisit> 
and location of the radioactive coritaniination hy pene- 
tratiiig as far as possible into tlie afleeted area. anil thus 
(Iettwnirie the (lanyet area,". Thcj will accoinpiuiy I he 
reseilc missions and direct the e\aruation operation'-. 
Later (lie radiation monitors w i t l  recÃ§trniicri~ the dccon- 
tarnination and relial~ilita~iuii operatiinis of an area. 

2 .  While there is a tendency to emphasize (he atomic 
honih, civil deferthe preparation doe- not neglect the 
more conventional types of attack \Mlh incendiarieq. 
t~htmicalfc and bacteria. hewer technique+ in defense 

CONTINUED ON PAGE 30 





s . B CONTINUED 

PROBLEM - You are designing a circular saw. The blade 
must have horizontal, vertical, and angular adjustments. 
Your problem i s  to work out a drive for the blade that 
permits this three-way adjustment. How would you do It? 

THE SIMPLE ANSWER - Use an S.S.White flexible shaft 
to bring power from the counter-shaft or motor to the blade. 
There is no simpler mechanical means than a flexible shaft 
for driving parts which must be adjustable. And simplicity 
In design means economy in production. 

* * *  
This i s  just one of hundreds of remote control and power 
drive problems to which S.S.White flexible shafts provide 
a simple answer. That's why every engineer should be 

a a familiar with the range and 
scope of these tireless "Metal 
Muscles"*for mechanical 

Of. 

Here's one prominant 
rnanufocfurer*~ ~ 0 1 ~ -  
tion fo this p r o b l m  

WRITE FOR BULLETIN 5 0 0 8  

It gives essential facts and engineer- 
ing data about flexible shafts and 
their application. A copy i s  yours 
free for asking. Write today. 

THE INDUSTRIAL DIVISION 
Oept. C , I0 East 40Ã̂ Sl. - 
NEW YORK 16, N. Y+ 

against them will call for most intelligent planning'. 
Only people of scientific background can be expected to 

assume leadership in these fields of detection, protection 
and tiecontamination. 

Let the people know 

3. Because of their education, scientists and engineer- 
can interpret the facts of the atomic age to those le-- 
trained in the-e matters. They can help educate 0111- 

people to the real hazards of modern %tar; and, on the 
other hand, to the great benefits to mankind which can 
develop from the atomic developments of the last decade. 
If the American people know the facts, rather than man! 
of the lurid tales which pass for scientific knowledge. 
they should be more inclined to take in stride what lies 
ahead. 

i. Because of their trainin"; engineers should analyze 
each proposed civil defense measure. assess its effectile- 
ness and assist in the development of plan- for imple- 
menting it. Each proposal should be judged both for its 
correctness and effectiveness, and for its common sense 
as a contribution to the total defense program. 

5 .  Because of theii leadership in their respective com- 
munities. scientifirallj trained persons can help by taking 
a realistic view of this business of war and its implica- 
tions. They should not be lulled into a false sense of 
security because of any temporary military stlccess. 
We are dealing with an enemy that is too s t rongto  be 
defeated easily. 

Some general advice 

As to general advice - do not spend money on 
gadgets, special drugs or expensive books, and discour- 
age others from doing so. Get your information froin 
official sourres. 

Discuss civil defense with your family, friends and 
associates. and be prepared to guide the thinking of lem- 
informed people. 

Think through a few simple rules you would follow 
in case of an attack. This business of preparation is 
largely common sense applied to a specific problem. 

Be continuously consciou;- of the problem of sabotage. 
We recognize that there are people in our communities 
and industrial life whose loyalty is to be questioned. 
Without being part of a witch hunt, be intelligentlj alert 
to the many clues which will point out those who would 
destroy our way of life. 

Prepare yourselves, and encourage your family to 
become better prepared for a war situation by taking 
all available t ra in ingin  first aid. home nursi11";and 
such allied subjects. 

When called upon, identify yourself with a defense 
unit in the capacity where your training will best serve. 



New RCA Theatre Television System projects 15 x 2 0  toot pictures of trlevision programs. 

You've seen television. Now you'll see 
its finest form - giant projections of 
special events, transmitted only to 
theatres on private wires or radio 
beams to make movie-going more fun! 

Success of the system comes from a re- 
markabic RCA kinescope, and something 
new in projection lenses. The kinescope, 
developed at RClA Laboratories, is in 
principle the same as the one on which 
you see regular telecasts. But it is small- 
only a few inches in diameter - and pro- 
duces images of high brilliance. These are 

magnifivd to 15 x 20 feet by a "Schmidt- 
type" lens system like those used in the 
finest astronomical telescopes. 

