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The variations of absolute angular momentum about the earth*» 

axle during January 19li6 have oeen studied. The data wer3 obtained trtmxBs&r&K 

northern hemisphere synoptic maps at sea level» 700 millibars, and 500 ".;.«*»*.*■-* 

millibars. It «as found that from 15°N to 35°H, addition of angular 

momentum to the atmosphere by friction accompanied depletion of 

momentum by horizontal transport of relative angular momentum, i.e«| 

angular momentum due to motion relative to the earth's surface« 

3a H to 6j>N, accumulation of angular momentum by horizontal traaspartzä^^^r: 

accompanied removal of angular momentum from the atmosphere by friction. 

These results are in agreement with theory. . äsU$£ 

An auxiliary study has indicated that the true northward 

transport of relative angular momentum is usually larger than the ■:''5&y K: 

northward transport as computed under the assumption that the wind is   ^ ^ 

geostrophic. Another auxiliary study has shown that the mountain effect, Jk 

i.e., the torque exerted by a mountain range upon the atmosphere when i&xaj^. 

the atmospheric pressures on the west and east sides of the range 

different at the same altitude, is as important as friction in ex- 

changing angular momentum between the atmosphere and the earth's surface* 
i*-*«?***»**» ■ **-. 

■' 52£S?Srl£. 
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In a previous report it w proposed that values be obtain*  Ä; 

for the northward transport of absolute angular menu» about the eartafajefe 

*xia. These values were to be coopered with values of the exchange of 

momentum between the atmosphere and the earth's surface. Such values 

have been computed, primarily by ffidgar, for the month of January lofcfc 

Procedure; The data are obtained from daily synoptic 

of the northern hemisphere. The aea level and 500 millibar maps 

from the Horthern Hemisphere Historical Weather Haps of the Air 

Service. The 700 millibar maps are photostat copies of maps analysed 

by the Air Weather Service. 

The sea level pressure is tabulated at each intersection of 

* fivenlegree meridian with a five-degree parallel, for each day, withta 

the limits of the analysis. The heights of the 700 millibar and 500 ;JllPt~ 

millibar levels are tabulated at the same network of points.      ~~~ 

Since observed winds do not appear on the mapa at a regular 

network of points, the geostrophic wind is used instead of the actual 

wind. An auxiliary investigation has been made to determine the aoJj 

curacy of this approximation. 

Let R ■ radius of earth 

» - angular speed of earth's rotation 

g • acceleration of gravity 

X - longitude 

i - latitude 

p ■ pressure 

» - height (of a constant pressure surface) 

p ■ density 

u » eastward component of wind 

4 
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g 

g 

northward component of wind 

eastward component of geostrophic wind 

northward component of geostrophic wind 

L*t AxP<X,jO " p(X«-5°, *)- PU-5°'^) 

A pCW) - P(W*5°)- P(X, ^-5") 

and let similar relations define A^ ■ and Ay » 

Then approximately, 

9   fy  P     '' 9A 
ug        "   vRap sin p"     *       g 

on a constant altitude surface» and 

9gA,> » 
ttg   *   *   ir ft o> sin ti        »   Tg 

n Uoipsin p cos 

9gi\x» 
li R co sin j4 cos £ 

on a constant pressure surface. 

The absolute angular momentum per unit volume, given by 

p(u + oi R cos 4) R cos I 

9 9 
consists of the angular momentum p u> R cos i    due to the earth 

mi 

rotation» hereafter called co-momentum» and the angular momentum 

p u R cos 4   due to motion relative to the earth»s surface, 

called relative momentum. Since the transport of co-momentum across a 

given latitude is proportional to the mass transport across that lati- 

tude» there can be no net long term transport of co-momentum. The net 

long term absolute momentum transport therefore consists of a transport 

of relative momentum. 

