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Week 14 Agenda:
Title

e [ransfer Function

e Review for Exam
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Bandpass Filter
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Filter Design

e Goals J,}CD‘
— 50 Ohm Input & Output — A A—
— Gain of 30 dB in Band Ra
— Bandpass (3dB) — W o
« f1 = 500kHz to 1 R
f» = 500MHz TC' + R,
e Impedance Matching Vin 1 Vai
— Ry = R3 = 500hms ‘
e Gain e Bandpass
— 50 Ohm Load — Low Freq. Z1 - — >
__ % RiCy = = 6.3nF
274 27 f1
— High Freq. Zo — — >0
B2 _ 1030/20 o 5 — 3.2 1
Ry R>Co = = 101fF
21 fo
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Approximations (1)

e Low Frequency

Xco > Rp Xc1 > Ry
_ Ry Rpj2mfCi
T 2j Xy 2
e In Band
Xco2 > Rp Xco1 < Ry
R
Ha ——2
2Ry
e High Frequency
Xoo < Ry Xco1 < Ry
L IXc2 _ 1
2Ry 2721 fCoRq
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R1 = R3 =50 Ohms
R, = 3.16KOhms

C1 = 6.37nF, Co, = 100fF
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Approximations (2)

e Low Frequency

Roj2m fC1q J(2nRoCq) f Ry .
H =~ — — — — ———] (27TR:|_C]_)f:
2 2 2Ry
R
2l (~90°)
2R, 1
e In Band
R
Hr~——2 (180°)
2Ry
e High Frequency
1 R 1 R
- 2 2 ><ij (90°)

— = — X pr—
272t fCoR1 2R 727 fC5R» 2Rq f
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Approximations (3)

0—————— 2| R ——
7 \
20 | ,, \\
Y \
e Low Frequency m O /. \
Y \
T 20| !
Ry f ,
~ ——2 X ] 40 | ,/
R1 "1 ,
l L L
e In Band '6200 105 1010
f. Freauencv. Hz
H ~ _& 200 ————— o

2, N

e High Frequency

H phase, Degrees
o

2R1 f -100 —'\'- """
_200 ------ ‘- - ---‘--
100 10° 1010 1010

f, Frequency, Hz
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Exact Solution

4000
2000 |
NC\I
A R || L |
2 — 1D )
j2mfCs -2000
Z Rq + 1
1=t 27 fCq 200 |
100 |
7
H=-22 v o
A
100 |
200 |

10° 1010
f, Frequency, Hz
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Transfer Function Magnitude

10° 10° 1019
f, Frequency, Hz
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Transfer Function Phase

H phase, Degrees
()

f, Frequency, Hz
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Phase Unwrapping
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Second Half Review

e Remember Op—Amps

. . - ~dvu 1
e Capacitors; 1 = Com Z = ye,
e Inductors; v = L%, Z = jwL

e First—Order Circuits; Time Constants, Steady State,
Transient

e Second—Order Circuits; All that plus Resonance

e AC Circuits; Impedance, Eli, Power, RMS,
Scopes and Meters

e [ hévenin and Norton, Node and Mesh Again

e Fourier Series, Transfer Functions, Filters, Bode Plots
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Closed—Loop Gain Spectrum

A (f), Open-Loop Cir
W

7
10 10 10 10 10 10 10 10

Acrfocr, = AorLfoor Gain—Bandwidth Product
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Voltage Limits Example

Irwerting Amplifier; Transfer Characteristics
T

v, Output Yoltage, Yolts

ouT

+12—Volt Power Rails. Blue dash is ideal. Cyan solid is actual.
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R, L, and C

Devices
Resistors Capacitors Inductors
v=1R ’U:%f’idt iZ%f’Udt
R in Ohms | C' in Farads L in Henries
Voltage Continuous | Current Continuous
Open to DC Short to DC
Circuits
RC or RL LC RLC
First Order DE Second Order DE | 2nd with Loss
Negative Exponentials | Sinusoids LLossy Sinusoids

