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3. Quaternions in undergraduate physics. J. G. WINANS, 
University of Wisconsin.-A quaternion or scalar plus 
vector (Q=S+V) results from the multiplication or divi- 
sion of arbitrary vectors. One vector a is replaced by the 
sum of two components, one parallel and one perpendicular 
to the other vector b. Thus a=a,+a2, and ab=alb+arb, 
or ab = S+V, since a, is parallel to b and at  is perpendicular 
to b. Now aLb=abcos8=(a.b), anda*b=ab sinO=[aXb]; 
so ab=(a.b)+[aXb]. Also a/b=al/b+a2/b=St+V2. 
Distributiveness has been assumed. CosB=adjacent side/ 
hypotenuse is a quaternion as is also sine but tanO=oppo- 
site side/adjacent side is a vector. Since sin'B+cos'B= 1, we 
have QIl+ Q2  = I, and thesquare of aquaternion is a scalar. 
(S+V)*= Q*, or S+SV+VS+V = Q2. Separating scalars 
and vectors leaves P + V = Q ¶ ,  and SV+VS=O. Thus 
multiplication of scalar and vector is not commutative. 

4. A simple method for obtPining numerical solutions 
to probleme governed by the one-dimensional wave equa- 
tion. WALTER P. REID, Nasal Ordnance Test Station, China 
Lake, California.-If y(x, t) is the general solution to the 
onedimensional wave equation, then 

This formula may be new, although it is so simple that one 
would expect it to be well-known. At any rate, it can be 
shown that its use will frequently enable one to calculate 
very easily numerical results of problems governed by the 
one-dimensional wave equation. 

5. Film-loops for physics teaching. JOEN J. HEILMAN, 
Ursinus College, Collegeville, Pennsylvania.-Continuous 
film-loops with running times of 20 to 120 seconds were 
shown illustrating phenomena in vibratory mo$ion, wave 
motion, and impact. These loops may be used either as 
animated lantern slides in lecturing or by the students to 
make quantitative studies of the phenomena. 

6. A simple high frequency demonstration oscillator. 
RICH- H. HOWE, Denison Uniuersity.-A high frequency 
demonstration oscillator of simple construction was ex- 
hibited and briefly described. The oscillator was used to 
demonstrate several of the fundamental uses of electro- 
magnetic radiation with particular application to high 
frequency arrays. 

The power output of the oscillator is sufficient to provide 
ample visual display of the effects to a large group. I t  
operates a t  a frequency which permits the demonstration 
equipment to be of dimensions convenient for class- 
room use. 

7. Echo rrngiug with audiofrequendee. GEORGE BRAD- 
LEY, Weslern Michigan Colkge of Educath.-A device has 
been constructed which detects objects in a room by means 
of a reflected sound signal. The wund pulse is made up of 
very few cycles of audiofrequencies, and therefore the 
amplifiers and detectors operate in the audio range. The 
device, in using only a few cycles in each pulse, gives 
graphic demonstration to the student that not all sound 
waves are periodic. 

This apparatus was primarily designed for a demonstra- 
tion piece for the classroom. I t  has been utilized success- 
fully (a) to measure the speed of sound in free air, (b) to 
illustrate the reflection of sound waves, (c) to measure the 
reverberation time of enclosures, and (d) to illustrate the 
principle of sonar and radar detection in the classroom. 

Aside from a standard power supply, the apparatus 
utilizes 8 tubes in the electronic circuits, mounted on a 
7 in.X7 in. chassis. A small permanent magnet speaker 
acts as the transducer and a dynamic microphone as the 
detector. Data were presented on a standard oscilloscope. 

8. Preparation of pictorial material for dassroom use. 
Z. V. HARVALIK, IST, University of Arkunsas.-Photo- 
graphic methods are employed to assemble pictorial 
material. Emphasis is given to the use of 35-mm film 
because of the easy handling, low costs, and the small 
storage space required for the slides. 

Material was demonstrated which dealt with tables, 
graphs, apparatus layouts, experimental records, and 
microfilming. 

A simple apparatus was described and shown which 
enabled almost routine-type speed in taking photographs of 
material useful in lectures, demonstrations, and reference. 

9. Color demonstration with a small projection lantern. 
V. E. EATON, Wesleyan University.-A Model MC De- 
lineascope and a transmission grating were used to project 
the continuous spectrum of a lamp source and the band 
spectra of various filters. By substituting a rutile prism for 
the grating, two large brilliant spectra were produced. 
The same lantern was used to demonstrate the subtractive 
method of color photography. 

For other color experiments the light from the lantern 
was reflected onto the screen from three mirrors, mounted 
on universal joints and separately controlled. When three 
primary filters were properly mounted in the lantern the 
arrangement could be used as a color mixer and the in- 
tensity of each component could be controlled by means of 
Polaroids. This arrangement could be used also to demon- 
strate the additive method of color photography and to 
project the Maxwell color triangle. 

10. Individual projects on the intermediate level as a 
t r ahhg  aid and as an economy measure. 0. B. YOUNG, 
Southern Illinois University.-An outline of advantages of 
individual projects performed by undergraduate physics 
students on the intermediate level was presented. The 
method is highly adaptable and flexible, meeting different 
types of student needs and departmental circumstances. 
Twenty-three different points were considered. Special 
emphasis was given to student motivation, development 
of interest in physics, economy of teacher time, of depart- 
mental equipment, and application to students of varying 
abilities. 

