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An Ionization Anemometer 
Ily J. E. I,OVI~I.OCK and 1;. hl. WASII.E\YSI<A, hIedicaI Kescarch Council, Group for 1iese;ircli in industrial Physiology, 

I1:irvard Hospital, Salislw-y, Wiltshirc 
1,ll.S. first retewetl 1 3  .Alny i)q)] 

AHS’TH.4~I’. An anemometer is descrihcd for the mc;isuretnent 
of air movement in the region 0-300 It., min. ‘I’hc instrument is 
omnidirectional, rapid in response and eclu;llly sensitive over the 
whole r;inKe nf velocities covered. A unidircction:il :inciiioiiieter 
:ind a flowmeter \\orlting on the siltne principle iire d s o  drscrihecl. 

1 NTRODIICTION 

In that 1)ranch o f  applied physiology dealing with the* efrccts 
of  tlie thermal cnvironment there cxists a strong need for ;In 
;inemonictcr capahlc o f  mc:isuring with con\,enicncc and 
accuracy air movements a s  slou I O  ft.qiiin. Of the instru- 
ments at  present availahle to the physiologist, niimcly the 
kata tliermome t car, vane an en ionic tcrs and the hot -w i rc- 
anemometer, none is entirely satisfactory. ‘I’he Itatnthcrmo- 
metcr is very slow in response and of unccrtain accuracy ancl 
tlic vane anemometers are highly directional and not sufti- 
cicntlp sensitive. T h e  hot-wire anemometer, althoiigh satis- 
factory from most points of view, suffers the disadvantage of 
varying sensitivity with wind clircction. Th i s  paper describes 
an anemometer which is omnidirectional, rapid in response 
and sensitive to wind v c k i t i c s  of l>clow I O  f t .  ‘min. 

(;IINERAI. PRINCll’l.liS 0 1 2  OPERA’I’ION 
r .  1 he mobility o f  inns in air in fields of nioclcratc olwtric 
intensity is suficiently slow for thcir paths to he strongly 
affected b y  slight air movement. The transport of ions in air 
can easily be measured in terms of an electric current and the 
cfTect of air movcnicnt upon thcir transport nicasLired as a 
change in valuc of that current. ‘ rhe simplest form of anemo- 
meter hascd on this principle is illustrated in Fig. I .  It 
consists of two p;irallel metal platrs P , ,  P 2 ,  enclosing a volume 
of air ioniacd by  irradiution with r-piirticlcs. Thc. plates arc 

tials. For cxaniple, with a n  anemometer constructed as shown 
in 1;ig. I ,  with platcs j cni. apart, 5 em. in dianictcr, and with 
a p.d. of 120 V., it was possible to measure wind velocities of 
less than I O  ft.’niin. 

l:ic. 2 .  ( ~ ~ i i t i i ~ l i r ~ ~ ~ ~ ~ i ~ ~ t i ~ ~ l  ~ ~ i o c l c l  of  ; I I ~ c ~ I I ~ I I I I ~ ~ ~ ~ ~ ’ ~  

l;ig. I .  l’;irdlt*l-plate niotlcl of ;inemomrtrr: P I  circular phte coiitcd 
with emitter; P2 circular collecting pliite rlectrode 

