2013 ap physics c response

2013 AP Physics C response is a critical resource for students and educators
seeking to understand the nuances of the exam, dissecting specific questions,
and exploring effective problem-solving strategies. This comprehensive guide
delves into the mechanics and electricity and magnetism sections of the 2013
AP Physics C exam, offering detailed analyses of released free-response
questions. We will examine common student misconceptions, highlight
successful approaches, and provide insights into how to tackle complex
problems, ensuring a thorough preparation for future exams. Whether you're a
student aiming for a top score or an instructor looking to refine your
teaching methods, this article provides an invaluable breakdown of the 2013
AP Physics C Free Response Questions.
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Deconstructing the 2013 AP Physics C: Mechanics
Free-Response Questions

The 2013 AP Physics C: Mechanics exam presented a series of challenging free-
response questions designed to assess students' deep understanding of
fundamental physics principles. These questions typically covered a broad
range of topics, from kinematics and dynamics to rotational motion, energy,
and momentum. A thorough analysis of these questions is crucial for
identifying the core competencies that the College Board aims to evaluate.
Students are expected to not only apply formulas but also to explain their
reasoning, derive relationships, and analyze physical situations
gualitatively and quantitatively. The 2013 mechanics section, in particular,
often involved multi-part problems that built upon each other, requiring a
robust grasp of how different physics concepts interrelate. Understanding the
expected depth of explanation and the types of analytical skills demonstrated
in the 2013 AP Physics C: Mechanics free-response questions can provide a



significant advantage for future test-takers.

Question 1 Analysis: Kinematics and Projectile
Motion

The first free-response question on the 2013 AP Physics C: Mechanics exam
frequently focused on projectile motion and its relationship with initial
conditions and gravitational forces. These questions often involved
calculating quantities such as velocity, displacement, and time of flight,
often requiring students to break down motion into horizontal and vertical
components. A common element was the analysis of how changing initial
velocity or launch angle would affect the trajectory. Students were expected
to use kinematic equations derived from Newton's laws and to apply
conservation principles where applicable. Understanding the independence of
horizontal and vertical motion was paramount. The grading rubric typically
awarded points for correct equations, accurate substitutions, and properly
derived final answers, with additional credit for clear explanations of the
physical reasoning behind the calculations.

Question 2 Analysis: Work, Energy, and Power

Another significant area within the mechanics section of the 2013 exam was
work, energy, and power. These questions often presented scenarios involving
conservative and non-conservative forces, such as springs, gravity, and
friction. Students were tasked with calculating work done by various forces,
determining changes in kinetic and potential energy, and applying the work-
energy theorem. Conservation of mechanical energy was a recurring theme, but
the inclusion of non-conservative forces necessitated the use of the more
general work-energy theorem. Analyzing scenarios with power, especially in
the context of changing speeds or forces, was also a common requirement. The
ability to construct energy diagrams or free-body diagrams and to use them to
guide calculations was a key skill tested.

Question 3 Analysis: Momentum and Rotational Motion

The third free-response question typically delved into either linear momentum
and collisions or rotational dynamics. In the context of momentum, questions
might involve elastic and inelastic collisions, impulse, and the conservation
of linear momentum. Students were expected to analyze systems before and

after interactions, often involving multiple objects. For rotational motion,
topics like torque, angular momentum, moment of inertia, and rotational

kinetic energy were commonly assessed. Problems might involve objects rolling
without slipping or systems undergoing rotational acceleration. Deriving
equations for angular acceleration using Newton's second law for rotation (Xt
= Ja) was a critical skill. Understanding the relationship between linear and
angular quantities was also a frequent focus.



Analyzing the 2013 AP Physics C: Electricity
and Magnetism Free-Response Questions

The 2013 AP Physics C: Electricity and Magnetism exam, like its mechanics
counterpart, presented challenging free-response questions that tested a
comprehensive understanding of electric fields, potential, capacitance,
circuits, magnetism, and electromagnetic induction. These questions were
designed to go beyond simple recall, requiring students to synthesize
concepts, apply fundamental laws (Gauss's Law, Ampere's Law, Faraday's Law),
and analyze complex physical systems. The ability to set up integrals for
calculating electric fields and potentials, analyze circuit behavior with
resistors and capacitors, and understand the forces exerted by magnetic
fields on moving charges and currents were all key areas of evaluation. A
careful study of the 2013 E&M free-response questions provides valuable
insights into the expected level of analytical rigor and conceptual
understanding necessary for success.

