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Abstract 

In this report the author deals with an extension of his 

previous work on the distribution of horizontal divergence of an 

incompressible flow around a semi-circular infinite cylinder with 

no upper boundary (Oi, 1952) to a more realistic case of flow over 

a semi-elliptic infinite cylinder with no upper boundary and to two 

cases of flow with uppev boundaries^ In terms of these results, the 

upstream trough is interpreted by the so-called vorticity equation. 
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1. Introduction 

The deviations of zonal currents due to orographic effects 

have been treated by many authors, but it seems that almost all 

of them pay attention only to phenomena downstream from the obstacle 

and overlook upstream phenomena. Of course this procedure is prac- 

tical when one is dealing with such a small-scale phenomenon as 

the Bishop-cloud, for there it seems possible to explain the phen- 

omenon almost completely. However, it may be necessary to pay 

attention to upstream phenomena when one deals with large-§cale 

bending of a westerly current on the scale of a cyclone pertur- 

bation. 

Hitherto, it has been assumed that the inertial effect of a 

barrier does not reach upstream or downstream from the barrier 

(for example, V. B.ierknes et al. 1933> J. Holmboe et al, 1945, 

J. Charney and A. Elliassen, 194-9* B. Bolin, 1950). However, this 

is too great a simplification of the phenomenon. As the author 

pointed out in his previous paper (Oi, 1952), in the case of a 

flow around a semi-circular infinite cylinder, we find a distri- 

bution of horizontal divergence as shewn in fig. 1. As is evident 

from the lower picture, a vertical air column in the lower layer 

stretches at first in the upstream region and then shrinks near the 

barrier and vice versa in the downstream region. Thus we find 

convergence ahead of divergence upstream and divergence behind 

convergence downstream. Therefore, we can expect an upstream 

trough to be formed in sedition to uie uuwuolream trough which 

earlier investigators have explained. For reference, the expres-- 

L 
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sion for the horizontal divergence is reproduced here: 

du - 2 a* U cos */••      cos 0 (1- k  sin*0), 
bx r» 

where r, 9 = polar coordinates, where the origin is the same as 

for the Cartesian coordinates, i.e., at the center of the circular 

cylinder, u = eastward velocity component, x = horizontal eastward 

Cartesian coordinate, a = radius of circular cylinder, U = uniform 

speed of flow at infinity, and J{c = the angle which the flow 

at infinity makes with the normal to the barrier. But, in this 

case, the distribution of the absolute value of du shows that it 
dx 

is much larger over the upslope and downslope regions than up- 

stream and downstream from the barrier, thus minimizing the upstream 

trough. Consequently, if this result holds for the more realistic 

case of a semi-elliptic cylinder, we shall have to consider the 

cuatomary picture of nothing but horizontal Hivsrgencs along the 

upslope region and horizontal convergence along the downslope 

region as reasonable and valid in practice. 

2. Incompressible two-dimensional flow over a semi-elliptic infinite 
cylinder with ho upper boundary 

Parallel with the previous case, the fluid is assumed to be incom- 

pressible and ideal. The motion is assumed to be steady and irrotational 

in any vertical plane perpendicular to this elliptic cylinder; and at 

an infinite distance from the barrier both vertically and horizontally, 

the fluid moves horizontally with speed U m/sec at an angle V with 

the normal to the mountain axis. The kinematic boundary condition is 

assumed, so the fluid in contact with the elliptic barrier has no radial 

velocity in a vertical cross section. 
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Fig. 1 Distribution of horizontal divergence of an ideal incompressible 
flow of infinite depth around a semi-circular infinite cylinder, 

upper: numerically, 
lower: illustratedly. 

Here, Q :3u is the horizontal divergence, 
dx 
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In this case the velocity has a potential which is given as 

follows (for instance see Milne-Thompson, 1950): 

TXf = -U cos yi9 . (a + b)  cosh {f -^ ), (1) 

a*-b*= o* 
a = half length of major axis 

b = half length of minor axis 

i*=-l 

a = c cosh 5^ 

b = c sinh £j 

x = C'cosh £-cos h' 

z = c. sinh £ ' • sin /j' 

Z = x + iz = c cosh f . 

