Formula Sheet

Thursday, April 17, 2025

Algebra

+: a+b=b+a a+b+c)=(a+b)+c

— O0+a=a a+(-a)=0 ——a=a —-(a+b)=—a+-b a-—-b=a+(-b)
X: ab=bha a(bc) = (ab)c

+ la=a a(a)=1 (@) =a (ab)"=a b~ a/b=ald™) (a/b)"=b/a

+x: a(b+c)=ab+ac 0a=0 -la=-a mnx=x+x+-+x

Aroa*=aa..a 06=0 1°=1 a’=1 a'=a al=a =1/a

X A4: al*e =aba¢ ab = (a?)" (ab)¢ = a‘bC (a+b)n=Zk(Z)an_kbk (Z):kl(:ik)u
V: bab=l{/5b=a Ya=a’t Ja=%a Vab=vavb JVa=1%a

Ini a=b o c=Ilogya=Ina/lnb Inab=Ina+Inb Inb=clnb Ine=1

i i2=-1 z=x+iy = pe'¢ z* =x—iy=pe ® |z|? = z*z = x? + y?

(a—=b)(a+b) = a®— b? ax? + bx + ¢ = a(x — b/2a)? + (c — b%/4a)
FTA: ag + a1x + ax? + -+ apx™ = an(x — x)(x — %3) . (x —Xp)  Xop—q = X3 If @; ER

. JORY
Trigonometry s = J0e

= a. ( 383/,
SOH CAH TOA P o ) @ AV 5
=0 A 5+ ¢\,

X =pcy ¥ =pse T ( I

x2 + yz = pz y/x = t¢ 5 (=) (H-)
2 _ 2 2 _ o S~ C 2
c? = a® + b* - 2abc, ‘k ‘Q

a/sqe =b/sg =c/s,

e =cy+isy=cisy cp= %(eiq’ +e i) sy zé(eiq’ —e7)  2=-1
Coptyp = CoCy T SpSy € = %(1 +0p) Cop=CH—S5 Cotsp=1 tan’¢+1=sec’¢

— 2 _1 — 2 _
S(ﬁilli = S¢C¢, + C¢SIIJ S¢ = 5(1 - C2¢) 524) = 2C¢S¢ (C¢ + S¢) =1+ 524)

et =Gy +h5, = chsy Co=5(e"+eM) 5, =—-(e"—eh®) R2=1 h=11
Catp = Calp £ 5455 C2=35(Coa+1) Gpa=Ci+53 TZ—352=1 tanh’a+1=sech’a
_ - P _ 1,_ _ P — _ _ _
Sa+p = Salp * CaSp Sgt = E(CZa —1) 534 =205, (ca Sa)z = Coq T S2q
C¢ = Eld’ Ea = C_jq S¢ = _i§i¢ §a = iSia a= l¢
Linear Algebra
A=RA, + YA, + 24, U+ =0+u afu)=(@Pi a@+7V) =au+av
Z . E = E . Z = AyB, + AyBy + A,B, (Cliﬁi) . ('T?}ﬂ]) = ai(ﬁi . 1—7)]),8] (same for X)
E x_)C =:c X Bj ’f&ByCZ: EZCQ +Y(B,Cx — BxC;) + 2(B,Cy — By,Cy) = | 3 y 2
A-BXC =B-CxA =C-AXB = |4, A, A, B, B, B,
Ax(BxC)=B(A-C)—C(A-B) B, B, B, C C G
P||+Pl:ﬁﬁ —AXAX= Cx Cy Cz

_la b|_ _ _ _ _1=ab_1_1 d -b
detA = d|—ad bc trA=A;=a+d A _(c d) —ad_bc(_c a)
M= (M%), M), M(2)) M (V) = ;M (%)

RTR=1 R 1'=RT |R|=1 (orthogonal)
ST=S Sp,=v, SV=VD S=vDVl VIV=]

(flgy = fwx)dx f*()g(x) gy =9(x) (fl=fwdxf*(x)..
M=— (ip(x)%+ q(x)) Mf=M = NeR (uw|y)=25;h?

w(x) \dx



e Calculus

dix"‘—ocx"‘1 d%e"=e" Ed;lnx=§ ﬁsmd)—comj) %cosd):—sin(j) %tand):secqu
d
d(f +g9) =df +dg d(f9)=9df+fd.9 d(f/9) = (gdf —fdg)/g* d(f°.9) =—fd9
eX=y* /k,—1+x+ Ixz4l x + x +120x +- ln(1+x)—x——x +1 x ——x +-
1
e =cy +isy cos¢—1—5¢2+24¢4—--- sing = ¢——¢3 120¢ -
1+ =N (Yuk =1 4+ 2y + 8802 g 2leVl@D 5,
k 1 1-2 1-2 - 3

e Vector Calculus
a a a ~ -~ ~ .
d=dxg+dy+dzg+- V= (0x,0y,0,) = X0, + 90, + 20, (Cartesian only)

