MECH230 - Section 2 DRAFT
Midterm 2 Formula Sheet

Kinematics in Cartesian Coordinates

r =zE, +yE, + z2E_,
v=vE;, +vE, +v.E, =3E, + yE, + ZE_, (1)
a=a,E; +a,E, +a.E, =IE, +JE, + ZE..

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

r=xE,,
v =vE, = iE,, (2)
a=akE, = IE,.

B dv dv dx dv

T T drdt . Cdx 3)

Kinematics in Cylindrical Polar Coordinates

r = Tefr + ZEZ7
v = e, + rfeg + ;E,, (4)
a— (7’ _ r9'2) e, + (ré + 27%9') eo + 3B,

where

e, = cos(§)E, + sin(0)E,, eg = —sin(0)E, + cos(9)E,. (5)

Kinematics in the Serret-Frenet Basis

ds v de dey

v=||vl|=—, e = — = ke e, =e xXe — = —Te = —. 6
H H dt7 t ) dS ns b t ny dS ny 14 K ( )
vV = vey.
. 2 (7)
a =ve; + Kve,.
The Balance of Linear Momentum for a particle F = G where G = mv.

Spring Forces A spring of stiffness K with unstretched length ¢, 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
r—Ty

Fs = —K(HI‘ — I’AH — go)m

(8)

Friction Forces

e Static friction is unknown but satisfies that static friction criterion ||F¢|| < us]|IN||.

e Kinetic friction is prescribed according to Coulomb’s friction model to be Fp = — | |IN || 22<t-.
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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,tp] is W ap = fttf F.vdt = f(tB F - dr.

Kinetic Energy The kinetic energy of a particle is T' = —mv V.

The work energy theorem for a particle Ts — Ty = Wy ap.

A conservative force F. is such that Wg, ap = —(Up — Ua). Examples include
e any constant force C with U = —C - r,
e the gravitational force Fg = G ( RMjr’Z)g (—e,) with U = —€Mem and

e the spring force F, = —Keq — “‘ P with U = $Ke?. The spring stretch e = [[r — ral| — 4.

Linear impulse - linear momentum equation ft f Fdt = Gg — G4.

Angular momentum of a particle about the fixed origin O is H® = r x mv.

Moment The moment of a force F applied at point A about point P is MY = (r4 —rp) x F.

Balance of angular momentum of a particle M© = HO.

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

e=— where e is restitution coefficient and n is perpendicular to the plane of collision.

vp'n—vya-n
Kinematics of a system of particles For a system of n particles each with mass m; and position
vector r; from the origin, its center of mass C has

n n n
> MY > o MV > L may
— i=1"""1"1 _ i=1"""1 _ =1 "1
ro = - , Vo==*—— and ap=""“——.
m=y._ m m m

(9)

Its linear momentum is G = > " | G; = mve.

Its angular momentum about point P is H” = > (r; —rp) x m;v; = H + (r —rp) x G.
where H= 3" (r; —rc) X mpv; = > o (r; —re) x my(v; — ve).

Its kinetic energy is 7' = >0\ T, = > i dmyvi-vi = smve-ve+3 S0 my(vi—ve) - (vi—ve).

Kinetics of a system of particles

F:ZFi:Zmiai:maw and H =MF —vP x G. (10)

i=1 i=1
for any point P. If P is a fixed point O, then M© = HC and if P is C, then M¢ = HC.
Its work-energy theorem " T, = > Fi-v;; v, is the velocity of the point where F; acts.
Rigid Body (RB) Kinematics If A is fixed to the RB and B moving with respect to it, then

rp — Ty = r€,; + ye,, (11)
VB —Vy = w X (I‘B—I'A)—i—Vrel, (12)
ap—ag=ax(rpg—ra)+wX (wx(rg—ra)) + 2w X Vye + e, (13)

where the angular velocity and acceleration of the RB are resp. w = 0E, and o = 6E, and

Viel = €, + Y€y, and a,q = fe, + je,. (14)
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