11. A most unusual mlar phenomenon witnessed at  
Cedar Falls, Iowa, February 27, J952. R. A. ROGERS, 
I m a  Slore Teachers College.-From about 11:OO A.M. 
until 2:00 P.M. on February 27, 1952, conditions ap- 
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tion with this furnace are part of the back-reflection com- 
ponent of a General Electric X.R.D. unit; however, any 
one of a number of types of back-reflection arrangements 
may be used. With the G. E. film holder and sector mask, 
three separate exposures of opposing 60' sectors can be 
made on a five-inch circular film, providing a diffraction 
record at  three different temperatures and thus reducing 
film shrinkage error in comparing the patterns for different 
temperatures. 

The results obtained during more than a year of using 
this system have shown it to be more nearly accurate in 
temperature determination and control than furnaces 
suitable for use in cylindrical powder cameras, and to be 
more suitable for use by relatively inexperienced personnel. 

A Modified Cotton Balance* 

T EACHERS of general physics laboratory courses 
often have felt that an experiment demonstrating 

the interaction of a magnetostatic field with a conductor 
through which an electric current flows would be desirable. 
The author constructed a simple apparatus demonstrating 
quantitatively the interaction of a permanent magnetic 
field and a magnetic field produced by an electric current 
using Cotton's' approach. The apparatus consists of a 
permanent magnet of large-area pole shoes and narrow air 
gap, and a conductor movably located in the air gap. i t  
uses a damping magnet of a watt-hour meter as permanent 
magnet and a wire as conductor bent into a rectangular 
loop. 

Assuming that a direct current I passes through the 
wire loop, a part of which is located inside of the magnetic 
field of the permanent magnet and having a length of I, 
a force will dwelop of the intensity 

F= IIB, (1) 

where 1 is the length in centimeter of the wire inside of the 
magnetic field, B the flux density of the magnetic field in 
maxwell, and I the current intensity in abampere. Ac- 
cording to the direction of the current and considering that 
the conductor wire is horizontally mounted, the wire will 
be pushed upward or downward when the current is per- 
mitted to flow. If one connects the conductor to a battery 
in such a way that the force acting upon the wire causes 
the wire to move upward against the gravitational field of 
the earth, the Lifting force can be compensated by attach- 
ing weights to the wire. These weights represent a force 

where g is the acceleration due to gravity (980 cm set*) 
and nr the mass of the attached weights. Therefore, one 
can establish the equation 

gm = IlB. (3) 

D I S C U S S I O N  

If I is known, the equation can be solved for 

B gm/Il. (4) 

Description of the Instrument 

A wooden block WB is mounted on a 6x12-inch base 
plate BB (Fig. I), and carries two binding posts BP to 

FIG. 1. Modified cotton balance. 

which the wire loop L is attached. The wire loop L is of 
rectangular shape, the shorter side of which is placed into 
the air gap of the permanent magnet M. At the center of 
the smaller side of the wire loop, a carrying hook CH is 
soldered as well as an indicator wire. The carrying hook 
CH is of the same gauge as the wire loop (24 gauge, 0.51- 
mm diameter). The indicator wire is of 38 gauge (0.1-mm 
diameter), and serves in connection with a measuring mi- 
croscope as compensation indicator. The weights added 
to the carrying hook WCare fiber washen Wwhose masses 
must be determined with an analytical balance. The per- 
manent magnet M is mounted on the board by a brace B 
of appropriate ahape. 

Owing to the fact that undesired vibrations of the wire 
loop L occur, a damping device is introduced. The damping 
device consists of a damping wire DW soldered onto the 
loop L. The damping wire dips into a test tube T fiUed with 
oil of viscosity 10 as damping liquid DO. 

Experimental Procedure 
After the student wires the circuit according to the 

diagram (Fig. I), and establishes the zero position of the 
loop by observation through the measuring microscope 
MM, he tests the upward direction of the force on the loop 
by switching on the current. A weight washer W is then 
placed upon CH and the electric current is regulated with 
the resistor (20 ohm, 5 amp) till the zero position of the 
indicator I is established, using the measuring microscope. 
The cumnt read on the ammeter is recorded. A 2nd, 3rd, 
4th, etc., weight washer W is added and the procedure is 
repeated. A graph indicating the proportional relationship 
between the current and the compensating weights is pre- 
pared (Fig. 2) and the flux density within the air gap of the 
magnet is calculated by formula 4. 

Students will have no diaculty in performing the me* 
urements whicb are accurate to one pemnt if an ammeter 
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An Electronic Magnifier for Observation of Infra-Red and Ultraviolet* 
%ABOJ V, HARVALIK 

Univnsiiy of Arkansas,t Faydfeville, Arkansas 

I N the early 1930'9, many investigators applied graphic plates and bolometers were utilized. 
image tubes to the study of infra-red re- However, with the development of the image 

flecting and absorbing properties of materials.'-"ube a significant improvement in such con- 
They attached an image tube to a microscope verting devices was made. 
or telescope and observed the object when il- The techniques involved in the transforrna- 
luminated with infra-red light. tion of infra-red light into visible light by the 

During World War 11, the image tube was use of the image tube are as  follows: The sample 
considerably improved in its physical and elec- or specimen, illuminated by an infra-red light 
tronic performance and was used as an infra-red- source (150-w projector bulb inserted into a 
visible light transforming device in differenb light-tight box (Fig. 1, left) and equipped with 
types of snooperscopes and sniperscopes. These an infra-red (Corning No. 254) filter will re- 
instruments enabled the observation of the flect a certain amount of infra-red light. The 
enemy illuminated by an infra-red search light infra-red light reflected from the sample reaches 
without the observer being seen.4-' the electronic magnifier (Fig. 1, center) where 

