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1. (30%) The box in the circuit shown in the figure represents an “active element” such as a
semiconductor or vacuum tube, the voltage drop across which is a known function /(i) of the

current i. Thus, Kirchhoff’s voltage law gives L%+ f(i)+ 'lc'jl dt=0 L
(a) Iffis of the form f(i) =ai’ —bi  show that one obtains c D
1 i
Li"+3ai* =b)i'+=i=0.
i"+3ai )i Cl (1)

(b) Show that by a suitable scaling of both the independent and dependent variables one can
obtain from (1) the van der Pol equation '

I"—e(1=1HI'+1=0,

where primes denote differentiation with respect to the new time variable 7, where / = Q7
and i = 81, Thatis, find @, ,and ¢ interms of L,C,a , and b.

2. (20%) Evaluate the Jacobian,

fu,v,wy=uw', gu,v,w)=20-w,

o(f,g,h)

h(u,v,w)=e";
o(u,v,w)

3. (20%) Derive the Fourier integral representations of the following functions. At which points,

if any, does the Fourier integral fail to converge to f(x)?

. x20

€
f(x)_{o, x<0

4. (30%) Verify the divergence theorem by working out Iy V-vdV and ] sN-vd4d and
showing that the results are equal.

v=(3x -2y2)j,

¢: the pentahedron with vertices at (0,0,0), (2,0,0),(0,0,3),(2,0,3),(0,4,3),(2,4,3)
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