Therefore, we can get easily 

u = U cos X» (a + b)  coshf'_ P cos Xm(& ± b) »sinhp'sinh 2%' 
c • 2c ^'sinnY*' slaty 

w = - 0 costtia -i- b)  sinh p' .    sin 2 ^' . (3) 
2c *       ainh*f' + sin*^' 

Here    XXX   - complex potential, U = magnitude of the velocity at 

infinity, u = horizontal velocity component normal to the barrier, 

positive eastward, and, w = vertical velocity component. 

If we take the partial derivative of u with x, we have the 

horizontal divergence in this case: 

<Jx     <*§' ax     4S|'4x 

= 2k sinh ^'.coshV' ooaV      (tanhV-3 tanV ). (4) 
c(sinh»§'+ sin**') 

Here 

k a P ooB*ia + b)       . 
o 

From (U), we can easily find that^u becomes zero on the z-axLs, 
6x 

i.e., along the vertical plane which goes through the summit of 

(2) 

this barrier, and it becomes aero, also, along the curve which is 

^namio • ii i w 
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represanted by 

%_ 

tanh*^ - 3 tan5^' = 0. 

This curve, as shown in fig. 2, is one branch of a rectsngular hy- 

perbola with the straight lino3 G = 30° and 0 = 150° as asymptotes 

in the first and second quadrants respectively. These are the lines 

of zero horizontal divergence. 

To study the behavior of ^JJ, let ua change variables from £' k1 

to Cartesian coordinates x, z, 

±u = +gn cosX.(  a + b)«b£3x*a»-i- /YTc»+ zx- *)»+4y»z* -(c*+z*- flff (5) 

**   )j  (c*+ za- x*f + SV -(c*+ z*-x*) «£o"--**-«»)m + 40***}* 

Here the plus and minus signs correspond to negative and positive 

values of x. 

Using this expression, if we make an approximation for the practi- 

cal case where we can consider a»b (later we shall compute for the 

case where a = 100b), and moreover, if we consider iu far from the 
ax 

summit of the barrier so that x»z,  we get 

jru = + U cos 7L a » b 
dx '      (x»- WK    , 

(6) 

where x» z and a ^> b, and + correspond to the + signs of x. 

From (6), we know the horizontal divergence due to this oro- 

graphical inertial effect is not only proportional to the cross- 

sectional area, but if the cross-sectional area is the same, a 

lower and wider barrier is more effective. Takahashi (1951) sug- 

gested that the dimension of the Eurasian continent is related 

to the wavelength of the westerlies. His idea is thus substan- 

tiated by this computation. And also, from this computation \ •> 

can anticipate that in spite of the amall difference of height 

i 
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between the Kortb American 'Rockies- end South Aaierican Andes,  the 

Influence of 'the former mountain range upon the westerlies should 

be much greater than that of the latter. 

To illustrate the distritetition of %ja given in (5), let ua 

examine the case where  pC  = G, H = ID m/sec, a = 100 b, and b = 

5 km.    The results of tsie calculation are shewn in fig. 3.    Sere 

the nonuivergence lima is almost Tartieal fro® the ground 'to e 

height of several times the barrier]  and! furthemore the absolute 

values of horizontal divergence are slaost the sane upstream and 

downstream from the harrier as immediately over the barrier.    Thus 

we do have to take into consideration horizontal convergence and 

horizontal divergence upstream and dovmstream from, the harrier 

ss 9932 as •" saadiateiy over the upslope and downsiope regions 

of the barrier.    The previous result, for the case of a semi- 

eircular cylindrical harrier, is a limiting case of toe present 

one,  for if, in expression (5), we put a = b we reduce to the 

previous result,    as far as. the qualitative distribution of hor- 

izontal divergence is concerned, there are no essential differences 

between the two oases; but quantitdvely we find, that we must take 

into consideration upstream and downstream divergence even at 

a moderate distance from the foot of the obstacle. 

Let us BOW consider what should be the effect of this distri- 

bution of horizontal divergence upon the bending of a zonal cur- 

rents    Ii> the northern hemisphere, cyclonic rotation prevails 

upstream, but anticyclonlc vorticity is gained gradually in the 

upslope and downslope regions.    Cyclonic vorticity is developed 

*&*i 
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dommtnam.    Thereafter the current galas anticyclcnic vorticity 

and then undulates due to the meridional  tana of the vorticity 

equation.    These results do not tale Into accotsst the effect 

of the ibcriftlicsai cotvergec.se tern It the horizontal divergence. 

