Mechanics - Basic Physical Concepts
Math: Circle: 27 r, 7r2; Sphere: 4712, (4/3) 713
Quadratic Eq.: az?+bxr+c= 0,z = _bi; ‘2b24ac
Cartesian and polar coordinates:

r=rcost, y=rsinb, r2 = g2 +y2, tanf = %

Trigonometry: cosacos 3+ sinasin § = cos(a — )
sina +sin g =2 sin—_‘_Tﬁcos %
cos a + cos 8 = 2 cos ﬂcosTﬂ

sin26 = 2 sinf cosf,cos260 = cos? 0 — sin? 0

1 —cosf = 2 sin? g, 1+ cosf =2 coszg
Vector algebra: A = (Agz, Ay) = Azi+ Ayj
Resultant: R=A+B= (A + By, Ay + By)

Dot: /Y~§:ABCOSH:Awa—FAyBy—FAZBZ

Cross product: ixj=4k, jxk=17 kxi=]j

C=ABsinf =A | B=ADB |, use right hand rule

. d.n_, n-1 d _1
Calculus: qpr =nx ' dE Inz = £,
% sinf = cos 6, % cosf = —siné, % const =0
Measurements

Dimensional analysis: e.g.,

F=ma— [M]LT]"2, o F=m% - [M|[L|[T)2

Summation: Zfil(a r;+b)=ad;lqx; +ON
Motion

One dimensional motion: v = ddf, a= Cglg
. o5 Sfr—Si - _ VT
Average values: v = tf—ti , =7

One dimensional motion (constant acceleration):
o(t) :
s(t) :

v(s): w

v=1vg+at
s:z’)tzvot—i—%atQ, U= %
2 :vg +2as

Nonuniform acceleration: x = xg+ vgt + %at2 +

%jt?’—ﬁ—ﬁst‘l—i—%kt‘r’—f—%pﬁ—i—..., (jerk, snap,...)

Projectile motion: ;5. =t = tt%'p = U%
1 .2
h = 5 gtfall, R = Vox tt’f”tp
Circular: ac =%, v= 2%7", f= T (Hertz=s"1)
Curvilinear motion: a = a% + a%

Relative velocity: o= + @
Law of Motion and appllcatlons
Force: F =ma, Fy = mg7 F12 = —F21

Circular motion: ac = %7 v= 2%7" =27rf

Friction: Fgyqpjc < pus N Flinetic = Pk N

Equilibrium (concurrent forces): ), F; =0
Energy

Work (for all F): AW =Wy _,g=Wp—-Wy =

F||s:Fsc050:ﬁ-§H ffﬁd§ (in Joules)
=ma+ Fe+ fne

Weatla—p = Kp = Ko+ Up = Us + Wyissla—p
Kinetic energy: Kp—K /4 = fA ma-ds, K = %mv

K (conservative F): Up — Uy = — ff F-ds
Ugravity =mgy,

Effects due to work done: F, 4

i _ _ou __ou _ _0U
FI'OmUtOF. F‘T__W7 Fy——a—y, FZ__W
oU ou
Fgram'ty =Ty T -mg, Fsprmg =9z — —kz
ilibri . 0U _ 82U
Equilibrium: Bx 0, 927
Power: P = dt = Fu| = Fucosf = F - 7 (Watts)
Collision
- N . N t N
Impulse: [ = Ap= Py =P — ftif Fdt
Momentum: p=m7v
. _ mMi1T1+tma T
Two-body: =z, = 71m1+m§ 2
Pen = Mw,,, = p1 +p2 =mq vy +mgug
ch EFl +F2 =mia] +mgay :Macm
K1+ Ko = K] + K5 + K,
Two-body collision: p; = py = (m1 +mg) 7,
U;:Ui_vcwm 1}7/;:’0;,—"_1}cm
Elastif: V] — V9 :/ —(v] —vh),
x/ % _ .
v =, ’Ui_QUCm_UZ - f
S mi i rdm
Many body center of mass: 7, = S~ f e
O dp . - .
Force on cm: Fypp = d_}t? =Ma,,, D=>.D;

Rotation of Rigid-Body
0=2, w=25, a =4
Moment of inertia: I =5 m;r f7“2dm
Lgisk = L M R? ) Irmg = %M(RQ + RQ)
Iroq = 12 Mgz Irectangle = 12 M (a + b2)
I -5 MR Isphemcal shell — 3 MR2
I=1, +MD?

Kinematics:

sphere

I = M (Radius of gyrat10n)2, om

Kinetic energies: K, = %Iw , K=Kpot +K,,

Angular momentum: L=rmv=rmwr=1Iw

Torque: 7 = Cﬁl{t: —mgfi;’r—FT:I‘Z—‘lea

Weat = AK+AU+W, K = Kpgp+5mo?,
Rolling, angular momentum and torque

Rolling: K = (IC+MR2) =% (f5 +M) o2

P=71w

Angular momentum: L—rxp L=r  p=1w
Torque: T:%:dfxté—tzfxf, T:;J_F:Ia
Gyroscope: wp:d—(f:%cil—t:%:_li

Static equilibrium

Zﬁz =0, about any point ZTZ =0
Ivisi .« 27 — mATAcm+m v cm
Subdivisions: 7, = e
Elastic modulus = stress/strain
stress: F/A
strain: AL/L, 0~ Azx/h, —AV/V



