
Things to Memorize: AP Physics 1 

Motion:  

 Position/time graphs: 

o Slope = velocity 

o Displacement = Change in position = change in y-axis values 

o Direction of motion: Positive slope = positive direction, negative slope = negative 

direction.  

o Graph gets steeper: Speeding up, Graph gets flatter: Slowing down.  

 

 Velocity/time graphs: 

o Slope = Acceleration 

o Displacement = area between x-axis and line 

o Direction of Motion: above x-axis = Positive direction, below x-axis = negative direction.  

o For constant acceleration, lines will be straight. For constant speed, lines will be flat. 

o Speeding up = getting further from x-axis, slowing down = getting closer to x-axis 

 

 Kinematics Equations:  

o vave = x/t – Only use for constant/average velocity 

o x = v0t + ½ at2 

o v = v0 + at 

o v2 = v0
2 + 2ax 

o (If you know any 3 of the variables, you can solve for any other…) 

 

 Free-fall:  

o On Earth all objects fall with an acceleration of 9.8 m/s2 (approx. 10 m/s2), as long as we 

ignore air friction.  

 

 Projectile Motion:  

o Split problem into x- and y- 

o ax = 0. (Constant speed in x-direction ), ay = -10 m/s2. This is true for all points on the 

path of the projectile.  

  



Newton’s Laws and forces:  

 1st Law: (Law of Inertia) Object in motion will stay in motion (at the same velocity), unless 

acted upon by an unbalanced force.  

o Equilibrium means: Forces balanced (Fnet = 0) means constant speed – may be at rest.  

o Solving equilibrium problems: Fnet y = 0, Fnet x = 0 

o Forces not balanced, there will be an acceleration.  

 

 2nd Law: Fnet = ma 

o Force of gravity = weight = mg.  

o Normal force (FN) – force between surfaces. Perpendicular to surfaces.  

o Problem Solving:  

 Draw Free –body diagram – Only forces on the object. Examples, Fg, FN, T, Fs, Ff 

 In direction of motion: Fnet = ma 

 If not moving in a given direction, forces cancel.  

o Force of Friction:  

 Always opposes motion 

 Ff ≤ FN (For kinetic, always equal.) 

 Static coefficient is larger than kinetic.  

 

 Newton’s 3rd Law: For every action there is an EQUAL and opposite reaction.  

o Action/reaction pairs … 

 act on two different objects (i.e. Man pushes down on table, table pushes up on 

man…) 

 Are equal in magnitude and opposite in direction.  

  



Force of Gravity/Circular Motion 

 Uniform Circular Motion: 

o Net force is always centripetal – Towards Center 

o ac = v2/r 

o Problem solving:  

 FBD 

 Fnet = ma 

 a=v2/r 

 

 Force of Gravity: 

o Attracts any two objects with mass.  

o Fg= Gm1m2/r2 

o Gravitational field: g= Gm/r2 

o Inertial Mass vs Gravitational mass:  

 Mass determined by acceleration is inertial mass 

 Mass determined by gravity is gravitational mass 

 In all experiments ever performed the mgrav = minertial 

 

  



Momentum and Impulse:  

 Momentum is p=mv 

 Total momentum is conserved… 

o If there are no unbalanced outside forces 

o Collisions are virtually always momentum conservation problems 

o ptot = ptot 

 Impulse and change in momentum 

o Momentum can change if there is an outside force.  

o Impulse = p = Ft = area below F-t line 

 

  



Work and Energy: 

 Work can be found two ways: 

o W = F//d (W = force parallel to motion x distance). May also be found by area below F-d 

line.  

o W= E (Work = change in energy) 

o Work is positive if force is parallel to motion, work is negative if force is anti-parallel to 

motion. 