One further point should be aade about the -vertical deviation 

of flow due to the inertia! effect of this seal-elliptic cylindri- 

cal barrier.    In the case of a seal-circular cylindrical barrier, 

along the vertical through the sunait the 'elevation of a stream- 

line over its original height is given by (01, 1952) 

A    = ax, 
» E 

*kere a = radius of circular cylinder (height of the barrier), 

and z = vertical compoii^t of Cartesian coordinate? of a point 

at the vertical axis, i.e., height of this point. In the case 

of a ao*l- slUptic cylindrical btrrier, xhls elevation is given 

h.     # b - to   = (7) 

| 

If b«a, as it usually is, then A  does not change much with 

.height.    This Is a very .interesting result which means that the 

vertical influance reaches to very high levels.    In actual sit- 

uation? this sometimes seems to he so,  but at other times it does 

net.    To portray the .latter observed ease, using an lncoaprese- 

ifcie fluid,  v= have to consider a model in rtiich the flov is 

confined between two horix^ttsl parallel boucdlaries.    Actually 

these two planes often correspond to the ground surface and the 

tropopause.    Let us consider in the next section the cases of 

semi-circular cylindrical, and sami-elllptis cylindrical barriers 

•WiBgiMI 
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- 

with upper U/uou&ri BS, 

3.    Case of flow ore - gpj -circular infinite cylindrical barrier 
wttfr A horizontal rigid upper boundary 

As it is difficult to obtain a solution for the case of a 

perfect circular cylinder fay ordinary treatments, we shall try to 

find an approxlaate solution fay substituting sn oval barrier which 

is very siailar to a circular one.    Superposing the flow caused 

by infinite series of doublets along the z-axis, and the general 

inlfora flow, the speed of which is 0 a/sec parallel to the x- 

axis, we get an approxiaate solution for this case.    Referring to 

any bydxodynanical text book (i.e., Streeter, 1943), we can get 

the coaplex potential for this case: 

w = f + ir 
= - B + c'cotfa JiZ , Z = x + iz , (8) 

d 

where C is a constant to be decided t^ boundary conditions and 

d is the distance between two adjacent doublets.    Therefore, if 

we take h as the height of an upper benasdary, i.e., d = 2h„ then 

C    can he deterained easily by setting the value of the stress 

function which represents the lower boundary equal to zssnss    Let 

us consider a couple of examples.   At first if h is twice the 

height of barrier, 

r 

•*tm 

V  = - us - & 
sin 11* a 

h  
cosh#x - cos ft z 

h h 

= 0 

Us {cos 1tz - cosh 1fx) = c'sin Ws 
h h h 
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Let x-> 0, 7.-*-Ji , 
2 

then U h (cos J£__ -  1) = c'sin ]J_  , 
2     2 2 

c'= - Uh . 
2 

On the other hand, 

z -> 0, x * + a( * h) 
2 

.\ 1 - cosh J7L = (/ 7T , c'- 
2  U h 

-5k 1^508 
2  _7£_  ; 

2 

C '  2 

within 2-3£ error; Then Dutting C = - JJh, w<? can take both axes 
2 

approximately equal, and we can consider this stream line V = 0 

as one which represents ths ground boundary surface in the case 

of the semi-circular cylindrical barrier. And also for the case 

whare the height of the barrier is 1/5 of the height of upper 

boundary, we can easily find 

C = - Uh . 

Turning back to the main subject, we get 

Tsinh 1T_ x 
u = - ££_ = U + C'  d / h  

d x dx I cosh 3L x _ cos  If    z 

1 - cosb 7T_ x« cos IT. z 
= \J - C' 7J h h 

h /cosh fT   x - cos 7T 

Therefore, we get finelly 

sinh J£_ xp2 - 008*77* z - cos JT z.coah 7£ 
^u = 071M«        h     t- h h ji. 
t)x       1  h/ (cosh 7?  x - cos 17*   z)» 

V h h    / 

f'J (9) 





-u- 

it 

i    • 

In (9), C is always negative, and the denominator is always 

positive. From (9), we can easily find the distribution of 

horizontal divergence for this case, which is shown in fig. 4-. 

Here we see that in the upper layer, above h/2, horizontal diver- 

gence prevails everywhere upstream, and horizontal convergence 

prevails everywhere downstream. This result 1B independent of 

the height of the barrier. The curve of £u = 0 is a curvo which 
ax 

has two asymptotes as x approaches + o© , and two tangente at 

x = 0, i.e., the horizontal straight line through the origin, 

which are the lines of Jhj = 0 for the same case with no upper 

boundary ( 0 = 30° and 150°). This curve is not affected by 

the height of the barrier and is determined only by the height 

of the upper boundary. Furthermore, except atz=7 h/2, its shape 

is very nearly that of the straight lines: © = 30° or 6 = 150°. 

