
Charge and Current Current DividerConcepts

I = QuAr ,
Qu is charge density ((/m3) VoltageDivideSee Fohn,m&

Wheatstone Bridge
↓Ez can be used as a

Ri high precision
i =da Vo E ↳ v= Vin (r.iR -

ohmmeter

WB consists of two
R2

q = 1
.
6x10-19 (sometimes e) Y-X : Ra =

R
, Rz + RzRz + RsR ,

I
,

= Fo
R

,
+ Ry

voltagedividerbrane,a
between these branches.R

, - WB cancels common modeVoltage Delta Y Transforms RB = R
, Rz + R2Rz + RzR , F2 = Fo piR voltages, enhancing small

R2

Unigh-Vow =
I
Y-circuit

2
* Circuit Rc = R

,
Rz + RcRs +RzR ,

voltagechangesaaestable.
· Rs

Power

P =Aw·
PiV = iR = V ↳

Source Transformation
↑

hevenin NortonwavesAsin(kx = wt) Asin(kX=w +) R
,

· t R
,

= R
otA= amplitude ~ = A (sin ((x) (0)(wt) = cos(kx)sin(w +) m = I

is = I
x = wavelength
It=wavevector when x = 0

,
v = 0. First term IVs R2

R
,

T= period becomes zero ,
second doesn't

w = angular frequency so o-

-

=2 v = Asin(kx] cos(wt)
f = frequency =#

when x = L
,

v = 0
, so

Wheatstone Bridge Balanced Condition

sin(kL) = sin (nit) , where n is Adjust Rs until In = 0
kx and wt are phases to find Rx.
and are unit less any integer

v, = RsVo((R ,
+ Rz)-

v= fX kL = n/
V = RxVo/(Rz + Rx)

+=== = nπ = RsVo
=

RxVo

Standing waves: Two traveling
x=

R , tRs Re + Rx

waves in opposite directions
R

,
Vo

=
RaVo

- (0, +) = f(2, +) = 0
.

↳= R
, +Rs Ri + RxM

Mobility & Resistivity Mesh Analysis
Mobility : M = 9 Taug (m2/(V · S) Balanced Condition :

n
m

Current Density : J = nquE ((/m3)
R,

n = free electron concentration (n)( Wheatstone Bridge Sensor
E =electric field (v/m)

Conductivity : U = nqu (S/m) Rkk = Sum all resistances in mesh K.
R

.
= Rc = Rs for measuring small change

Resistivity : p=u
(1m) In Rik = negative of sum of shared

in resistance.
V

,
= VoR

resistors of meshes ; and K.
Vo R + R 2

mc = 9
.

1 x 10
-

31kg R =p Up = Sum of all voltage sources in K

⑧

~Vor
Kirchhoff's current law : Vo

the currents entering
GG , , G . 2

t

KCL & KVL Nodal
clockwise direction.LThe algebraic sum of

a

lysis
es() connected to

= VonRentona node must be zero.

Kirchhoff's voltage law : (a =

4R + 20R
The algebraic sum of

Gs , G32 Superposition
= VoDR

the voltages around Gkk = Sum Ri Rc Rs Ry 4R(1+a closed loop must node K . I
always be zero . IGjp = negative of sum of all conductances (*)↳yepe =(Equivalent Resistance between nodes ; and K.
Series : Req = R

, + R2 In = sum of current sources entering and

Reg
Parallel:= leaving node k.

RRRF+RR
, R2

Rea =

R
,

+ Rz



Capacitors and Capacitance Magnitude of Transfer Functions Thevenin Equivalent
- Two electrodes separated - separate into parts ,

then To find Vin ,
a andb should

by an insulator take square root of all be unconnected .
DOKLL !

To find Isy ,
a andb should

- Initially, no voltage difference terms squared be connected only with a wire.

between electrodes Phase of Transfer Functions
DO KCL !

