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THE NATURE O F  THE FORCES that hold 
the protons and neutrons of an atomic nucleus 
together has interested physicists for many 
years. Clearly, these forces are not the samc. 

as the electrostatic forces which are ordinarily demo:i- 
strated with pith balls. Electrostatic theory would 
say that since protons are positively charged they 
should all repel one another and the nucleus should 
fly apart. Actually, of cours?, the protons and neu- 
ti.011~are so tightly bound together in the nucleus that 
it takes ~nilllons of electron volts of energy to kno-k 
one out. The exact nature of the nuclear force is not 
a t  all well understood; however, an attack on the prob- 
lem has been made on the basis of the meson theory 
of nuclear forces as proposed by Yukawa (33)  in 
1933. According to this theory, each proton and neu- 
tron is accompanied by a ((meson cloud." The mesons 
:Ire thought of as being something like the quanta of 
an electromagnetic field, except that mesons may carry 
iL charge and they have a finite rest mass. Nuclear 
forces are not explained in terms of '(action a t  a dis- 
tance" but rather by the interaction of protons and 
r~eutrons with the meson cloud. 

Under some conditions it is possible to dislodge a 
lnclson from a nucleus and study it as an independent 
!)article. Mesons as components of cosmic rays are 
produced when high energy particles strike atomic 
rruclei in the atmosphere. I n  the process of creating 
il meson, the incident particle loses a quantity of 
mergy in the kinetic form; this quantity then reap- 
pears in the form of the rest mass energy of the 
rireson. Mesons are produced in the same manner in 
the cyclotron-by bombarding a target with protons, 
alpha particles, or neutrons. The mesons from the 
synchrotron are produced when high energy x-rays 
strike a target. The main processes of production 
and decay of mrsons mere discovered in cosmic ray 
experirnents,"ut contributions are now beginning to 
come from experiments on mesons produced by cyclo- 

lTlre work descril)rtl in this paper was donc undcr the 
ausl~ices of the Atomic Energy Commission. 

Office of Nav:rl Rcsearcll, San Francisco. 
J For references to oriqinal papers sce "Ouidc to Literature 

of Elementary I'articlc I'hysics" ( 3 1 ) .  For review of both 
cosu~ic ray and artifici:~lly produced mcxsons, w e  "Mesons Old 
and New" (10). 

trons and synchrotrons. In  this paper we shall de- 
scribe some of the methods used for detecting mesons, 
and some results obtained with high ener,y protons 
from the 184-inch Berkeley cy~lot ron.~  

Two kinds of mesons, JC and y, have been positively 
identified and studied extensively. Both are unstable 
particles with masses intermediate between the dec- 
tron mass and the proton mass. They are ordinarily 
studied with the same apparatus, and they frequently 
occur together in the same experiment. But in spite 
of these similarities, they are really very dBerent 
types of particles. The most striking difference is 
that n mesons have a strong interaction with nuclei, 
whereas p mesons have a weak interaction. According 
to present ideas, the n's are primary particles which 
are produced in nuclear collisions, either in cosmic 
rays or in accelerators. Probably all of the p's ob-
served in cyclotron experiments are secondary in 
origin, arising from the decay of the a's. Thus it is 
probable that it is the n mesons which are responsible 
for nuclear forces. There are both positively and 
negatively charged n mesons. Possibly there are also 
neutral n mesons (4, 15, 19))  although we shall not 
discuss them in this paper. 

When n+ and n- mesons decay in free space they 
give rise to y+ and p- mesons, respectively. This 
process, known as n-y decay, will be discussed in a 
later section. When a y+ or y- decays in free space, 
it gives off a positron or an electron. The positron 
and elcrtron energies iridicatc that in each y disinte-
gratlon two neutrinos are also given off (IS).  If  n-
mesons come to rest in matter, they enter nuclei and 
disappear, their rest energy being transfornicd into 
nuclear excitation energy. This phenomenon is ob- 
served in photographic emulsion "stars" which occur 
a t  the ends of n- meson tracks. The prongs of the 
stars are attributed to charged particles ejected from 
excited nuclei. The p- mesons seldom, if ever, make 
these stars (9). Low velocity x+ and p+ mesons are 
prevented by electrostatic forces from entering nuclei. 
Thus when these positively charged mesons come to  
rest in matter, they decay in the same way in which 
they decay in free space. 

