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The principle of the differential leak detector is explaincd,
With a Jdifferentiol Dirani gauge detector located un the backing
side of a diffusicn punp, vhere the avernge pressurc wons 15 microns
Yiwy the "meisc level® of preasure fluctuctions registered by the
golvanencter in the “iivclor control circuit was seven times leas
than that registered by o single I'irani gauges, The pinitum air
preasure change vhich could be detected by the diffeorential
arrangerwnt ving 1079mn, Hgey  With the optirum leak hunting cone
dticng employed herc, thic corresponds to a leak on the high
vacuun side of abeut 10=3 lusces,
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Introduction

Tho sensitivity of a single Piranl gauge as a leak
dcteotor in a continuocualy evacuatod system is limited by tho
prosence of o "noise level" dus to pressure fluctuations
supcrimposed on the mean gas prossure in the system, The
spplitude of these fluctuntions mey be from 10k to 30c of the
mcan pressurce As o means of overcoming this limitation,
Jacobs and Zuhr (Reforence 1) suggested that a difforentinl
Pirani gnuge leak dotector ocould be uscd, The experamonts
dcsoribed below were onrried out in ordexr to explore the
possibilities of this type of leank detector,

Frinciple of the Differontial Leak 7Detcctor

Two Pirani gouges with identionl charaoterietics hawve
their filomonts connectod in adjacent arms of o Wheatstone
bridge which is balanceds If the two gouges are connected
to the same point in a vocuum system, pressure fluctuations
in the systom /i1l offect cach gauge cqually and the bridge
will remain balanced,  Further, if a rofrigerated trap is
interposed between the vacuum system ond one of the gauges,
then when a leak is probed with a condensable vapour, the
latter will only be oble .o moke 1ts way into the untrapped
gauge and there will be a differenticl chonge in the indication
of the two gougcs,

A suitoble condénsible probe gas must have a vapour pressure
of about 1 atmosphere at room tcmperature and a negligible
vapour pressurs ot the temperature of the refrigerated trap.
There are seversl vapours which fulfil theae requirements but
they suffcer frcm the disadvantage of either being toxic or
producing an c¢xplosive mixture in the atmoapherece With these
objections in mind it was suggested by Blears (Refecrence 2)
that rather thon use s condensable probw gas it might be
possible to use a goe which could be chemically ebsorbed by a
suitable substonce placed inside the vacuum systems Carbon
dioxidce has n vapour pressure of rore than one atmosphere at
room tempernturce and is reandily absorbed by soda lime, which
has a vapour pressure lcw enough tc permit it being used in a
high vocuum systemn,

In the cxperiments reported here, carbon dioxide was uscd
as the probe gas and "Carbosorb® (soda lime) as the absorbent.

Aggumtua
(1) Vacuum system

The differential Pirani gouge detector is shown in
Figurc 1. The body was made from two A.E.R.E, standard
1" right angle vacuum unions and one 1" vacuum tee~piece.
The right anglc unicn which held the Tuntrapped" gouge was
soft soldered to the tee~pioce while the other right angle
union which fitted the "trappcd" gauge was made demountable
s0 that it could be convenienily recharged with soda lime
if nccessary, The body of this second right ongle union
vins filled with soda lime granules (14 to 20 mesh) which
were maintained in position by picces of wire gnume.

The complete vacuum systom is shown in Figuro 2.
The leak detcctor was tced into the line between two oil
diffusion pumps ("Metrovac" type O3B and 02) and a single
Pirani gouge for obsolute pressure measurcment wns also
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connoctod into this line, The backing spnce volume,

1,0, thu volume from the tup jet of the 0JB pump to the
top Jet of the 02 pump, was estimated at one litre so

that for optimum leak hunting conditions the offeotive
purping spced at the leak detector should bu Q.1 litros/
segond (Reforence 3). In order to reducc the speed

to this valuc, a suitable length of 4¥rm, coppor tube

was conncoted between the 02 pump ond the look dotector,
The high vacuun side of tho system consisted of a 10 litre
capaoity vesscl and a needle valve by nsans of which various
loaks could be sete

