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ABSTRACT

A relationship between the atmospheric general circulation and
geophysical hydrodynamic experiments was sought by attempting to
find a relationship between wave gumber and temperature gradient
at mid-latitudes at 500 mb. To this end data were gathered from
four winter seasons and analyzed. The statistical analysis failed
to provide convincing support for the hypotheses of a direct
relationship between wave number and temperature gradient, althoug
an indication that the transient waves may be so related was noted
Future studies should start by examining this possible relation-
ship and should also concentrate on more detailed analyses of
specific phenomena found in both geophysical systems.
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1. INTROPDUCTION

Geophysical fluid dynamics experiments, often known as
dishpan experiments, have contributed significantly to our under-
standing of the basic ohysics of the atmospheric general circula-
tion. The analogous relationship between the dishpan experiments
and the atmosphere have been noted by Fultz, Riehl and others
The présent study is an investigation into the question

whether the basic wave structure observed in the atmosphere is
directly influenced by the meridional temperature gradient as it

is in the dishpan experiments.

To perform this study, data at 500mb was examined. This
data consisted of temperatures at 30N and 80N and of pressure
heights at 45N for four winter seasons. The data was taken
from the NWP map seriés and was processed for use on the UNIVAC

1108.

Several statistical analyses were performed on the data.
Since our primary interest was in the wave-number relationship
to the temperature gradient, the pressure heiglit data was col=
verted to counts of zero crossings after the daily mean height
was removed and again after the seasonal mean was removed.- AlsO,
the number of extrema were recorded for each day in. the data
series. Histograms were prepared for all variables and the cen-
tral moments found. The central moments were again computed for
the wave-number variables for each set of data associated with a
given range of observed temperature gradient. Finally, a corre-
lation matrix was computed. These analyses were performed for
several time lags beétween the wave-number variables and the
temperature gradiént and all results have been collected 1in

Appendix 4.

The results of the study failed to provide dhy convine-
ing evidence that the basic long wave stricture was related to

Pt e Y o




the temperature gradient. However, there is an indication that
the transient waves may be related to this gradieat. Further, it
is suggested that isolated phenomena such as vacillation, Appen-
dix B, could provide a useful and profitable extension of this
work.
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.to 10 mb for the 1968-1975 data. The 1958-1959 data were avail-

II. DATA

In this study an attempt was made to draw parallels
between hemispheric flow in_the atmosphere and flow fields
cbserved in geophysical fluid dynamics experiements. To
perfocrm this study, hemispheric weather charts were obtained
for the northern hemisphere winter months (Dec., Jan., Feb.,
Mar.) from the National Climatic Center. These hemispheric
charts were obtained for the years 1968 through 1975 and for
December 1958 and January 1959. Also available were hemispheric
charts for September through December 1966 and January through
June 1967. The data were available for all levels from 850 mb

able from 850 mb to 100 mb and the September 1966-June 1967 dat
were available at 700, 500 and 300 mb. The hemispheric data
for this project were received in the form of microfilm. These

data were converted to hard copy rolls by the NASA/MSFC Compu-
tation Laboratory.

It was decided that for this project only 500 mb
fields would be analyzed. Seven tasks were then defined to
reduce this data to a form suitable for analysis.

Task 1. From many rolls, éach containing
about 10 meteorological map series for a
given month, the appropriate map series'
(500 mb) were found, éut from.the rolls
and organized into books.

Tagsk 2, Each map was color coded to simplify
the reading of the data and to help assure
accuracy and consistency in reading the data.

Task 3. Data from each map was read and tabulated.

Task 4. The tabulated data was checked by reading
randomly selécted maps from each time period

and comparing the resulits. Errors could be
examined to determine theéir nature and to
detérmine wheéther similar errors may be pre-
valent throughloiit the entire set.




Tagk 5. Each data set was completed by filling
missing data.

Task 6. The data was put on computer cards and the
data was to be checked with systematic computer
examination of the data.

Task 7. Data was transferred to tape for analysis. .

Tasks 1, 2, and 3 were the most time consumming. Task 4,
besides giving quality assurance, was used also in the train-
ing of Engineering Aides to perform the first three tasks.
The 500 mb data was taken from the 500 mb NWP-Unit map series.
When this chart was missing or regions of a map unreadable

then the 500 mb NWS-maps were used to fill the data, when they

were dvailable. Task 5, the systematic computer examination
of the data for Task 6, and Task 7 were peérformed by computer
programs developed for these tasks.

Three techniques were developed for checking data

accuracy. The first technique was that of Task 4. This check

consisted of the comparison of independeéntly analyzed maps.
This technique was useful as a teaching aid for training
Engineering Aides to read charts consistently but was con-
sidered to be too time consumming and was discontinued when
obvious systematic errors were eliminated. The second tech-
nique was somewhat similar to the first in that visual in-
spection of the data was required. The second technique was
to use the computer to plot all daily values of the parameter
recorded and then to visually inspect theése graphs to find
anomalous values. This techniquée made it possible to easily
spot key punch errors and large errors at & point but it was
still difficult to identify some reading errors, such as mis-
reading a pressure height contour over a significant longi-
tudnal extent.

Consequently, a computer program named GFD/CHK was
developed. This program was to check the data for four types
of error

2-2
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1. Values exceeding expected limits of the data

2. Interpolation errors leading to two consecutive
extrema

3. Interpolation errors transposing regions of
high pressure (temperature) into regions of
low pressure (temperature)

4. Interpolation errors yielding significant

changes in height (temperature) over séveral

consecutiveé data points
This program was debugged and test cases run. Unfortunately
time limits prevented the complete evaluation of the program,
As a result much of the data remains unchecked for these types
of errors. Thus, all errors have been assumed to be random
errors and it has been assumed that they will not significantly
effect the analysis performed.

A second program was developed to replace GFD/CHK.
This program was named GFD/TAPE. The purpose of this program
was to simply fill missing data by linear interpolation, in
either time or space as required, and to place the card image
data on a tape file.

Next a program GFD/SMOOTH was developed. This program
took the data for each winter season. and performed various
running averages of the data. Three day, five day. seven
day, eleven day and twventy-one day running averages were com-
puted. A program GFD/SORT was developed to sort the data
records for preliminary analysis.

When the data processing was completed only the data
for four winter seasons were available for analysis. These
data were for the winters of 1970-1971, 1971 -1972, 1972-1973
and 1973-1974. The data consists of pressure heights at 500
mb for 45 N latitude and temperatures at 500 mb for 30 N and
60 N latitudes.




I1I. ANALYSIS
¢ 3.1 PRELIMINARY ANALYSIS

It has been observed in geophysical fluid dynamics
experiments that the steady wave regime yields wave numbers
t which depend upon the temperature gradient across the annulus.
Thus, a simple hypothesis was proposed:

The wave number structure in the atmosphere

at midlatitudes is directly dependent upon the
temperature gradient across the midlatitude.

<
The atmospheric wave number was counted from the wave structurs
of the pressure heights at 45N. The temperature gradienv was
~ measured between 30N and 60N.
Th» mean temperature gradient G
27 ¢2 y
r
& _ 1 T
G'K[j a¢ad¢d>‘ !
0 @l ‘
e was simplified to
N
12
G = N L (8yT)y
& i-1
where N is the total number of data points. |
) Here

A secoiid parameter was also cousidered for analysis.
This was a shear parameter S.




assumed that

and that

27

)
E%[f%—% azcos¢d¢dl
0 ¢

This was simrplified by several assumptions. First, it was

du . __F(4,)
z adod

A F

3% = a9

where
and_.
86 = ¢5 = by
Then o
- sing, - sins, f AP @A
A ¢2 - ¢1
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Finally, this last }ntegral is removed by

N
zFiM‘i

Sa‘i‘-
A (69 - ¢4) i=1

Now, the area A is given by
2 ,
A = 2ma” (69 - ¢4) cosd,

where b = (0 * ¢,.)/2; and, the wind velocity is
0 2 1

approximated by its geostrophic value

= - &
F fO A¢ in T

With these values substituted
N

g(sin¢2 - sin¢1)
‘ (o, In T)
N a_io (¢2-¢1)2 cosd Ei ¢ i

where

(87) 4 =\%1

since A¢ 1n T is evaluated at equal longitudinal intervals.

These two parameters, G and S, were evaluated using
data for December i970. The results are shown in Table III-1
gnd 111-2. 1In these tables n is the observed wave number and
n is the 5-day running mean wave number. The apparent cor=
relation between G and S comes from the following derived
rélationship

it n et k 4 i
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Table III-1.
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Relationship Between Wave Number and Temperature

Gradient for December 1970 (See Text).

PRI BIS T~ T N« S o> B

_J

L

—d

mm.m:mmc_nmm-mcsmmmmqqmm-1~:~1~l~1

-~

n

PR I I N L R I O S-S U3 BN WS TNCSY S B NS R R B R S U

1
Yy z|aT|

16.
17.
19.
20.
20.
21.
19.
17.
19.
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19.
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" 19.
19.
20.
.00
.03
.31
.25
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28
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36
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19
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.91x10~
.95
.19
.30
.30
.39
.25
.00
.16
.16
.14
.1¢
.11
.23
.29
.24

.32
.54

.97

3-4

3

G/S

.862
.868
.852
.839
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8
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8
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8
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8
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8
8
8
8
8
8
8
8
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i Table 111-2. Statistics of Relationship Between Wave
o Number and Temperature Gradient G.

Correlation
Variable Mean —Std dev . with G

6 0.77 -0.229
4.63 0.56 +0.012
n-n 1.41 0.93 -0.514

Y




T(¢,)
T(¢,)

In T = 1n

but

thus,

. AIT
1a T = 1af—zFa) - 1n ‘1’TTLA¢T)’* T(65)
2

T(og)

Consequently, if T(¢2) does not vary significantly around the
latitude ¢,, then the two parameters, G and S, would differ
only by a ¢onstant factor. For Table I1I-1, this constant
would be (8.8106 + 0.0348) x 103 corresponding to a mean
temperature T (35) = 248K.

Table III-2 further summarizes the relationship be-
tween the wave number and the temperature gradient found from
the data of Table III-1. Theére is a sighificant difference
in the wave number between the observed daily value and the
5-day running mean. Supposedly, the 5-day runhing mean re-
moves transient perturbations leaving only the stable wave
structure. The mean différence in wavé number betweea the
two is 1.41 and this difference correlated with the temper-
ature gradient G with a correlation coefficient of -.514.
However, the range of G for this wave tumber difference is
small, both extrema in the data set not béing included in
the one for the 5-day running average, yielding a standard
deviation of only 0.74. This correlation should be per-
formed over a larger sample to determine whether or not this
correlation has any significance. The "vacillation' between
waves himber 4 and 5 observed in tlhe 5-day running mean ap-
parently has little relationship to the temperature gradient.
Also the "vacillation" in the daily wave number appears to




3.2 INITIAL STATISTICAL ANALYSIS

Following this simple analysis a computer program was
developed to perform the preliminary Statistical analysis on the
entire data set. Thig program included the following operations:

® Remove daily mean from data

¢ Remove semipermanent features from the data
® Count the number of zeros for each day, 2

® Count the number of extrema for each day, P
® /P

J
Compute the ratio RJ = Z

377
2 2 2
¢ Compute the variances Ug » 9p: %R
The results of this analysis were to be retained on a data
file for future use,

The computer analysis was performed on both the
pressure and the temperature gradient data and for the daily
talues as well as the running means. Defining a variaole
$ to be either pressure height or temperature gradient, the
mean of ¢ was calculated for each day

N
: 1
¥ =& E“’i,d
i}

where the j-index indicated that the variable is still a
function of the day aumber. The original field was reduced
tu obtain

‘4'“ - ¢1J - ‘&J

The Y-fiéld wias then analyzed to determine the number of sero

crossings Zj(w) and the number of extrem Pi(w).
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Table III-3.

 Summdry of computer analysis of pressure height

p and temperature gradient AT data for four winter
seasons and for different r-day  running averages
of the data. 2 is the number of zero crossings,
g %s the number of extiréma and R is the ratio of

o P.
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Table II1-3 (continued). Summary of computer analysis
of pressure height p and temperature gradi-
ent AT data for four winter seasons and for
different r-day running averages of the dita.
Z is the number of zero corssings, P the
number of extrema and R is the ratio of 2
to P.
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Also the ratio

was computed as were the standard deviations for all quantities

OZ » cp » OR

Next, the mean field was computed by averaging wij over all
days of each winter season

‘[w‘] i MZ Y13

J=1

Then the yp-field was reduced to obtain
Tii ¥ L [w]
13 = "y i

The resulting r-field was analyzed to obtain Z(g), P(Z), and
R(g) as well as the standard deviations of each quantity.