The transport of relative momentum per unit time per unit 

altitude across a given latitude I is 

TSV- 

t u v R2 cos2 i d X 
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In computations the above integral is replaced by a summation of 72 

terns» one for ever/ five degrees of longitude, and the wind is re- 

placed by the geostrophic wind. The density is assumed to be the 

normal density for the given month, latitude, and altitude. The 

transport is thus 

9 cos jf 

*m>k 

■£f^^& 

k w a   p sin2 p * 

at sea level, and 

■-  9 g2 p cos j    ^-. 
U tr «- sin2 p    ~* x  a y 

at the constant pressure surfaces. 

The monthly total transport across a latitude circle is 

estimated as follows: the transports ©er unit altitude computed from 

the sea level, 700 millibar, and $00 millibar maps are assumed to be 

the transports per unit altitude throughout the layers from 0 to 1.5 

kilometers, 1.$ to U.5 kilometers, and fc.5 to 7.5 kilometers respective- 

ly. The transport above 7,5 kilometers cannot be computed because no 

data are available except in restricted regions. The transport per - 

unit time computed from a given stop is assumed to be the transport 

unit time throughout the day of the map. 

The interaction eetween the atmosphere and the earth's sur- 

face consists of a friction effect and a mountain effect. The mountain 

effect is the torque exerted by a mountain range upon the atmosphere 

when the atmospheric pressures on the west and east sides of the range 

are different at the same altitude. An auxiliary investigation is being 

made to determine the importance of the mountain effect. 

The eastward component of the frictional force per unit sur- 

face area is assumed to be given by 

355^7 

m*' 
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X p tt  * U2 ♦ V2 

where K is a dioensionless constant^ assumed to be 3 x 10*^. The 

torque per unit northward distance around an entire latitude circle ie «%M 

therefore 
J2w 

0   Xpu/Uz + v2      R3cos2^dX 

The surface wind vector is assumed to be 0.6 tines the surface geo- 

strophic wind vector. The torque per unit northward distance is thu» 

81 X R coa2 i 
-        A    *r 

100 n wcp sin / 
/ •yP V^? 

<^P>2 

r
y,'i£>- 

First Auxiliary Study; An investigation of the accuracy of;~';'--*si^ 

the .geostrophic wind approximation for the computation of the trans- t#% 

port of momentum was made primarily by Lorens.  The study is based 

upon data collected by the Pressure Change Project at MIT (sponsored 

by the Office of Naval Research, Contract NSori-78, Task 17), The 

data consist of simultaneous values of the observed wind (by rawin or» 

rabal) and the geostrophic wind at stations in the United States, 

fortunately, such data for the remainder of the northern hemisphere are 

not available. 

The data used contain 267 observations during January l?l«6 and 

283 observations during December 19U6 - January 19itf. .For each observe- 

tion, the products uv and u v are computed. The sums J". «r and £u T 
B g g 

are obtained for each period. 

For January 19I16, 

*-u v  < 
g g A.» < 0, 



-5- 

T 
i 

and for December 19kS - January 19h7, 

0 <,  A-* u v    <2JUT 
8 8 

During each period, u v la on the average sonewhat smaller than u ▼ 
«8 

1*en'UgVg > °* and * V ** on the averaSe considerably greater alge- 

braically than u r «hen u v < o. Investigation of the observations^rijm- 

at 500 millibars suggests similar results. 

If these results, which include portions of the hemisphere^S 

where Ziu Y --.0 and portions where SUT<0, are typical of the enttaÄÄi 
8 8' '•■•'rÜS^S''1 

hemisphere, they indicate that for an entire latitude circle at middle   "£ 

latitudes, 

i 
/2n 

The momentum transport J       puvH   cosz /d\     depends largely upon 
2s 

u vd X 

In general, the monthly values of momentum transport, com- ^^^^fc, 

puted from the northern hemisphere maps with the geoatrophic wind  *-* 

approximation, are positive. It was arbitrarily decided to mul 

these computed values by the factor 1.5, in the hope of obtaining 

more accurate values of the momentum transport. 