Question 1 Analysis: Electric Fields and Potentials

The first free-response question on the 2013 AP Physics C: Electricity and
Magnetism exam typically involved calculating electric fields and electric
potentials due to various charge distributions. This often required the use
of Gauss's Law to find electric fields for symmetric charge arrangements
(e.g., charged spheres, cylinders, or planes) and then using the relationship
E = -VV or integrating the electric field to find the potential.
Alternatively, direct integration using Coulomb's Law was sometimes necessary
for non-symmetric distributions. Students were expected to clearly define
their Gaussian surfaces or integration paths and to show all steps in their
derivations. Understanding the superposition principle for fields and
potentials was also essential. Correctly handling vector nature of electric
fields and scalar nature of potential was critical for earning full credit.

Question 2 Analysis: Capacitance and Circuits

Questions related to capacitance and DC circuits were a staple of the 2013
E&M exam. These problems often involved calculating the equivalent
capacitance of series and parallel combinations, determining the charge and
energy stored in capacitors, and analyzing RC circuits, including charging
and discharging phases. Students were expected to apply Kirchhoff's rules to
analyze complex resistor networks and to understand the behavior of
capacitors in circuits over time. Concepts like time constant (t = RC) and
the mathematical expressions for voltage and current in RC circuits were
frequently tested. The ability to sketch and interpret voltage and current
versus time graphs was also often assessed.



Question 3 Analysis: Magnetism and Electromagnetic
Induction

The third free-response question typically addressed magnetism, magnetic
forces, and electromagnetic induction. This could involve calculating the
magnetic field produced by currents using Ampere's Law or the Biot-Savart
Law, determining the magnetic force on a moving charge or a current-carrying
wire in a magnetic field, or analyzing situations involving changing magnetic
flux and induced EMF (Faraday's Law of Induction and Lenz's Law). Motional
EMF, inductance, and energy stored in magnetic fields were also common
topics. Students needed to demonstrate a strong understanding of the vector
cross product in calculating magnetic forces and to correctly apply Lenz's
Law to determine the direction of induced currents.

Key Concepts Tested in the 2013 AP Physics C
Exams

The 2013 AP Physics C exams, across both mechanics and electricity &
magnetism, consistently assessed a core set of fundamental physics
principles. For mechanics, these included a deep understanding of Newton's
laws of motion, the work-energy theorem, conservation of energy and momentum,
and the principles of rotational dynamics. Students were expected to master
concepts like torque, angular momentum, and moment of inertia, and to apply
them to various mechanical systems. In electricity and magnetism, the
emphasis was on Gauss's Law, Coulomb's Law, the relationship between electric
fields and potentials, capacitance, DC circuits analysis (including
Kirchhoff's rules), Ampere's Law, magnetic forces, and Faraday's Law of
induction. The exams also frequently tested the ability to translate between
mathematical descriptions and physical phenomena, requiring students to
derive equations and explain their reasoning clearly.

e Kinematics (linear and rotational)

e Newton's Laws of Motion (linear and rotational)

e Work, Energy, and Power

e Momentum and Collisions

e Rotational Motion (torque, angular momentum, moment of inertia)
e Electric Fields and Potentials

e Gauss's Law

e Capacitance



e DC Circuits (Kirchhoff's rules, RC circuits)
e Magnetic Fields and Forces
e Ampere's Law

e Faraday's Law of Induction and Lenz's Law

Strategies for Answering AP Physics C Free-
Response Questions

Success on the AP Physics C free-response sections hinges on more than just
knowing the physics. Effective strategies for tackling these questions are
crucial. Firstly, read the entire question carefully before beginning any
calculations. Identify all given information, what needs to be found, and any
constraints or assumptions. Secondly, draw clear diagrams — free-body
diagrams for mechanics and circuit diagrams or field line sketches for E&M
are invaluable for visualizing the problem and organizing your thoughts.
Thirdly, show all your work systematically. This includes writing down the
relevant physical principles or equations, substituting values with units,
and performing calculations step-by-step. Partial credit is awarded for
correct methodology, even if the final answer is incorrect. Fourthly, explain
your reasoning in clear, concise language, especially in parts that ask for
qualitative analysis or justification. Use physics terminology correctly.
Finally, check your units and significant figures for all answers. For
multiple-part questions, ensure that subsequent parts correctly use results
from previous parts, even if you suspect an earlier calculation was wrong.

Developing a Problem-Solving Framework

A structured problem-solving framework can significantly improve performance
on AP Physics C free-response questions. Begin by identifying the relevant
physics principles at play. For instance, if a problem involves motion with
constant acceleration, recall the kinematic equations. If it involves a
closed loop in a circuit, Kirchhoff's rules are likely applicable. Next,
translate the problem into mathematical expressions. This might involve
setting up equations based on Newton's laws, conservation laws, or Maxwell's
equations in their simplified forms. Before diving into calculations,
consider the expected units and rough magnitude of your answer as a sanity
check. During calculations, be meticulous with algebraic manipulations and
unit conversions. Finally, critically review your answer in the context of
the problem. Does it make physical sense? Are the units correct? This
systematic approach ensures that all aspects of the problem are addressed and
increases the likelihood of earning full credit.