(2) control ocaircuit

The circuit diagroa is given in Figure 3. Froma
batch, of tw lve Metropolitan=-Vickers Piranl gauges which
had been individually calibrated against a Mdlecd geuge,
the two wvath the moat nearly identical characieristics
wer- chescen to form the loak detector, Thelr filonents,
norked Pireni A ond Pirani B in Figure 3, were comnccted
in adjaccnt orms of a Wheatstone bridge as shown, Pironi
B was knowm to be the rorc sensitive of the two and was
thercfore shunted by a 150 ohm fixed resistor and o SX.ohm
potentiamct r Rle By suitable adjustment of R1, the
songitivity of the two gnuges could be made cqual, One
of the two fixed arms of the bridge was also shunted as
shovm so that by adjustment of R2, thc resistances of
these tvo wms could be made equals For a given setting
of R1, the bridge cculd be balanced by means of RJs
A 6 volt baitery connected across the bridge provided a
stcady voltoge, Out-of-balonce currcnt was indicated
by a Combridge spot galvonomoter (450 ohms resistance) to
which was ¢ nnccted & universal shunt.

4e Experimental Proc- dure

(1) Gauge matching

The two Pirani gauges A and B were matched as follows.
With a negligible pressurc {less than 10™% mm, Hg,) at
the detector ani with R1 at its meximum value, the bridge
wos bolanced by meons of R3. The needle valve on the high
vacuur side wne opened until a steady pressure of 10 microns
Hge {mcasured by Pirani C) was obtained at the dotector.
The resultant deflection of the galvonomcter was reduced
by adjustrient of R1s The apparatus was again pumped down
torzoro" pressure when it was found, of course, that the
bridge was no longer balanced owing to the change in R1,
An cpprexinate balonce was again cbtained by merns of R3.
A pressurc of 10 microns Hg. was agnin set and R1 adjusted
to obtain un approximate balonce, By repeating this
procedure of successive approximations several times, the
gauges were finally matched so that the pressure rise of
10 microns Hge resulted in a 1 ome deflection on the galvano-
weter (without shunt), This was the best that could be
achicved,

{2) Pressurc fluctuntions

With both diffusion pumps in operaticn and the needle
valve sdjusted so that a pressure of 15 microns Hg, was
obtained at the detcector, the reading of the galvanometer
vas cbserved at 5 second intervals over a pericd of % minutes,
The sesults are ploited in Figure & {lcwer curve).
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By r:x\;aw'ring,thu voltago acxross it and the current
throogh it, tho rosistance of Pireni 4 was found to be

148 chms, It was then rupluced by a 150 ohms fixed

(3)

rosiatance and preassure fluotuations were observed as -
bofores Thes are also plot=ed in Figure 4. (upper curve).

Still atl only on Iis i gruge in the eiroult, the

galvanc.wtor wns replaced by a millinmet r of known

- in*ernal resistence end th- out-of-balanc: current "or o

pressure rise from gexrc to "5 miorons Hge was obaerved.
Knowing the resistances of the arms of the bridge at was
then pcssible to calculate the sensitivity of the galvanc~
metor in terms f prussure, (The method used 2s deseribeu
in Reference 4). ‘

It was fou 1 thot, v.'th a single gauge in circuit, a
10=5rm. Hge pressure chonge - wwluced a gelvan roter deflection
of 0.6 cias,

Sensitivity of leak dctector

s pr limainnry xperiment was corried out to correclate
leakage rete throush the nee We valve with resultant pressurc
rizsc on the hign vocuun side and n the backang side of the
03B aiffusi n pwp. 4 three-wny tor was scclec. to the
necedlae velwve, Onc “nlect of the tap was op~n to the atros- :
phere while the otier ras joined to a 1 c.ce bur tte mounted ]
vertionlly, with its l:wer end dipping '‘nto a becker of i
tetra n {tetra-hydron phtholenc)}, With tie tap cpen to ;
atmosphere n su’tebl. leak was set by means of the ncedle
valve anu vhen condif“ons were steady the p.essure rise
couse? by he luek on -he high vacuun sice of the 03B punp
was rcagured by acana of an icnisation gauge and on the
backing s .e by wcans of Pirana Ca  Th* three-woy tap was
then turne so that the burette ~ommunicated with the
‘vacuum systen, anc the time requ’red for 1 e.c. of air to
be dasplac d by the rising colum of tctralin was measured,
This enabled the leak -ite (in lusecs) t be calculated.
Fren the results twoe curses ware drawn, one (Figure 5) of
leak rote cgoinst high vacuum side pressure rise and the
other (Figure 6) of backing side pressure rise against high
vacuun side pressurc rise,

