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1 (25 points)
(a) (10 points) Write down the Taylor expansions of e and e~®. Draw the schematic

diagrams of e* and e~®. What are the linear and nonlinear regimes of the e* and e™".

(b) (10 points) Why is e~* scale used in the science? Why is not e~ 2 or e~3 used? What
is the e~ scale for the functions of e "¢ and e~ /"2 '

(c) (5 points) Draw a graph for f(t) = te~t (t > 0) and explain. What is the maximum of
the function and the corresponding ¢.

2 (15 points) Find the eigenvalues and eigenvectors (normalized) of the following matrix
A and B.
0.8 0.6
4T (0.2 0.4)

(a) (5 points)
5=(3 )

(c) (5 points) What are the Sturm-Liouville properties of eigenvectors and eigenvalues for

the Hermitian (symmetric) and skew-Hermitian (anti-symmetric) matrices.

(b) (5 points)

3 (30 points) Solve the following first order ordianry differential equaﬁons w%:h Yo as the’

initial condition.

(a) (10 points) dy/dt = —ay,
(b) (10 points) dy/dt =1 —y,
(c) (10 points) dy/dt =y — y2.

4 (10 points) {EEERHIN A RICETE R Sy
HGoly, PRROHETE, BlRE AR AN B, ASAEE

dAT

e —aAT
HEADRERE :
R = AT(tO)ea(t“fﬂ)

BIEBECREAT = T — Tooom, RHEBENZRLE, RECEHE RIEEAEEGE

), AT (o) RFEETEC AT SR A= E ‘ ; \
etk BRFE, REAN, NEBERSITEEEE, LR

5 (20 points) Consider the one dimensional wave equation
&%y 2%y

a2 = ¢ 8r2’

with boundary condition y(0,¢) = y(w,t) = 0, and initial conditions y(z,0) = f(z) and:

-4(,0) = g(x). Solve the equation with the separation variables technique.

Hint: The Fourier sine series of an odd function of peﬁod 27 (and n intégers) is

[ee]
f(z) = Z by, sin nz,
n=1

with coefficients

9 s .
by, = = fo f{:c) si# nj'ﬂd:v. _ %i%ﬁt&évﬁa




