Op-Amps:
e Op-Amp Rules(when negative feedback exists): 1. V, =V_ 2.1, =1_=0
e  Op-Amp Circuits:

Inverting Amplifier Non-Inverting Amp. Buffer

R
If Rl = R3 and R2 = R4 = I/out = FT(VmZ - Vinl) I/OM = _E V;’ll _EV;HZ
Some useful identities on complex numbers:
e Complex number representations: z = x + jy = re’’,
FNan Table of ta_rll'1
e Euler’s identity: e/’ = cos@+ jsin@ tan 4
e Polar to Cartesian transform: x =rcosé,y =rsinf 0 0’/75
oo T
e Cartesian to Polar transform: r =+/x* + y ,0 = tan" 2 — oo -7/2
o 1 7/4,37/4
° 23:zzzI:|z3|=r3:1f21/1,423=(93=02+l91 1 “ 74, —31/4
o z,=2z/z :>|Z3|:7'3 =n/n,Lz;=0,=0,-06
Phasors:
e Definition of phasor: v(¢) = Acos(wt + ¢) = V=Ae
e Time signal given phasor v(¢) = Re{Ve’”} = Re{Ade’ "} = Acos(ax + ¢)
Impedances:
Resistor Capacitor Inductor
I;R = ZRjR Vc = chc I7L = ZLTL
Z.=R 7 1 Z, =joL
¢ joC
e Impedances in series: Zy=Z+Z,+..+Z);

e Impedances in parallel:




Transfer Functions

e Definition: H(jw) = II;“”’
e For a voltage divider (see figure): H(jw) = Z
s SR Y Z,+7,
e Corner Frequencies RC circuit: @, =1/RC RL circuit: @, =R/L

e Resonance Frequency RLC circuit: @, =1/+LC
Approximations of transfer functions:
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Diodes models:

Vb
e Exact formula: 7, = (e"" —1), Is: Saturation current, V7=25.9mV, n=1-2
Ideal Diode Von Model
| |
\ \Y
Von
On: V,=0 I,>0 On: V,=V_ 1,>0
off : 1,=0 V,<0 off : 1,=0 V,<V,
Zener Diode Zener Diode, with knee current
| 1
Vz Y, -Vz \Y
Von /- -Ik\rfgg
On: V,=V. I,>0 On: V,=V, 1,>0

off - I,=0 V. <V,<V, of:  1,= V.<Vp <V,

0
Zener: V,=-V. 1,<0 Zener: V,=-V. I,<-I,,
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Diode Circuits:
Half-Wave Rectifier 3
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