*For recent experiments with mesons produced .by thy 
synchrotron, see ( 2 2 ) .  
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The problem of detecting mesons produced by the 
cyclotron is one of finding a few mesons produced 
along with a great many more protons and other heavy 
particles. When mesons are produced by bombard- 
ing a target with 345-Mev protons, these "background" 
particles are a thousand times as numerous as the 
mesons. Two types of detectors well suited to this 
kind of problem are cloud chambers and photographic 
plates. With both of these devices, charged particles 
are studied by means of their tracks. I f  the back- 
ground of unwanted tracks is high, one may have to 
look a t  large nuqbers of extraneous tracks before 
finding a track of the particle of interest; however, 

Although the use of photographic plates as charged 
particle detectors has a long h i ~ t o r y , ~  the special 
plates now used so extensively have been produced 
only during the past three or four years. Some of 
these plates are made by the workers who use them 
(20) ; however, most laboratories buy their plates from 
manufacturers. The Ilford Nuclear Research Plates 
were announced (25) in 1946, and since that time 
new types of plates have appeared a t  frequent inter- 
vals. Similar plates, called Nuclear Track Plates, are 
produced by the Eastman Kodak Company, and by 
Kodak Limited. These special plates used for detect- 
ing charged particles have a higher concentration of 
silver bromide than ordinary photographic plates, and 

Fxa. 1. Upper: Photomicrograph showing track of r- me ;on. This meson came to rest in the emulsion and initiated a 
four-pronged etar. Lower: Track of proton for comparison. Ilford C.2 emulsion. (Photomicrograph by A. J. Oliver.) 

once the track is found, measurements made on i t  are 
not affected much by the presence of the other tracks. 
Mesons produced by the cyclotron have been detected 
by means of photographic plates (12) and also with 
the cloud chamber (13). Up to the present time, 
most of the work with mesons produced by the cyclo- 
tron has been done with photographic plates. This 
is due in part a t  least to the fact that the early work 
was done inside the cyclotron, where operation of the 
cloud chamber is extremely dBcult. Recently, L. W. 
Alvarez and his associates (2,  30) have devised a 
method of detecting positive mesons from the cyclo- 
tron by means of scintillation counters. This offers a 
great saving in time and effort, and it is probable 
that counters will replace photographic plates for 
many meson studies. 

the emulsion is thicker. If  a charged particle passes 
through the emulsion it leaves a trail of developable 
grains of silver bromide. When the plate is developed 
and viewed under the microscope, one sees a track of 
silver grains which shows the path of the charged 
particle. The silver grains have a diameter of 0.2-0.4 
microns, and the track is viewed under the microscope 
with a magnification of from 100 x to 2000 X, depend- 
ing on the problem a t  hand. 

One of the advantages of the photographic plate 
method of detecting charged particles is that plates 
are available with almost any sensitivity one wishes. 
Thus, for the study of heavily ionizing particles like 

