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radar pulsas. Studies of hydrometeors using airbome Imaging
devices correlated with one or more radars observing the same
region of cloud or precipitation as the ircraft will laad 1o
further understanding of siorms.

& Are aviomatic particle-counting and sizing Instruments
iving an accurate representation of the cloud being observed?
By giving the scientist 2 “look" al the tloud, imaging devices
wrve 25 3 check on the integrity of data coming from other
counting and sizing instryments. Data from electronic and
slectro-aptical devices may be iInfluenced by electronic noise,
king, or collection sfficlency problems that might otherwise
90 undetecied if the data ook reasonable. Automatic sizing
instruments give the sie of the projected image: the measured
#l38 deponds on orlentation of the particles. This orlentation
<an often be determined with imaging instruments. The
axcuracy and interpretation of impressions or replicas can aho
be checked by comparison with images oblained using imaging
devices,

We will describe shree imaging devices currently In use——
the two-dimensional optical array spectromaeter probe of
Particle Measuring Systems (PMS), Boulder, Colorado; the
NCAR particls camera; and the airborne holography system of
Science Applicatlons, Inc., El Segundo, California.

Fig 1 Stershaped dondvitic ice purtiche pessing ecross opticel errey of
s Two-dinnemions! probe it Waged s ¢ metrix of Nros end ones,
dupending o sbesnce or prasence of Nght (st S0% ¢x tinction) sw the
aphicel sensors during sech sice,
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Tha Optical Array Specirometer Probe

The PMS two-dimensional array spactrometer probe, devel-
oped under the direction of Robert Knollenberg (of PMS), is 4
unique variation of the optical iy particle-sizing probe

. described in the articis by A. Heynwfisid in this ise. In the

siring probe, the particles pass through a paraliel light beam
from & continuously radlating laser and a shadow is cast on a
linear array of light semors (photodiodes) located in the beam.
The size of aach particle is determined by slec ronicaly
counting the number of sensors with light extinguished below
1 30% intamsity threshold by the shadow. In the two-
dimensional proks, the entire array of semors it sampled at 2
"'slice” rams proportional 1o the true sirspeed. By use of a
high-speed, front-end daua storage regisiar, sach sensor can
tranwmit up to 1,024 bits of shadow information for sach
particle. A series of “image dlices” it recorded across the
shadew o dewelop 2 irus two-dimensional image.

Figure 1 Hiustrates the data format for a dendritic ice
crystal. Al 1ogether in the basic probe there are 31 sensors in
the linaar array, each imaging a portion of the light beam
25nmindmw.l'¢aunofm¢ﬂ|dowwlwmmlkh,
the light level falls lo the Wreshold of detoctabllity (SO%
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Fig 4 Ma'tnmdhmmhﬁ-
wwaller han m-u-mm-rmmm-t—a
fuﬂn&q&dmdum.hf-tnmcmﬁ
A-wn-m-m-m-uummmn-umdu
Precipition probe,

Parts B-E of Fig. 4 show tracings of ice particies smaller
than 100 um in lmnﬁ,wblchuuulldumt to be sized by
the cloud probe. The plats ico crysual (D) Is gonarally oriented
with its long axis horizontally Higred 1o the arnry, and s
umsucﬁmhhdmmdnﬂulyﬂwkd.hﬁﬁd
field will be the same a3 thal for & sphere of equivalent
diamater, it will be sized properly, and the calcuiated concen-
tration will be correct. But consider the column in part C. Its
long axis will be horizontal in the atmosphere, but its orienta-
tion will be random whan it Ppawes through the linear optical
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length (20 um} to its width (6 um) when passing through the
aray. A 100 gm column with a similar length-to-width ratio
may be sized anywhers from 100 um: to about 30 um._ The
asmwﬂmmh"imm"mhhhdmm
columnar crystal arlentation (Heymsfisld snd Knallenberg,
1972) it sl the particles are columnar.

