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Translational Kinematics

Displacement:

Ar=x9—12;

Average Velocity:

Vavg = At

Az

_ T2— 21
ta —t1

Average Speed:

Savg =

total distance

Instantaneous Velocity:

v=limao Rz =gr

Az dzx

At

. i _ Av __ va—w1 . i _dv_dzz

Average Acceleration: |aavg= A=t Instantaneous Acceleration: |a= 7 = a2
3 1
Constant Acceleration: v=1v9+at T —To="vot + ;0 12
1 1
m—wozvt—gaﬁ v? =03 + 2a(z — z0) x —xo=5(vo+v)t
2
. . . . 2 .
Uniform Circular Motion: ac= =" (centripetal) T=="(period)

Vectors

Scalar /Dot Product:

deb = agby +ayby + azb.

Vector/Cross Product:

= (aybz_azby)f — (agb, — azbz)f + (agby — aybz)kA

Vector Properties:

a, = cosf @+b=b+a (commutative law) |@| =1/a2+a}
a, =sinf (@+b)+Z=a+(b+¢) (associative law) 6 =tan" (%)
Force and Motion
Fet =ma FTg) =mg W =mg
— = 1 9 2F,
fs,max = Han fk = Han Fdrag = ECPAU Uterminal = CpA
Energy
K:KE:%mv2 W = Fdcosé W=Fed W,=mgdcos¢
AKE=KE;—KE,=W | F=—ka (Hooke’s) | Wipring=—Agka® | W= [/ F(a)edz
W aw aw _ &~
Pa‘Vg:A_t dP:W F:F.U PE:U:mgy
APE=-[*/ F(z)edz PEoastic = 352° | Fmen =KE+PE | F(z)=— 126
W= A-Emech + A-Eth + AE‘int

&® This document has been produced using GNU TEXMACS (see http://www.texmacs.org).




System of Particles

1 n 1 n
Lcom = 77 Zi:l miT; Yeom = 37 Zi:l miyi

1 n — 1 n —
Zeom = 37 D imq MiZi | Teom =77 D iy Ml

_ —_— - — _ muv _ ﬁ _
Fret = Macom P =mu Fret=3%7 =27 Rurey=Ma
M; 1 1 1
vy = Vi = Vrelln gz Teom = 77 [ & dm Yeom =77 [ ydm Zeom = 37 [ 2dm

wcom:%fde

chmZ%/fde

zZ
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Collisions

Impulse and
Linear Momentum:

pr—pi=Ap=J

J= [ F(t)dt

One-Dimensional

Inelastic Collision: (Matsi +matni) = (a1

+mava})

One-Dimensional

Completely myv1; = (m1 + ma) v} U = ﬁvﬂ
Inelastic Collision:
One-Dimensional
. . . — — — — 2m1
Elasti llision: vy = BT M2, Vot =
astic Collisio = T ma VLS 2 = i+ me

(Stationary Target)

One-Dimensional

. . . . — _ Mmi1—Mm2 — 2mso > — 2m o mg—my

Elastic Collision: U1 = o rma Vi T e V2 V2f = om0l o g V26

(Moving Target)

Two-Dimensional

P1; + P2i =piy + P2y (inelastic)

. . K+ Ky=K K. lasti
Collisions: i i 15+ Ky (elastic)
—— _ p1i+pa
Ucom = P
Rotational Kinematics/Energy
o="1 1rev = 360° = 2" = 27 rad lrad =57.3° =0.159ev =4
A6 Aw dw
Wavg = Ay Qavg = Ay rT Utan = Wr
2
Qtan = QT a.= UT =w?r KE; ot = %Iw2 I=% mirf
I=[r*dm I =Ioom+ Mh? P=Fxf Toet =l
_Alg 9 I _ _daw _
W=AZIw W_foi Tdf W =1Ad P=—-=
w=wp+at A0=w0t+%at2 w2=w§t+2a(0—00)
1 1
Af = Z(wo +w)t Af =wt — sat?
Rolling, Torque, and Angular Momentum
1 1 _ gsin 6
Veom =wWhR KE = Jleomw® + ;M Veom Acom = — T+ Lo MRS
L= xf=m( x%) oot = 9 L=1Iv
Equilibrium and Elasticity
Fnet,zZO Fnet,y=0 Fnet,z=0 @ZO
F Al
stress =—=FE— AV
A ! F_ qAs heari p=B=- . Al
E="Young’s modulus" VN (S earlng) Straln_l_
B="bulk modulus"
[="length" G="shear modulus"
V="volume"
A="cross-sectional area"




Gravitation

F,=Gmare
The Law of Gravitation: g— = 2
G=6.67x10 11N .m2/kg?
Superposition: Flnet=Y 1 5 I = de'
Gravitational Acceleration: F=ma g Qg surface = G;—2M
Gravitation Within a Spherical Shell: Minsphshen = p22
Gravitational Potential Energy: PE=U = &Mm

Escape Speed: Ve = ;GM
1. Law of orbits/ellipses )

Kepler’s Laws 2. Law of areas (¢ of "L") T?= (éLM)r3
3. Law of periods

Energy in Planetary Motion: PE=U=- Gﬂfm KE= Ggfm
aM E ___GMm
Enech=PE+KE=— > m mech = 2a
r a="semimajor axis of ellipse"
Others: Wext = APE Wsys=— APE
M M
KEorbit = % PEorbit P=~v= @3)mrs
Oscillations
T= % w=4/ % (angular freq) Tsam = 274 /% (period)
z(t) = xmcos(wt + @) v(t) = — wrpsin(wt + @) a(t) = — wlzmcos(wt + @)
K(t)= %va = %kmzsin2(wt +¢) w= 2% =2rf a(t) = — wiz(t)

U(t)= %ka = %kxfncos%wt + @)

E=U+K = ;ka},

I
Ttorsion pendulum = 271'\/;

L
Tpendulum = 277\/;

(simple, small amplitude)

I
Tpendulum =27 moh

(physical, small amplitude)

- . . E b2 _
m(t)damp =z e bt/2mcos(wt + ¢) Wdamp =1\~ — 7 Emech, damp & %km?ne bt/m
Waves

Sinusoidal Waves: y(z,t) = ymsin(kz — wit) k= 27”
w 1 w A
§=f=— v=p=g=Af
Equation of a Traveling Wave: y(z,t) =h(kz £ wt)

Wave speed on Stretched String:

-

Power:

Py = Eﬂvw y72n

Interference of Waves:

y(z,t)= [Q?JmCOSlqb]Sin(kw —wt+ 3¢)

Standing Waves:

y()

[2 ymsin kx]cos wt

Resonance:

f 2L’

(n=1,2,3,...

)
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