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Motivation Methods

Students in upper-division physics struggle to use
non-Cartesian unit vectors' even after completing a math
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course designed specifically for physics majors, called Math e Instructional content (definitions, theorems, and properties)

Methods. About Math Methods: e [Example problems

o _ | e Independent exercises
e |t's a course within undergraduate physics curriculum

e |t does not exist/is not required at every university
e |[t's typically taken after students complete lower- and

Three textbooks were chosen for initial analysis: 1) Boas’'s Mathematical Methods in the Physical Sciences 2) Thorton & Marion’s Classical Dynamics and
3) Griffiths’s Introduction to Electrodynamics. Within each book, content within was identified as one of the following:

For each item in the categories above, three aspects were examined to identify a coordinate system(s): notation, explicit instructions, and associated
figures. For example problems, the solution was examined; and for independent exercises, the presence of “cues” were sought.

middle-division math courses (fig. 2) The original coding questions (Fig. 3) were adapted for use on the math methods textbook (Boas, chapter 2) and two upper-division textbooks: an

e |t's intended to prepare students for upper-division
physics coursework

To understand why students struggle with non-Cartesian
coordinate systems, a textbook investigation was initiated in questions were developed.
the course where students are first introduced to
non-Cartesian coordinate systems: Multivariable Calculus.

analytic mechanics textbook (Thornton & Marion, 5.1 and 5.2) and an electricity & magnetism textbook (Griffiths, 2.1). This required re-interpreting the
coding questions to capture the format and features of the physics texts that did not exist in the calculus texts.

A sample of items for each textbook is shown below. The items presented for the math methods and physics books were chosen because they exhibit
characteristic(s) that resulted in re-interpreting the coding questions. The calculus book (Rogawski) is shown as a baseline from which the original coding
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Ql: Does the notation of the item imply a
particular coordinate system?

Q2: Does the item explicitly state to use or report
an answer in a particular coordinate system?

Q3: Does the accompanying figure favor a
particular coordinate system?

Q4: (examples only): Does the solution use a
particular coordinate system to solve?

Q5: (exercises only): Are there cues in the item
that suggest solving using a different coordinate
system than what Q1, Q2, or Q3 suggests?

Figure 3: Coding Questions

Fig. 2.4b coded as Cartesian || (Q1) What
because 8 not “polar” in this constitutes

context. “notation” for
/ physics texts?
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: 5) Fig. 2.9 b
Problem 2.3 Find the electric field a distance z above one end of a straight line (Q ) I g . " C a n e

segment of length L (Fig. 2.7) that carries a uniform line charge A. Check that your

formula is consistent with what you would expect for the case z >> L. C u e i n g C a rt e S i a n
)

- _— polar, cylindrical, or
L n N
—t— FLH =2 spherical coordinates.

mom1 o2 e Coded as You Decide.

Problem 2.4 Find the electric field a distance z above the center of a square loop
(side a) carrying uniform line charge A (Fig. 2.8). [Hint: Use the result of Ex. 2.2.]
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Problem 2.5 Find the electric field a distance z above the center of a circular loop
of radius r (Fig. 2.9) that carries a uniform line charge A.
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To obtain a more comprehensive understanding of the prevalence of non-Cartesian coordinates in the placeholder for an =) () Exhibits coding is context-

math methods and upper-division physics books, the uncoded sections/chapters will be coded using the
same method. Coding more items may require further re-interpretation of the coding questions.
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- In the following integrals express the sines and cosines in exponential form and then
angl,”ar Input 9. COded integrate to show that:
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