In 1947, Z. V. Harvalik6 described an elec- an optical (infra-red) image is focused upon the 
tronic eyepiece attached to a spectroscope that photo-cathode P C  of the image tube (Fig. 2). 
enabled the direct observation of the infra-red The electrons released by the photo-cathode are 
portion of the spectrum. In 194% R. Baill~'  electron-optically focused by the rings R1, R,, 
dmwed how to use the image tube in connection R,, R, upon a fluorescent screen which is covered 
with the microsco~e, and applied it to Petro- with a phosphor of a composition similar to that 
graphic research. of the phosphor used in cathode-ray tubes. When 

After declassification of the improved image the electrons reach the phosphor of the screen 
the author attempted to  find uses for SC, they activate it to  a greenish luminescence 

these in physical and chemical research. Stimu- of the phosphor. ~h~ 
lated by the fact that some substances di.splay image formed on the screen sc is observed 
special properties in filtered ultraviolet light, he through a magnifying eyepiece.  hi^ image can 
felt that similar procedures could be followed by be photographed by a camera attached to the 
using filtered light in the infra-red region of the lens system M. 
spectrum. Because the infra-red light is not The electronic magnifier for observation of 
visible to the human eye, certain converting infra-red images (Fig. 2) consists of the image 
devices have to be used- Originally, only photo- tube 1-p-25, magnifying lens CL and the 

*The electronic magnifier was exhibited at the Col- magnifying eyepiece M. The 1-P-25 tube is 
loquium of College Physicists in Iowa City, Iowa, June 16, 
1949. The infra-red spectroscope (Fig. 6) at the Colloquium 
of the College Physicists in Iowa C~ty,  in June, 1948. 

t Research Paper No. 876, Journal Seriea, University of 
Arkansas. 

E. Brilche and 0. Scherzer, Gwmetrische Elektronen- 
optik (Verla Julius Springer, Berlin, Germany, 1934). 

W. ~chakernicht, Zeibsch.f. Techn. Physik 17, 12 (1936). 
'V. K. Zworykin and G. A. Morton, J. Ofit. Sot. Am. 

26, 181 (1936). 
' G. A. Morton and L. E. Flory, Eleclronus 19, 112 

(1946). 
G. A. Morton and L. E. Flory, RCA Revim 7, 385 

(1946). 
EZ. V. Harvalik, Rev. Sci. Instr. 19, 254 (1948); Bulletin 

A P S  22, No. 6, 23 (1947). ' R. Bailly, Science 108, 143 (1948). 
8 RCA Data Sheet on 1-P-25, 1944-7 (restriction re- 

moved). FIG. 1.  Electronic magnifier. 
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FIG. I. Low temperature gasket. 

container is indicated in Fig. 1. The gold wire, A ,  0.020 in. in 
diameter, sealed the copper container, B, which in this application 
happened to be 8 x 4  in. (diameter), when the copper cap, C, was 
forced down onto i t  by twenty-two 4-40 Allen-head screws. The 
initial tightening of the cap caused the gold to flow and to take up 
any irregularities in the sealing surfaces. At the same time it be- 
came work-hardened and elastic. The gasket adhered well to the 
container and was not removed during subsequent disassembly 
operations. In the application in which this arrangement was used, 
the presence of magnetic bodies was not objectionable; hence 
standard steel screws were used. For experiments in which this is a 
consideration, strong, non-magnetic screws will be employed; 
beryllium copper screws appear to be a good choice for this 
purpose. 

The arrangement was checked for tightness with a helium mass 
spectrometer leak detector.' Preliminary measurements, made 
with the leak detector operating in routine fashion, that is, with 
the diffusion pump associated with the device open to the system 
under test, gave a conservative lower limit to the size of leak 
detectable equal to 5X 10-6 (micron-liter)/sec., measured a t  room 
temperature. Within this limit, no leak was detectable with the 
apparatus exposed to helium gas a t  one atmosphere in the temper- 
ature range room temperature to ca. 4.2'K, or to liquid helium 
between ca. 4.2' and 1.92'K. 

Because of the general interest in the tightness of the gasket 
when the seal is exposed to superfluid helium, the test method was 
elaborated so as to decrease the lower limit to SX 10-O (micron- 
liter)/sec. with the apparatus immersed in liquid helium below the 
h-point. The container was filled with a machined piece of alumi- 
num which decreased the gas space in the container practically to 
zero. The container communicated with a 1.5-liter volume a t  room 
temperature by way of the pumping line. When the liquid helium 
in which the container was immersed reached the h-point, the con- 
tainer was isolated from the pumping system of the leak detector, 
and any helium leaking in was allowed to collect in the room 
temperature volume. The collection time was 100 min., during 
which time the liquid helium, whose vapor was being pumped 
away continually, reached a vapor pressure of 18.2 mm, corre- 
sponding to 1.9Z°K. At the end of the collection time, the system 
was quickly opened to the mass spectrometer, and, from inde- 
pendent calibrations, the lower limit already noted could be 

deduced. There exists the possibility that the actual leakage rate is 
higher than the value given because of the adsorption of helium gas 
on the low temperature surfaces of the container. No further work 
was done on this possibility. 

There was no ambiguity associated with the temperature meas- 
urement. I t  was determined from the vapor pressure as indicated 
by both an ordinary mercury manometer and a Dubrovin gauge 
having a ninefold amplification factor and readable to *0.1 mm 
Hg. The gauges were connected to a tube having an I.D. of 0.175 
in. and immersed in the liquid helium. The attainment of the 
h-~oint  was indicated by a discontinuity in the slope of the vapor 
pressure, time relation for the evaporating liquid and corresponded 
accurately to the h-point pressure as read on the gauges. 

The assembly survived 12 cooling-heating cycles between room 
temperature and 77"K, as well as six separate openings and 
closures, with no evidence of leakage. Parenthetically, it is 
interesting to note that the leak test included any possible contri- 
bution by the S.A.E. brass to copper flare fitting which was there 
fore free of leaks to the limit and under the conditions described. 