The threc~uay tap w 8 nWw re-oved from the apparatuse :
The neelle valve was cdjusted to give a suitable rise in |
the reoling of the icn gauge, From Figurs 5 and 6 it was :
then possible to read off the corresponding leak rate and
backing side pressure rise, The reading of the galvancmeter
in th~ differ ntial Pairani bridge cireuit was noted, 4
rubber tubv leading from a ¢irbon dioxide cylinder was then
connectod £ the needle val ¢ so th t the inlceoking air was
rcplaced by COpe  The change in go vanometer deflecticn was
cbserveds By ropecataing this process “or various leak rates
and plcetting the results 1t was possible to determine the
mininan detectable values f leak rate, high vacuum side
pressure chan ¢ and pressure change at the leak detcotor on
the backing idc,

Results

(1

T'ressure fluctuations

The results plotted an Figurc 4 show that at an average
pressure «1 15 microns Hge the aximum pressure fluctuation
registescc bg the golvanometer in any periocd of one minute
is 3ok x 107’mn, Hge with a aingle Iarani gouge and 5,0 x 10-6
mi Hg. with the diffexrentiul arrangement, Thas implics
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that the use of the Aifferentinl leak detcotor results
in a 7 = fold xreduntion in "noise level™ so that tho
minumyn detootable pressure change will be 7 times less
than with a singlo gauge, at this average pressure,

The ndvontage of the diffcerential method over the

single Pironi gouge leak dotector booomos leas apparent

as the moan pressurc is reduced, since the fluctuations

will reach a limit vhich is imposed by inherent instobilitics
(mcchonical, thermal and oleotrical) im the gougos themsolves
and in their oontrol cirouitss Howover, o detector located
on tho backing side of a diffusion pump work: woll above
this lindting region.

(2) Minimur. dctceotablc pressure change

Tn the region of the optimum working pressure of the
lecok detector the background pressure fluotuations ave of
the crder of 5 x 10-% Hge It is falrly safa to say,
thercfore, that a galvonometor deflection corresponding
tc on air pressurc risc of 10"51:@ Hge (twice the noise
level) can be detcotod with certainty. This corresponds
tc 2 pressure rise of about 3 x 10~/ma, Hge on the high
vacuurs side of the apparatus snd to a leok of sbout § x 1
lusees cr 0,09 cluseoss It is pointed cut elsevhere
(Reference 3) that the minimum leak detectable in any
apparatus depends cn the volune of the apparatus and the
specd of the puaps, The nbove figure of 0,09 clusecs is
therefcre peculiar to the spparatus used here, vhere optimun
leak hunting conditions were cihployeds  The important
property of the differential Pirani gauge leak dctector is
that at a working prcssure of 15 microns Hge it can deteot
on air pressure change of 1072pn, gy, (This agrees fairly
well with Blcars' value of 5 x 10~Opm, Hg, at o working
pressure of 10 nicrons Hge, qucted in Toble I, Reference 3).

Conclusions

The 7-fcld reduetion in background pressurs fluctuations
which results frem the use of a differential Pirani gouge leak
detector instead of a single gauge at a werking pressure of 15
microns Hg. 1wrans that, under similar conditions, the minimum
lesk detectable by the lifferenticl mothed is 7 times smaller
than vith o single gauge.

Sincc the detector wviorks in the 10 nicron pressurs region
it can be lccatel on the Lacking side of the main diffusion pump.
where the pressure change duc to a given lcak is many times
greater (usunlly not less than twenty, depending on the apparatus)
thon on the high vacuum side,
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