Because of its size and shape, the new 
projector is referred to as the "harrel." It's 
already going into theatres, where you'll he 
seeing giant television - shot tronl a barrel. 

See the lutevt wo'1~~1crs of radio, television, 
and electronics at RCA Exl~ihi t ion Hall, 36 
Wett 49t11 St . ,  N e w  York. Ailmif i ion is free. 
Radio C m p m a t i o n  of Amr-rica, RCA RmltSing, 
Radio City, New York. 

Continue your education 
with pay-at RCA 

Graduate Electrical Engineers: BCA 
Victor-one ot the world's toremost nlanll- 
facturers of radio and electronic products 
-offers you opportunity to gain valuable, 
well-rounded training and experience at 
a good salary with opportu~~ities for ad- 
\ aiici~mimt. Here arc only five of the inany 
projects which ~ E ? T  unusual promise: 

Development and design of radio re- 
ccivcrs (inchiding broadca-'t, hliort wave 
and FM circuits, television, and phono- 
gniph eot~~bintitions ) . 
* Advanced development and design of 
AM and F M  broadcast transmitters, 11-F 
induction Iieating. mobile coinminiications 
equipment, relay systems. 
* Dwi@ of component parts such. as 
coils, loudspeakers, ctipaciiors. 

Development mid design of new re- 
cording mrl producing uwtlzods. 
0 Design of receiving, power, catlmle 
ray, gas and photo t u b s .  
Write todfi~f to National Recruiting Divi- 
si'on, RCA Victor, Camdcn, 'New Jersq/ ,  
Also Inany opportunities for Mechanical 
and <:hemica1 Engineers and Physicists. 

- 



HARI~Y I< .  F VKK \K '27. publisher of Enginevriiig mid 
Science V u ~ h l y  since IQlo, turned over the position 
last month to Richard Arrnstrong. M.f).. '2SL Mr. 
h'arrar, stat1 engineer with the Pacific Telephone & Tele- 
graph {'.(I. in Los Angeles since 19'11. was tranyferred 
this tall  io  [lie comparij "s San  Francisco office. H e  i~ 
now working under the General Studies Fngineet,  in  the 
(general Administratior1 Departnlent, which cooi d i n a ~ e s  
and checks on the ~ u r k  of tin' foni  Telephone (.onipanj 
areas Washington-Idaho, Oiegon, Northern (.alitoinia- 
Sex ada  and Southern (;alifomia. 

Mr. Far ra r  wrved a< Treasurer of thf Alumni Associa- 
tion i n  1942-3. 4 member of  ihe Board ol I) i rect<i~s 
i f  the Association since 1913. he was Chairman in 
1044-5. 

111. Richard Armstrong, ncw publisher of /'.' & S, has 
been a prar t i r ing O ~ ) h t l ~ ~ i l n ~ o l o g i s t ,  ~ i t h  offices in Casa- 
Jena, since 1946. He is a member of Tan Beta Pi ami 
the medical society Alpha Omega Alpha. He is on the 
staffs of the Huntington Memorial Hospital and St. Luke 
llosk~ital,  and is Aqsistant Professor of Ophthalmiilogy 
a t  the Gollege of Medical Evangelists in Lo. Anseles. 
O n  the board of the Alumni Aasoriation -ince lay1 Fear. 
he has been Direcior in charge of Meml~er-ihili. 

Prizewinner 

Jan-ie, 11. Jenniwn,  3 5 .  
M.S. "Ui. head of the De\i=l- 
opment E~rg i l i ee r i i ipDi \ i s -  
ion of the I .S. 
Otdnance Test Station in 
Pasadena. laat month v+ on 
a $5,000 fir-[ iiwai<l in the 
1950 \Vekled liridges of ilie 
h t u r e  competition. 

Jensiison's de^-igri of an 
all-w r l ( k d  250-ft. high\+av 
bridge \\on o u t  o v p ~  tho-e 
-uIimitted by bridge df- 
signeis f rom 16 countxie. in  the annual  contest spoil- 

sored 1i-y the Jatne-' 1:. Lincoln A n '  \\elding Foundation 
of (Cleveland. Ohio. The c o n ~ c s t  called for  a dtbsi~ii 
of a bridge to \\ ith^tan<{ specified loads and to lie litiilt 
of a specified type of ateol. The program i s  intended 
to pronlote the building of better liridge. fo r  le-s nlotle? 
and  with less steel. In c l e s c r i h i n ~ i i s  \vinning dehign. 
Jennison explained that "an e q u i ~ a l e n t  riveted bridge 
Â¥woul require 30 hi 6 0  per cent more -teel than the 
welded lirid";." 