I t  is evident that the seals described here are sufficiently tight to 
permit the use of the practice widely employed in the case of glass 
Dewar  vessel^.^ Thus it would be possible to rough pump a copper 
vacuum container using a gold gasket and to allow the pressure to 
drop to a negligible value when low temperatures are reached. In 
other words, no kinetic diffusion pump system need be used. 

In conclusion, the authors are happy to acknowledge the 
cooperation of Dr. R. E. Fox and Mr. D. J. Grove in certain phases 
of the use of the mass spectrometer leak detector. 

1 Giaugue Stout and Barieau J. Am. Chem. Soc. 61.654 (1939). 
I ~ i a u g u e :  ~ritz, 'and Lyon. J: Am. Chem. Soc. 71. 1657 (1949). 
8 W. M. Hickam. Rev. Sci. Inst. 20. 472 (1949). 

Tho"". Williams. and Hi ple. Rev. Sci. Inst. 17. 368 (1946). 
5 W. F. Giaugue, Rev. SCI. g s t .  18. 852 (1947). 

Simple Method to Seal Liquids of High Vapor 
Pressure into Glass or Quartz Capillaries 

Z .  V .  HARVALIK 
Uniorrsily of Arkansas, Foycllruillc. Arkansas 

August 1. 1940 

A SIMPLE method of sealing a liquid of high vapor pressure 
(water, ethyl ether, ethyl alcohol, carbon disulphide) into 

heavy-walled glass or quartz tubes and capillaries is described as 
follows. 

u- 5 /(11) /) . 260 cC/  
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Subjective Spectral Band Limits* Under Controlled Conditionst1 
ZAEOJ V. HABVALUC. Instilufe of Science and Tkknology 

JOHN H. BOWEN; Department of Psychology 
Univetsily of Arkansas, Faydlcville, Arkansas 

(Received September 26, 1949) 

Subjective spectral band limits have been established under controlled conditions as to dark adaptation of 
the eye, luminance of the spectrum (0.8 millilambert a t  555 mp) at  the eyepiece slit, small visual angle (2.2') 
of the slit, and observed band width of 0.6 mp a t  400 mp to 1.3 mp a t  700 mp. One hundred and twenty-five 
students have been subjected to the test. Color-blind persons were excluded. The mean values of transition 
points established by these tests are as follows: Transition from infra-red to red, 744 mp; red to orange, 614 
mp; orange to yellow, 597 mp; yellow to green, 582 mp; green to blue, 514 mp; blue to violet, 476 mp; and 
violet to ultraviolet, 419 mp. 

Color transitions of some color-blind subjects, exceptional subjects and subjects pre-exposed to various 
conventional light sources, are also given. 

I. lNTRODUCTION II. APPAUTUS 

A LITERATURE study of subjective band limit~l-'~ The instrument used was a Gaertner constant devia- 
in the spectrum revealed a considerable discrep- tion spectrometer, which acted as a monochromator. As 

ancy between various authors in regard to wave-lengths light source, an incandescent projection bulb (100 watt, 
of color transitions (Table I). I t  was assumed that the 120 volt) operated a t  approximately 2800°K was used 
data compiled bv these authors are the results o --awe of its convenience and re~roducibilitv.~ Bv 
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ionization potential making the process analogous to forma- that it contain about 0.5 mm of oxygen to make the carbon 
tion of Cs+ from Cs impacting on W. The sharp threshold line appear. Using a mixture of CIS -CIS enriched to 52 percent 
voltage for the pitting pr-s to be expected on this picture Cis, a measurement of the isotope shift in this line was made 
has been observed. with a Fabry-Perot interferometer crossed with a medium 

11.. H. Germer and I;. E. Ilalvorth. Pl~ys. Rev. 73. 1121 (19411). 
Hilger spectrograph. The normal mass effect, based simply on 
the cbange in the Rydberg constant, would predict an isotope 
shift in this line of plus 0.142 cm-1. The observed shift. how- 

Optical Physics; Line-Spectroscopy; Nuclear 
Magnetic Resonance; Mass Spectrometry 

J G ~ .  The Establishment of Mean Points of Transition Be- 
tween Spectral Bands.' ZAeoj V. HARVALIK AND JOHN H. 
BOWEN,' Univmily of Arkansas.-A method for obtaining the 
mean spectral band transition points is outlined and the mean 
values are presented. Comparison is made between transition 
values of this study and the values given in contemporary 
literature. The spectral transition points for binocular vision of 
light adapted eyes are: red, 739-613; orange, 613-597: yellow, 
597-585; green, 585-517; blue, 517479; violet, 479422, a t  
the brightness of the eyepiece slit of 0.002 foot candles/cm2. 
The data were obtained from 125 individuals of the ages 
from 17 to 36 years of both sexes (42 women and 83 men). The 
selection of these subjects was made without selection with 
respect to eye deficiencies. Data on color ranges of monocular 
vision and binocular vision for the dark and light adapted eye 
are given. 

B a d  on work performed under contract with the Office of Chief of 
Ordnance. Department of Army. 

1 Ordark Rarearch Fellow in Psychology. Department of Psychology. 

G2. The Use of 8~Exploding Wires" as  a Light Source of 
Very High Intensity and Short Duration. W n ~ 1 . m  M. CONN, 
Rockhurst Co1kge.-The flash of light obtained in discharging 
a large condenser through a very thin wire has been used as  a 
light source for obtaining high speed photographs and for 
making visual observations of rapidly moving objects. Copper 
wire was found most suitable for photographic exposures, 
while wires made of silver and chromel gave good results in 
visual work. Examples of some typical settings are presented 
using wires of silver, gold, aluminum, copper, steel, constantan, 
and chromel. Arrangements for increasing the intensity of 
single flashes of light and for multiple flashes are briefly dis- 
cussed, as well as means for electrically exploding materials 
not available in the shape of thin wires. 

