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Summary 

The applicatien ef 'the laser -Deppler . velecity measur~ng teehni~ue te 
bsth tur'Qid and ·bub:'t:>ly . .flSwmedia is, described .. ,; 

Twe types ef autématic frequency trackers have been tes~ed and ·their, 
per:t~ermànee evalu~ted UI?.q.er . a variety . ef ' flsw cendi ti,ens. 

A ·high ·freque~cy v<i'id fractien me,~surirtg ,instrument 'ha.,f? been develeped 
using a ·capacity ,princ:i,ple andis used ·te ,previde infematièn en .flew lcenditiE:lIlS; 

Full detái~s en thè electreniçs ass0ci~ted .~ith ~he f~~quenèytracking 
unit .and the vetd ' fracti~n meter are included in the repert . 
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1 . INTR0DUCTI0N 

A pr.eviaus publicat,ian (Ref. 1) has described experiments, carried out 
at UTIAS, which demenstrated the' feasibility of .measuring the velocity ef beth 
phases ' (water ,and steam ,bubbles) in à bubbly twe phas~ flew using laser-Depp+er 
a~emeD:letry . 

Further investigations, deta:i,led ,in the pre~ent ,repGlJ;-t, have be,en 
carried out and shew that ,the techn~que can be applied te situati0ns ,where the 
flow medium becemes quiteturbid; and ;the veid fr.actic;m. is gre~ter ,than l. 50% . 

Instrumentatien has been develeped te ena~le centinueus measurements 
te be made ef· the flew medig velecities and alse the instantaneeus ,veid fractión. 
In addi tien a , cemmercially available frequency tr~cke~ has , been . empl~yed te 
measure the velecity ,ef ,the bubbly flews , .and its perfermance eva=!-uated . 

Full details of ,the electrenic instrumentatien, developed fer this 
investigatien are include4 in this repert teg~ther with circuit ·diagrams ,and 
parts ,lists. 

2. THE LASER ,BOPPLER TECHNI@.UE 

2.1 Laser-Dopp+er A~ememetry 

The Laser DoppIer technique is currently used fer veloc~ty measure­
ments in a ,great variety ,of flew preblems. Fer many applicatiens ' it is now 
used as a standardmethod, replacing many ,lesscentemperary techniques o 

The advantages which the ·Deppler techn:i,que ,effers are as fellews: 

( i) Ne perturbation ef the flew at the measuring 
peint. 

( i i). High spat;i.al resGq.utien. 

(iii) It is absolute ,and linear, and is unaffe.cted 
by the temperature ef tqe medium being 
menitered. 

These have prompted ia few cemmercial ent'erpx:ises te preduce eptical and , elect.rGmic 
in$tr~entati'e~ te meet the requirements ofmany : flew measuring preblems,. 

While the specifi.c prC?blems 'asseciated ·wi th the measurements ef caolant 
f10w and velecities at AECL may preclude the direct applicatien ef ·the available 
equipment, the prespects seem bright fer at least a partial autematien ,ef ·the 
megsurement precess . 

2.2 Laser-Deppler Methed 

A descriptien ef ,the lase'r';"Doppler methed is .centained in Ref. 1-
Hewever, fercemplete~ess a brief ' eXElanatien ef the precess and ,formulatien of 
the ,basic equatiens will ' be given here . 

1 



All laser-Deppler heterodyning precesses rely on theform~tiGn of a , 
real er virtual fringe patterno This may be ,accol!lplished by the superposition 
of ·twe beams, usually ef ·equal intenSiity, derived from the same laser . In the 
case of ,small lasers (<: 30 cm cayi ty), path length diffe,rences of a few 
centimetres, between the laser output and the beam:s ' intersecti~n, do not . 
seri~usly affe,.ct the fringe ,vi si1:!ility • Hewever, with iarge:r.: cavities (such 
as , in a l . metr~. ien las el' ) care must be taken te equalize the path lengths fer ­
eptimum fringe centrast (Ref. 2) . 

Figures la, lb 'and Ic provide ilt ustrations ef the .fecussing geometry 
of t be two bèams derived from a laser, and will ai,d inthe f0rmulation efa few 
basic equations. 

2.3 ' Fringe Spacing and Deppler-Modulation .Frequency 

Figure la , shows the :two equal intensi ty beams, ef initialdiameter do 
being fecus~ed te a common ·regien by ,the lens Llo They ·are separated by a 
di stance D befere ,reaching the lens and ' intersect ai;. an angle : 8. 

For simplicity we may · censidereach .beam .to have a Gaussian intensity 
distribution ,across its cross-sectiGn, and with plane wave-frontsrepresented 
by the hat ehe~ lines. At the focal point ofthe lens Ll the wave fronts wi l l 
intersect at the ,angle 8 and an enlarged view of this region is presented in ,_ 
Figure lb. Interference fringes will be fo~med · throughout the focal volume •. 
Bright· fringes fermed · by the construqtive addi;tioq of phase fronts are indicat~d 
by lines Ll' L2 .an~ L3, while dar~ fringes . are formed midway betweenthese 
l ines ' . Using the nott;!.tien 0f the figure, the ,fringe spacing 8 can be expressed 
as 

À 
ê = 2sin872 (1) 

If a particle traverses ,this fringe pattern and scatters ' light d~ring 
i ts transit, sueh'radiation can :be mo~itored by a detecter whose output would 
then be modu+ated depending en ,whether the particJ,e is in a bright or dark 
pertion ofthe fr~nge pattern . The ', frequency ef t1:lis modulation is cal led the 
DeppIer :f1requ~ncy , f:D and it is related ,to the part i cle's velocity component (v), 
takeQ parallel te the :Z a~is, by the' fellowing expression:, 

f = 2vsin8/2 
D À 

(2 ) 

2~4 Fàcal Velume ,and Spatial Reselution 

The .. s :\. ze cf the measurement volume, formed by the ,intersection ,of the 
two beams is governed by the diameter of the beams at the focus and the inter­
sectien angle , 00 Except fer large beam sepa~ati0ns (when 2 lenses shoul~ be 
used) , spherical aberration isthe only defect that warrants correcting in 
lens Ll o Goed imaging quality is ,ebtained by ,using a simple plano-convex lens 
and this should be meunted withthe orienta~ion shown in F~gure la o At the 
fe cus of .Ll the diffraction limited diameter (d) ef the f~cussed laser ,beam , 
is given by: 
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d = 4Àf 
'Il'd . 

e '. 

where , de is the initial laser beam diameter a~d f is the ,foca+ length sf lens 
Li atthe laser wavelength À ' (6328A fer the He;....N~ laser used in this ,experiment) . 
The ~~ ,~~ äç,f the focusseei beam given byEq. 3 is the äiamete~ of the 1/~2 , 
intensity-elÜpseid which ef~ectively centains the ,beams' - intersectiem. · In 
theX directiGn ·theminimum beam ' äiameter isunch~nge9- frem that ef ei previded 
the beams ;are identical and everlap cerrectly; the ether dimensiens are obtained 
frem and .listed on . the f~gure 0 ' 

2.5 Number efFringes 

The teta~ number ef fringes with~n the 1/e2 intensity 
en th~ lecation aleng the Y axis. At. J!=O the number ef fl;'inges 
is simply ~z/ê 'and thiscaR be shown .to be: 

2D 
N = 

prefile depends 
N in the .XZ 'plane 

(4) 

It ,is interesting to n~te that N is independent ef tQe focal length 
ef the lensLl, depending enly en the initi~l diameter ef ·the laser beams do 
and the:ir separatien D. 

