SP211 Equation Sheet, Fall 2026

Important Prefixes: nano = 1072, micro = 1075, milli = 1073, kilo = 103, mega = 10°, giga = 10°

Physical Constants and Properties: g =9.81 m/s?, G = 6.67 x 107! N-m?/kg?,
MEartn = 5.97 X 104 kg, Rpartn = 6.37 x 10 m,  pyater = 1000 kg/m3,  pseawater = 1030 kg/m3,
1T atm = 1.013 x 10° Pa, Usound air 20°C = 343m/s

2

Geometry: (circle circumference) = 277, (circle area) = 72, (cylinder volume) = 7r2h,

(sphere area) = Amr?, (sphere volume) = 3777«3

Vectors: A= Ayi+Ayj+Ak, |Al=A= A2+ A2+ A2, AB=ABcos¢ = A,B,+A,By+A.B,

|Ax B| = ABsing, (AxB),=A,B.—A.B,, (AxB),=A.B,—A,B., (AxB),=A,B,—A,B,

d d d d, df d
Calculus: %(uv) = <dz> v+u <d::> (product rule), % d{L du (chain rule),
d n n—1 d T x :
—z"=nz""", —e*=¢% —Inr=-, —sinx=-cosr, —cCoST= —sinx
dx dx dx xz  dx dx
1 dx
/m”dwzx”“ (n #—1), /eggdx:egﬁ, — =In|z|, /cos:cd:v:sinac, /sinavd:v:—cosw
n+1 x
. . Az dz b s Av
Kinematics: Az = xf— Zi, Vayy = Ar Vp = e Az = /tl vy dt, speed,, = A Qave = Ttx’
_ dvg _ g _ _ 1, 42 2_ .2
Ay = e Av, = ap dt, vy = vy +azt, T =0+ Vot + 5a,t°, V=V, + 2a, A,
ti
T - S ) )
=xi+yj + zk, U:E’ a:E, v=4vg+at, r=ry +U0t—|— sat®, UAB = —UBA,
R P 2mr v2 dv
UyB = U U V= ——, Q= —, Q4= —
pB PA AB» T c r’ t dt

Forces: Fnet:maa Fpa = —Fjg, Fg:mga Fx:_kxv fsgfsmaxa fsmax:Mana

1/n mu?
fk:Mana fr= e F, Fy=W", wvp= (T) > Fnetc:mac:T, Fhett = mag,
Mrem = mam +mera + -+, MUe = maty + mota + -+, Mdem = mady + mada + -,
Mfcm:demy ﬁnetcxt:ZEcxt:Macm
K
£
Energy: W = Fdé—/Fdf W = FE—FHE—FEH Flcost, W =F,Ax = F|Ax|cos#,
w aw - L
W = / Fpdz, K =31imv? Wy =AK, PaV:Kt, P:WZF@ AU:—W:—/F-dﬁ,
au

Ug = UO + mgy, Uspring = %kl‘Q, F, = Emech = Ksys + Usysa Kf + Uf =K+ Ui7

o



Wext = AE‘mech - Wnc; Wext = AE’sys = AE1mech + AE’therm + AE‘chem + AE1othera AE‘therm = fksrel

A . 4P Lt
Momentum: j=m?, K=2L— Foi=L PBo=Mbm Futod= -2 [= / F dt,
t

df 27 dw
Rotation: s=710, w= =—=21f, nww=rw, a=—, a=ra, w=uwy+at,

dt T dt’

0 = 6y + wot + %at2, w? = wg +2aAl, I = erdm, dm = Mz, Iparticle = mr?, Thoop = MR?,

_ 1 2 _1 2 _1 2 _ 2 2
Liod center = ﬁML » Irod end = §ML o laisk = §MR s Isonid sphere — EMR )

2 2 1 2 :
Ispherical shell = gMR , I= Icm+MhaXls_>0ma Kot = §IW , T=FKr=rFsing=Fl, Tyetext=1c,

O
W:/ Tdf, P=rTw, Kmu:%fcmw —|—1Mvcm, Vem = WR, aem =aR, T=7xUF

Lparticle =1rXp, |Lpartic1e| = rpsin ¢, Lrigid body = I&,  Thet ext =

= G GM 4
Gravitation: F = — m21m2f127 U=- m’ T? = i r3
s r GM

. m F
Fluids: pay = A P = e P = Pyauge + Pat, P = Py+pgAh, B = pauiaVauid 9

D
Oscillations: x = Acos(wt+9), w=— —27rf w= 1/ w= 1/ g

E:K+U:%kA2:%mv2

max ?

M 2
7 M:f’ y(z,t) = Asin(kz £ wt + 9), kzl,

Waves:  vstring = 3

— _w _ 1 2 12 _Pav_ Pav . . v:l:ur
_)\f_E’ Py = spuvw=A*, 1—7— 3 (spherical wave), fr_<v$us fs,

Y =1y1 + y2 = yosin (kx — wt) + yosin (kx — wt + &) = [2yp cos (36)] sin (kz — wt + 30),  foeat = Af,

Ax A v v

0 =kAz = 27r—>\ , L=n"" forn=1,23 ., f.= " = n—)\l n— — nfi forn=1,2,3,..,
n orn =N =N =N or n =
1 3Dy Wy eeny n )\n )\1 1L 1

Yn(x,t) = Ay sin (kpx) cos (wpt + 0p)