connccte,l in series with a battery and a meter. If the battery 
potentid is grrater than about IOO V. the current passing 
between the plates in still air is that due to tlie collection o f  
almost all the ions. When the air moves in the plane parallcl 
to that  of the plates some o f  the inns are blown away or, 
alternatively, arc macle to take lnngcr paths so that they are 
oITeret1 a greater chance of recombination and  ncutriilization 
of thcir charges, both of these occurrences resulting in a r?ig. 3. (;;is fio\\q1ieter: .q, cylinllrical collecting electrode; B, tube 
decrease in the current passing through the meter. l’he with inner surliice coated with emitter; C,  polythene insulation; 
sensitivity of the piirallel-plate anemometer varics with thc D, leads to collccting electrode; E,  lead to emitter 
distancc separating thc plates and is invcrscly related to thc 
arca of the plates and to the intensity of the electric field T h e  simple instrument just described has the disadvantage 
hetween them. In  general, the longer the ions take to reach of indicating air movement in one plane only and is insensitive 
a collecting plate, whether on account of lessened velocity or  to wind perpendicular to that plane. The  anemometer illus- 
of increased distancc, the greater the cffect of a given air trated in Fig. 2 is, however, equally sensitive to winds from 
speed. In  practice no difficulty is found in obtaining all directions. I t  consists of two concentric spherical open- 
adequate sensitivity with convenient dimensions and poten- work cages, each with a small spherical electrode coated with 
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an r-particle-emitting element at its centre. T h e  outer cage 
acts as an earthed screcn. the inner cage is connectcd through 
a meter to earth and rhe central sphere to a source of positive 
potential of about IZO T-. .As in the parallel-plate model any 
air movement across the cage prevents some of the ions from 
reaching the collecting electrode, the inner cage, when the 
nieter indicates a decreased current. On the principle of ion 
convection it is also possible to make gas flowmeters which 
have great sensitivity and offer practically no resistance to gas 
flow. T h e  construction of such an instrument is illustrated in 
Fig. 3. It consists of a metal tube coated on  the inside with 
r-particle-emitting material and connected to a positive 
potential. 11-ithin the tube, and concentric with it, is a 
cylindrical collecting electrode which is connected through 
a resistance to the meter as with the collecting electrodes of the 
other anemometers. 

TEIIPERATCRE ASD HCIIIDITY EFFECTS 

The  range of r-particles and the mobility of ions in air are 
dependent upon the temperature, pressure and relative 
humidity of the air, bu t  the magnitude of these effects upon 
the calibration of the instruments can be minimized by the 
following arrangements. If the volume of air enclosed between 
the electrodes is such that it includes the masimum range of 
all the  r-particles emitted, then changes in the range of the 
r-particles 11-ill not alter the total number of ions produced 
within the enclosed volume and consequently will not affect 
the current passing through the meter. T h e  mobility of 
positive ions, unlike that of negative ions, is only slightly 
affected by changes in relative humidity or by the presence 
of traces of foreign gases. If the collecting electrode connected 
to the meter is made the negative electrode, the ion current 
measured will be that due to the positive ions only and \vi11 be 
unaffected b y  humidity. Xllowance must be made for the 
remaining variations in mobility of the positive ions with 
temperature and pressure in precise measurements of air 
velocity or in compensating circuits introduced in the meter. 

COZSTRCCTIOSAL DETAILS 

T h e  first problem affecting the practical design of an ion 
anemometer is the choice and quantity of radio-active element 
needed. T h e  choice is limited to an r-particle-emitting 
element, since the ionization of air by p- and y-radiation in 
the small volume of the anemometer is far t w  small to be of 
practical use. Of the naturally occurring r-par:;L’”-radiating 
elements the following only are suitable : ior,ium, radium, 
polonium and radio-thorium. Radium D and mesothorium I 
which have been allotved to grow an equilibrium quantity of 
polonium and radio-thorium respectively are also suitable. 
The  other naturally occurring radio-acti1.e elenients are either 
insufficiently active or have !lalf-lives too short for convenient 
use. T h e  synthetic r-particle-emitters, neptunium, plutonium, 
americurium and curium, \vould be eminently suitable if they 
\yere commercially available at prices compctiti\.e \\.ish those 
of the natural radio-active elements. In  all of the anenlometers 
described in this paper polonium has been used as a source of 
r-particles. In spite of its rather short half-life of 136 days, 
requiring a replacement of the source at 6-month intervals, 
polonium has distinct advantages over the other radio-active 
elements. I t  is cheap, it can bc clcctroplated on to  sil\.er- 
plated metal objects and, since it emits x-particles nich a ranw 
of only 4 cni. in air, relatively large quantities can be used 
ui thout  fear of radiation hazards such as \vould arise v i th  an 
element emitting ,e- and y-radiation in addition to x-particles. 
T h e  quantity found necessary to obtain an ion currc‘nt large 
enough for convenient nicasurement \\.it11 simple v:cctro- 

