
Greetings, 

It was an exciting first year writing the physics questions for the UIL science contest.  I learned a lot about 

writing these tests and I received some great feedback from students, coaches, and my fellow writers.  And I 

made some mistakes along the way.   

Thankfully, I think I have a better understanding this year of the process and I am better prepared to write 

some fun and challenging physics questions for the science contest participants.  There will be some changes 

this time around to the content of the test – some topics that I left out last year will appear this year, and 

some more advanced physics questions will show up on the district tests.  Below I’ve done the same kind of 

outline of physics topics as I did last year, but you will want to note that some things have changed.  The 

order of questions is just like last year: beginning with the directed reading questions and continuing in 

roughly the order of a standard physics textbook. 

First and foremost is the reading assignment: many of you asked me about the reading and I had a pretty 

good idea of what I wanted to choose, but here I make it official.  The book for this year is “Five Equations 

that Changed the World” by Michael Guillen.  Although it is a book that purports to be about 

mathematicians, it focuses on equations that are from the subject of physics.  It is a different kind of text 

than I chose last year.  This one, written by a scientist turned journalist, contains a bit more about the 

individual mathematicians (physicists) and a bit more history.  There are five chapters, so I’ll break it down 

this way: Chapters 1 and 2 for the Invitational A&B tests, Chapters 3 and 4 for District and Regionals, and 

Chapter 5 will be for State. 

The remainder of the test will focus of core physics concepts.  Like last year, there will be a few conceptual 

questions, but most of these will be mathematical problems.  At the Regional and State level you can expect 

to see some problems involving Calculus, complex numbers, and vector notation.  What is described below 

will give you a good idea of my thinking as I write questions this year. 

Uniformly Accelerated Motion (including free-fall and projectile motion).  Describing motion in both one and 

two dimensions is always a staple of physics studies.  District and Invitational A&B will include both one 

dimensional and simple two dimensional problems, including projectile problems.  Regionals and State will 

have increasingly complex two dimensional problems. 

Forces.  This is another major physics concept, with Newton’s Laws at the forefront.  Again, I’ll have both one 

dimensional and simple two dimensional problems at District and Invitational A&B.   I’ll save the more 

advanced two dimensional problems for Regionals and State.  Friction will show up at all levels, though not in 

every problem.  Specific forces, such as those due to springs or gravitation, will appear at all levels as well. 

Energy and Momentum.  Certainly I cannot ignore two of the most important conservation laws in the field 

of physics.  Conservation of Energy problems are not typically very challenging and will show up at all levels.  

When combined with conservation of momentum, energy problems can get a bit more involved, so I’ll limit 

combination problems to Regionals and State.  Purely momentum problems in both one and two dimensions 

will appear at all levels, but complex two dimensional problems will only appear at the Regional and State 

levels. 

Rotational Motion.  Simple rotation problems, such as uniform circular motion, centripetal force, or balanced 

torques, will appear at all levels.  Also appearing at all levels will be simple rotational momentum or 

rotational energy problems.  More advanced problems involving calculating rotational inertia, unbalanced 

torques, and rolling motion will be limited to the Regional and State tests.   



Fluid Statics and Dynamics.  I didn’t include this last year, much to my chagrin.  Fluid statics, Pascal’s 

principle, pressure at depth, and density will appear at all levels.  Fluid dynamics and Bernoulli’s principle will 

only appear on the Regional and State tests. 

Waves.  This is a wonderfully broad subject, and not particularly difficult.  I will include wave concepts 

primarily within the contexts of sound waves or light waves.  Superposition, diffraction, interference, and the 

Doppler Effect are all fair game at any level.  Light waves effects such as radiation pressure, polarization, and 

wave refraction will also appear at all levels. 

Harmonic Motion. Simple harmonic motion and systems such as masses on springs or the simple pendulum 

will appear at all levels.  More advanced topics such as damped or forced oscillations will be limited to the 

Regional and State tests. 

