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components Resistors Capacitors Inductors
symbol
R c L
general _ A dVe o dr
equation VR - IRR lc=C at vV, L?
combining in i = i i i -
series Rr=R;+R, +... + R, c.c + c, +eeet c. Lr=L;+L, +...+ L,
combiningin | L _ 1 1 1 o he | totitolt
parallel R R R, R, L L L n
: 1 i
impedance Z,=R Z :E Z, =joL
frequency—0 R open circuit short circuit
frequency—>0 R short circuit open circuit
Laws and Rules
Ohm’s Law V=IR V1= 1Ry

Kirchoff’s VVoltage Law

Sum of voltages in a loop is zero.

Kirchoff’s Current Law

Sum of currents entering junction eq

uals the sum of currents leaving junction.

Reading Resistors

XYZ = XY x 10% ohms

black-brown-R-O-Y-G-B-V-grey-white
0

1 234567 8

Reading Capacitors

XYZ = XY x 107 picofarads = XY x 10 ~® microfarads

Logarithmic Scales

log(f)=[decade].[percent across]

f = 10[decade].[percent across]

suffixes

K (10%) Meg(10°) G(10°%) T(10%)

m(107%) u(10°°) n(10°) p(10™*?)

Euler’s Identity

parallel combination shortcut

Power Equation

el =cos@ + jsing o= RiR, P=VI=1°R
R, +R,
Voltage Dividers Sine Waves
7 i
Tlm v =( 22 ]V v(t) = Asin(at + @) +Vp.
Gl Z + Z in
Z T w=24  f :%
14 1 _[ Z4 ]V
out 1 in tO
L1+ 2y ¢=—-oty, =-2r—
z, T
| 272 V. V _ 2A V . A
— P lz+ z, ) " p-p ms =y
Transformers
ideal equations input impedance
M1:M2
a ? N, V, | L VA
a=—2-—-2__1_ |2 Zi=Zy=—
? Nl Vl I2 Ll a
E
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Calculating Inductance Calculating Resistance
Long Coil Ring shaped Coil
_,uN27rl’c2 3 ) 8r, R:L
L——d L=uN"r, In(r )2 oA
Complex Polar Coordinates
Complex numbers: z=x+ jy=re!’ (j=+-1, 1j=-j) phases
Polar to Cartesian transform: x =rcosé,y =rsiné A 0
y -A 7or-m
Cartesian to Polar transform: r =/x* +y*> 6 =tan ‘1(—] iA /2
X
-JA -2
7 Xt [/ _ X12 + y12 7 tan-t| 1| ian-1] Y2 tan'l(l) xl4 or-3z/4
Vot W VX N g gt Y| gan | 2| |t
X, + 1Y, 1lxzz + yz2 Xy X3 tan~(-1)| -z /4 or 3x/4
: T
7 Ani(etie) _ Ao ) tan™(y/x)
V = Ae = Acos(wt + @) + JAsIn(wt + @) Where A s a constant
Transfer Functions
i . / series
- . Vv - ~2
V=127 H(jo) =21 H(Jw)_z 7. circuit
Vin ! ? onl
y
Z,. . =2,+Z A 11 + L +..+ 1
Combining Impedances e T4 2 T Z, a z Z, = Z,
series
parallel
Low Frequency Aha)n + Ah—la)n_l tet Aka)k ~ Akwk — ia)k*r
Approximation A 0" + Anila)m—l +o.t A = Ao’ - A
High Frequency Ao" + An—la)n_l +..t+ Aka’k ~ A" _ ia)”—m
Approximation Aﬂa)m + Aﬂ,la)m_l‘i'----l' Ara)r Aﬂa)m A\n
Using Transfer Functions A= |H | A, o =4£H + 0,
Filters
RC Circuit (corner) RL Circuit (corner) RLC Circuit (resonant)
°"RC ¢ 2RC L% o " JLc  ° 2zyLC
0 00 00 o 0o 0 0D
low pass filter high pass filter band pass filter band reject filter
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Thevenin Voltage Sources
Find Vth Set load between A and B to open and find V4 - Vg R,
Find Rth Set voltage sources to shorts and find combined resistance between A and B. Ve = mvth
th L
Harmonic Oscillation
UnDamped Damped Cantilever Beam
2 d?v dv
d_V+a,02V=o > +20—+ oV =0 3
dt? dt dt Ewt )
i 7= (m+m,)(27f )

V(t) = Acos(w,t + ) v(t) = Ae ™ cos(w,t + @) 41

w, = 1 Vl — V e_a(tl_tO) o= i m= 0.23mbeam

JLC 0 2L
Op-Amp Circuits
Voltage Follower
Op Amp Analysis Rules
1.V, =V
2.1, =1 =0
» Vout
Op-Amp Analysis Vin
1. Remove Op-Amp
2. Draw a circuit at each input to the op-amp Vou
3. Solve for Vout in terms of the input voltage(s). A = V_ =1

Inverting Amplifier

Rf
Vin
vin +V
4\/\/\/ Vout
Rin +
-V
Adder
Rf
R1
vi A
R2
V2 — AN :