Fer mest autematic frequencY ,trackers .it ,is :advantageeus te ha~e N 
large and ·this is therefe~e ' a quantity which ,sheuJ,.d be eptimized in cenjunc-
t~en wi th spatial resc;lutien requ~rements. In addi tien, the' accuracy ef fD, and 
hence the velecity , ebt·a i ned ·frem ,a single transit signal is directly prepertienal 
te N, a peint whic~ ' will 'be äiscussedlater . 

3. EXPERTMENTAL PR0CEDURE . , . 

3.1 Extensien Of Previeus~y Reper~ed Experimental Werk 

Previeus experiments.carried eut at ,UTIAS (Ref. 1) have shewn that 
by prepeJ;" optical ,precedures and appropriate ,signal handling, it is pessible 
te dis criminate betw,een .. the scattering signals ; deri ved frem bubbles er . water 
in a ,twe-phase. 'bubbly flew 0 It 'was alse, shewn th~t an eptical system as 
sketc~ed in Fig. 2 permits centinueus velecity menitoring ef beth phases ef 

· the flew media . 

Twe equal intensity be~s 1 and 2 frem a ,Spectra Physics lmw, 
He~Ne laser ,are fecussed by lens Ll te preduce ,an intersectien velume ,in th~ 
flew tube • . @bservatie~ ef the bubble ·veleÇ!ity is .. made via a measurement ef 
the Bepple~ frequency en ·detecter .2, with de~ecter 1 previding veleçity 
infe4matien related en+y te ~he liquid flow. 

One disadva~tage ef this ~rangeme~t is :that enly .bubbles whose , 
interfaces (clesest te thé i~cident light) intersect the fecal 'velume will ' 
preduce a ,Deppler s~gnal . For seme flews this 'may be unsatisfactory. in that 
manY bubbles will pass threugh the ,Y-axis with their velecities undetected. 
The length ef the fecal regi0~ ceuld be increased te fill the wicith ef the , 
tube in th~ Y directien, ,previding DeppIer signals fer all interfaces crossing 
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this axis . Hewever, such ·an arrangement makes simultaneous tracking along the 
Y axis d~fficult. 

This particular problem may be circumvent.ed by using the system 
shewn in Fig. 3. The twe equal intensity ,beams are focussedby Ll into .the 
tube, Ll and D be~ng selected so that 'angle e is sufficientl~ small to allew 
for ovër],.ap e:(' the two be.ams · throughout th~ tube diameter. 

Light scattered ,by the bubbles into the X-direction iS .collected 
by the lens L2 and fecussed teform a real image of the ', laser-focus regien, 
which can be scanned by ' a sli t · S before passing onto · the de:tector-. ' The ' p~si tion 
and 'width o~ ' S det·erm~nes · that " porti(;m of the Y-axis over which tne velGcity 
will be measured. Simultaneeus menitoring ef the whole velocity. profile is alse 
possi bIe wi th a m~.mber of sli ts ' :and cempanien detectors. 

Th~s .side viewing methed-has anothe~ advantage. For example, by . 
util~sing a ·slit which accepts light from the whole of the length YlY2and 
appropriateelectrical frequency filters on the detector(s) output ,it is 
possible ,te track aT,ly chosen velocity (e.g~· with a single detector .and approp­
riate filter, it weuld be simple to check if a bubble had ·a velocity greater 
thah ,somepredetèrmined value, as set by the frequen~y filter) . 

3.2 Refractive Index Matched V~ewing Cell 

When viewing the Y-axis through a fluid filled tube as shown in 
Fig . 3 , there is a lens ', effect (s~e Fig . 4) . Light appearing te com~ frem Y3 
will actually have eriginated at ,Y4 ' This probl~m isserious with small · 
diameter .tubes andmakes observations near the inner wall difficult .. 

This lens effect was eliminated in the present experiment by 
surrounding the tube ,with a water-filled chamber having parallel plates. There 
is then only . a displacement errer due te the tube wall. It can . be shown using 
the notation of Fig. 4 that 'te ·a first appreximation the displacement viewing 
error ~y, aleng th~ Y axis is: 

where 

k = 

Geed BoppIer signals were obtained te withil1- . OlO"ef the tube wall using 
thistechnique. 

3.3 Turbidity Due to Voids and Contaminants 

3 . 3.l Turbidity and Veid Fr.action 

Questions were raised aft er the presentation of the original report 
(Ref . 1) concerning the ,viability of the laser-Deppler technique when ,eperating 
with media where there .is considerable turbidity er large average void fractiens. 

4 



'. 

The variety ,of ', conditiGms that ,can be envisaged make this a difficult , 
question to answer succinctly. Experiments , which will be described, shew that 
the r~nge , ef cendi ti.ons over which the .methed continues to operate reliably is . 
larger .than was first ,anticipated. 

3.3.2 Turbidity 

This can arise either from the .accumulation of small contaminant 
pa~ticles, 0r bubble .concentratiens ' ef ·sufficient si~e anq ' quantity te diffuse 
the incident ligh~ beams. The light in travelling through , the flow medium will 
be attenuated .and at some exttnction level the ceherencebetween the two beams 
will be reduced to the point where signal beating can no lenger eccur. · 

In Fig. 5 t~e fringe pattern at the fecus is chesep to be just 
sufficient te give a useableDoppler signal. All that 'remains is fElrthe 
scattered light te be transmittedthr:eug1:l the liquid te the d~teci1er. , -rt ,is · 
appar~nt that the ,àetection c:>1' the Dc:>ppler ' signal reduces to a caSe ef eoserving 
a mod~lated light seurCe at the focus. Thus enly the thickness (t) of the flow . 
medium thatthe incident light ' traverses in reaching the fecuf? is of cenl;!equence. 

It is pessible that the ,less of coherency decreases .expenentially 
with path length, probably scaling as the .attenuation due to turbidity. 

where 

I = I . 0 
-at e 

I = transmitted light af ter passing threugh thickness t. 
I = incident light. 

(6) 

e a = extinction ceefficieot du~ te scattering by the medium. 
t · = path length. 

This has been observed qualitatively in our tests but it is difr~cult 
te be preci$e when visually evaluating the extinction level which corresponds 
to a loss of the DeppIer medu~ation. 

Whether heterodyning can be · detected unde~ any . specific set of 
turbid conditions can certainly be dete~ined by a .test . However, some 
indicatien ef the .talerance of the method .may be gained f~em the re$ults ef 
a . series ef .tests described belew. 

3.3.3 Eeperimental Turbidity Cc:>oditions 

Bubbles Small bubbles « lmm dia) serve as very good light .scattering 
and diff~si~g centres in a water flew. A continuous supply of bubbles, evenly 
diJ!tributed throughaut . the tube base was maintained .using eleçtrolysis . 
Currents up .to 400 mA were passed throughthe water using the two electrodes 
shewn in ,Fig. 3. 

