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A Microwave Method of determining 
the Displacement and Velocity of a 
Piston in a Hypersonic Gun Tunnel 

THE 'hypersonic gun tunnel'_ i~ a developme~t of 
the conventional shock tube, givmg a comparatively 
long rum1ing time for aerodynamic testing purJ?oses. 
Its mode of operation has been fully des~r_1~ed1

• 
A vessel containing gas at high pressure is m1tially 

separated from the main tube or gun barrel at a 
lower pressure by a metal diaphragm and a light 
piston. When the diaphragm is ruptured, the piston 
is driven down the barrel and a strong shock wave 
forms ahead of it. The shock wave is reflected 
several times between the end of the barrel and the 
piston before the latter is finally brought to rest, the 
slug of air ahead of it being heat?d an~ compressed 
in a non-isentropic manner. This region ahead of 
the piston can experience very high transient pressures 
and temperatures. 

We particularly wished to study the effect of the 
mass and shape of the piston on the flow param~ters. 

The displacement and velocity of a nY_lon JillSton 
in the hypersonic gun tunnel at the Umversity of 
Southampton has been determined by moans of a 
microwave technique•. This method has been 
devised because it provides a large number of t?st 
stations (in this instance 120 over 10 ft.) at which 
displacement and velocity of the piston can be 
determined. 

The technique regards the steel gun b~rrel _as a 
resonant microwave cavity and the travelling piston 
as a tuning plunger moving in the ca:--ity. A radial~y 
symmetric wave-guide mode (TM O 1) is established m 
the 10-ft. long steel gnn barrel _of l ·25 in. internal 
diameter. Microwave power obtamed fron: a reflcct~r 
klystron operating in the 3-cm. co~mercial band 1s 
launched into the barrel by an axial probe through 
a wave-guide directional _cou_pler, the latter permitting 
the simultaneous momtormg of the reflected or 
transmitted wave system with a single aerial. A 
crystal diode detects the reflected wave signal f~om 
the moving nylon piston. The ~efle:-10n_-coeffici~nt 
of the piston is increased by facmg it :with a s~1m 
metal disk The time between successive standing 
wave mini~ia indicates the time taken for the pist?n 
to move through a half guide wave-length. Dis­
placements and velocities h~ve been. measured 
throughout the period of the piston _m?t10n. 

The oscillogram (Fig. 1) shows var~at10n of c_rystal 
diode voltage with time during a typical run ; it was 
taken 4 -0 m.sec . after the diaphragm was ruptured. 
Analysis indicates that the piston is increasing in vel­
ocity from 1,445 ft./sec. to 1,490 ft./sec. over a length 
of barrel of 3 ·02 in. during a time-interval of 170 µsec. 
This requires an a?celeration ?f order 265,000 ft. /sec.•. 
The maximum piston velocity so far o?serve;I has 
been 1,700 ft. /sec. If the measured signal 1s de-

Time after rupture of diaphragm (msec.) 
Fig. 1. Variation of crystal diode voltage with time 

liberately made asymmetric (by alteration of match­
ing) then it is possible to observe a ch3:nge <:>f si~al 
phase whenever the piston reverses its direct10n. 
This effect has been clearly seen during actual runs. 

A raster type of cathode-ray oscillograph display 
is being developed which will enable the whole run 
to be recorded, yet have an individual line time­
base sufficiently short in duration to enable accurate 
variations of piston velocity to be determined. 
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A •Solid-Image' Microscope 
THE disadvantage of the 'solid-image' microscope 

d escribed by Gregory and Donaldson', as they point 
out, is that objects are seen through a relatively 
intense haze of background light, rather as if they were 
immersed in milk. There is a fairly straightforward 
way around this difficulty, though it entails a loss 
of some of the elegant simplicity of Gregory and 
Donaldson's instrument. During 1948-49 I devised 
and built at King's College a 3-dirnensional scanning 
microscope on the same basic principle', which was 
described briefly in a report on university research 
in physics in 1949 3 and exhibited at the College 
conversazione in that year. The slide carrier was 
vibrated in depth between 10 and 20 times a second 
with a saw-tooth motion, by means of a linear electro­
magnetic servo. The object, however, was scanned 
laterally by a flying spot on a cathode-ray tube, 
and the signal detected by a photomultiplier, exactly 
as in the 2-dimensional 'flying spot microscope' later 
(and apparently independently) described by Roberts 
and Young• of Universit,y College, London. The 
three deflecting voltages and the photomultiplier 
signal were supplied to a 3-dirnensional projective 
cathode-ray tube display of the type devised for use 
in radar and electronic computing•, so that a 'solid' 
representation of the object appeared on the screen 
and could be rotated at will by calibrated controls 
which enabled angles to be read directly. 

The crucial advantage of the electronic display is 
that the signal can be electronically 'inverted' so as 
to present a negative picture showing objects in 
white on an otherwise dark background. In this 
way one could readily see single nuclear particle­
tracks in emulsion (for the study of which the instru­
ment was particularly intended) when in a 'positive' 
picture they were quite obscured by the bright 
background. 

Work on the instrument was unavoidably inter­
rupted in 1949, but my preliminary conclusion was 
that the astigmatism due to the inevitably poor 
depth-resolution must limit its usefulness to the 
study of fairly simple (preferably linear) structures 
(such as particle tracks, and perhaps nerve fibres). 
A severe compromise between signal-to-noise ratio, 
electronic resolving power, and rate of scanning is 
determined by the brightness of available flying-spot 
sources, since even ten pictures a second, with only 
twenty horizontal 'layei·s' each, require 200 frames 
to be scanned each second. At such rates, non­
uniform scanning• was found to be essential to give 
acceptable resolution in the centre of the picture, 
and it seemed unlikely that for a tolerable signal-to­
noise ratio, resolving power could equal that of 
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