Effective Communication of Physics Concepts

Beyond numerical answers, AP Physics C free-response questions heavily
emphasize the clear and accurate communication of physics concepts. When
asked to explain a phenomenon or justify a result, use precise scientific
language. For example, instead of saying "the ball slows down because of
friction," state "the frictional force opposes the motion, doing negative
work on the object, and thus decreasing its kinetic energy." Similarly, when
applying laws like conservation of energy or momentum, explicitly state the
law and identify the system to which it applies. Use diagrams to supplement
your explanations and ensure they are clearly labeled. A well-communicated
understanding of the underlying physics is often as important as the correct
numerical answer itself.

Common Pitfalls and How to Avoid Them

Several common pitfalls can hinder students from achieving their best on the
AP Physics C free-response sections. One of the most frequent is a
misunderstanding of vector quantities. In mechanics, failing to properly
resolve forces into components or incorrectly applying the cross product in
magnetic force calculations can lead to significant errors. In E&M, not
treating electric fields as vectors or misapplying Lenz's Law's
directionality are common issues. Another pitfall is the improper application
of conservation laws; students may forget to include non-conservative forces
when applying conservation of mechanical energy, or fail to define a closed
system for conservation of momentum. In circuits, errors often arise from
incorrectly applying Kirchhoff's rules or mishandling the time-dependent
behavior of capacitors and inductors. To avoid these, diligent practice with
a focus on conceptual understanding and careful attention to detail during
problem-solving are essential.

Confusing scalar and vector quantities.

Incorrectly applying conservation laws (e.g., not accounting for non-
conservative forces).

Errors in algebraic manipulation and unit conversions.

Misinterpreting or misapplying fundamental laws (e.g., Lenz's Law,
Kirchhoff's rules).

Insufficiently explaining reasoning or showing work.

Not checking units or the physical plausibility of answers.



Resources for Further Practice and Study

To excel on the AP Physics C exams, especially in mastering the free-response
sections, utilizing a variety of resources is highly recommended. The College
Board's official website is an invaluable source, offering released past
exams with scoring guidelines, which provide direct insight into the
expectations for each question. Beyond official materials, reputable physics
textbooks that cover AP Physics C content in depth can offer additional
practice problems and explanations. Online platforms and physics education
websites often provide detailed solutions and walkthroughs of past AP Physics
C free-response questions. Engaging in study groups with peers can also be
beneficial, allowing for collaborative problem-solving and discussion of
challenging concepts. Consistent practice, coupled with a focus on
understanding the reasoning behind solutions, is key to building confidence
and proficiency.

Frequently Asked Questions

What were the most common mistakes students made on
the 2013 AP Physics C: Mechanics exam's free-
response questions?

Students often struggled with correctly applying Newton's Third Law in
situations involving multiple interacting objects, particularly in
calculating forces in non-inertial reference frames or on inclined planes.
Another common pitfall was incorrect sign conventions when setting up
equations for energy conservation or rotational dynamics. Additionally, many
students lost points for not clearly defining variables, not showing all
steps in their derivations, or for providing qualitative answers when
gquantitative analysis was required.

Which free-response topic on the 2013 AP Physics C:
Electricity and Magnetism exam proved most
challenging for students?

The 2013 E&M exam's free-response questions often tested complex circuits
involving both capacitors and inductors (RLC circuits) or Gauss's Law applied
to non-uniformly charged objects. Students frequently made errors in
correctly applying Kirchhoff's loop and junction rules in multi-loop
circuits, or in setting up the correct integral for Gauss's Law with unusual
charge distributions, often failing to recognize symmetry or choose an
appropriate Gaussian surface.



How did the 2013 AP Physics C: Mechanics free-
response questions assess conceptual understanding
versus problem-solving skills?

The 2013 Mechanics FRQs aimed to balance both. While many questions required
rigorous mathematical derivations and calculations (problem-solving), there
were also parts that specifically probed conceptual understanding. For
example, questions might ask students to explain the physical meaning of a
variable, predict the outcome of a change in a system's parameters, or
justify their approach based on fundamental physics principles before diving
into calculations.

What strategies did successful students employ on
the 2013 AP Physics C free-response sections?

