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1. Aforce F is given by the formula F=rf+zR-x , Where x, y, z are Cartesian coordinates (in
the usual right-handed system in which X x §=7), with &, §,Z unit vectors in the X, y, and z

directions; I’ is the vector from the origin to the point (x, y, z), r is its magnitude, and [ is a unit
vector in the direction of F .

(a) (5%) Write the vector F interms of %, Y, Z unit vectors.

(b) (5%) Calculate V x F .

(c) (10%) Calculate the line integral §§ E. dé), where the path is a unit circle in the xz plane,
centered at (X, Y, z) =(0.5,0,1.5), with the path direction such that, starting at
(x,y,2)=(.50,1.5), the path passes, in order, (0.5,0,2.5), (-0.5,0,1.5), (0.5,0,0.5),
ending upon returning to (1.5,0,1.5).

2. Auniform bar of length L is clampedat X =0 and X =L such that it lies in a horizontal plane.
Provided that the deviations from equilibrium are small, the vertical vibration u(x,t) satisfies the

fourth-order equation
o‘'u du
+ =
ot*  ox'
(a) (10%) Looking for a separable solution of the form u(x,t) = X (x) x T (t), find the ordinary
differential equations satisfied by X (x) and T(t).
(b) (10%) Find the most general solution u(x,t) which satisfies the boundary conditions:

u(0,1) =0, u(L,t)=0, JUXD} _, Julxt
X" | X’

=0,and u(x,0)=0.

x=L

3. (10%) Consider the periodic function (with period 27 ) defined as

1 .

=sinx, —x7<x<0
f(x)z{ 2 g .

sin X, 0<x<r

If the Fourier series of such a function can be expressed as

f(x)=Asinx+B+ i C, cos(2nx),
n=1 JT

what are the constants A, B and C ?
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4. (8%) Let the components of the inertia tensor in a Cartesian system be represented by

I
=N
N PN
o N P

Identify an angular velocity vector, by specifying its components, that will result in an angular
momentum which is parallel to this angular velocity.

5. Evaluate the following integrals

(a) (14%)

r”dﬁ 1 —l<a<l .
0 1-2asin@+a’
(b) (14%)
j'wdx In XZ.
» 14X

6. (14%) A radioactive isotope I, decays into another isotope I». I, decays, in turn, into I3 ,and I; decays
into the stable isotope 14. Let Nj(t) be the amount of the isotope I;at time t,and let c;, ¢, ,and cs be
the decay rates. Then,

N,=-cN,, N,=cN-cN,

1 1 1

N,=c,N—cN,, N,=cN

4 3 3"

We assume that c;=c, #C3. Suppose one starts att 0 with an amount A of the pure isotope I; .
How much 14 is there at time t