Jenni-'oii. v~ho  ha- been in hi- piesent A < I \ F  po-iiion 

SOCIATION OFFICERS 
PRESIDENT SECRETARY BOARD OF DIRECTORS 
. K Whit-iioith '20 1). S. ( Ink '29 R. ( . ~Irmstiorig "28 I r l ~ i l  h Sl ie i ln i i  t i t  ' 3  1 

'1'heodoi e C o l r m a i  '2) Donald ( . T i l l n i ' ~  '4,) 
VICE-PRESIDENT TREASURER E ~ r i r t t  I .  M a ( d i t n e ~  ' 4 i  4. ( 'I ~ t t s d i i i l t e  ' S l  
1%. P. Sham '.-i[l H. R. Fwmun '25 William 0 W e t n i o r r  '37 
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& E drafting instrunwnts, equipment o 

hove been partners of leading engineers 

h shaping the modern world. So extensiveily are these 

products used by successful men, i t  i s  self-evident that 
E has oloved a Dart in the cornsaletion of nearlv 

r T 3ec7 

YORK * HOBOKEN, N. J. 
iccigo * St. Louis * Detroit 
ncisro * los Angeles * Montreal 

( cineiiting ( ( I .  tor spitvi v.ii.. 

f h r ~ a l d  P. Mtii furlinir lids hecii \\ itli 
P ~ u  ih1 Ti'l  & Tel .iin 1% -hoi tl? dltci 
gi<i(hicitioii in 1920. \t ~ i c - r i i t  he's \I<-,i 
Pei- lo~~iir l  S i i i i e i \ i ~ i  v\ i t 1 1  o l i ~  11. in 1 . 1. 
N o  I ~ I ' Ã ˆ  of \\eddingi 01 hai~ic-. lion1 Don 

i i o b ~ 1 ) H  bet auw= he'*- ,tiill a hchn. 

1927 
Hoirnr H. Bizill?. Pi esideiit 111 P ~ t i  olciim 

Kngiiieei ing Associates, dug the hist sho\el 
of (hi t  ldkt month <it gioiind-bieak~ng 
tcienioiue\ for Iiis him's nctt building at 
70(i S. F a n  Oak< 4ve. in I'ci~adeiiti. The 
I~ui lding will jjroude I a l ~ o r ~ ~ t o n e s  m d  
oHi<es not onh  to1 l'etioleum E n g i ~ i e ~ i i i i g  
\s.o<iate'- but foi all1(~11 t i~nis ,  Oil 
Pio1)et ties ( on-'iiltitnts and Jrite1natioi1a1 
Petroleum ( onsiiltdnt.. 

(,eorge h. S. Didmii'i. 1l.S.. 'iftei l~ t~ i i ig  
in the nunip exhibition 11iisinf+-' foi more 
than 20 \t\irs, la+t month I O I ~ I < Y ~  ttin Roy 

. . Hi at hinan Realtp ( onipaiiy 111 1 III son. 
Aiizoi~a, <is a real e-tatc -dlesiiiaii. 1111- 
ramify now includes ( lay ( 10 ) , jkatiiy ( 7 ) .  
and Bill (13 months). 

4 1 t h ~  fl. U arnrr .  Ph.I).. is no\% l ) n e ~  - 
tor of Techniia! Opeici t ion~ '11 the Long 
Range 1'1 o ~ i r i g  CTiound DI\ I ~ I O I I  of the 
1LSAF in ( ixoa, Florida. "This is nhe ie  
they \MI1 test long-r'inge guuifvl n~i'-'sles,*' 
s ~ i ~ s  41 t. "The in'it~ tiinentation is lai gely 
elel tronii , and oppoit i ini t ie~ for young 
g i<  (Juate$ t ~ x i ~ t . "  Art's ilaiightt~i-, Hattie 
and Li t~bj ,  die  Froqh and lunioi. ~ ' - p t ' r -  
t l \ ~ I )  i l l  Pomonf-3. 



Kenneth Bflnup writes that  he's still 
a member of the partnership of Belnap & 
Belknap, Insurance Agent5 and Biokers, 
in L. A. His 'ions, Bruce anti Raymond. 
are now 12 and 9 respectively. 

1928 
I<z~- isel l  .1. Loie reports that daughter 

l'atiicia (better known /^ Patti I ~ ~ v e i  
enrolled as a Freshman at the IJniver-ity 
of  Arizona this fall. Son James continues 
his Business 'Vdn~iniitidtion c ourse at 
U( LA and Papa (ontinues to hope for 
another cngineei 111 the famil), next gen- 
nat ion.  

1929 
J a n i e ~  f f .  Dunham. Chief of the 1'0s 

4itgelrs Distui t Beal h Erosion Unit, had 
a paper on "The Refraction and lliffrai tiun 
of 1̂11 f ine K ai es" presented at the Oi to- 
hen 11-13 meeting of thta Institute of 
C oastal Engineering in Long Beach. 