G3. Forbidden s-ns L i e s  in Alkali Metal Atomic Absorp- 
tion Spectra. J. E. MACK, University of Wisconsin.-A re- 
examination of Kratz' long-path absorption spectrograms1 
shows that a t  least on the Rb plates there are, in addition to 
the series from the normal state to high d-, f-, g- . . . levels, 
transitions to s-levels in the neighborhood of 50s. These levels 
were overlooked before because they are only barely or partly 
resolved from those in the f series, where the asymptotic 
quantum defect is less by almost 3 units. The significance of 
their presence lies in their evidence that the unusual transi- 
tions must arise from disturbances attributable to other atoms, 
since the 0-0 transition in 1 is strictly forbidden. 

'11. R. Kratr and J. E. Mack. Phys. Rev. 76. 193A (1949). 

Ccl. Isotope Shift in the Zp ISo-3s  PI Line of Carbon.. 
JOHN R. HOLMES, University of Soulhern California.-A study 
has been made of appropriate methods of excitation of small 
samples of carbon in order to make a measurement of isotope 
shift in the atomic spectrum of carbon. I t  has been found that 
milligram amounts of carbon can be excited to give the 2479 
A !2PP1S,-3s 'PI) line with good intensity and sharpness in 
a l ~ q u ~ d  nitrogen cooled electrodeless discharge tube of rec- 
tangular cross section, but that no other carbon lines appeared. 
The carrier gas was about 4 mm of helium but it is essential 

ever, is minus 0.156f 0.002 cm-1, indicating a "specific mass 
effect"1 of minus 0.298 cm-1. 

* Supported by the 
1 0. S. Hughes and 

ONR. 
Carl Eckart. Phys. Kev. 

G5. Departure of the Lamb Shift from the n-8 Law in HeC. 
J. G. HIRSCHBERG, JR. AND J. E. MACK, University of Wis- 
consin.*-Light of the Paschen line, A4686, from a liquid-air- 
cooled hollow-cathode discharge was diffracted from a 21-foot 
grating, and the extreme violet portion (3b-411, in the nota- 
tion ni), isolated by a knife-edge, was subjected to a Fabry- 
Perot interferometric examination with several spacers ranging 
from 16 to 21 mm. The separation of the two1 components. 
which (neglecting any 9- and d-shifts) is just the 3s-shift, is 

0.1314{+ :k:: :::::} cm-1. and thus definitely smaller than 

the 0.139f 0.003 which an n-a extrapolation from the 2s-shifta 
would yield. Other values to be compared, all based on the 
3,-4, component and incorporating the assumption (4s- 
shift)/(3s-shift)=27/64, are our previous tentative grating 
valuea of 0.113&0.014 cm-1 and Kopfermann's4 0.137f 0.015 
and8 0.118f 0.003 cm-1. 

* Supportcd by contract wit11 the ONK. 
11. E. Mack and N. Auatern. Phys. Rev. 74, 1262A (1948). 
'M. Skinner and W. E. Lamb. Jr.. Phya. Rev. 75. 132SA (1949). 
1 J. E. Mack and N. Austern. Phys. Rev. 72.972 (1947). 
4 H. Kopfermann and. W. Paul. Nature 162. 33 (1948). 
1 H. Kopfcrmann. Zelts f. Physik manuscript sent to ua in advance of 

publication. 

* Supportcd by contract wit11 the ONK. 
11. E. Mack and N. Auatern. Phys. Rev. 74, 1262A (1948). 
'M. Skinner and W. E. Lamb. Jr.. Phya. Rev. 75. 132SA (1949). 
1 J. E. Mack and N. Austern. Phys. Rev. 72.972 (1947). 
4 H. Kopfermann and. W. Paul. Nature 162. 33 (1948). 
1 H. Kopfcrmann. Ze~ts f. Physik manuscript sent to ua in advance 

p u E  

G6. Hype rhe  Structure and Isotope Shift in Barium. 0. H. 
.I\RROE, University of Wisconsin.*-Spectroscopic h.f.s. studies 
have been made with concentrated samples of the isotopes 
Bala7 and Balab.** The resonance lines of Ba I I show that both 
isotopes have the spin 3/2 and that the splittings from BalST 
are 12 percent larger than those from Ba"'. A small isotope 
shift, in which the even isotopes are displaced with respect to 
the odd, is found in these lines. Earlier studies with natural 
barium have indicated the values 5/2 or 3/2 for both odd 
isotopes; the current acceptance of 3/2 has come from a con- 
sistency test by Hay,' who found by a molecular beam reso- 
nance method that the nuclear magnetic moments have the 
ratio p1n/p1rr~1.1174i0.0010. although the structure of 
BaIab had never been resolved from that of Ba187. The disagree- 
ment among earlier investigations probably arose from the 
blending caused by the difference in the h.f.s. splittings of 
BaIa7 and BalJs (natural abundances respectively 11.32 and 
6.59 percent). 

Supported by contract with the ONR. ** Produced by the Y-12 plant. Carbide and Carbon Chemicals Corpora- 
tion, and obtained by alloation from the United Stater AEC. 

