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TABLE I. Proton stopping power for three different foils.

9w ~

40
k

Resonance

F-339
F-339

Al-986
Al-986
Al-986

Total
thickness
mg/cm"-

0.46
0.52
0.46
0.51
0.52

Shift
kev

39
42
27
30
31

Mean
energy

kev

364
366

1001
1002
1003

Stopping
power kev

per mg/cm~

85
81
59
59
60

Wilcox' reports a value of 67 kev per mg/cm for the stopping
power of gold at a proton energy of 365 kev. This value is about
20 percent smaller than ours, but in the experiment of %'ilcox,
the energy shift is only of the same order of magnitude as the
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FI(;. 2. Angular distribution of neutrons from a LiBOI target bombarded
by 15-Mev deuterons, tI is angle between the direction of maximum neutron
intensity and other measured intensities.
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To obtain a better understanding of the above described phe-
nomena, experiments are now in progress to improve this data.
A four-proportional counter telescope has been built. Better
experimental accuracy is expected since the error due to room
scattered neutrons is eliminated. Furthermore, it will be possible
to measure the neutron spectrum at diferent angles.
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FIG. 1. The F-339 resonance measured without foil and with a 0.46 mg/cm"-
gold-foil inserted in the proton beam.

half-width, and the results are, for this reason, probably less
accurate. The reported difference of 10 percent between the values
for protons and deuterons of the same velocity may, therefore,
also be expected to be within the experimental uncertainty. This
explanation is in agreement with later experiments by Hall and
%arshaw. '
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'HE previously reported measurements of the proton stopping
power of beryllium' have been extended to gold, using the

proton resonances F-339 and AI-986 as energy indicators.
A foil thickness of about ~z mg/cm' was chosen for the experi-

ment in order to obtain a shift of the resonance peaks of approxi-
mately three times the half-width calculated from the theory of
straggling.

The results found are given in Table I for three different foils,
each consisting of three layers of commercial gold-leaf (content
of copper less than 1 percent). An example of the measurements on
the line F-339 is reproduced in Fig. 1. The broadening of the peak
is only slightly greater than should be expected because of the
straggling, indicating that the foils are only slightly inhomo-
geneous.
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HEN two shock waves interact with one another the result
is not always a simple crossing of the two waves as would

be expected from a linear theory. The nature of the more com-
plicated phenomenon was observed by Mach. ' Von Neumann~
has pointed out that the interaction is equivalent to the oblique
reflection of a single shock from a rigid wall and he proposed a
theory by v hich the strengths and angles of the other discon-
tinuities could be predicted at the point of intersection from the
direction of the incoming Aow and the strength of the incident
shock. His theory of Mach reflection assumed that the three
shocks and a slip stream were the only discontinuities present and
that the pressure was constant in each of the three angular domains
bounded by the three shocks at least in the neighborhood of the
intersection. The experimental results of Smith' who determined
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FIG. 1. Interferogram of Mach reflection. The adjustment of the instru-
ment is such that fringes represent density contours a few of which have
been numbered in the order of increasing density.

the angles involved do not agree with this "three shock" theory
of von ¹umann. The correct interpretation of the reBection
phenomenon is very fundamental to the theory of Buid dynamics
and an experiment is underway to determine the density field in
air when a shock wave is rejected from a wall. Results for a
particular set of initial conditions are given in this letter.

A shock tube is used4 to generate plane shock waves which are
reBected on a plane rigid wall. The phenomenon is viewed through
an interferometer of the Mach-Zehnder type' in a direction parallel
to the intersection of the plane of the shock front and the wall. A
Bash (~1 microsecond) interferogram with the instrument ad-
justed for constant difference in light paths over the entire field
of view in the absence of any disturbance is shown in Fig. 1. With
this "single fringe" adjustment the fringes appearing in the
photograph represent contours of equal fringe shifts and hence

contours of constant density or isopycnals in the gas. The incident
shock I in the figure is vertical and moving at supersonic speed
toward the right. The ratio of the pressure in front to that behind
it is 0.80 and the angle between the shock and the wall is 60
degrees. It is followed by the reBected shock R and their point of
intersection is joined to the wall by the "Mach" shock 3E. Trailing
behind the triple intersection of the shocks is the slip stream S
running nearly parallel to the wall. This discontinuity represents
a stream line for the Bow relative to the intersection.

Only in the region behind the reBected and Mach shocks is
there a detectable variation in the density. Behind the Mach wave
and near the wall the gradient of the density points forward
I'toward the right) indicating that in this region the shock is being
followed by a rarefaction. As the point of observation recedes from
the reQected shock along a stream line somewhat above the slip
stream the density rises to a maximum and then falls again. At
higher angles of incidence and weaker shocks this effect is much
more pronounced. No certain evidence for an angular variation
of density near the intersection has been found.

The theoretical explanation of these results is at present un-
known, but the contours resemble somewhat those indicated by
Bargmann' for glancing incidence, a case which he found amenable
to theoretical treatment. The investigations are being continued
and in particular the case of nearly glancing incidence is bping
explored.
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