Bill Mnhr. M.5. '30. has been oideied 
to 21 months a1 tive duty in the Army. Bill 
1, a (olonel and command* the 370th 
Engineer Boat and Shore Regiment, at 
Foi t Mat Arthur, ( alifornia. 

7'. ff Ezun-,. M S. '30, writes fi oni 
Fort (ollin-i. Coloiado, that he is Dean 
ot Engineering at  the ( olorado Agricul- 
tural and Met haniral ( ollege theie also 
1 hairman of the college's lri igation Insti 
tute, War Plans C ommittee and Artificial 
I'iei'ipitation Ad\isory ( onmii+ion. Sounds 
like a full schedule 

1930 
John (,. I 'lniwnl~, M.S., Ph.D. '3,3, ~ ( c  

pwsident in <ha igc  of mannfac tu i~ i~g  foi 
IIIÃ Proctor & Gamble (onxpany, is one of 
tinee new ( ompany diret toi- voted into 
olfne liy shaieholdws at their annual meet- 
ing ierently. 

1931 
4. J. Crafman li'is n ~ o v ~ d  ttith his ~ i f e  

and \on to Tt,laviv, Israel, \\here he 1% 

dome aei onautit a1 work for the Israelean 
government. 

1932 
( .  L. Killgore. Assistant to the ( hief 

Designing Engineel in the Ruieaii oi 
H ~ I  IdindtlOll at De11~~1,  ( dolado, %a'-. ill 
E m u p  duriiig June and July of this y e d i  

I ail ofhcial delegate of the State 
I J c ~ a i  tment to the International ( onfer- 

~ I K C  on Large Electiit Systems in Paris. 
a\ a repiesentative of the Bureau at the 
S\vedi-Ji State Pouer ( onference dming 
the Stndy t o u r  of S ~ + p f i f n :  as advi<oi to 
tlw Assistant Secretary of the Interio~ d t  

the Fourth World t'owei Conference in 
London, and during a tour of the hydro- 
elei t i i ~  power installation'- in Scotland. 
MI". Kiliaoip ac(~o11111anied him on thiq 
Oritnd Tour. 

1933 
W endal 4. Morgnn v rites ttha lit, is 

h a i r m a n  of the Denver section of the 
American Inqtitute of Electrical F~ngiz~eers, 
has been head of the Power System T A -  
ni( al Section of the Uureali of Redamation 
in Denver for about six year,, and w r -  

FI-or of the Rtneaii's \A . N o t ~ o i k  
Analyzer. 

Robert R. Mead. who has been mill the 
E t h ~ l  Corporation <inre 1936 (with 3% 
)tsars out as  an officer in the 'Vrmy) has 
now been promoteti to the y o ~ t i o r i  of 
Resident kfalldger for Ethyl 111 Kan-d^ 
Lity, Mu. H e  will have (haige of Ethyl 
ai tivities in several \vi(iwestern states. 

Bont Ma(Donaid 1. a 1.t. ( olonf.1 in the 
Arm) Engineelk on 21 months active dut). 
Bol) is Exerutivt- Offuer of the 370th 
Engineer Boat & Shore Regiment. 

Robert D. Fletrher. M.S. '34, Ph.1). '35. 
e p o r t s  that he recently left his position 
as Chief of the II~drometeoiologi~al  Se( -  

lion of the VI. S. Weather Bureau, to 
hecome Meteorolog~ al ( oil^-ultdnt to the 
'Vir Force \ir Weather Seivue in Wa'-h- 
mgton, I). < . Bob is also bu-i) in a I I \ K  

( <ipacity as Piesident ol the Bannockburn 
(Maryland ) Oit~t'ns' Asso( atloti. 

1934 
I t .  4. Anylo1 mites  troni Staniioi d. 

( onnei ti< tit, that hi-i most important dt qui- 
+itions in the pakt suerd l  yeais ha\c been 
a xife, N a n q ,  married Ma) b. 1946; and 
sun, Ralph J I . ,  born Dei ember 19, 1949. 
7'. P. Thuycr. Ph.D.. recent6 returned 

from 6 months miiierai exploration foi 
the I iberia Mining ( oinpanv. En route 
home, he \va\ joined in P a i r  hv MI\. 
Thayer, and they spent a month in Euiol)e, 
during which time Tliayei m e r  the geol- 
opist-spotted some real "mlclfl) si 11" and 
pi( ked a (ouple of samples fiom an (net- 
tliiiist fault 'it the Jungfran l t Ã § h  He 1'- 
now ha( k on the Wa\hington men\-go- 
iound, with the 11. 5. (rcolopicil S n n ~ } .  