Each variable was available for four winter seasons
encompassing December through March. Table III-3 summarizes
the mean values of Z, P and R for these four vears. It ap-
pears that one couild interpret Z(y) as giving the basic long
wave structure and P(y) - Z(¢) as giving an indication of
the mean number of transient waves observed. From this point
of view the quantity Z(g) - Z(y) should give an indication
of the vdariability in position of the sémi-permanent centers
of action.
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FINAL STATISTICAL ANALYSIS

The data, having pbeen_processed into five fields
(AT. z(y), P(¥), Z(8), P(&) ). was next analyzed to determine
the statistical structure of the data. This analysis consisted

of the following:

1) A histogram of the ent
prepared.

2) The central moments were computed for each
data sample analyzed.

3) The wave number data was divided as a function

3.3

{rc dav. sample was

central moments were comput
This analysis wag performed for each wavé-)

number variable (Z(V¥), P(y), 2(%) and P(%)
and for each data sample analyzed.

4) A correlation matrix was prepared for the
five variables for each data sample.

data samples were analyzed, as time lags of the wave-
to the temperature gradients were

included:

Several
number variables with respect
considered. These time lags, in days,

At = 0, £1, £2, +4, =8, +16, +32 [days].

an in Table III-4, and reproduced

The histogram show
e numbered

vided into class intervals which ar

in Appendix A, is di
These intervals represent for

sequentially #rom 1 through 20.
temperature difference:
11.5 + k 4 AT <12.5 + K [k ]

-number variables are

where k is the class interval; the wave

given by:

« - 16272, P2 <k,
the division by two reduces these viiriable from zero-crossings
and extrema counts to wave-number. From the Table 111l it is
found that AT < 23.5°K and that the wave-rnumber datda is always

l1ess than wave-nunber 12.

The centrdl moments for the entire dnta set are

PP
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MISTOORAM OISTRIBUTION R QuaLITY
L2 3 v s
i « ¢ 9 8 "0
& 3 o o o 8
3 3 w o0 1 0
4 4s 164 0 79 0
e 95 18 13 828 O
8 13 g7 3 183 .9
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w 7 ¢ 1 0 a
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2 0 o 90
3 o © o 0 0
14 0 0 0 '] 0
$ ¢ 9 6 0 0.
& © o o o @
7 o o 0 0 0 x
18 0 0 0 0 0 o
19 1] 0 0 0 0
20 ¢ o o 0o 0

Table III-<4 Histogram of geophysical variables. Column 1 is the
temperature gradient between 30N and 60N which the class inteérvals
k are given as 11.5 + k < AT < 12,5 + k. Columns 2 through 5 are
Z (¥), P(¥),2Z (%), P (%) respectively; all have béen divided by

two to represent them as wave-number and the class intervals are
k-1< 2:/2, P/2 < k.

CENTRAL MOMENTS

AVERAGE §7D. OEV. SKEWNESS KURTOS1S
1.8927+01 2.6358+00 -7.8772-01 2.1621+01 Lo
7.3926+00 3.8401+00 8.7267-01 3.3387+01 L
1.2669+01 v.5923+00 1.8806+00 5.7323+01 :
8.980pw+ 00 %.5182+00 3.7473-01 8.7636+01 :
1.3486+01 4.3409+00 2.6916+00 9.3230+01 &

Table III-5 Central momcntS of all variablés. The rows are AT,
(), P (), 2 (%), and P (§) from the first to the iifth.
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présented in Table IIl-5. From these data one notices that all
variables have large standard deviations; temperature difference
is negativily skewed whereas the wave-number variables are posi-
tively skewed; and all variables have large kurtosis. Note that
the standard deviation is not the standard deviation of the mean
which would require an additional division by the square-root of
the number of data points, with 484 data points this is 23.
Thus, the mean should be relatively stabl.. Note also that the
wave-number variables have not been divided by 2; thus, the
average zero crossings Z(¢) of 7.3926 yields an average wave
number of 3.6963.

Table III-§ contains four separate tables showing the
central moments for each of the wave-number variables within a
given temperature difference class. That is, thesec data have
been separated and analyzed with respe¢t to the observed tempera-
ture gradient. As before the class intervals for temperature
difference, given in the first column refers to AT

11.5 + k & AT < 12.5 +k [% ]

The second column givés thé number of data falling into each
class.

Table III-7 gives the correlation matrix for the five
variables. The 10 x 10 matrix is laid out as shown below

P(z, t)

AT(t + 8t) 2(p, t + 8t), . . AT(t) . . .
AT(t + &t) :
Z(p, t + St) ‘
P(e, t + §¢t) 1 : it
2(c, t + &t) '
P(e, t + 8t) '
Arce) :
2y, ¢) '
Py, t) v ' it
(g, t) :
[}
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CENTRAL MOMENTS FOR GIVEN TEMPERATURE OISTRIGUTION

Z(y) Avenast $70. otv. SxOALSs wurtosis
} 4, 7.5600+00 e €803-01 =1, 19%7+00 2.3333+90 : !
2 3. 13 3000 9.4881+Q1 «7.0710-0t |.~ﬂgogo i
3 18. !.swsooo 1.8108+00 1,2788-01 a.gsg *Q0
4 s, 7.19%8¢00 a.gussooa 9. 1viuegy 4.919%.00 .
] 9. 7.7684+00 1.98%2+00 =2, 5gv8-01 2.491 304 :
-8 1t3. 7.097300 1.7648+400 3. és'n-et 2.94983400 |
? 118, 7.4 133400 1.8%88+Q0 1.8689-01 2.8381408
] . 7.68838+00 1.9103+00 -1 .78§8-01 2.46879+00 ' ‘
-] 18. v.eoodoog 1.88%3<00 =3,0v88-01 2.547ve00 ¥
10 . 7.18-.1-0 1. agooo -|.amsoou u.s 83+00 ‘
11 . 8.0 ug 0.000 39.440 0.4000 {
12 0. 0.000 0.0000 0.ddoo 0.0000 ;
AVERAGE $T10. Ofv. SUEWNESS KURTOS1S ;
P(Y) P
- t v, 1.0000+01 1.4142¢0 o.ogoo a 000400
2 . 1.1333+01 1.8896+0 7.9710-01 .5001+00
3 . 1.3629+61 2.0195.00 1.1280-02 3.1333.00 }
. us, 1.3v89+q1 2. 136400 1.9191-01 2.0v38+00 j
s es. 1.23588+01 2.0309+00 3.3p28-01 2.9%gve00
3 113. 1.2837+0 2.230%+00 a.gaa =01 3.22%4+00
118, 1.273001 1.9578+00 1.835%9-01 2.30839+00
8 58, 1.33%8+01 2.%090+00 8.3810-02 2.2139+00 2
9 18, 1.3887-01 1.8b3%e00 =7.%888.01 3.6409+¢
10 7. 1.3288+01 1.2779+00 ~1.3018-01 2.36898+0
11 o. 0.000 0.0000 0.0000 0.0 ‘
12 a. 0.0000 0.0000 .00 o 0.0000
AVERAGE 8%0. okv. SKEKRESS KURTOS1S
2(z)
{ w, 9.00080+00 1.7381 .00 -1, 13'.1»60 2.3333.99
2 3. §.9000+00 1.8330+00 1.9000+00
3 19, 9.58497+00 1.8481+00 § e.xgmoo
" us, 9.2687+00 2.0913+¢0 -dé 2. éhvsooo
S . 9.388%+00 2.2304+00 7. sm-aa 2.9%1%9+00
s 13, 9.0798+00 2,2u38+q0 1.0783-01 3.3%89+00
7 1%, 6.9739+00 1.9829.00 =3,1207-01t 2.4260+00
9 . 8.9819+00 2.0188+00 «1.7198-01 2.3420400
g 18, 8.4%309+30 2.2191+00 »,826%-01 1.8913+00
10 . 7.714300 1.8860+00 2.7218-01 1.4931+00
1" q. d.d00n 0.0000 .0000
1] 8. 9.20%0 0.2000 8.0000 9.2000 .
P(2) AVERAGE §10. oEv. skEungds xuATOS1S
1 ., [ 31 1.0000e00 o.nodg 1.0080+0
2 3. 1.8 2.uGuhe0n 3.3180-01 1.,4898+0
3 38, l. é 1,779 cog «2.0887-08 2.6421+00
I s, t. 363, g a.d8%%.9 3. 0-01 2. vg84+00
9 o, 1.330%0 2.0868%-00 199+0{ 2.1218+00
] 3. 1.3689+01 2.0988+00 7 3137-92 2.1982+00
T 118, 1.3409+0( 1.5019+00 -»,8891-02 2.4788+00 .
) 83, t.3%28+01 1548000 w, Telyedy 2.3%48400
9 18, 1.4800+01 3.186%+00 a J!BJ-OI 8.984%0+00 :
10 ’. 1.2000+01 1.0680+00 3.4989+00
i 8. 0.0000 .0000 o ouuu 8.0000
12 8. 0.0000 0.5000 0.0000 0.4800

Table 1I1I-6 Central moments for given tempetrature distribution. .
These four tables refer, respectively, to 2Z (), P (y), 2 (), and
P (%). The first colimn is the temperature difference class inter-
vals Kk and k + 11.5 < AT < k + 12.5°%. The second column is
the number of cases following into each category. ¢
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where 8t is the lag time. Quadrants I and III give the auto-
and cross-correlations at given times; quandrants II and IV give
auto- and cross correlations at the lagged times. Since 6t=0
for the results in Table III-4 al’ yuandrants represent identical
5 x 5 matrices.

The results obtained_from this study do not confirm the
simple hypothesis stated in the beginning of this section. It
vould have been surprising to have found otherwise as early works
of Bolin and Smagorinsky had demonstrated the relationship of the
semipermanent centers of action to orography and to baroclinic
zones at land-sea boundaries. Figure III-1 shows the cross-corre-
lation of the temperature gradient with the wave-number variables.
None of the correlations exceeds r=0.2. The fields with the sea-
gonal meatr removed have smaller correlation than those with only
s:he daily mean height removéd. This is perhaps an indication
that the oscillation in position of the long waves is less corre-
lated with the temperature gradient than the number of waves.

The results of the préliminary study which showed some
indication that the number of transient wave might have a better
correlation than the number of long waves was not pursued. The
subsequent results shown in Figure III-1, however, may give a
further indication of this result. This is seen in the fact that
the number of extrema present correlates better with the tempéra-
ture grdadient than doés the number of zero crossings. This is
predicated on the idea that the basic long waves are more likely
to result in pressure height differences leading to zero cross-
ings than the transient waves. This result could be easily
tested by removing the 5-day running means from the data and
performing the analysis once again.

Perey
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This analysi
similar to Tables 111
each lag time analyzed. .

s was carried out for each 1ag time. Tables

-4 through III
These tables are to pe found in Appen-

<7 have been constructed for
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IV. CONCLUSIONS AND RECOMMENDATIONS

In conclusion, the original simple hypothesis that wave-
number is directly related to the meridional temperature gradient
is not supported by the results presented in Section III. There
are several reasons why such a relationship, at best would be
difficult to establish. First, it is not clear that the thermal
Rossby number of geophysical fluid dynamic (GFD) experiments is
directly correlated with the meridional temperature gradient of
the atmosphere. Second, the ground state of the GFD experiments
{$ a zonal baroclinic fluid flow and that of the atmosphere is
an orographically perturbed baroclinice flow. Third, besides
the orographic perturbation present in the ground state, a longi-
tudinal temperature gradient at land-sea interfaces serves to
further perturb the atmospheric flow. Fourth, it is not clear
whether or fiot a temperature gradient wave structure relationship
in the atmosphere is a hemispherie relationship rvather than a
local relationship.

Many of the uncertainties in setting forth hvpotheses
relating GFD experiments and atmospheric circulation certainly
arise because of the complexity of atmospherie circulation.

