AP Physics 1 Equations and Facts 2020

Kinematics
Vi=Vi+ at

AX = vit + ' at?
sz = Vi2 + 2a Ax
Ax = Ya (vitvi)t

Constant velocity:
Ax = Vavgt

Forces weight: F; = mg Vector Components /
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Newton’s 2" Law: XF =ma

Hooke’s Law: Fspring = KI[X| vx=vcosf vy=vsinb
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Momentum and Impulse

p=mv Ap =F At or Ft pi + Ap =ps

MaVii + MaVoi = Myvie + MaVor i no external forces applied
perfectly inelastic collision: myvii + mavai = (M1 + M2)vs

perfectly elastic collision: no KE loss

Work and Energy W = Fdcos0 Us = ¥ kx?

Kt =1 mv? Kr =% lw? Ug = mgh or AUg = mgAy

COE: Ki+ Ugi +Usi + W = K¢+ Ugs+Uss or AE=W

TS=27r\/%

T = % (f is frequency)

w = 2—7T = 2nf
T
X = A cos (wt)
Xmax = A
Vimax = A®
amax = Ao?
- Fmax _ kA
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Etota = K+ Us

Rotation Kr = % Iw?
Conversions: v=wr (winrad/s) a=ar
Kinematics: A8 = wit + % at? wf= wi+ at

T
Newton’s 2™ Law. @ = T 3T =Tccw - Tew = la

T=rLF=rFsin(0) rmusthave acomponent perpendicular to F

torque in equilibrium: XT = Tccw - Tcw = 0 (CCW: positive direction)

angular momentum L = lw AL=TAt orTt

conservation of angular momentum (if no external 7): [1wi= Lw>
L = mvr for point mass moving in reference to axis (a ball striking a rod)
rotational inertia for a point mass: 1=mr? several: =X mr?

solid objects have less rotational inertia than hollow objects

Graphs

v-t graph area: displacement  v-t graph slope: acceleration
F-d graph area: Work F-x graph slope: spring constant
F-t graph area: impulse (Ap) p-t graph slope: force




Key Concepts Flow Chart

1. Does the question involve a transfer of energy from potential to kinetic energy within the system? Is
there a loss of mechanical energy to work? If YES to either one, use Conservation of Energy.

No loss of mechanical energy to work: Kri + Kg; + Ugi +Usi = Kt + Kgrs + Ugs +Ust
Example: a planet in orbit around a star

Some loss of mechanical energy to work: Ei+ W= E; or AE=W

2. Does the question involve a collision, and is the system both objects?
If it is a rotating system, does it contain 2 objects such as a bug and a disk or a planet and a star?

M1V + MaVai = MiVas + MpVot 0 = myvis + mpvs  for objects pushing off each other
MaV1i + MaVoi = (M1 + M)Vt

for a planet-star system experiencing no external torque: lwi= low:

3. Does the question involve a collision and the system is one object that experiences an external force?
If it is a rotating system, does it contain one object such as a bug on a disk?

pi+ Ap =ps Ap =F At or Ft Li + AL =Ls AL=TAt ortt

if cart A loses momentum, cart B gains if a bug gains momentum, the disk
momentum. Cart B exerts a negative force loses it. The bug is exerting a negative torque
on Cart A. on the disk.

| 4.1Is there a net force or a net torque exerted on a system?

. X . . .
a=XF/m more mass, less acceleration a= TT more rot. inertia, less acceleration

| 5.1s the net force due to gravitation?

_mv?
r

_ Gmym,
F:g =z and Fc

| 6. Is the net force causing circular motion but it isn’t a gravitation problem?

If the net force is centripetal, ~ XF = inward force — outward force.

Example: a ball traveling in a vertical circle (at the bottom, T is inward and mg is outward)
Example: a car going over a hill (mg is inward, Fn is outward)

Example: a pilot doing a vertical loop (mg and Fn are both inward).

Diagram for determining the height of an object on a string if the angle and length of string are
known.
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