C.  V .  \ewton repoi ts that, \IIK c Idnu- 
a n  1, 1918, he ha5 hcen I'iodu~tioit 
Mdliag?i to1 the' ( alifoinia Walnut Gioti- 
i s  Association, in I harge of plant opera- 
tions and engineering. lie's li\iiig in 
Pasadena. 

1937 
Hugh M .  (.iiLn~ore Sr. iui te^ from 1,uiu 

hex ton, No1 th ( aioliiid, that he gave up 
photographs foi tea( hing after the tt 'it, 
and retuined to II( LA foi his tea( hing 
ciedcnticil and Mantels' degiee. He taught 
math foi one year at Nei\l~all. ( rilifoii~ia, 
and this year is teat hing st ienn- and 
mdthemdtic- at Lumheiton High S hool. 

1938 
Henry h. Elan5 is a f f i g h ~ a ~  'Iidiis 

portalion Spe<ialist foi the IJ. 5. C hainbei 
of Co~nniei te  in Washington. 1). (. . He is 
a l w  editoi of the new JTraftu Enaim~eung 
Handbook- just off the pies5 published 

the Institute of Tiaffit Engineer\. 

1939 
Charley MU( kmto'>h, M.S.. I-' te'ii liii~g CI 

lmirGe in Design of Tinihei S t i i ~ ' t m p s  at 
IH LA this term. 

1940 
Don hMpfe1 spent lact tnntei in the 

M ~ J ~ P  working on his thesis. went to the 
k Hills with the United State-, G p o b -  

~ d l  Survf~y for the summer and 1% ~IO\ ,  at 

Experience, they say, 
is the best teacher. But 

you can avoid one pitfall if- 
from the very start-your wir- 
ing  specifications call for 
Sherarduct Rigid Steel Con- 
duit. It has meant "perma- 
nence" and "quality" to the 
electrical trade for more than 
40 years because it is proc- 
essed to meet all the require- 
ments  o f  a n  out s tand ing  
conduit. 

@ It is made of Spellerized steel 
for a fine, even texture. 

@ It is Sherardized by alloying 
zinc to steel to give it rust- 
resistance and life-long 
tection. Zinc is a p p l i e E i  
smoothly that even the threads 
are protected. 

@ It is treated with Shera-Solu- 
tion enamel to give it smooth 
surfaces and acid-resistance. 

Y o u  can always expect  a 
feather in your cap when you 
specify the installation o f  
Sherarduct. It will "last as 
long as the building stands." 

Sherarduct is but one of many 
outstanding products made by 
National Electric-a reliable 
source of supply for any elec- 
trical roughing-in materials 
that you might need. 



h l e  ' wit11 moilixst hopes of evcr~tii~ill) 
obtaining thdt clti\nt* Ph.D." 

Diffnorit .^taafz. IVl 1). is iiji his L i s t  v r a ~  
of re^idciki 5 in Orthopedi( S m g e ~ y  at the 
Univei^ity llo^pital, Ann hi, Mirhig'~n. 
H e  lias four (hildren, Fred, 7; Bill, 0.  
('.ii-tchcii, 4;  d i d  lohn, 11 months H r a ' l l  
finish Ins trainhi;.; prngriini i n  July '1951. 

Rohert O^bc/fiiie C (u, Iiist IieaÃ§ fiojin in  
(line '49, ttiitu5 from Floiida thai ht is 
0 i t  S R O I  kholdfi arid st~cictdi) 
t ieasuier of the Laiidf*idalc M a i h a .  "Thr 
Marina," he ~ a j s  "is still ahve a i d  kickmg' 
and there ha5 IMWI a gradudl shirt in i t <  

intention fioin an idedited yacht basin to 
'3 htru tb +ilc% and servii r o!ganization. 
We <!u (Irl tl 11 dl \'to& Vitli tpi hill< <ll ClkPI- 

toiles, plus "toil deal of l'inlj tn rky  
I i w d .  't on fl0rI9t 11aic ti1 lie '1 

girfduate engineer to ire good iiu~ehanii. 
but I (insure you i t  helps. 

" Â ¥ ' I  far. 1 havt tiiund t h i ~  t y ~ ~ '  of bii+ 
m s  to be thr  most pleasant way ;if starviiig 
to death while ~ o i k i n g  twi-I\t'- houis a dav 
Â¥n\ se\en d a p  'i week. 

Bob also says that ht ha" revtiitI> re- 
i ianir i l ,  and 'II qiined three I hiltlrrn. 

