
 

Name___________________________ 

Interpolation homework, hand exercises 

1) Draw a line that matches each map projection to the best latitudinal region (3 pts) 

 

 

Mercator 
 

Tropics 

Polar Stereographic 
 

Mid-latitudes 

Lambert Conformal 
 

60-90°N 

 

2) Compute u and v for a wind speed of 10 ms-1, and wind direction of 30 deg (4 pts) 

 

 

 

 

3) If u=12.9 ms-1, and v=15.3 ms-1, compute the wind direction. (2 pts) 

 

 

 

 

 

4) If u=12.9 ms-1, and v=15.3 ms-1, compute the wind speed. (2 pts) 

 

 

 

5) Assume the rotational angle can be computed as: 𝛼 = 0.422618(𝜆 − 𝜆𝑐) where the map projection’s 

central longitude 𝜆𝑐  is 95°W. If the model’s u=12.9 ms-1 and v=15.3 ms-1 at model grid point longitude 𝜆 =

75°𝑊 and model grid point latitude 𝜃 = 30°𝑁, what is u in earth coordinates? (2 pts) 

  



6) Consider a 3X3 set of equations written in matrix form as 𝐴𝑋⃗ = 𝑏⃗⃗. The solution is 𝑋⃗ = 𝐴−1𝑏⃗⃗. Suppose: 

 

 𝐴 = [
2 4 6
2 3 5
4 2 3

] and 𝑏⃗⃗ = [
3
1
15

]. 

 

The inverse of 𝐴 is  

 

𝐴−1 =

[
 
 
 −

1
6⁄ 0 1/3

7
3⁄ −3 1/3

−4
3⁄ 2 −1/3]

 
 
 

. 

Compute 𝑥1, 𝑥2, and 𝑥3 where 𝑋⃗ = [

𝑥1

𝑥2

𝑥3

]. Show the dot product steps. (6 pts) 

 

 

 

 

 

 

 

 

7) Given 𝑥 = (20, 21, 22, 23, 24, 25) and Ψ = (20, 30.7, 31.5, 32.3, 33.2, 34.1), estimate Ψ at 𝑥 = 22.4 using 

1D linear interpolation. (6 pts) 

 

 

 

 

 

 

 

 

8) What is the “nearest neighbor” value in question 7? (2 pts) 

 

 

 

9) Show the method for computing floating i in question 7 (2 pts) 

 

 

 

 

  



10) Write the three equations for minimizing a least squares fit to a dataset (𝑥𝑜, 𝑦𝑜) based on a 2nd-order 

polynomial 𝑦 = 𝑎 + 𝑏𝑥 + 𝑐𝑥2 , where 𝑒𝑟𝑟𝑜𝑟2 =
1

𝜎2
∑[𝑦𝑖 − (𝑎 + 𝑏𝑥𝑜 + 𝑐𝑥𝑜

2)]2. In other words, write the 

following and set to zero (6 pts): 

 

𝜕(𝑒𝑟𝑟𝑜𝑟2)

𝜕𝑎
= 

 

𝜕(𝑒𝑟𝑟𝑜𝑟2)

𝜕𝑏
= 

 

𝜕(𝑒𝑟𝑟𝑜𝑟2)

𝜕𝑐
= 

 

11) Given 𝑥 = (2, 5, 7) and Ψ = (5, 8, 14), setup the Lagrange polynomial equation for   Ψ(𝑥) = 𝐿1(𝑥)Ψ1 +

𝐿2(𝑥)Ψ2 + 𝐿3(𝑥)Ψ3. You do not need to reduce it to a final polynomial expression. (6 pts) 

 

 

 

 

 

 

 

 

 

 

 

 

 

12) Given 𝑥 = (2, 5, 6, 7) and Ψ = (5, 8, 11, 14), setup the quadratic spline equations. You do not need to solve 

for the coefficients. (6 pts) 

 

 

 

 

  



 

13) What are two differences in the formulation of a cubic spline versus a quadratic spline? (2 pts) 

 

 

 

 

14) List three splines which are less prone to unnatural wiggles and overshooting than the cubic spline (3 pts). 

 

 

 

 

 

What is the basic step used in each of these three schemes to achieve a monotonic, natural-looking curve? 

(2 pts) 