Below these curves, on the upstream side, horizontal convergence 

prevails, and on the downstream side, horizontal divergence pre- 

vails = Therefore in the lower half layer the distribution of 

horizontal div«rgence is very similar to the case with no upper 

boundary. 

Next, let us examine the differences which exist between the 

cases with no upper boundary and with an upper boundary for the 

same geometrical point. 

As can be seen in table 1, in the convergence domain of the 

lower layer on the upstream aide at points far from the foot 

of the barrier^ the value of the horizontal divergence is rather 

smaller and, on the other hand, at points near the foot of the 

L I'llli 141.41* W JJ—mu. m • ••-..- ... . 
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Table 1 

Comparison of values of horizontal divergence in the case with 
no upper boundary and in the case with an upper boundary whose 
height is twice as large as the radius of the semi-circular 

Position 
of 

points 

Case No 
upper boundary 

Upper 
boundary 
at z = h 

X z TJ 
*h (sec -1) *"g (sec"1) 

_ih 
4 4 

- 0.20 - 0.14 

- h k 
4 - 0.34 - 0.30 

-Ih 
8 

h 
4 - 0=445 - 0.36 

-s> h 
4 

- 0.51 - 0.51 

-2h 
4 

h 
4 

- 0.58 - 0.59 

-lk 
4 

- 0.51 -31.5 

- "a k 
2. 

- 0.02 + 0.08 

h 
2 

k 
2 

+ 1.00 + 1.44 

- h -2h 
4 

+ 0.09 + 0.30 

h 
2 1" + 0.12 + 1.12 

•B 
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V. 

barrier, it is nmch larger than in the case of no upper boundary. 

This is especially notable when the height of the barrier is rather 

large compared with the height of the upper boundary (in this case, 

h/2), and less notable if the height of barrier is rather small 

compared, with the height of the upper boijadary (say l/5h). In 

the divergence domain of the upper layer, the magnitude of hori- 

zontal divergence behaves similarly but not so strongly as in 

the convergence domain. The downstream results may be obtained in 

a similar fashion. 

4. Case of flow over semi-elliptic Infinite cylindrical barrier 
with horizontal rigid upper boundary 

If the semi-circular cylinder is a perfect one and has no 

upper boundary, we can theoretically apply the so-called Joukowski 

transformation to velocity potential. This transformation will 

deform the ami -circular cylinder in the vertical plane to a semi- 

slliptic cylinder. However, in the previous treatment, the barrier 

is not exactly a circular cylinder and, moreover, we have an upper 

boundary. Therefore we can not apply this transformation. Thus, 

the author has adopted a new method to get the velocity potential 

for this case. He considered infinite series of equally spaced 

sources and sinks of equal strergth, distributed along two straight 

lines parallel to the z-axis, and superposed two velocity potentials 

for this set of infinite series and for uniform flow parallel to 

the x-axis. 

The complex potential for a flow caused by an infinite series 

of soiirces of strength 2fJC at equal distances d(= 2h, h is the 

height of the upper boundary), as given by Streeter (194-9)» is 

L 
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Xrf   = - C In Binh ^ , (10) 

where Z « x + iz. Therefore, we get in a similar fashion the 

complex potential for such an infinite series of sources along 

an axis parallel to the z-axis at x = - a 

GJ) = -C In sinh 7T (Z + a) 
d 

(11) 

where d = 2h. And likewise, for the complex potential for an 

infinite series of sinks of equal strength - 21TC with an equal 

spacing, d, along an axis parallel to the z axis at x = a, we get 

t*fx   = C In sinh 1T {Z  - a)  , (12) 
d 

where d = 2h. 

The complex potential for a uniform flow with U m/sec toward 

the positive x direction is given by 

tffs = - UZ . (13) 

Therefore, the complex potential for our purpose can be found by 

adding (11), (12) and (13). If we denote this by •&£ , then 

= - UZ -C 
fBlnhfftZ + a) 

In/  h 
)slnh7r(Z - a) 
L       h 

(U) 

* 4> +iy. 

Here, a is approximately equal to the focal distance of this ellipse. 