1941 
F n d  W .  Billmi-~ir J,.. got hi< Ph.D. 

iiom ( iirnell Ilriivcr~ity in 1945, workvd 
o i  the Rubber Reserve ( orp. at (.ninell 
h i n g  the Ã § a i  and since then has been 
Â¥Mil the Polyclirmirak (formeilv Ma5til s )  

t> Diil'oni C'mivam. He's 
<it l!ie 'Wilmington, l)eIaw<ne, piant no!%, 
speciali/ing i i i  niolei ul>n weight'- ot lug11 
polynu'i\ Fmf has l ~ c c n  i n a i i ~ d  and 
l o ,  has one $on. 

John (,. f l irtlow m i l  ln- vile '111- 

iioiim m1 the an  n.4 <it then hi kt i lulil. 
Maiilyii Kiith. 011 lulv Id John is s t i l !  

icsign-ii~g ti11 bmc gcnci ators foi \\ esttrig 
litiuse in I'ittslmigli, Pa. 

1942 
RWPI Bandt H I  ites from %i*dl(iwif, 

( onnei t x u t ,  that a t t f r  t w o  >e  31s of tea( h 
ing' .it the Hoti hkiss h<  hool in  I dhe~i l t , "  
I, otiii he has s,tw bmk into eiiginrt-iiiig 
Igani. He is now Deielopinrnt hnginet r 
ior the flariloid E I ~ J I ~ P  < iimpain. and hi'- 
v\ork, WI f a  Itas bt~*ir  the < S ( ~ e l o p ~ ~ ( - i i t  
i f  pa< kaging inarhirieiy. 1{0p i s a j  s ti ,n h 
r i g  is '1 wo i ide i f u i  lilr lor those n h o  likr 
it, Init aftfi t t t n  y m h  of u he i-amc to tlir 
miidusioii that he -has a bcttei cngincer. 

K .  R. Hiire1i.u. M.h. '47, I w  been \\nik 
inp <is I > t ~ ~ I o p t i c i i ~  Engineer at the I)u- 
Pout Nylon I'lant in Sraf'on!, 1)clatiiw. 
since Ie.niiig 'Iri h. He aiid In-- mft., 
Helen, timi t- fill west (is 'X r l l u ~  stori(- 
0 thrii vdr'ition this Miminer, but roiild 
not quite niakp Pasadeiia. 

Wayne M m  Ro'ifrc lia, been proittoted ti> 
Senmi Hvdraulit Lng'ineei w itli thv ( a h  
foini'i ^tat? Division of Water Resour(t+ 
in Sai iaimbnto. l i e  i'- no\\ ( f i n ^  tiiig 'i 

stdtr \\ft!e iei o n t i a ~ ~ a m  e oi Sloful i nntto! 
pi  obit I t [^ .  

1943 
Rohr r t  i. Moor(> KC [ioits illat he'\ beeii 

'1 Ititlici sun e ldst IIIIK- 19, wht.11 B a r h i  a 
\nn 'inm eil .  

1945 
( l f / l f { f ' \  t̂. Daz f^^ M.S. '$0. . tie\< il^nig 

I 41nt~\ Iowa,  ~ h c i c -  h r  lids d f d l o s \ s h i ~  
in tlit> him tin a! E i i g i t i r ~ ~ i ~  Depiiitment 
=it l o ~ j a  Stat? CoHegc, '*rid i s  noiking, f i i i  

his Ph.D. 
D u n  1 i inm / *< , I ,  fob I"iipniem io i  tin> 

Fluor ( oip. in I os \iigelei, -rids inailled 
on June 21 to Lomw Umingtrn. 

lr utli\ T .  Firming i onirk up t t i th  r Ã  cni 
I P N S  about liiiiiwlf: 

"1949 Served as l'rt>siileiit ol' tin? "I'i91- 

1e.i-oii. Arizona. Farin Bureau l.ocal. 
May -1. 1950 - U n r  fir.st tialiy arrivnl a 

girl named Wilma Aim. 
Oct. 2, 1950 -Won sixth pliti-c a n m i  in  

airi;*s 1''. Lincoln Arc Welding Fti~iiidation 
National /\griciilturc" Award and Scholar- 
ship program, for a paper writteii on arc- 
welding 11sc in farming and agririilt~irf;," 

1946 
6- K .  1'nol was n i a r r i d  in Prn\dcold, 

Florida, in lime, 1918 ti) Doiotln BrMcn, 
~i 1 0% Vngele, gii l : \\ ah 111 onioted to l #t. 
( ~ g )  11i the iegiiliti Naiv i r i  Fciinian, 
1949: bccciine i'ithcr of d ~ 0 1 1 ,  J o h n  Roheit, 
111 Mau h, 1gl9: w.is Jpsigii'~ted a n a i d  

The new super-versatile sharpening. Also available 

No. ION w i t h  Universal with Plain Equipment for 
Equipment is especially de- cu t te r  and tool sharpening 

signed for rapid, accurate only. 
toolroom work - light ex- Write for illustrated bulle- 
ternal and internal cylindri- tin. Brown & Sharpe Mfg. 

cal grinding, surface grind- Co., Prov idence ,  1, Rhode 

ing, as well as routine Island, U.S.A. 

