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THE QUANTUM THEORY* 
ONE of the most surprising and interesting develop- 

ments of the quantum theory is that which shows that 
quantum numbers determine not only the size and 
form of the electronic Keplerian orbits in atoms, but 
also the orientation of these orbits in space with re- 
gard to a favored direction such as that provided b:? 
an intra-atomic or by an external magnetic or elec- 
tric field of force. F o r  any arbitrary value of the 
azimuthal cluantum number k,  the simple theory showa 
that there are exactly k +1 quantum positions of this 
orbital plane characterized by whole numbers. F o r  
example, if k= 1 the normal to the orbit may bqe 
either parallel to the direction of the controlling field 
or a t  right angles to it. I f  k =2 the normal to the 
orbit may take up  in addition to these two positions 
a third one, in  which tlie normal to the orbit makes 
an angle of 60" with the field. F o r  higher values oE 
the quantum number k, the possible orientations of 
the corresponding orbits become regularly more nu- 
merous. 

A striking confirmation of this theory is afforded 
by the very beautiful experiments of Gerlach and 
8tern.l I n  these a stream of atoms of vaporized silver 
was allowed to flow past a wedge-shaped pole of an 
electromagnet which provided a radial non-uniform 
magnetic field. The atoms were caught on a glass 
plate placed immediately behind the pole, and it  was 
found that they were deposited in two distinct sharply 
defined layers, indicating that the atoms were sorted 
out into two distinct and separate beams. The posi- 
tions of the bands on the plate showed that one of the 
beams was attracted by the pole and the other re-
pelled by it, the attraction being slightly the greater 
in  intensity. No evidence was obtained of an unde- 
fleeted beam. From these results it  was concludecl 
that all the silver atoms in the stream of vapor pos- 
sessed a definite magnetic moment, and that while 
the atoms ere passing through the magnetic field 
their magnetic axes had tv-o distinct orientations iri  
space. 

B y  assuming the correctness of this interpretation, 
Gerlach and Stern found from measurements on the 

* Concluding part of the address o f  the president o:f 
the Section of Mathematics and Physics, British Asso- 
ciation for the Advancement of Science, Liverpool, Sep- 
tember, 1923. 

1 Gerlach and Stern, Zeit. f . 2 ~Phys., vol. 7, p. 249, 
1921; vol. 8, p. 110, 1921; vol. 9, p. 349 and p. 353, 1922. 
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-N.I11.Cornell University 
Northwestern University Medical College MEDICAL SCHOOL 
Situated in Chicago in close proximity to important

First Avenue and Twenty-eighth St. Hospitals with an abundance of clinical material. 
ADMISSION REQUIREMENTS-Two years of CollegeNEW YORK CITY credit including a satisfactory course in Physics, Chem- 

istry, Biology o r  Zoology, and French o r  German. 

Fa, 
COURSE! O F  STUDY-leading to the degree of Doctor of 

Medicine-Four years i n  the Medical School and a fifth 
year either a s  Interne in an  approved hospital or  devoted 
t o  research in some branch of Medical Science. 

GRADUATE INSTRUCTION-in courses leading to the de- 
gree of Master of Arts or  Doctor of Philosophy. 

The first year of the course is RDSEARCH FOUNDATION-The James A. Patten Endow- 
ment for  Research affords unusual opportunities for ad- 

also offered at Ithaca, N. Y., vanced students of Medical Science to pursue special 
investigations.

subsequent years at New York 
, RmSEARCH FELLOWSHIPS-Four fellowships of the 

City only. value of $500 each are awarded annually to promote 
scholarly research. 

TUITION FEES-The tuition fee for  undergraduate s tu-
dents is $180.00 a year.

For information address N O X ~session begins September 26, 1924. 

THE SECRETARY F o r  in format ioe  a d d r e r r  

I C. W.PATTERSON, Registrar 
1 2421 South Dearborn St. Chicago, Illinois 

Royal Copenhagen Chemical Porcelain 
Fired at a higher temperature than any other chemical porcelain 
made, each piece of Royal Copenhagen Porcelain is perfect, true and 
evenly glazed. 

FREE SAMPLES FOR CHEMISTS AND LABORATORIES 
Write for Free Samples of Royal Copenhagen Chemical Porcelain. 
Put them to any test-they will not lose weight, or fracture, nor 
will sand adhere. 
Do not waste time and chemicals on inferior containers. 

