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BUBBLE CHAMBER PRESSURE GAGE
William I. Linlor and Quentin A. Kerns
Radiation Laboratory, Physics Department
University of California, Berkeley, California
October 20, 19 55
ABSTRACT
A description is given of the mechanical gage and electrical circuit
employed in measuring pressure pulses in a liquid hydrogen bubble chamber.
The pressure pulse produces a deflecti<:m of a diaphragm which acts
as one electrode of a capacitor. The change in capacitance is measured in
a circuit by measuring the difference in reflected pulses from two termi-.
nations at the ends of similar cables fed by a common source; one of the
terminations is the pressure-measuring capacitor, the other is a comparison
capacitor.
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BUBBLE CHAMBER PRESSURE GAGE
William I. Linlor and Quentin Kerns
Radiation Laboratory, Physics Department
University of California, Berkeley, California
October 20, 1955

INTRODUCTION
This report is a description of a pressure gage which was designed
specifically for use in a liquid-'hydrogen bubble chamber. l, 2
Two basic requirements were specified for the gage:
(a) Immersion in liquid hydrogen. This implied that the unit would
not be accessible for adjustment, must operate at a temperature of about
-260°C, and would necessarily have a connecting lead at least a foot long.
(b) Response time of 10- 4 second or less. This was necessary in order
to measure details in a pressure pulse which was believed to range from
about 100 pounds per square inch to atmospheric pressure in a millisecond.
After s orne preliminary experiments and literature searching, it was
decided to measure the pressure change by the displacement of a diaphragm
which acted as an element of a capacitive cell.
The advantages of this arrangement seemed to be the excellent frequency response of a press-ure -deflected plate, and the avoidance of thermoelectric effects, which could present problems in a metallic circuit.
A serious disadvantage was the fact that the capacitance of the unit
would necessarily be of the order of a micromicrofarad, and so the pressureproduced change in capacitance would be even less. (A deflection of the center
of the plate amounting to a few wave lengths of red light is produced by the
smallest pressure change that was to be measured by the corresponding
capacitance change.)
The basic problem, therefore, was to develop an electrical circuit
that could measure a small transient capacitance change in the presence of
much larger parallel cable capacitance.
Another problem was the design of a suitable capacitive pressure pickup ("transducer") . . We were assisted in this by a published description of
"miniature pressure cells", 3 and by consultation with Taft Wrathall and Grant
Coons, of the Arne s Aeronautical Laboratory at Moffett Field, California.
Only minor modifications of their cell design were needed to adapt it to the
bubble -chamber application.
In the following material we describe the present version of 'the UCRL
pressure-measuring system. Operating experience from February 1955 to
date has been sufficient! y trouble -free so that no compelling motivation exists
for further development at the present time.
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Undoubtedly there are many potential uses for the gage, but we restrict
the following material to a description and discussion of the bubble -chamber
application.

DESCRIPTION OF PRESSURE CELL
A sectional drawing of the pressure cell is given in Fig. 1.
ponents of the unit are:

The com-

a. The external shell or body, (Fig. 2). This is essentially a cylinder
one inch long and one inch in outside diameter, machined out of solid stainless steel. The diaphragm at one end is 0.025 inch thick. To preserve its
elastic deflecting property, the diaphragm must be machined slowly when the
final thickness is approached, and subsequently it should not be subjected to
loading greater than the pressure to be measured.
b. The inner electrode, (Fig. 3). This is also machined out of stainless steel. As is evident from the assembly drawing, this electrode is
spaced (by machining its surface) 0.003 inch from the diaphragm. Adjust-.
ments in the field have been carried out by shims between the electrode and
the shell or the spacer and the shell. The hole in the inner electrode has had
to be soldered shut at the diaphragm end to avoid entrance of small metal chips
when the "microdot" connector is inserted.
c. Spacer (Fig. 4). This is a canvas-base bakelite spacer.
erties do not seem to be critical in any sense.
d. External conne:ctar(Fig. 5).
available "microdot" connector.

Its prop-

This is an adaptor for a commercially

e. Retaining nuts (Figs. 6a, 6b).
less steel.

These are machined out of stain-

The resonant frequency of the diaphragm can be approximately calculated
by standard thin-shell theory. Obviously an exact analysis is difficult because the diaphragm in effect is "clamped'' by the external cylinder. Even
though the metal is presumed to be stress -free at room temperature, it is
unquestionably stressed internally at liquid hydrogen temperatures.
The deflection sensitivity (i.e., the deflection per unit pressure change)
is also dependent on the temperature. The difference in sensitivity between
room and liquid-hydrogen temperatures affords a basis for estimating the
resonant-frequency change due to temperature. To see this, one can think
of the diaphragm as a lumped mass having an associated spring constant,
the latter being inversely proportional to the deflection sensitivity. The
resonant frequency of the lumped system is p.ropor.tional to the square root
of the spring constant.
The resonant frequency of a sample cell having a diaphragm 0.050
inch thick was measured at room temperature; it was approximately 30 kc.
The cell was not attached to a bubble -chamber wall; it was a movable unit.
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Fig. 3.