3.3.4 Contaminants 

Bath homagenised milk and toeth powder .were used ,to simulate the 
effect Of contaminants in th,e floW . Bath of these sul;lstances .disperse .well , 
in the water and could be added gradually with appr~priate predilution . 
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3 .3.5 Turbidity Results 

A r~ug~ measure ,efthe turbidity was previded hy menit~ring the 
transmitt.ed -level . ~f an ' independent laser , beam , af ter pas si ng- threugh the flow 
tube. Wben the trC\,nsmitted intensity' had fallen te ... 60% ~f that t:>btained 
with clearwater, the .. Déppler ,signal was feund ·' te ,be inadeq,uate for precessing. 
This6e% level applied te beth t:>ptical ' arrangements shewn in Fig. 3, and. fer 
beth bubble andcentaminant ' induced turbidity. 

3.4 Bubb~e Detector 

In er der te assess the limits over which the laser Doppler technique 
would operate reliably i~ · abubbly . flew, it was necessary te measure ,the veid. 
fractien under - a variety .ef ,bubble .cenditiens and. preferably in real tim~. Te 
me.et these req,uirements a bu'li>ble . detect~r was censtructed based en a capacity 
principle. 

The di~leçtric censtan~ (k) ef water is fertuiteusly high [kOoO = 88, 

klOOoC = 48, whereas kAIR - 1] and the resulti~g capacity for a water-filled 

volume .enclesed ·by two plates with a lcm2 ' common area and placed lcm apart is 
- 4 x 10-12 Farads at 100eC. Such capacities can readily be measured with a 
freq,uency respt:>nse greater than ·lO KHZ making it pessible te detect air bubbles 
as small as lmm diameter moving with water ,at floW velocities of 104cm/sec while 
traversing capacitt:>r Plates lcm· lt:>ng. 

Ft:>r .this experiment two thiri copper plates appreximately lcm x 1.2cm 
were attacqed te the flew ,tube with epoxy, immediately below the eptical 
ebs'ervatien region , Fig. 3. It 'can be shewn , fer tbe plate arrangement outlined 
in ,Fig. 6, where a ,liquid ef ,thickness d3 and dielectric censtant .k3 is contained 
in a parallel sided tube witq walls ef thickness d2 and dielectric ,constant k2' 
thatthe capacitance be~ween the ,euter plates of cemmen area A is given by: 

when MKS units are empleye~. 

The distance dl is incurred when the .plates are fas~ened te the 
tube's .outer wall, kl is the censtant fer thé filler medium er air, as the 
cal?e may be. 

In ,erder te achieve .the maximum sensitivity from the ,bubble detector, 
it can ,be sh~wnby an evaluation ef the abeve eq,uatien, that ,the plates should 
be as clese ,te ·the tube wall as pessible and the tube w~lls themselves should 
be as thi.n 'aspracticabIe . 

3.4.1 Calibratien and Use of the Bubble ' Detecter 

A calibrati.en curve ,for the bubble detecter is shewn in Fig. 7. This 
was ebtained by .varying the heightef the water be~ween the plates; this is a 
q,uick and ' simple .procedure giving a : nomi~al accuracy of - 5% at roem temperature . 
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The change in capacity caused by voids passing between the plates 
was measured by instrument!!-tion ' which will be"described later in .this report . 
It is the output of this electronic ,unit which is plotted as the ordinate in 
Fig. 7. Urtder flow cenditions the instantaneous void fraction is conveniently . 
monitored with an o~cilloscope. · Figures 8a and 8b are tim~ traces of the . 
bubble detector output when .voids are produced ,by the intr.oductio~ of high 
pressure air into the flow, and small bubbles are formed "by . electrelysis 
respectively~ 

3 ~ 5 The Effect ~f Voids o~ the DeppIer Signal 

3.5.1 Large Veid Detection and Related DoppIer Signals -

In Fig. 8a the signal trace correspends to. a vo~d fraction ef 
approximately 50%, which at a flo~ velecity. of ' 30 cml s·ec i~dicates . that 
individual pulses on the photo have 'origi"nated from singlebubbles of 
apprexirilately 3mm dia ·traversing .the . plates.' length (1.2cm). The lenger 
pulses (- 0 . 3 sec) would cerrespond te bubbles appreximately 9cm. long; these 
were not oqserved visually. However chains of bubbles abeut 10cm in length 
comprised of individual bubbles aoeut lcm in diameter were observed and these 
would account for ·the structure in the larger pulses and alse the pulse 
length . 

Geod DoppIer signals were ebtained en both side and forward 
scattering detectors and the UTIAS frequancy tracker was able to measUre the 
velecity readily o Signals drop-euts (duete ecclusion of the scattered 
rádiatien on ,detecter ,l) present no probl~m for the tracker since they · have . 
only ,low-frequency cemperients and these are rejected by the input filter 
netwerk . 

3 . 5.2 Small Void Detectien and Related DeppIer Signal~ 

In Fig. 8b the bubble detector eutput has been A.e.-coupled to the 
escillescope . in order that the signal due te void fluctuations may .be seen . 
The D.e . output in this case was 6mv cerrespending to an average void fraction 
ef - 1%. The wiath ef , the fastest pu1se in this pho~ograph is - 100msec and 
at a flow velocity o~ 22.5cm/sec the bubbledetecter output "is responding to 
the change in the average tetal velume .of small bubbles between the plates . 

Good DoppIer signals were obtained en beth detectors . fer s~all-bubble 
ve,id-fractions, up ,to the point. The UTIAS tracker behaved weIl up te the 1% 
veid level but, rather disturbingly, cEmtinued te track at '.,even higher void ' 
fractiens even though the Beppler signal had disappeared (the s~è . phenomenen 
was alse observed ·W±th ~he commercial traqker). 

Such anqmaleus behaviour serves to re-emphasize the impertance of 
visually checking (using an oscilloscope) any signal for true ,Doppler 
modulation characteristics before relying on a , frequency trackereutput . 

Since a complex ,scattering signal .may contain frequency compenents 
within the passband of the t~acker, an a priori , knowledg~ that the ,signal is 
of DoppIer origin is essential to ensure reliable results. Thus the tracking 
of a ,non-Beppler signal does net imply a malfunotion of the tracker but rather 
a lack of the very expensive sophisticatien that would be required te determine 
the ;type 0f modula~ing waveferm. 



Under nermal operating ,procedures the acquisition of a viable input 
is ,simple to, chec;k bef0re aut0matic signal he,ndltng commences, any , subsequent ' 
loss of Doppler modulation 'is usually readily apparent. 

3.5.3 Flow Structure ;Determ;i:nation witn the ,BubbleDeteètor. 

Alth0~gh unrelated to the present ,series ofmeasurements, 
an ad~itional , use for the bubble detec~0r w4ich will be de~cribed. 
appl~cation has not be~n explored experimentally" but , may have some 
th~ remote monit0ring 0f f10WS. 

there is 
This " 
merit ,in 

Censide~ 3 pairs of capacitor plates AA', BB 1., CC", arranged , around 
the, cirçumference of , a non-metallic tube carrying, a flsw wi th voidá, depicted , 
in Fig'. 9. Inthis figure .asingle v~id is show travellingalong the ;axis 
of the tube and ,.located as shown . Negleçting edge effects" only the capacitGr 
f0rmed by plates BB"will exhibit a change ; in capacity . 

Forming the ratios A;C, ~, and ~ (where A, B an~ C refer t0 the 
instantaneous cape,cities between t~e pla~e pairs AA', BB' and CC', respectively), 
enablesa correspondence table between these raties " anda few type~ of flow te 
be dr-awn ,up, a~ shown in ; Fig. 10 .' In eac4 case the capaqi ty ratio is unique 
and 'may also have o~her , distinguishable charactéristics (such a~ a change , in 
the, actual capaci ties, for fixed rati0s). ' 

A set of capacitors as described here could be ,used f0r the remote , 
sensing of flow characteristics 'by using 3 bubble detectors and makirtg ,the 
appropriate arithm~ticoperationson their outputs as suggested by Fig . la . 