6 For early use of photographic plates in cosmic ray atudies. 
see reference 6.  For review of use of photographic plates, 
see references 26, 28, 82. 
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low energy alpha particles or fission fragments, there 
are plates which are so insensitive that they will 
register only heavily ionizing particles, and the ob- 
server does not have to look a t  tracks of electrons 
or other lightly ionizing particles. On the other end 
of the sensitivity scale, there are plates which will 
register tracks of even the most lightly ionizing par- 
ticles. For a quick identification of meson tracks, 
one uses plates like Ilford (2.2 plates, which have a 
sensitivity such that a meson track shows a change 
in grain density in the last few hundred microns of 
the meson's range. This gives the meson track a char- 
acteristic appearance, and one can pick out the tracks 
by inspection. Meson tracks are further identified 
by a wandering, associated with small-angle scatter- 
ing. This grain density change and wandering are 
illustrated by the meson track shown in Fig. I. A 
proton track is shown for comparison. The proton 
track shows some scattering, but not as rnuch as the 
meson track; also, the proton track has only a small 
rate of change of grain density. The x- meson whose 
track is shown in the figure was moving from left to 
right. After it slowed down and stopped in the emul- 
sion it entered a nucleus and gave up its rest energy 
to nuclear excitation energy. The excited nucleus then 
ejected four ionizing particles, which made the four 
tracks shown. Events of this type are called "stars." 

The search for these meson tracks is rather time-con- 
suming, and every effort is made to expose the plates 
in such a way that the ratio of meson tracks to back- 
ground tracks will be as high as possible. Two of the 
arrangements which have been used for exposing 
photographic plates to mesons are shown in Figs. 2 
and 3. The photographic plates shown in these fig- 
ures are placed in position in black paper wrapping, 
or left unwrapped with the cyclotron enclosure dark- 
ened. As indicated in these figures, the mesons are 
formed when the circulating beam of 345-Mev protons 
strikes a target inside the cyclotron. Fig. 2 shows 
one arrangement for detecting x- mesons. Those a-
mesons which leave the target in the forward beam 
direction are deflected by the magnetic field away from 
the region occupied by the circulating beam of high 
energy protons. Protons and heavier nuclear frag- 
ments produced a t  the target in the forward direction 
are deflected toward the center of the cyclotron be- 
cause of their opposite charge, and they do not strike 
the photographic plate. Neutrons from the target and 
from other parts of the cyclotron collide with nuclei 
in the emulsion and produce a background of protons, 
alpha particles, and other nuclear fragments on the 
plate. The best exposures made so far  have given a 
ratio of meson tracks to background tracks of about 
1 to 50. The plates are tilted so that mesons from 

the target enter through the top surface of the emul- 
sion, their trajectories making an angle of about 5 O  
with the plane of the emulsion. A 10-second exposure 

TARGET +& PHOTOGRAPHtC 

n-MESON lpLATE
TRAJECTORYI I 

C Y C L O T R O N  VACUUM CHAMBER 

I . 2 .  Sketch of cyclotron showing arrnrlgemerlt for 
detecting ?r- mesons. (Not to scale.) 

gives about 1000 x- meson tracks on one photographic 
plate of dimensions 1 inch by 3 inches. 

One method used for detecting x+ mesons is shown 
in Fig. 3. The arrangement is similar to that used for 

T R A J E C T O R Y  

C Y C L O T R O N  VACUUM CHAMBER 

FIG.3. Sketch of cyclotron showing nrrnngcments fo: 
detecting ?r+ mesons. (Not to scale.) 

x- mesons except that x+mesons which leavd the target 
in a direction opposite to beam direction are recorded. 
It is true that protons and other positively charged 
particles from the target can follow the same trajec- 
tories as the x+ mesons; however, the heavy particles 
which follow these trajectories have such a low energy 
and correspondingly short range that they do not 
interfere much with the study of the mesons. 
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A program is now in progress in this laboratory to 
measure the masses of n and p mesons. The system 
we are using is similar to that developed by Brode (7) 
and others in connection with mass measurements of 
cosmic ray mesons. By using the apparatus shown in 
Figs. 2 and 3 we are able to measure the momentum 
and range of a meson, and the determination of these 
two quantities is sufficient to define the mass of the 
meson. If  the magnetic field were uniform, the tra- 
jectory would be a part of a circle, and the momentum 
could be found from the magnetic field intensity and 
the radius of curvature of the meson trajectory. The 
radius of curvature of the trajectory could be found 
from the position of the target, the position a t  which 
the meson strikes the photographic plate, and the 
angle the track makes with the edge of the plate: 
Actually, the magnetic field of the 184-inch cyclotron 
decreases slightly with increasing radius, so that the 
meson tmjectory is not exactly a circle. For this 
case, the momentum must be found by a calculation 
which takes account of the field variation ( 3 ) .  The 
range of the meson in emulsion is found by measuring 
the track length under the microscope. 

