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Taylor series expansion

Given the function 22° — 4z + 2, use a Taylor series arﬁroximation to estimate its value at the point Ti+1 = 2,
Use the Taylor series expansion about the point i = 0,

You should show all your work to compute the zero order, first order, second order and third order
approximations, as demonstrated in lecture and in the textbook.

Derivation and use of finite difference formulas

Starting with the Taylor series definition, show the derivation of the centered finite difference representation of a
second derivative of a function. Use this formula to estimate the second derivative of Sin(2) at © = 7/2 using
h = 0.3. You should use at least 5 digits of precision. Compare this with the analytical value of sin(7/2), You
should be sure that you are capable of deriving and using the forward, backward and centered finite difference
formulas for first and second derivatives.
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Root finding - Newton’s Method

Use three iterations of Newton’s method, starting at Zo = 0.5 to approximate the root of 2* —3x + sin(x),

LU Decomposition

Given the following three equations

e Put them in matrix-vector form

e Compute the A = LU decomposition of the matrix

e Show that the matrix-matrix product of LU is, indeed, A

e Use forward, then backward substitution to solve the system for the unknown vector 7
e Compute the residual, Ax — h to show that the solution is correct

X +2;L'2 +4LL'3 =3
3wy + 8wy + 1423 = 13
2xy + 6y + 1323 = 4
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General Calculus

A rimfire .22 calibre rifle has an initial muzzle velocity, vg, of 400 m/s. Assume that the rifle is pointed straight up

and fired. Given the following equation of height, y, as a function of time, t, where g = 10.0 m/s2 (we're on a
planet that's just a little more massive than Earth!)

1,
y(t) = 59t° + vt

Derive an equation for the velocity, v, as a function of t, (There is no trick here, the velocity is the time rate of
change, or the derivative of the position with respect to time). Use this function, v(t) to

e Determine the velocity att=40 s
e Determine at what time the velocity, v(t), is equal to 0.

General Calculus

This is a fictitious example! The number of people attacked by grizzly bears in the years from 1960 to 2010 is
given by the equation

k(t) = 100 + 4t — 0.00¢*

where t is measured in years, with =0 representing the year 1960.
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Use the integral of this function to calculate the total number of people attacked by bears from 1990 to 2000

Then, calculate the derivative of k() and use this to determine in which year the number of attacks leveled off (in
other words, when did the number of attacks stop increasing, and start decreasing?).