3.6 PrGcessing the ',Doppler ,Signal 

3.6.1 Frequen:y , Pete~inati0n 

A brief description " 0f' t4e vari0us, meth0ds , that 'may be used te 
extract the Doppler frequency fr0m the ,outputs o~ detectGrs l ,and 2 was given 
in Ref , 1 . It was stated at thattime that , some ,form of automatic frequency , 
determinatio~ was desirable from ' the points of view ,of both accuracy and 
efficiency . ' , It 'ispert:ï,nen't at this time te discuss the probltems invqlved in 
processing a 'Doppler signal, together,wi th ,the statistical limi tatiens on 
aqcuracy a~d instrumental 'difficulties . 

3 . 6 . 2 , Typical De~ect?r Signa~s andTheir Fre~uency Components 

Two typic;al detector o~tput signals are shown , in Figs. llc an~, llh; 
signal 110 being generated ,by particles 1 and " 2 tra~ell~ng a~ong , the X 
axis. 

A view of the XZ-plane along ,the Y-axis (at ,Y=O) , would 'show a beam 
ov~rlap as ,indicated in Fig. lla. The fringes wili be of unife~m , contrast . or 
visibili ty and the resulting detector', s output will have a 1/e2 intensi ty 
envelope medulated at the D~ppler frequency. Similarly particles 3 and 4 
crossing the Y-axis obliquely weu~d produce a signal ,waveform drawn in Fig . 
llh. 

It is impertantto note that 'ma~imum-modula'tien depth is produçed 
r:mly where ,the beams overlap wi th equal , intensi ty,. Thus c0ndi tiGns, as in llf, 
result in a decrease in ,the number of useable f'ringes f0r datareduction. 
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Optical misalignment, unequal .intensities a~d differing pelarizatien planes 
for the two be~s can alse produce signals similar in nature ·te Fig . llh . 

The output signals ' shewu in Figs. llc and .llh ar.e composi tes ef the 
hig!). andlow · f~equency · components showu in Figs. lld and .lli, and lle an~ llj, 
respectively ', ·the latter centaining thevelecity :infermation . The signals 
shewu' in 'Fig. lle consist of a single burst of frequency .information for each 
scattering .particle traversing the prebe volume . . These bursis will be randomly 
superposedbeing dependent en ,the a~rival time of each scattering centre . 

3. 6.3 Accuracy Limitatiens 

It_ can be ,showu (Re!. 3 and 4) that the accuracy te which the frequency 
may bè obtáined from any single . signal burst is directly proportional to t1).e 
n~ber .of useáble cycles of Doppler informati~n in the burst. This accuracy 
is independent of theproc~ssing te~hnique employed. 

The relative frequency/velocity error for n-bursts ef Deppler 
medulated infermation co~taining on ' average N-cycles ferprecessing will be 

/),f 1 
f= '= 

N 
(8) 

The errer may .of course be reduced in the normal statistical way bY ,averaging 
over multiple signal bursts . Assuming the velocity is constant Q~er an inte­
gr ation t im~ ef nsignal bursts, we have for the average numb~r Never .the 
n-groups an error . 

/),f 1 
-= 
f . N...tn 

It can ,be seen ·from this last equation that the accuracy scales more 
rapidly with N than n, hence the importance of arranging the eptics for a 
maximum number .of fringes. 

3.6;4 The DISA Electr~nic Frequency Tracker . 

Canaden Products, Canadian representatives for DISA kindly provided 
a DISA ·electrenic tracker for evaluation .while the .experiment 'was in p~Ggress . 

The' unit, .des cribed in Ref. 5, enables Doppler signals between 2 KHZ 
and 15 mHZ to be tracked :continuously af ter pre-selectiGn of .the appropriate 
f r equency range. The ,output voJ,tage of the un~t is .linearly .related te vele.city 
and ,signal drop-out is displayed on a panel. meter. 

In pri~ciple the apprepriate frequency range can be feund .employing 
a search technique using enly th~ tracking unit, automatic tracking within 
cer~ain . limits is then provided ~fter this has ,been .accomplished. In actual 
operatio.n using cemplicated signals (containing drep..,.outs etc ~) an .a prieri 
knowledge of the approximate Doppler f~equency : is requir~d to avoid spuriéus 
results •. 

On sever~l oc~asiens with detector signals composed of drop~outs , 

and .weak Doppler modulation the unit ·gave .signal outputs even whe~ the Doppler 
signal could no :lenger be ebserved . en an · oscilloscope. This anomaleus 
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behàviour is not a fault ef the system, but 'merely vetifica~ion ·that · when , 
fre~uency components in ~ydetecter 'signals faal within the tracking bandpass, 
most frequency .precessors have insufficient discrimination to unequivocs,:)..ly 
dete~ine ,if 'they ' are of DoppIer erigin~ 

Used with discretic;m, asany precessor sheuldbe, the DISA fre,quency 
t~acker is an exçell~nt u~it and will prebably ha~dle . most , ef the . preliminary 
requirements at AECL~ 

4. CONCLUSIONS ; 

The experiments detailed in this r~port sho~ the laser DoppIer 
technique to ' be capable ,of 'providing accurate velocity measuremènts o~ betn 
phaEies· in a bu"bbly .water flew ' even unde·r qui te turbid conditions • 

. 'The electronic, instrumentation doeve:)..eped and .construci:;ed for this 
project previded automatic readout of t~e DoppIer frequencyand real-time 
void fraction measurements on the flow. 
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APPENDIX A 

DISCEIMINATOR FREQUENCY7TRACKE~ ELECT~0NICS 

A •. INTR0DUGTION 

Ferquasi-centinuous signals generated byflews with small velocity 
fluctu!il-tiens. , a . simple frequency-te-veltage cenvert.er is ene , of the mest 
ecenemical methods ef .autematic frequencytrackingo Hewever, in general, flows 
are sufficiently complicated :te require a mel';e sophisticated appreach. 

The fastest tracker is that which can previde velecity informatie~ 
frem' the .transit signa+ eriginàting from a single .particle. This appreach 
requires handling single medulated .intensity prefiles and .the discriminater , 
system censtructed at UTIAS is based en this princip+e. Fer situati0ns where 
the .velecity .is . changing ve~ rapidly, as .in seme ef the cenditiens anticipated 
at AECL; the discriminater metheq. is prebably the fastest, yielding automatically 
infermatien etherwise obtainable only by the centinueus monitering ef an ' 
escill~scope. 

The UTIAS discriminater-tracker cevers the. frequency range 5-100 KHZ 
withe\1-t 'range switching, cerrespending te flow velecities ef 8-160 cm/seo f~r 
the experimental cenditien shewn in Fig . 3 0 The tr~cker eutput was time­
averaged fQr cenvenience during measurement; but it is capable ef giving 
velecity infermatien en a single. particle traversing the prebe volume , 

B. DISCRIMINAT~R FREQUENCY TRACKER, . PRINCIPLE OF OPERATIO~ 

It. has been shewn in Sectien 3.6 03 that, wi t .hin certain statistic~l ' 
Urni tati0ns, the vel ecity. ef a scatt.ering particle is defined by the DeppIer 
frequency of a si.ngle signal-pulse, burst . Figure Ala depicts' a typi cal such 
pulse train af ter lew-frequency components have been remeved . At this stage 
it is merely necessary te measure the time perieds TD between zere crossings 
te ebtain the frequency. 