1 R. H. Hay. P h n .  Rev. M. 75 (19.11). 

G7. Nuclear Momentcl of Mg". F. M. KELLY, A. L. SCHAW- 
LOW, W. M. GRAY, AND M. F. CRAWFORD, University of TO- 
ronlo.-The h.f.s. of the Mg I line 5167A ( 3 ~ 3 9  ?P0-3s4s IS1) 
and the Mg I1  line 2796A (3s 'Sir; -39 'Pa,;), excited in an 
atomic beam source, have been resolved with a Fabry-Perot 
etalon. 5167A shows two faint components due to Mgar a t  
f0.0303 and -0.0341 cm-1, and a Mga' component a t  
-0.0138 cm-I, from the strong Mgu component. If the MgS' 
centroid is assumed midway between the Mgu and Mg" com- 
ponents, the interval rule gives I=5/2  and the inverted struc- 
ture of 'SI shows that the magnetic moment is negative. The 
'SI splitting gives p(Mg")= -0.97f0.05 n.m. 2796A shows 
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BAS. Theory of Bleatron Multipliution in Crystals.* 
FREDERICK SEITL, Carncgie InsWuk of Technology.-The 
multiplication of free electrons in strong electrostatic fields 
is examined. This problem is related to that of dielectric 
breakdown if the latter problem is approached from von 
Hippel's viewpoint of ionization by impact. Let En be the 
electrostatic field for which an electron gains energy from 
the field more rapidly than it loses it in exciting lattice 
vibrations. The present work shows that avalanches suffi- 
cient to produce breakdown could occur a t  a field of about 
0.2En through statistical fluctuations. The size of the aver- 
age avalanche grows by 18' as the field is increased by 
about 25 percent if the electrons ionized belong to the bulk 
material. I t  is concluded however that the avalanches ob- 
served by Haworth and Bozorth and others in the pre- 
breakdown region are probably connected with impact 
ionization of impurity atoms. I t  is also concluded that the 
interaction between electrons and non-polar lattice vibra- 
tions, hitherto ignored in ionic crystals though not in non- 
polar crystals, is important in polar crystals. This interac- 
tion makes von Hippel's and FrOhlich's criteria for break- 
down nearly identical; however, both are too stringent. 

Contribution 
cooperadon with 

to a rogram su~ported by the 
the 0 k c e  of Naval Research. 

Bureau 

BA6. Measurement of the Piezoelectric Constants of 
Alpha- and Beta-Quartz. RICHARLI K. COOK AND PEARL G. 
WEISSLER, National Bureau of Stundards.-The piezoelec- 
tric constants dl1 and dl, of alpha-quartz have been meas- 
ured between room temperature and about 565°C. At the 
latter temperature, dl1 is about 4 of its room temperature 
value, whereas dl4 has increased by a factor of approxi- 
mately 24. At a temperature of 573°C (the inversion tem- 
perature), the crystal structure changes to that of beta- 
quartz, and dl1 vanishes. The constant dl4 for beta-quartz 
has been measured between about 585'C and 620°C. dl4 
appean to be substantially constant over this short range 
of temperature, and differs from dl4 for alphaquartz a t  
565°C by only a few percent. The piezoelectric constants 
were deduced from measurements of the equivalent circuits 
of long thin bars driven electrically a t  frequencies near the 
resonance frequency for the fundamental longitudinal 
mode. The bars were cut with flat faces perpendicular to the 
x axis, and the flat faces were gold plated and used as 
electrodes. The long dimensions of the bars lay in the 
ye plane, and made known angles with the y axis. The 
equivalent circuits were determined with a Q-meter tech- 
nique, and the circuit constants needed for calculation of 
the piezoelectric constants depended only on the measure- 
ment of frequencies and of changes in capacitance. 

1/ BA7. Some Properties and X-Ray DifIraction Pattern of 
Some Inorganic Salts Crystallized by the Critical Tempera- 
tun of Water aa Solvent. ZABOJ V. HARVALIK, University 
of Arkansas.-Certain inorganic salts as sodium chloride, 
sodium sulfate, barium chloride, and barium nitrate have 
been precipitated in an autoclave a t  the critical tempera- 
ture of water as solvent. The precipitated salts were re- 
covered by slow expansion of the solvent (water) while 
the autoclave temperature was held a few degrees above 
the critical temperature of water.' X-ray diffraction pat- 
terns were made on a North American phillips recording 
x-ray diffraction unit and revealed that the crystals ob- 
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tained by this method are somewhat different from crystals 
obtained by conventional means of crystallization. Lattice 
calculations indicate that the salts crystallized a t  the 
critical temperature of water approach an x-ray diffraction 
pattern closer to the theoretical values and are without in- 
ternal strain.' The crystals are about 3 to 5 microns in 
size, although larger aggregates have been observed. The 
crystals have been used as  seeds for conventional crystal- 
lization a t  temperatures lower than the normal boiling 
point of water. Attempts have been made to obtain larger 
crystals a t  the critical temperature of water by using 
temperature pulsation, with and without mother liquor 
supply. The crystals thus obtained are larger (0.01 mm to 
1.0 mm) and do not show any difference fmm crystals 
gmwn under conventional conditions, as  far as the micro- 
scopic inspection is concerned. No x-ray diffraction pat- 
terns have been made yet. 

1 Paper presented by 2. V. Harvalik at the 112th meetin# of Am. 
Chcm. Sac.. New York. 1947. 

3 J. W. Buttrey. Theab at Univenlty of Missouri. MSM (1948). 

BAB. The Vibrational Spectrum of Crystallhe Benzene. 
R. D. MAIR AND D. F. HORNIG, Brmn University.-The 
infra-red spectrum of crystalline benzene was studied a t  
- 12"C, -68"C, and - 170°C and, the liquid a t  28°C. As 
predicted theoretically,l the lines are extremely sharp, the 
mean line width for fundamentals being but 7 cm-1 in the 
crystal. In three cases it is less than the spectral slit width 
(4.5 cm-I). All out-of-plane degenerate modes are split by 
about 10 cm-l. Selection rules agree with the x-ray struc- 
ture. All ungerade fundamentals are observed directly, 
some for the first time. The assignments of Ingold d al.' are 
confirmed except for the Bt. species. There is strong evi- 
dence for changing vlr  by about 3 percent. Forty-one 
combination linesare observed. One of these, an extremely 
sharp line a t  1311 cm-I, appears to violate selection rules. 
We suggest that it is v14 and that the Raman line observed 
a t  2618 cm-I is its overtone. An allowed combination with 
v, is observed a t  2907 cm-I. Ingold's other data can also be 
satisfactorily accounted for on this basis. Combination lines 
involving torsional lattice modes are observed a t  - 170°C. 

