
F=MA Competition Equation Sheet: Version 1.3

1 Kinematics

x = x0 + vt

vavg =
∆x

t

aavg =
∆v

t

Constant acceleration:
v = v0 + at

x =
1

2
(v0 + vf )t

x = v0t+
1

2
at2

x = vf t−
1

2
at2

v2f = v20 + 2ax

Changing acceleration:

v =
dx

dt

a =
dv

dt
=

d2x

dt2

Projectile motion (only use the first three if ∆y = 0) :

Tflight =
2v0sinθ

g

Heightmax =
v20sin

2θ

2g

Range =
v20sin2θ

g

ax = 0

ay = g = −10
m

s2
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vx = v0cosθ

vy = v0sinθ

x = vxt

y = xtanθ − gx2

2v20cos
2θ

T ime to drop object :

√
2h

g

Addition of relative velocity : vac = vab + vbc

aac = aab + abc

2 Dynamics

if ΣF = 0, a = 0

Σ
−→
F = m−→a

−→
Fab =

−−−→−Fba

Fc = mac =
mv2

r
= mω2r = m

4πr2

T 2

Fg = mg

fs ≤ µsFN

fk = µkFN

Fhookian spring = −k∆x

kp = Σiki

ks = (Σi

1

ki
)−1

FN = mgcosθ

tanθslip = µ

Fcoriolis = −2mω × vobject

Massless pulleys:

a =
m2 −m1

m2 +m1
g

FT =
2m1m2

m1 +m2
g

Drag:

Linear drag : vterminal =
mg

b
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Quadratic drag : vterminal =

√
mg

b

3 Energy

W = F · d =

∫
F (x)dx
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K =
1

2
mv2

W = ∆K =
1

2
m(v2f − v20)

Ug = mgh

Uhookian spring =
1

2
kx2

U = −
∫

F (x)dx

Wfield = −∆U

Edis = fd

Emech = K + U

Ei − Edis = Ef

P = F · v

P =
dE

dt

4 System of masses and collisions

p = mv

j = Ft = m∆v = ∆p

F =
dp

dt

−→p1,i +−→p2,i = −−→p1,f +−−→p2,f

inelastic collision : vf =
m1v1 +m2v2
m1 +m2

elastic collision : v1 =
(m1 −m2)v1,i + 2m2v2,i

m1 +m2
, v2 =

−(m1 −m2)v2,i + 2m2v1,i
m1 +m2
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If m1=m2, and the collision is elastic, then:

θ1 + θ2 = 90 degrees

xcom =
Σmr

M
or

1

M

∫
rdm

vcom =
Σmv

M
or

1

M

∫
vdm

Densities : λ =
M

L
,σ =

M

L2
, ρ =

M

L3

5 Rotational motion, Rigid Bodies

if Στ = 0, α = 0

x = rθ

v = rω

a = rα

θ = θ0 + ωt

ωavg =
∆θ

t
, αavg =

∆ω

t

ω =
dθ

dt

α =
dω

dt
=

d2θ

dt2

ω = ω0 + αt, x =
1

2
(ω0 + ωf )t

θ = ω0t+
1

2
αt2, θ = ωf t−

1

2
αt2

ω2
f = ω2

0 + 2αθ
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τ = r × F, τ = Iα

β is the distribution of mass:

I =

∫
r2dm, Idiscrete = ΣN

i=1mir
2
i , I = βmr2

I = Icm +Md2

Iz = Ix + Iy

I ∝ Ld+2

Krot =
1

2
Iω2, Ktot =

1

2
mv2 +

1

2
Iω2

W = τθ, P = τω

τ =
dL

dt
, ∆L = τt

Lpoint = mvr, Lfixed−pivot = Iω

L = r × p, ∆L = r∆p
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arolling down incline =
gsinθ

1 + β

tanθslip = µ(1 +
1

β
)

aroll and slip = g(sinθ − µcosθ)

αroll and slip =
µgcosθ

βr

pulley mass not negligible : a =
(M −m)g

M +m+ βMp

Final velocity for rolling on friction surface:

vf = rωf =
vi

1 + β

Right Hand Rule for angular motion:

6 Oscillatory Motion

f =
1

T
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ω =
2π

T
= 2πf

Etotal = K + U =
1

2
kA2

Tpendulum = 2π

√
L

g
, ωpendulum =

√
g

L

Tspring = 2π

√
m

k
, ωspring =

√
k

m

Tphysical = 2π

√
Isupport
mgLcm

, ωphysical =

√
mgLcm

Isupport

Ttorsion = 2π

√
I

κ
, ωtorsion =

√
κ

I

ωdamping =

√
k

m
− (

b

2m
)2, ma = −kx− bv

ẍ = −ω2x

x = Acos(ωt+ ϕ)

v = −Aωsinωt, vmax = Aω

a = −Aω2cosωt, amax = Aω2

Coupled oscillators:

