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Physical Constants

du _ ) dv
Speed of Light: ¢ =2.998x10% m-s™" Electronic Charge: e =1.602x107'°C i(u”) — " du i(w) = uﬂJrvdl i(ﬁ] _Ya 2“ dx
B s dx dx dx dx dx dx\ v v
Avogadro's Constant: N ; = 6.022x10% mole™ Planks Constant: h = 4.136x10" "eV -5 d du J U du 4
d u_ a _ du a4 u_ u du
Gravitation Constant: G = 6.67x10™'m*-kg™' .72 Proton Mass: m , =1.673x1 0 kg T dx log, u win(a) dx a’ =a"In(a)
P Sy 2 . _ -27
Stefan-Boltzmann: o =5.67x10°W -m™ -K Neutron Mass: m, =1.675x107*" kg isin(u):cos(u)d—u icos(u):—sin(u)d—u itan(u):secz(u)d—u
Permittivity of Vacuum: &, = 8.854x102F-m™"  Electron Mass: m, = 9.11x 1 0 kg dx dx dx dx dx dx
— d _ du d _ du d _ 5. . du
Permeability of Vacuum: g, = 47 x107 H -m™" Rydberg Constant: R, =1.097x10" m ECSC(“) = —csc(u)cot(u); Esec(u) = sec(u) tan(u); Ecot(u) =—csc (M)E
= -5 -1 . _ 24 5 -l B
Boltzmann Constant: k, =8.617x107 eV - K Bohr Magneton: pp =9.274x10"7"J T isin—l(u): 1 du icos—l(u): 1 du itan’l(u): 1 zdl
Fine Structure Constant: & = 7.297x107 Bohr Radius: a, = 5.291x10""'m dx 1—y? dx dx 1—y? dx dx 1+u? dx
leV =1.602x107"7J 17 =1x10*G 1ChrisMiller =1.81m Ibarn=1x10"*cm> lcal = 4.186J ltorr =133.3Pa icsc’l(u): -1 du isec"(u)— 1 du icot"(u): —12 du
lu=1.66x10"" kg =931.49MeV/.  lam =1.013x10°Pa IN=1x10%dyne 14 =1x10""m 17 =1x10"ergs [ % |u]Nu? -1 dx dx Ju|Vuu? ~1 dx  dx 1+u” dx

Trigonometric Identities Gaussian Integrals

sin?(0) +cos?(9) =1 e =cos(9)+isin(f)  cos(d) = %(gm +ey  sin(9) = %(em ) L l @ . —ar (2n)! 2 )2
sin(20) = 2sin(0) cos(0) cscl = o sin(i@) = isinh(9) cos(i@) = cosh(0) _[ xe dx = an+1 J. roe dx = n! 5
, » | sin(4 £ B) =sin(4)cos(B) * cos(4)sin(B) 0 0
00s(20) = cos™(9) =sin™(0) - secl=Zn cos(A+ B) = cos(A) cos(B) F sin(A)sin(B) % —x ! ° — b dac
. 2n+1 2 _ e 2n+2 —(ax +bx+c) _ 4a
. . .3 sin @ tan(4) + tan(B) Ix @ dx=—a I e dx =,|—e
= — 4sin’ =Y A+B)y=—2 =7 \/
sin(30) = 3sin(@) — 4sin° () tan @ s tan( ) 17 tan(4) an(B) : 2 . a
c0s(36) = 4cos’ (0) -3 cos(0) . . . A+B A-B '
A B)=2 -7 A

