
(b) Plot E(x) vs. x for x < O.

(c) At what points, if any, (apart from Ixl = 00), is E(x) = O?

Problem 1.3
Continuous charge distribution.
Giancoli 21-49.

Problem 1.4
E-field of a uniformly charged disk.
A disk of radius R carries a uniform surface charge density (J (see sketch). The z-axis passes through the
center o. The total charge, Q, on the disk is thus Q = 7rR2

(J.

P

(a) What is the electric field E (magnitude and direction) at a point P a distance z above the center of
the disk? The procedure to follow is to sum (integrate) the contributions of all infinitesimal charges
dQ = (JdA of the surface elements dA on the disk. The integration is relatively easy if you introduce
rings with radii r (centered on 0) and width dr, and then introduce a new variable s = vr2 + Z2, and
observe that rdr = sds. Express your answer for E(z) in terms of Q, R, EO and z.

(b) Plot E(z) as a function of z for all positive z's. Use R as your unit on the abscissa; use Q/(47rEoR2
)

as your unit for E(z).

(c) Using the binomial expansion (see Appendix A in Giancoli) for vz2 + R2, find simplified expressions
for E(z) in two limiting cases:

(i) Z2 « R2

(ii) Z2 » R2 •

In your calculations retain only the first non-vanishing term of your expansion.

(d) Compare your result in case (ii) with the result you can obtain "effortlessly" by making use of Coulomb's
Law for a point-like charge.

(e) Using Gauss's law (choose a proper "pillbox"), calculate E(z) near point 0 for case (i); compare your
answer with (c).

Gauss's Law is a powerful tool in qualitative studies of the electric field for some surmised charge
distributions (for example, for surface charge distributions on metals). We will see such an example in the
next assignment. Gauss's Law leads also very quickly to quantitative results if the charge distributions exhibit
simple symmetry (spheres, cylinders & large planes) problems l.4(e), 1.6, 1.7& 1.8 are classic examples of
this.
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