The inner electrode.
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In practice, the shell body 7N 1662 (Fig. 1) is made a part of the chamber
wall by soldering, so that the diaphragm is in contact with the liquid hydrogen. Such constraint also affects the resonant frequency, increasing it in
general.
GENERAL DESCRIPTION OF ELECTRICAL CIRCUIT
The bas~c electrical circuit is shown in Fig. 7, a block diagram of the
actual circuitin Fig. 8~ The detailed electrical circuit is described in the
next section,
Referring to Fig. 7, which represents an idealization of the method,
we assume that a sine -wave positive pulse S (about 10-8 second wide and
100 volts high) is generated by _the pulser and delivered to a transformer.
At the output of the center -tapped transformer, symmetrical positive and
negative pulses s and s 2 ·appear. If we choose cable No. 1 and cable No, 2
1
to have the same surge impedance, the circuit is symmetrical about the point
CT and none of the transmitted pulse is presented to the crystal diode.
The transmitted pulses S and s travel down Cables 1 and 2 to encounter
1
2
the terminations. These terminations may take a variety of forms; for
simplicity we select them to be the pres sure -measuring capacitance cell C 1
and an adjustable comparison capacitor c . From the terminations, reflected
2
pulses r and r travel back along the caoles to the transformer, the sum
1
2
r = r 1 + r appearing at the point CT .. Capacitor C is charged through the
2
dfode fo a voltage somewh~t below the positive peak ~f r . The charging
time is of the order of 10- sec, whereas the discharge fime, essentially
CaRa, is adjusted to about 5 x lo-7 second. Such pulse stretching permits
the use of moderate band-width circuitry in the subsequent determination of
the pulse voltage on Ca.
Evidently, in a completely symmetrical system the sum of r and r 2
1
is zero. If the capacitance c th.en changes as the resu.lt of an a~phed
1
pressure, the sum r = r 1 + r 2 1s no longer zero, but 1s a function of the
applied pressure. If 'tve regard C , the capacitance of the pressure cell, as
1
the sum o: fixed .component c and a pressure -related component D.C,
0
the ratio @C
is the fractional change in capacitance to be measured. The
0
range of valu.es ~ from 0.00 to 0.01 may represent a total pressure range.

a.

a·

Before proceeding to the more complicatedcircuits, let us discuss
-----some~of~the~features-of-the-system.-------------------

Cable Properties
Coaxial cable is the information channel between the measuring circuit and
tre pres sure cell. For the present application, physical cable departs from the
ideal transmission line in two general respects: first, existing cable attenuates and disperses pulses in transit, and second, the cable link exhibits impedance variations along the path as a result of joints; interconnecting plugs,
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Fig. 7. Basic electrical circuit for bubble-chamber pressure gage.
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Block diagram of actual circuit for pressure gage.
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normal cable tolerances, etc.
The' attenuation and dispersion are governed by the cable used. In a
300 -foot round trip in RG 7 /U, for example, a pulse such as S is reduced
to about half amplitude and lengthened a few percent. Distortion of this order
is not significant in the over-all performance, since the effect for a particular cable is absorbed in the output-vs -pressure calibration. Applications
requiriqg the :pressure ~ell to be more than a few hundred feet away call for
electrically better cable. Phelps -Dodge 1-1/8 -inch Styroflex would be sa tisfactory for distances of a mile or so.
Impedance variations along the cable give rise to a background of undesired reflections. In general, the signal appearing at point CT in Fig. 7
is not a single pulse but a train of pulses, the last of which is the desired
pressure -sensitive reflection from c1. It was elected to discriminate in
favor of the desired pulse on the basis of amplitude. Since the crystal diodecapacitor combination is not an absolute peak-reading device, the desired
pulse should be several times as high as the background pulses. The reliable·
reading of a small pressure variation thus requires a low background level.
Background can be reduced by introducing at appropriate places into
cable No. 2 the same joints, plugs, etc. , as are necessary in cable No. 1.
One may even use a succession of different cable types for Cable 1, such as
10 feet of RG 63/U, followed by 2 feet of RG 7/U, etc., provided Cable 2
is assembled correspondingly.
The care required in cable matching in order that background not be a
limitation may be estimated from considerations of the pulse width. Pulse
energy at any.instant is confined to about 10 feet of free space or about eight
feet of RG 7/U cable, given a pulse width at half amplitude of 1 x 1o- 8 sec.
A time difference of 0.01 pulse width, or about 1 inch of cable, represents
a good working tolerance.
It may be that the electrical cable length is not proportional to the
physical length. For example, a variation in the dielectric constants of
Cables l and 2 may make the following adjustment necessary: with no termination on the cables, one observes the signal sum r + r . Using pliers or
2
1
tins nips, one adjusts the relative leng~h judiciously until r + r is minimum.
2
1
(In practice, one centimeter difference gives rise to a relatively large r a·)

