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Designing Experiments
For any question that asks you to design an experiment, you need to write everything that would be included in the Experimental Design and Procedure sections of a lab report.  Do the following:

1. Figure out the mathematical relationship that gives the quantity they’re asking for.  (Find the equation that contains it.)

2. Figure out what you can set up and control (independent variable) and what you can measure (dependent variable) so you have everything in the equation except what you’re solving for.

3. Explain how you would set up conditions to vary the independent variable, and how you would measure the dependent variable.

4. Explain that you should use a range of values of the independent variable and measure and record the dependent variable for each.
5. Describe how you would plot the independent vs. dependent variable, such that the slope (or area) contains the quantity you are trying to find.
6. Describe specifically (with equations) how you would calculate the quantity of interest from the slope (or area) of the graph.

7. If the question asks about improving your experiment, focus on specific changes to how you set up/measured your dependent and independent variables (reducing the amount of uncertainty), and recommend taking additional data points.  This is a good time to mention the “8 and 10 rule” (at least 8 data points, spanning at least a factor of 10 for the independent variable).
Kinematics (Motion)
Understand position, displacement, velocity, acceleration.

· “At rest” means velocity is zero.

· “Constant velocity” means acceleration is zero.

· AP® problems often involve graphs.  Use your equations to remind yourself which quantities are the slope of a graph and which quantities are the area under a graph.  division → slope; multiplication → area.
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 → division → slope of v vs. t is a.
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 → multiplication → area under graph of v vs. t is d.

· If gravity is involved, acceleration is g, which equals 
[image: image4.wmf]2

m

s

9.8

.  (You can use 
[image: image5.wmf]2

m

s

10

g

=

 and still get full credit.)
· Displacement, velocity and acceleration are all vectors.  Choose which direction is positive for the entire problem, and make each of these positive or negative as required by the problem.

· Watch out for problems in which velocity is in one direction, but acceleration (e.g., due to gravity) is in the other direction.

· AP® problems often involve projectiles.  Keep track of vertical quantities and horizontal quantities separately.

· Assume horizontal velocity is constant.

· The only variable that is the same for both vertical and horizontal is time.
· If an object is thrown upward at an angle, the vertical component of the velocity starts out in one direction (positive), but the acceleration is in the other direction (negative).
Forces & Dynamics
Forces cause acceleration.  (
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).  If there is acceleration (velocity is not constant), then there must be a net force.  If there is no acceleration (velocity is constant or zero), then there is no net force, which means all of the forces must cancel.
Newton’s third law tells us that every force exerts an equal force back on the object.
If there is more than one force, always draw a free-body diagram (FBD).

Use the Pythagorean theorem and trigonometry to resolve (combine) multiple forces in different directions.

If there is friction, use the formula 
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.  This may involve calculating the normal force first.

Ramp problems are popular.  For ramps, the force down the ramp is 
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.  This is not a separate physical force, and should never appear on a free-body diagram!  The normal force (which is a separate physical force and should appear on a free-body diagram) is 
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Pulley problems are even more popular.  For the typical two-block system, if the pulley has negligible mass, Newton’s 3rd means the tension 
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, is the same on both blocks.  Acceleration is also the same, because the blocks are connected.  Do a free-body diagram on both blocks, apply 
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 to each block separately, and then you have two equations and two unknowns (a and 
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).  Eliminate one and solve for the other.  (If the pulley has a mass that must be considered in the problem, you need to solve it using balanced torques and rotational equations.)
Work, Energy & Power

An object has gravitational potential energy (Ug) if it is up high and gravity can convert that height into speed.  
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.  Any problems involving conversions between height and speed are conservation of energy problems.

An object has kinetic energy if it is moving.  
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Work is a change in energy.  Work can be positive or negative, even though it is a scalar quantity.  
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Watch for graphs—the area under a force vs. distance graph is work.
Conservation of energy means that objects can trade one kind of energy for another, but the total energy remains the same.  
Total Energy Before Change + Work = Total Energy After Change
For example, if a block slides down a (frictionless) ramp, the potential energy turns into kinetic energy.  If you calculate the potential energy (
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) at the bottom, you would get the same number.  If you can calculate one of these energies, then you know the other, and you can use it to solve for a variable.

Rotational Dynamics

All kinematics (motion), force, energy, and momentum equations have a rotational counterpart.  The equations are exactly the same with the following substitutions:

	Translational
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	Rotational
	
[image: image23.wmf]r

Δ

θ


	
[image: image24.wmf]ω

r


	
[image: image25.wmf]α

r


	I
	
[image: image26.wmf]τ

r


	
[image: image27.wmf]L

r




Vector quantities can be positive or negative, depending on direction.

Memorize:  
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Calculate individual torques using 
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Watch for pulley problems in which the mass is not zero.  Calculate the torques and use 
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.  String or rope going around a pulley (and anything connected to the string) has translational displacement, velocity, and acceleration.  Use 
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 to relate these quantities.

Momentum

An object has momentum if it is moving.  
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Remember that momentum is a vector, so it can be positive or negative depending on direction.
Impulse is a change in momentum.  
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  Impulse is a vector, so direction matters!

Watch for graphs—the area under a force vs. time graph is impulse.

Conservation of momentum applies to collisions.  The total momentum before the collision (add up the momentum of each separate object) equals the total momentum after.

Total Momentum Before Collision + Impulse = Total Momentum After Collision
Angular Momentum

If an object is rotating, but some of its mass is shifting (e.g., a bug crawling on a spinning disc) or otherwise changing (e.g., a bullet shot into a swinging door), use conservation of angular momentum. (Calculate 
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 before & after and set them equal.)  If translational momentum is being converted to angular momentum, use 
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Simple Harmonic Motion

Simple harmonic motion usually involves springs or pendulums.  At the extremes (maximum displacement), all of the energy is potential and 
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.  At the equilibrium point (zero displacement), all of the energy is kinetic, v is maximum, and 
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Watch for FR problems combining SHM with conservation of energy.
Electricity

Opposite charges attract & like charges repel.

Look for Coulomb’s Law problems with three or more charges—calculate the forces, draw a free-body diagram and resolve the forces using the Pythagorean theorem and inverse trigonometry functions.

For circuits, current is the direction positive charges go.  Remember that V = IR applies to the entire circuit and every component of it.  (The components are usually all resistors in AP® Physics 1).

In series circuits, voltages add, current is the same everywhere, and resistances add.

Series:     
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In parallel circuits, voltages are the same, currents add, and resistances add in reciprocal.

Parallel:  
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The brightness of a light bulb is based on its voltage—more voltage is brighter.
Waves
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 is your “go-to” equation.  Remember that 
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For sound waves, the maximum amplitude is where thing generating the sound (musical instrument, tuning fork, etc.) is.  The amplitude of a sound wave is zero at a hard surface (wall), pinch point, surface of water, etc.
Pipes that are open at both ends reinforce a wavelength of 2L.
Pipes that are closed at one end reinforce a wavelength of 4L.
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