1.

MathPhys 15-Phys-721
Fall 2001 Midterm
Tuesday, November 6

(12 points) Solve the differential equation
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Solution

General solution of the homogeneous equation, y o« ™?
2 2
m-—4dm+4=(m—-2)"=0

that is

y = 162 + coxe®

Look for the particular integral as y = Ax?e?® and find
2Ae%" = 2¢2*

General solution of the inhomogeneous equation

y = 162 + coxe?® + 2

. (12 points) Find the sum

= k(2k + 1) 2k +1)
Solution
Consider
o 2k+1
S(z) = T T R——
Pt k(2k+1)
and
dS (z) = z%* 9
= — =—In(1-
da kzzl k n (1)
whereof

S(x) = /dacln (1—=a?) :/d(l—x)ln(l—x)—/d(1—|—x)ln(1—|—x)
l-2z)ln(l—2)—-1]-Q+2)In(l+z)—-1+C

Find C =0 from S (0) = 0 and
S(1)=2(1-1n2)

. (16points) Evaluate the volume integrals

and
/dVr27> exp (i@ - 7)exp (—br?)

(dV = dxdydz). For the first integral, check your answer by considering the limiting case a = 0.

Solution



Consider the integral

o'} 1
I = /dVexp (i@ T )exp(—br®) = 27?/ drr? exp (—br2)/ d (cos0) exp (iar cos 6)
0 -1

= 277/ drr® exp (—br?) exp (iar) - exp (—iar) = g / drrexp (—br?) sin (ar)
0 0
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_ _4m o 2 _ _Am o = 2
— o 9a ), drexp (—br?) cos (ar) - aaRe{/O drexp (—br +zar)}
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9 N oy O /m\3/2[3 a\?2 a?
/dVT exp (i'a - 7T )exp (—br ) == (E) [2() - (%) ]exp (—4()

e Check: consider a =0
[o ] 2 o0
/dVT2 exp (—br2) = /dV’I‘2 exp (—bTQ) = 477/ drr exp (—br2) = 477% / dr exp (—er)
0 0

_ A 413t (7r>3/2 3

Tovzopl/2 ~ 322252 \b) 2
Also
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