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Øving 1

The deadline for this sheet is Monday the 13th of September.

1 Mandatory Exercises

Partial Differentiation

1 Consider the following four functions f, g, h : Rn → R.

f(x, y) = xy + x+ 2y2,

g(x, y) = e−2xy − 4,

h(x, y, z) = arctan(x) cos(y)− 3z sin(x),

p(x, y, z) = ln(x+ y3)− (x2y + y2) ln(2z2).

For each of the functions compute:

• ∂f
∂x2 , ∂f

∂y2
, and ∂2f

∂x∂y ,

• ∂g
∂x2 , ∂g

∂y2
, and ∂2g

∂x∂y ,

• ∂h
∂x ,

∂h
∂y ,

∂h
∂z and ∂2h

∂x∂y ,

• ∂p
∂x ,

∂p
∂y

∂p
∂z , and

∂3p
∂x∂y∂z .

Polynomial Interpolation

2 Consider the data points

xi 3 4 5

f(xi) 2 6 12

a) Find both the Lagrange and Newton form of the minimal degree interpolating
polynomial at these points. Verify that the polynomials you get coincide.
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b) Add the data point

f(6) = 26

to the above set of data points. Compute the minimal degree polynomial that
interpolates all 4 points.

3 The population in Norway in the period 1976 to 2001 is, according to SSB

year 1976 1981 1986 1991 1996 2001

population 4017101 4092340 4159187 4249830 4369957 4503436

a) Calculate the polynomial that interpolates these points.

b) Use the interpolation polynomial to estimate what the population in Norway
was at years 1983 and 1999. The actual populations were 4122511 and 4445329
respectively.

c) Use the interpoltation polynomial to predict what the population in Norway
was at years 2010 and 2020. The actual populations were 4858199 and 5367580
respectively.

4 a) Find the Chebyshev nodes over the interval [2, 5] for n = 4.

b) Interpolate the function

f(x) = 2x
2−6x+9

in the 4 Chebyshev nodes.

c) Interpolate the function f(x) in 4 equidistributed nodes on the interval [2, 5].

d) Plot the difference between your interpolation polynomial and the actual func-
tion on the interval [2, 5], for both interpolation polynomials. What are the
maximal errors in each case?

2 Recommended Exercises

5 Inverse interpolation. Given a sufficiently continuous function f(x) with a root r in
some interval [a, b]. Choose this sufficiently small to ensure f to be strict monotoni-
cally increasing or decreasing in [a, b]. We will use the fact that

f(r) = 0 ⇒ r = f−1(0).

Choose n+ 1 distinct data points (xi, yi) in the interval [a, b], and find the interpo-
lation polynomial pn(y) ≈ f−1(y) and r ≈ pn(0).

a) Let f(x) = x3 − 7 and [a, b] = [1.5, 2.0]. As nodes, choose (xi) = (1.5, 1.75, 2.0)
and use the idea above to find an approximation to the root. How close to the
exact solution is the approximation?
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b) Repeat the example above, but now with n+1 uniformly distributed nodes over
the interval [1.5, 2.0]. Use the functions cardinal and lagrange to calculate the
value of the polynomial pn(0). Choose n = 2 (to check your hand calculations),
4, 8, and 16. Find the approximation in each case, as well as the error.

NB! (Python): Even if you only want to calculate the value of the cardinal functions
in one point, 0, it still has to be given as an array ( array([0]) ) in the function
cardinal.
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