A comment is appropriate about the length of cable ~equired to be .at
low temperature. It was found experimentally that a teflon-dielectric cable
did not exhibit too much temperature effect, whereas some other dielectrics
did. In the latter case, a balance of electrical cable lengths was difficult to
obtain.
In summary, we sea that cable lengths from about a foot to a few
thousand feet maybe employed. Any residual discontinuities in the cable
system should be several times smaller than that afforded by C
1
o
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Adjustment
Because the capacitance of_the pressure !2e.l_lc !changes
1
ture, s orne means rnus t be provided for ~uitable adjustment in
The comparison c~pacitor C is availabl,e for this a_djustrnent,
2
tive increment in c has essentially the same- circuit effect as
2
increment incl.

with temperathe circuit.
since a posia negative

Normally, c is set to a value slightly different from that of C in order
1
2
to keep the desired pulse above the background level. Th.e e.ffect on the sum
r + r of a variation in c is shown in Fig. 9 .
1
2
2
. At C = _c , the pressure -sensitive pulse has di~appeared,. while the
1
2
level _r + r is supported by the residual background. (The dotted lines_,
1
2
curve l::i, show the hypothetical case of perfect symmetry, giving zero back ..
ground.)
·
Since the slope of the curve in Fig ..9 is proportional to the sensitivity,
one should deliberately set c;~c , in a region where the slope is approxi2
mately a straight line, in order: to get suitable sensitivity as well as linear
relation between pressure changes and signal output. Differences in cable
length within the allowed tolerance may be compensated by the setting of c .
2
Another reason for setting Cz~.c arises from the conductivity characteristic of the rectifier. If r
= r 1 + r 2 has1 a steady-state positive value, the
incremental conductivity o'f the crys1al diode for a small change in r is
greater than it would be if r = 0 nominally. In the present circuit t~e
c
- c
unbalance is deliber~tely made relatively large. The steady-state
2
1
positive signal is then bucked out with a negatiye signal obtained from a
similar rectifier operating on a constant amplitude pulse S from a tertiary
winding on the transformer. S
is of course not sirnultane~us in time with
r , preceding r by the round ~trip transit time in cable No. l. The pulse
sf-retching of botfi R
and S
permits them to overlap and essentially buck
out in the narrow barfd-width ~ircuits following.
Calibration
The pressure -vs -output calibration can be obtained by- noting the output
for various constant pressures. The limiting frequency response seems to
be that of the diaphragm.

If one neglects the effects of the liquid hydrogen because of its low
density compared to steel, the constant -pres sure calibration seems to be
accurate to· within a few percent up to a frequency of 1/4 of the diaphragm
resonant frequency, according to standard oscillation theory. tn terms of
numbers, let us as surne that the natural resonant frequency of the (clamped)
diaphragm at liquid-hydrogen temperature is 40 kc. A pressure pulse of one
millisecond duration could be measured by the gage in 0.1-rnillisecond intervals. Such readings would not be in error by more than a few percent,
as far as diaphragm response characteristics are concerned, if one used
the constant-pressure calibration.
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Relation between pulse

r

1

+ r 2 and capacitance c 2 .

Display
Oscilloscope display of the pulse is an obvious step. Triggering the
scope and photographing the sweep present no unusual problems to those
working in the field.
Block Diagram
A block diagram of the circuit is shown in Fig. 8. This is self -explanatory. The reason for selecting a 30-kc repetition rate for the pulse generator
is that this would allow observation of pressure values at 1/30,000 -second
intervals. The frequency-response characteristic of the diaphragm may cloud
the pressure response at higher repetition rates.
Since each pulse reading, as delivered to the oscilloscope, is about a
microsecond wide, the dis:Rlay consists of a series of pulses each lo-b second
wide, separated by 3 x 10-5 second. For a sweep which lasts, say, 10 milliseconds, there would be 300 pulses. The appearance is shown schematically
in the "Typical Pressure Scope Presentation 11 of Fig. 8.
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DETAILED ELECTRICAL CIRCUIT.
I

The details of the electrical circuit are shown in Figs. lOa and lOb.
(This division into two portions is necessary for clarity in the report-reproduced drawings. The corresponding UCRL drawing number is 4V4324.)
A few comments about the circuit may.be helpful.
The plug PG-3 is available in order to observe the '' initial" pulses
on a suitably fast scope. Plug PG -4, labeled X cable, is the comparison
branch No. 2 of Fig. 1. Plug PG-5 is the pressure-measuring branch No. 1
of Fig. 7.
The impedance level of all the coaxial cables is 125 .ohms. Doubly
shielded RG-63/U (Amphenol 24-406) has been used with satisfactory results. Both shields are grounded at both ends. The length of each cable is
about 50 feet.
·
A trigger pulse is available on plug PG,2, polarity positive.
The sensitivity of tl:e over ..,all device to pressure changes is related
to the initial pulse duration. One might consider setting the cable impedance
z 0 equal to the pressure cell reactance XC at a frequency w corresponding
.

to the single cycle pulse.

