Mechanics - Basic Physical Concepts
Math: Circle: 277, wr2; Sphere: 4772, (4/3) 713
Quadratic Eq.: az? +bz+c=0, z = -_bih— ”1’2—4‘”
Cartesian and polar coordinates:

r=rcosh, y=rsinf, r?=z? +y2, tand = 3%
Trigonometry: coscacosf + sinasinf = cos(a — 3)

sina + sin 8 = 2 sin ﬁ"’rﬁcosﬁg—ﬂ

cosa+ cos =2 cos—'gﬁcos—zﬁ

sin26 = 2 sinf cos @, cos 20 = cos? # — sin? 9

1 —cos = 2 sin? %, 1+ cosf =2 coszg
Vector algebra: A = (A, Ay) = Azi+ Ayj
Resultant: R=A+ B =(Ag + By, Ay + By)
Dot: A-B=ABcost = Ag By + Ay By + A B,

Cross product: ixj:fc, ix k=i, l%xi:j
ik
C=AxB=|A4; 4y A,
Bz By By
C=ABsinf=A) B=AB|, useright hand rule
Calculus: %m” =nz" 1 % Inz = %,

EdgsinG = cosf, %cosH = —siné,
Measurements
Dimensional analysis: e.g.,
F=ma— [M]LT]72, or F=mY% - [M][L][T]~2
Summation: Zf\il(a zi+b)=a);liz;+bN
Motion

One dimensional motion: v = %tﬁ’ a= %tﬂ
Average values: 7 = %’:—_‘tsil, a= %Hz—’
One dimensional motion (constant acceleration):

v(t): v=vg+at

s(t) : s:ﬁt=u0t+%at2, 7= Ytv

v(s): 1% = UO +2as
Nonuniform acceleration: z = zg+ vyt + 5 Lat? 4
Fit3+ oottt o ktd+ Ay ptS4. .
Projectile motion: t.; . = trall = t—Q—E

% const =0

, (jerk, snap,...)

U01

1
h=39t%u B="vortsip

2
Circular: ac =%, v= 25‘:’“, f= T (Hertz=s—1)

Curvilinear motion: a = ,/a% + a2

Relative velocity: =9 + 4
Law of Motion and appllcatlons
Force: F =mi, Fg = mg, F12 = —F21

v? 2wr

Circular motion: ac =%, v= S =2rrf

Friction: Fgyg4i0 < s N Frinetic = H N

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

Work (for all F): AW =W,y _g=Wg-W4 =

Fjjs=Fscosf = F.5- fff -d§ (in Joules)

Effects due to work done: Fe; = ma+ Fe + fne

Westlanp = Kp—Ka+Up —Ug + Wyissla—p

Kinetic energy: Kp— K4 = ff ma-ds, K= %mv

K (conservative F): Ug —Uy = —ff F.ds
Ugram'ty =mgy, Uspring = %‘ kz?

From U to F: Fy = -9V F, = —%%, F,=-9U
Foravity mg, Fspring = —?T[ccj =—kz
%ﬁi > 0 stable, < 0 unstable
Power: P = % = Fuy = Fuvcosf = F - 7 (Watts)

Collision
Impulse: [ = Ap= Py —p; — ftif Fdt
Momentum: p=mv
Two-body: z_, = %ﬂ
Pem = M., =p1 +p2 =mpv +mguy
F, =Fi+Fy=mja;+mgay=Ma_,
Ki+Ko=K{+K;+K,_,
Two-body collision: p; = pf = (my +ms) ¥,
v, =v¥ 4+,

—(U:/[ - Ulz)v
- mi m;

v; =2v,, —v;
Force on cm: Foyy = %if; =Ma,,, 7= 0
Rotation of Rigid-Body
Kinematics: =2, w=%, a=%
Moment of mertla I=% mlr = f r2dm
Idzsk = QZVIR Irmg =3 M(R2 + Rz)
Lod = TZ ]\/[E ’ Irectangle '17 M (a + bz)
Isphere =35 ]V[R Isphemcal shell = 3 2 M R?
I = M (Radius of gyrailon) I=I_ +MD?
Kinetic energies: K, = Q Iw?, K= Krot + K,
Angular momentum: L=rmv=rmwr=Jw

2

__ouU _ _
=-9U -
Equilibrium: 4Y =0,

i =~y
Elastic: v] —vg =
*/ *

v =g,

em?