meters, and frec from random fluctuations, is betwcm j o  and 

T h e  detailed construction of the omnidirectional model is 
illustrated in Fig. 2 .  T h e  central sphere was made of silver. 
plated brass iiniformly coated n i t h  z j o  pc. of polonium, 
I t  was I cni. in diameter and supported on a stalk 3 mm. in 
diameter. This sphere was surrounded by two concentric 
\Tire grids, each of which was made by joining three identical 
metal rings in such a way that all points of contact were at right 
angles. T h e  obstruction to air flow due to these grids was, as 
Fig. shous,  small. T h e  two outer grids Xvere made of brass 
turned from a cylindrical block and silver-plated. T h e  internal 
diameter of the inner grid was S cni. and that of the Outer 
9 mi. T h e  two grids and the central sphere were attached to 
two concentric brass tubes and a concentric brass rod 
respectively. These were insulated from each other by 
polythene sleeving since, in vien- of the high input resistance 
(100 11n) in the measuring circuit, insulation with polythene 
or similar material was essential. T h e  system of concentric 
tubes and rods formed a ‘jack’ type of plug which fitted a 
socket attached to the lead from the meter. T h e  construction 
of the tube type of anemometer or flowmeter is shown in 
Fig. 3. I t  consisted of an aluminium tube, 6.; cm. long and 
3.2 cm. internal diameter, and containing an inner lining 
of silver foil coated n-ith I z j  pc. of polonium. The  ian- 
collecting electrode was a plated brass rod, j.j cm. long and 
0.6 cm. diameter, situated concentrically in the tube. both 
tube and rod being connected to a plug similar in every respect 
to that attached to the cage type of anemometer. 

2 j O  p C .  

- ~ I P L I F I C . \ T I O S  CIRCUT 

T h e  quantity of radio-active material used in the anemo- 
meters is sufficient to provide ionization currents of about 
IO-> .A. Currents of this order can be amplified to provide 
direct readings on a conventional moving-coil meter by the 
use of a simple one-stage circuit. This has been made possible 

0 , I 

0 i .& - 
1%. 4. Circuit di:iwlm of oncmonieter ,~nlplifit.r: i.;. I,, type 

K.F. jj \ ~ ~ l w ;  17::, type Y.R.  IO^ v n l ~ e ;  -11, iiietcr 0-1 

C,. C2. j oo  PI:.: C,, SpIF.; C,, +,LII;.: .TI, A’.. S,,, shunt 
ances; L,, j o H ;  R I , &  10011!2; IOO!~!!; I?,,, I?,, I ? , , .  
I<;. j kcl;  I?;,  I?,, 2 k!!; I?,, 2j k!]; RI,,, j k!! 

by the discoiwy of Thorp“ that \.al\.es of types E.F. 36 and 
E.F. ;j have a suficie lo\v grid current to  operate in 
circuits ha\ ing input re nccs as hi-h as IO’ to  IO:^!^. TIx 
simplest circuit ivouid be a s inde  E.F. jj val\.c lvith a qrid 
resistance of io0 \IL!, a IOO )LA, nictcr in the anode lead and 
rl ‘backing off’ current supplied to the meter to qi1.c a zero 
readin: for still air conditions. .\lthoLiqh desirably simple, 
this type of circuit has the disadvanta:e of a considerable zero 

* ‘Yhorp, 11. 11. I&lec.t. / h y w ,  .Y. I-.. 17, p. 67 (1945). 
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drift, which would be most troublesome if used in connexion 
with the ion anemometers. Xccordingly, a balance circuit 
using two E.F. 3 j valves arranged as shown in Fig. 4 was made, 
By virtue of the voltage-stabilizer valve and the balanced 
circuit, the meter reading and sensitivity gave no perceptible 
change x i t h  supply voltages between 190 and z j o  V. The 
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of 100 M a  and condenser of 300 pF. which values give an 
0.03 sec. time-constant at which the meter shows rapid 
fluctuations when measuring ambient air movements. The  
evaluation of the extent of these fluctuations may be useful in 
assessing the turbulence of the air, but  for convenience it was 
often found useful to use a larger value of grid condenser to 
average the wind velocity over a time period of about o ' j  sec. 
By means of switched shunts the microammeter was arranged 
to measure 0-100, 0-300 and 0- IOOO~X. ,  and, by adjustment 
of the grid and cathode resistances of the amplifier, these 
shunt positions were made to correspond approximately to 
0-100 and 0-300 ft. min. with the cage-type anemometer. 
When polonium is used as a source of r-particles it is 
periodically necessary to adjust these resistances to allow for 
the decrease in activity of the source due to its somewhat 
rapid decay. T o  facilitate obsenations, the meter was 
connected in such a u-ay as to indicate an increase in velocity 
by an increase in reading. 

