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1. (20 points) [(a) 5 points, (b) 5 points, (c) 5 points, (d) 5 points]
Consider the following function

(x=p’
20°

where n, u,and o are positive real numbers.

flx)= Jz%o exp[— ]

2
(a) Find the location(s) where % f(x)=0.

(b) Sketch the function f(x) from x— —o to x—> +oo and mark the location(s) where

2
;Zc_ f(x)=0 and the location(s) where % f(x)=0.
(c) Determine the definite integral 1, = J: f(x)dx

(d) Determine the definite integral 1, = J*‘”xz f(x)dx

2. (20 points) [(a) 10 points, (b) 5 points, (c) 5 points]_

Consider a particle with mass m, position x(¢), and x-component velocity v, (¢), so that

dx(t)

d (1)

If the particle is decelerated by a velocity-dependent force, such that

m 4, ==bv (t)

where b is a positive real number. For v,(#) much less than the speed of light, the

kinetic energy of the particle can be defined as E =(/2)mv?.

(a) Find the solutions of the functions x(z) and v () with initial conditions
v(t=0)=v, and x(t=0)=x,.

(b) Determine how the particle kinetic energy changes with particle's position x.

(c) Sketch the kinetic energy E,(x) as a function of particle's position x and determine

where the particle will lose most of its kinetic energy.
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3. (15 points) [(a) 5 points, (b) S points, (c) 5 points]

a 0 —-io
Let M=| 0 b 0 where i=w/—_l
+iw 0 ¢

(@) Find M~ (the inverse matrix of M)
(b) Find the eigen values of the matrix M.
(c) Show that the eigen vectors of the different eigen values of the matrix M are

perpendicular to each other.

4. (20 points) [(a) 5 points, (b) 5 points, (c) 10 points]
Evaluate the following definite integrals, where z,=5-3i and i=+/-1

+oo—joo e—iz

(@ I,= . dz
—oomioe Z— Zo
oo e—iz

(b) I, = j dz
e - ZO

© 1= ak[ p& e v ag

5. (25 points) [(a) 5 points, (b) 5 points, (c) 5 points, (d) 5 points, (€) 5 points]
Let us consider a spherical coordinate system (r, 8, ¢), where r is the radial distance

from the origin; € is the polar angle between the position vector r=7r and the z-axis;

¢ is the azimuthal angle of the position vector r with respect to the x-z plane. The

unit vectors r, é,qs are parallel to the Vr, V@, and V¢ directions, respectively.

Please determine the following vector differentiations. z 8 =rx

(a) Let aé/ae=a1f+a2é+a3g$. Find a,,a,,a, A A

(b) Let 07 /00=0b7+b,0+b,p. Find b,b,, b, -

(c) Let 07 /9¢=cF+c,0+cd. Find c, Cyy Cy 0 - .49’ 2
(d)Let 3¢/d¢p=dF+d,0+d,$. Find d,d,,d, 1% e

() Let 36/3p=ei+ef+ed. Find e, e, e, >
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