But cqually responsible is the lack of data from GFD oxperiments
appiroaching atmospheric ciruclatiois, First, the atmosphere {n
all probablility cannot be equated to a steady wave regime vactle
lating between two wavé-numbers. It is probably related to the
unstoady regimes of the GFD experiments. This ttself does not
rule out a simple wave-mimber - temporattird pradient livpothesis
since the tean wave-number of the ulisteady rogime may very well
be related to the imposed temperature gradieat.  The author

Knows of no data which will clther support or deny this suppo-
sition,

Second the relationship between wave-tiumber dand tompor-
attivre gradioint has boeu ostablished in a GFD expetriment with
imposed ovographic boundary condittons,  This would appoear to be




& simple oxporiment roquiring only
be repeated with barriors
an experiment in the steady three wave regime

would appear to oftep intriguing possibilities
knowledge no such data oxists,

that provious axporiments to
imposed at the lower boundary.  Such
with twe barriers
« To the author's

It is recommended that future
experiments to the atmospheric circulation be ditected toward
more specific physical relationships,
clear that vacillation in GFD exper
pPosed wave-npumber tp ave anplification phenomena
in the atmosphere. However, a study
ena should prove pProfitable whether Pursued on the |ynoptic;
analyvtic or on the theoretical level. It is anticipated that
SuCh a study on the Synoptical’analytic level would not be global
in scale but would be & more detatled throe-dimension
of the isolated soctor w

from current GFD
simple pel

eftforts in relating GFD

For instance, it is not
iments carresponds to S[up-
ansitions opr ws

of the atmosphorie phenom-

al study
Rosults
comparaed although

here the clanges ape found.
studios coutld then Lo divect y
ationships should pot be anticipatoed.
A second path vould be to modi £y the
themselves,  This vould require the annly
as the uasteady wave p
riers,

GFD oxperiments

si8 of suel oxperiments
eximes and wave p

times modifiod by bap-
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APPENDIX A. DATA ANALYSIS SUMMARY

The analyses presented in this section consists of all
analyses conducted during this study and have been discussed
in Section IIl of this report. There are three types of tables
collected in this summary for each of the time lags analyzed.
In addition, the first table found is the histogram of all data,
repedted from Table III-4.

The central for.a given teémperature distribution are
those obtained for each wave-number variable, N ( ), Z ( ),
N (), 2 () dividing the data into discrete sets associated
with given temperature gradients. The first column in these
tables is the température gradient class interval k

11.5 + k < AT < 12.5 + k.

The second cclumn gives the number of the data points found in
each category. The central moments then refer to those data
found in that particular category.

The central moments of all data are given for each
time lag because the data set is reduced in number with each
increasing value of the time lag. The five rows give the cen-
tral moments for AT, N (v), 2 (¥), N (g), and Z (%) respectively.

The correlation matrices relate the auto-correlations
and cross-correlations found between the variables. The matrix
elements may be identified from the organization shown below.

AT(t & &8) (e, t + 8¢t), . . AT(L) .

(e
a9,
Plo.
e,
L E N

Atie)

2o N
Py, t)
e, )
PLL, t)

&)

s St)
ét)
at)
)
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> * @
- - .- - e - -
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oF GINay, PAGE 1y

POOR QuaLrmy
¢ 1
WUX o Win Wwe 3 i
CENTRAL MOMENTS FOR GIVEN TEMPERATURE OISTRIBUTION
20— AVERAGE st0. Bev. soetss NTOS1S i
1 ¥ 7.5000400 ¢.6803-01 (. 1547600 2.3333+00 v
2 . 2.3333+00 9.4281-01 =7.0710-01 1.4899+00 b
3 58, 8.9143+00 1.8108+00 1.:155-81 2.8309+00
" us, 7.1%88+00 :.ms:go 9. 1uiie=0] ¥.9) wg
8 o8, 7.768%+00 1.9852+00 -2.9guS-01 2.4513+0
8 TEN 7.0973+00 1.7848+00 3.1577-01 2.9
7 118, 7.«§3ooo 1.8%65+00 1.8899-01 2.8281+00
8 82, 7.E9309+0 1.9103¢00 -1.76868-01 2.98!975‘
9 18. 7.8030+0 1.6683+00 «3.0466-01 2.54T+00 .
10 1. 7.7143+00 1.8680+00 ~1.8108+00 ¥.0383+00
11 e. 0.06p0 ©.0000 0.00C0 0.0000 i
e 0. 0.0000 0.0000 0.0000 0.00b0 e
1
PW) AVERAGE STD. OEV. SKENESS KURTOS1S v
1 .. 1.9008+01 t.woeoﬂg 0.06000 z.aogﬂooo ;
2 3. :.mgoox 1.88%8, 7.610-0} 1.50 nog ;
: - 1iBega-0] S Saaec00 R 3:4353e5 () |
] . 1.2358+0 aigsoszsn 3.0028-01 2.58%+00 s
8 18, 1.2837+01 2.2304+00 2.6821-01 3.22%4+00
1 155. 1.2730+01 1.9970+00 1.8393-01 2.3899+00
8 . g. 1.3348+01 2.4080+00 3 10=-02 2.2139-00
0 1. 1.3867+01 1.543ue00 -17.8858-01 3.6409+00
10 7. 1.2288+01 1.27768+00 -1.3%16-01 2.3080+00 3
1t 0. g. gnn 0.0000 0.0000 6.0000 ;
12 o. .0000 0.0000 0.0000 0.0000 ,‘;
E
(ro
%) AVERAGE sTo. oEv. skeess Kurtosts o
. i
{ .. 8.0000400 1.7321+00 -1, {8u3e00 £.3338+00 ¥
] 3. 8.00 3~oo 1.6330+00 ©6.0000 1.9000¢60 - Y
3 38, 8.8857400 1.6981+00 ~3g80-~01 2.1615+00 1
v s, 8.2687+00 2.0813+00 -3.4731-02 2.1679+00 :
s 9. 9. 389%+00 2.2304+00 1.51-!'-02 a.gs +00 ¢y i
8 13, . §.0798+60 2.2428400 1.0763-01 . 3889400 T
ki 118, .gtmon 1. 00 -2, 120701 It sooo -l
[} %2. 8.96180 ;.0 +00 -1.7190-01 .34 ‘gn s
] 18. 8.4000+00 218100 .82e%-01 1.8913+00 4
10 1. 7.7143<00 1 .8!28000 2.7238-01 1.4931+00 ¥
11 0. 6.0603n 0.00 8000 0.0000 )
12 0. 0.0050 0.0000 .0000 0.0000 ’
i
:
AVERAGE st0. fEv. SKENNESS KURTOSIS e
B(g) N ) :
1 ., 1.1000401 1.0000400 0.8008 . 1.0000+08 ’
] 3. 1.288701 2.4guwe0D :.gm-oi 1.4880+00
3 s, 1.3771401 1.7742+00 -g.0867-02 8.6421¢00
. s, 1.34E2+0) a.mmg 3.4800-01 .\ogsnono
] 93 ‘ 3308401 2.Q285+0 ¥,5199-0) 2.721800 \
8 113. +389Re01 2.0088¢00 7.3127-02 2.1982+00
97 118. 1.3%0D+01 1. 013‘00 -4 B601-02 2.4768+00
] 82, 1.3530+01 i +00 4w, 743401 2.2%46+00
9 is. 1.4800401 . 1668400 s.uas-m £2.8840400 i
16 7. 1.2000+0) 1.ns=n-uo .0000 3.4906+00
1 0. 001} .00 0.0000 0.000
& 0. 0.0030 0.0000 0.0000 0.0000
Certrdl moments for given tedperature distributiocn.
These four tables refer, respectively, to Z(w), P (v), 2 (), and ,
P (2). The first column is thé temperature differeance class iater- !
vals & and C ik o+ 11.8 < AT < k » 12,83'%. The secodd column is
the dumber of cases following iato each categorr.
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CENTRAL MOIEWTS FOR OIVEN TEOPCRATURE OISTRIBUTIUN '
U ‘ AVERADE sto. tev, SXCMESS KURTOSIS
\ ., 9.8000¢00 l 03=01 o). iSuTe00 2.3333000
] ’g 9.3333¢00 V=01 -7 0?!0-0! 1.,4988+00
3 . 8.9143+00 | mo +00 a.tusoog
» v, 7.1010:00 l‘gg‘ .00 vﬁﬂl-dl u.n:lo-g
9 9. 2.783e00! 1.9880+00 -I o8sd-0t t.:g=s~ ]
8 |%. 7.0673+00 1.7840¢0 xsnwl 8. ]
? 118, 7.wu3%¢00 1.8%68+0 .8899-01 2.62810 :
° . 7.69 gooo 1.9103+00 -|. -0} 2.4879+00
] .. 7.7143¢08 1.8680+00 -4.8910-0 2.78%700 ;
10 1. 9.7{%300 1.6868000 -l.ugaoo w.0383+00 i
1 d. 0.0003 0.0000 0.0000 0.0000
e 0. 0.0000 6.0000 0.0000 6000
P » RAGE $10. OEv. SKEWNESS KURTOSTS i
} .. 1.6080+01 1. w1efedo 0.9090 2.6000+00
3. 1.1333+01 1.589800 7.0710-0} 1.9801+00
; 3 . 1.2620401 2.0188+00 1.1280-00 3.13 ouu
. ue, 1.234801 2.1478.00 1.0207-01 e. oa
s 03, 1.2387+01 2.0378.00 2. 77901 g .G ooo
8 1"y {.8637+01 2.3304+00 £.6821-01 229
7 18, 1.873+01 1.9870000 1.8398-01 2. !l'l-o
8 . 1.33v4¢01 2.4000+00 8.2010-0F 2.2139+00
9 N, 1.%08301 1.8119+00 «§.82:6-01 w. 3747400
10 . 1.2883+01 1.277800 o1, Jv168-0! 2.3 ea.oo
11 . 0.000 0.00 0.0000 6.000
12 . 0.6000 0.008! 0.0000 ©.000 o
avtiwaot 78, OLv. SKEWNESS KURTOSIS
-
«(3) )
| .., 9.00 ouos 1.7321+00 «{.1847¢00 2.3333+00
2 3. n.gg 900 1.8330+00 0.0060 1.8000+00
3 8. 8. a1oog 1.8vg1+00 1. 39400 2.1619+00
. ww, a.ivawoo 2. 1188400 o, 2913 &.1%]3+80
] e3. 8. 1:3- 0 2. «00 9.148%0 2.8907+00
[ 13, 9.0768+00 e.sn.eooo 1.0783<0 378900
? ns, 8.9739-00 1.9829+00 ~B.1207-0 2.4280400
. (] e, 9.9613¢00 "35°°'°° 1.7 2801 2.3%2000
e '] te. @.%E6800 2.2902+00 v 3108-01 1.781000
10 1. 7.7143¢00 \.aagoooo é.7838-0t 1.993100
. 1{ 0. s.gcn 6.0000 0.0C0 0.400
. i 1 0. .6000 0.0000 8.0J00 0.0000 o
o AVERAGE 10, 0LV, SKTNCSS KuRteS1
]
! B3 1 ., 1.1000Q1 1.0000+00 g.oogo 1. oouoooo
; [ 4 3. 1.8687+01 2.:uPne(d .0180-01 1,999
| 3 3. 1.377101 1. TINEe00 «£.0887-08 2.0%R1¢0
n ; v, 1. 3uBNe0t 2.270900 3.8108-01 £.480ue(
R 0. 1.353%01 B.0192+00 . 864401 2.7128+00
! 8 113, 1.3863+0) 2.0008+00 *.318v-00 2.:982.00
: 7 18, 1.3%08¢01 1.8918+00 o, 589102 a.nvaso ]
| L] 82. 1.383)001 5.u~eo- 0 N, NSOl 2. +00
! ] .. 18183001 99500 2.wwn 301 3.329%:.00
i 10 2 1.200)¢01 1.0690000 0.06000 3.4990+00
) n 0. 0.000) 0e0 9.0600 0.0000
: 1] 0. 0.000) 6.0000 ©.0000 0.0000

(
|
|
)
|

Cedtral soments for givea compen'ure distributioa.

