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Formulas, Physical Constants, and Trigonometry Identities

Formulas

General differential equation for oscillators & + i + wiz = fy cos (wt) has solutions:

_ 1t 7 i
z(t)= Ae = cos | \/wi — q t+a| + z(t) wo > 5
x(t) = (A+Bt)e® +ault)  w=g
z(t) = Ae 4 Bel2t + @gs(t) woy < %

2
where F§ = % +4/ % — w? and the steady-state solution is x4 (t) = A(w) cos (wt — d(w))

Alw) = Jo tand(w) = e

[(wf — w?)? + 42 w?] wp — w?

0? 1 o
Non-dispersive wave equation @y(x, t) = = 3 y(x,t) where v = /T /p (string) or \/k/p (gas).
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Reflection and transmission coefficients: R = T =
V2 + U1 (%) + U1

Kinetic, potential energy and power:

Fourier series for a function f(0) = f(0 +2r) f(0) = > ov_, [4e + A, cos (m0) + By, sin (m0)]

m=1 [ 2
Amz—/ f(@) cos(mb)dfd m=0,1,2,... Bm:—/ f(0) sin (md)dd m=1,2,3,...
™ J)_x T™J
. . w dw
Dispersion:  vppqse = - and Vgroup = T
. . B
Maxwell’s equations: €0 t .
= = - = 1)) o
V-B=0 VXB= pyeg——+poJ



Ho
EM force, flux, energy, intensity: L2 1 | =2
& Y Up =2 |E Uy =— |B
2 2 po
= o —qa, (t —r/c)
rad(T5 1) = Volt
() 4dmec?r olt/m
—» 1
rad(Tht) = =7 X Epqq(t) Tesla
Dipole approximation: . f .
STad(Fa Zf) = —Liyga X Br‘ad Watt/m2
Ho
2 2
qca
P = Watt
6megc? &
Boundary conditions at the Ey= 0 ‘B//‘ = o |Js]
surface of a perfect conductor: E, = Ps B, =0
€o
A gy = Ve Zu=Zo
L o ot P VLo Co V. Zp+ 2
Transmission lines:
6[__0 ov 7 Ly L. Zy—-Zp
(32_ 08t 0 C() IZ_ZL+Z0
B(l) B(2)
1 2 // //
Boundary conditions at the E}/) = Ef/) 7 = W
surface of a perfect dielectric: ) @) Ds ) @)
€o
Fresnel equations: ny sin@; = ny sin 6y
n; cosby —ny cosb, tan(0; — 6)
= Eor/Eoy = = —— s
ny cosfy +no cosb tan(6, + 602)
0, — 0 in(6; — 0
L = o /Eoy — ny costh —ny cosly _STH( 1 — 02)
ny cosby + ny cosby sin(6; + 02)
2ny cos b, 2 sinf, cosb,
ty = Eoy/Eoy = = = -
ny cos by + ny cosby sin(f; + 63) cos(6; — 02)
2n, cos b 2 sinfy cos 6,
+ o/ Foir ny cosbi + ny cosby sin(0; + 65)
Special case of normal incidence (0; = 0 = 0)
E. ni—no ; E, 2nq
T = — = = — =
I+ E; N1+ no It E;, ni—+ns
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Doppler Effect:

= >

1—p cosf

S5

Vs + v, cOs 0,

for EM waves

for sound waves
vy — U COS 0,

N source interference and diffraction:

sin (N6/2)1° o
I f I=1 | ———= =
nterference 0 [ sin (6/2) } ) 3 d sin 6
sin 3 2 s
Diffraction I =1 [ 3 } b= X D sin6

sin (N§/2)

Diffraction gratings: I = I [ sin (6/2)

T

r [sinﬁ
p

Physical Constants

Speed of light c 3 x 108 m s !
Vacuum permeability Lo 126 x 107 (Vm™) /A
Vacuum permittivity €0 8.85x 10712 C/(Vm™)
Electron rest mass m 9.1 x 1073t kg
Elementary charge e 1.6 x107* C
Gravitational constant G 6.7 x 107'* N m?/kg?

Trigonometric Identities

sinacosb + cosasinb

2 sin < > CcoS <
b
2 cos (%) CcoS (

sin (0 £ §) = £ cost

sin (a + b)

. ) a+b
sina -+ sin b

a
cosa + cosb

a—>b , b= 2 a+b\ .
5 sina — sinb = 2 cos 5 sin

cos (0 £ §) = Fsind

cos (a + b) = cosacosb — sinasinb

a—>
2
> cosa — cosb = —2sin (CLT—H)) sin (a— b

2
sin(f £ 7) = —sind

—b
2

)

cos (0 £ 1) = —cosf

Complex exponentials: e/% = cos + j sinb sinf = 5 cosf = +T
J
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