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The Slope of Axes of Pressure Systems
H . A . PANOFSKY
Princeton, N. J.

T is WELL-KNOWN that the axes of low-pressure systems slope toward colder air, of highpressure systems toward warmer air, and that the magnitude of the slope varies inversely
as the horizontal temperature gradient. In what follows, an exact formula for the slope
of a pressure system will be derived, which bears out these facts.
Consider a vertical cross section in an arbitrary direction x, and in this section consider a
surface of constant A, where A may be any scalar whatever. Let z be the variable denoting
height. Then, along the surface, we have

I

dA = 0 = ^dx
dx

+ ^dz.
dZ

(1)

Solving this for dz/dx, we get for the slope of any surface along which a certain variable A is
constant:
dz _ __ dA/dx
dx ~
dA/dz'
Consider a point along the z-axis where dp/dx = 0. The slope of a line connecting such
points at different elevations is obtained by putting A = dp/dx in Eq. (1), since dp/dx does
not change along this line.
Then:
dz _ _ d2p/dx2
(3)
dx ~ ~ d2p / dxdz
Substituting, in the denominator, the hydrostatic equation in the form: dp/dz = — gp, eliminating the density by the gas law, and putting dp/dx = 0, we have
dz _ _ R T2d2p/dx2
dx~
mg p dT/dx '

(

}

where p is pressure, T temperature, p density, g acceleration of gravity, R universal gas constant, m molecular weight of air.
The left side of Eq. (4) will represent the slope of a wedge or trough line provided that the
z-axis is chosen at right angles to the trough or wedge line, and that the line does not rotate
with elevation.
In order to determine the slope of a high- or low-pressure center, consider the value of the
left side of Eq. (4) along directions xi along the isotherms and Xi at right angles to the isotherms.
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The equation may be applied in both these directions, since dp/dx = 0 in all directions in a
pressure center. In the Xi direction, the slope is infinite. This means that the axis of the
pressure system must lie in the (x2, z)-plane. In other words, the displacement of a pressure
center with height occurs at right angles to the isotherms.
Thus, Eq. (4) can be used to compute the slope of a pressure center, provided that the z-axis
is chosen at right angles to the isotherms.
The sign of Eq. (4) agrees with known facts, if it is remembered that d2p/dx2 is positive for
low-pressure centers and negative for high-pressure centers.
Eq. (4) can be put into practical form by using approximations applied also by Petterssen.1
The equation then becomes
(5)
where L is an arbitrary length measured at right angles to the isotherms, and the superscripts
agree with those used by Petterssen.
If Eq. (5) is to be applied in the determination of the distance between a pressure center at
sea level and its position at 10,000 feet, part of Eq. (5) may be evaluated numerically, and it
can be brought into the form:

(6)
where the pressure is measured in mb, the temperature in °C, Ax is the required distance,
measured in the same units as L. This equation is subject to the assumption that the slope
is constant between sea level and 10,000 feet.
Eq. (6) was applied for maps of November 2, 1944 and found to agree with observations.
Possible use of the above equation can be made in estimating the positions of upper highand low-pressure centers over ocean areas.
1

Petterssen, Weather Analysis and Forecasting, par. 154.

Visible Acoustic Waves Passing Through Clouds
Dark bands crossing rapidly through a brilliant parhelic circle and parhelia in airplane
cirrus Aug. 9, 1944 were described by G. H. Archenhold, in Nature (London), v. 154, p. 433,
Sept. 30. He ascribed them to atmospheric waves that tilted the reflecting faces of the
crystals sufficiently out of the vertical to effect a marked reduction in the reflected sunlight.
This could happen readily in an airplane-formed cloud sheet, which would be very thin
vertically relative to a natural cirrus; and, in this instance, the presence of unusually
strong atmospheric waves is suggested by the airplane trails having assumed an " S "
shape after formation, indicating sharply diverse winds with little difference of height.
Y. Vand, however, in Nature, Oct. 21, p. 517, ascribes these dark bands to acoustic
waves from explosions passing through a cloud of ice crystals. He had seen similar
waves in France both in World War I and in the present war. The explosions, Yand
says, might be so distant that they may not necessarily be heard at the point of observation. The perfect straightness of the bands observed by Archenhold supports this view
of their distant origin. The observed very high velocity of about 5° per second agrees
well with the velocity of sound at the height at which ice clouds are forming. The spacing
of the bands of % to 1°, when compared with their speed, corresponds to the frequency
of 2.5 to 5 cycles per sec., which also corresponds to the fundamental frequency of sound
caused by heavy explosions.
R. Holdsworth, in the same issue of Nature, p. 517, has the same view and says he
has seen moving dark bands on very low stratus cloud.—C.F.B.
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