' Thess four eablat refer. respectively, to (), P (w). o (3., aad
9 .3). The first columd is the :empormture di2ference class latere
va.s &k and B« 11.83 ¢ AT ¢ &k« 12.5°%. The second column i3
the aumber of cases followildg tato each category.
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OF POOR QUALITY
‘ uX o 0 Wwe 3
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CONTRAL NOMENTS FOR 0IVEN TEMPCRATURS DISTRIBUT!ON
o) AvERAGE $10. oLV, Saecss \umTosis
| . 7.5000008 9.8803~ o1, 84900 338
8 ;. 7.3333¢00 8.4 1-3{ .7_&1.0.3 -~ .8‘
3 3N, +9918000 1.0302¢30 0.6088-0 2. 101ve
" s, . 1588400 Nt g +1Nwseg) %, 518880
2 03. 7.7M19¢00 1.872we0 J7787-01 Je3vfed
113, 7.0073+00 1 eoss . 1577-04 :. *0
? e, 'moog 8383 03201 846w 00
. a8, 7.33 oos 1.8103¢0 ~1.7860-01 2.4679+00
9 18. 7.800800 1.389300 =3.0%68-01 2.%9%00
10 Z' 7.7143¢00 &.sas +00 -l.sn +00 »,0383+00
m . 0.00%0 . 0000 0.900 .00
12 e. 0.0030 .5000 0.080%0 .0000
= Py) AVERAGE- $70. oEv. SREWNESS XURTOS1S
— ., 1.06606+01 1.41%2e00 8.0000 8.0160+0
‘ 3. 1.1333+01 1.89%6+00 7.0710-01 1.5801¢0
B 3 3. 1. +01 2.0309+¢0 8.16821-02 3. 1847
= . us, 1.298901 a.:sgbona 1.w181-04 2.0438:00
5 83. 1.2280+01 1.980v+00 :.lggu-on 3.0239+00
® 113, 1.2837+01 &.230%+00 2.8821-01 3.22%.
Z 1y 1.273701 2.00%8+00 1.8 3vap) a. N
sg 1.3348¢01 2.4090+00 8.2910-02 2. |g9oo
] 9 18, 1.38687+01 1.5%34+40 =7.5938-0] 3.68408¢0
10 7. 1.228601 1.8778+00 «1,3%18-01 2.3 gsou
. 1 0. 00 000 0.0000 0.0
s 1 . .000 0.0008 8.0000
s 22 AVCRAGE $70. OEv. SKEHNTSS KURTOS!S
st & :
: ., 000900 1.7321+00 =1,]847+00 £.3333+0
.y 4 3. .ooooogo l.ﬂ§§0000 . o.QBOo 1.933390
¥ 3 . 87100 1.681100 §.§a~a-o| 2.1657+00
% . us, 286700 2.091300 *3.4731-0 2 lB’R-SG
[ ¢3. Jel1Bve0 2.2 e00 4, 04810 2.621900
o, 6 113, +0798+00 2.2428+0 1.0763-01 . 3389400
=0 7 ., 3.000d+0u 1.9812+0 -2,2873-01 ~7gsoog
i [ . 19400 2.0188¢ =1.7180-01 2.3%20+0
o 9 1%, .400+00 2.21%1+00 %, 620901 1.8913+00
= 10 7. 7143400 l.aug-oo 2.7238-01 1.%831 00
o 1 d. 0000 0.000 0.000 0.0000
5 12 0. .0033 6.30uy 0.0000 ...——9.0000
3 AVERAGE $10. dEV. SKEMNESS KURTOS S
== . 1 .. 1.1860001 1.0060+00 .80 1.00060
(2) 80 5060 0.8 6
- » 2 3. 1. ;-on 2. vguvedd 3.6180+-0) 1,980
o 3 e, 1.3788¢01 1.799700 -9.515 -U3 2.783%+00
: % S, 1.3482+01) 2.2487+00 3. go =01 2.4B5400
) 3. 1.3289+01 2.0274e00 8.3 gv-ol 2. o
8 13, 1.3889+01 2.0830+00 2.3187+02 . 1882+00
7 1. 1.392101 1.9048+00 =8, 4Beg-0p .WI9800
] 52. 1.39309¢ 1.9+680+00 w, NeSuegl 2.2%48¢0
9 18, 1.483000) 3.166%+0 g.axe:-o| 2.8840+0!
10 7. 1.800001 1.0898+00 .nngo 3.4699.00
1 0. 0.0000 g.nocg 0.0060 ¢.0000
e 0. 0.8000 000! 0.0000 0.0000

Central moments for givea temperature Jistribution.
These four ctables refer, respeéctively, to I (i), P (). 2 (z), and
P (3. The first column is the temperature di’ference clLass iater-
vals i and €+ 11.5 < AT < k = 12.5°K. The gecond column :s
the aumber of cases following iato edach sdtegory.
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CINTRAL MOMENTS FOR OIVEN YEWPERATURZ DISTRIGUTION Lo
) A
!
2(p) AvERaOL 0. otv. SRS XURTOSLE 1
A . 7.8000000 $.0803-01 1.1 " i
[ 3. 1.33: *00 9.%281-0) *2.0 |3:g? ?.5383.8%
3 N, 8.9%15+00 1.0300-08 9.883§- 8. 191000
. we, T. 101800 2.0980+0 8.7908=-0) %.%319+00
3 9. 7.7391+06 1.8829+0 -3.7828-01 2.40MegD
1., ? cu:sogo 1. g-o g.ssuo-on 3 298| v00
b Ve, 7.473% s 1.9383+00 .0Xe@=01 +SwBve00
L4 2. 7.6838+0 l.gAOJ'OO -1.7086-04 8.9679+00
9 18, 7.6000+00 1.8853+00 =3.0%@8-0) 2.5 Tvei0
1 o o.0000 " pigesero  cj2iseeds  wdwmieoo
1w 0. ..—o.000¢ 0.0005 0.0000 2.000%
PGi) AVERAGE $10. ogv. SKEMNESS KURYOS1S
1 . 1.00006; . 0801 .
: 3 1355001 13858008 $:5918-01 RN
3 N, n.assg-nn 2.0309+00 4.1021-08 3. 184700
3 .., 1.29800+01 2. 179%+00 1.831%e01 2.00603+00
[] .. l.&‘egnm i, «00 31.3919-01 X.0uwT@e00
8 1"t 1.2831001 2.213%.00 2. 71801 3.3818¢00
7 s, 1.873%e0) a.oé~ +00 1.5v3-01 2389500 ’
[ sp, 1,308} 2.4090+00 8.2910-02 2.2139+00
9 18. 1.396%9) :.snsuoog ~7.8959.0¢ 3. 8409400
TR R - s o S T
. . . 0
1”2 0. 0.0000 ¢.0000 o.ouo g.bong
AvERadE $19. OCv. XL SS XUNTOS1S
D) 1 .., 9.0000+60 3 -n.ngnv.oo &.3333400
5 3. 0.0000+06 | u 30+00 0.080 1.9080+00
Sv, 0.6471+00 1 1+80 | 82001 2.1897.0p
. w, 8.316800 a ssooa -8. n-n 2.2308+00
] o8, s.~i~a-oo 2.5%2)+00 e 268 55 2.9131+00
[ i, 9.083:.00 2.2932+0 (18 3. 39200
? FLN 9.0000+00 ! §§ 2 -a .2673-01 &.%708+0
] o, 0.98:%400 2.0188+00 «1,2190-01 2.3%20+00
0 18, 8.%00C+ 0! 2.2181.00 . 82089-01 1.8913+00
10 1. 7.%183e0 1. 66860000 e. 7esa-o| 1.%931+00
1 0. 0. 6oy 0.0000 0.0 o.nggo
2 0. 0.000¢ 0.0000 c. nooo 0.0060
) avERADE 810, v, steess mAtostS
1 ., 1. 1800401 1.5000+066 n.oaog 1.000000
] 3. 1.2687+0) 2.9Nue0d a.ong -0} 1.N9P0+00
3 3, 1.376%+0) 1.7987.00 =9.2150-03 2.783%e08
. ., 1.36498.0f e.gﬂesoou g.aia&-on 248500
'] of. 1. 3281004 2.0370400 .3981=00 2.7838+00
8 n. 1,387840) 2. 1080+00 9.8306-02 £.19%0+00
7 e, IBIG ] 1.908240 =8 w§g-0p 2.479%00
[ ] a2, 1. 393F 0§ ) . SuBDeg . Y0l B.29000
[] 15 1. 40U «01 3. 148%00 e. !!as-on 2.88%0+00
10 3 1.8000+01 1.08R000 0.0000 3.9999+00
1t (] 0. 000¢ 0.6000 0.0000 0000
e 0. 0.0000 0.0000 0.000¢ .0000

Ceatril cements for given tomp.r:cur. dtstrtbu:.on
These four tables refer, respectively, to (1), P (), S (2). and
P (3J). The Zirst colums i3 the comporacuro dilference clags inter-
va.3 & and R« 12,8 ¢ aT < k » 12.5'8. fTue second ¢olumn :s
thé aumber of cases tollovtnc iato e:cb sategere.
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CONTRAL MOMENTS POR GIVEN TENPERATURE DISTRIGUTION
2(3) AVERAGE $T0. OEV. S ss KURTOR IS
| ., 7.5508+00 9.6803-01 =1,1%47+00 2. s-og
| ,;. 7.3333+00 9.%281-0) -7.07l°-=l 1.4990+00 -
3 . 8.9143+00 1.8108+00 1.2788-01 a.sggsoou ¢
[ w3, 3.2083+00 2.079-00 §.4482-0] w, 3800400
E) $e. 7.1susogn 1.9082.00 -2.9013-01 é.svaooog
8 108 7.0486+00 1.7473+00 3.42%5-01 2.6%00¢0
? 1. 7.4485+00 1.8389+00 2.23Te-01 2.8946+0
8 . 7.85838+00 1.9103+00 -1.7868-01 2.4879+00
8 1%, 7.714T+00 1.8680+00 =4.8910-01 2.7847+00 I
10 2. 7.71%2¢00 1.6880+00 -l.aAos-uo “.0383+00
1) 0. 0.000¢C 0.0000 0.0000 .0000 i
12 0. ——p.00uC 0.0000 0.0000 0.0000 {
I_'. g
_ : averaut $10. OEv. Sxoess . riosts |
2(4)
| ., 1.0006+01 1.414pe00 6.0000 2.0000+00
2 3. 1.1338¢01 1.§8%8+00 7.0710-01 1.5001 +00 i
3 13, 1.2825+01 2.019%00 1.1220-02 3.1333+00
3 w3, 1 25;5-01 2.1607+00 1.%323-01 2.068%+0,
s 90. 1.2398+0) 2.098%+00 3.1423-01 2.8%29+00
8 108. 1.2697+01 2.3402+0 2.2929-01 3.2217+00
? L. 1.26868%+01 1.96818+0 1.63US-0 2.488+08 H
8 %2, 1.33w8e01 2.408000 9,2D10-0 2.21359+00 2
] iw, 1.%000+01 1.91)9+00 -9.92168-01 . 37700
10 1. 1.2268¢01 2718+00 =1.3%18-01 2.3880000 3
11 9. 0.0000 .0000 0000 ©.0000
12 D. 8.0000 0.0000 0.0000 0.0000
AVERAGE ST0. bev, SKENNESS xURtos1s AR
4
22y i
nln H
( 1 ., s.ooobogg 1.7321+00 =1.1%7+00 2.3333+060
2 3. 8.0060+ 1.6330+00 0.0000 1.%000-00
3 3. 8.68%7+00 1.8481+00 1,3840=01 2.181%+00
. 3. 8.2781+00 2.138%+00 -5.1301-02 2.0948+00
s . $.3776+00 2.2¢39+00 1.1368-01 2.9%8+00 i
8 108, 9.0836+n0 2.2752+00 1.0373-0) 3.20%8+00 :
b i, 9.009C+00 1.970%+00 -2, 5t 2.%%17+00 )
8 8.9815.00 2.0188+0 -1.7196 .01 2. 3%2000 k
9 I, 8.4%26L+00 2.2802+0 . 310¢~01 1.751000 3
10 . 7.713400 1.6660+00 2.7238-01 1.4931+00 ¢ ;
1 0.001it 0.0000 0.06000 0.0000 :
12 0 0.000¢ 8.0000 0.0000 n.ngno 2
4
2(2) AVERADE $10. O SKEUNESE ——.  KURTOSIS
»
1
3 v,. 1.1086+061 000040 6.0000 1.0000460
F ] 3. 1.8887+01 P 3.8180-01 n.nsgs-on
3 1. 1.3771+01 1. Tvée0 =2.0887-02 2.8421 00 i
- w3, 1.333%01 2.8348+00 3.8867-01 2.vs13+00
) 90. 1. 350001 2.033000 ~.3%B1=0} a.egagoon
. 8 109. 1.37Gi+01 2.1111400 . 9880 2. 1657400 !
N 7 1. 1.390%+0) 1.8086+00 ~8.0378-0 2.480)+00 !
[} 5. 1.38360) 1. 9vE0-00 %, Ydee) a.asvg-eb i
9 te, 1.81-30) 2.9968+00 2.win3e0) 3.3894.00
10 1. 1 eggo-ol 3. 069000 0.0000 3.4580+00
1 0. 0.0800 0.0000 0.00 s 0.0009
1 0. 0.0000 0.000% 0.000 0.0000