We can do interesting things with time—varying sources.
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Capacitors
%

itk Vi
e

€0 = 8.85 x 107 12F/m

o

A
B

O —
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Parallel/Series Summary

Series Parallel
Voltage Sources v = > vnp Contradictory
Current Sources | Contradictory 1= > 1n
Resistors R=3Y Ry, =Y Rin
Inductors L=Y Ly, + = len
Capacitors Z=Y Cin C =3 Ch
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General Boundary Conditions

V()
V(o*\

Ve

Not Valid for Capacitors

L ()
(o)

((o

Not Valid for Inductors

Vi(H

ﬂ\/(ﬁ:wﬂ

1
OK
()
|(s7)=1 (o]
1
OK
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First—Order Transients

e From Previous Page

S = —— k — O
Ry 2
e Result
— L
1 VA — kle T
g(oﬂ_.[.((ﬂ e Boundary Condition:
\ Z(O):O, ’UA(O):UT
L ¢
+ vy = vre’T
e [ime Constant
R
’UszTe_t/T T:TT
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Damping in the Complex Plane

Am

ResS

Underdamped

(<1
a < wQ
s <0

Is Symmetric

Solutions:

Damped Sinusoids
Frequency Shifted

Dec 2021

Am

T Res

Critically Damped
¢=1
o = wQ
s <O
Ss =0
Degenerate

Exponential
_I_e—t/T
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Am=
SE—S
oo Res
—
Overdamped

¢>1

a > wQ

Rs <O

Ss =0

Exponentials
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Damping

800
wo = 27 X bkHz <é:
— 600
C = 1uF §
L = 1mH S 400
1 S
- - (@]
a = wp( 5RO § 200 t
(=0.3| R=53.0Q :n_,
(=1 |R=1590Q 0
(=3 | R=05.3Q

t, Time, ms
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Phasor Graphical Representation
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Ell the Ice Man

f=50Hz f=50Hz
10 \ 10 N
3 3
= 5¢ = 5¢
<
£ £
= of = 0
5 5
) [2)
= 5t = 5t
= =
~ 10 ‘ ‘ ~ 10 ‘ ‘
0 20 40 60 0 20 40 60
t, msec t, msec
500mH Inductor 1uF Capacitor

e E for Electromotive Force (Voltage)
e Inductor (ELI)

E (\Voltage) Leads I (Current):

Peak of Voltage (Green) Before Current (Blue)
e Capacitor (ICE)

I (Current) Leads E (Voltage):
Peak of Current (Blue) Before Voltage (Green)
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AC Circuits

e \Voltage Sources, Current Sources, Resistors
v=1R
e \oltage Sources, Current Sources, Impedances
V =1Z =1R + jIX

e Everything We Learned Before Works
— Series and Parallel Circuits
— Voltage and Current Dividers
— Node and Mesh Analysis
— Even Op—Amps

e Just Remember the Numbers are Complex

1 = Re (Iejm> v = Re (Vejm>
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Resistive and Reactive Power

e Power Equations

v = Re (Vejc"t) i = Re (Iejm) p = Vi

e Complex Notation

vV . Vo I . I .
v = 5egwt _|_ ?8—30015 — 5egwt _I_ _e—Jwt
v v*I VI v*rs .
— jth —jth
P= vt Tty T

p = Re <V21*> -+ W |<:os (2wt + ¢)

¢ = Angle (g)
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Voltage Readings

e Equations

v = Re (Vejwt) — 20V cos wt
Umaxr — |V| Umin — — |V|
e Volt Meter Measures RMS

_ Vi

VUrms — ﬁ = 14V

e Oscilloscope Measures Peak—to—Peak
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Thévenin Equivalent

Rl = 1KQ, R2 — 3KQ,
R3 p— QKQ, C = 10nF,
L = 80mH,

J = 10kHz Zr =5.7kQ/—61°
Vg =5V, Ig = 10mA
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Transfer Function
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Half—Power Point

i
i =

iy
\ \ \
e Power Gain is Voltage Gain
Squared
2
v

2 t
£ Ap = |Ay|® = ‘ZZL
i e in deciBels

10log10 Ap = 2010910 |Ay]
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Happy Winter Break

depositphotos

T hanks!

Dec 2021 Chuck DiMarzio, Northeastern University 12425..slides14r1—-29



