e —

- rermaining almost over onc placec,. sccking the

~.of climb indicator, Withlstrong'Uppor‘winds

875 miles in four honrs, and was then
“approaching darkness, . .- A

. waves have been developed by Lyra (1943), Quency (1948)
-Scorer (1949); Scorer has alse.
‘account (1951)

" -stacle is tho brime roquirdment for wa
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STANDING WAVES
By D, C. Toid,

The occurrence of lenticular clouds to the lee
0L mountain ranges has. long been known.. The early Maori -
”hévigétors'calleleow Zealand "the land of the long whitg*
cloud", and in Germany there is g confused folk. legend
w.eoncerning the "Moazagotl! cloud which forms over tho
" Rloscengobirge., - Sadllplanc pilots wero attracted to this
...cvidence of vertical motlon the first wave zoaring flight
o Raving beoen made in the lattor region in 1933, ° o
S Sailplanes, having o rato of descent through the
alr of about 3 foot per sccond, arc wcll suited for the
cxploration of up-currents groatoer than this- valuc, and
glider pilots have been responsiblc for most of the obscrvat-
lons of flying conditions in standing “waves, . In 1940 g
German pilot;reached'SV,OOO feet to the lec of the Alps, and
since the war wave flights to lesser hecights
in most Europcan countrics with suitable hills, but the nost
pronounced wave conditions occur in North Amorica, whorc tho

grcat mountain chalin, lying perpcendicular to the wosterlics of | |

middle latitudes givecs risc to-a wave motion cxtonding woll
-.into the stratospherc. The world absolute altitide rccord
now stands at 42,000 feet, and was made at'Bishop;'Californiq,
in thé wave sot up by the Sierra Nevada, whcre the peaks riseg
to 14,000 fcot., 4n article by Colson (1952) “describing i
the effocts of the vertical currents on winds obtained from '
cnt photographs of the

'pilot-balloons, contains some excell
.cloud formations associated-withfstandingjwaves,'aS‘soon both
from the ground and from tho aire. — The usual technique of |,
glider pilots during wave flights is -to head intoe wind, ,/{
arca .of the .-,
of the lenticular
a sepsitivo ratq-
ylidors  arg, .
ding. curront,

strongost.up—ourront, guided by the position
- clouds ang the. readings of thcwvariomoter,

ofton carricd slowly baclkwards into tho-dogey
oxporioncing groat loss of helght bofore rofAendng ~to “tho I
up=current roglon, By galning maxiraum hefeht In tho Livgt
waveo and thon turning down=wind, successifc wavo up=currenis
can bo usod, and in,this-mannor, using tho wavos croatod y
soveral mountaln ridges, Kuettner recenfly flew g distancdliof
fforced to.land‘onlygﬁy
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Mathomatical'theories~for'thc formation of standing
bublished o more popular '
o¥e in which Ne eriphasises that an inercéasc wiith
height of the . componcnt..of the ‘wing Perperidicular -to the: ,0b-

ves to form, outwoighing

have been made /-
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Aot ﬁFigL?Q*Shqwsfthéflb@éﬁ‘pq:tién'ofﬂthoﬁrepordcr.q Lt \
tradé‘of"%ﬁéfédq@n@*flighﬁ;“anﬂﬁthe'ﬁariations”inhtho timo . e
intervals Deotween the switchings aré readlly apparchys 1t will "

also Yo seen thata ropotition of the reforonco, signal at -

tho 20th baroswiteh contact occurrsd, showlng thay tho-balloon e
had boon forced down,” this taking placo .at tho Aol ol an s
invorsion~chdragtdriscdzbyfa‘sharp upward docrgAcs In rolabtivo
U The’ cxact humidity structurce while/ passing throuwgh il

hunidisy. - : i
tho ‘inversion is mot .rocorded, as tho relfercpec signal mono= ;H
Tk i

i i[i

poliscd the tranesission ab that timcs

G The rate of ascent of a balloon dcpends on many
factors, ‘emong which nay be Tentioned the tomperature lapo.
ratéand the atmosphoric turbulence, but it is assumaed horc
that the variabiéns are duc .to vortical currcents, which have [
been found by subtracting the méan rote.of ascent over a dcep:;
layer from the instantancous values observed each minutc, =~ '
Using the theodolite rcadings made during the first flight, I3
and ostimating the winds at higher levels, the position of thé!
balloon at each minutc of the®seccond flight has beon plotted E
on an eanst-west cross-scction in Fig.d, waich has o five=fold - - -
vertical scale cxaggceration. Dircction cleormcents of the 8
eirflow arc shown at cach point, as found by compounding honﬁh'
zontal -and vertical velocities. Approximate streamlincs with
en arbitrary spacing have been drawn to fit thesc dlircction:
olements to indicato the gencral flow pattern,. The wavelength
appears to be about 8-10 milcs, and “the maximum vertical
amplitude of the motien of a displaced particle some 4,000