Write for our new catalog 
Just out, showing the latest importations of Royal 
Copenhagen Chemical Porcelain-the highest grade 
porcelain known to the ceramist the world over. 

R O Y A L  C O P E N H A G E N  P O R C E L A I N  
19-21 West 57th Street, New York 
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E X P E R T  

MICROSCOPE REPAIR3 
I 

Have your Microscopes, Micro- 
tomes, Polariscopes, etc., overhauled. 
Fully equipped and thoroughly ex- 
perienced f o r  all intricate work. 

0. C. R U D O L P H  
17 M a d i n  Avenue , New York 

I COMPLETE EQUIPMENT SERVICE I 
E x p l ~ ~ a r t - T r a v b  

Sdenbistr 
The only place in the U. S. where every unit 
of the correct ont6t may be obtained. 

Fiala Patent Sleeping Bag 
The only light weight sdmtik bag made- 
Leepa in the beat allow8 body moisture to 
esape. P O  QD. 

GURLEY'S eelebntd Tnnaits. Lereh. 
Alid.de, Water Meten and Registem. 

Writ# fw duri#tiw d r a l a n  

FIALA O U T F I T S  INC. 
ANTHONY PIALA. 25 Warren Stmet. New York 

Marine BioIodical Laboratory 
Woodm Hole, Maaa. 

Biolodioal Material 
1. ZOOLOQY. P-d mate- 

rial of all typm of animab for clam 
work and for the museum. 
2. EMBRYOLOGY. 8- of 

eome invertebrates, fhhes (mclud- 
ing Acanthias, Amia and Lepidos- 
tens), Amphibia, and some mam- 
mals. 
3. BOT-. Preserved mate- 

rial of Algae, Fnngi, Liverworts, 
Mosses, Ferns and Seed Plants. 

4. .MICROSCOPE SLIDES in 
Bacteriology, Botany and Zoology. 

5. LIFE HISTORIES, Qermination Studiea, 
and Natural History Qroupa 

BIOLOGICAL ILLUSTRATING 
High grade drawin sin line and half tone for botanical 
and zoological pubtcations and p a p a  Microscopical 
drawings, charts, and graphs prepared. Write for 
samples of work. 

THE MICROSCOPE 
By SIMON H. GAGE of Cornell University 

13th Edition, Published December, 1920 
In this edition. s p d  emphasis is pot upon the Dark-Field M i m m p e .  

POSTPAID. $3.00. 

Cornstock Publishing Co., Ithaca, N. Y. 

PATENTS AND TRADE-MARKS 
SOL SHAPPIRIO, B. Ch. E, LL.B. 

McLachle-n Building 
Washington. D. C. 

Cutubguea funrished on upplioation to 

GEORGE M .  GRAY. Curator 
WOODS HOLE MASSACHUSETTS 

AGABI RHEOSTATS 
can be varied from zero to full rating in ncndingly 

They are eminently suited for, and are largely uwd 
in Educational, Research and Industrial Laboratories. 

Wrhr fer Illr~rrared Bulleria S 980 

JAMES G. BIDDLE. PHILADELPHIA 

ELECTRICAL MEASURING 
INSTRUMENTS 

FOR PHYSICISTS AND 
PHYSICAL CHEMISTS 

EQUIPMENTS SUITABLE FOR RESEARCH 
AND INDUSTRIAL LABORATORIES 

We Solicit Inquiries 

LEEDS & NORTHRUP CO. 
49Ol STENTON AVENUE PHILADELPHIA 

LOST OR STOLEN 
About commencement time, June, 1923, a Leitz 
reeeareh petrographic microscope (practically 
new) disappeared from the petrographic labora- 
tory a t  the University of Oregon. This micro- 
scope carries the following descriptive symbol: 
"SM" No. 0 No. 209681. Only one eye-piece 
and one objective were taken with it. All other 
accessories were lert. b y o n e  having any infor- 
mation a s  to an instrument answering this de- 
scription will please communicate with 

H. C. CREUTZBURG, Biological Artist, WARREN D. SMITH, 
WSTAR INSTITUTE OF ANATOMY AND BIOLOGY 

PhilPdelphh, P.. 
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HIGHEST PURITY ATTAINED COMMERCIALLY \; 
High Nitrogen Low Ash Trace Calcium 

CASEIN-HARRIS, free from Vitamines A & B, extensively purified by repre- 

Vacuum dried, pulverized. 

\\ cipieation from a CLEAR, dilute soda solution, with acetic acid. Extracted with acetic acid, alcohol and ether. 