CXLIBRATIOS ASD TESTISG 

T h e  anemometers were calibrated in low-velocity, non- 
turbulent wind tunnels at this laboratory and at the S.P.L. 
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Fig. j. Clilibrotion curves: (0) omnidirectiond model of anemometer; ( b )  Howmeter; (c) v.iriation of sensitivity svith applied 
voltage (omnidirectional model) 

additional complication of this circuit, using tn.0 valves in T h e  calibrations \\'ere checked by simultaneous measurements 
a baiancc bridge, is more than compcnsated by its great \rich shielded hot-n.irc anemometers designed and con- 
stability as compared Tvith the conventional single-vai\.e structed by the Physics section of the S.P.L. and results are 
amplifier. From j min. afrcr svitching-on zero drift \vas less sho\vn in Fig. j. It can be seen that the results of the various 
than zp.A. in I hr. Thc  rapidity of response is governed tests are in close agreement and that the calibration of the 
principally b y  the val~ies of the grid-input resistance and ion anemometer \vas consistent. T h e  relationship betn.een 
conclcnser. T h e  amplificr sho\vn in Fit.. 4 has a wid resistance \\ind velocity and meter reading \\.it11 both the tube and cage- 
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type anemometers was very nearly linear over the range 
0--1000 and 0-300 ft. min. respectively. 'i5'ith both instruments 
there was an increasing curvature in the relationship between 
wind velocity and scale reading, Lvhen more than 30 O 0  of the 
ions were prevented from reaching the collecting electrode. 
In practice it is undesirable to carry measurements beyond 
this value owing to the marked decrease in precision that 
occurs. T h e  behaviour to winds from various directions of the 
omnidirectional instrument was tested by rotating the 
anemometer in a xvind tunnel while keeping the air velocity 
constant. Fig. 6 shows the results of this test. T h e  variations 
in sensitivity with wind direction were less than i and 
further experiments shoxved that these x-ariations were due 
largely to non-uniformity of the polonium coating on the 
central sphere. Throughout all the tests above described the 
potential across the cage was maintained at Ioj I-. T h e  
sensitivity of the instrument can, honever, be conveniently 
varied by altering this voltage. T h e  sensitivity varies linearly 
and in\-ersely Xvith voltage over the range IOO to jOO Y. 

360', O' 

7 eo2 

Fig. 6. Variation of sensitivity Jvith wind direction in a horizontal 
plane for the omnidirectional anemometer 

T h e  effects of temperature and pressure on the calibration 
of the instrument are shown in Fig. 7 .  IVith an ambient 
relative humidity of j O o "  a change of sensitivity of t I o o  

occurred with a relative humidity change of k+o  ',,, the 
greater sensitivity occurring x i t h  loner  humidity. IVithin the 
range of air conditions nomially encountered in occupied 
rooms the changes in sensitivity due to variations in these 
quantities can be seen to be slight. By suitable modification 
of the electrode assembly. instruments highly sensitive to air- 
pressure variations can be made. Such instruments are 
available commercially and have been described by Don.ning 
and 1Ieilen." .An opportunity of testing the use of the 
anemometer under severe field conditions \\'as provided 
during the recent Arctic cruise of H.1I.S. 1 ~ e n g e a ~ ~ c . e .  
lleasurements of the ambient air movement on the mess 
decks of this ship under \vidcly varying external \Yeather 

conditions were made and will be reported elsewhere. The 
instrument was found to be convenient and simple to use, 
Recalibration on its return showed no change in sensitivityas 
a result of the severe conditions and rough handling inevitable 
in such investigations. 
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Fig. j. Temperature and pressure effects: (0) \.ariation of sensitivity 
ivith temperature measured in - C.; ( h )  vnriation of sensitivityivith 
pressure measured in inches of \vater 
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