cos?(0) = EE0S0) o o 1-cos(20) sin(A) + sin(B) = 2sin(==) cos(—=) Linear

2 2 sin(A)fsin(B):2003(A+B)sin(A_B) Z E*‘AHB‘ _ N 2 2 2

‘B= cos(0)=A,B . +A,B,+ A.B.  |A|=VA-4=\|a]+a]+a

sin(4)sin(B) = 2 {cos(A B)—cos(4+ B)}

cos(A4)+cos(B) = 2005( (7/4 B) X ;) z
sin(A4)cos(B) = {sm(A B)+sin(4+ B)} N ) R ~la, az| ~la, a,| ~ a,
cos(A) - cos(B) = —2sin(L By sin( 222, AxB =|4|[B|sin(@)i=|a, a, a|=x P A b
cos(A4)cos(B) = — {cos(A B)+cos(A+B)} b b b Yoz ©oF o
2 4 b ¢ Oy O
. ) P Law of Sines: — =— = — )
Law of Cosines: ¢~ =a” +b” —2abcos(C) sin(4) sin(B) sin(C) det(AB) = det(A)det(B) det(A~ ) del(A) det(cA) = "™ det(A)
Taylor Series -
Complex nal SIS ., M= ™ M2 e = gy —mmy, M = 1 Myy =My
T(x) = Zf(")( )(x e z=x+iy=re Z=x—iy=re" my My, detM \ —my,  my,
- _ . w-v_ of of ox 8f . 6f Oz
=0 =2 42 - —tan | X || AX = A% —> det(4-AT)=0 ro .u:uvv —_— =
. 0 Ln_1+x+ﬁ ‘Z‘ =r=4/X"+Yy H—arg(z)—tan (x) ( ) proj, HVHZ ou Ox au ay au oz au
o 2! z=re"? :r(cosH+isin9) ‘21'22‘:‘21"‘22‘ Symmetric:C =CT Orthogonal : €T = C™! Unitary:CT =c™!
%_ZX =1+x+x. ln( ) ln( )+i(z9+27m) :‘ ‘ Adjoint : €T =CT Hermitian: Ct = C Normal :[CT,C]1=0
n=0 g( )—arg(zl)“'arg(zz) arg( ) —arg(z) Divergence:I(V~A)dr:(ﬁA-da Stokes:J.(VxA)da:(ﬁA-dl
n _ 2
Efz( D)'x" =1-x+x"... f(z) ,

Wy M
" ST )= L (z—zo)" ¢ Special Functions

(1
(a+x)" = [ ja"ikxk =a" +na"x... ) [Legendre |
z k J.f(z)dz = Zﬁiz enclosed residues B

k=0 .
For small x: Pl P l(sz Z3m)
¥ X c 1 2 o=, | )
T4 Jy(x) ~——x" Yy(x) ~=Inx Yo (x) ~——>x7"
sin(x) = Z( " P + T 1 4m! 2"t 0 r 0 3 P=x P, :1(34(\/‘—30):Z +3)
(2n+l) RIS m i 4173
a = — (Z —Z ) f(Z) For large x:
! 1 gom-1 0 - 1 1o
2 4 (m=1)!dz =% Py==(3x* 1) P ==(63x"-70x" +15x)
X X 2 L4 2 . 4 275 573
cos(x) = Z( 1" =2 Jo(0) = | cos| x=Z(2n+1) | J,(x) = [-—sin| x=Z(2n+1)
(2 o 21 4l p(z) _ p(z) wx 4 7x 4
n=0 Res = B :
' . sinx cosx Associated Legendre
P = q(2)  4'(z) )= M) ==
: [ —m)!
In(1+x) = Z( " - -t H k 11: The Ri Hypothesis sinx cosx cosx sinx P (x) = (=" ( P (x)
- 2 3 OMEWOr! . e Kiemann tiypothesis jl( ) _ x _ N 7]| (Y) __ x _ ~ (] +m ) |
2”+1 3 5 1. Prove that the real part of any non-trivial zero of the Riemann zeta o (2[ ) . PO0 =1 Pz2 =3sin? @
X X Sfunction is 1/2. i (x) —> Y x<1 ) = — <1 1 s 1_ .
tan™ (x) Z( 1) +? Due to the obviousness of the statement, the proof is left to the grader as i (2/+1)! ) o1 P =sind Py =3sinfcos@
n=0 an exercise. QED

0 _ o _ 1 2
Spherical Harmonics Pl =cos0 Py =—(3cosTO-1)

