
1208 LETTERS TO THE ED ITOR

and D2.'

D s Di——cos'll+Ds sin'8 = (SE+1)Di/9=—rDi,

where 0 is the angle between the x axis and the ellipsoid
major axis. Since E lies between 12 and 20 depending on
impurity concentration, ' r lies between 11 and 18.

If we assume that electrons are injected at circular
frequency &o across an n-p junction at x=0, then the
solution is obtained by superimposing four solutions of
the form

tt.= a exp(itot+yx), st b= b exp(itot+yx),

where y must be one of the four roots which make vanish
the determinant of the coefFicients in the equations

(ito+n+ 3v D.y—')a vb =—0,
—3va+ (i to+n+ v rD,y') b =—0.

The solution for p' is readily obtained but is cumbersome.
%e therefore consider some limiting cases. If v is much
larger than co or n, then there is one solution with
rts—3ts, and Dp'=iro+n This .is the conventional
solution which carries an exponentially decaying cur-
rent. The other solution has tt ——rrts and rD,y'/
(1+3r)= v. This corresponds to cancelling flows of the
two classes of electrons.

On the other hand, if either co or n is comparable to v,

both solutions carry currents varying exponentially in

space —one predominantly the a type, and the other
predominantly of the b type. The latter type has r
times the diffusion constant, and thus about 4 times the
diffusion length.

One possible way of observing these effects is to study
the admittance of an n pjunction at-high frequencies.
For a junction parallel to a (100) plane, the admittance
varies as (itoD) 1 at frequencies much higher than n. For
a (111)plane, it will decrease from this value to a high-

frequency value of

L(itoD )'+3(itoDs)-'j/e -0.95(itoD)i

for E= 15. To look for this 5% effect, it would probably
be advisable to compare (111)and (100) p-rt junctions
that were otherwise identical.

Another possible method is to use an rt-p-rt transistor
with alpha cutoB comparable to v. For this case, a (110)
plane is preferable, and there are two groups of electrons
e, and ed injected with equal concentrations at the
emitter and having diffusion constants D.=D2=1.45D
and Dq—0.55D for X=15. At low frequencies, the
transconductance is given by the average diffusion
constant, or D. The alpha-cutoff frequencies differ by a
factor of D,/D& 3, so that alpha sho—uld fall by about
25% due to cutoff of the rte group before the rt, group is
much affected. Under these conditions, the base layer
is a filter which passes (1—11) and (1—1—1) electrons to
the collector junction. This Qow is much more suscep-
tible to a magnetic field in the (1—10) direction than are
(111)and (11—1) electrons. Thus, variation with mag-
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'HE reaction y+~p+m' has been studied by
counting coincidences between the recoil proton

and one of the meson decay quanta. Detection of the
two reaction members at approximately correlated
angles discriminates heavily against contributions from
multiple meson prcduction. The only other reaction
having similar kinematics is the elastic scattering of
gamma rays; if the cross section for this process is
assumed to be negligible, ' then coincidences can be
shown to be due almost entirely to the process under
investigation, even if the ionizing particle is not specifi-
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I'zo. 1. DiGerential cross section for neutral pion photoproduction
as a function of energy.

netic field of transconductance at high frequency can
give information about the degree of filtering and hence
about v. Similar results could be obtained at zero fre-
quency for lifetimes in the vicinity of 10 "sec.

G. Weinreich and H. G. White, Phys. Rev. 106, 1104 (1.957).
Weinreich also points out (private communication) that he has
observed v(i. s.) of 1.5)&10 ' sec at 35'K and that even larger
times might be found for the minority-carrier experiments pro-
posed here.

s M. Glicksinan, Phys. Rev. 108, 264 (1957). See also C.
Herring and E. Vogt, Phys. Rev. 101, 944 (1956).
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cally identified as a proton. This simplification makes it
possible to count simultaneously several groups of
protons falling into different range intervals; moreover,
the background counting rate from target material other
than hydrogen is substantially reduced.

Bremsstrahlung from the Cornell electron synchrotron
passed through a liquid hydrogen target' and was
monitored in a Quantameter. ' The end-point energy was
set in each case suKciently above the maximum energy
being studied so that the detailed shape of the spectra
was unimportant; thin-target Bethe-Heitler spectra
were assumed.