In the discriminater appreach, a pulse hetght level h, chosen to be 
abeve the A.C . neise, is selected as an arbi~raryreferenee . line o ' Cressings ' 
ef this ·line ,by 'the signal waveferm result in eenstant width and amplitude . 
pulses (Ftg o Alb) , being fermed 'by appreprtate circuitry . · 

The DeppIer ,frequency is then ehtained by cemparing the arrival rate . 
ef 'the pulses in Fig. Alb with these frem a fi~ed clock (Fig. Ale), the latter's 
frequencybeing equal er higher ,than the maxim~ anticipated DeppIer frequenc~. 

For many purposes it is cenvenient te have an analeg 0UtpUt which 
is prepertienal te the flew velecity. In this experiment this was arranged 
by integrating thé pulse trains ef Figs. Alb. and Alc on eapaciteTs Cl and C2 
of the diagram. The ratio of the stored charges , is then directly proportiG>nal 
to velecity .and s~atistical ' accuracy may be varied by selectien ef Cl and C2 ' 

Figure ,Al shows th,at the reference c~eck generator pulses s'j;art at 
the leading edg~ of the first signa+ pulse and end at the trailing edge ef 
the last signal .pulse. In practice this .cendition was diff~cult to achieve 
beçause of tbe preblem ef .turntng eff the reference en .the trailing edge ef 
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the last pulse only. It vas necessary te delay the reference pulses by 200 ~sec 
as explained in the general description of operation. 

C. GENERAL DESCRIPTION OF OPERATION . 

The signal at the P.M. (photo~multiplier) tube anode is amplified 
by the composite signal 'pre-amplifier (Fig. A2) . This pre-amplifier also 
removes any D. C. background which may bé superimposed on the P .M. signal. 

The amplified output signal (Fig. A3a) is subsequently passed threugh 
a high-pass filter removing the laser intensity profile frem the cemposite 
s i gnal . The output of the high-pass filter is the Deppler-frequency component 
of the compesite-input signal. This DoppIer signal, now crossing zero, is 
amplified, then passed through a discriminator and pulse shaper to produce a 
seriés ·of · eutputpulses cf .. constant width and amplitude (Fig. A3 b, c and ' d) . 

A reference oscillator (Fig. A3~) with an ,output frequency equal to 
the maximum ·trackable frequency(lOO KHZ), and with its output shaped te 
produqe pulses of the same width and amplitude as thé signal pulses (Fig . A3d), 
is gated en fer a time determinedby the period ef the .signal pulses (Fig . A3m ) 
available for measurement af ter the .signal pulse train (Fig . A3d ) has gone 
through the noise immunity circuit ·(shift register of Fig. A2) . 

The signal pulses (Fig. A3m) and the reference pulses (Fig. A3~) 
are converted to analog-voltage levels 'bythe signal D/À converter and the 
referenceD/A converter (Fig . A2) . 

The two voltage levels from the DIA converters (Fig. A3 n and 0) 
are compared by a log-ratio unitand the output 'veltage of the latter is 
prepertional :to the input DeppIer frequency . 

Noise immunity is ,provided by a shift register (Fig. A2), the output 
of which gates ,the signal pulse train to the signal DIA conyerter only at the 
le.ading edge of , the third ,consecutive pulse coming in at 'rate ef 5 KHZ er 
greater (Fig. A3 d and m) . 

The reference oscillator turn on, scheduled to start at the leading 
edge of the first pulse of Fig. A3m, is delayed f0r 200 ~sec (Fig. A3 m and ~) . 
Thi s is necessary because the reference oscillator. is turned off when the shift 
register (Fig . A2) is reset 200 ~sec af ter the last pulse of the signal pulse 
train (Fig. A3 d, e, f and ~). This time cerresponds te an absence of a signal 
pulse at the ,lewest Doppler frequency intend~d fer measurement (5 KHZ). 

A signal ' averaging timer · allows an '. average frequency measurement over 
a variable :period of time to be made. This timer controls the reset of ,the 
DIA converters and is triggered fr0m the shirt register output. 

D. DETAILED DESCRIPTION OF OPERATION 

1 . Composite-S~gnal Pre-Amplif~er 

The cemposite signa~ pre-amplifier consists of .a voltage follower 
(Fig. A4 ~l) and a high gain (40 DB) broad-band amplifier (Fig. A4 Q2) . The 
voltage , follower QI is A.C. coupled to Q2 to remeve any D.C . background which 
may · be , on , the P.M. tube signal. The;: comp.osi te signal pre-amp output volt.age , 
should 'be ,between land 10 volt.s 'peak (F~g. A3a) fer proper circuit operation. 

A2 



The output0f ;amplifier Q2 is available 'for monitoring purposes 
(MON 1) with an oscilloscope. The input signal should be adjusted for 
operation 'be"tween 1 and 10 volt's pea:k. 

The two resistors mark~d RT (Fig. A4 Q2) are intended for amplifier 
offset adjustment. (Refer to amplifier specification for Proper procedure.) 

2. High-Pass Filter 

The c0mposite signal at. the pre-amplifier output consists of tW0 
components : the Doppler frequençy and the intensity profile ~ (Fig. A3a). 
The high-pass 'filter rem0ves the intensity profile and leaves the Doppler 
frequency f0r analysis. This filter action takes place because for 'any. 
comp0site signal~ the intensity profile, having lower .frequency. compone:r.tts 
than the Boppler frequency, is attenuated m0re than the Dopple~ frequency. 

The high-pass filte~ is comprised 0f a 5 pF capacitor and a 1 kQ 
resistor (Fig. A4) to produce a very sh0rt time constant (5 ~~no seconds) 
with respect to . the time: 'period of the Doppler frequencie~. intended for 
measurement (5 KHZ ,= 200 ~/s, l(i?O KHZ = 10 ~/s). Assuming a pre-amplifier 
output of 10 volts peak, the high .pass filter output at 5 KHZ would be 1.5 
millivolts peak to peak and at 100 KHZ the output .would be 30 milliv01ts peak 
to peak. 

3. D0ppler-Signal 'Amplifier 

The D0ppler-signal amplifier consists of discrete component 
amplifier Q3, Q4, Q5, Q6, Q43 and amplifier Q7 (Fig. A4). The gain of the 
discrete amplifier is inexcess of 70 db at 100 KHZ. The high-pass filter 
output at 100 KHZ is 30 mv peak to peak (Q2 outp~t = lOV) resulting in saturati 0n 
0f the discrete amplifier. Operatio~ in this mode is desired because if the 
input composite signal . at the P.M. tube anode droppe~ by a factor of 10, the ' 
discret.e amplifier output would still be in excess 0f 9 volts. 