Fourier Series Limits o [T s \/Esm o

¥
(period=2L) d Ar
0 & f(x) o 3 H, =1 Hy =8x" —12x
-2 nrx lim—==—— lim—=0 ¥’ =,|=cos@ 5¢c0s° 0—3cos0) 4 2
f(x) +Za COS[ 7 J+b ( . ] gy d o (e \} ( ) |H =2« H, =16x" -48:% +12
P N o g Ha =44 =2 Hy =32 =160 +120x
nwx L . (nmx Y =F,|—sinfe” Y —~— sin&(5cos” O-1)e”
:7". f(x)cos| — |dx b, :7J. f(x)sin| — |dx LY sinx 87 64
LJ-1 L LJ-L L lim|1+2 | =¢* lim =1 3 ) How to physically prove: a—b
- n—w n x>0 x Yzo =7 7(30052 0-1) Y;ﬁ =F [— sin2 Ocos P2 1. Assume a
* mzzx "2” X V167 : V 2z 2. Give a plausible argument, preferably
f(x) = Z c e .[ f(x)e dx RN ) using an example
— n sin| [2n— 1 =(-1)" cos(nz)=(-1) ¥-z ;—Ssinﬁcosﬁei"” ¥ =3 615 sin® 065 3. QED
= 74 : T



Pot Luck Rectangular Probability
U In(ax) =In(a)+In(x) Inx"=nlnx |5 1if a<0<b 2 7 — Jex . 2 N N
zi :ﬁ(n +1) Jﬁ(x)dx:{ ? §(x):L67" Y N dl=dxx+dyy+dzz 1 1 5 o
= 2 a)_ _ _In(x) 0 otherwise Jrz R <x> = =2 % o=, |—) (x 7<x>) Om ==
. 1 ) ln(x]fln(a) In(x) logaxf1 ( ) : vf = 6f ny_{_(;f N; N 1; JN
;’ R PR f N dy I.f(X)J(x—xO)dx =) Sa)=|d 5 e , R RV oR )
-7 ) o°f o f of (O'R) =lox— | +t|oy— | +|oz—| ..
Ry ) n=0 — — \% f=72+72+72 Ox oy Oz
P="rnt [4.B]= AB—BA=-[B vr="_ V[lj:% x° oyt Oz . 5 )
= —[8'. 4 r r)or _ A, yi— S (x)
© y [;,(,Bj]— IEIBC’A ]B c 1 Y VA:% aiy % Zz ZZ[O_ /’{r2€duced ZW
F(z):J.tzflefrd[ [4+B,C]=[4,C]+[5.C] Vil =2F V[ij = ox oy Oz i=1 i fit parameters
[4B,C]= A[B,C]+[4,C]B 2 P4 oA A ! " al
[4,[B,CI1=[B.[4,C-[C.[4. Bl | _ 7 1 oy b= M I vt
n!=T(n+1)=nl'(n) - V.-F=3 V== ~ 1o o o (n—r)! r) ri(n-r)!
The Miracle Operator: © »2 2 VxA=l— — —
n'= n"*%e’" NG © (Wrong Answer) = Right Answer ~ ox Oy Oz w
V.(F)=4r V [Lj = 4725 (F) 1A 4 (x)= I X[ (x)dx o’ :<x2>—(x>2
"ob" =(a—b)(a" " +d" b4+ ab" T 0" (n>1) r R )
Geometry Cylindrical Spherical
A =Area P = Perimeter S = Surface Area V = Volume di_d ~ d “ a4 ~ dV = od oddd — ~ ~ . ~ 2.
v = Radius  h = Height a/b — Semi-Axes =dpp+pdpp+dzz =pdpdpdz \ i =drr+rd00+rsin(0)dpd dV =r* sin(0)drdOd ¢
Cylinder: V =z*h S=2zr(h+r) Sphere: V=%7rr3 S =4 Vf = l 1a S of B = g;’+ 1 @ 1 ¢
" pop" - 20" 6) o
Cone: V:lﬁrzh S,m:71'r\/r2+h2 Ellipse: A =7ab P=2r a’ b’ 2 2 d rsm( ) ¢
3 V2 ,. 10 af 1 &*f o°f 1o 1 1 &
2 Vif=—— t——>t Vi=—=™ 2@ - sin(@ )@ 1 a5
Towus: V=205 =) ) S =415, =) pon\"o0) o el o)y sm(9) 200" 20)" 2 sin2(6) o
- 10(p4, ) 104, o4 .
Vector Identities V-d=— ——LZ= V,g_ia(rzA,.) I O(dsin@) 1 04,
p Op p op Oz = +— +—
_—— - = = — e e or rsin(6) o0 rsin(@) O¢
AB=B-A  AxB=-BxA  A-(B+C)=(4-B)+(4-0) 5 PR A ;
— - - - - - - > N r g
V-(fA)=f(V-A)+A4-Vf Ax(B+C)=(AxB)+(AxC) ~ g s g Zun@) @) B
P T i 2 £ 2
Ax(BxC)=B(A-O)~C(A-B)  Vx(Vf)=0 4 od A a o0 g
N T ey o P% 4 Ay rd,sin()
(AxB)xC=B(A-C)-AB-C)  V-(V)=Vf . -~ .
A-(BxC)=B-(CxA)=C-(AxB) V(f2)=gVf +/V. *=poos(g)  x=cos(f)p -sin(f)g - - - .
DR = oA = A g=8 g | = psing) ;:Sin(m;,ﬂos(m(; x =rsin(6)cos(¢) x =sin(6) cos(#)r + cos(6) cos(#)0—sin(¢)¢
V-@xB)=B(Vx =4 (VxB) Vx(Vxh=V(V-AH)-V'4 ] _ Ls y = rsin()sin(4) 5 = sin(@)sin(@)r + cos(0)sin(@)d+ cos(B)