The equation which makes use of the momentum 
measurement is an exact relationship for a charged 
particle moving in a magnetic field. 

where 
E =. kinetic energy of meson (ergs) 
m = rest mass of meson (grams) 
e = charge of meson, assumed to be equal to the 

charge of the electron (esu) 
c = velocity of light (cm sec-l) 

B = magnetic induotion (gauss) 
Q = radius of curvature of trajectory (em) . 

The. equation which uses the range measurement is an 
empirical relationship which has been found (6) to 
give a good representation of range-energy values in 
the energy region in which we are working. 

E = k ml-" R~ (2) 
where 

E = kinetic energy of meson (Mev) 
m = reqt mass of meson (in units of the proton 

mass) 
k,  n = constants determined empirically, numerical 

values (16) : k = 0.250; n = 0.581. 

FIG. 4. Photomicrogrnph showing track of s+ meson 
which slowed down and stopped in the emi~lsion and then 
decayed t o  give pi meson. The p+ meson ~ub8equently slows 
down and stops in emulsion. The p+ meson track has the 
characteristic length of about-600 microns. Ilford C.2 emul- 
sion. (Photomicrograph by A. J. Oliver.) 
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By eo~nbining equations (I)and (2)  it  is possible to  
elinlinate E antl solve f o r  m, the mass of the ini~son. 

I n  this method of measuring incsori n~asscs, wiamake 
use of the fact that the meson tra<jectorics s tar t  a t  the 
target. Thus the 1n::thoil is applicable to the mensnrc- 
rnent of inasses oC n+and n - mesons, since these ~nesons 
are formed a t  tho targc.t. The JC+ nlcsoils which corn(? 
to rest in  the targc3t decay to give [L+ mesons; thus the 
target is a soure: of mesons which can bc used for  
measuring the b+ inass. When J C  mesons eoine to rrtst 
in the targ:.t thcy are captured by nuclei; thus the 
target is not a source of I.- nresoi~s and our mathod 
is not applicable to the measurement of the IL- mass. 

We find no tlifferc.nee between the masses of nl-and 
n- mcsons, to  the accuracy with which me h;ivc made 
the ~neasursnl::nts. Prrlinlinary 1ila:is vu1u:s are  (2:)) 

where nz, is th:, inais O F  the electron. Those values 
were found by applying equations ( I )  aild ( 2 )  as  
tlescribed above. A ncw rnc~asur?mrrit is now in prog- 
ress in  which 111,son massrs are Found by comparison 
with the pro to i~  mass. It is thought that this mpthod 
wlll give more accurate values; llowever, no ri.sults 
from this nea nir~asnrcment arc  yet available. 

One of the inost intcr'stirig facts connected with the 
rneson decay process is that all IL+-nwsons coming from 
the tleeay of JC+ nlcsoris a t  rest sitem to have the same 
energy, ahout 4 iMov. This was first found in ex-
peri~~lc~ritswith cosinic rags (17) and was latcr veri- 
f i c d  in cyclotron experiments (8). When JC+ meson 
tracks ar?  obsuved to end in Ilford C.2 plates, or 
plates of greater sensitivity, i t  is found that a p+ 

meson begins a t  the point a t  which the n '  track ends. 
If the lL+ meson remains in the emulsion for  its entire 
ru~igi., thta track alwags has a length of about 600 
~llicrons, esr2pt fo r  some variation attributed t o  strag- 
ali~~:,.,i.e., va.rintioil due to the statistical nature of the 
t,llel.gy loss p~*occ,ss. I t  is s c w ~  frorn equatio~l (2)  
thirt this rilrig:: corresponrls to a n  energy of about 4 
3,I .\.. A;I <.sal~rple of a rc-FL decay as  recorded in 
1ifot,ct C.2 c,~il:rlsiou is sllorv:~ in Fig. 4. 