OMwo&numwhamda“ﬁmmmu
mm%hmcmmatllmmh
array at its full length, Even if In perfect focus on the amay, Its
cross-sectional area par channel will be 6 X 20 = 120 um?,
compared to the channel crom-sectional ares of
20X 20 = 400 um’ . Therefore, the reduction of light Intensity
Mllhcliwm-m.notmw to trigger the flip-flop
switch o 10 register a count as a particle. In addition, the
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Siide Impactors

® Qit-Conted Siides. One of the sarliost messurements of
cloud droplet sizes was made by Fuchs and Petrianoff (1937),
A clean glass slide coated with a mixtyrs of light mineral ol
and patroleum jelly was used (0 capiure cloud draplets and
keop them submerged until they had been photographically
racorded. The method was improved and uied in an sircraft by
Mazur {1943}, who satursted the mineral ol with distiied
‘water ta pravent the droplets frem dfusing into the ol

Stides coated with casior of wars used In the first extensive
mofnmmunnofdrwhldzuinqmﬁmdmw
Weickman and Aufm Kampe (1953}, With this method it was
possible to collect droplets a3 large a8 200 um i diameter with
no apparent shattering if the impact velocity was les than
100 mfs.

A large amaunt of droplst data wis obtained by an auio-
mated sampler designed by Brown and Wiltet1 {1955). In their
sampler three slides coated with silicons ol moved in rapid
succession through an alrsirsam and ware pholographed under
A microscopa In & cold cabin. The results for mean droplel
distributions in Uade-wingd and summertime LS. continental
eumuli were reported by Brsham, Battan, and Bysn (1987)
and by Batian pnd Reltan {1957).

These muthods gave us the first detalls of the droplet
spectrum at diffarent geographical locatiom. A disadvantage of
mnluumhmnnw-mthwmumy,a
procedure which is difficutt in wrbulent ar, M is also necer
sary 10 know the sxact tims that olapied betwaen sampling
and recording in order 10 apply diffusion corractions.

L mmo.mmm.mmmm
Involves coating a clean glass slide with a thin film of mag-
netium oxide. Dropiets impinging on the fiim leave round
holes which are proportional to their size.

This schnique was developed and calibraied by May {1950}
for drop dismeters betwean 10 and 240 um, For droplets
larger than 20 jsm in dlameter, the ratlo of droplet diameter o
Impression diameter was found 1o be 0.86; it remains constant
with droplet size. Data reduction requires the investigator o
sxamine the slide surfaces by microscape with a strong trans-
mitted light and record the images photographicalty, This
method is not affecied by drop diffusion and droplets cannot
euln:t,mlhmlnmhmmd.&udiﬁvmnph
that this layer Is rather fragile in texture and can break off
bacauie of buffeting by the airstream. Another is that drops
below 8 um in diameter cannot be sized with carlainty became
the texture and grain size of the magnesium oxide interfere,
Squires and Gillespie (1952) used this technique in a Pty
sampler which could be reloaded in about 50 3 during flights.
They exposed ten rods 3 mm wide (yielding a high coliection




The foil impactors provided our firu drop-size distributions
for pracipitation-sized particles (>250 ym in diamater) in
natural clouds. Yet thers are still problems with thess devices.
One ls that it s difficult to obtain a represantative sample of
large drops If they occur in low concentrations, increasing the
sumpling volume yields an overexposure of the wmaller drops,
rosulting in overlapping of the imprinis. Morsover, during icing
conditions instrument reliability depands on how succemfully
deicing elements were employed. It Is not always possible to
make a clear distinction between liquid and solid hydro-
metoors from impressions obtained in 2 mined-phase cloud,
Calibration of imprints is not available for solid particles,
Under all conditions, dats handling and analysis are tedious
and subjective.

Replicator Devices
Replkawmhanhmvkhlymhdmdphyﬂu

studies. They are mechanized sampling devices using the wall
known Formvar mchnique to capture and permanently

{a)

L]

Fip S Replices of supertosied dropiass (A), ¢ svow petiet (8}, end o -

crysil calumes (C).

encapwuiate cloud particles {see MacCready and Todd, 1964;
Seyers-Duran and Besham, 1967; Spyers-Duran, 1972a). They
utilize a Mylar tape {usually a 16 mm polyester leader) which
is coated with a solution of Formvar plastic and chloroform.
{For airborne use, chiaroform Is preferred since it is nonflam.
mable.) The continuously moving ribbon of Formvar is
exposed in a cloud through a sampling slit several millimeters
wids and then carrled into 3 drying comparimant where the
Plastic sats quickly, Thers, the sncapsulated particles *Yipo-
fate, leaving behind permanent replicas which can be sized and
counted alfter sitable magnification. Since it Is possible to
obtain a continuous record through a cloud, the replicas can
provide small-scale resalution of changes In clowd microstruc-
ture. Recently developed devices have the capabllity of
viewing the replicas shortly after sxposre 1o that Laps wpead
and Formvar thickness can be adiutted in flight, s reported by
Christernan, Kellor, and Hallett {1974}, Another major
advantage of this method is that simultansous recording of
cloud droplets and ics crystals is possible (see Fig. 5).