(AxB)-(CxD)=(A-C)(B-D)—(A-D)B-C)

=3 12~
Fourier Transforms
Fs)= [ f@e™ ™ ar (= IF(x)e“'“ds
S@* g = j Sgt-udu 17 g]= L v () = LD )

f(x) = (27is)" F(s)

e flan) = mng)

fx—a)= e TCF(s)

p= cos(¢);c + sin(¢))A/

p=rx’+y?

p=tan ' (y/x) ¢= —sm(¢)x + cos(¢)

y

z = cos(O)r —sin(0)0
7 = sin() cos()x +sin(O) sin() y + cos()z

z=rcos(0)

PN P

d 0oL oL S af,
= Ag =0
dt 0xy 0xy azzl ¢ ox,
— — 0B - — oD
V-D= VXE=—-— -B=0 VxH=J,+—
Py o r*
F:q(F+\_zx§) E:—VV—% B=Vx4
ot
1 pr — o[- - [ -
. =|rp(rydt D=g,E+P H=—B-M
R Pl A L0 o o
U_l.[goEZJrLBzd S-LExB  p-togp
2 Ho Ho 6rc
2
inlY _Hy H=-1v2,p p=-inv
ot 2m
Q) _ i dQ
i WAL , +{—= o,0,>2—(|A,B
dt h<[ Q]> dt A% B <[ ]>
S, =8,+iS, S =8,8, +S8.2FhS,
- - 1
‘:Sx"Sy]:ihSz Si- 2=S1:SZ:+§(S1+S27+S1752+)
2
0 V1,0 0 V0
W1=Z<wm\Hm> , Ezzz@/mmwn)
n 0 0 m n 0 0
m#n En - Em m#n En - Em
i Bola, 1
c=—|H'", e dt a, = —(Fip+ mox)
h-[ ba T 2hme
Z =Ze7ﬂ£ Q=Ie“ﬂHdp3pdr3 dU =tdo — pdV + udN
s
olnz o
U)=- C, = < S R -
aﬂ oT e(z: u)/ +1

Laplace Transforms

F(s)= J;f(t)e’”dt
0

(F*2)0) = [ ft-9)g(s)ds
0

O=tan (Y + ) /2)

g=tan"'(y/x)