The fact that y rnesons frorrr n-u decay always have 
the satlla kinetie encrgy is a vcXry strong indication 
tha t  one and only one other particle is given off in  
t h ~disintegration. This othcr partie,le docs not leavc 
an 011s::rvable track, evcn in the rrrost serlsitivc cmul- 
sion, so that it  is thought to  be au electrically neutral 
particle. Frorn thc mass values givcn in the preced- 
ing scction, it is sccn that the b meson is about 66 
electron masses lighter than thc n: meson. This mass 

ciiffrrence is equivalent to about 34 AEev of energy, 
of which 4 Mev is accounted For as  kinetic energy of 
the IL meson. I t  is assumrd that the neutral particle 
carries off the remaining 30 Mev of energy, arid enough 
nlornentum to balance that received by the p meson. 
Calculations show that these conditions are  satisfied if 
the neutral particle has zero rest mass. 

THE ~JIFETIMEOF THE Jt MESON 

The liFetime O F  the meson is so short that sonle 
of the rnesoris undergo n-P decay before they reach thc 
1)osition of the plates shown in Figs. 2 antl 3. I f  
thc incsorls were not intereclpted by the plates but were 
:illowed to continue in approximately circular orbits, 
they would make, on the average, only about two revo- 
lutions before they decayed. Riel~artlson (27) and 
JLilrtinelli and Panofsky (21) have made measure-
1112nts of th t~  JC meson lifetime by observing how many 
mesons disappear from a group of nzesons ill the time 
required For the group to travel through one revolu- 
t ~ o n .  The schematic diagrarn of the arrangement is 
shown in Fig. 5. One group of m..sons, A,  spirals 

FIG.5. Sketch of target and plates showing one group'of 
mesons, A, whicll travels through one halC-revokution and 
another group, I<, which travels throngh one and one-hall' 
rcvolntions. (Not to scale.) 

upward and strikes the top photographic plate after 
traveling one half-revolution. A second group, B, 
spirals downward and travels fo r  one arid one-half 
~ .~volu t ionsbefore striltiilg the bottom plate. Suit-
able shielding (not shown) prevents ilicsons frorrl 
reaching the plates by any paths other than the ones 
shown. Numbcrs of mcsons striking the two plates 
are found by counting meson tracks af ter  the platcs 
are developcd. After  appropriate geomctrical correc- 
tions arc made, the lifetime of thc mesons is found 
from the number lost froni Group B in thc time re- 
quired to travel the extra rt.volution. 

Richardson (27) morkcd with n- nlcsons and ob-
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taincd a value of ( 1.11--- x lo-' scc for the mean I :::) 

life. Martinelli and Panofsky (21) ,working with x' 

mesons, found a mean lifc of ( 1.97_-+.E)x sec. 

The values given are not in agrcemcnt within thc 
errors quoted; however, this discrepancy is not inter- 
preted as proving that the mean life of the n- meson 
is rcally different from that of the xkmeson. 

Thc mcan life of the w meson, as found in cosmic 
ray expcrimcnts, is larger than that of the n meson 
by a factor of about a hundred. The value of thc 
mean life of the y+ meson is givcn by Nereson and 
Kossi (23) as (2.15 t 0.07) x 10-"se. 

