Roots of quadratic equations:

.GE: aeQbe
- Y ax’ +bx+c=0 = x=xloie
I(L 0
b = a*cosb
cosa+cosh =2cos(4(a+b))cos(L(a-b))
tan@ =sinf/cos@  sin’O+cos’ O =1 sina+sinb = 2sin(4(a+b))cos(4(a-b))
A*B=|A,,;|B| or |A||B, .| or |A||B|cos6 or A,B, + A B, +AB,
AxB=|A,,,||B| or |A||B, .| or |A||B|sin6, with direction via right-hand rule
dx Ax ‘ If a, is constant:
Ve S p Ve =47 r=% +f,0 vt X=X, +Vv At +1a (At)
dv Av ‘
= =X =V, + dt v.=v,+alt
ax d 1 ax,avg A ¢ vx va \ffo ax 0
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Similar equations apply for translational motion along y and z. v, =Vt 2a,Ax

Similar equations apply for rotational motion with substitutions: x -6, v—w,and a = .

a,, = %(—f) , where —7 points toward the center of a circular trajectory
s=60R, Vv, =wRe, a, =aRe, where ¢ is tangent to a circular trajectory
= = dp. . - _ = = = -
EF =F, =—;if m=constant: F, = ma J = F,dt=F, At=Ap
dt b o
W =mg fi=uN Je=wN F g = —k(AX)

Juarag = bv atlow speed; f, .. =73 PATV? at high speed

Ef =7, = Id,where T=FxF and = Emiigz (Table of 7 for specific shapes below)

slender rod (length L) through center I=5 MI? slender rod (length L) through end 1= %ML2
rectangular plate (a by b), through center [ = 5 M (a2 + bz) rectangular plate (a by b), along edge b I = %Ma2
solid cylinder/disk, (radius R) 1= %MR2 thin-walled hollow cylinder, (radius R) I = MR?
solid sphere (radius R) I = %MR2 thin-walled hollow sphere (radius R) I = %MR2
hollow cylinder (inner radius R;, outer R;) [ = %M (Rlz + R22 ) any, around a parallel axis Ly is =1y +mr

W =-AU , Wy,=-AU, ,and W, =AK  where W =fs‘f Feds

c

Ugrav = mgh > Uelastic = %k(AX)Z 5 Ktmns = %mvz > Kmt = %[a)
AK +AU +AU,, =0 o K, +U, +W,. =K, +U,
= d—W =Fe*v F.(x)= —& with similar equations for F, and F.

dt ox




Simple harmonic oscillator:  x(r) = Acos(wt +¢) where @ = 27f =27/T
k/m (spring-mass), @ = /g /L (simple pendulum), @ =+/mgh /I (physical pendulum)

Slightly damped oscillator: x(1) = Aje™"" cos(w,7+¢) where T = 27m and @, = \|£ - £

m 4m?

Driven, damped oscillator: A(w)=F, /(m\/(a)2 —w}) +b’w’ I m’ )

tensile/compression: E = Y£ nd k= Yi ; volume: P = % = —Bﬂ ; shear: % st

LO LO ‘/0

o=

pV =nRT = Nk,T Ktmm < my > imv, =3k, u, (perd.o.f.peratom or molecule) = Lk, T
V/(4n\/—)r N K ow =3Nk;T =3nRT AL = aL,AT and AV = BV, AT (for solids: f=3c)
Q =mcAT or Q=tmLF0rV or Q, ., =nC, AT where C, =(#d.of)R/2 and for anideal gas C, =C, + R

conduction: H =% = kA(T -T )/L radiation: H = = geAT* and H,,, = 05A(T4 T4)

le

AU =Q-W . AU =nC,AT, W=["PdV so, W, -0

isothermal

=nRT1n( /V) =P(v.—V.),W

isobaric isochoric

adiabatic process Q =0; PV" = constant, where y = C, /Cy,50 W, e = PVY( v y)/(l -7)
129

e=_=1— eCamot =1_— CP=|QC|= |QC| CPCarn0t= C
QH QH TH |W| |QH|_|QC| TH _Tc

AS=QI/T  S=k,InQ,s0 AS=k;In[Q,/Q;] freeenergies: A=U-TS, G=U+PV-TS

w T,

J, ——D@ <(x—x0) > Ax> =2Dt or <(r—r0) > Ar? =2dDt where d = # dimensions

rms rms

Similar equations apply along y and z. D=kT /b and b=6mnr for spheres at low Reynolds number

p=mlV F=PA P=F +pgd Fy=my .8 =PV 1up8
ar*AP

® =4~ = Ay = constant P+ pgy+Lpv’ = constant F. . .=nvAlL P Sl
n

laminar —

=ACOS(kx¢a)t) where k=27ﬂ, 64)—277r and V———/lf

X t
=Acos|2mw| —F —
l (l T)

transverse, string/spring: v = /T / longitudinal, fluid or bulk solid: v = 1/ B/
u P

D(x,r)=Acos[2n(””)

D(x,t)=2A sin(kx)sin(a)t) (standing wave) D(x,t)=2A sin(kx - a)t)cos (%kx - ATCUZ‘) (beats) f,.., = |f] - f2|

s-=nf, A, =2L/n where n=12,3,... (nodes or anti-nodes on both ends)

n
L
fn =n ﬁ = I’lf1 ﬂn =4[ /n wheren=1,3,5,... (one node and one anti-node on ends)
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src

1 V.V
I1=2n" I=P/A I(r)=P, /(4mxr? -0 dB)log| —~ _ [ YsEVobs
PV, S S (r)=F,/(4xr’) B=( ) g(lO‘” /mz) Fovs (—) f

2=9.81 m/s* ks=138x10% J/K T(K)=T(°C)+273.15K

1 kg weighs 2.205 1bs N4 =6.02 x 102 mol™ 1L=10"m’ and 1 mL=1cm’
0=5.67%x10% W/m*K* R=8.31 J/molK 1 Calorie = 1 kcal =4186 ] = 4186 N'm
1W=11Js Ve inair (@ 25 °C) =344 m/s Vs in water (@ 25 °C) = 1484 m/s

Pam =1 atm =1.013 x 10’ Pa=1.013 x 10’ N/m” = 1.013 bar = 760 mmHg = 14.70 1b/in’