At 5 KHZ, the high-pass filter output is 0nly 1.5 millivolts peak 
to peak ' (Q2 output 10V). The discrete cQmponent :amplifier gain at 5 KHZ is 
75 db, resulting in an output of 8 volts peak to peak. However, as ·,in the HlO 
KHZ. example, if the 'c0mposite s~gnal at the tube anode dropped by a fa~tor 
of 10 , the· output of the discrete amplifier would .be 800 milliv0lts peak t~ . 
peak. This is insufficient amplitude to trigger the discriminat0r. 
Amplifier Q7 (Fig. A4) overcomes this difficul,ty by provi'ding an ad di t ·ional 
gain of 11 tn the, signa1. The 800 millivolts is ·thus presented as 8.8 volts 
peak to peak at Q7· outpu~. Diodes .D3 'and D4 preve~t Q7 from . satu~ati~g while 
the .0075 ~F capaci"tor across the diodes provides a low impedance path to 
gr0und fqr high frequency noise. 

In general, when measuring Doppler frequ~ncies in excess of 20 KHZ , 
the discrete. amplifier output ·should 'be used .to feed the discriminator while 
for frequencies. between 5 and 20 KHZ the 0utp~tof Q7 (Fig. A4) should oe ' 
used. ' This selection is 'accomplished 'by switch Sl (Fig. A4). The ,amplifier 
output is illustrated ,in Fig. A3b. 
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4. Biscriminat~r . 

The discriminater is comp~sed efQ8, ~9, ~10 and associated circui~ry 
(Fig. A4)-. · ThÏ's circuit is a Scl)mi tt trigger , (~8, Q9) with an emi tter fellower 
output stage (~10). The circuit has a ba!3ic , trigger l~vel ef 1 volt wi,th 
aqdi ti,onal adjustment pllovided by the 100 kQ ' input potentiometer. 

Diode D5 (Fig. A4) limits the. negative signal excursion on the base 
emitter ,junction :of Q8 .to prevent destructien unde~ large signal .cenditions . 

Emitter follower QlO provides a lew output impedance .for the detected 
pulses _ (Fig. A3ç). The trigger l~vel , should be adj-usted ·to be above the level 
of the peak ·noise. 

5. Pulse Shaper 

·The pulse shaper is a push-pull multi-;vibr,ater cGmposeq. of tran­
sistors Q,ll-, Q12, Q13; Q14 and asse.ciated compo:qents (Fig. A4). Push-pull 
operatien is desirabIe because it reduces the effects ef transistor-storage 
capacity. and .prevides a very low eutput impedance. , 

The output amplitude and pulse width are l0 .vGlts and ,4 ~/s 
respectiyely (Fig. A3d) . The pulse shaper p~oduces ene eutput pulse for each 
negative going transition enQll base. Deceupling from the la velt supply 
is provi4ed by a 10 n resister and .lOa ~F capacitor (Fig. A4}. 

The output of the pulse shaper, available for mGnitering purposes · 
(M0N -2) wi t ,h an oscillescope, should be ebs~rved while adjusting the trigger 
level of .the di~criminator. 

6. Signal. D/A Converter 

The sign~l DIA conyerter changes the DoppIer signa~ pulse train 
(Fig. A3d) intoan analog voltage level. The circuit censists of transistors 
~15, Q16, Q34, mos-fet Q17, amplifier Q18 and ' associated ,components (Fig. A4) . 
The 10 volt , 4 ~seq DeppIer signal pulses charge capacitor Cs through con~tant 
cur~ent seurce Q16. The cha~ging current ,is regula~ed at 7.5 ~a per signal 
pulse to pr<;:>duce a voltage across capacitor ,Cs of , appr0ximatel~ 64 ~v :'_ '" 
pe~signal pulse. 

Amplifier Q18 operates at a gain of 2 . 5 and isolates the voltage 
charge on capaciter Cs from the log ratio unit input impedance. 

Diode D6 (Fig. A4) prevents the voltage charge · en capacitor Cs 
from leaking to greund thr~ugh , the collector ,base , junctien ef Q16. 

As discussed in General Description ef 0peration, neise immunity 
is achieved by keeping the DIA converter gated off .until the third consecutive 
signal pulse arrives 'at a rate of at least 5 KHZ. Transister Q15 perferms 
this gating functien by ,shorting out the DIA conyerter input until the leading 
edge of the third ,signal pulse from the pulse shaper (Ffg 'l A3 d and m). At 
this time ~15 becomes an open circuit . beca~se its base signal from the shift 
register (Fig. A4 Q26) drops .te zero volts (Fig .A3i). 
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Inittally., mosfet~7 is in ashorted condition. The signal 
averaging timer (Fig. A4 Q27) controls the state of Ql7 (shortéd or 'open). 
This timer, triggered at the leading edge of the third signal pulse (Fig. A3 
d ,'and k), turns on ' transistor Q34 'reà;ucing Qll gate sou~ce volt'age to ,200' 
millivolts , • . This ' causes Ql7 to turn off, al-lc;>.wing capacitor Cs .to ,charge •. 
Ql7 ,rema,ins ,off 'for a period of time detérmined 'by the signal ;averaging timer. 
Th~ DIA converter input signal puls,es and ' output .voltage are illustrated in 
Fig. A3 mand n.' 

7. Reference -0scillator 

The reference , oscillator is , a quad two , input nor , gate .. connected as 
a free-running multi-vibrator. T:r;ansi.stors ~38, ~39, ~40. and assoqiated . 
ci~cuitry constitute a 'push-pull: output; switch. , The oscillator frequency · 
anq. pulse width ar-e \adjustedto 100 KHZ and 4 )1sec respectivel-y by :varying 
the ·620 pF feedback c~pacitors asso,ciated with gates ·l and :.2 (Fig. A4 ~41). 
The oscillator drives ,the pUSh-pull output switch to prQduce, 10 volt 4 )lsec 
referenc'e pulses. 

As 'explained in general description of operation, the reference 
pulses ent~ring the reference oscillator f)/A converter (Fig. A3~) are de1ayed ' 
by 200 )1sec from the first signal pulse entering the signalD/A converter 
(Fig. A3 m and ~). Transistor Q29, inassociation with the ·reference delay 
timer (Fig. A4 Q28) inhibits the oscillator' for the additional 200 ·)1sec while 
~42 turns off the reference ·oscillator 200 )lsec af ter the last signal pulse 
(Fig. A3d). . 

Ths reference .output pulses .are available .for monitoring purposes 
with an oscilloscope (MON 3). 

8. Re~erence Oscillator DIA Converter 

The ,refe:r;ence oscillator DIA converter cE,lmposed of Git37, Q35, ~36, 
Q44 ,and af:?so-ciated components (Fig-. A4) changes the· reference pulse train . 
(Fig. A3~) into an m~log voltage (Fig • A30). ' 0peration is identical to that · 
Gf the· signal DIA 'CGnverter discu~sed previously. 

MGsfet: Git35 is opened ,at the same tim~ as Ql7 ef the signal DIA 
conv~rter . by the signal ; averaging timer, allow:i,ng ca,paci tor CR ·to be charged. 
by ths re~erence pulses (Fig. A3~). 

9. Shift Register ' Reset Timer 

The shift register reset timer, composed of Gitl9, to Q24, dio~es 
D15 , D16 and ass0.ciated components (Fig. A4) centrols the output state of 
shift register Q26 (Fig. A4), which in turn cGntrols the .time that the signal 
DIA ~onv~rter:" is gatedon (Fig. A3m) and the, time period of reference 'pulses 
(Fig. A3R.). 

