Concourse 8.02 Formula Sheet March 16, 2006

Electrostatics

F= qE" (electric force on a particle with charge q)

The electric field at point P due to a small element of charge dgq is

1 dg.

dE =
dmeg 72 "

where 7 (= r7) is the displacement vector that points from dg to P.

For any closed surface S,

L.
%E -dA = 5Qendmed by S (Gauss’s Law)
S

Known Electric Field Strengths

E = 4%27‘2 (point charge Q)
A
E = (infinite line of uniform charge density A C/m)
2meqr
= 21 (infinite sheet of uniform charge density o C/m?)
€0
Electric Potential
U=qV (electrostatic potential energy of a particle with charge ¢)
(I .
Vo —Vo=— E-d (finding electric potential from electric field)
Ta
E=-VV (finding electric field from electric potential)

The electrostatic potential at point P due to a small element of charge dg, relative to V(r = oc0) =0, is

1 d
av=—-—9
dmeg 1
where r is the distance from dq to P.
Capacitance
Q=CV (definition of capacitance)
A
C = €0 (for a vacuum- or air-filled parallel-plate capacitor with area A and separation d)
1
U= §CV2 (energy stored in a capacitor)
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Electric Field Energy
Electric fields store energy with a density (J/m?) of

(definition of current and current density)

(continuity equation)

(definition of resistance)

(the “del” operator)

(gradient)

1
U = §€0E2
Dielectrics
Eyp . . . . . .
E= y7a (electric field inside a dielectric material placed in an external field Ey)
A A
C = €7 = K €0 (for a parallel-plate capacitor filled with a dielectric material)
Current
dg - o
I=—= dA
i/
For any closed surface S,
- o d
Ileaving S = J-dA=— aQenclosed by S
S
In a non-ideal conductor with conductivity o (resistivity p = %),
I
J=cFE=-F
p
Resistance
=1IR
l
R = P (for a wire with length [ and cross-sectional area A)
Circuit Elements
Type Relationship Series Combination Parallel Combination
r _ _ 11 1
Resistor V= I;‘E/ Rleq = }31 + }32 Rei = i + &
Capacitor I=C% Gl = C1 +& Ceq =C1+Cy
Math Corner
Vector Calculus
- 0 o .0
— i 4+ h—
v ‘0w + ]Gy + 0z
=, _.O0f O0f -0f
Vf=i—+j—+k=—
/ Z@x J@y 0z
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Vector Multiplication

—

5N

‘B = ‘ff’ ‘B" costap = ABH to A = AII to BB

/_(X é‘ = ‘A“ ‘é‘sin@AB :ABLtoA :ALtoBB
Geometry
A sphere of radius R has volume %WR3 and surface area 47 R2.

A cylinder of radius R and height h has volume 7wR?h and surface area 2mRh + 27 R? (the first term is the area
around the side, the second term is the area of the top and bottom).

Trigonometry
sin? 0 + cos® 0 = 1 sin? @ = 1 — 1 cos(20) sin45° = cos45° = %
sin(f + ¢) = sin 6 cos ¢ + cos @ sin ¢ cos? @ = % + 1 cos(20) sin 30° = cos 60° = 1
cos(f + ¢) = cosf cosp —sinfsin ¢ sin(260) = 2sin 6 cos sin 60° = cos 30° = @

Quadratic Formula

—b+ Vb? — dac

If ax? + bx + ¢ = 0 then x =
2a
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