Basically these devices are simple; however, they require 3
#reat deal of design compromise. In deiigns In which coatings

Fis 4 ime of prock siovd
particint in @ leodf foll expossd on the
University of Chicags Lodester sircralt {e),
ool in stuminum foll axpossd on the South
Dakots Schow! of Mines end Technology T - 24
el (b). Smvaitest damverer Iy 350 um.
{Sample o, courtery af £, Browm, NCAR;
nampie & courtesy of C. Knight, NCAR.)
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Sy w0 that linearly polarized infrared light b incldent or
particles passing through the sample pipe. The light sasor [
solid-stats device} detacts the infrared light that bs scatvred
an angle of 90° (actualty & cone of light arcund 4 attering
angle of 30"} afier the Hght passes through an optical witen
containing 2 polarizing fier w1 for maximum sxtinctian.

11 can ba seon from the description of the two Inrumeni
that the UW-IPC detacts forward-scattored light whils the
Moe-IPC dotacts light scatiersd at an angle of 90°. As we wi
e below, this differsnce becomes imgortant in dscussing ¢
achaniams for the detection of kce particles in the Twe
WO,

Mochanisms for ice Detection

There are thres possible mechankums for the ok - -7
partiches in the two devices described above (see Turmer and
Radke, 1973, for 3 more detalied discussion):

& The rotation of the plane of polarization of the light
bsam, producad by the birefringent property of ice, =
passen through the ice particles

@ The dutaction of specularly reflected light from the
extornat faces of ice crystals

® The dataction of light scatiersd at a preferred angie by
the ica particles.

Owing Lo the birefringent {or doubls refracting) property
ice, linearly polarized light that is ransmitted through ice w
gonerally, be rotated in such a way that although the light

Fig. 2 Schemmatic degrem of the Mee
Indusiries svtemetic apticel ke pertiche
courtier. The pad b 5.7 cm (T8 in.}
Jong end 1 7.8 cm (7 i, ) in digwmater.
Te cyNrdricel opeming i i cenmr &
L1 em(2n) In dameer.




T Nudar Datechon.

STATIC DWFKIod CRAmEER Fok COWN
| Depmidven  Munclac ¢ Rl + Shave Diffumion Clasbas
Euiisium
whrar or Conbivveove Clow Clankar below
VAPouR e ' VatEr Sa‘_‘um“\‘m .
Tw
PRESSVRE <imusius Condareation Frtas e Nuclar G“-l.um Claws clovbar
i  abva  wtar Sn‘\uru"'\'tn .

LAY teN

< EauATew
Cg =
’ | Cohd Mudlai ¢ Drwp  Framgan  (veli)
LC-- '!- ' Ht—-‘
4 b ' ShmPL
T Tm Tw MR TS T ey ,-'—'b Pump
TEmPERATrE conen LL 7
P T STheE
Schochon  Rabo | g, = (En=te ampd wudei wa daflichd B fld o
\ ) 8 ( 1 b g tc.) | 3P Sh’.ﬂ-ooln& Lpum-l) oaGr J"‘P' .
su » (&0 +e)] 24,
Il\nu-s-'o-\ Nudas Sam i
§u~b+uh'+\w\ ./. ] ('.. -.]) A1e0 da Py F*"S“‘a (Vu‘n)
o) [EE0EY e ey
: - wenalay awd  wakh L Hap,
o L T S PR 2 U NV W
TR Cowarn,  wriews T Gy ot @ dempentia
A"f' . ST we
- <o,

o - s f':‘) -TA.\._T.._
'hliti "_9-‘ - :'.h\ -~ \" O
( j?s“'m. Salsh v ) Y- Rl 4 Sanda .
".-) Cotd 3TAGE

(2orn )




"L esurtmenlo

H Crc..ro.\—'\'

—

I

— )

1 AFFOSIon  RATTERY

§ ‘ ;
a1 7 Le
RS
— .mm y * ° )
134 -7
/ -+
I T
104
e
L
2 _;”‘A 2 _mm. o
A1
TAtr 23
w..m\._mm..m““
4y L1
PN
VCM.WQ a vt
< F = #£5

m\.)

mr——

ﬂ\"bﬂl .

ave  caghond .