Undel" no signal conditions, ·the 0.015 )1F capac.itor fr om Q21 ·non­
inverting input to ,ground (Cx) is ,charged tG. 10 volts which turns 'Q24 en thus 
gr~unding the shift ,register .reset l±ne (Fig. A3f). Tqe -first signal pulse 
at . the pulse .shaper ,oui:;put ' (Fig., A3d), turns on . switches , Ql9 and Q20 shorting 
capacitor Cx .which causes Q2l output .te fall below the trigger level of ,tunnel 
diQde D16 (Fig .. A3e). Subsequently Q24 turns .off a110yting signal pulses 
(Fig. A3d) tG clGck Q26 (Fig. A3f). 
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Repetitive signal pulses (Fig. A3d) occurring at a minimum rate of 
5 KHZ limit the charge on ,eX 'below the trigger level of D16, allowing Q26 
(Fig. A4)· te remain in its cloc~ed state. When the .signal ·pulse arrival rate 
decreases belew 5 KHZ, the ,lewest DeppIer frequency intended for mèasurement, 
capacitor ex charg.es te the trigger l~vel , of D16 ~ausing Q24 to turn on (Fig. 
A3e and 'f) resetting' shift register Q26 (Fig. A3 hand i). 

10. Shift Register 

. The shift registe~, cemposed ef Q25, Q26 and associated components 
(Fig. A4) 'pr~vides timing for the signal averaging timer and the 200 ~sec) 
referenc~ ' delay timer, centrols the gating of the s~gnal pulse train te the 
signal DIA converter (Fig. A3 ·d and m) and controls the turn off ef reference 
oscillat0r Q4l. 

The signal pulse .train (Fig. A3d) provides pesitive transi~ien 
clocking .. through ~25. The first pulse of Fig.Ajd ,does not alter the state 
of Q26 because the reset line is grounded for the ,entire positive going 
leading edge (Ftg. A3 d, e and f). 

During the leading edge of the third signal pulse (Fig. A3d) , the 
shift register outputs change state (Fig. A3 ·h and i) causing the signal DIA 
convertergate switch Q15 te open, allowing signal pulses starting with the 
th~rd pulse (Fig. A3 d and m) to be co~verted to analog infermation. The 
refereI:lce oscillator inhibittransistor Q42 is also opened but the reference 
oscillatqr isinhibited for an additional · 200 ~sec by the reference delay 
timer (Q28 Fig. A4), which receives ,a triggerpulse from the shift register 
output (Fig. A3h). 

The shift registe~ output (Fig. A3h) alse triggers ,the signal 
averaging timer which ,opens the signal and reference DIA converter reset 
switches (Q17, Q35 Fig. A4) allowing signal ,processing. 

Resetting ,of the shift register takes p~ace . in the absence ,of a 
signal pulse in ,200 ~sec (corresponding to the time period ,ef the lowest 
frequency ,of ,measurement 5 KH~) when Q24 ef the re$et timer · turns on shorting 
out ·the reset line of ,Q26. 

11 .. Reference . Delay Timer 

The purpose of the reference delay timer (Q28, Q29 and .associated 
components, Fig. A4) is te eliminate the 200 ~sec time period of excess ref­
erence pulses which would be present in the absence of this circuit. This 
excess of refereI:lce pulses is preduced because the shift register Q26 and 
consequentlY ,the reference ,oscillator is .not iI:lhibited for a period of 200 
~sec , from the last signal pulse (Ftg. A3 d and f). 

By inhibiting the reference for an additional 200 ~sec from ±ne le~ding 
edge ef the third pulse of waveform A3d,the ,error is eliminated. The net 
result is that the reference oscillatqr pulses are shifted in time from the 
signal pulse (Fig. A3 Q, and m). 

The reference delay timer receives its trigger pulse from the 
shift registe~ output (Fig. A3h). Transistor Q29 inhibits the reference 
esc::illater fer th,e additional , time period of 200 l.Isec (Fig. A3j). 
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12. Sisnal Àveràging Timer 
I , 

The signal averaging timer is .composed of Q27, Q30, Q31, Q32, Q33 
and ·associated 'components (Fig. A4). This timeropens the D/A ' converter reset . 
switches (Q17, Q35 Fig. A4) te allow the, signal and ret'erence pulse trains 
to be converted to analog information. This ON time, or ~easurement time 
is controlled by menostabIe multi-vibrator Q27, which receives its trigger . 
pulse from the ,positive transition ef ,the shiftregister ;(Q26) output (Fig. 
A3h) . 

Provision is also made ·for a variabIe OFF time or non-measurement 
time, when the timer output (Fig . A3k) is at zerovolt$" resulting in the DIA 
converter ,reset switche$ remaining in .the on or shorted state. This time is 
determined .by Q32 (Fig. A4) whic.h shorts out at;ly trigger pulses to Q30 for 
a period of' ~ime determined -bythe CR time con~tant in the gate circuit· of 
Q32. This CR network receives ,its voltage charge ,turning Q32 on ·from .the 
previous on cyc+e of the multi-vibrator Q27. 

The on and off , times are .individually ,adjustable to meet the require­
mentsof the ·user. 

13. Log :Rati~ Unit . 

- . . -The -log ratio unit (F~g. A~) is a standard two operational amplifier 
circuit employing ' ,transistors connected j .n th~ trat).s-diode configuration • 
For detailed desçription refer to Analog Devices ,application nete entitled 
"Besign of ·Temperature Cèmpensated Log Circuits Employing Transistors and 
0perational .Amplifiers". 

Operational amplifier Ql receiv~s its inputfrom the signal DIA 
converter (Fig. A4)· while .Q2 receives its input fr om the reference DIA 
converter (Fig. A3 n and 0) . . 

The outpu~ of the log ratio unit ' is illustrated by the ,calibration 
c1.:U've .of Fig. A7, where output :voltage is plotted versus frequency and ' 
velocity. 

14. Power Suppl~ 

The frequency tracker ,requires three regulated power s~urces: 
+15 VDC, ... 15 VBC ' and +10 VBC,. Figurè A6 illustrates the power supply 
schematic, where th~ two ,15 volt regulated supplies are produced by Ql, 
and the 10 ve,lt supply is produced by Q2, Q3 ·and associa~ed components. 

The unregul~ted DC input voltages must not exceed 40 vnc, peak or 
drop below ,20 VBC minimum. 

E . OPERATION AND CALIBRATION 

Asignal generator duplicating th~ BoppIer modulated intensity 
pr~file was "designed .and built ,tG calibrate the 'instrument. The inteI?-sity 
profile .repeti tie.n rate an~ widt.h, the DoppIer frequençy and the output amplitude 
were all ' independently va.riable. " 
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Figure A1 illustrates the calibration curve for the frequency 
tracker. ·· With ·the Deppler input fre(luency held censtant, intensi ty prefile 
rate .and width as well as input signal amplitude were varied independently 
and ·simultaneeusly. The eutput ·v0ttage rem~ined C0nstant during these .tests 
(± 3%) • . 

Hewever, it was neted that when the prefile ,repetitien rate exceeded 
5 KHZ, l~rge ' errers were registered at the eutput. This is due to .the fact 
that shift .register reset · timer · ~2l (Fig. A4) dees 'net reset under this 
condi ti.en - (- Fig. A3e), which allews the reference 0S cillater te . run centinueusly. 
The instrument is therefere limited te measuringintensity prefiles centaining 
Deppler ,frequencies at prefile repetitien rates of 5 KHZ er less. 
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FREQUENCY ·TRACKER SEMIC0NDUGTOR PARTS, LIST. _ ... 