feceto oo o

. The temperaturc soundings plotted on o Skew T-log
'p dlagram in Fig. 4 show that a cooling of 1-2 dogrccs C took
placce in the interval between the flights in the lowecr lajyors,
and that a marked chango tcok place in the roegion.of the/ *
inversion, The sccond flight shows a dry adlebatic lapsc
rate up to 833 mb., wherc it abruptly changes to .the saturatcd
odishatic lapse rato, corresponding well to. thc condensation
Tovol of an air parccl ralsed from the surfacce without.mixing !
with thé cenviromment. It is thoreforc probable that tho |-
~Palloon entered cloud:aft this-level, despite the contrary
7 evidence cf the dew-point curve, and showing a lowerlng of
cloud base since the first ascent., At 771 mbi the*lapse rate
changes abruptly back to the dry sdigbatic rate, accompanicd by
a sharp fall in dew-point. Thus, rather surprisingly, the in-
version does not mark the tep of the cloud. :

;

. i

The clapsed timcs from the start of the¢ ascent have

been entercd alongside some of tho points plotted in Fig. 4 and
in Fig, 5 (an cnlarged portion cf Fig. 3), thc potential. temp-
oraturcs at these points have been cntercd along the flight -
- path of the balloon. The path of the balloon closely follows
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the. streamlines, vhich are also lines of constant potential
temperature,; and therefore the lapse rates recorded arc closo
.to the dry adisbvatic, Thc rapid incrcase in potential temp-
erature as the balloon passcs through the inversion ocecurs,
somewhat paradoxically, whilc the balloon is descending, tho
strcamlines being more sharply distorted than theo path of tho
balloon, Thercfore, as has been pointed out by Ludlam {(1952),
the temperaturc sounding mede under these conditions is not
representative of the general air mass, the inversion recorded
being unduly shaorpenéd by the cooling by ascont of tho air
immediately below the inversion, and the warming by descent of
that immediatcly above the inversion in the rogions traversod
by the radiosonde, ' ‘ '

The dewpolint curvo in Flg. 4 indlicatos tho 1ikli-
hood of further cloud formatlon below the lnversion ot 570 mb.
Tho clouds at this lcvel would be of ‘small vertical thickncss,
and would be of lenticular form, following the strcamlincs over
the wave-crests, The lower clouds would be morc akin to
cumull in their manncr of formation, as once formed as a result
of the vertical air motion thrcough the wave, the latent hoat
of condensation releascd would give  them bouyancy with rospoct
to the airstream at thecir lovel. As thoso clouds would
probably be in the form of long rolls porpendicular to tho wind
dircetion, the airstrecam-at cloud level would be forccd Lo ase
cend over thom. If molst, this would give rise to a pilcus
cap ovor the roll, but in this case 1t appcars that no condone-
satlion took placo, rosulting in a cold cap ovor e clowd (duo
to tho dry adiabatic ascont, It 1s aAllffleult to lmagino that
this statlcally unstablo stratification can poralst - poculbly,
by analogy wlth norofoll aorodynamics, tho accoloratlon ol o
dtromam ovor Bho forward odme of [ho olovd malubadng Lot
Llow vkl tho wavo=erost has boon passod.  Thily may e Gound
For tho sovoro turbulonco In tho trowh of A wavo doscribod
by Turnor (1952), and the progressive ruffling of a lonticular
&lou? commencing from the down-wind edge reported by Austin

952) : : o :

’ Sobrer's criterioh for the formation of stationary
waves 1s that there should be two layers, in cach of which the
parameter 12 is constant, sich that the inequality