1 D. F. Hornlg. Chem. Phyr 16. 1063 (1948). 
1 N. Herrfeld. 2 K. Ingold, and H. G. Poole. J. C h .  Soc. Pt. 1. 

316 (1946). 

BA9. Symmetry Coordinatesin Molecules and CrpstaIu.* 
WILLIAM J. T A ~ O R ,  Ohio State University.-In the treat- 
ment of the vibrations of a symmetrical molecule or crystal 
symmetry coordinates may be formed from sets of equiva- 
lent coordinates so as to reduce the point group of the 
molecule or.the factor group of the space group of the 
crystal lattice. The reduced representations of a set of 
equivalent coordinates in the group may be found by 
general methods. A set of coordinates may be divided into 
equivalent subsets which are in one-to-one correspondence 
with a aet of equivalent points (in the molecule or unit cell). 
There is a set of conjugate subgroups which leave the 
points invariant. The representation of the set of coordi- 
nates in the group is completely characterized by the nature 
of the set of points (and subgroups) and by the representa- 
tion of a typical subset in the associated subgroup. Com- 
pact tables may be prepared showing the reduced repre- 
sentation in the group for each possible set of points and for 
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A Microwave Polarimeter 
ALFRED E. SCHWANEKE* AND ZABOJ V. HARVALIK** 

Universily of Missouri, School of Mines and Metallurgy, Rolla, Missouri 
(Received December 6 ,  1948) 

A microwave polarimeter is described which enables the determination of rotation of the plane of 
polarization of microwaves in the 3.2cm band. The transmitter-analyzer utilizes klystron tube 723 
A/B. The microwaves are fed into a horn which acts as a polarizing agent. The analyzer-receiver 
consists of a horn antenna, rotatable wave guide, a crystal detector, and an indicator. The microwaves 
are rectified by a crystal rectifier, and are either detected by a microammeter, a galvanometer, or by 
an amplifier of appropriate design. Changes of angles of rotation can be detected if  they are not less 
than 2" to 3". 

I NVESTIGATIONS regarding the behavior of 
microwaves have disclosed that their physical 

properties are more or less identical with those of 
visible light. A certain kind of phenomenon of inter- 
action of microwaves with matter will show a pro- 
nounced difference, however, due to differences in 
wave-length. This difference is even more pro- 
nounced with respect to absorption and reflection 
when microwaves are directed against matter. This 
paper describes a microwave polarimeter which 
might prove useful in the investigation of polarized 
microwaves and their interaction with reflecting 
and absorbing substances. 

The microwave polarimeter, like the optical 
polarimeter, uses a polarizer and an analyzer, but 
it differs in that the microwave-polarizer also in- 
cludes a microwave-generator. A klystron tube 
(723 A/B) generates microwaves of 3.2-cm wave- 
length and about 25 milliwatts. The microwaves 
are fed by a wave guide into a horn which acts as 
the polarizing agent. In the analyzer a system of 
horn and wave guide also is used. The microwaves 
reaching the horn of the analyzer are transmitted 
by a wave guide to a loop. The microwave energy 
induced in the loop is transmitted to a coaxial line, 
which permits the rotation of the horn over a range 
of 360". Using a coupling antenna, the energy from 
the coaxial line is transferred into a wave guide, 

FIG. 1 .  

* Now at Central Missouri State Teachers College, War- 
rensburg, Missouri. 

** Now at Institute of Science and Technology, University 
of Arkansas, Fayetteville. Arkansas. 

into which a IN21 crystal detector is inserted. The 
output current is fed from the detector into an 
amplifier or microammeter or galvanometer. 

The essential features of the polarimeter are 
shown in Fig. 1. The polarizer portion consists of 
a type 723 A/B klystron generator coupled to a 
short section of a wave guide which radiates energy 
into space through a pyramidal horn antenna. This 
antenna radiates a plane-polarized wave that is 
intercepted by another horn which serves as the 
antenna of the receiver-analyzer. A special coaxial- 
line-rotating joint allows the analyzer horn to be 
rotated in order to measure the polarization char- 
acteristics of the received energy. This special joint 
couples the energy to a semi-resonant section of 
wave guide terminated in a silicon crystal rectifier 
(1N23). The output of the polarizer can be fed 
either into a galvanometer or into an amplifier 
with the following modification: If the output of 
the polarizer is amplitude modulated by a 1000- 
cycle/second wave, this modulation is appearing as 
a 1000-cycle varying voltage across the crystal 
rectifier with a steady, true current component of 
the rectified carrier. This complex current is passed 
through an impedance transformer (T3 of Fig. 8). 
The resulting 1000/cycle-second square wave is 
then sent through the amplifier t o  a vacuum tube 
voltmeter which indicates the received signal in- 
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tion of a high negative voltage. The schematic 
of such a stabilizer is shown in Fig. 10. Here 
the unregulated negative high voltage is applied 
to the cathode of the series tube, and the grid- 
biasing signal is obtained as before from the r-f 
rectifier and filter in the cathode-grid circuit. 
Since the grid circuit, including the r-f trans- 
former secondary, is insulated from the r-f 
primaries, that entire circuit can travel up and 
down with fluctuations in the unregulated high 

voltage input; but the grid signal so controls 
the drop across the series tube that the plate 
of that tube remainsat a quite constant potential. 
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An Electronic Eyepiece for Spectroscopy of Near Infra-Red* 