Ql, QFT-2 Philbrick Nexus 
Q2 ~82AH Philbrick Nexus 
~3, Q4 2N2920 Motorol~ 

Q5 MPS6519 ~otorola 

Q8, ·~43 MPS6515 Mete:ç'ola , 
Q6 MPS6518 MetG>rola 
Q7, Q27, ~28 MC1433G Meterola 
Q9, Ql0, Ql5 MPS2369 Moterqla 
Q~2, Q23, ~2~ . MPS2369 Mot0rola 
Q25, · ~29, Q31 ,. MPS2369 Metorci>la 
Q40, Q42 ' MPS2369 Met0rola 
Q11 9• Ql2, Ql6 Q37 MPS3640 Mqterela . , 
Ql3, ~3Ci>; ~38 . 2N4403 Moterola . 
Ql4·, :Ql9, ~20 2N440l Meterela 
~33, ~34; Q3t5, ~39 · 2N4401 Meterela 
Ql7., ~35 3N171 Metero:)..a 
Ql8., ~4~ Hl23/01 . Phil1;lrick. Nexus 
~21 MC1741CG Moterela 
~26 '. SP32lA] Signe'tics : 
Q32 M-;L03 Silic.enix 
~41 ' SP380A Signetics 

ln, te IDJ;.4 IN4148 Mete:ç'ola . 
B15 IN270 
B16 IN3715 

LOG : RATIO UNIT SEMIC0NBUCTG:l;R PARTS LIST· 

Ql, ~2 
Q3 

Ql 
~2 · 
Q3 

lCi>23/01 · 
435'7 

Philbrick Nexus · 
Philbrick Nexus · 

REGULAT0R SEMrCG:lNI3lUGT0~ PAHTS ' LIST· 

2101 
MoTE521 
MFC6030 
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APPENDIX B . 

BUBBLE-DETECTOR ELECTRONICS 
! 

A. INTRODUCTION 

The eperating principle ef the bubble detector has been discussed 
earlie~ in this repert. The eleçtrenics measures a small capacity change .with 
high~frequencyre~pense. 

Commercial instrumentation for capacity measurement was investigated 
andfound te be 'lacking in frequency response. Th~s applied to such devices as 
capacitance bridges and ~ meters, where the measurement response- time was in ' 
excess of 100 msec . For this reasen, instrumentatien rererred te ·as bubble 
det~cter ' ; electreni cs was develeped wi th the . .'required frequency response · (10 KHZ) . 

B. PRJ;NCIPLE OF OPERATION 

The bubble-detecter electrenics is essentially a capacitance-te­
veltage cenverter . The desired informatiencentained in the capacity change .ef 
Cl (Fig . Bl -)'is converted te an FM modulation ef a HF (hig~ frequency) oscillate1." 
(Fig. Bla.~ ; · 'I'he FM medulated oscillater signal is demedulated by aquadrature 
detecter (Fig. Blb) to preduce an eutput signal directly prope1."tienal te. the 
change in ' capacity of Cl . 

C. DETAILED DE8CRIPTIONOF ELECTRONIC CIEOUIT 

1. 0scillater 

'I'he purpese ,ef the osctllater is te cenvel."t th~ capacity change ef Cl 
(Fig. B2) t0 · a ' frequency · deviat~en . The escillator is ,comprised of LC tank ' 
circuit Tl p, · C2,. R5 and Cl, transister Ql (Fig . B2) and asseciated ,circuitry . 
The oscillator tank circuit 'is designed to deviate fre~ 10 . 6 te 10 . 9 MHZ when 
Cl changes oyer its maximum range ef capacity . 

This frequency ra~ge is chesen becau~e it .is ene ef the input epera~ing 
frequencies s~ggested , fer the demodulator circuit (Fig. B2 Q3) . 

The cellecter of oscillater tl."ansister Ql is tapped inte the ta~k coil 
Tlp ten turns from the deceuple~ end. This reduces ,detuning effects er Ql 
ju.ncticm capacity because the latter .acts , enly acre$S a smallpart ·ef the 
inductance Tlp . 

Winding 82 ef transfermer Tl prevides positive feedback te the base 
ef Ql te sustain oscillatien. Resister R4 and capaciter C3 deceuple the oscill ator 
frem the 12 VDC pewer supply. 

2. Buffer Amplifier 

Buffer amplifier Q2 .and associated components (Fig. B2). isolates the 
input ef demedulator Q3 frem the oscillater Ql . Wi~ding 81 ef transfermer .Tl 
ceuples the oscillate.r te the buffer amplifier input. Decoupling from the 12 
VIDC supply .is ,provided by .R10 and c4. 
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3. D emedulat or 

The demodulator is ' an ' integrated circuit which ' contains ,a HF 
limi ting ' amplîfier, a quadrature detector and an output amplifier (Fig. B2 Q3). 
The input signal, cenditiened by thelimiting amplifier, isceupled te the , 
~uadrature detecter byC13. 

Demêdulatien.is accemplished by cemparing the ,frequency of t4e 
ceI;lditi,(!mec,l signal to the slope ef the band-pass curve ef ~uadrature , tank 
circui t LI, C12 and R16 (Fig. B2). 

Capacitor Cl1 (Fig. B2) in cenjunctien with an internal 8.8 kn 
resister 'provides 'high frequency rell-sff for the demodulated signa1. Fer 
10 KHZ response, Cll is calculated to be 0.0018 ~F. Resister R15 and capacitor 
c14 'provide de,ceupling frem the 12 VDC supply. 

, 
Fer detai1ed informatien en the ,demodulatGr, refer tG Meterela 

specificatien sheet MC1357. 

D. . OPERATION 

The demodulat~r and the oscillator buffer amplifier circuitry sheuld , 
be shielded from each ether te aveid electre-magnetic ceupling between the 
escillator LC tank circuit and ,the ~uadrat1lre tank circuit (Fig. B1 a and b). 

Variablecapacitor C2 (Fig. B1a) positions the Gsci11ator frequency 
within the bandwidth ef the demodulator. 

Fi~. 7 il1ustrates the relatienship between void fractien and eutput 
voltage. 
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BUBBLE DETECTOR PAATS LIST· 

Re~istors ' (l/nw 5%) 

Rl , 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
R10 
Rll , 
R12 
R13 
R14 
R15 
R16 
R17 

Transist0rs 

Ql 
Q2 
Q3 

= 
= 
= 

470 
470 

1000 
2700 
33kO 
l8kr~ 

2.2kH 
lkO ' 

5.lkO 
820 

1000 
470 

4700: 
470 

1500 
3.9kO 

560ri 

Motorola MPS 6515 
Motorola MPS 6515 
Motorola MC 1357 PQ 

B3 

Capacitors (10%) 

Cl 
C2 , 
C3 
c4 
C5 
c6 
C7 
c8 
C9 
C10 
Cll , 
C12 
C13 
CJ:4 
C15 

4pf : 
0-100 pF variable 
.068 
.068 
.068 
.068 
.01 
.1 
.1 
.1 
.€l0l8 
100 pF 
5 pF 
.1 
.1 

Coils and Transformers 

L1 = 2.3 ~H 
15 turns, .485" aD 

Tl: . 
p = 8.1 ~H 

47 t~ns tapped at 10 turns 
.452" OB 

$1 = ,4 turns .45;2" aD 
S2 = ,6 turns .452" aD 

All windings ~24 (AWG) ' closely wound 
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