6= cos(6) cos(@)x + cos(8) sin(g) y —sin(f)=

= —sin(@)x +cos(d)y

Electromagnetic Spectrum

[ F(s) ,
al S0 sF(s)=f(0)
t” — " r ] - & . o ] ] o] ]
s 110 SFE-sO0)-fOhe 1 1|u1 100 100 10 1||>5 1|o4 1||>7 100 10 16" 1|o" 1|o'2 LIoBN
at 1 s—a 1 | | 1 1 1
¢ s—a e“cos(kt) — fTv/Radio Infrared Xrays
] P (s—a) +k
sin(kt) = 3 & < Microwave 3 Ultraviolet Gamma Rays
sk em Sln(kt) 2 2 Il ID Ilﬂ Ill IIZ |13 Il(-.. 1'15 IIE |11 IlB I]S IZO IZl
cos(kt) (s—a) +k w0 1 00 100 0 17 105 100 100 10 10 160 W ftz
2 2 ",
sT+k < Visible
" f(t —1)" FU (s e Veile
e f(t)  F(s-a) IO b © <650 550  450-
n
S(t-a) e (\/sz +4d? 75) Anm)
na n! J,(at —
e Goay w(at) N 700 600 5 0
Rotations Periodic Table
1 0 0 cos@ 0 sind ! 2
. H He
R(O=0 cosf —sind| Ry(O)= 0 1 0 101 400
0 sind cosd —sind 0 cosd S S T TG I B
Li | Be B|C | N|O|F | Ne
c0s@ —sin@ 0 694|901 10,81 |12.00 |14.01 | 16.00 |19.00 |20.13
. 11 12 13 14 15 16 17 18
R ()= siné cosf 0| Edler=R,(-/)R AR, (D | Na | Mg Al|si | P|s|alar
0 0 1 22.09 |24.31 26,98 |23.09 |30.97 | 32.06|35.45 | 30.05
19 |20 | 21 |2z |23 |24 |25 | 26 | 27 | 28 | 20 | 30 | 31 | 32 | 33 | 34 | 35 | 36
K| (Ca[S |Ti|V |CrMn|Fe|Co|Ni |Cu|Zn |Ga|Ge| As| Se | Br | Kr
Extrema 39.10 |40.08 |44.96 |47 88 | 50.94 (52.00 |54.94 (5585 (58.93 | 5869 (6335 (6538 [69.72 |72.59 |74.92 | 7896 |79.90 |83.80
af af a7 38 k) 40 41 42 43 44 45 46 47 48 49 0 51 32 33 34
g _ Rb|Sr|Y |[Zr ([Nb|Mo| Tc |[Ru|(Rh |Pd (Ag|(Cd|In [Sn | Sb | Te | I |Xe
Statlonary POlnt 1f a 0 at (x(),yo) 8547 |87.62|88.01 |91.22|92.01 (9594 981 (1011 (1029|1064 (1079 (1124 [1148 | 1127 [121 8 | 1276|1269 (1313
y 35 36 37 72 73 74 75 6 77 78 79 &0 1 82 83 LS 83 6
2 Cs|BajLa|Hf |Ta| W [Re |Os | Ir | Pt |Au|Hg | T1 |Pb | Bi | Po | At |Rn
a f f f f 1329|137 3138 9| 1785|180 9 | 1839|186 2 (1902|192 2 (1951 | 1970|2004 |204 4|207 2 (2090 | (209) ((210) |(222)
Ox ay axay 87 88 89 104 | 105 [ 106 | 107 | 108 [ 109 | 110 T AT
Fr |RaAc | Rf (Db | Sg|Bh | Hs (Mt | Ds |Cm
2 2 0| 23 | 236 ooy | ey | ey | o6y | aem [1me 2| esy | 2wy | 1m1
Minimum: —f >0 and —f—f 52 | 30 | 60 | 61 | 62 | 63 | 64 | 65 | 66 | &7 | 68 | 69 | 70 | 71
ox? a? oy 0x0y Ce|Pr |[Nd|Pm |Sm|Fu |Gd|Th |Dy |Hoe|Fr |Tm|Yh | Lu
1401|1409 {1442 | (145 1504 1520|1573 |155.9 [1675 | 164 167 3 1620|1730 1750
f f f 90 | BL | 92 | 93 | 94 | 93 | 96 | o7 | ®e | pm | 1m0 | 101 | 10z | 103
Saddle Point: —>—= <| —— Th |Pa| U |Np |Pu|Am|Cm|Bk| Cf | Es [Fm Md|No | Lr
5 Ox0 232 0| (2313|238 0| 237 | 244y | 243 | @amy | 2am | sy | 253y | 257y | 23y | 239y | 26y
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