Many body center of mass: 7

Torque: 7= (fit —ma—r—Fr—IH——Ia

Wert = AK+AU+WJ¢, K= Krot"‘? mv2
Rolling, angular momentum and torque

Rolling: K =} (lo+M R?) w? =} (£ + M) o2

Angularmomentum L=7xp, L=r p=Iw

P=7rw

Torque: 7= _clf' =7 X
d h
Gyroscope: wp = —d? B Iy :'% = _9_";_“)
Static equilibrium
S F; =0, about any point 3.7 7 =0
Subdivisions: 7, = T4 T’#{Zimg Bem,
Elastic modulus = stress/strain
stress: F/A

strain: AL/L,

0~ Azxz/h, —AV/V



Oscillation motion
f=s, w=73F

2 2
SHM: a= lfitm = —w?g, a—%:—uﬁ@

T =2, cos(wt+4), z,..=A

V==, Sin(wt+46), v, =wd

a=—a,,, cos(wt+J)= —wzx Qe = w2 A
E=K+U=K,, =+m(wA)?= =1kA2

Spring: ma = —kz

Simple pendulum: ma, =mafl=—mgsinf

Physical pendulum: T =Ta = -mgdsiné

Torsion pendulum: 7=ITa = —xk0

Gravity

ﬁ21 = —G%m f12, forr >R, g(r)
12
G = 6.67259 x 10~ 11 N m?/kg?
Regpp, = 6370 km, M, 445 = 5.98 x 1024 kg

2 2
=wlr= (%‘1) r = g(r)
— M _ _ _GmM

U=-G&0%, E_U+K_2— e
__dU _ M _

Kepler’s Laws of planetary motion:

i) elliptical orbit, r = lf:(:]o?ﬁ ry = 1%9?’ rg = 1%
2
iii) G M — (7—2”) 1 a=—njn 2o (W‘l )r3
Escape kinetic energy: E=K +U(R) =0
Fluid mechanics

=¢Y

Circular orbit: a; = %

Pascal: P = % . %2—1, 1 atm = 1.013 x 10° N/m?
Archimedes: B= Mg, Pascal=N/m?

P=Pim+pgh, with P= % and p =
F=[PdA— pgt[i(h—y)dy
Continuity equation: Av = constant

Bernoulli: P + %pv2 + pgy = const, P>0
‘Wave motion
Traveling waves: y = f(z —vt), y= f(z+vt)

In the positive z direction: y = Asin(kz —wt—¢)
2T k‘ - 27

— W _ A
T 7:, W—T ’U—F—T

Along a string: v = \/%

General: AE = AK + AU = AKmaz

P =% =3 A (wA)”

P:%,uv(cuA)Z7 with g = F2
Circular %—:%ﬂf% %%:%—T[Qﬂrv
Spherical: %%:%%-471’1‘ v

Sound

v:,/%, 8= 8., co8(kx —wt— )

AP=-B&Y =-B&:

APmﬂ,E = BKS”TL!II . pvwsmﬂ.x

~ An. AAac_pAv
2

Piston: T
Intensity: I = % = g PV (wS$,,.n)
Intensity level: 3 = 10logyg TIE’ Ip=10"12 W/m?2
Plane waves: (z,t) = csin(kz —wt)

Circular waves: ¥(r,t) = % sin(kr — wt)
Spherical: (r,t) = £sin(kr —w t)

Doppler effect: A=vT, fy= T’ = “l

Here v/ = v pyng + Ypbserver> 1S Wave speed relative
to moving observer and X = (vgound + Vsource)/ o,
detected wave length established by moving source of

freceived = freflected
Shock waves: Mach Number= %eurce —
Superposition of waves
Phase difference: sin(kz — wt) +sin(kz —wt — ¢)
Standing waves: sin(kz —wt)+sin(kz +wt)
Beats: sin(kz —wqt) +sin(kz —wyt)
Others: a cos(kz —wt) + bsin(kz —wt)
y=sin(kz —wt), z =sin(kz —wt)

frequency fj.

1
sin @

Fundamental modes: Sketch wave patterns
String: %‘- = /¢, Rod clamped middle: % =/,
Open-open pipe: % =/

Temperature and heat

Conversions: F = % C+32°, K=0(C+273.15°

Constant volume gas thermometer: T=aP+b

Thermal expansion: o = 7 214 , B= % ‘fi—:,‘{
Al=alAT, AA=2aAAT, AV =3aV AT

Ideal gas law: PV =nRT=NkT
R =8.314510 J/mol/K = 0.0821 L atm/mol/K

k=138x10"2J/K, Ny=6.02x10%,1 cal=4.19 J

Calorimetry: AQ =cm AT, AQ=LAm

First law: AU =AQ - AW, W= [PdV

Conduction: H = %% =—-kA AIZ AT; = :AE Iil

Stefan’s law: P = aAeT4, o=567x10" 8W

Kinetic theory of gas

Ideal gas: Apy =2muvg, F= % =

Pressure: P = EAE _V_ v%
P=38K Ke=K=lkr, T=213+1,
PV =NkT, n=N/N4, k=138x10"23J/K,
Ny = 6.02214199 x 10% # /kg/mole

Open-closed pipe: f\f =/

k)

2
il

Constant V: AQ=AU=nC, AT
Constant P: AQ=nC, AT
c
Y= U‘%’ Cp — Cv =
C, =4%R, for transl.4rot+vib, d=3+2+2

Adiabatic expansion: PV = constant

. Yrms t 1 e 1
Mean free path: ¢ = Wrel)rmat TE2Ty, — VIn 2 ny
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