Cedtral momeats for given temperature distributiod. o

These four tibles refer, respectively, to 2 (%), P (u)., = (2). and
P (3). The first column (s the tumperature di’ference ciass iaters
vals & add k+ 11.8 ¢ 3T < & « 12.3°%. The second column is

the aumber of cases followilg into each categors.
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CENTRAL MOMENTS FOR GIVEN TEMPERATURE OISTRIOUTION

o w

Lo
B y y H v}
2(9) AVERAGE $70. DEV. SHCNESS uRtos:s ‘ %
1 ., 7.8000+00 o.eso{-én -1, 154700 2.3333+0 i
2 3. 7.3333+00 $.4891+01 =7.6710-08 .4gg8e0
.3 N, 8.9412+00 1.6302+00 .66%8-028 19 1%eg ;
“f' 7.8381+0 2.0909+00 8.0816-01 N, ;oa ,
9l. 7.8923+ 1.8925+0 -3,3838-01 2.3523+0
108. 7. o 1.7719+00 2.9914-01 2.5828+00
7 113. 7.4336+00 n.vﬁngoou 1.9vQ3-0) 2.5813+9
8 81, 7.6070+00 1.9002+00 =].4038-01 2.5087+0
9 1% 7.8000+00 1.6653+00 -3.0486-0 2.947ve00
10 2 7.1;-43-00 1.8660+00 =1.2108+0 u.0363.00 ]
1 [ .0 gn 0.0000 0.0000 0.0000 1
12 0 0.0000 ©.0000 8.0000 0.0000 ;
E
AVERAGE $TD. DEV. . SKEWNESS KURTOS!S ;
P(w)
| ", 1.0000+01 1.4142¢00 0.0p00 2.000000
2 3. 1.1333+01 1.08% oog 7.0710-01 1.5001+00
3 N . .01 2.0309+0 6.1821-08 3. 12700
- w2, 1.282ue01 2.1648400 1.28%0=01 2.0229+00
3 81, 1.224%2+01 1.89%53+00 3.6310-01 3.0727+00
10d.. 1,2630+01 2.238%+00 2.8976-01 3.2629+00
7 113, 1.2743+01 2.0123+00 1.4486-01 2.351%+00
e 51, 1.328%01 2.4034+00 9.2899-02 2.254%+00 J
9 18, 1.5 5701 1.943lke00 «7.2538-0i 3.8408+00 .4
10 7. 1.2286+01 1.2778+00 -1.3%18~01 2.3698+00 b
i1 0. ©.0000 0.0000 ©.0000 0.0000 ¢ ;
12 8 20000 0.0000 0. 6000 —0.0000 ;
!
4
AVERAGE STD. DEV. SKELNESS KURTOS1S ¥
U3 ) . i
1 .. 9.0000+00 1.7321+00 «1, 1850700 8.333%.00 1
2 3. 8.0000+00 1.8330-00 0.06000 1.5000+00 y
3 3, 8.6471+00 1,8611+00 1.9248-01 2.1687+00 :
4 va. g‘sbéwuo 2.1039+00 =1.4007-01 2.2360+08
3 T .0E5+00 2.2u82+0 4, 432%-02 2.9481+00 :
108. 9. 0%5+00 2.2883+0 1.2188-01 3.33%%+00 ]
? 13, 8.9912+00 x.sﬁ;gooa 2. 141401 2.4887.00 h
8 LT 8.9412+00 2.0332+00 “l.8%iu=0) 2.313%00 :
9 18, 400000 2. |5&o 0 w.808%-0) 1.891300 o
10 7. .TI%3e00 1.6880+00 2.7238-01 1.463]+00 .
11 s 0.8000 0.0000 0.0000 0.0600
12 . 8.00u00 N T — 7. 6.0000 3
)
X2) AVERADE £10. OBV, SKEWNESS EURTOSIS i
R O = R+ P '
. . bl . b . ! . Ad
3 v, 1.37€9+01 1.7697406 - .a:gg-ns e.muogg |
] ud, I 5.3:13-00 3.3880-01 2.381% |
8 oi. x.gsvsoon . 043800 8, 2230-01 2.7409+00
8 108. 1.38i1+01 2.0986+00 1.5386-Q1 g.aaosooo :
? 113. 1.3»% o0 1.81268+00 =%, 6930-02 .81 3+00 J
[ 8, :.33 Re01 1.9528+00 v, 417601 2.2308400 g
3 19, 1.480¢ +0} :.tgss'uo €.3303-01 2.9840+0! ;
10 1. {.200¢+03 .0885+00 0.0000 3.4595¢0
1 0. 0.000¢ 0.0000 0.0000 0.0000
12 e. 0.000C 0000 0.0000 0.0000

Central momedts for given température distribution.
These Zour tiblés refer. regpedtively, %o 2(¥), P (u), 2 (32). aad
? (3). The first column (s the temperiture difference class ilater-
vals k and k » 11.8 < 3T < & « 12.53'K. The second colums is
the dumber of casés following into each category.

A-16




R 2 IR O T T T T T ST T T o T e - - : = 3

R e S A G A A S St S e SRR

<A
ozars il

|

|

3

,_ :
-3 _”
i !
i :
. :
- !
; ‘
10.0%0%. 100568 0OIOLET  10-S2BEC  10-191h°  00-0191°  10-BESL'  10-8E9C°  00-0901° 10-016L- |
i dooveca.  lo.oo01"  00.6812:  00«hEON'  10-0B11°  10-2B87°  10-F2LI'-  10-nihe:  o0.Gona-  oouSL’
y T0-ees.  o-eata;  0.0001"  QOeeSMET  00«2nhi’  20-LEBA'-  10-ANLE-  0-FCIS-  10.6o0-  oguions- #
10-$TE.  00.h20hT  DOeAORIT  10D0DI  10-6GES"  [0-OELE -  10-1.5h'- 20610  fosien  aeieal !
n couobar.  Jo-03ni  00.2mmi: 106559 1040001 §0-2066'- 20-£SBN-- 10862~ Sg-Sier-  omacat. ;
| foooca:. l0-2mat:  20-i68h'-  10-ORLE'-  10-2666'-  10-0001°  10-%988°  00.950L°  fo0-cece- o tooe. :
; A oar8e.  J0-TAh-  S0-AMEI-  10-116h'-  20-£06K°-  10-4388°  10.00DI°  00.GOFF-  O0iboer-  on-edn. :
i Soooogl  A0-atwA:  IG-€6167  20-£6(A°  10-O.82'- 00.9G3E°  00+STl2®  $0.0001°  90.cor)-  soriime.
_ i Q0.508). 30628 N0-BROE]  HO-ISST  20-20EK  10-SO6E°  ODewSEE  00-C6M1-  10e0001- o piii.
%5 10-016L°  10-8089°  00+1221°  10-1998° 0046820 10-£9un  €O-£BB2  OOGERI  10-gire-  o.oLLS! :
. xXiuive "
wn.. w UV NOHVIRE0D N .
: 3 10¢08Lh°S 00+ 1+@0 "€ 00+BHEE" & 10+6L6E° 1 1 ;
» = 3 10¢£1L0°C 10-509% £ 00+££55" & 00£¢56°0 - !
= 1044510° 6 00+4120°2 0047009" 10ch@2" § }
e 10-0022€ 10-s512°9 00+40L0"S GO+EOBE "L ;
R = A 10452222 10-816°0- 00+26L9°2 10+9468° 1 i
: -’ .
§ = = S150su SIS *‘A30 ‘018 vy :
- i
4 , ‘43313 #42 031 385117 B4l woag (2) & pue ‘(93).2 ‘(B) d ‘(8)Z R
5o 1V 84v sao0l 941 ‘s91qEIIEA TT® JO S1UOWOW Tvymes SINDMGH WHINID b
<y g
H L gd ,
: .
: £ a1 @ «xme i
D
i
i
MM
¢ |
¥
-
~ 1
.k
.3 §
B W
- o - o~
: 8 o ) o | .




i
N .
Voo ad

i

RIURUEPSNETSNCRR AL S : ’ FRESISS WS Sena—

i VI USRS BSOS S :
i
M
. §
k.
WOX o V52 we 8
Ws8s )
dnnwn.urunslvnohsufu'uuﬂlzlnlhuaunen ! ,
;
2(9) AVERAGE $1D. OEv. SEESs KUNTCSLS
) “. 1.5000+00 8.6803-81 o). 1847400 2.3333+00 i
[} 3. 7.3333+00 9.4281-01 «7.0710-0! .4989+00
3 38, 819300 1.8108+0 1.8768-0 230500
¥ “e. 7. 1428+00 £.0537+0 9.2897-0! u.ava?oon
8 7.787%e00 2.0097+00 -3.1 .01 2.%191+00
e 103. 2.028100 1.7818+00 .6816-01 2.808%+0
? 167, 7.4879+00 1.8880+00 £.170%=01 2.81E6+00
] 1. 9.8471+00 1.928%+00 o3 -G 2.4211+00
] 1N, 7.714200 1.6380+00 $10-01 2.7642+00
10 7.7143+00 |.ssgoooo -| exoeoco %.0383+00
1 0. 0.00tC 0.0000 0000 .0000
12 . 0.00t0 0.0000 u .0000 0.0000 ; 4
) AVERAGE $70. DEV. SKEWNESS KURTOSIS .
§
1 .. 1.0006+01 |.~|~l~go 0.0000 2.0000+00 5
8 ,g. 1.1333+01 1.88%8¢ 7.0710-01 1.5001+60 :
3 . 1.2829+01 2.0138+00 :.5220-02 3.1333+00 A
. T 1.2871401 2.1508+00 1.0318-01 0988+0! ;
[ ] 1.8372+01 5.!0!30 0 2.8443=-01 2. 714800
] 103 1.2768401 .232g 1.8882-01 3.23%%00 P
? 107 1.2682+01 2.0112+0 1.5093-0 2.388%00 L
[ 81, 1.3373+01 2.4280¢ 2.3%82-0 2.1945+00 3
° . 1.400001 1.8119+00 -8.9218-01 %.377+00 |
10 . .2288+0} 1.2778+00 ~1.3%16-01 2.3888+00 )
11 . .0000 0.0000 0.0000 0.0000 :
e o. 0:0060 0.8000 6.0000 0.0000
AVERALT §to. oEv. SKENNESS KURTOSES
EACH I .. 9.0000-00 1. 1aa|ooo 1. 1547000 .00
] . 9.0000+00 .8330+00 o.gg~o 1.8000+00
3 :g. 8.88370 | 848100 1.3040-0} 2.1815+00
. wE. 8.2301+0 2.1471+0 .692%-0% 2.0991+00
s 88 ©.3983+0 2.2839+0 9.4367-0 ] svso-go
6 13 . 9. 1988400 2.881%+0 .2948- 3.3010¢
? 197, 8.972¢C+00 1.9997+0 -8, 586v=0} 2.4649e0)
) Si. 9.902C+00 1.9687+00 »{.820%-01 2.384v0+00
9 1. 8.428be 29020 %.3106-01 1.7310000 ;
10 1. 7.71010! 3. 0+00 2.7239-01 1.4§3100 ‘
u e. 0.06010 .0000 0.0008 0.0000 ;
12 0. 0.000C 0.0000 0.0000 0.0000 i
22) avEmAGt $10. 0LV SKEWNNESS KURTOSIS ‘
.
} .. 1.1000+01 1. 0800+00 0.8000 .og «00
3. 1.5331~01 2.ugwe0 3.61p -~
3 n. 1. 377101 1. 77ge0 -2.088. -
" “a. 1.387101 2.2482+00 3.2736-01 »euuooo
8 68, 1. 3v88+01 e.osggyoo “.200i=01
6 103. 1.3903+01 2.0739+00 -5.9718-02 .envoooo
? 107, §.33020 1.9221+00 -4 ,6623-02 779400
[ 8, 1.34g0+0 1.9339+00 5. 2728-01 . 3%uwe00
9 1%, 1.816301 2.9836+00 2.1wk3e01 . 389800
10 <. 1.2000+01 1.0890+00 0. uoég '"33"°°
1" 0. 0.000¢ 6.0000 .000 2. 0600
12 o. ©.0000 0.0000 0.0000 5. 0000

Cedtral soments for ziven -emperature distribution.
| These four tables refer, reéspectivelv. to (), P ()., 2 (3), and