Thermodynamics.  Another fairly easy subject.  District and Invitational A&B will be limited to things like 

thermal expansion, thermodynamic laws, and heat transfer.  Regional and State tests will include more 

advanced concepts such as entropy, thermodynamics processes (adiabatic, isobaric, etc…) and heat engine 

cycles. 

DC Circuits.  My favorite topic is circuits, so you know it will show up at all levels.  Ohm’s Law, and resistors 

(or capacitors) in series and parallel will appear at all levels.  More advanced concepts such as Kirchhoff’s 

Rules and RC circuits will be on the Regional and State tests. 

AC Circuits.  These are considerably more challenging than DC circuits, so only simple concepts will be on the 

District and Invitational A&B tests, with more interesting problems (including phasors) reserved for the 

advanced tests.  LC oscillations, RMS, RLC resonance, reactance and impedance will all be important concepts 

to understand. 

Electric Fields.  Fields are abstract, so they are naturally more challenging.  That said, one dimensional and 

simple two dimensional Coulomb’s Law, electric field, or electric potential problems are easy enough for the 

District and Invitational A&B tests.  Advanced two dimensional problems and Gauss’ Law will be reserved for 

the Regional and State tests. 

Magnetic Fields.  Similar to Electric fields, magnetic field problems can get challenging, but who doesn’t love 

the right-hand-rule.  Charges and currents in magnetic fields will certainly show up at all levels, as will 

Faraday’s Law.  Ampere’s Law will mostly appear on the Regional and State tests, with a possible Biot-Savart 

problem at the State level. 

Geometric Optics.  Lenses of all shapes, and curved and plane mirrors are fair game at any level.  Spherical 

refracting surfaces will show up very little at the District and Invitational A&B level, but more at the advanced 

levels.  I’ll probably stick with one or two element problems at the District and Invitational A&B level, with 

three or more element problems appearing at the Regional and State level.  And then there are all those 

conceptual questions about Real or Virtual images, Inverted or Upright, Reduced or Magnified…   

Modern Physics.  There are a host of Spectroscopy, Photoelectric effect, and Special relativity problems.  

They aren’t hard, but they are specialized.  Competitors at all levels should understand spectra, the 

Photoelectric effect, and simple relativistic effects.  More advanced relativistic transforms and the 

mathematics of relativity will be limited to the Regional and State tests. 

Quantum Physics.  Not a topic for the faint of heart!  That said, everyone at all levels should understand and 

be able to use the Heisenberg Uncertainty Principle, and grasp the idea of normalization.  Topics such as 

expectation values, the wave function, and the correspondence principle will only appear at the Regional and 

State levels. 



Nuclear Physics.  All competitors should know about radioactivity (alpha, beta, and gamma), decay chains, 

and half-lives.  More advanced tests will include binding energy, nuclear reactions (fission, fusion) and the 

interaction of radiation with matter (including living matter). 

Particle Physics.  Leptons, Mesons, Baryons, Hadrons, Quarks…  This can quickly get very confusing, so I will 

limit District and Invitational A&B questions to the main concepts of the Standard Model, fundamental 

forces, conservation laws, and the properties of quarks and leptons.  More advanced tests will include 

particle decay chains and rates, unification, spin, color, and early-universe cosmology. 

Astronomy.  A subject often ignored in physics texts, Astronomy is the oldest branch of physics and should be 

included.  I’ll stick to major concepts such as star formation, evolution, and death; planetary systems 

(including our solar system); stellar processes; the structure of the universe (galaxies, clusters, superclusters, 

filaments and voids); and exotic objects such as quasars and pulsars.  Since one of the recommended texts 

this year is an Astronomy text, the questions will likely be more in-depth than last year. 

I hope this gives you some idea as to my thinking while I write these tests.  As you can guess, not every topic 

can show up on every test (there are more than sixteen topics listed above), but maybe this will help narrow 

your focus as you study and practice.  No test is perfect, but I will do my best to ensure a fair and reasonable 

competition.  Good luck to you and safe travels to all. 

Dr. David Bixler  