Luv far']'\olh—- pass

Maury  plechas

o P\.:ls. and

th

- 4 -
. K m ~ 4+ d
¢ ¥ ww.wpum 5 : .m. 1
3 i os5x m um £ )
iy ; 4 2° : d
A S N
: 3 3 ~ f r ‘m >
i = .w e 2 i B
i e B BLU L
< f < rdi
0 ~ um - > .
PO R
LY @ 3 A s/
s 3 17 - >
P L T S B
.M m v =1 :“_“. Lﬂ m nm JM > i) ﬂ
« FSyd » 2 . me
ATIRSTER S
£, .1 &y
£ 2+ Ff5 14
3
: s
HOHH T B
mmn.”hm‘ ww“_ ] .w_ it M hﬁuth*WWWmm
HEH]] _ i _m. i ifl i it
m_m_wrzr iql e ___,___. :I* THEH
HI e Lk
.mh wn&.i 3 ..r ___:Tx"m,“r
Hitlgheedy N L R ki
utlh -w~n— ¢ bl M RIHIE
1] ~: um“ U aﬁ_u_ n.mmhmh:
IR | il
H . . 1 T.:. -u i) -
| R, T
e m__z_m,.f___ it a i il
ri-a s -du.u H1H
I me A ) ) wh“mumﬂmmm_m_wm*mmmh i _“ WWﬂMMmM_ .
L. ; bt b dr
i 0 {1 “:_E,m;mm. m.“ _mmm.,mm
\ it *_*,. il




LA S T RN C'..\-l S"‘Aﬂ (1)

%I— N'u.‘r - QC&M . ( W Qét'\'n)l\'-.\
& Has RT.)

dewnwrad . Q&lw.) Ne chu&w-v."'bm

e T et e Mer

Aims 1) 1o douds ave mew afficad Han wibr shil acdhon A0k

lowds ot  preducs pdation . | ITncranwd Ruun
clouds P an  peacyp ow. L {-.ll] Chagar & Titeiuew Oxida weatud walh R}I (29'1.)
et

2)"["0*-&-4: Ja«vuap 'l‘cﬂfs ‘F'-—- \\-\-‘IH“‘-\
. Sufr“'“ﬂ] p.z\-Jm-g Povae of clowd bam — %:Aﬂt!- “L.ﬂiﬁ
mine . nﬁh v Dmene . T lem v .
= 10" parhdae [ o of AaT . 3 ®

l) To Ticetana ?nu‘f..*'..‘ln'-n:
Q) QDVA rl-r\'u. ‘ﬂ c.'.-uJ-. _ - ‘“.QVQ.
1% v ? W, pracptets o - - autteowa M - o
u) Incwane '-aou‘)-u.ar
. !
-M*C, b= 20,000 , vdbe

)3ﬁm [ h'L'.'S

S I-
.Q FL'\*A . ?ﬂ“ . ! Nvg J-”.UA 'b“*‘-ﬁkl'.o

.n'\H- rhu .

'\'} - I.."‘ suar

e maThon |

—
’SF t‘n‘*. fa C.u .+ Ha
Ay T stawe yrephe Aol H tan Daheit
X t ; Titaaium Diencda . d e
[ TP e Clornde . ;3}‘:15 P"‘""‘?"'L"‘ wAth Veon ?n\rt M\OL'u'S .
1) To &:-Ll-\::t. bl H 1 thar
m ) Tohd  Glaciabon- la Cophle Lo avmn. fucheds
> 'or “51 /lu'ul k' . Tee Rxprneiva = Carlron Llnzk/ o.M qu"\'bkl-a — alerls
2) Mh-l GM'.,“:\"'l . Maa tmall arhvdlae seler T R
owailabla  oater - 3:. c‘gu&!u\,d- Cael L-‘) "'L“"'“‘ﬁ C-npu.ml win  er e,

““‘: t M‘ il e I naadi We, Rude — “.) capy !-AAA..uj NaCL
WCI'L. h‘b"’ 6" 5“«-0 hm wiaen, f.l.u‘ L.m—- L“TM-" t]‘.'a. *A‘\'“ 3" ‘-' N\n’ . m.“'.
No vauuits |ad‘ .

o‘*{-‘\u-t;’ mﬁﬁnﬁ,ﬁ_l&mj] b 7&:::&. -”::‘ S nand £ = 1o m updeawnit |
Hows wll baree  have ?‘,3..\ . *
Wi tht  wn el congtele  Lider up — compahbion Foo —~ Yelcasbar Boumurasl - Mining
Yaa e CMJAT;“. . (Qa C.l..min‘] - Lialasr :)-& + H‘QL—.&'*. ‘F‘j .