! 2 (2). The first columd is the :emperature di‘terence class inter-
E vals & and kK +#12.8¢<3T <k~ 12.3'8. The second column :8
the aumber of cdses followillg tdto each category. o
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10-0L20"° 40+6001 * 00.9902° 00+ 168E ° 20-%819° - 10-2£i2° t0-1696°- 10-6r82°~ 10-281%° 40-1518°
00e£638° 00+8902° 10¢0000° 00+¢3S00 00+02%1 10-¢66S° 10-69:.0° 10-8914° 10-281€° . 10-0n92°~
10-1168° B0« 168E * 00L901° 16.0001 40-1ELE 10-0LS6° 100090 10-9n£6°~ 10-2668° 100291 °~
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A
3 C
= L I Pre 3 .
(VU |
CENTRAL MOMENTS POR OIVEN TEMPERATURE DISTRIBUTY (DM L
2(w) AVERADT $TD. oEv. SKEiESS KURTOSIS
1 ., 9.5000+0 9.8803-¢1 -1, 1847400 2,3333+00
? 3. 7.3333¢ 9.¥281-0! -1.%0- 1 1.4980¢0
3 28. 1.:|ogo g i 393' 0 a. 8-8! 2.804240
z ui, 7.170%70 2.070%+00 8.52068-01 .. .0 L
88, 1. g-oo 1.84878.00 =3, 184S<0| 2.33 og !
[ 108. 7.1838¢00 1.7872+00 2.9398-01 2.5280¢ }
? 1. 7.423%¢00 1.8088+00 |.ao~o-o‘ 2.5%80+00 :
8 . 7.80%78e00 1.5008+00 «1,4R38-0 2.5087+00 i
] 18, 7.6000+00 1.68693+00 -s.mss-m 2.8474+00
10 1. 7.714200 1 .6860+00 1.1 soon v.0383+00 i
1 . 0.0000 0.0000 8.000 °'°°38 i
12 0. 6.0000 0.0008 0.0000 0.00 i
Sy
i i AVERAGE STD. DEV. SKEMNESS KURTOS LS ;
. 2(8) |
1 ., 1.0000+01 1. 414800 0 2.0000¢00 :
- 2 3. 1.13380) 1.88%8400 7.0710-01 1.800) 00 :
3 2. 1.2580+0) 2.0928+00 3.8v48-02 3.2878+00 ;
[ wl, 1.288+0} 2.1989+00 1.87718-01 2.0235.00 !
9 ) 1.5256-01 1.9993400 3.7u87-01 3.1251+00 i
e . 108 1.270%+01 2.2291+00 2.283%-0! 3.3un8e00 b
7 til. 1.2787+01 2.0878+00 701 2.3171+00 N
[ 8. 1.328401 2.903%e0p .2899-02 2.8%49:00 - AV
9 18, 1.3867+01 1.993we00 -7.4538-01 3.6w09+00
i 10 1. 1.2268+01 }-2]78+00 -1.3418-01 2.3898.00 !
iy 1 0. 0.0dcC 0000 .0000 0.00! N
18 0. 0.000¢ 6.0000 0.0000 0.000
f
22) AVERAGE S0, DEV. SKEWNESS KURTOS 1S ]
4 A
= 1 ., e.ooao-g@ 1.73810 -1, asw-oo e, ”%’3" R
2 2 3. 8.0000+00 1.6330¢0 0.06000 1. gg *00
< 3 29. 0.9588+00 1.8833¢00 2.2812-08 2.1290+00
: . Nl 9.2927+00 2.0%11400 =1.5884~01 2.2616¢00
g g 9.3488+00 3 2298:00 1.1483-02 2.807%«00
E 8 108. 9. aag-oo .2 '/osg 1.8417-01 3.2807+00
: ? 151. 9.0080+% }.970% -2, 386201 2.4y 7000
o s i 8.9%1:1+00 &.03%8+00 of Juke{beg] 2.313ve00
s 8 18, 9.4020-00 2.21%1¢00 v.028%-01 1.8913¢00
L 10 7. 7.7143+00 1.8880000 2.72%8-01 .4831+00
. i . .goob 0.0000 6.0000 .0000
1] e. 8.0000 0.0000 0.0000 0.0000 Y
o ?(‘) A TERACE sth. dEv, SKEMNESS KURTOS!S
S -
— 1 ; |.nooog| 1.0000+60 0. 0000 1.0000+08
; . 1.2687+0t 2.4gwee0p 3.8180-01 1.4890+0
29. 1.3793+01 1 .G4Sue00 «8,73p1-02 2.8008+00
| - wy, |.§~gsoos 2.3584+00 3.4830-01 e.:ugooo ¢
— s es. 1.3%02+01 2.040700 8.4018-01 .7700+00
8 108. 1.380001 10D 1.8176-01 282%+00
7 1", 1.340%01 1.9283¢00 4. 0704=02 °  2.98484Q0
e si, 1.3560:01 1.8%28+00 - h.;l =0t 2.2308+00
9 18, 1.%800-01 3. 1888¢+0 2.3333-01 2.884%0+00
10 7. 1.5300+01 1.0690+0 0.0200 3.48808¢00
1 0. ».o§nn 0. 0800 00008 0. 300
12 0. 11,0000 0.0000 0.000! 0.06000

L Ceatral moments for given temperiture distributioca.
R These four tables refer, respéctively, to 2 (¥), P (w), ¢ (3). aad
P (3). The first columh is thé temperature difference class iater-
vals & add k + 11.5 < aT < k + 12.8’K. The second column is
the aumber of casées followiag iato each category.
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CONTRAL NOMEWTS FOR OIVEN TOPERATURE GIBTRIBUTION
AVERAGE $10. %v. SKWESS CATES(S
(o)
| . 7.5060+80 §.6803-01 =], 15%TeQ0 .
] 3. v.an;oo 9.4891=01 «7.0710-01 1, 39800
3 . 91430 1.9108 s 1.8768=01 2.830800 i
. .. 7. 198940 2.0837. 9.2087-0\ «, 6720400
4 fl. 7.788%00 2.0307¢00 -.9281-01 a.:ssgooo
8 es 7.0%6%5+00 1.8230+00 3.4587-01 2.9612400
7 100. 7.3900:30 1.8484+0 2.7111-01 2.7891+00
-] ng. 'lsal 0 1.879300 *1.§719=01 2.8] /ve00
9 13, 8.0000+00 1.3901-08 0.0000 .1688+00
10 1. ? zluooo 1.6880+0 -&.a 08+00 w.036300
11 Q. 000 e.g 0 .ogeo 0.0000
12 8. 0.000% 0.000 0.0000 0.0000
. AVERASE 870, OFV, SKEWNESE KURTOSLS
P¥)
| ., 1 .uogng I 6.000¢ 2.0000+00
g 3. 1.133301 1.8 oog 7.0710-0t 1.5001 00
3 ™, 1.2629+01 2.019%0 | . 1g2g~02 3.1333+00
3 .2, 1.887101 2.1508+00 1.0318-01 2. z
9 el. 1.2370+01 2.1571+00 a.;g 10t 2.597300
8 6. 1.2684+01 2.380700 | 2. - 3.1131+00
? 100. 1.2720-0 2.0302+00 1.5;;'-01 2.3848¢0
[} g, 1.3388+01 2.%84B8e0 8.0586-03 2.138800
9 13, 1.%000+01 1.5689+0 -9.580%-01 . 082300
10 1. 1.888801 1.87T16+00 -&.Me-ou — 2.3888¢00
1 0. 0.00080 0.0000 .0000 0.0000
2 s. 0.0000 6.0000 0.0000 0.0000
o) AVERAGE 8D, OEV. SXEWESS KURTOSLS
“ie
1 “ $.08000+00 | 100 «1.1%547¢00 2.3333+00
@ 3. 8.0008+0¢ 1.8330+00 n.owz |.sooeoso
3 ™, 9.66%7+00 1.B%81+00 1.3840-01 2.1819¢00
. g, ©.238100 2. 1471400 =§.0928-03 £.0081 +00
s . . 3868040 2.327000 1.27%8e=01 2.8178.00
8 27910 2.3608+00 v.6710-08 3. 1468400
" 108. 8.6800+00 1.98860 -2.7997-0 2.418100
9 9 §.0812+Q0 1.6961¢ -1.28283-0 2.1437¢00
9 13 8.815%+00 2.87{%.00 2Bug=01 1.70'2+00
: 10 T 7.7143+00 1.6860«00 2.7238-01 \ ws:-on
1" 0.0000 0.0000 . ugo ado
iy 12 o. 0.0000 0.0000 0.0000 0.0000
() AVERAGE S10. DEV. SKEWNESS KURTOS1S
| ., 1.1000«01 1.0000+0 0.0080 1.0300+00
2 3. 1.2868701 2.48%%+0 3.8180-01 1.4999+00
3 8. 1.3771401 1.772¢00 «2.0867-02 e.mgéoao
- .. 1.3871+01 2.8462+00 3.8738-01 2.4608+00
8 8i. TR T.099%00 3.9783-01 2.8187+00
8 . 1.3633+01 a.owogc ~1.2289-01 e. ve-gn
? 100. 1.338%+01 1.826%+0p 1. 37701 2.5187+00
8 “s. 1.3891 01 | .BvQ0+00 4,607%=01 2.2887+0
g 13, 1.9%538e01 2.7346+00 &.2083-0t 3.02070
N ' 7. 1.2000401 1.0880¢00 0.0300 3.4959+00
1 0. 0.0000 0.0000 £.0000 0.0000
] 0. 8.000) 0.0000 0.0000 0.0008

. Centril sSomedts for givea temperacture Jdistridut:ica.

| Thege four tables refer, regpectivelr. to (¥}, P 1), & (3). aad
P (3). Thueé first columi is the tefperature differedce class iater-
vals k azd Kk« 11,5 < AT < k « 12.8°K. Th#é sécond colums is
tho aumber of cases followiag tato each category.
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CONTAAL MOMENTS FOR O1VEN TEMPENATURE DISTRIBUTION

()

A= D B -IBLB S WD =

-

Py)

N=CODIOV -
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~
LAl
N

N~ OWD -0 F Y~

(3}

= ODD 3O E I~

These four tab

vals ¥ aad

AvEWaGr
., 7.8000000
3. 1.3 s:-uu
-4 1. s-ou
38 8. .
9%€. 7.809300
101. 7.089100
los. 7.%312+00
9, 7.8387-00
18, 7.6030-00
7. 7714309
0. 0.000)
0. 0.000)
AVERAGE
., 1.0000+04%
3. 1.1333+01
&, 1.8%17+01
38, 1.2378+61
B 1.2316+01
101. 1.2713+01
108. 1.2734«0)
g, 1,3347-01
18, 1.2687-01
? 1.2286-01
0. .0000
0. 0.0000
AVERAGE
N, .0000+00
3. .0000+00
. €.9167+00
. 6.1873+00
2632400
101. .§703+00
108. 8.851+00
“g. £.9288+00
18, 9.%000+00
7. 2.71%3+00
6. 0.000C
0 0.0009
AVERAGE
.. 1,1000+01
3. 1.2887+01
ev, 1.4000+01
;s. 1.3062+01
1.323740¢
10°. 1.3%8w+01
108, 1.33B%e01\
w8, 1.34683+01
t8. 1.480040¢
8 1.2000401
. 0.0009
0. 6.0000

Central coments for given temperature distridutioa.

ST0. OEv.

633040

ST0. OEv.

les refer, respeciively,
? (3). The firet column is the 'empe'a:u-n ditference

kK » L1.5 ¢«

T ¢ g~ 12

o

SEUNESS

=1.1S%7+00
=7.0710=01
3.0%88-01
3.36Q3-08
=2,84P20=01
2.7938-01
1.8161=01
=1.7672-01
*3.0986=0)
=1.2106+00
0.c00¢
0.0c08

SKEWNESS

0.0000
2.0710-01
on, 288801
1.888-0)
3.1088-01
2.1831-01
1.5482-01
3.376e-02
7. -sse-ol
-1.3%18-01
0.0000
0.0000

SREWNESS

=1.134%00

1.1092-01
=2.3429-01
~1,%088-01

“.08289-01

2.7238-01

0.0000

0 0008

SKEWNESS

0.800b
3.8180-01
=2.849%-0!
3.7378-01
5.8841-01
1,7833-01
=2.4133-02
$.5033-01
2,3383-01
3.0000

:\J)~ ? NP

’X. The sec

the aumber of cases :OILQW133 iato each .ategar?.

