Mechanics Formulae for Physics Proficiency Exams

Motion, forces, work, energy and momentum.

v=dx/dt; a=dv/dt; v=vy+at; X=X+ Vt+at?/2; v2=v,2+ 2ad;
W=mg; F=ma; f=uN; W=F-x; K=mv?%2;

Ug=mgh; Us=kx%2; Fx=-dUldX; Xcm =Z mixj/Zm;;

p=mv; F=dp/dt

Rotational motion.

0=s/r;, ®=do/dt; o=do/dt; a,=Vvr=o’r; K=1022; 1=Zmjr2; lgsx=%MR?;
t=la; t=rxF, L=m(rxv); L=le; ¥F=0; Zt=0;

Oscillators, gravity.

F=-kx: E=1%kx% y=Acos(owt+¢); ©=2n/T; T=1F o=(Km)Y2 T=2r1(dg)vz;
F=GM;M,/rz; U, =-GMm/r; K=GMm/2r;
T2 =13 (412)/(GM)

Fluids, waves, sound.

p=mlv; p=F/A; p=pgh; p+0.5pv2+pgh=const;
y =Asin (kx - ot); k=27/A; © =27/T; v=AM=o/k;, v=(t/u)*
B =10 log(l/1g) dB; " =f (v+vp)/(v+vg) ;

Thermo, heat, kinetic theory.

TF: 1.8 TC + 32, AL/L =« AT, Q = CmAt, Q = Lm, AE|nt = Q|n - Wdone;
AQI/At = KA AT/L; KEgy = 1.5 KT where k = R/INp = 1.38 x 10-23 J/K;

Constants.
Na = 6.02 x 1023; R =8.31 J/mol-K, G = 6.67 x 1011 N m2/kg?, g = 9.8 m/s® = 32 ft/sec?

MISC.

sin(20) = 2 sin(0) cos (0)
If ax’+bx+c=0 then x=[-b=+ (b*—4ac)’?]/[2a]



Electricity & Magnetism Formulae for Physics Proficiency Exams

Constants:

e=16x1019C; k=1/(4nep) =9 x 109 N m2/C2
go = 8.85x 10 F/m ; po=4nx10-7Tm/A
c=3x108m/s ; 1eVv=16x1019J ; m,=9.11x10-31 kg

Electric fields, resistance, circuits, capacitors:

F=kQ,Q,/r2; E=Flq; ®g= [E-A=Qaleo; AV=-E-dr ; V=kqglr
-E=ioViox+joVvioy+koViez  i=VIR ; R=pLIA; p-po=poaAT
P =1V ; Kirchhoff: Zio0pV =0 ; 1, =gy 5 U = ZKaigj/ri

g=CV ; C==gAMd ; U.=%CV*;q=q,e?RCorq=q(l-etRC) ;1.=RC;
Rseriesequiv = R1+ R2++  + U/Rparatiet equiv = /R1 + 1/Rp + - - -

Coaraltelequiv = C1+ Co + + + + 1/Cseries equiv = 1/C1 + L/Cy + - - -

Magnetic fields and electromagnetism:

Fge=quxB ; Fg=iLxB ; quB=mvar
Biot-Savart Law: dB = (uy/4mn)(i ds x r)/r3

- - do, d, - - B do .

e=QEedl =——LB ——(BedA) ; ®Bedl = 1 & —E +ui

CJS dt dt( ) CJS Hoto gy e
Bline = Hol/27tr ; Bhoopz!vloi/2r ; Bsolenoid = HoNi ;

g=-Ldildt ; Ly =pgn?A ; 1, =L/R; U =%Li2; 02=1/LC

Optics:

nysin®;=n,sin 0, ; 1/p+1/i=1/f=2/r; 1/f=(n-1) [r;3-ryt] ; sin® =122 A/
E=E,sin(kxtot)y ; k=2n/A ; o=2nf
c= (80}10)-1/2; Emax = BmaxC . S=ZEX B/l"lo ; Ap = Allc

Math:
b ++/b? — 4ac
2a

The solutions to a quadratic equation: ax’+bx +c=0are x = —

Surface Area of a Sphere is: 4nr® ; Volume is 4nr®/3



Modern Physics Formulae for Physics Proficiency Exams

Special Relativity:

B=vlc; y=(1-pY%  T=Te; L=Loly

Binomial Expansion: y =1 + p%/2 + 3p%/8 + ...

Lorentz: X’ =y (x-Bct); y ' =y; 2z =z; ct’'=y(ct-px)

velocity transform: vy’ = (vx - u)/(1 - vyu/c?) Doppler: v’ = v[(1-B)/ (1+p) ]”
Kinematics: E =y mc% pc = Bymc?; E?= (pc)? + (mc?)?; K = E - mc?

Origins of Quantum Theory:

Photoelectric effect: Kmax=hv - ¢ : de Broglie wavelength: A =h/p
Blackbody radiation: 1=o T Amax T = 2.898 10° m K

Compton scattering: A’ - A = (hc/mec?) (1 - cos 0)

Electron diffraction: nA=dsin¢  Heisenberg: Ax Apx ~h/2w; AE At~ h/2n
Schrédinger Equation: -(h%/8n°m)d?y/dx® +Uy = Ey P(x)dx = [y(X)[? dx

SHO: E,=(n+%) (h/2n) ®

Rutherford Scattering: N(8) = (nt/4r?) (zZ/2K)? (e?/4ne,)” (sin (6/2))™*

Hydrogen atom: E,=-13.6eV/n’> A =(1/R) n:®n?/(ns%-nY) R =1.097 x 10" m™
dV =r’sin6drdod; P®=r?|R®f ‘ orbital: p_=-(e/2m) L ; pL,=-mug

x-rays: E, =13.6 eV (Z-1)? (3/4);

Statistics:

p(E)MB - El/Z /eE/kT : p(E)BE - EZ/(eE/kT _1)’
P(E)ro~ EY2 /{exp[(E-E)/kT] + 1}; Er = (h%/2m) (3N/8xV)??

Nuclear:

R=(1.2x 10 m)AY3; dN/dt = -AN; A = 1/t = 0.693/ty2; K, =(A-4)Q/A R = oNI,/S;
N() = (R/A) (1-e™); #=AN; (forx + X >y +Y) Kireshold = -Q (1 + my/my)
(forx+ X ->A+B+C+...) Kireshold = -Q (Myx + My + ma + mg + mc + ...)/(2my)
Mossbauer Effect: recoil energy K = E,%/(2Mc?) , v ~ cAE/E

Particle:
leptons e p t; quarks [charge +2/3 u c t] [charge -1/3 d s b]

Constants:

hc = 1240 eV nm; mec*= 511,000 eV; pg = eh/8xm = 9.274 x 10 J/T
h=6.6310°"15s=4.1410"eVs; Kpor, = 8.617 10° eV/K; €’/4neo = 1.440 eV nm
1 u (or amu) = 931.5 MeV/c® : m.c2=511000eV; e = 1.6 x 10-19 C; k = 1/(4neg)
=9 x 109N m2/C?; g, = 8.85 x 10-12 C2/(N m2)

Navogad = 6:02x 1023, pg=4nx 107 T m/A;  hc = 1240 eV nm;