If the ratio of the two axes is 100, a. is equal to the focal dis- 

tance within a 1%  error. From (14) we can easily get, 

<p   = - Ux - C In 
2 

'siiih fh,  (x + a) - cos 7T. s " 

cosh 3£_  (x - a) - cos JP z 
h h  . 

(15) 
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/" tan tTz tan TTz "J 
&   = _ uz - CJ-21T + tan"1 2h -tan"1 ?h I.  (1&) 

.' tsnh TT (x~ a) tanh7T(x -^J 
L 2h 2h     J 

Thus, we get 

, fecBhlte - cosh'£x.COBtLs ~1 
u = - W = U + Cff sinhttaL    * _ h h  

Jx h hlfcoshTrfx + a) -cos ItzYcoshTT (x-a)-costrz^ I 

and 

12 co 
iu= -C/Xjsi-n-h'Wlft.sinirxl,  
5x V h/ ^ hj/cosh 

From (17), we see that again iu = 0 along the z axis, and the 
ax 

curves of jhi = 0 also have as asymptotes the horizontal line, 
<>x 

z = h/2, and the curves of du = 0 pass through the points x = 
<)x 

Let us now consider the values of C and a.    For the case of 

a = 100b,  b = h/2 we gat,  for- the stream function, 

f tan 1Pz_ i tan IT    z       "7 
^ = - Dz - C/-2tr+ tan"1 2 h - tan 2     h        j  . 

/ tanh fffr + a) tanh ft x - a | 
L 2 h 2     h   J 

On the stream line V* = 0, at x = 0, z = h/2, 

f .  tan£ . tan J7T        ~~| 
•     hU = -C I -21T + tan""1- L     - tan~ L J     , 

**   2 / tanh^jfc ta^ahT-lTaJ / 

1 = A  /"iT     - tan"1,     1 1       . 
C     h  / tan 7f a, 

L 2h       J 

(IS) 

At the stagnation point 

sinh J£a 
dgr= -0 + CT? h . 
dZ h    cosh IT z - ^oshtTa 

- 
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i.e., 

at z = 0, x = + a, Z = + a, 

slnhTTa 
djOO's 0  .     .     U - it h  . (19) 
dZ ••    C      h cosh £ (50h)  - coBh^S 

h 2h 

From (18)  and (19) 

S h =AJ-7T       + tan"1 1       __ 1 
h coah 50tT - cosh £§     h/ tanh   7T a    I 

h       L 2h     J 

sinh C * 
tan J h_ 

h cosh 507T    - coah 1£a tanhTTk 
h 2h 

Solving this numerically, we get a f 49.75 h and C = Uh. For 

different values of b, say b = l/5h, a does not change ouch. 

These rasults are shown in fig. 5 for the case of b ~ h/2. 

As we saw in sections 3 and 4, in the case of flow with an 

upper boundary, horizontal divergence prevails everywhere upstream 

and horizontal convergence everywhere downstream above h/2, inde- 

pendent of the height of the barrier. On the other hard, in the 

lower half layer, as in the cases without an upper boundary, a 

horizontal convergence domain precedes the horizontal divergence 

domain both upstream and downstream. Therefore, from this result 

we can conclude there should be a nondivergence level in the at- 

mosphere when the tropopause is strong enough to suppress the 

vertical motion. This level of nondivergence should be at about 
,X si 

the half-effective height (£ Hfe = \ JL  g-gdz = £ _/» €>dz; i.e., 

500mb). Upstream, above this nondivergence level ther exists 

horizontal divergence, with convergence below; while downstream, 

above this level there exists horizontal convergence, with diver- 

•HOT 
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gence below. A distribution of this sort was analyzed recently 

by H. Landers in his work downstream of the North American Rockies 

(unpublished). To aid interpretation, the coordinates of 10 points 

on this curve of nondivergence are tabulated in table 2. 

As it is evident from this table, the curve «£u = 0 is almost 
i± 

vertical from the ground to nearly the height h/2 and then turns 

to the left and right, upstream and dovr.e1 ream, asymptotically 

to z = h/2. Hence, this nondivergence level can be considered 

almost horizontal upstream and downstream from the barrier, and 

almost vertical near the foot of the barrier. 

Table 2 

Coordinates of 10 points on the curve £u = 0 for the case 

of an upper boundary, as multiples of h. 

