EECS 210 CAPACITORS AND INDUCTORS Winter 2001
DEF: In EECS 210 a capacitor is a device with i-v characteristic 7 = C%.
Energy: ::l‘;eg(; fo T)dT = fo Cv(r)Ldr = fov(t) Cvdv = 3Cv(t)?.
Series: Capacitors in series: C;Q = 011 + ot ﬁ N=2: Cgg = 0011052.
Parallel: Capacitors in parallel: Crg = C1 + ...+ Cy (EX: parallel plates).
Derive: v(t) = + & fg i(r)dr; i(t) = + 1 fg v(7)dT. Also useful.
Note: Short capacitor: —% huge— —i(t) huge—spark. EX: camera flash.
Thus: Capacitors tend to retard sharp voltage changes. EX: auto ignition.
Sinusoid: v(t) = cos(wt) — i(t) = —wC'sin(wt). Gain=wC'; Phase=90°.
i(t) = cos(wt) — v(t) = % sin(wt). Gainzi; Phase=-—90°.
Physics: A capacitor stores separated charge; its net charge is zero. ¢ = C'v.
More stored charge—bigger electric field—bigger potential difference.
Time-varying voltage—time-varying charge—current flow.
If voltage and current constant in time, capacitor=open circuit.
EX: Parallel-plate: C' = —6 (e=permittivity, A=area, d=separation).
Units: Farads=coulombs/ Volts Joules=(coulombs)(volts)=(farads)(volts)?.
DEF: In EECS 210 an inductor is a device with i-v characteristic v = L%.
Energy: :flzl;‘;‘i fo T)dT = fo Li(t)Ldr = l( ) Lidi = 1Li(t)2i ;
Parallel: Inductors in parallel. E = L1 —|— oot LN' N=2: Lgg = LLE
Series: Inductors in series: Lgg = Li+...+ Ly (EX: longer coil (more turns)).
Note: Open inductor: —%* huge—> —v(t) huge—spark. EX: spark plug.
Thus: Inductors tend to retard sharp current changes. EX: “choke” coils.
Sinusoid: i(t) = cos(wt) — v(t) = —wLsin(wt). Gain=wL; Phase=90°.
v(t) = cos(wt) — i(t) = ﬁ sin(wt). Gain:ﬁ; Phase=-—90°.
Physics: An inductor stores magnetic flur=(magnetic field)(area). ® = Li.
More magnetic flux—bigger magnetic field—bigger current flow.
Time-varying current—time-varying flux—emfsvoltage (Faraday).
If voltage and current constant in time, inductor=short circuit.
EX: Coil: L = NQ% (p=permeability, A=area, d=length, N=+#turns).
Units: Henrys=(Ohms)(sec.); Farads=(Mhos)(sec.); Joules=(henrys)(amps)?.



EECS 210 INDUCTORS & CAPACITORS IN SWITCHED Winter 2001

Given

Where:
Goal:

A circuit in which a switch is opened or closed at ¢t = 0.
The circuit includes: inductors; capacitors; resistors; DC sources.
What are the currents and voltages at t =07; t=0"; t— 00?

t=0":
. Inductor current can’t jump: Otherwise V = L% — ool

Use following to link voltages and currents at t =0~ to t = 0T

. . . . _ d
. Capacitor voltage can’t jump: Otherwise I = C'%7 — ool

: Use following to compute voltages and currents as t — oo:
. Circuit contains only DC (constant) sources—inductor=short circuit.
. Circuit contains only DC (constant) sources—capacitor=open circuit.

: Electromagnet modelled

by 10H in series with 412
(models coil resistance).

After being closed awhile,
switch is opened at ¢t = 0.

Compute Vi(t) and I (1).

t=0:

t=0"%:
Models:
Then:

Note:
t—> 00

Also:

Inductor=short— V; = (2004)(16£2||4Q2) = 640V .

Current divider— I, = (ZOOA)% = 160A.

Impossible! Inductor voltage— oo! Let Iy (t) = (160A)e~t/1™s t > 0.
Switch is opened over a finite time; the current falls rapidly to zero.

Vi(t) = (10H) 4 (160A)e~t/1™s = —(10H)(160A4) g55ze~ /1 ™%, ¢ > 0.

Maximum voltage: V;(0)=-1.6 million volts! Not oo, but large!
Vs = 0 across inductor; Vs = (200A4)(16£2) = 3200V across source.
Energy dissipated: $LI7 = 2(10H)(160A)% = 128k.J (128,000 Joules!)

Euler:
Note:

COMPLEX NUMBER MANIPULATIONS

z=Mel = Mcos + jMsinf = R+ jX; R= Relz]; X = Imlz].
j =+/—1 (in EE, i=current!). Imaginary part is not itself imaginary!

Add:
Mult:

Add and subtract in rectangular form: (3+j4)+ (5+712) = (8+416).
Multiply & divide in polar form: 3 + j4 = 5e7%3"; 5+ j12 = 13e767".
(B+j4)(5+412) =(3-5—4-12) +j(4-5+3-12) = —33 + 556 (hard).
(3+74)(5+712) = 5e7°3713e757" = 65e7120° (easy). Division easy too.

(a+jb)(ct+jd) _
(e+3if)(g+ih)

(a2+b?)(c2+d?)
(e?+f2)(g%+h?)

—1 Q]

exp j[tan™1 %than_l %—tan_1 %—tan .