KURTOSS

2.0000+00
1.5001+00
2.4233+00
2.0713.00
3.1868+00
ases

1.%931+00
0.0000
0.0000

KURTOS18

S (3. aad

c.as8 intere

oand co.umn
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s CONTRAL FOMENTS FOR GIVEN TOVWPERATURE DISTRIGUTION
- AVERADE $10. Ov. S eSS WURTOS!S
2(v)
: H 3 R R - T N i TR .- ‘
E . . & . -| oy, -
N 3 . n.ms-ao 1.7139+00 e.ug- 8 .:33‘30
. . 38. 7.1370+00 2.0330+00 1.0832+00 $.0803+0
3 9&. 7.8310+00 2.0823+0 =3.7020+01 8.4208+0
7. 7.0000000 1. eg%e00 ). 2889-01 £.3081+00
* e0. 1.58%0+00 1.900%0 €.8176=01 &.7882+0
q 9 wl, 7.80P% 00 1.8730«00 =3.4981-01 :.um-eo
: 9 1. 8.0000+00 1.2060+00 §.6902- .Tw@9+00
10 e. 7.8887¢00 1.79%1+00 -1.080100 3.3781 «00
$ i 0. 0.0000 0. 000 0.000¢ 0.0000
"2 0. — ©.0000 0.000¢ ©.0000 60000 - -
S t
= 8
.s?: BL9) AVERAGE stb. okv. DAWCSS XRI0SLS
i) 1 .. 1.0000+01 19100000 9.0009 2.8000400
° 2 3. 1. 133301 . 88980 7.0710-0 1. 9';3"9‘
3 0. 1.2562¢01 é-ﬁ‘w b.nﬁg- 3.0
5 . 8. 1.8eQie0) . 190800 2.0199=-01 2,198
7 s . 1.833801 £.8262+00 2.7806-01 a.sooao o :
8 20. 1.30%%701 &.399%00 ) .0u8=01 3.081900
. ? 80. 1.20%001 2.09¥9+00 6.2ws1+08 2.%210e0
- [] wi, 1.312P«0) 2.3308v+00 -9.8838-03 . 1egfeé0l
- [ n. |.~nbg-m 1.70%800 0. T80t 3. 4371400
-] 10 8. x.a’og 0} 1.19%7+00 0.0000 2.9998¢00
o 14 0. 0. 0000 0.0000 ©.0000 ©.0000
H 1 0. 0.0000 0.0000 0.0000 0.0060
~4
;"&
=3 =2 AVERAGT $10. OCv. SXEWNESS KURTOSIS
== LA
| ., 9. gogo 1.7321+00 1. 19700 2.333%00
2 1. 1.8330¢0 0.0000 1.8008¢00
s 2. I 800 »oo 1.8038+0! 2.8802-C1 2.8701 +00
- 38, . 109300 2.1000+00 3.13%99-02 2.107900
s n. 9.8878.Q0 2.%028+00 1.9%49-0) 2.7620+00
[ 2°. $.£000+40 2.27%6+00 =% . 4008-02 3.7998+00
1 80. 8.52%0+00 2.0535+400 -3.68%%-0 2.%16700
: e wl. 0.08uued 1.028+00 «3.80%83-08 2.188%00
# 9 ", 9.0009+0 2.1%3+00 1.0102-01 1.916%40
10 e. ¢.0000+00 1.6330400 0.0000 1.9000¢0
. 1 8 0.0000 0. ogno 0.9000 o.unga
12 . 0.0000 0.0000 0.0000 0.0030
R AVERAGE $10. OEV. SKEMNNESS KURTOSIS
P
| ., 1.100001 1. 0000600 0.008p 1.0 uo-oo
) 3. 1.288740} B.utuueD 3.8180-01 1.9998+00
3 12, 1.3 S'OI 1. 78800 =1, 8uMNe0p 2.9£39¢00
4 . .. 1. 363801 2.0879+00 2.2871-01 n.ugsa-oo
s n. 1.3808¢01 8.0603+00 3. 098801 £.8557.00
. [ 10. 1.40880) ] «gd -1.08312=01 £.3019+00
. ? @0. 1.38000 1. Yutinenn «£.01%9-01 c.un‘eomg
i 8 .l 1.3881:00 1.9808400 8.500%-MN 2.493140
‘ 3 1. 1.8378¢01 2.9433+00 6.8uug-0) 3.9093¢00
{ s 1.1867+01 7.w838.01 «1.7G08900 . 197100
. 1 . 0.0000 0.0000 0.0000 0.8000
od 18 0. 0.co00 0.0000 0.0000 0.0000
Central Domentd 2or Fiven témperature Jdistroidution.
These four tables refer; respectively. to ..\.»\. P oY, S (2. and
P 13). THe first column 18 the temperature diflereace ciass latere
vals ¥ and %+ 11.8 x AT v & = 12.8'K. The second co.umn :s
. the aunber of cases following 1ato each category.
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o




OF POOR QUALITH

ORIGINAL. PAGE 18

10+0008° 10-2689° 00+82LE " 10-£621°~ 10-6186° 10-4L92° 20-4069°- 20-$455° 20-19L8°
10-26689° 10+0008° 00+2h02° 00+2810° £0-0455° 10-hihn™ 10-95£9° 20-0628°- 10-981L°
£082.8° 00+2402° $0+0001° 00+2L21° 00+h022° 1,-096L°~ 20-6693° 10-0886" 10-182.2°
10-€621°~ 00+2D1&’ 008221 ° 10+0008* 10-8829° $0-£909° -  10-1468° 10-8581° 10-LSH9°
10-6198° £0-0LES" QOehh22* 10-8829° 410+00014° 00+282: " : . .
10-4082° 10-4itk° 10-096L°~ 10-§909°- 00.2821°-  10+000%° 10-9988° D0+SG08 ° ‘19-1401°
20-1060°~  10-55£9° 10-6699° 10-1668° 10-8508°~  10-8988° 4100301 ° 006382’ 00«CEIN’
0-5068° 20-082€°~ 10-04E6° 10-0s£1° 10-6L9L°~ 00+3SEL’ 00+69E2° t10.00ut° C0* 1058 °
20-L9LB° 10-988L° 40-16L2° 10-L5%9° 10-hh82° 10-1268° CO+SEw’ 001061 ° 10+0001°
B0+45L8° - 80-40E0° 10-6156°-  10-6LL2’ Q0sL181°~  10-622%° 10-1269° 0041053 ° 00+0808°

s
&
8
;
g
®
g
&

ATHIVH W05V I3L0D

10+625%° 6 00+28B0h°3 006092 % 4G+599E "1
$10¢808L" 6 10-25E1°% 00¢EEED & 00+LS16°0
40¢862€°9 ohe2tL0" 1 C0+L9h6" & 40¢62t2° 1
10 105L"E 10-8LL2°L 00+1509°£ 00¢10I0°L
10089953 410-1£68'8- 00+2685°2 10+6288° 1
81501l SSIS “AXD 018 JDVUIAY

‘q3333 943 O3 16313 ¥l woIy (9) 4 pue ‘(3 2 ‘(4) d ‘()2
‘10 e3¢ Sm0J2 8Y]l 'SOTQEIIBA TI¢ JO SIVIWOW I3V SINBION WHIND

2 = d

A-27




X o 3N Wwe 3

LA e =52

CENTRAL MOMENTS FOR OIVEN TONPERATURE DISTRIBUTION

AVERAGE
2(w)
1 ., 7.5000¢00
- L
" as. 8- 78s2.05
-] 9. 7.3888+00
8 sg. 6.5%38+00
b . 7.3333+00
[ ] L1 7.5122+00
9 18, 1 suoo»oa
10 8.
1 Q. o.oon
12 0. 0.000
AVERAGE
W)
1 .. uﬂou
2 3. .13 :3:s=
3 es. 2522 01
s = 113801
- . *
8 ey. 1.285249]
: T g
] 18, 1.3887+01
10 &. 1 a:zg- 1
1 8. 000
12 d. 0.0000
AVERAGE
rA¢-9
1 -, 9. *00
R
3 83. s.nn:ao
[ 26. 9.30%6.00
3 9. 6.683140
o%. 8.831%0
9 0. 8.9%5%8+00
g “l. 8.926p+0
is. 8.4000+ 00
10 3. 8.0000+00
1 . 0.0000
12 0. ¢.0300
AVERAGE
#(3)
i ., 1.1060001
[ 4 3. 1.2667+
3 2. 1.3913+01
. 28, 1.2802+01
) 9. 1.26881+01
[} 9. 1.393Be01
7 80 1.2333401
£ he
10 a. 1.2800+01
14 [} 0.00800
°” 8. 0.0000

STD. OEv.

1.732i+60
| sssuono
+00

810, G2v.

1.0000+00

2.vBuneD

1.8081+00
.

SKEMNESS KURTOSIS
=t . 184700 2.3333+00
«7.0710-01 +9290+00

I:3e08-0]  2.3373.90
«8.1947-02 2.!52!080
3.3720~01 g.souoooo

.8032-0 .70683+00
=1.1%72-0 2.46080+00
*3.0488-01 .su'mogs
«1.0301+00 3781 «
0.0000 0.0060
0.0000 6.0000

SKEWNESS KURTOSIS
0.0000 2.0000+00
7.0710-01 i .%001+00
«3.3997-01 .BE81+00
3.7238-01 2533400
9.6578-02 3.0073-00
3.680%-01 3. *0i

1.287{~01 2.8516+00

1.1087-01 2.0935+00
SEEn Dhen
- -] . ®|
0.0000 n.ﬂgzg
0.0000 6.0000

SKEWMMESS KURTOSIS
-1, sﬁ"’ooo 3333+

sggb 1.5000+0

62 2.3007+00
3688-02 1 3706
-9. 15-02 +00

1.8522-01 3.3813+00
-1.9897-01 2.3088+00
«1.4893-01 2.2118+00
*,B8285-01 1.8813+00
0.0000 1.5000+00
0.00 0 $.000
0.00b0 0.000|

SRENNESS KURTOSIS
0.0000 §.0000+00
3.8180-01 1 .wseoac
=2.1300-01 2.9338+00
0.3816-01 3.8998+00
8.181%=0) 3.4889+00

1.5838401 2.2259+00
6.3438-02 8.4 (3400
5.580%-01 2.3188+00
2.3383-01 £2.98%0+00
0.0000 £.9988+00
0.0000 8.0000
6.0000 6.0000

Table I11-é Ceéntral zemeidts for civen temperature distributiod.
These four tables refer; respectively, to 2(u¢). P (v), S (3). and
P (). The firse colamp is the 'euperacure differedce ciass iater-
va.s i and k= 11.5 < 3T < & + 12.5’€. The second column :s
the asumber of cases ‘ollowiBg iato each category.
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1 APPENDIX B. VACILLATING CIRCULATIONS

:fe, The Basic States

been pérformed experimentally, as opposed to numerically, using
, a rotating vessel containing a fluid which is differentially
.8 heated. The typical vessel is either an annulus or an open

@ dishpan, which doé¢s not have the central core. These simula-

! tions yield both axisymmetric and irregular flow reginmes which
are. illustrated in Figure A-1. A steady wave regimé can also
be established in an annulus. Fultz et al (1959) and Lorenz .
(1967 ) seem to imply that the. steady wave regime is limited to A%
the annulus; but Hide (1970) claims this is erroneous. f‘

f! Simulations relating to large scale atmosphéric motions havel

o

. The particular flow regime which is established in the
annular fluid depends upon two parameters: the rate of rotation
of the system and the temperature differential maintained
between the outer wall and the inner core. These parameters

can be conveniently represented by two nondimensional numbers 5
which characterize the flow: The Taylor number _ 'f?

2,.4
g = 40 gr

v

where Q is the rotation rate, Ar is a characteristic length 1
and v is the viscosity of the fluid; and the thermal Rossby k
number =
gdeAT
2ar? '’ ;
where g is the acceleration of gravity, d is the depth of the

fluid, AR is the width of the annular gap, AT is the temperature
differential measured externally and € is the coefficient 1
of volume expansion.

<

o
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Using thesé two parameters, the flow regimes can be ¥
graphically represented as shown in Figure A-2a. Figure A-2b
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LE illustrates a result from an experiment (Fowlis and Hide, 1965)
A to determine the boundaries of each regime. This last figure
| should not be considered to be universal for the transition
g points between the different flow regimes as these values

o also depend on the Prandtl number.

: The basic flow regimes can also be classified as shown
N
- in Figure A-3. In this classification, the regular regime is
N subdivided into regular waves and vacillation. Vacillation
L
i !

is a form of regular flow where certain characteristics of
P the flow vary either periodically or quasi-periodically.

M And, as shown in Figure A-3, vacillation m

ay take any of three
LRI tasic forms.

Wave Form Vacillation

Wave form vacillation, or tilted trough vacillation,
was originally observed by Hide (1953) as a wavering in the
Shape of the flow pattern. A complete cycle of this type
of vacillation is shown in Figure A-4 where one sees that the
troughs tilt first one way and then the other.

of vacillation, one finds a regular change of wa
wave progression.

In this type
ve shape and

This form of vacillation is observed to take place in

| the transition from the steady wave regime to the irregular
'?‘ flow regime. Lorenz (1963) has hypothesized that this form

: of vacillation ariges from the instability of the sSteady wave
regime to small perturbations in the region of transition;
and, further, he hypothesized that at higher rotation rates
the vacillating flow is unstable to small pertubations giving
rise to the irregular flow. Pfeffer and Chiang (1967)

from the ddata of Fultz et al (1959) noted that "the rate of
conversion of kinetiec energy between the eddies and the mean
Zzonal flow ... undergoes substantial fluctuations
and apparently also in sign, duriiig this (vacillat

This led Pfeffer ard Chiang to teim this phenomeno
energy vacillation.

on magnitude,
ion) cycle."
n Kinetic
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)
PO S

B-2  RIGINAL PAGE

,ﬁweTwm@ﬁfmTwﬁfw~'Wf‘i;jﬂjﬁMM@MMMWWQWT'A

e o

b R e

- 8




e e T RS

R

1]
e

G G

It seems not unreasonable to view the axisymmetric regime
as a baroé¢linic fluid which under increased rotation becomes
unstable to only the most unstable mode of oscillation. This
should follow from the linear theories of baroclinic instability.
Further increases in rotation will lead to the instability of
other modes of oscillation accompanied.by nonlinear interaction
between the waves. Viewed in this manner, wave form vacillation
is seen as the first manifestation of this nonlinear inter-
action - taking place between the principle mode and the
zonal current.

