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Kinematics of the transport of momentum by tilted troughs
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ABSTRA<.rr. I t is shown that in x. ' " plall f'. whil e the tli rt'(' liu ll of tan gent to a tilted t roull h jmli(·ah.'1l whether
th e a-momentum flux i ll northwards or eouthwurd -. t he l"urvilll! or tht· eoncavi tv of tbc tiltl'd twul!h iudiC'lltl '"
whether there i . convergence or clivcrgcnee of lilt' momentum Ilux , ('onca\·it~· of atroUj!h towa n l" f'8(; f ind ica t.:"",
div ergence of tlux and concavity towards wr.....1 il\di rlltf'l>o C'UnW'rgC' llf'( ' of meme ntu m flux. 'Tho ma l:llit udc of thill
divereenee for I",ra bol ica ll)' tilted trough ito eiwn b~' a\l'ru~t· vnha- of (nwrtdie na l nlocit)·)1!(sl'rni lat us rectum
of the parabola ). Formulae art' shIH j!i\'t'll for momentum flux und it" dh l'l'gl"I1l't' \\111'11 t he t iltc'd t roll~ h ill a cubic
curve. Qua lita ti" c pattern of t he momen tum flux nnd its dh l'f1,:I 'ure 811._ l!in'J1 fur ' -lLri\IU8 t ro ugh I'uttt' nl~ lu
en able un 81181;\'lIt to in fer th e tl&IJW from n merelook at the pa ttern Ull U eh1\11 .

3. Tilted trough as a parabolic curve

Let the st ream functi on be given by

.p= - o:(y) + A sin [k {(1'/2 )!!'+qy-.l+ r}] Fl'I)

1. (!l 'v ') = 0 (~ . i)
~!J

If q is positive, the tro ughs ami r idges slope
in NE-S"" direction and U't·' is posjtive. If q is
Ilc l1at ivc the reverse holds. In eit her case .
di;er(tcJl~c of momentum flux is zero. This i~

"a well-known result .

( ~ .G)

(~ '2)

(~' :l)

,,'v' _ ! A'k2q

slIpcrimposed on the zona] curre nt 3<7./3!J ; k
iH the wave number in x-diicct ion, fj and r nrc
constnnt «, Equi-phase lines of the sinusoida l
per tu rba tion a rc st raight Iiuos given 1Iy

'/!J- J'+ r = constan t

slope of trough = J/'1

,rc abo hav e,

~ .p 110< 1
" = - - = - - A kq COg [k(q!J-- x+rJ] J'

(J!J ~!J (~ . 4)

v = ~ = - A]: cos [k(q!J- x+rJ]
3J:

il - ~x .. fl ' = - Ah] cos [k (q!J- .r+rJ] 1(~ .5)
~!J

ii = 0; v' = - Ak cos [k (q!J -x+r)]J

1. Introduction

Dynamical importance of ti lted troughs W M I

first recognised hy Charney (19 17) in t he vertica l
plane and by Starr (1948) and 1'110 ( J9W) in the
horizontal plane. Permanent sha pe tilh~l t roughs
consistent with vor ticity equation were studied
by Macht a (1949) and Arakawa (195:l). Severa l
empirica l and theoretica l st udies ha ve since
shown the importan ce of these t ilts in exchanges
of momentum ami energy in t he horizontal antl
in t he vert ieal directions.

It is known that in n horizonta l pillne, "'E·SW
tilt of troughs and ridges indica tes northwa rd
flux of westerlv momentum, The present, aut hor
is not aware of equally simple quant itat ive ru le
for estimating th e di vergence or convergence
of these momentum fluxes or t heir variations in
y-direction by mere look a t tbe ti lt . Th e IJII l1,ose
of the present note L':\ to give 8i11l1')C ru les for
inferring such div ergence or convergence of
momentum f1nx by mere look at the ti lt .

2. Tilled trough as a straight UDe

Let tile st renm function at a n instant of t irue
be given hy

.p = - o:(y) -1- A sin [k (q!J-.l+r)] ( ~'I)

where 0: (y) represents any cont inuous and differen
tiable funct ion of y. Then a:43!1 represents
a zOllal current ""l'ahle of several phys ieally
reasonabl e variations in y-dircetion. .A is a.constant
denot ing amplit ude of the sinusoidal pert urbat ion






