
wI. M I : 551. "OS. 57

The application of the theory of tethered balloons to
measurement of low level winds*
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•.\ BSTltAC''J'. .\ t heory of tc tbcrc...t hallOOI1~ a d va nced b)" tbv Rut hur ,'arl it' !'" (~aha ttJ.j6 ) fur the tl l"t t'nllilll l t iull
of Rt'fOlt~' namil' re...i- ta nce i!> developed a nd upplied tn ti ll' m ea ..uretnent of low level winds up to an a\'('rttgl' hf'iJ!ht
of about 3.-.0 ft 11lJ<)\'e th e gro und . Th e effect of th e sU I'I)l ' rtin~ thread is di -cu-e-ed ill de tail ami t he cliffic lllt ,Y of
ta k in2 the f'fT{'(.'t of the aerodynamic re- Isteuce of the thread in " variable '" inti di~trihution int o a ('un"i.!.h'nt t)lt....ry
is 11IJint("41 out. An approxim ate If,,lu!ioD is offered h.\· IUI" lIll1 i ll~ th at t he totul resista nce of t h{' t hread ill till' eum of
t he "~j,.tam.'~ of f'n"r.r IOu (1 of the len gt h n.'h 'uNt'd in a prevailiug wind di ...tribution. Cl'ttain Ri'< ,"uJnp t inn"l urt.
al s om illie in regard til 1I11~ unulr-, t he shepcof t he tun-ad, the air dl 'n",it,r. the free lift and the d iamete r uf th t, balloon
et c. Windlj computed frum d ...tn of tet he red bal loon lIigh t "l in accord a nce wit h tho present method a te o.mp arcd
with the tl~ll lt" of lli lot balkxm flights taken a lmost eimuh am-ou-dy. Agree ment ilt fou nd to 1)(' fnir ly d U9l' BIl,1
aat i..Iectoey. Irivcrgcucc ina few ca:ol('S lIlay ht., dllt' to the flld t hat in II t urbu lent atmo sphere u tiny pilot 1"l lIoo n
like the nm I."",tl in tht'l'tl'l«'nt ex perimen t s for it .. luw rete tl[8 01('('nt cannot ma intuin it", un iform ru tc... t,f 3 :;t' (' lI t

a",~lI Ult."l. I II l\l 1 ilt liab le to yleld wiuds t hat Are lint q uite dcpcndabh-

1. Introduction

Low level winds have been measured
by different workers usillg different met hods.
T hose engaged ill micro-meteorologica l work
involving collection of dat a Oil crop climate
etc , supor-refract iou. and turbulence and
diffusion problems have found it conve uieut.
to construct micro-meteorologica l rowers
uf different height ami design (Hamdas
19\.1, J ehn 1918, Church ami Gosline 1915,
Best et "'. 1952. Cramer and Record 1953).
Over a height mnge frum a few fcet above
the ground to 100 ft aloft, hot -wire nne
momcters or conventional cup-type ane
rnometer..; of different designs have been
fit ted up at desired height intervals. In
America, the thermistor technique has been
developed to a degree which enab les it'!
use on captive balloons to determine winds
up to a height of over 50 metres [Hales
1915). A hot thermistor responds quickly
to changes of wind an d the result ing change
in the electrical resistance of the element
may be calibrated to give a direct scale for
the wind velocity . Richardson (1924) ","" I

a ballist ic met lux] to measure winds ulofr,
II" shot small steel balls upward at an
iucliuut iou to the vert ica l so t hat th e pre·
vailing wind distribution could bring it
back to the gun. From the time tak en
by the shut to make the up-and-down
journey at th e observed ang le of projection,
Richa rdson esti ma ted t he mean wind dis
trihution. Ordinary pilot balloon meth..l.
nrc not quite suita ble to give a detai led
st ructure of low level winds. E ven if 11

n~ry low rat e of ascent, say 7 kill hr-J , is
used ami observation be ta ken 011 the Free ly
moving balloon at interva ls of half a minut e,
winds call on ly be obtained at heigh t intervals
of 200 It. ElalJomting " theory uf tethered
ba lloons which was pro posed in an ea rlier
pnper (Saha (956), hereafter referred tu
as pa per 1,011 the aerodynamic resistance
of tethered balloons, a method is develope"
which enab les a detailed deter minat ion
of the vert ical structure of the wind up to
an average height of about 35U ft nbovo
the ground, Tile method lIlay be doS<"rilJed
ns un approximate one as it invoh"es se\'("ra l
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