Atmospheric Dynamics Examples Sheet

1.   A straight north-westerly jet stream with speed 100 ms-1 at 300 mb flows into a trough of radius 3000 km at 50oN.

i) Calculate the horizontal gradient of geopotential in the straight part of the flow.

ii) If this gradient is maintained in the trough, by how much is the flow decelerated?  From conservation of energy, calculate the horizontal displacement of a parcel of air from its initial geopotential contour line.

iii) Estimate the mean horizontal gradient in temperature of the troposphere beneath the jet stream.

2.   A cold front with a slope of 1 in 50 extends from the ground to 300 mb (9 km) at 50oN. The temperature change across the front is 10oC.  Estimate the velocity of the jet stream, assuming negligible wind at ground level.

The front is associated with a trough on the pressure charts for the lower troposphere.  Use the vorticity equation to explain why this fact alone causes cloud and rain to form along the front.

3.  A chart of geopotential height at 200 mb shows a wave centred at 50oN with air flowing from a trough to a ridge.  Contours are drawn every l20 m in height and are 600 km apart horizontally. Their radius of curvature in both trough and ridge is 800 km and the amplitude of the wave (latitude difference between trough and ridge for a given contour) is 9o.  Calculate:

    a) the geostrophic wind at 50oN;

    b) the gradient wind in the trough and ridge;

    c) the absolute vorticity in the trough and ridge.

4.  Upper tropospheric air flows at a speed of 30 ms-1 through a sinusoidal trough-ridge pattern at 50oN,  of peak-to-peak amplitude 500 km and wavelength 3000 km. Calculate the change in absolute vorticity between ridge and trough, and derive the fractional change in the depth of an air column as it traverses the pattern.  Draw a diagram to mark areas of upward and downward motion in the flow, and hence describe the effect of the pattern on the surface weather.

(The radius of curvature of y = A sin(kx) is (Ak2)-1 at the crests).

5.  A uniform current of air just beneath the tropopause flows through a trough-ridge pattern. The radius of curvature in both trough and ridge is 1000 km and the isobaric gradient of geopotential height remains constant at 15m per 100 km.  Calculate the geostrophic wind and the gradient wind in the trough and the ridge (take f=10-4s-1).

Either by calculating the divergence of the ageostrophic wind or by considering changes in vorticity, identify areas of vertical motion in the trough-ridge pattern. How would these motions affect the weather in the lower atmosphere?