- When connected to a circuit,
Rin=

current flows through the - Separate into parts , then
circuit until electrodes have
a voltage difference equal to take O-tan"(E) ,

add it ·A

the voltage source (KVL) multiple parts. Subtract num Circuit
- Q = CV

, where Q is accumulated
charge and C is Capacitance

- denom for each part. · b
- C = -Ald

,
E is permittivity of

material
,

A is area of the plate,
Inductors

Bode plotsand d is distance between the - electrical components that
plates

Store in a magnetic
- Permittivity of Vacuum, fieldenergy current flows Find magnitudeandphaseenuationsas

to = 8
.
854x10

- 1
F/m and plot those points

Equivalent Capacitance Equivalent Inductance Factor Bode Magnitude BodePhase

constant 20 log K
#1800 if K < 0

K
O &B -W

00 00 if K > 0
> w

Series : ce+ Series : Lea = L +2 + Ls
Zero & Origin slope =

20NdB/decadeo
CION)O

I I I (in)N OdB
! > W

Parallel : Lea = (
,

+ (2 + 13 Pole &Origin OdB
i > W

go
> W

Current Flow in aCapacitorallelisnSever
slope = -ZONdB/decade (-90N)o

(90N)o

Q = (V
do KVL ! zr = R (1 + jw/wc)N

we

slope = 20NdB/decade ·
OdB > W

= Z = jwc Simple Pole
OdB - C
rwi= current flowing through the zu = 1 (1 + jw/w

,

N
slope = -zONdB/decade·

wh
wires connected to capacitor !

V= Voltage across capacitor I

Power Stored in Capacitors
E % Va

> t- t
i=(

P(t)= V -i = V.( !V "IS

(P(t)a+ =Sv . cav =E(V) = ECV St

charging & t= discharging et= t
Time Constant Voltage to dB

T = Regleg or
Lea dB = 20 logio (v) V-IR - V = 0

-Vc- IR = 0

p = IV > t
Rea

V = 109B/20 vs- RC - V = 0
-Vc - RC = 0

Phasor Notation
- Vc = RC

Convert everything to cosine Vs-VRd
For each term : S=S SrCtdt V = V
810s(6 + - 45 % = 82i-458

= 81- 450

sin(x) = cos(x - 90 %

I
Vs-Va

RC

-V Wf > t

87 - 450 = 8(10s(- 45 % +jsin(- 45 %) - In [V- V(t)) + In (Vs - Vc(0)(nVc(t) + InV(t]
S =S :

= 5
. 66 - 5 . 66j = In(V) =In) = In()= ↓ So Vidt = iCt) - iCo)

Magnitude = S
. 662 + 75. 66) i(t) = i(0) + + Stude

= 8 . 00
Phase Angle :

= = e( - t)/R L =m
Draw real vs. imag graph

In (Vort)) : -/ Vc(t) = VCe) e(t- t')/Mc
u

==
N= # coils

8 = tan= ( - 5. 66 /5 . 66) = - 450
1 - Vc(t)/Vs = et/rc V

,
(t) = Vc(t]e

- Ct -zy/r)S = cross-sectional

Final phasor : ra)
area

8.001- 458 = 825 - 450
v
, (t) = Vs(l- e

-t
Mo= 45 . 10

-

7H/m



Ideal Op Amp Conditions Filters zke
Lowpass filters are idealized for low frequencies

it 3

2 High pass filters are idealized for high frequencies ·
+

vPokein
3 Bandpass filters are idealized for a range of frequencies 10kR

-

pi
centered at wo ,

but cuts off high and low frequencies
I e +↑ Bandreject filters are idealized for high and low frequencies 3 10k

but not intermediate frequencies.

M
Lowpass

M Vy 40k2 ④
Vu

·
in-

> Idealized m
·

Mo? 2k1 0.5 ke
u

16k1

Mo---------- Vx =-=Y

> Slope =Sg

v = A(Vp -un) b/ Ro = 0
< Actual

Vy =- = --S
since their feedback loop has no

(Vp-Vn)= Passband, Actual) passband, ③ and ⑪ are voltage followers

if A -0 , Up-Vn = 0 00 WL
> W 00 wa

>W
resistance.

