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Physics 102 Spring 2007: Exam 2—Free Response and Instructions

e Print your LAST and FIRST name on the front of your blue book, on this question sheet, the multiple-
choice question sheet and the multiple-choice answer sheet.

e TIME ALLOWED 90 MINUTES

e The test consists of two free-response questions and 15 multiple-choice questions.

e The test is graded on a scale of 100 points; free-response question I counts for 30 points, free-response
II counts for 25 points, and the multiple—choicg questions account for 45 points (three points each).

® Answer the two free-response questions in your blue book. Answer the multiple-choice questions by
marking a dark X in the appropriate column and row in the table on the multiple-choice answer sheet.

¢ Consult no books or notes of any kind. You may use a hand-held calculator in non-graphing, non-
programmed mode.

e Do NOT take test materials outside of the class at any time. Return this question sheet along with
your blue book and multiple-choice question sheet.

Write and sign the Pledge on the front of your blue book.

Show your work for the free-response problems, including neat and clearly labelled figures, in your blue
book. Answers without explanation (even correct answers) will not be given credit.

A

L ( 30 pts) Three very long current carrying wires are arranged to form an equilateral triangle with side R,
as shown in the figure below. The bottom two wires carry current I out of the page, and the top wire carries
current [ into the page.

g (a) Determine the magnetic field at the location of the top wire due to the bottom two wires.
+} (b) Determine the force per unit length on the top wire due to the bottom two.
€ (c) Determine the magnetic field at the location of the lower left wire due to the other two.
5 (d) Determine the magnetic field at the point P midway between the lower two wires.
22 (e) A particle with charge +q is released from rest at point P. Determine the force on this particle due to
the magnetic field immediately after it is released.
2 (f) A particle with charge +q is released with initial velocity in the z-direction, ¥ = v,j. Determine the force
on this particle due to the magnetic field immediatley after it is released.
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I1.(25 pts) In the mass spectrometer shown below, singly charged CI* ions are passed through a velocity
selector and then enter a region of uniform magnetic field, with the magnetic field pointing out of the page.
The goal is to separate the isotopes C13% and CI37 by at least 2cm in the mass spectrometer after they have
traveled a semicircular path as shown. The magnetic field in the mass spectrometer is 1T. Take the mass
of the Cl ions to be 35amu and 37amu where 1 amu (atomic mass unit)=1.66 x10~2"kg. The charge of the
electron is 1.6 x10~19C. '

5 (a) Show that the radius of curvature of a particle of charge g, velocity v, and mass m in a uniform magnetic
field Bis R = %.

7 (b) Determine the velocity that the ions must have as the enter the mass spectrometer so that they land
2cm apart after they have traveled a complete semicircle.

A (c) At that velocity, what is the radius of curvature of the Qlj*f_jgns?

% (d) The velocity selector consists of perpendicular & and B fields which are both perpendicular to the
direction of the incoming ions. Show that when a charged particle enters such a region of crossed E and B
fields, there is one value of the velocity v, for which the force on the charged particle is zero.

44 (e) If the magnitude of B in the velocity selector is 1T, what magnitude of the electric field E will select the
velocity you found in (a)? '
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