
Formulas - PHYS111

Constants and units: g = 9.8m/s2, 1mm = 10−3m, 1 cm = 10−2 m, 1 km = 103 m, 1 in =

2.54 cm, 1 mi = 1609 m; 1 N (newton) = kg · m/s2 , 1 J (joule) = N · m = kg · m2/s2, 
1 W (watt)=J/s. density=mass/volume, 1 foot = 12 inch
Volumes. Cylinder: πR2h, sphere: 4

3
πR3, cone: 1

3
πR2h

Quadratic equation. ax2 + bx+ c = 0 , x =
(

−b±
√
b2 − 4ac

)

/(2a)

Derivatives/integrals. d
dt t

n = ntn−1 ,
∫

rn dr = 1
n+1

rn+1

Vectors. If ~c = ~a+~b, then cx = ax + bx , cy = ay + by , cz = az + bz and c =
√

c2x + c2y + c2z.

Dot product: ~a ·~b = axbx + ayby + azbz = ab cosα. Cross product: | ~A× ~B| = A ∗B ∗ sinα ,

î× ĵ = k̂ , ĵ × k̂ = î , k̂ × î = ĵ.
Kinematics: v = dx/dt , a = dv/dt = d2x/dt2. Constant a: v − v0 = at, x− x0 = v0+v

2
t =

v0t+
1
2
at2 =

v2−v2
0

2a . Projectile: vx = const , x−x0 = vxt , vy = v0y−gt , y−y0 = v0yt− 1
2
gt2 =

(v20y − v2y)/(2g). Range:
(

v20/g
)

∗ sin(2θ)
Circular motion with constant speed: ω = v/R, ac = v2/R = ω2R, towards center.
The three Laws of motion: (1) If ~Fnet = 0 then ~v = const; (2) ~Fnet = m~a; (3) ~F21 = −~F12

Specific forces. Gravity: m~g (down). Normal ~N - perpendicular to surface; tension T - con-
stant along the string. Spring force: F = −kx (k is spring constant).
Friction - parallel to surface; kinetic: fk = µkN ; static: fs ≤ µsN with N = mg (horizontal
plane) or N = mg cos θ (inclined plane).
Inclined plane. Components of gravity: mg sin θ (parallel to plane, downhill) and mg cos θ
(perpendicular to plane). Kinetic friction: µkmg cos θ (parallel to plane, opposite to direction
of motion).
Centripetal motion: Fnet = mv2/R; direction of ~Fnet - towards center of revolution.
Work and power. Constant force W = ~F · (~r2 − ~r1) = Fx∆x + Fy∆y + Fz∆z (or,

W = F∆r cosα); general: WAB =
∫ B
A

~F · d~r. Power: P = W/∆t = ~F · ~v. Work by
specific forces: gravity: Wg = −mg∆y (and ∆x does not matter); normal: WN = 0;

kinetic friction: Wf = −fL; spring Ws =
1
2
k
(

x2i − x2f

)

Kinetic energy and work-energy theorem: K = 1
2
mv2 , ∆K = W where W is the net

work (i.e. work by all forces).
Potential energy. For conservative forces (with path-independent work) introduce U (~r) so
that WAB = UA−UB = −∆U . For specific forces: gravity: Ug = mgh; spring: Us =

1
2
kx2. If

only conservative forces, then energy conservation: ∆K +∆U = 0 or K +U = const. If also
non-conservative forces (e.g., friction) with work Wnon−cons, then ∆(K + U) = Wnon−cons

Momentum. ~p = m~v , ~Ptot =
∑

mi~vi . Impulse ∆~p = ~Fav∆t. Conservation: if ~Fext = 0,
then ~Ptot = const (e.g., in collisions). Center-of-mass: ~Rcm = 1

M

∑

mi~ri , M =
∑

Mi;
~P = M~Vcm

Rotation (kinematics): If N -number of revolutions, then θ = 2πN . Angular velocity
ω = dθ/dt (in rad/s); ang. acceleration α = dω/dt (in rad/s2). If α = const, then

θ = ω0+ω
2

t = ω0t +
1
2
αt2, or θ =

ω2
−ω2

0

2α , and ω = ω0 + αt. Connection with linear:
ω = v/r , α = a/r
Dynamics: K = 1

2
Iω2; I-moment of inertia. For point masses: I =

∑

mir
2
i , for solid

bodies I =
∫

dV ρr2. Specific I’s: rod (about center) ML2/12; rod (about end) ML2/3;
hoop MR2; disk MR2/2; solid sphere 2

5
MR2; spherical shell 2

3
MR2 . Parallel axes theorem:

I = ICM +MD2

Rotation+linear: K = 1
2
mv2 + 1

2
Iω2. If ω = v/R (e.g., rolling) K = 1

2
mv2(1 + I/(mR2))

1



Torque τ~ = ~r × F~ , τ =
~ 
FR sin φ = F d. The 2nd Law for rotation: τ = Iα.

Angular momentum. L = 
∑

~ri × ~pi (point masses); L = Iω (symmetric solid). Conservation: 
if τ~ = 0 then ~L = const.
Static equilibrium.  

∑

F~i = 0 , 
∑

~τi = 0.
Fluids. Statics. P = Fn/A, P = ρgh (barostatic equation); P = P0 + ρgh; FB = ρfluid gVsubmerged

(Archimedes Law).
Fluids. Dynamics. Continuity equation: ρvA = const. For incompressible fluid

v ∗ A = const.

Bernoulli equation: P + ρgh+ 1
2
ρv2 = const.

Gravity. F = −GMm/r2 , g(r) = −GM/r2. U(r) = −GMm/r. 3rd Law of Kepler:

T 2 ∝ r3. T = (2π/
√
GM )r3/2. Satellite: vorb =

√

g(r) ∗ r , r-distance from center of planet

(for low orbits r ≃ Rp); g(r) = gs ∗ (Rp/r)
2. Escape: vesc =

√
2vorb =

√

2GMp/Rp (from

surface of planet). G = 6.67∗10−11 N*m2/kg2. Msun = 1.99∗1030 kg; Mearth = 5.97∗1024 kg;
distance from Sun to Earth 150 ∗ 106 km; radius of Earth Rearth ≈ 6400 km.
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