Successful students on the 2013 AP Physics C FRQs typically started by
carefully reading the entire question and drawing a clear diagram, labeling
all relevant forces, variables, and coordinate systems. They then
systematically broke down the problem into smaller, manageable parts,
applying appropriate physical principles and equations. Showing all work,
defining variables, and using correct units were crucial. For conceptual
questions, they provided clear and concise explanations, directly addressing
the prompt.

Were there any particularly novel or unusual
question types on the 2013 AP Physics C free-
response sections compared to previous years?

While the core physics concepts remained consistent, the 2013 AP Physics C
exams sometimes featured more integrated problems. For instance, a Mechanics
question might combine concepts of rotational motion with simple harmonic
motion, or an E&M question could involve both electrostatics and circuits.
This required students to have a strong grasp of how different areas of
physics interconnect and to be able to synthesize knowledge from multiple
units within a single problem.

Additional Resources
Here are 9 book titles related to 2013 AP Physics C, with descriptions:

1. Mastering Mechanics: The 2013 AP Physics C Curriculum

This comprehensive guide delves into the core principles of mechanics as
presented in the 2013 AP Physics C exam. It breaks down complex topics such
as kinematics, Newton's laws, work and energy, and rotational motion into
manageable sections. The book includes detailed explanations, illustrative
examples, and practice problems specifically tailored to the style and rigor
of the 2013 exam, aiming to build a strong conceptual understanding and



problem-solving ability.

2. Electricity and Magnetism: A 2013 AP Physics C Focus

This volume concentrates on the essential concepts of electricity and
magnetism covered in the 2013 AP Physics C syllabus. It meticulously explains
electrostatics, conductors, dielectrics, electric potential, capacitance,
current, resistance, DC circuits, magnetic fields, forces, induction, and
electromagnetic waves. The text emphasizes the analytical techniques and
mathematical applications required for success on the exam, offering targeted
strategies for tackling challenging problems.

3. The AP Physics C 2013 Exam: Strategies and Solutions

Designed as a critical resource for exam preparation, this book offers proven
strategies and step-by-step solutions for the 2013 AP Physics C exams. It
analyzes common question types and provides techniques for efficient problem-
solving under timed conditions. The book features worked-out examples for
both the mechanics and electricity/magnetism sections, helping students
identify areas for improvement and build confidence.

4. Conceptual Foundations of AP Physics C: 2013 Edition

This book prioritizes a deep conceptual understanding of the physics
principles tested on the 2013 AP Physics C exam. It moves beyond rote
memorization, fostering an intuitive grasp of mechanics and electromagnetism.
Through clear prose and thought-provoking discussions, it encourages students
to think critically about the underlying physics and how concepts connect,
laying a robust foundation for advanced study.

5. AP Physics C Mechanics Review: 2013 Standards

This focused review guide exclusively covers the mechanics portion of the
2013 AP Physics C exam. It systematically revisits key topics such as forces,
motion, energy, momentum, and oscillations. The book is packed with practice
questions that mirror the difficulty and format of the actual exam, along
with detailed explanations to clarify any misunderstandings and reinforce
learning.

6. AP Physics C Electricity and Magnetism Mastery: 2013 Updates

This specialized guide is dedicated to achieving mastery of the electricity
and magnetism content for the 2013 AP Physics C exam. It provides in-depth
coverage of electric fields, potential, circuits, magnetism, and
electromagnetic induction. The book highlights essential formulas and their
applications, offering practical advice on interpreting complex circuit
diagrams and magnetic field scenarios, crucial for exam success.

7. Calculus-Based Physics for AP C: 2013 AP Exam Preparation

This text emphasizes the calculus-based approach central to AP Physics C,
specifically geared towards the 2013 exam structure. It integrates
differential and integral calculus throughout the study of mechanics and
electromagnetism, demonstrating how these mathematical tools are applied to
solve physics problems. The book includes a wealth of calculus-focused
problems to ensure students are proficient in using these methods.



8. The Art of AP Physics C Problem Solving: 2013 Edition

This book teaches students the art of systematically approaching and solving
the challenging problems found on the 2013 AP Physics C exam. It breaks down
problem-solving into a series of logical steps, from identifying knowns and
unknowns to selecting appropriate principles and equations. The guide
features a variety of problem types encountered in mechanics and
electricity/magnetism, offering strategies for both conceptual and
quantitative challenges.

9. Bridging the Gap: 2013 AP Physics C Success Guide

This guide is designed to help students bridge any gaps in their
understanding of AP Physics C material leading up to the 2013 exam. It
identifies common student difficulties and provides targeted explanations and
practice to address them. The book offers a holistic review of both mechanics
and electricity/magnetism, along with strategies for effective test-taking
and time management.
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