The principle consequence of wave form vacillation for
the atmospheric circulation appears to lie in the fact that
this phénomenon shows the capacity of a fluid motion to
sustain a strictly periodic fluctuation. Thus, this phenomenon
lends some credéence to the observations of quasi-periodic
fluctuations in the atmosphere, such as the index cycle.

Wave-Number Vacillation

Fuitz has been ascribed to have first noted wave-numbér
vacillation in a dishpan experiment in the transition region
petween two adjacent steady wave regimes (see Pfeffer and
Chiang, 1965). Figure A-5b shows a wave pattern giving
evidence of both wave dispersion ahd wave drift. According
to Pfeffer and Fowlis (1968), the wave dispersion arises with
the simultaneous presence of adjacent wave numbers between
which nonlinear interations are not immediately evident.
Figure A-5a illustrates such a simultaneous présence of two
waves and should be compared with Figure A-Sb.

In an experiment, which differs significantly from those
discussed to this yoint, Snyder and Youtz (1969) produced
wave number transitions in a periodic manner by sinusoidally
varying tle imposed temperature difference across the annulus.
Again, such transitions occur only near a wave-number transition
point on the'RoT-Tu diagram. Figure A-6 shows various
nsteady states" which resulted from this experimernt. Snyder




and Yontz described the transition from a three wave pattern,
A-6a, to two wave patterns as occurring in any of three ways:
(1) A-6a disappears entirely giving way to a circular jet
which in turn is transformed by the appearance of the two

lobe pattern A-6b; (2) one lobe pecomes detached and drifts
downstream until_ it coalesces with the next lobe resulting

in pattern A-6c; pattern A-6 may become confused, with the jet .
disappearing entirely, and with pattern 6d or 8e ultimately
resulting. The return to the three wave pattern involves
similar but not identical sequencas.

The applicability of these results to transitions between
dominant wave aumbers in the atmosphére is uncertain. The
asymmetric patterns such as described as wave dispersion are
remeniscent of upper level patterns found in the
atmosphere - perhaps indicating the presence of more than oOne
dohinant wave number - but more likely related to the asymmetric
land-sea distribution. Again, the experiment of Synder and
Yontz appears to simulate some aspects of seasonal changes
in the atmosphere but the experiment resulted in the conclusion
that the seasonal cycle was too fast or the temperature
gradients too weak to give rise to such wave-number transitions;

Amplitude Vacillation

Amplitude vacillation was apparently first described by
pPfeffer and Chiang (1967). Figure A-7 shows typical cycles
of this phenomenon. It is noted that the wave pattern can
disappear entirely giving way to axisymmetric flow. Thus,
amplitude vacillation is similar to the description of the
index cycle, except that it is a nearly periodic cycle whereas
the index cycle is not.

Amplitude vacillation occurs near the transition bétween
axisymmetric and regular flow (Ketchum, 1972). It may be
obtained by increasing the temperature gradient after a steady
wave pattern has beer established or, as seen from Figure A-8,
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the rotation rate ¢an be decreased at a constant temperature
difference obtaining increasingly stronger amplitude vacillation.
It has been suggested that "amplitude vaclillation takes place
well within the steady wave regime and that it is most
pronounced at lowér Taylor numbers, higher thermal Rossby
numbeérs, and higher Prandtl numbers" (Pfeffer and Chiang, 1969).

Pfeffer et al (1974) have discussed some of the synoptic
features and transport properties of a fluid circulation under-
going amplitude vacillation. Their study pointed out that
tilted trough and amplitude vacillation not only differ in
that no tilt of. the trough was observed in the latter but also
in the energy cycles responsible for the phenomena. Tilted
trough vacillation appears to result from conversions of eddy
kinetic energy to zonal kinetic énergy (KE+KZ); whereas,
amplitude vacillation depends on conversion between avdilable
pofential and kinetic energy, (AZ+KZ) and(AE»KE). Consequently,
amplitude vacillation has beeén viewed as a more strictly
baroclinic¢ process.

The physical processes leading to amplitude vacillation
imply a strictly baroclinic process. The applied temperature
gradient produces available potential energy which is
manifest as an interior temperature differential that
increases during the axisymmetric flow regime. As the internal
temperature gradient increases, the thermal wind grows and
perturbations begin to grow rapidly until the wave regime is
established. The internal temperature gradient is significally
réduced by the eddy transport of Heat and thé wave regime
weakens. At this point the cycle begins anew.

Related Atmospheric Studies

The most prominantly mentioned quasi-periodic
flow property observed in the atmosphere is the so-called
index cycle. 1In an index cycle the upper air circulation
is supposed to oscillate between periods of strong zonal flow
and periods of eddy dominated flow. The period of the cycle

e Npiotie st
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ranges between 3 to 8 weeks (Willett and Sanders, 1959).

Figures A-9 shows a record of the zonal index between November
1936 and May 1938 as given by Namias and Clapp (1951). However,
when Julian (1966) subjected such records to statistical analysis
he had to conclude that "... if a phenomenon so distinct as to
be named 'the index cycle' has an existence apart from the
shifts or displacements of the easterlies covering a very broad
range of frequency characteristic of 'normal' atmospheric
variability, the coherence statistic, ..., should confirm

that existence. The data do not give evidence for such a
confirmation."

Yeh, Dao and Li (1959) noted a Sudden shift in the dominant
planetary wave number from three to four between the winter and
summer Northern Hemispheric circulations and from four to three
in going from summer to winter. They proposed to explain this
by the weakening of the temperature gradient during the summer
leading to the transition in circulation. This corresponds to
the observed transition found in dishpan experiments; but, as
noted before, Synder and Yontz (1969) conducting an experiment
with. a sinusoidal variation of the temperature gradient concluded
that the atmospheric seasonal variation was not great enough
to lead to such a transition in wave number. Also, Yeh, Dao,
and Li concluded that this effect should be more evident in the
Southern Hemisphere; however, in the Southern Hemisphere Webster
and Curtin have concluded from observations of balloons drifting
near the 200 mb level that the dominant wave number undergoes
transition but that wave number three dominates from December
to February and also from Juné to August, March to May possesses
a strong four wave pattern and September to November has a three
or four wave pattern. Consequerntly, it appears that wave number
transitions are probably not simply a response to increased
temperature différentials between equator and pole.
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Webster and Keller (1974) have observed from Southern
Hemisphere balloon data an 18 - 24 day variation in the
circulation. One possible explanation considered for this
variation was that the circulation was responding to ah ampli-
tude vacillation; however, Webster and Keller (1975) found
that barotropic processes play too important a role for this
to be the case. Consequently, one has to look to other
explanations for this quasi-periodic variation.

Pfeffer and Chiang (1967) have cited a study by Winston and
Krueger (1961) of a cycle of available potential energy observe
between late December 1958 and early January 1959 as an —
example of amplitude vacillation. Figure A-10 taken from
Winston and Krueger illustrate the strengthening of the four . _
wave pattern between Decémber 26 and January 10. However,
interestingly, the period frow early January 1959 to late
January 1959 has been noted by Palmen and Newton (1969) as a
period of transition from a dominant four wave pattern to
4 dominant five wave pattérn in a description remeniscent of
Synder and Yontz's (1969) description of wave-number transitionsy
in an annudlus.

Thus, while one believes that vacillation phenomena,
as observed in geophysical experiments, should have a counter-
part in the atmospheric circulation, no clear example is
readily available.

Theoretical Studies Relative to Vacillation

Thére have been several theoretical studies which are
directly applicable to the phenomenon of vacillation.
Lorenz (1962, 1963) using a simple mathematical model las
investigated the mechanics of vacillation. He found that
the occurrence of vacillation (wive-form vacillation) was
due to the instability of the steudy Rossby fiow. Considering
Pfeffer and Chiang's (1967) deéscription of this process as
"kinetic energy vacillation” and its relationship to
Harotropic processeés, this fori of vicillation may be a
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magnifestion of the barotropic instability of Rossby wave
motion described by Lorenz (1972) and further discussed by
Hoskin and Hollingsworth (1973). This connection between
vacillation and barotropic Rossby wave instability does not
appear to have been made previously, Figure A-11 from
Lorenz's (1972) paper shows the distortion of the Rossby
wave due to barotropic instability which has some of the
appearance of tilted trough vacillation.

Meriles (1972) applied Lorenz's simple mathematical
model to the Study of amplitude vacillation.. He was able to
obtain solutions which bear a-remarkable résemblence" to
amplitude vacillation, as shown in Figure A-12. However, the
results did not reveal the cause of the vacillation.

Pedlosky (1970, 1971, 1972) in a series of papers has
put forth a theory of finite amplitude baroclinic waves which
has'most completely described the occurrence of amplitude
vacillation. Using a two layer quasi-geostropic model
similar to that of Phillips (1954), Pedlosky (1970) analytically
Solved the system of model equiations under certain simplifying
assumptions. When Sufficient dissipation was included in the
model, the perturbation wave reached a steady, finite wave
amplitude; but when no dissipation was included the amplitudes
of the baroclinic wave and. of the mean flow were found to
OScillate. The amplitude oScillation was also found to be
present for small values of dissipation. Following on this
result, Pedlosky (1971) attempted to develop a theory to
connect the steady and the oscillating regimes. In so doing
ke discovered that if the dissipation is smal} enough the
amplitude oscillation may approach a limit cycle and, thus,
be independent of the initial conditions, Pedosky (1972)
later explored the limit cycles of the unstable baroclinic
waves further. Smith (1974) noted that the deliberate
neglection of g side wall boundary condition introduced a
spurious kinetic energy source which could have been responsible
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for the.limit cycle solution; and, hence, he called into
question the relevance of Pedosky's study. However, further
study has convinced Smith (1975) that Pedlosky's results
were indeed correct.

Application to Study

Vacillation has been observed in geophysical experimeats,
has been noted in numerical circulation models, and has
received the attention of several theoretical studies. However,
there appears to be no well documented synoptic cases. The
advantage of geophysical fluid experiments, other than the
obvious ability to unify our concept of fluid responses to
rotating systems, is to isolate specific processes, such as
baroclinic instability and vacillation, from the complexities
of the irregular flow.— If one assumes the general circulation
to be an irregular flow regime, then vacillation may yield
anh insight into some of the processes active during the
amplification and weakening of atmospheritc waves or during
wave-number transitions in the atmosphere. Possible synoptic
cases of vacillation should, however, be sought and subjected
to study.

On_the theoretical side, it would appear feasible to
at least formulate the barotropic Rossby wave instability
problem in terms of the annulus experiment. Then one could
determine the form the resulting unstable waves would take in
this coordinate system to compare with the cases of vacillation
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i Figure B-8. The establishment of amplitude vacillation by
! decreasing the rotation rate (Fowlis and Pfeffer,
1969)
i !

3 A A A
O Pvin QUALIT:




(1c61 ‘ddey) pue serweN) 9[040 xopul °6-4 aandrg

1]
TYl

g e -
o G
k.
; 2=
i’ <~
N ==
\h v.
.,M =3
A
i .
, H 8E6! ~ L1561 — 9€61 |omnn1930
—bdl M4V LYN 833 nvr|o30 AON 120 43S 9nv Ine NNt AUN HdY ¥UYN 033 NYF}I30 AON nIZM
n..h.nONOONGMNQ.UNN.GNQ.anh.ﬂ&.mauﬁﬂu._an.aw.N.O.Q_Nhﬁ 1 9201 22 2162
--41------4-4-<.l ----14--1---4 -------- L8 g 1]]«!1111.41—1113

2

4 A A WIAA_ AN 4 A
| f<\ | % ~ < < /\//\ I Junssivg

-
, EIONT NOILYINOYID TUNOZ N oSS 0L Notf

e




i |
. ;
i J
i
‘ -] i
| S
! 7
=
“wq
B
z o
i & .
-: © i
| by
! |
: et
| -
.
| S
o ] sl : >
; : g H 0 ’
| doF
;‘ H . g hor
i o T 8] -
1; Q.
g
- D
: o “
% a8 |
g.'-t
- i
‘ T
, )
: 3} 39
i o =
-
=3 1
©
[~ =] 1
> a i
na !
. 1
o d
~ |
=
f : o 1
i i g |
i il o
3 By e
' : 1
i ORICH
| RIGINAL PAGE I ‘
POOR QUALITY '
B-22 '




»
>
#
o
¢
ﬁ‘wf Figure A-11. Steady Rossby waves (a) undergoing barotropic
‘ instability (b) (Lorenz, 1972)
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) Figure A-12. Conplter modeled amplitude vacillation
i (Merilees, 1972). Compare with Figure A-7