1 
So 

_2 
20 

_2 
20 

^4 
20 

_5 
20 20 

JL 
20 

_1 
20 

_2    ISa 
20      20 2 

x +49.83 +49.83 +49.92 ±49.98 +50.04 +50.12 +50.22 +50.36 +50.65 +. ©o 

Here,  the minor axis fb)    = h/2,  and major axis (a) = 50h. 

This characteristic of zonal flow with an upper boundary 

can be seen in certain isentropic analyses in vertical cross- 

sections of actual zonal flows.    For instance, the analyses by 

Hesb and Wagner (1948)  of waves? ovor the northwestern United 

States, near the tropopause and also from 17,000 to 20,000 ft, 

showed neutral layers in which the flow was nearly horizontal. 

In their cross-sections (fig. 6), wa can clearly pee that not 

only the tropopause but also the layer from above 17,000 to 20,000 

ft remain nearly undisturbed, descending motion ocouring in the 

BP—p—I 
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Fig. 7    Westerly flow crossing e. pole-to-equator obstacle vhose tidcknes:> is 
heli' of the depth of fluid   shell. 
The ratio of the relative angular velocity of  the vest w; r, i to the absolute <in(;ular 
\olocity of the vest vard is 0.13. 
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I 

lee beneath the nodal surface and ascending motion b-stveen this 

nv.rface and the tropopause. There is a double structure of flow 

under the tropopause which coincides with the distribution of 

horizontal divergence in fig. 4- 

In addition, Long and Fultz (Long 1952) carried out exper- 

iments with a rotating spherical fluid shell designed to produce 

orographical perturbations of a zonal current. In this experiment 

they have produced such a flow with an upper boundary crossing 

a barrier 90° of latitude long and about 10° longitude wide (fig. 

7). 

In this case (fig. 7), we can see not only the downstream 

trough and its train of undulations but also the upstream trough 

and in higher latitudes even closed perturbations. There is 

also »onie indication near the upstream trough of two kinds of 

trajectories at the same place. The main indication is the 

cyclonic curvature of the trough, but there are also signs of 

anticyclonic motions which are presumably at a higher elevation. 

5. Further synoptic interpretations 

There is a great deal of synoptic evidence which suggests 

the existence of horizontal convergence upstream from mountain 

chains. 

Thus, the mean monthly 700 sb charts published in the Monthly 

Weather Review often show cyclonic curvature west of the Rocky 

Mountains. Similar phenomena are to be seen upstream of the 

coastal ranges of Europe and upstream of the Central Asian and 

Siberian mountain ranges (fig. 8). 

Such upstream troughs can be seen also in ocean currents, 

- 

rTawrt,Y-»"-,-t^^yf^m*fiiyv*iy*r"' ••»•*—*mm*»*f **&??•* 
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Fig. 9    Transport lines aroij->d  the Antarctic Continent.     Between two 
lines,   the  transport relative  to the 3000-aecitar surface is a! out 20 
million  cubic meters per L.ocond. 
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i 

i 

for example, in the mean, oceanic transport lines of the southern 

hemisphere (fig. 9)• "e see near the submarine ridge in the 

South Atlantic Ocean (shaded part) that the current turns to 

the ri^ht on the upstream side, due to the horizontal convorgencej 

although it should turn to the left according to the former cus- 

tomary explanation. We can Bee the same feature upstream of the 

submarine ridge in the South Indian Ocean. Thus, experimentally 

and synoptically, the actual features of a zonal current upstream 

from an orographical barrier seem to sunpnrt the theory presented 

here. 

As is self evident, this interpretation can be applied to 

the case of an aero-topographical barrier, such as a cold air- 

dome or cold air mass against a warm air mass along a frontal 

zone, or even two air masses of similar characteristics encoun- 

tering each other from different directions. This last case can 

be seen along the so-called equatorial front. Therefore, through 

this approach, we can interpret, in a somewhat different way 

from the usual one, the so-called wave theory of cyclones, as 

well as the formation of tropical cyclones in easterly zonal 

currents. Here, as an example of the effect of aero-topographi- 

cal barriers, the work of Elliot (1951) i* shown in fig. 10. 

In this figure, we notice that the upstream trough, on the 

west side of the cold air outbreak, changes its position corre- 

sponding to the change of the position of the cold air outbreak. 

Many meteorological dynamical or synoptic phenomena can be 

interpreted in this way: however, the author will discuss these 
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problems In later papers. 
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