Protons were counted in a range telescope of six
scintillators with copper absorbers. The first counter
(4 in. )(4 in. at 52 in. from the target) was the smallest
and defined the solid angle. The angle and energy of the
proton determine the reaction completely and are used
to measure the energy of the incident photons. To
minimize the effect of the finite angular resolution on
the energy spread, the absorbers in the proton telescope
were suitably tapered in steps equal to the width of the
target. Incident energies were defined in 100- or 50-Mev
intervals; only at the forward meson angles did the
angular spread contribute significantly to smearing out
these intervals.

Pion decay quanta passed through an aperture in a
6-in. thick lead wall and were detected in a total-
absorption lead glass Cerenkov counter 12 in. in diame-
ter and 14 in. long. The aperture was 3 in. square and
was 16 in. from the target, except at the forward meson
angle, where the distance was 21 in. Charged particle
counts were excluded by a scintillation counter placed
behind the aperture and operated in anticoincidence.

Since the meson angle and energy are known from the
proton parameters, the efficiency for detecting one of the
decay quanta can be calculated readily; its value ranged
from 0.06 to 0.4, with an estimated uncertainty of 5%.

Subsidiary experiments showed that only protons
were counted in the telescope, and that the kinematics
of the reaction agreed with those expected. Also, obser-
vations of the pulse-height spectrum delivered by the
Cerenkov counter gave distributions as calculated for
pion decay quanta under the experimental geometry.

The empty-target background was about 10% of the
total. Corrections were made as follows: for random
coincidences, at most 8%; for nuclear absorption of
protons in the copper absorbers, from 2% to a factor' of
2.6; for conversion of decay quanta ahead of the
anticoincidence counter, up to 12%. The absolute
calibration of the beam monitor is known to within a few

percent.
Differential center-of-mass cross sections for pions

produced at 52', 90', and 125' are shown in Fig. 1.
These exhibit results substantially similar to those
obtained by other workers' and join smoothly with the
cross sections measured at lower energies. ' A simple ex-
tension of the (ss, ss) resonance Production to these
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HE photoproduction of single ~' mesons from
hydrogen has been studied using the brems-

strahlung beam of the 1.5-Bev Cornell electron syn-
chrotron. Differential cross sections were measured at
meson angles of 60', 90', and 120' in the center-of-mass
system and photon energies in the range 500—900 Mev.
The process was identified by counting the recoil
protons. Since the reaction is a two-body one, an identi-
fication of the recoil proton energy and lab angle suffices
to fix the meson center-of-mass angle and the incident
photon energy.

A diagram of the apparatus is shown in Fig. 1.
Protons were counted in a seven-counter range tele-
scope. Counters 1—6 were scintillation counters, and
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FIG. 1. Diagram of the apparatus.

energies would not appear to account well for the results;
contribution from one or more higher levels is strongly
suggested. '

* Supported in part by the joint program of the Office of Naval
Research and the U. S. Atomic Energy Commission.

T. Yamagata, thesis, University of Illinois (unpublished). By
measuring the angular distribution of quanta associated with a
given proton, it should be possible to determine the contribution
from elastic scattering in the present experiment. Such a measure-
ment is planned.' Raphael Littauer, Rev. Sci. Instr. 29, 178 (1958).

3 Robert R. %ilson, Nuclear Instr. 1, 101 (1957).
4 A constant absorption cross section of 0.7 barn was used for

copper. To check. this correction at the worst point, a brems-
strahlung end-point subtraction was taken to de6ne the energy
interval 0.9—1.0 Hev, and the protons were allowed to traverse the
telescope without stopping. The results agreed to within the
statistical accuracy of 20/~. The effects of proton scattering were
also checked and found to be negligible.' J.I.Vette, Phys. Rev. (to be published); P. C. Stein and K. C.
Rogers, Phys. Rev. 110, 1209 (1958), following Letter.' McDonald, Peterson, and Corson, Phys. Rev. 107, 577 (1957).
This paper also summarizes earlier results of other workers.' Robert R. Wilson, Phys. Rev. 110, 1212 (1958), this issue.