L Vout
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Ideal Active Integrator Miller Integrator
ct Rf
i ”
—w : Vin  gip cf
—- C—w -
+ Vout 3
—?r r_+ Vout
. Vi 1 =
H (Ja)) = L =— . vV R
Vin JoR;,Cy H(jo)=-—2=— f
1 J‘ Vin R, 1+ joR;C)
v, (t)=— v, (t)dt
™ R.C: 7 " 0>t S H(jw)~v——
_1 R:Cq JoR;, C
j sin(wt)dt = —cos(at) + K 1
o w >> =V, (t) ~ - [vio @t
R(C; R C
Ideal Active Differentiator Practical Active Differentiator
Rf Rf
MY AN
. Ci
VS :;n Vin Rin Cin
- '
I —w—f -
1 Vot
= iy
H('a))—v"”‘——'a)RC Vv | joR,C
J _Vm_ J f ~in H(JCO)= out _ : f~in
dV (t) Vin 1+ Ja)RinCin
Vou (1) = =R G, dt W << R1C = H(jo)~-jaR,C,
d sin(at) in~in
———= = wcos(wt) dv, ()
dt w << = Vout (t) :_RfCin—
R..Ci, dt
Potentiometers Strain Gauge Bridge
Vin T Vin
R1
Vout Vout
R2
POT — Voltage
Divider
R2. .
RT =R1+R2 vout =gr’m Vout = dV = Vleft —Vright =Vin R2___Rg
R1+R2 R3+Rg
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Logic Gates
AND » W 0

A B Y =AeB A B |Y=A+B

0 0 0 0 0 0 A Y=A

0 1 0 0 1 1 0 1

1 0 0 1 0 1 1 0

1 1 1 1 1 1

A B Y = AeB A B Y=A+B A B Y=A®DB

0 0 1 0 0 1 0 0 0

0 1 1 0 1 0 0 1 1

1 0 1 1 0 0 1 0 1

1 1 0 1 1 0 1 1 0

Boolean Algebra Properties
Ae0=0 AeA=0 A+AeB=A Ae(B+C)=AeB+AeC
A+0=A A+ A1 Ae(A+B)=A | A+BeC=(A+B)e(A+C)
Ael=A B | Ao (BB AeB Ae(BeC)=(AeB)eC
A+1=1 | A@B=AeB+AeB | A*IATE/= A+(B+C)=(A+B)+C
AeA=A | AOB=AeB+AeB | ATASB=A+B o
A+A=A AeB=BeA é+A.§:é+B_ A°B=A_+§
= B A+AeB=A+B A+B=AeB
A=A A+B=B+A
555-Timer
Veeo +5to +15 volts
T2
R1 4 Reset T
Charge Cycle: T1=0.693(R1+ R2)C1
2o [3 Bupet 71=(R1+R2)C1
555 Off Time: T2 = 0.693(R2)C1
72 =(R2)C1

c1 7 Frequency: f = 1.44

(R1+2R2)C1
Period: T =T1+T2

Duty Cycle (percentage): D = %xloo
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J-K flip-flop 4-bit Counter
—, J K C @ @ C QD QC QB QA
—PCLK _ 0 pna change A QA b g g g 2

- |0 1 p 0 1 QB P
5 10 0 ar O E g g é é
T 1 1 »p toggle (otc.)

Qp x2%+Qc x22 +Qy x2" +Q, x2°

Inverting Comparator

Schmitt Trigger

vS
vref o—+
vnut
0—-
vin
+
Ve .
ref
if v,. >V thenv_, =V i o R, (V. V)4V
. B N R +R out ref ref
if v,, <V, thenv , =V 1

if v, >v+ thenv,, =V

if v.. <v+ thenv,, =V

Transistor as a switch

Transistor circuit
Vcee

Transistor model
Vee

R2

o
JrI—
H
[}

<
<l ¢
A

y

R1 B

if (Vi-Vg) <0.7

* transistor is off
* switch is open
*1lc=0mA
*Vc=Vce

if (Vi-Vg) >0.7

* transistor is on

* switch is closed
*lc>>1g

* (VB—VE) =0.7

*Vry = (Vi— (0.7+VE))
* VC = VE
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Diodes
Vo
lo=1.e™ -1| . : _
D S Is: Saturation current, Vy=25.9mV, n=~1-2
+ —
4148 silicon diode: Vo, = 0.7 Volts H
Ideal Diode Von Model
ID ID
VD Vp
Von
{Oni Vo =0 1,>0 on: V,=V, 1,>0
Off © Vp <0 1,=0 Off 1 Vy <V, 1,=0

Zener Diodes

750 Zener diode: Von = 0.7V V, = 4.7V + {ﬂ\ =
751 Zener diode: Vo, = 0.7V V,=5.3V
Zener Diode Zener Diode, with knee current
Ip Ip

-Vz Vg -Vz Vp

on Von

-Iknee
On: V, =V, I, >0 V., I, >0
Off -V, <V, <V, 1,=0 V, <V, I, =0

Zener : V, =-V, I, <0 b =-V, I < —linee
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\4!

@

1

§R1

Diode Circuits
Half-Wave Rectifier 5.
D6
>
D1N4148

—5.0v
0a 0.2ma 0.4ma 0.6ma 0.8ma 1.0ma
O vi{D&:1) © V{R1:2)
Time
Full-Wave Rectifier T
DIN§148 DiNp148 | [T m//_-\\ :
,,,,,, ™.
D1 D3
Vi R1
VOFF =0
VAMPL:SV@ .......
FREQ = 1k
z 2 i
D1IN DiNp148 | |l
_ 5.
e a 0.2ma 0. 4ma 0. éma 0.8ma 1.0ma
= 0 OV{D4:2,D2:1) & V{(Vl:+) Time
Limiter 5.0v
Bl IR
R1 \s\
M| e e
V1
@ N\ D6 Y D7
D1N4148 D1N4148
-0
Zener Limiter i g
R1 i o )
AW i o
Vi —i— -
® ¥ o5 BN o
DIN750 Y Ny
Lo —7
R [ A SO SO S O O N S N O S O A
— e =l 0_2ma 0.4ms 0.6ms 0._Bma 1.0ms
-0 O V{V1l:+) © V{R1:z2) .
Time
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