ZABOJ V. HARVALIK 
Uniclersify of Missouri, School of Mines and Metallurgy, Rolla, Missouri 

(Received January 8, 1948) 

An electronic eyepiece for the observation of near infra-red of the spectrum is described. 
I t  can be attached to any spectroscope and consists of an image tube of the type 1-P-25 which 
converts an infra-red image into a visible one. The spectrum is projected by the telescope 
system of the spectroscope upon the mosaic face of the image tube. The infra-red radiation 
releases photoelectrons from the mosaic face of the image tube which are focused electron- 
optically upon a fluorescent screen. The image appearing on the fluorescent screen can be 
observed directly or magnified optically. The visible range of a spectroscope equipped with 
an electronic eyepiece extends the visible range to approximately 1150 mp into the infra-red 
and to 300 mp into the ultraviolet. 

I N spectroscopic work, when a photographic 
spectrogram is contemplated it is sometimes 

desirable to observe the infra-red or ultraviolet 
portion of the spectrum in order to identify the 
spectral lines without being forced to use photo- 
graphic methods or to focus the spectroscope in 
the regions of the spectrum invisible to the 
human eye. 

The declassification of certain war develop- 
ments including the viewing tube 1-P-251-3 en- 
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ables the construction and general use of an 
electronic eyepiece. It can be attached to any 
conventional spectroscope and can be used to 
observe the infra-red and ultraviolet part of the 
spectrum. The observation of the visible part 
through the electronic eyepiece is also possible. 

Long before the outbreak of the World War 11 
Zworykin and Morton4 reported on viewing 
tubes and on their use to observe infra-red light 
reflected from objects viewed through a telescope 
or microscope. Similar reports were given in 
foreign periodicals also, as well as monographs 
and All these reports agree on the 

¶ G .  A. Morton and L. E. Flory, KCA Review 7, 385 
(1946). 

aG. A. Morton and L. E. Flory, Electronics 19, 112 
11946). 
\ --  - - I -  

'V. K. Zworykin and G. A. Morton, J. Opt. Soc. Am. 
PIG. 1. 26. 181 (1936). 

E. Brtiche and 0. Scherzer. Geometrische Ekktronen- 
* This paper was resented a t  the Chicago Meeting of o#tik (Verlag, Julius Springer, Berlin, Germany, 1934). 

the A.P.S., Dec. 194f. ". Schaffernicht, Zeits. f. Tech. Physik 17, 12 (1936). 
RCA Data Sheet on 1-P-25, 1944-7 (Restriction re- ' Grimsehl-Tomaschek, Lehrbuch &r Physik (B. G.  

moved). Teubner, Leipzig, Germany, 1938), Vol. 11, Part 1, p. 714. 
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A Modified Fitch Thermal Conductivity Apparatus 
ZABOJ V. HARVALTK 

University of Missouri, School of Mines and Metallurgy, Rolla, Missouri 
(Received July 2 1 ,  1947) 

A thermal conductivity apparatus based upon the increase of temperature of a receiver by 
heat transferred through the sample is described, and its modification to samples inclined to 
the horizontal. The temperature changes of the receiver are measured with thermocouples, 
the reference junction of which is at room temperature. 

A DEVlCE described by A. L. Fitchl deter- z ~ n t a l . ~  Figure I shows a drawing of the mod- 
mines the thermal conductivity of ppor ified Fitch thermal conductivity appara(us. I t  

conductors of heat by means of the relationship is pictured in an inclined position, indicating 
of the time necessary to  change the temperature that the sample to be tested is a gaseous layer 
of a heat receiver when heat passes through a (air) confined between two glass plates, and 
sample placed upon this receiver. The sample inclined to the horizontal. Like Fitch's thermal 
itself is exposed to the heat reservoir of a conductivity apparatus it consists of a receiver 
transmitter. The apparatus based upon this and a transmitter between which the sample is 
principle, which is commercially available (Cen- placed. The transmitter which is filled with 
tral Scientific Company, Chicago, Illinois under boiling water or melting ice, or any other system 
Catalog No. 77 559,  is very satisfactory in its of phase equilibrium maintaining constant tem- 
performance when samples are tested in a perature, has a cover similar to an inverted 
horizontal position. funnel of asymmetrical shape. I t  is designed to 

However, there are sometimes conditions to insure proper action of the transmitt- in all 
be investigated where horizontal positions of the positions of inclination without spilling its cot'- 
sample are rather special cases. The investigation tent, or impeding the heat transfer through the 
of thermal conductivities of liquid or gaseous boaom of the transmitter. A copper-canstantan 
layers, for instance, inclined to the horizontal, thermocouple is inserted in the bottom. The 
requires a modification of the apparatus. Under receiver consists of a copper block of cylipdrical 
these conditions it is possible to measure not shape of the approximate mass of 300 grams.: 
only the transfer of heat by conduction but also I t  is well insulated against heat loss. 4 copper- 
implicitly by convection. constantan thermocouple is placed into the 

The apparatus described in this paper gave copper block. If a defined pressure is to be 
excellent results with respect to thermal con- applied upon the sample, a spring can be inserted 
ductivities of gaseous and liquid layers under into the lower end of the frame after blocking the 
different inclinations of the sample to the hori- 

' Z .  V. Harvalik, Proc. Minn. Acad. Sci. 15 (1947), in 
A. L. Fitch. Am. Phys. T. 3, 135 (1935). prlnt. 
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