 Forms of Energy: 

o PE = mgh (gravitational PE)  

o PEs = ½ kx2  (PE in a spring)… (Also know Fs = kx for springs) 

o KE = ½ mv2 

 Energy Conservation: 

o Energy is conserved if there is not outside, unbalanced force (and therefore no work 

done.)  

o Etot = Etot (This means PE + KE +… = PE + KE + …, It DOES NOT MEAN PE = KE in all cases.) 

o When work is done this becomes Etot ± W = Etot 

 Power 

o Power is defined as the amount of work done in one second, or energy used in one 

second:   

o power = work / time 

o The units of power are joules per second, which are also written as watts. 

o An alternate way of calculating power when a constant force acts is power = force ∙ 

velocity 

 

  



Rotation:  

 Rotational Kinematics 

o Variables:  

Variable Symbol Analogous to: 

Angular displacement 
(radians) 

 x 

Angular velocity (rad/s)  v 

Angular acceleration 
(rad/s2) 

 a 

 

o Use equations analogous to kinematics equations  

(ie. v = v0 + at becomes  = 0 +t) 

o Relationship between rotational and translational variables:  

o x = r, v = r, a = r 

 

 Newton’s Laws for Rotation 

o Torque:  = FrsinFr⊥ 

o 1st Law: An object that is rotating will continue to rotate (at constant ) unless 

acted upon by an outside torque.) 

o Rotational equilibrium = torques cancel = constant . (May be at rest.) 

o Rotational inertia (I) 

  resists change in . (Like mass resists a change in speed 

 I increases if mass is positioned further out… 

 I = mr2 for point masses (or hoops). You don’t need to memorize any other 

formula.  

 To find total I, add the individual Is.  

o 2nd Law: net = I 

 Can set up “rotational FBDs”… 

 

  



 Angular Momentum (L) 

o L = Ifor any object)  

o L = mvr⊥ (for point mass) 

o Angular momentum is conserved in there is no unbalanced, outside torque.  

 Ltot = Ltot  

 When skater pulls arms in: 

o I decreases. (mass is closer to axis of rotation) 

o L must stay the same, b/c no outside torque 

o Therefore,  increases, since L = I 

o If there is an unbalanced torque there will be a change in L.  

 “Rotational Impulse”: L = t 

 Rotational Energy: 

o Rotational Kinetic Energy: KErot = ½  

o Object may be: 

 Rotating only: KE = KErot 

 Translating only: KE = KEtrans 

 Both Rotating and Translating: KE = KErot + KEtrans 

 

  



Electricity: 

 Static Electricity 

o Charge (q) is in Coulombs. Smallest possible charge is the charge on an electron. 1e = 1.6 

x 19-19 C. 

o Charge is conserved. If objects touch, the charges move until equal, but qnet must stay 

the same. 

o Opposites attract, likes repel.  

o FE = kq1q2/r2 (If distance doubles, force is quartered…)  

o Electric fields 

 Show which way a + charge will be forced.  

 Point away from + and toward – 

 F=Eq 

 

 Current Electricity 

o Simple Circuits:   

 Consist of a battery, a resistor and a complete circuit.  

 Potential difference (V) is voltage. Current (I) is rate of flow of charge. R is 

resistance to the flow of current.  

 Ohm’s Law: V = IR. A graph of V vs I will make a straight line for an object 

obeying ohm’s law.  

 

o Factors Affecting Reisitance 

 As length increases, resistance increases.  

 As cross sectional area increases, (wire gets fatter), resistance decreases.  

 As temperature increases, resistance increases for most materials. 

 Good wires (low resistance) are short, fat, and cold.  

 R = L/A 

 

o Electrical Power:  

 P = VI (=I2R = V2/R) 

 Know which equation to use. For example, if V stays the same while R increases, 

use P+V2/R…)  

 

o More Complex Circuits:  

 Loop Rule: The sum of the potential lost in the resistors is equal to the potential 

gained in the batteries for any closed loop (Or sum of Vs around any closed loop 

is zero.) 

 Junction Rule: Charge is conserved. Current into a junction equals current out.  

 Series Circuits: 

 Current flows from one resistor into the next.  

 Current is the same.  

