VECTOR OPERATIONS
1.
Given:  
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 = 30 kt from 360( and 
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= 31 kt from 270( at Dodge City KS.  


a)  
Determine the 

and 

 components of both vectors.
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Draw both vectors below, with the tail of the vector at a point labeled “DDC” (for Dodge

            City), using a scale of one small grid interval equals 1 kt.  Label both vectors.
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[image: image6.jpg]VECTOR OPERATIONS
1. Given: \7850 =30 kt from 360° and V,,, =31 kt from 270° at Dodge City KS.

a) Determine the fand 3 components of both vectors.

Veo=_ 0 i- 30 i

Ve=+_ 31 i 0 ]
Draw both vectors below, with the tail of the vector at a point labeled “DDC” (for Dodge

City), using a scale of one small grid interval equals 1 kt. Label both vectors.
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b)  
Find the average wind in the layer, 
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, and express your answer both in 
component form and in speed and direction form.
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____21.6____ kt from ___314_____(


Draw the original wind vectors and the resulting average wind on the graph below, and 

            label.
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b) Find the average wind in the layer, VM = , and express your answer both in

component form and in speed and direction form.
Vo= + 155 i- 15 i

ave

Ve = 21.6 ktfrom 314 °

ave

Draw the original wind vectors and the resulting average wind on the graph below, and
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c)  
Find the wind difference (wind shear), 
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, and express your answer in both 
component form and in speed and direction form.  
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=  ____43.1____ kt from ___226_____(
Draw the original vector and resulting wind difference (wind shear), 
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, on the 
            graph below, and label.
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[image: image16.jpg]¢) Find the wind difference (wind shear), V., — Vs, and express your answer in both
component form and in speed and direction form.

Voo = Veso= _+_ 31 i 30

Voo = Veo= _ 43.1__ kifrom 226 °
Draw the original vector and resulting wind difference (wind shear), \7700 - \7350 , on the

graph below, and label.
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d)  
Determine 
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Draw the original vind vectors and resulting vector on the graph below, and label.
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[image: image21.jpg]d) Determine k x (‘wo - szo) in both component form and speed and direction form.

kx (Vi =V )= - 30 HEE| 5
kx (V= Vi )= 431 kifrom 136 °

Draw the original vind vectors and resulting vector on the graph below, and label.
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e)  
Determine the value of 
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 using either of the methods 
described in Chapter 5. 
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 = _____-930______  kt2
                (15.5 i   - 15 j) ( (-30 i   + 31 j) =  -465 -465 = -930 kt2
                                                       or

              (21.6 x 41.3) cos 180˚    =   -930 kt2

f)  
Compute the value of 
[image: image24.wmf](

)

850

700

V

V

k

ˆ

r

r

´

·

 using 
[image: image25.wmf]b

=

´

sin

V

V

V

V

850

700

850

700

r

r

, 
where ( = ((700 - (850), the angle between the two vectors.    
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What would happen to this answer if the wind directions had been reversed?

             V700V850 sin (270° - 360°)  = (31 kt)(30kt) sin (-90°) = 930 (-1) = -930
             V700V850 sin (360° - 270°)  = (31 kt)(30kt) sin (90°) = 930 (1) = 930
The U.S. map shows the 300 mb analyses of isoheight contours (blue lines in units of meters), and wind speeds (brown dashed lines in units of knots). Data values for the five points numbered 0 through 4 above are provided in the table below. The distance between consecutive points is 100 nm. 

	Point
	Speed (knots)
	Direction 
	u (knots)
	v (knots)
	z (meters)

	0
	55
	215º
	45.1
	31.5
	9070

	1
	75
	210º
	65.0
	37.5
	9085

	2
	50
	240º
	25.0
	43.3
	9035

	3
	39
	250º
	13.3
	36.6
	9055

	4
	70
	245º
	29.6
	63.4
	9100


pt                                      u                                                        v     

0                        55 cos 35° = 45.1                               55 sin 35° = 31.5

1                        75 cos 30° = 65.0                               75 sin 30° = 37.5

2                        50 cos 60° = 25.0                               50 sin 60° = 43.3

3                        39 cos 70° = 13.3                               39 sin 70° = 36.6

4                        70 cos 65° = 29.6                               70 sin 65° = 63.4

2.
Estimate the x- and y-components of the height ascendant using the finite difference formulae shown below.                                                                                                             Z1 = 9085m    Z2 = 9055m
                                                                                                                              Z2 = 9035m    Z4 = 9100m
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 m/nm = ___0.36___ m/nm from  _155.6_(
 Z1-Z3   =  9085-9055      =   30    =  0.15 m/nm                Z2-Z4   =  9035-9100      =   -65    =  -0.33 m/nm
    2D              200                 200                                          2D              200                 200
|  Δ zp|  = √ (.15)2 + (-.33)2    = 0.36                 cos Θ  = 0.15/0.36  =>    Θ = 65.6 +90 = 155.6°
This quantity,
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, is called the gradient of the height field. Explain its significance.

It is the directional derivative of the height field, i.e., the change in z along each of the respective coordinate directions (x,y).

3.
Estimate this same gradient directly from the map.



[image: image32.wmf]z
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= ____~0.40___ m/nm from __~150__(                      (9120 -9100) m/300 nm  = 0.40
                           angle determined by inspection of gradient drawn on the chart.
4.
Determine the Laplacian of the height field at Point 0, using the formula below.
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9085+9035+9055+9100- (4x9070)     =   -5 x 104 
1002
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This quantity is called the Laplacian of the height field. Explain its significance.
This gives the vertical component of vorticity.
5.
Use the equation below to compute the horizontal divergence of the wind.  
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  = ______0.16______ hr-1
    u1 – u3     +   v2 - v4         =    65 -13.3  +  43.3 – 63.4     =   0.26 -0.10   =  0.16
       2D                2D                      200              200
6.  Use the 300-mb analysis to compute the horizontal divergence of the wind in which direction is determined by the wind barbs and wind speeds are determined by the isotach pattern.

By inspection, the lateral winds (u) to the east exceed the winds entering (to the west) the area.  This indicates divergence.  In the N-S direction, the winds (v) departing the north side of the area  are less than those entering the area.  This is convergence.  However, the lateral divergence exceeds the N-S convergence, so there is net divergence for the area (i.e, net outflow from the area).   
7.
Use the equation below to compute the vertical component of the curl of the wind.  
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MCEPIMNWSINGAA Blue (Solid) - Contours of Height (120m) Brown (Dash) - Isotachs (20 kt)
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