The photographic ernulsion stars initiated by a-
mesons cxhibit a widc variation. The37 difler in the 
number of prongs per star, in the orientation of the 
prongs, and in the types and energies of the particles 
making the prongs. The prong-nunlbcr distribution 
has attracted interest as an aid in the study of the 
mechanisnl by which the n- meson givcs up its rest 
cnergy to a nuclcus ( 12 ,  20, ZZ), and as a method of 
finding out how many st- meson tracks are prcsent in 
a mixture of tracks tchich includes sornc II. iuesoil 
tracks. As shown in the prong distribution table 
which follows shortly, sorne of the n meson tracks are 
not accompanied by stars, and thcrc is no simple way 
to distinguish these tracks frorn tracks of y mesons. 
If  thc prong-number distribution is known, howcver, 
the numbcr of star-forming mesons can be counted, 
and thc appropriatc number added for those which 
do not make stars. This mcthod has bcen used by 
McMillan, Peterson, and Whitc (22) to find the ratio 
of n to n+ inesons produced by x-rays from the 335- 
Mev Bcrkelcy synchrotron. 

Tn order to find the prong-number distribution of 
stars initiated by n- nlcsons, i t  is important to have 
a group of n mcsons free from contanlination of other 
types of mcsons. With the apparatus arranged as 
shown in Fig. 2, only mesons with a negative charge 
can reach the photographic platc. In  addition to thc 
n- mesons, howevcr, thcre will be somc P- mesons 
mhich comc frorn the decay-in-flight of the n- mesons. 
By applying the method me have drscribcd, one can 
rnake a mass mcasurement for cach individual meson. 
The nleasurcd masscs of the n- mcsons will form a 
group whosc avcragc value is appr*oximatcly 276 elec- 

tron masses, but the p- mesons will not, in gencral, 
have ranges and momcnta such that they could be 
confuscd with this group. Prong-number distribution 
studics can be done with the same mesons used for 
mass measurements. 

The prong-number distribution as found from 512 
stars initiated by z-mesons is given by Adelman and 
Jones ( 2 )  as follows: 

Number of prongs I'erccml of s t a r s  tr:~ving 
(includes recoils) t h i s  number of prongs 

0 28.8 
1 31.5 
2 27.0 
3 15.2 
4 7.8 
5 1.8 

t i  or  now None found in t h i s  s ludy 

Y I E L D  OF As A F,UNCT,ON OF P,OMRuDING 

ENERGY 

The nuulber of mesons protiuced by bombarding a 
target with protons increases rapidly as the proton 
cnergy is increascd. A convcnient ulethod for study- 
ing this cffcct is to move thc target and plate shown 
in Figs. 2 and 3 to different radii in the cyclotron. 
Jn this way onc ran observe t h ~  yield of mesons as a 
function of proton encrgy frorn cncrgies as small as 
desircd up to 345 Mev, thc nlaxinlurn protoil energy 
available froin the cyclotron. If a carbon target is 
uscd, the integrated beam current can be obtained by 
observing thc positron activity of the Cil formed in 
the CL2(p,pn)Ci l  rcaction. The rclativc nles'on yields 
a t  the various encrgics are found by counting meson 
tracks on the photographic plates. Appropriate cor-
rcctions are madc for integrated bcauz currents and 
rclativc volumes of enlulsions scanncd. 

So far, meson yields have bccn measured only for 
mesons of energy 2-10 Mev. In  a study by Jones 
and White ( 1 4 )  the rclative yiclds were measured for 
r mesons produccd by bombarding a 1/32-inch carbon 
target with protons. Their results are as follows : 

Proton cncrgy 
(Mev): 345 305 270 235 200 165 

Rclative 
yield: 100% 47% 22% 8 1% 0% 

7'hesc results are of interest to workers planning the 
construction of accclcrators which might be used for 
meson studies. 

