Physics 2400 Midterm I Project March 3, 2016

Show all your work and indicate your reasoning in order to receive the credit. Present your answers
in low-entropy form. Write your name on the problems page and enclose it together with your
solutions. Enclose printouts of computer algebra sessions, where relevant.
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Useful tricks.

1. Assuming that the integrals below exist,

j.of(x—i)dx:ff(x)dx. (A)
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(a) (15 points) Use Eq. (A) to evaluate the following integral:
@ 2 2
f e—(xz—Z) _()(1_2_2) dx

Express your result via gamma function.
(b) (1 point) Try to evaluate the integral above using a computer algebra system

(c) (4 points) Use a computer algebra system and compare the numerical values of the integral
and your answer.

bonusbonusbonus
(d) (bonus points) Prove Eq. (A)

2. The so called Schwinger parametrization is based on identities like the following:
1 2 \f —Ru2
—=— | e du (B)
VR V7
(a) (15 points) The first octant of a three-dimensional coordinate system is filled with contin-
uously distributed charge of density

—(x242y%+427%)

p(x,y,2) = poe
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Use Eq. (B) to evaluate the electrostatic potential in the origin, which is given by the
following integral:

o~ (x +2y%+27%)
fff dxdydz. (C)
4”60 a2+ y2+ 22

Hint: The Schwinger parametrization converts the triple integral Eq. (C) into a quadrupple
integral. Three out four integrals are gaussian ones, thus can be easily evaluated. Use a
computer algebra system to evaluate the last one-dimensional integral that you obtain.

(b) (1 point) Try to evaluate the integral above using a computer algebra system.

(c) (4 points) Use a computer algebra system and compare the numerical values of the integral

(without the dimensional factor in front) and your answer.
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