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PHYS 1312 Fall 2015 Test 2
Oct. 13, 2015

Name Student ID Score _________

Note: This test consists of one set of conceptual questions, three problems,
and a bonus problem. For the problems, you must show all of your work, calcu-
lations, and reasoning clearly to receive credit. Be sure to include units in your
solutions where appropriate. An equation sheet is provided on the last pages.

Problem 1. Conceptual questions. State whether the following statements are True or
False. (10 points total, no calculations required)

(a) For a single slit, the maxima in the diffraction intensity I occur at odd integer multi-
ples of the wavelength A.
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(b) In steady-state, the electric field |E| inside of a conductor is always zero.
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(c) For an electric dipole, the electric field lines at a location perpendicular to the dipole
axis point generally anti-parallel to the dipole moment vector. / // /
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Problem 2. (a) In an experiment, monochromatic x-rays (A = 0.166 nm) are incident on
a potassium chloride (KCl) crystal surface. The spacing between planes of atoms in KCl is
g{: 0.314 nm. At what angle (relative to the surface) should the beam be directed for a second-
order maximum_to be observed? (b) In a second experiment, a He-Ne laser beam () = 633
/ nm) is focused on a 10-um-diameter spot 8.0 cm behind a lens (f = 8.0 cm). What minimum
diameter must the lens have? (c) Explain why the He-Ne laser would not be useful for the

fn £ experiment in part (a). (30 points total)
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Problem 3. A proton and a neutral He atom are initially 100 nm apart and there are no
other particles in the vicinity. The polarizability of neutral helium is 2.3 x 1074 C?m/N.~
(a) Starting with the definition of the electric field due to a point charge, obtain the electric
field acting on the proton due to the He atom. (b) Assuming the He atom is fixed, what is
the initial acceleration magnitude and direction of the proton? (30 points total) ;{e’

7/{4_ e/ec ri f/('// -7 he con Jor A Z/ =
517 ,f& He 'r/owy ﬁ/e 7o lLL( /0;@74)/7 @ @7%
(Powf Céogcv) [ s /w

— = —S
— _ /\ =
L/_/rz, A =

r* R _
74 S Craq/o_, ) hdoce —d/pa/c momes 7( d; //; /i =K A‘/
e an e[ocm/'rt Fiel acls v A protom vl

Jo H e

E::'QZ@- fl:k(zo(gf: k?-d )
v I3
- 120(2/ ay NARS 7I:Q y /é M{jéiM /f
rs
(M?)//aﬂ/m 2(23%{0,4 o ) (terx 0% )

'\/ —

= (/éozxm NERLL X/ [T
Mp 472 % 1977 5 4{/0/0>




Problem 4. Consider a thin metal rod in the z — y plane bent into an arc with radius R
centered at the origin. Starting on the positive z-axis, the rod is bent through an arc of Opax
and has a uniformly distributed charge Q. (a) Starting with the definition of the electric
field due to a point charge, derive the electric field vector at the origin. Draw a diagram
showing the components of the electric field if fmax = 37/4. (b) What is the electric field
in the limit that Omax = 277 (c) What is the electric field in the limit that G = 07 (30
points total) -
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Bonus Problem. Consider a solid thin disk in the x — y plane with radius Rp, but with
a concentric hole cut-out with radius R; (i.e., Ry > R;). If the disk carries a uniformly
distributed charge —@Q, find the initial maximum acceleration magnitude of an electron
placed at a point on the z-axis. Hint, you must start with the relation for the electric field
due to a thin ring of charge —AQ and find z where the electric field is a maximum. (5 points
total)
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