
What to write on the flashcard front: What to write on the flashcard back: 

  

definition of velocity velocity = 
𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛

𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑡𝑖𝑚𝑒
 

definition of acceleration acceleration = 
𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦

𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑡𝑖𝑚𝑒
 

vf-squared equation vf
2 = vi

2 + 2(a)(Δs) 

vf-squared equation  

when the initial velocity is zero 

vf
2 = 2(a)(Δs) 

quadratic position equation Δs = vit + 
1

2
at2 

quadratic position equation 

when the initial velocity is zero 
Δs = 

1

2
at2 

how to translate from a position graph to a 

velocity graph 

the slope of the position graph is equal to the 

value of the velocity graph at any time 

how to translate from a velocity graph to an 

acceleration graph 

the slope of the velocity graph is equal to the 

value of the acceleration graph at any time 

how to translate from an acceleration graph 

to a velocity graph 

the area trapped between the acceleration 

function and the x-axis is equal to the change 

in the velocity during that same time 

how to translate from a velocity graph to a 

position graph 

the area trapped between the velocity function 

and the x-axis is equal to the change in the 

position during that same time 

how to translate from a position equation to a 

velocity equation (standard polynomials) 

differentiate: for each term, multiply by the 

exponent, subtract one from the exponent 

i.e. 5t2 + 12t + 10 becomes 10t + 12 

how to translate from a velocity equation to 

an acceleration equation (standard 

polynomials) 

differentiate: for each term, multiply by the 

exponent, subtract one from the exponent 

i.e. 8t2 - 6t + 14 becomes 16t - 6 

how to translate from an acceleration 

equation to a velocity equation (standard 

polynomials) 

integrate: for each term, add one to the 

exponent, divide by the exponent.  Then add 

the initial condition 

i.e. a = -10 becomes v = -10t + v0 

how to translate from a velocity equation to a 

position equation (standard polynomials) 

integrate: for each term, add one to the 

exponent, divide by the exponent.  Then add 

the initial condition 

i.e. v = -10t + 15 becomes s = -5t2 + 15t + s0 

central concepts of projectile motion (3) (1) horizontal motion has constant velocity  

(2) vertical motion is freefall with constant 

acceleration of -g 

(3) objects projected horizontally have zero 

initial vertical velocity 

principles of motion maps (3) (1) spacing of dots indicates speed 

(2) velocity vectors point in the direction of 

motion 

(3) length of velocity vectors indicates speed 



Newton’s laws of motion (3) (1) objects will maintain their velocity unless 

acted upon by an outside net force 

(2) ΣF = ma; the sum of all forces on an object 

is equal to the product of the object’s mass 

and acceleration 

(3) forces are interactions; if A pulls on B with 

a force of +100N, B pulls on A with a force of 

-100N.  This is true regardless of any 

asymmetry in the objects (mass, speed, size, 

Twitter handle, etc.) 

principles of free-body diagrams (4) (1) draw the object as a point 

(2) draw only outside forces acting on the 

object as vectors pointing away from the point 

(3) vector length should be proportional to 

force magnitude 

(4) label force vectors with the type of force, 

the value of the force, and the origin of the 

force 

force of gravity (2) in variable form, FG = -mg 

numerically, FG is mass multiplied by -10 

i.e. a 25kg dresser experiences a force of 

gravity of -250N 

equation for kinetic friction if two surfaces slide relative to each other 

|Fkf| = µk·|FN| 

how to determine static friction |Fsf| ≤ µs·|FN| does not provide a value for Fsf, 

only the maximum value.  Calculating this 

maximum is often useful, but the specific 

value must come from the situation. 

how to begin questions of slipping / not 

slipping 

start with |Fsf| ≤ µs·|FN| 

replace Fsf and FN with their values from the 

free body diagram 

forces along an incline (3) FG = mgsinθ along the incline (parallel) 

FG = -mgcosθ into the incline (perpendicular) 

often FN = mgcosθ (perpendicular) 

analyzing the dynamics of systems use ΣF = ma on the entire system in relevant 

dimensions to find the acceleration of the 

system; use that same acceleration and  

ΣF = ma for components of the system 

work (2) W = F·Δsparallel and is the area under a force 

vs. position curve 

work-energy theorem ΣW = ΔK 

kinetic energy K = ½mv2 

gravitational potential energy UG = mgh 

spring potential energy Usp = ½kx2 

one way to determine thermal energy Wkf = -ΔEth 



power (3) P = 
𝛥𝐸

𝛥𝑡
 

P = 
𝑊

𝛥𝑡
 

P = F·v 

conservation of energy ΣEinitial = ΣEfinal if ΣWexternal = 0 

for mechanical systems 

Impulse (2) J = F·Δt and is the area under a force vs. time 

curve 

Linear momentum p = mv 

Impulse-momentum theorem ΣJ = Δp 

Conservation of linear momentum Σpi = Σpf if ΣJexternal = 0 

Center of mass equations (3) Rcm = 
𝑚1𝑅1+𝑚2𝑅2+⋯

𝛴𝑚
 

vcm = 
𝑚1𝑣1+𝑚2𝑣2+⋯

𝛴𝑚
 

acm = 
𝑚1𝑎1+𝑚2𝑎2+⋯

𝛴𝑚
 

Newton’s second law for systems ΣFexternal = msystem·acm 

Torque τ = R x F = R·F⊥ = R⊥·F 

Rotational inertia For a point mass, I = mR2 

 

Newton’s second law for rotation Στ = I·α 

Rotational kinetic energy K = ½Iω2 



Angular momentum (2) L = I·ω for a rotating system 

L = Rmv⊥ for a point mass 

Impulse-momentum theorem for rotation ΣJ = ΔL 

where J = τ·Δt 

Conservation of angular momentum ΣLi = ΣLf if ΣJexternal = 0 

where J = τ·Δt 

Centripetal acceleration 

Centripetal force  
ac = 

𝑣2

𝑅
       ΣFradial = Fc = 

𝑚𝑣2

𝑅
 

Universal force of gravity F = 
𝐺𝑚1𝑚2

𝑅2  

Circular orbits (2) Set 
𝐺𝑚1𝑚2

𝑅2  equal to 
𝑚1𝑣2

𝑅
 

 

where m1 is the orbiting mass 

Gravitational potential energy 

(astronomic reference frames) 
U = 

−𝐺𝑚1𝑚2

𝑅
 

Elliptical orbits Often use conservation of angular momentum:  

r1mv1 = r2mv2 

Period of a simple pendulum 
T = 2π√

𝐿

𝑔
 

Period of a mass/spring oscillator 
T = 2π√

𝑚

𝑘
 

 