PHYSIOLOGICALLY STANDARDIZED BY THE WHITE RAT METHOD 

I Widely used by Universities, State Departments, Experiment Stations and Laboratories of the United States 
Government, as a highly nutritive protein, free from Vitamines A and B. Growth charts upon request. I 

AVERAGE ANALYSIS 

Ask for f d  b t  of hbential food Moisture ...... 10.73 Casein (N X 6.38) ... 87.09 

factors, Vitamine products, food Ash . . . . . . ... .59 Fat.. . . . . . . ............ .20 
Calcium trace Nitrogen, mkes, wall chart, etc. Nitrogen ...... 13.66 water, fat, ash-free. 15.44 

(cf.-0sbo&e& Harris, Jr. ~ m :   him. Soc., 25-IV. 346) I 
T H E  H A R R I S  L A B O R A T O R I E S  

TUCKAHOE, NEW YORK 

Cat. No. 560150 Precision Volt-Ammeter 
with seven ranges: 0 to 0.15 amps.. 0 to 1.5 
amps., 0 to 15 amps., 0 to .045 volts. 0 to 3 
volts, 0 to 15 volts and 0 to 150 volts. 

Resistance: aa a millivolt- 
meted-10 ohms for 45 milli- 
volts. 

Resistance: as a voltmeter- 
533 H ohms per volt. 

Siemens & Halske 
Precision Volt-Ammeter 

With seven self-contained ranges. 
Each compensated for tempera- 

ture changes. 
This instrument is used largely i n  Physical, 

Electrical, Electro-Chemical and F&earch Labora- 
toriea where it meets every requirement for malt- 
ing d. c. voltage and current measurements. 

The various rangea are available by means of 
the lug switch shown in the cut. 

d e  instrument ia of highest quality; a remark- 
able permanency of accurate calibration having 
been secured. 

The external shunts and multipliers 
listed below permit of a wide range 
of usefulnw. 

Cat. No. Description Price 
560150 Precision Volt-Ammeter as illustrated .................. $110.00 
560010 Precision Manganin Shunt for 75 amps. .............. 9.00 
560011 Precision Manganin Shunt for 150 amps. .... . . . . . . 9.00 
560012 Precision Manganin Shunt for 300 amps. .............. 23.40 
560023 Combined Multiplier for 150, 300 and 750 volts ...... 32.40 

The abme are L cdock:.for prompt d e l S y .  
Prices are net.f.0. b .  Philadelphia. 

Catalog 10 15-S describes Siemens 
and Halske Precision Instruments fcr di- J A M E S  G .  B I D D L E  
rect current. Copies will be mailed upcn Sdcntific Inrtmments 
request. 1211-13 ARCH STREET, PHILADELPHIA 
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Perform acidemically and are sold with this 
guarantee. 

A complete line of laboratory dyes. 
Methylene Blue certified by Dr. Conn. 
Wrights Stain of perfect performance. 

Catalogue on request. Manufactured by 

T H E  DYE STUFFS LABORATORY 
1426 W e s t  3rd Street Cleveland. Ohio 

WANTED 
To purchase living AMOEBAS for class use 

about September 24. 

Address, E. P. CHURCHILL, Professor ot Zoology, 
Universiry South Dakota, Vermilion, S. D. 

P H O N E L E S C O P E  
TEACHES THROUGH THE EYE 

SOUND ELECTRICITY 

HERBERT GROVE DORSEY , ~ $ ~ ~ ~ \ \ ~ ~ s  

Dr. MULLER'S 
X-RAY 11 

SPECTROGRAPH 
For analysis of crystals and powders, 
determination of wavelengths and 
end radiations, etc. 

Full parlfculars on application 
to the makers : II 

ADAM HILGER L I M I T E D  I 
75a CAMDEN ROAD 

LONDON, N.W. 1 
ENGLAND 

We invite you to come on our mailingYist. 11 

CAMBRIDGE INSTRUMENTS 

H 
HIGH SENSITIVITY 
GALVANOMETER 

This galvanometer, when fitted with a 
coil of low resistance, is particularly use- 
ful in conjunction with a vacuo-junction, 
and gives a high volt sensitivity such as 
is required for measuring high frequency 
currents down to a few microamperes. 

The instrument is provided with a sil- 
ver strip suspension 22 cms long, and 
zero-creep has been practically elimi- 
nated. 

Send for List No. 162 

Also manufactures of all types of 
Physical and Electrical 

Instruments. 

nLu rOanCnrr 


