
MECH230 - Section 2 DRAFT
Midterm 2 Formula Sheet

Kinematics in Cartesian Coordinates

r = xEx + yEy + zEz,

v = vxEx + vyEy + vzEz = ẋEx + ẏEy + żEz,

a = axEx + ayEy + azEz = ẍEx + ÿEy + z̈Ez.

(1)

Rectilinear Motion Consider a rectilinear motion of a particle in the direction of Ex.

r = xEx,

v = vEx = ẋEx,

a = aEx = ẍEx.

(2)

a =
dv

dt
=

dv

dx

dx

dt
= v

dv

dx
. (3)

Kinematics in Cylindrical Polar Coordinates

r = rer + zEz,

v = ṙer + rθ̇eθ + żEz,

a =
(
r̈ − rθ̇2

)
er +

(
rθ̈ + 2ṙθ̇

)
eθ + z̈Ez,

(4)

where

er = cos(θ)Ex + sin(θ)Ey, eθ = − sin(θ)Ex + cos(θ)Ey. (5)

Kinematics in the Serret-Frenet Basis

v = ||v|| = ds

dt
, et =

v

v
,

det
ds

= κen, eb = et × en,
deb
ds

= −τen, ρ =
1

κ
. (6)

v = vet.

a = v̇et + κv2en.
(7)

The Balance of Linear Momentum for a particle F = Ġ where G = mv.

Spring Forces A spring of stiffness K with unstretched length ℓ0 whose base is at point A and
whose free end is attached to a mass m with position vector r applies a force on m that is

Fs = −K(||r− rA|| − ℓ0)
r− rA

||r− rA||
. (8)

Friction Forces

• Static friction is unknown but satisfies that static friction criterion ||Ff || ≤ µs||N||.

• Kinetic friction is prescribed according to Coulomb’s friction model to be Ff = −µk||N|| vrel

||vrel||
.
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Power The power of a force F acting on a particle with velocity v is defined to be P = F · v.

Work The work of a force F over the interval [tA, tB] is WF,AB =
∫ tB
tA

F · vdt =
∫ r(tB)

r(tA)
F · dr.

Kinetic Energy The kinetic energy of a particle is T = 1
2
mv · v.

The work energy theorem for a particle TB − TA = WF,AB.

A conservative force Fc is such that WFc,AB = −(UB − UA). Examples include

• any constant force C with U = −C · r,

• the gravitational force FG = G Mem
(Re+h)2

(−er) with U = −GMem
r

, and

• the spring force Fs = −Kε r−rA
||r−rA|| with U = 1

2
Kε2. The spring stretch ε = ||r− rA|| − ℓ0.

Linear impulse - linear momentum equation
∫ tB
tA

Fdt = GB −GA.

Angular momentum of a particle about the fixed origin O is HO = r×mv.

Moment The moment of a force F applied at point A about point P is MP = (rA − rP )× F.

Balance of angular momentum of a particle MO = ḢO.

Collisions The pre-impact and post-impact velocities of two particles A and B are related by

e = −v′
B ·n−v′

A·n
vB ·n−vA·n where e is restitution coefficient and n is perpendicular to the plane of collision.

Kinematics of a system of particles For a system of n particles each with mass mi and position
vector ri from the origin, its center of mass C has

rC =

∑n
i=1miri

m =
∑n

i=1 mi

, vC =

∑n
i=1 mivi

m
, and aC =

∑n
i=1miai

m
. (9)

Its linear momentum is G =
∑n

i=1Gi = mvC .

Its angular momentum about point P is HP =
∑n

i=1 (ri − rP ) × mivi = HC + (r − rP ) × G.
where H =

∑n
i=1(ri − rC)×mkvi =

∑n
i=1(ri − rC)×mi(vi − vC).

Its kinetic energy is T =
∑n

i=1 Ti =
∑n

i=1
1
2
mivi ·vi =

1
2
mvC ·vC+

1
2

∑n
i=1mk(vi−vC) ·(vi−vC).

Kinetics of a system of particles

F =
n∑

i=1

Fi =
n∑

i=1

miai = mac, and ḢP = MP − vP ×G. (10)

for any point P . If P is a fixed point O, then MO = ḢO and if P is C, then MC = ḢC .

Its work-energy theorem
∑n

i=1 Ṫi =
∑n

i=1Fi · vi; vi is the velocity of the point where Fi acts.

Rigid Body (RB) Kinematics If A is fixed to the RB and B moving with respect to it, then

rB − rA = xex + yey, (11)

vB − vA = ω × (rB − rA) + vrel, (12)

aB − aA = α× (rB − rA) + ω × (ω × (rB − rA)) + 2ω × vrel + arel, (13)

where the angular velocity and acceleration of the RB are resp. ω = θ̇Ez and α = θ̈Ez and

vrel = ẋex + ẏey, and arel = ẍex + ÿey. (14)

2 Compiled on 11/25/2024 at 12:31 Noon