 Voltages add. (Loop Rule)  



 Rtot = R1 + R2 + … (Greatest possible resistance is when resistors are 

connected in series…)  

 Parallel Circuits:  

 Current splits; some goes through one resistor, some through another… 

 Currents add (junction rule)  

 Voltages are the same (loop rule)  

 1/Rtot = 1/R1 + 1/R2 + … (As more resistors are added in parallel, total 

resistance goes down!) 

  



Wave definitions  

Crests: the high points on a wave  

Troughs: the low points on a wave  

 

Amplitude (A):  the distance from the midpoint to the crest or trough 

Wavelength (λ): the distance between identical parts of the wave. 

Frequency (f):the number of waves to pass a position in one second.   

Period (T): the time for one wavelength to pass a position 

The unit of frequency is called the hertz (Hz).  

Whenever a wave changes materials, the wave’s frequency remains the same.   

The speed of a wave depends on the material through which the wave moves. 

It is the disturbance that moves along the string [or any material], not parts of the string itself.  

The energy carried by a wave depends on the wave’s amplitude. 

 

Equations relating frequency, period, wavelength, wave speed 

Frequency and period are inverses of each other: , and .  

You can calculate the speed of a wave by multiplying the wavelength by the frequency: .  
 

 

  



 
Transverse/longitudinal waves 
Whenever the motion of a material is at right angles to the direction in which the wave travels, the wave 
is a transverse wave.  

Waves on a stringed instrument are transverse; waves in the electromagnetic spectrum, including light, 
are transverse. 

All waves in the electromagnetic spectrum move 3 x 108 m/s in air. 

The higher the tension in a string, the faster the wave moves in that string. 

When a material vibrates parallel to the direction of the wave, the wave is a longitiudinal wave.  

Sound waves are longitudinal waves.  

Light can travel through a vacuum; sound cannot.   

 

Interference 

Interference occurs when waves arrive at the same point at the same time. 

In constructive interference the crest of one wave overlaps the crest of another.  The result is a wave of 
increased amplitude.   

In destructive interference the crest of one wave overlaps the trough of another.  The result is a wave of 
reduced amplitude.   

Where wave pulses overlap, the resulting displacement can be determined by adding the 

displacements of the two pulses. This is called superposition. 
 
When two waves of slightly different frequency interfere, they produce beats.   

The beat frequency is the difference between the frequencies of the two waves. 

 

Doppler Effect 

As a wave source approaches, an observer encounters waves with a higher frequency.  

As a wave source moves away, an observer encounters waves with a lower frequency.  

This apparent change in frequency due to motion of the source is called the Doppler effect.  

The Doppler Effect is NOT related to the amplitude of a sound wave. 

The frequency of the source does not change.  It is only the apparent frequency that changes. 

 

  



Sound 

The pitch of a sound depends on a sound wave’s frequency. 

The loudness of a sound depends on the sound wave’s amplitude. 

The energy carried by a sound wave depends on the sound wave’s amplitude. 

The speed of sound in air is about 340 m/s. 

People can easily hear sound with frequencies of tens, hundreds, or thousands of Hz.  Most musical 
notes have frequencies in the hundreds of Hz.   

 
 
Standing Waves 

A standing wave is a wave that appears to stay in one place  

Nodes are the stationary points on a standing wave.  

Antinodes are the positions on a standing waves with the largest amplitudes.  

Standing waves are the result of the addition of incident and reflected waves that are confined 

to a region. 

The fundamental (or 1st harmonic) is the lowest frequency standing wave that can exist in a 

region.  All other harmonics are multiples of the fundamental.  

On a standing wave, the wavelength is measured node-to-node-to-node. 

For a standing wave with identical boundary conditions at each end: 

●  = 2L 
● The fundamental frequency is v/2L 
● All multiples of the fundamental can exist as harmonics. 

 

For a standing wave with different boundary conditions at each end: 

●  = 4L 
● The fundamental frequency is v/4L 
● Only odd multiples of the fundamental can exist as harmonics. 

 

  



 


