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Math / Constants

{
x = r cos θ

y = r sin θ

}
;

{
r =

√
x2 + y2

θ = tan−1
(
y
x

)} ; x =
−B ±

√
B2 − 4AC

2A
;


g = 9.80 m/s2

G = 6.67× 10−11 N ·m2/kg2

MEarth = 5.98× 1024kg

REarth = 6.27× 106m

 ;

Kinematics


vx = v0x + axt

∆x = 1
2
(v0x + vx)t

∆x = v0xt+ 1
2
axt

2

v2
x = v2

0x + 2ax∆x

 ;


vy = v0y + ayt

∆y = 1
2
(v0y + vy)t

∆y = v0yt+ 1
2
ayt

2

v2
y = v2

0y + 2ay∆y

 ;



∆x = xf − xi
speedave = d

∆t

vave = ∆x
∆t

aave = ∆v
∆t

v = lim∆t→0
∆x
∆t

a = lim∆t→0
∆v
∆t


;

Forces


∑ ~F = 0→ ~a = 0∑ ~F = m~a
~F2on1 = −~F1on2

 ;

{∑
Fx = max∑
Fy = may

}
;

{
0 ≤ fs ≤ µsFN

fk = µkFN

}
;


Fg = mg

Fg = GMm
r2

~Fd = −b~v
~Fs = −k∆~x

 ;

Work/Energy


KE = 1

2
mv2

PEg = mgh

PEs = 1
2
k(∆x)2

P = ∆E
∆t

 ;


W = ~F ·∆~x

W = |F | · |∆x| cos θ

W =
∫
~F (x) · d~x

 ;



Wc +Wnc = ∆KE

Wc = −∆PE

Etot = KE + PEs + PEg

∆Etot = ∆KE + ∆PEs + ∆PEg

∆Etot = Wnc


;

Momentum 

~p = m~v
~I = ∆~p = ~F∆t

Fext = 0→ ∆p = 0

∆~p = m ·∆~v + ∆m · ~v
v1f =

(
m1−m2

m1+m2

)
v1i +

(
2m2

m1+m2

)
v2i

v2f =
(

2m1

m1+m2

)
v1i +

(
m2−m1

m1+m2

)
v2i


;



2

Rotational motion
xCM = Mx+m(L−x)

M+m

s = Rθ

ω = ∆θ
∆t

α = ∆θ
∆t

 ;


vT = Rω

aT = Rα

ac = v2

r

T = 2π
ω

= 2πr
v

 ;


ωf = ωi + αt

∆θ = 1
2
(ωi + ωf )t

∆θ = ωit+ 1
2
αt2

ω2
f = ω2

i + 2α∆θ

 ;



I =
∑
mir

2
i

Ihoop/hollow cylinder = MR2

Isolid cylinder = 1
2
MR2

Irod, axis through center = 1
12
MR2

Irod, axis through end = 1
3
MR2

Isolid sphere = 2
5
MR2

Ihollow sphere = 2
3
MR2


;



KErot = 1
2
Iω2

~τ = ~r × ~F∑
τ = Iα∑

τ = 0→ α = 0

Wrot = τ∆θ

∆L = τ∆t

L = Iω

τext = 0→ ∆L = 0


;

Fluids 
P = F

A

P = ρgh

FB = ρfgVdisplaced




