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gauge o1 simple design has been made from
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thin diameter tungsten wire., The asso ted circuit has
been simplif le% and made from indigenous components. The
system is cheap, veliable and can be used in ~any glass
>system wailch feau1rea baking ULLO about 30@0 . It'is in
continuos use in the gas extraction system at the 3table

Isotope Laboratory,
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Introduction

in many applications involving vacuum systems a simple

1nd1cat10n of presaule is very often all thet is requlre&

ﬁtner than an accurate measuremept of the vmcuum.' Fcr
'example, to transfer gas from one part of the system to
anether; to see whether condensable gases heve totaliy con-
densed when a trap is put, and to note whether baking
pressure has been attained to switch on the diffusion pump,
a rough indication of the vacuum is only required. In such
cases, the gauge which finds wide application is.the Firani

gauge.

The Pirani gauge is a thermal conductivity gauge. It is
based on the approzimate relation that at.low pressures
(below about 1 torr) the thermal caductivity of a gas is
proportional to the pressure, If a resistive filawment in a
vacuum space is heated from a constant wvoltage éource,
the final temperature of the filaitent depends upon the rate
at which heat is conducted away to the surroundihgs whicit
in turn depends upon the thermal conductivity of the resi-
dual gas. Thus the temperature and hence the resistance of
the filament depends upon the pressuve of the gas in the
space.

The change in vesistonce is not usually directly measur-

o

ed to determine the pressure. The filament is incorporated
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in the tadrd arﬁ.of a Wheatstone bridge aleong with a com-
pensating resistance in‘the fourth arm Which is kept q@tside
the vacuum and does not change. The change invresistancé

of the filament is measured by the out-of—balancé currépt in
the Wheatstone bridge and the meter reads the totél pressﬁre

in nitvogen equivalent torr over the range 0.5 torr to 10-3

- tOoxT.

'Beéign'and construciion

”vairaﬁi gauges with pyrexAglass enclosures can be easily
‘integrated in a glass vacuum system and can be made edsily
~at a very nominal cost. Despité'these advantages, glass
Firani gauges are not very common,J Thé'éommercial;gauges,
; are usually enclosed in a metal envelope, which is not
.;acceptable in some.agplications; For this reason we designed
& simple gauge which can be eaéily made from the available

materials.

The filament is a 25/4m.dia tungsten wire which has a
 resistance of about 10n/cm, Tungsten was choéen for its
mechani cal sﬁrength and hign temperature coefficient'of ré-
sistance (.0051). An alternative material would be platinum
:<@ire of-25f;m dia, ¥Flatinum has a higher resistance'(ébout
20 /cn) but o smaller temperature coefficient (0.0037). Two

designs were tried as shown in Fig.1(a) and (b). The circuit




&
was designed for a resistance of about 19{L, The total
length of tungsten wire required for this is about 18 cm ang
if uaed straight, can be accomuodated in a 10 em glass tube
b/ looning it llkeia hair pin, see Fig, 1(a)., The volune of
the; ‘gauge can be made smaller b/ use of a spiral wire, see

Fiu.l(b)

Tne spiral was made from e straight wire as follows. 4
thin 1.2 mm dia copper wire (cable wire) was takenlen'which
the tun sten wire was wound in spiral LOTH qy hand,Care shoud
be taken to do it dellcately 0therw1se the wive will snap,
The ends should be fixed by tylng it or by the use of an ad-
hésive.. nlter i ndl ng, tne Wi ¢é'was heﬂted by \ zas torch
to dull red hea t and *1en the copper was ¢1ssolveﬂ in nitfic
ac1d slowly to Leave benlnﬁ a splral of 1.5 mm dia, This ﬁas
cleanéd with distilléd water and alcohol and dried in an oven -
(at 100°%), Lﬂe reaultlng Sﬁlral has a resistance of about
209/ cn and an unstretched lengthAof a few'éeﬁfimeters Léad-
ing to a small gauge size. The spiral has a tendéhcyvtaiwind
on itself and should therefore be handled gently. The wire
can be either“spOtweléed to nickel support or simply erimped
to the electrical 1eadthr0ughs. The housing of the gauge
being made of pyrex glass, it can be joined to any glass systen
The Pirani gauges of this type are mechanically strong and can

safely withstand baking cyeles to a temperature of ypto 300°C.



girani Géﬁge Controller
' The ej,.;;z,avv'e controller is very :simple and is shﬁﬁn in
in Fig. 2. | -

The secondary of the transformer T has an output df”
abcut 8V which is vectified and smoothed by a brldbe
ﬁfeétiller and filter conbinat:on. Thls raw e output i*,
_regulate by sampling a part of the final output voltabeewm

omparlng it with the reference veltaze in the 1IC regulauov
‘CABOGb. The output of the couparator in CA3085 dr1ve§ the
series transister 2N3054. Since the reference voltage in
CA3085 is about 1. 7V the reNulated output can be set as 1ow
as 2V,  The circuit cen deliver upto 300 ma, Tne‘outppt.
voltage is regulated against line and load variétidn‘ﬁé
within 0.1%. o

The opera@ion of the control unit is as foliows. _;Thev-
voltage regulator output of ?V is applied to tqe Wheatstone:
bridge formed by R1, K2, h3 and the Pirani filament. A -1 mA
ammeter is connected as shown across the other ends ofl the

bridge to measure the out-of-balance current,

With the gauge at atmospheric pressure, potentiometer P2

is adjusted until the meter reads zero., The gauge is then
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pumped to a vacuum of better than 10~ torr, The temperature

of the Pirani filament rises to an equilibrium wvalue. ?hé
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corresponding increase in the resistance of the Piranl fi. -

- lament will upset the balance of the bridge with the Hﬁteré
showing ' the out-of-balance current, The potentlometer Pl :
is now adJusted until theumeter readu full secale correspond,?
ing to the low pressure limit of the gemge, qu pressure - &
in the gauge 1s tnen adJuated to intermediate values as

mcnltored by a chleaﬂ gauge, and corresponding markingsanaf

made on tne dlai of tne meter.

ferformance

Many gauges of this 51mple de31cn are 1n constant use
in the Stable Isotope Laboratony of r%L in tne vacuum system;
for conbustlon of cellulose nitrate to recover qydrogen;gas

: for mass spectrometrlc analySLS. They have_glven contimious -

'1iand trOublefree service,
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