2 2 . w2
-{- Hower T, { upper > /4'- A,Z

is satisfied, vhere h is the depth of the lower.layor, and -

2 &
L7 = gﬁiﬂjl - U/{/ |
where U is the horizonta% comgbnent of the wind perpendicular
- to the obstacle, "U" = d°U/dz°, g is the acceleration due %o
gravity, f?:é—¢9 Cand g . is thc potential teriperature.
z X
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TABLE I,
L //U A S et “
- R A T Ve |
0.1 7.6 1,290 1,754 2,95  -16.97 (-14.02) |, |
0.3 6.0  0.866 0 0 ~14.44 (-14,44) 7
0.5 4.2 0.511  0.176 0,98  -12.17 (-11.19)
0.7 7.5 0.224 1,060 1.85 - 3,20 m-1°55f f
0.9 1l.2  0.002 -0,535 -0.42 = 0,04 - 0,46/
1.1 14,5 -0.148 0,358 0.17 1,02 . 1,19
1.5 18,0 -0.252 0,900  0.27 1,29 1,66
15 19.8. ~0.248 0,543 - 0,14 1.25 1.39
1.7 19.9  =0.197  0.547 0,14 0,99 1.8 |
1.9 20,0 '=0.,078 0,917 0,22 0,39 061 .
2.1 (20.8) 0,110 1,657 0.57  -0.55 (- 0,16)
2.5 (21.6) 0,364 0.740 0,16 -1,69 (= 1.53)
2.5 (22.4) 0,687 5.1é9 1,00 -3,07 (- 2,07)
2,7 . (23.2) 3,705 0.68 0.68 = -
2.9  {24.0) 3.708 0.58 0.58 |
3.1  (24.8) 2.964 0,44 0ut4
5.3 (25.6) C 1,672 0.25 0.25
3.5  (26.4) 0,560 . 0,073 0,073
5.7 (27.2) 0.480  0.058 0,058
3.9  (28,0) C 0.7 0,055 | 0,055 |
4.1 (28.8) D o.re. o.sz C.052
4.3 (29.8) 0,477 6,649 o 0049
1.5 (30.4) 0,476 0,047 0.047
o e
\
|
i
|

C O —
A oLETYD B 20 oo w o

ba
cx






L= 37 =

Teble 1 shows the values of 1240 a manner similar
to that of Scorer's second papers The first term on the
right-hand side of equation (2) was obtained from the tempera-=
ture-height curve of the first ascocnt,
differences over steps of 200 mctres. The SOWIN obscrvation
of U cxtends up to 2000 m, and in order to evaluate U", ¢
degrco polynomial was f£itted to the observed winds, road atb
200 m interval from Fig. 6. Above 2000 m. a linoar volocity-
height profile was. postuldated, so that the second term_in
equation (2) is then zero, The bracketed values of 1° in the

table are unrcliable, as the fit of the polynomial 1s not gooa
in uhOSO regions.

king the lower laycr of uasi-constant 12 to extend

from llOO to élOO m., the incquality (l)bccomes approximatcly
(1o —0.05) x o=@ >0 T K 2000r
o 95 x 1077 2 x 077
and therofore lco gave formation should bo possible, such that,
1f tho values of 1% werc truly constant, the wavclonguh[ahould

lie between the limits: 2 \ 4 (
| (e—_— > L < € iA/f(/() '

2
po—v.\'u K

em I'(p '}‘M/&O < L_ < 7 O ’7‘41;6',,. . 'f':;'
- Considering that the winds were observed in the- :

alroady disturbed alrstream to the lco of the obstaclc and have
been somewhgt doubtfully extrapolated upwards, and that tho.
values of 1

are not strictly constant in the two laycrs, there
1s falr agrcement with the cstimate made earlier, . )
Apart from the spectacular effocts

moufitainous country, signs of leo waves can often pe scon in |
regions of comparatively low rclicf, cxtending to/groat huights
comparcd with the height of the obstqclos initidting tho dis
turbances, as shown by Austin (1952) and Ludlpli (1952 b and C)
In the Molbourne arca, while isolated woll-mpyfrloed lenticulep'
clouds may often be scen over the bold featdros such. as Mount
Maccdon and Mount Donna Buang, thc wholc DAviding Rango oxorts
a morc profound cffect, cven to the west AFf tho city, whoers: bt
has wvery gentle slopes. With a northbrl or northWOthrly I
airstrcam small lenticular altocumulus or high stratocumulu§
patches can often be scen forming an hour or two after sunyj )
in-a linec along the northern horizon when observed from theé' cmty.
Sometimes this cloud spreads rapldly scuthwards to form a .,
continuous shield over the coastal plain, having a clear- cbm

edge to the north, and corrugations aligned appreoximately EeW
parallel -to the odﬂe. This bcars a great rcsemblance to Fho
extocnsive cloud mass formed to tho lece of tho castern Alpsy
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