1 Non-glare Chrome-Clad satin finish 
on line-extra durable, will not 
crack, chip, peel, or corrode. 

*Permanent jet black markings, 
prominent size aids easy and ac- 
curate reading-graduations extend 
to edge of line. 

1 Sturdy '/<-in. line, fully subdivided, 
"Instantaneous" Readings . . . de- 
taches and attaches easily lo reel. 

Â¥Super-stron rustproof metal disc 
reel with perforated sides to aid in 
cleaning and drying. 

Â¥Adjustabl leather strap handle 
affords firm hold . . . long winding 
handle, line-locking type. 

Â¥Supplie with two improved pat- 
tern, removable finger rings. Ring 
locks under spring protecting first 
end. 

In 50, 100, or 200-ft. lengths marked feet, lOths and lOOths, or 
feet, inches a n d  8ths . . . sundii i i l  and extia-heavy models. 
See them at your neatest I.ufkit1 dealer. 

T A P E S  * R U L E S  
P R E C I S I O N  T O O L S  

96-A 

THELUFKIN RULE GO. 
SAGINAW, MICHIGAN NEW YORK CITY * BARRIE. ONTARIO 



& I  h i i d  Da! ~ i f s o ~ t  t i~i ing,  M.S.. -na^ 
ni>irr~eii to  licigna 15~ornholt in H i i d r n a  
(in 0 1  toliei 8. He"" \ \o iking toi hi- 1'h.l) 
iii phy1-ii s ~t TIV h th i i  \ ra t .  

1948 
4bner Adplan. U S  '19, and Mane 

Hcnsi he! werr i n a u i ~ d  in Lo- AiigeIe1- oil 

Paul Fiillrrton writes fiom Fliishing, 
1,1111g l4and ,  that he \I* n ia i i i e~ l  to 

niiirrird, hci.~ o n e  rhil i j ,  a boy I year old. 
and i? t-tndyiiig lor  hi> 1'11.1). i n   hein in is try 
at the Uni~ers i -1  o f  Marylainl. 

Ã§a- t torknig  lei the US. 111 Franktoi t ,  
( , ~ i n i ~ i i v  Neal e n t e i ~ d  Stanloid  this I'ill. 

Ceaselessvigilance inevery stage 
of the production ot SCLP Be'ir- 
ings assures complete control of 
tolerance throughout the entire 
manufacturing cycle You can 
always be sure that any {SKI? 
Bearing will exactly meet re- 
quirements . again and again. 
Never forget, either, that foler- 
ame control is only one reason 
for the widespread use of z[&, F 
Bearings. 

I F '  INDUS 1 RIFS, INC., 
PHILA t2, PA. 

7064 



A L U M N I  
The Institute has no record of the present addresses of the 
men whose names appear in the list below. If you find 
your own name here-or that of someone you know- 
please drop a card, giving the current address, to the 
Alumni Office, C.I.T., 1201 E. Calif. St., Pasadena 4. 

Sinrlair, Arthur N 
1906 

Norton, Frank E. 
191 1 

e u i - . ,  Stanley M. 
1912 

Bogg-t, ( he-tei A. 
Hood, lohn H. 

1922 
HI in IÂ¥ Rubei t 11. 
( ox, Kdviin P. 
Rips, Emil 1). 
\pt'ni e t ,  (.PI ~ l d  ( r .  

Wfw1f- i .  Maitin 1. 

1923 
1 ittle, Fred (i , 
MI hee ,  (,twigt- I .  
Skinnt-I, Rithmoiul 11.  
South, 1 dlllalKP ( t .  

\vhite, t'aiil M. 
9 2 4  

( dl I,  Il>llII 

Lrn wing, Frank K. 
Mil lo ,  I'aln~ei 
Wuloihow, Dainl 
Young, Daxid R. 

1925 
Beed. (. arl F. 
Dent, William 11. 
Mt Piouil. ( . ( ; i l l ~ n  t 
Merrill, Rubeit '1 
Millci, Leo M. 
Smith. l)\<ight 0. 