① Up = Un
(a) Lowpass filter (b) Highpass filter So Vz = Vx = - 4V ,

(up-Vn) = ipR ;
M Vw = Vy = - 8V

②itRi mo Bandpass S
-----------

Negative : Vo = -Ake . -YV =L L

Negative Feedback Terminal

Output terminal is connected to the UnM............... ----

terminal *Initial and Final Conditions for

Capacitors and Inductors Vo = 32V,
- 72V2

1 At steady state
,

all voltages and

currents in the circuit reach some ·
fixed value. 00 W( wo wa

> W 00 wi
,

wo wa
> W

T = 0

=0.= 0 (2) Bandpass filter (d) Bandreject filter & A
N

52233 i
2 The voltage through a capacitor and Resonant Frequency, wo : frequency at which (H(w)

current through an inductor cannot reaches its maximum

change instantaneously .

Bandwidth
,

B : frequency range extending between Wa and win
- requires infinite in or 1 R/L wa , where wa ,

and wa are where IH(w)l = Max t

Initial Conditions (t = of Final Conditions (t= 0)
or about-3dB below the max 0012023

capacitors Vc(t = 0+) = Vc(t = Of ic(0) = c = 0 -open Quality factor
,

Q : measures now sharp or selective the
resonance is.

Inductors in(t = 0+) = i(t = 0-) v(0) =( = 02 short

Higher Q -> narrower bandwidth - higher selectivity

Second Order Diff EQs

Q

= Lower Qwider bandwidth -> lower selectivity

dix(t)2 dxtwox() Drawing Circuits Vo = SVz R n2R

x(t) = quantity of interest
I·IMr①= damping factor

V, +
R I

wo = undamped natural frequency I + -
-

-Characteristic Polynomial :
~

T W 10-51 = 032 + 22s + wo = 0

Vo = -2V, + 5Vz R F= LA

Homogeneoussolutiona

I V = 2(3) = GV

S
.

= -d + 22 - wo S = -2- 22wo I

2 Underdamped: Wo I
-

· rCases' I
1 Overdamped : >W.

v①Xn(t) = Aes+
+ Best 8

-

Xn(t) = e
- c+

((cos(wat) + Dsin(wa+) RC Circuits ordWa = wo- 2
Charging : v(t)= Vo(l-e-)

3 Critically damped : n = W.

Discharging
: Calculate constant in terms of e ,

then combine w/

Xn(t) = Ae - 2+
+ B+ e

- at
other a term. .

Factor exponent to get time

X(t) = xn(t) + Xp(t) shift
. ↳

Xp(t) = x(t = 0)
, analyze the circuit Steady State

in steady state
. After current has been flowing through a capacitor

Use initial conditions x (0) and x'(0) for a long time
,

the capacitor will be fully charged and 18-21
,
-U

. -24(1-I) = 0

to solve for A & B/ C & D act as an open circuit. - i = 0
,

V = Vo
18-21, - 6 - 24(1

,
-2) = 0

Current Flow in an Inductor After current has been flowing through an inductor I
,

=<A
=L dokCL !

for a long time, the inductor will act as a short

circuit. - V = 0
,

in = Fo

24
since all current will

f low through the capacitor



Design a series RLC bandpass
filter with a center frequency
fo = MHz and a quality factor Q=20

,

given that L =0. ImH

Wo = 2 fo = 2 x 106

wor : 2x 10 - C = 0
.
25nF

20 :

20 . 10
-> R= 31 .42

R

Determine the 10 &B bandwidth
of the filter

,
which is defined as

thebandwidthbetweenfrequencieaa
below the peak value.

MBp[dB] = -10 &B

20 log, o
Mpp = -10 &B

Mpp = 10
- 0 . 5

= 0
.
316

MBoutwor
Was 5

.
87 x180

,
6

.
81 x104

Broa = 9
.
4x105 radis

In Hz : Wa = 5.
87 x 10 % wa = 6

.
51x100

= 0 . 93, = 1 . 08

Wa-Ws = 2fa - to

Wo = 2To
--Wo

2 i (fa - +b)
Wo 2+

0

-w . to = (fat

BiodB = 0 .
15 MHz

v
Ru = 0

.

/ ka

When Vas = IV
, Ips = ImA

Ru When Vas = Or
, Ips = 1x10-A

· Vout Vout = Vod-FDsRi

FattypVino

2