If in phase:

ω =

√
m

k

if not in phase:

ω =

√
m

3k
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For reduced mass oscillation:

7 Gravity

Φg = −4πGMenc

Fg, sphere =
GMm

r2
,

gsphere =
GMr

R3
, gshell = 0, r < R

gsphere = gshell =
GM

r2
, r > R

For a infinite line : g =
2Gλ

d

For a infinite plane : g = 2πGσ

For a infinite cylinder with radius a:

gcylinder =
2Gλ

r
, r > a

gcylinder =
2Gλr

a2
, r < a

For a infinite plane with thickness a:

g = 2πGσ, d > a

g =
2πGσd

a
, d < a

Ug = −GMm

r
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T 2

a3
=

4π2

GM

Torbit =
2πr

v
=

2π

ω
= 2πR

√
R

GM
vara = vprp

dA

dt
=

1

2
rv =

L

2m
= constant

vescape =

√
2GM

r

vcirc =

√
GM

r
, Ecirc =

−GMm

2r

Gravitational binding energy : U =
−3GM2

5R

RBlack Hole =
2GM

c2

Reduced Mass(convert a two body problem to a one body problem):

Center mass = m1 +m2

orbiting mass =
m1m2

m1 +m2

r = r1 + r2

T 2

(r1 + r2)3
=

4π2

G(m1 +m2)
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T = T1 = T2 = 2π(r1 + r2)

√
r1 + r2

G(m1 +m2)

Gm1m2

(r1 + r2)2
=

m1v
2
1

r1
=

m1v
2
1

r2

Elliptical orbit:

d1 + d2 = 2a, A = πab

a2 = b2 + c2

vellip =

√
GM(

2

r
− 1

a
), Eellip =

−GMm

2a

vapogee =
a− c

b

√
GM

a
=

√
a− c

a+ c

√
GM

a

vperigee =
a+ c

b

√
GM

a
=

√
a+ c

a− c

√
GM

a

vco−vertex =

√
GM

a

Lellip = mb

√
GM

a

Tellip = 2π

√
a3

GM
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8 Fluid mechanics and Other Topics

ρ =
m

V

F = PA

F1A1 = F2A2

P = P0 + ρgh, Pgauge = ρgh

Fb = ρfluidVsubmergedg

ρ1A1v1 = ρ2A2v2

P1 +
1

2
ρv21 + ρgh1 = P2 +

1

2
ρv22 + ρgh2

v =
√
2gh

tdrain tank =
Atank

Ahole

√
2h

g

Y =
tensile stress

tensile strain
=

F

A

L

∆L

S =
shear stress

shear strain
=

F

A

h

∆x

B =
volume stress

volume strain
= −∆F

A

V

∆V
= −∆P

V

∆V

spring constant k =
AY

L0

Waves:
y = Asin(kx− ωt+ ϕ)

v = λf =
ω

k

wave number: k = 2π
λ , angular frequency: ω = 2πf = 2π

T

λn =
2L

n
, fn =

nv

2L

vstring =

√
TL

M
, vsound =

√
B

ρ

xnode =
nλ

2
, xantinode =

(2n− 1)λ

4

f ′ = f(
v ± vo
v ∓ vs

)

Error propagation:
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Exponential:

∆f = Uncertainty of measurement : f(x, y) = cxnym

∆f

f
=

√
(
n∆x

x
)2 + (

m∆y

y
)2

Ways to eliminate answer choices:

Dimensional analysis: find the units of each answer choice and match it with
what the question asks you to find.
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Limiting cases: imagine a parameter is either extremely big, small, or is a
special number that you would intuitively try.

9 Further notes

• A dot product · is a way to multiply two vectors, where X · Y = XY cosθ

• A cross product × is another way to multiply two vectors, where
X × Y = XY sinθ

• A derivative is a rate of change, which is the slope of a graph in
geometric terms. For example:

v =
dx

dt

You can think of velocity as the slope of the displacement vs. time graph.

• An integral is the space under a graph of an equation, the opposite of a
derivative. For example:

W =

∫
F (x)dx

You can think of work as the area under the curve of the force vs.
distance graph.

• The notation ẍ represent d2x
dt2 .

• Always draw a free body diagram when doing dynamics problems!
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