1926 
\nis-,iniotf, i oii<t'it~tin I. 
Bdine-., O n i n  H. 
I lung ,  Hung-Yiidii 
I)IXOII, W. LeRoy 
h'ostei, 4lfred 
H'irdvvii k, F ~ a v  (Ham- 

1i111 ger ) 
i i d ~ t l i l g ~ ,  jitilie'1 W. 
Hiidng, leu ( illelk 
Iaffray, (ieo~gth R. 
heei  h, Douglas W. 
Paillus, (,t\orge 1,. 
Keniington, Hdny  1,. 
Si l iabarni~~.  BI nno R. 
St Imelei, Allied p. 
Ward. Edward ( . 
'>ang,  Kai Jin 

1927 
i,il/in, ( l i a i l ~ s  1 4 .  
(,illiland, Ted K. 
Ja(kion,  ft illiam D'A. 
\Ia14and, John I<.. 
Me%enkop, I onis 11. 
\ I i t~~he l l ,  Alldn ( . L. 
Moore, Robeit hf. 
Nidirll,  Fiank 4.  
'eteison, Frank 1". 

1928 
tiell, ~ i d l l k  W .  
( hillheig, (711~ 1'. 
( lion, P'ei-Ynan 

BERKLEY ENGINEERING 
. AND EQUIPMENT COMPANY 

hleteiii & Contioh for Evety 'Fype & Size Boiler 

I n d u s t ~ i ~ t l  Instninients and Regulators 

Remote Reading and Control Systems 

k i n e e r e t i  Condensation Drainage & Automatic 

Boiler Feeding Systems 

Flow and Pressure h u l a t i n  

2417 Riverside Drive 
NUiinaiidy 5190 

1.0s Angeles 26 
Normandy 7124 

ALLEN MACHINE & TOOL CO. 
Designers and Builders of Special Machinery and Tools 

Also General Machine Work 
Compton, California 

ones: NEvada 6-2707 - NEwmark 1-8190 

3 8 

~ I I L I I ~ I ,  Katsuiuishin 
wt-st. s t e \ \ a i  t 
White, Dudley 
White. Flett he1 I!., 11. 
W ilkinson, Walter I).. 1 I .  

/ahti, 0. Franklin 

1931 
Andt,i'-.~in. \la\ni.iiil M. 
( riii-miin. Eihviiii1 J i .  
Fulsoni, 'I heodoir R. 
(lieen, I.onell F. 
Hall, % I \  in W. 
110, T'.en'i-1 011 
lfuti bin^-on, F r ~ i i i  I- W. 
I indegwn. ( 'ill ( . 
Matison, H a  11 
N e ~ h > ,  Osi ar M 
5tein. v1\v1 S 
, I - I I ~ I I I ~ ~ I O I I ,  I*adoie 

Voak. Alfieii 5. 
Webb. ( r l ~ ~ n n  \f 
Wt'lW. ( dl l \. 
W+t, Willi'llll 'V. 
White, Tiionia-, Rohei t 
woo,  Sho-( how 
'> o411ok~1, ( a l  K. 

1932 
Bleakney, Williiiin 11 
Foi ke, A. K. 
('regoiy, I'ii k-on, 11. 
Maitin, R. S. 
I''lttel~011, 1 .  ft . 
5 1  liloilei. 1.. I). 
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Before you incur heavy fixed charges for new 

construction, consult this EXPERIENCED and 

VERSATILE ORGANIZATION. Let our facilities be- 
come a part-time part of your present plant. We 
can help you over that production hump no matter 

how large the volume or how conlplex the product. 
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FACTURING CO. 
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This is a picture of " ?WQ '' 
It's a picture that gives automotive engi- 
neers clear-cut facts on performance-a 
picture that suggests how photography with 
its ability to record, its accuracy and its 
speed, can play important roles in al l  
modern business and industry. 

No, this is not the "doodling" of a man on the tele- 
plume. Far lrom it. It's the photographic record of 
an oscilloscope trace that shows, and times, dctoiia- 
tioii in a "knocking" engine. It all happens in a few 
hundred-thousandths of a second -yct photography 
gets it dearly and accurately as nothing else can. 

Oscillograph recording i s  but one of countless 
functional list's of photography in bettering prod- 

nets and iniproviiig ir~~iiiiifactiiriiig methods. High 
speed "stills" cau fr eem fast action at  just the crucial 
moment-and the design or operation of a part can 
be adjusted to best xivantage. 

And high speed niovies can expand a second of 
action into several minutes so that iast motion can 
be slowed down for observation--and pioducts be 
made more deperittable, more durable. 

Such uses of photography-and many m o r e ~ c a n  
help you improve your product, your tools, your 
production methods. For every day, functional pho- 
tography is proving a valuable aud important ad- 
junct in more and more modern enterprises. 

Eastman Kodak Company, Rochester 4, N. Y. 

Functional Photography 
. . . i s  advancing business and industrial technics 

TRADE-MARK 