This i s  the first o f  two papers on the subject of mesons Srodt~ced b y  the 
c?/clotron. The  second paper, b y  Chaim Ricliman and Howard Wilcox, 
describing experiments with mesons produced outside the cyclotron by  the 

deflected proton beam, will be pzrblished i n  a later i s s w  of Science. 
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The Cooperative Committee for the Teaching of Science:' 

A Report to the AAAS Council, December, 1949 

K. Lark-Horovitz 
Pardue University, Lafayette, Indiana 

H 
SMALL DELIBERATIVE COMMITTEE point of view of college and university men on prob- 
was set up  in 1941, sponsored by five sci- lems of science in general education. There were also 
e~itific societies representing biology, chem- members working on the secondary school level, but 

A istry, mathematics, physics, and research tion of America (Raleigh S c h o r l i n ~ .  Universitv of Michican) :" ,  . 	 - -, - , .  
in science teaching,2 to consider problems of science in National Association of Biology Tcachers (Prevo L. Whita l~er .  

general edlxcation that no sing1e organization can 
Indiana University) ; National Association f o r  Research i n  
Science Teaching (George Mallinson, Western Michigan Col-

solve alone. The committee is known as the Coouera- lege of Education) : National Coirncil of Tcachers of Mathc--

tive Committee on Science Teaching. Most of its matics ( J .  R. Mayor, University of Wisconsin) ; National 
Science Tcachers Association (Morris Meister, Bronx IIigh

original members were members of college or univer- Sclrool of Science) ; Section Q. Education, BAAS (B. L. 
sity faculties, and their affi1i:ltions were with learned Dodds, Purilue University) ; U. S. Office of Education (Ber-

societies. I n  general, the committee represented the na rd  B. Watson, U. S. Office of Edncation). Chairman, K. 
T,arlc-IIorovitz, Physics Department, P i ~ r d i ~ c  Sec-University. 

1 Present meml~ership: American Association of Plrysics retary, R. \V. Lefler, Physics Department, Purdne University. 
Teachers (K. Larls-Horovitz, Purdile Univcrsity, Glen I\' American Association of Physics Teachers (I<. I ~ a r k -
\Varner, Lakeville, Indiana)  ; America11 Astronomical Society I Io rov i t~ ,  Purduc Univcrsity, Glen W. Warner ,  Wilson Junior 
(Ralph C. EIuffer, Rcloit Collcge) ;American Chemical Society College, Chicago) ; Anlerican Chemical Society (B. S. IIop-
(C. EI. Sorilm, University of Wisconsin) ; American Inst i tu te  kins, Uuiversity of Illinois, Martin V. AtcGill, Lorain High 
of Plrysics (I<. Larlc-Horovit~, Purdne University) ; American School, Lorain, Ohio) ;Mathematical A ~ ~ o c i a t i o n  Americaof 
Society of Zoologists (L. V. Uomm, Univcrsity of Chicago) ; (A. A. Bennelt,  Brown University, Raleigh Sclrorling, Uni- 
RotanicaI Society of America (Glenn W. Blaydrs, Ohio S ta t e  7-crsity of Michigan) ; National Association for  Research in 
University) ; Central Ass'n. of Science ant1 Math. Tcachers Science Teaching (G. P. Cahoon, Ohio State  University, 
(Ar thur  0. Baker. Cleveland Board of Edncation) ; Divisiou Robert J. IIavighurst,  University of Chicago) ; Union of 
ol' Chcnriral Etlucation of the  American Clremical Society Biological Socicties (Oscar Riddle, Carnegie Stat ion fo r  Ex- 
(I,t~i~r(lnce11.1311il1, Michigan Sttttc Collcgc) ; Executive Corn- perinlcnttll Evolutiorr, Walter I?. Loehwing, S ta t e  University 
mi t l r r  o l  tlre AAAS (E. C. StaLnr:tn. 1;nivrrsity of Minne- of Iowa)  ; Robert J .  Elavighurst, chairman ; Glen W. Warner ,  
sota) : (;coloi.ical Socirly c~l' Alncric:t ; l\[;itlrcn~:rtical Associ:r- sccrctary. 