V(fg) =fVg+gvf V@@@,h@®,..) = fg Vg + fn Vh+-

Vx(fA)=fVxA—AxVf VUxAGE),h@),..) =—A,xVg—A, X Vh+ -

v-(fA)=f(v-A)+vf-A4 V- -B(g@E,h@E,.)= B, Vg+ B,  Vh+- fo-Eiz f
P aP

v (AxB) =B-(vx4) -4-(vxE) [vxd-da-¢ i@

V (A-B) =Ax(VxB)+Bx(VxA)+(A-V)B+(B-V)A s as

Vx(AxB)=(B-V)A —(A-V)B+A(v -B)-B(V-4) f V-B-dr =j£ B-da
- - — — — — —>V —, v -

VxA=0 o A=-Vf V-B=0 ¢ B=VxA4 Vf=(W-V)f VA=V -4A)—-Vx (Vx4

Coordinate transformations ...  and inverse... summary...

X = pcy = TSeCy zZ=rcy p?=x*+y? r?=p%+2z° x + iy = pe'?®

Y =pSp = TSgSe p =TSy ty =y/x tg =p/z z+ip =re

Unit vector transformations ...  and inverse... summary...

Rp=px—¢y pr=rp—0z pp= Xx+7yy fr=pp+iz p+ip=(%—ipe?
Jp=py+dx ir=rz+0p dp = —Xy + Px Or = pz —z2p F+if = (2—ip)e’?
Pse + Zcg = Xsgcy + PSgS¢ + ZcCg

X = ﬁ ¢ ¢)S¢ ﬁzf'Sg —9C9
y Z pco — 2sg = Xcgcy + JcgSp — 2S¢

F=
y= ﬁs¢+¢c¢ 0 =
Cartesian coordinates (x,y,z) T=%x+yy+2z h,=h,=h, =1
di = df = %dx +ydy +2dz da=;dixdi=%dydz+ydzdx+2dxdy dr=:di -da=dxdydz

Vf = (05,0y,0,)f = (R0, + 90, +20,)f  VxA=(0y0,,0,) % (4x, Ay, A,) =

= Xy z
V-B = (04,0y,0,) (By,By,B,) = 0;Bx+0,By+0,B, = Byy+By, +B,, 6, o, 9,
sz = (ax: 6y, az) . (ax: ay: az)f = a}%f + a]%f + 822f = f,xx + fyy + fzz A Ay A

Cylindrical coordinates (p,¢,z) ¥=pp+2z  h,=1hy=ph, =1
di = pdp+dpdp+2zdz da = ppdpdz+ ¢pdzdp+2pdpde d‘r—pdpdqbdz
Vf—e/h 0.f =(Po,+P/p 0p+20,)f VxA= -

- - p pdp 2z
VB =p"(0ppB, + 0yBy) + 9B, V'f =(pT"0,pd, + p72 05+ 0)f Yo, 9, o,
p
Spherical coordinates (r,0,¢) T =7r hy =1,hg =1,hy =Tsg A phy A
di=?dr+0rdo+drsgdp da=+risydddp+0rsedpdr+ ¢rdrdd dr=r2sydrdddd
Vf=(f0,+0/r 09+ /rsg dp)f VxA= e e;/hihg OihAy = o R
V-B = (hyhyhs)™! OxhihjB, = r7%0,1°B, + 7155 (0gsgBg + d4Bg) 1 |7 8  rse¢

9 0 0

sz = (h1h2h3)_18k hlh]/hk akf = T_Z(arrzar + 59_1 6959 69 + 59_2 aé)f rZSQ A TAG TSBA(ﬁ

=r710%2r —r7212 where [?=—s5 095909 — 55> 6?,5

Partial Differential Equations (eigenfunctions)

0 e =ik e  9pe™mP =ime™P (—0,(1—x2)d, +m?/(1—x?))P"(x) = £(£ + 1P} (x)

LY (0, ¢) = £(€ + 1)Yp (6, $) 0pYom (6, ¢) = im Yy, (6, 9) Yem (6, 9) P} (cg)e™®

(p_lappap - mz/pz)]m(kpp) = _kg ]m(kpp) (r_zarrzar -4+ 1)/1‘2)]'{)(](,.1‘) = —k? Je(kyr)

(V2 + k2)el®T = (V2 + k)], (kyp)emPeikaz = (V2 4 k2)jy(kyr)Ypm (0, ) =0 k2 = K-k = k2 + k2 + k2
V2 gkx+iky = V2 pimei‘rmp = V2 pt-t-1 Y{)m(g' ¢) =0 — kg + k; — k%