1

This would give

z0

1
= XCl = WC'l

and therefore

the period of one cycle T = :'IT = 2 'IT z C . Figure 11 shows the relative
0 1
sensitivity for various experimental ratios
T_.
, where sensitivity is
zo c1
. D,.r a
AC
defined as .· ~ ·j t..:.. .
.::1

where

D,.r

a

-c:t

J

= amplitude increment of reflected pulse at GT, .

S = amplitude of initial signal,
D,.C
C

1

::::: c

0

=pressure-produced capacitance change,
= fixed capacitance of pressure cell.

ZT C
= 10 for the circuit
0
of Fig~ 7. The general behavior is clear. If the pufse width T is gradually
decreased from the optimum, eventually it becomes less than the time constant z c . Thepulse·then fails to charge the capacitance c
appreciably,
1
0 1
hence is almost totally reflected. Small variations in C
at th1s point produce negligible change in the reflection. Thus the sensil±vity to pressure
vanishes for infinitely narrow pulses, which see only a short circuit at the
pressure cell. For very long pulses, on the other hand, the charging current
to cl is small, hence the pressure -sensitive voltage pulses are again small.
For the cell described here, T is set at about 2 x 10-8 sec, z is 12 5 ohms,
0
Figure 11 shows a broad maximum near
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Fig. lOa.

Details of the power supply.
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Details of the electrical circuit.
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Now, considering the circuit in more detail, we note that the blocking
oscillator ( 1/2 12AU7) generates a positive pulse of about one -microsecond
duration, repetition frequency about 30 kc. The pulse length is decreased
to about 0.2 microsecond in the following blocking oscillator (1/2 12AU7) and
then is fed into a shaping amplifier (6CL6), which is replaced by 6197 -type
in later versions of the circuit. The grid of the latter is biased sufficiently
negative by grid rectification so that a pulse of plate current is pas sed only
at the tip of the incoming pulse. Transformer T -5 produces a positive -going damped pulse which is fed to the cas code output stage. The cas code
stage (5687) is sensitive only to the first positive pulse of the ringing because of the self -bias developed. The reslflt is a pulse about 50 volts neg ative going to 35 volts positive in about 10- second. This is the desired
"initial" pulse needed for the measuring circuit.
Switch S -2 permits checking the initial pulse on a suitable fast scope,
from plug PG-3. As shown on the drawing, the switch is in the pressuremeasurement position.
The pulse just described is fed into one half of the pr:imar y of the output transformer (T -6); the other half (three turns) is left floating to achieve
electrostatic balance between primary and secondary. The necessary pulse
symmetry in the transformer is achieved by winding the two halves of each
center -tapped winding in the form of a three -turn twisted pair, so that each
half of the winding takes a similar path about the toroidal core. The pulses
from the secondary are thus alike except for polarity. These are the pulses
delivered to the cables No. 1 and No. 2 at plugs PG-5 and PG-4 respectively.
The reflected pulses from the terminations are added in the transformer secondary, and the algebraic sum is fed through a crystal diode
(XT AL -1) into an integrating capacitor ( C -18) .. The voltage appearing on
the capacitor is fed to the grid of one triode of the pulse -comparator tube
(5687). A reference bucking signal is fed to the other grid of the comparator
tube through a crystal diode (XTAL -2) by the single -turn tertiary winding
of the transformer (T -6). The pulse -comparator tube thus acts as a difference amplifier.
The outputs of the two triodes of the pulse -comparator tube appear
on push -pull primary windings of a transformer (T- 7) in the plate circuit.
The output of the secondary winding of this transformer is the desired signal,
which is produced by a pressure change in the bubble chamber, and appears
at plug PG -6.'
The crystal diodes and associated RC circuits serve to lengthen
the output of the secondary winding, so as to permit use of a relatively
11
·
slow" and therefore inexpensive amplification and oscilloscope equipment.
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A dual-beam oscilloscope has been used, which shows pressure variation
on the upper sweep, and related events regarding the bubble chamber on the
lower sweep. These related events are "instant'' of beam-pulse from the
accelerator, instant of photography-light flash, etc. Thu.s one has a convenient means of recording the relative times of the~evehts.
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