Results; The results of the investigation are summarised in 

Figure 1. 
'■X*:* 



FIGURE 1 
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In Figure 1, the horizontal arrows with the accompanying 

numbers show the horizontal transport of relative angular momentum 

across the corresponding latitude, throughout the corresponding height 

interval. The numbers in parentheses give the total transport of mm !***': : 

f^f" 

relative momentum across the corresponding latitude. The vertical    'j^ST^ 

arrows with the accompanying numbers show the total frictional transfer ^K- 

of momentum from the earth's surface to the atmosphere between the 

corresponding latitudes, AU the numbers, when multiplied by 102*, 

become values in c.g.s. units. 

In general, the horizontal transport of relative momentum 

directed northward. South of 35°N, addition of momentum to the atmo- 

sphere by friction accompanies depletion of momentum by horizontal.»' 

transport, while from 35°M to 65°M, accumulation of momentum by hori- 

sontal- transport accompanies removal of momentum from the atmosphere by 

friction. These observations ar* in agreement with the theoretical 

conclusions of Starr ( see Journal of Meteorology, April 19U8). 

It is not to be exoected that the decletion or accumulation *  Vä; 

of relative momentum by horizontal transport will exactly balance the^rsmm 

Ü&:. 

addition or removal of momentum by friction, for several reasons. The 

computations described above involve many approximations. It has not1 

been possible to determine the transport of relative momentum above 

7*5 kilometers. The net horizontal transport of »-momentum, and the 

net local change of absolute momentum, while unimportant for very long 

periods, may oe important for periods as short as one month. Finally, 

the mountain effect has been neglected. 

^K^ 

1 
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Second Auxiliary Stnrfy, ^ investigation of the importance 

of the mountain effect has been made primarily 07 White. This invest!- 

gation has thus far determined only the normal mountain effect for 

January. 

formal January pressures for the northern hemisphere are 

obtained from figures of Sh» at sea level, and from DSAAP revised 

figures (1<H*) at 10,000 feet. Simplified topographic profiles for 

each five-degree belt of latitude, based on the Physiche Weltkarte 

of Hermann Haack, are constructed for the northern hemisphere. Irt^gt 

»ountain range is broken into layers one kilometer thick. Pressure   ^ 

differences Ap across each layer of each mountain range are obtained 

from the normal January pressures. The pressures in each layer are .3$j£& 

interpolated or extrapolated from the sea level and 10,000 foot pressures!^ 

The torque per unit latitude exerted oy the mountains on the atmosphere 

is 

1 Kilometer . R cos / H £.P - , 

the summation exte.^a ov*r ail sextain ranges and all layers. 

It is found truit the normal January mountain effect vaiiaa.<^|§i^' 

with latitude in ruch the «a« wv as the friction effect. South tf^p| 

U0% and north cf 6c<*. within the limits of the data, the mountain " ^ 

effect adds momentum to the aUosphere. Between hO°X and 60°N it re- 

moves momentum from tha atnosrhere. The mountain effect is strongest 

in the belt of westerlies between &<* and Stf*, and in the belt of 

easterlies between &* and 35*N. The mountain effect and the friction 

effect are of the sane order of magnitude. 
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It must be concluded that the mountain effect not only is 

not negligible, out is soaetir«s more important than the friction 

effect both in removing momentum from the atmosphere and in adding 

momentum to it. 

-'i^'"^^x.%^^^^'.':* 

i 

I 

Additional Studies; A number of purely theoretical features 

of the general circulation have been investigated by Starr» Abdullah» v^:-%<-
:. 

and Lorenz. Some preliminary results are expected in the near future«! 

Future Investigations: Investigation of the variations of ■"'"".' 

absolute angular momentum during January 19U6 is to be continued. The 

mountain effect during this month is to be computed. The local variations 

of absolute angular momentum» and the northward transport of co-momentum» 

are also to be determined. The variations of absolute angular momentum 

during January iyl*6 are also to be studied on a day-to-day basis. The 

entire general program is to oe extended to other months. 

i0^y. 


