
Midterm Next WeekMidterm Next Week

Midterm next week in lab.

Duration: 1 hour (2-3pm)

Material on midterm: - Everything from first 4 weeks of class.

- Thévenin’s Theorem & Source Impedance.

- Impedance of resistors, capacitors, and 
inductors.

- Filters.

- Basic oscilloscope use, resistor code, etc...

The purpose of the midterm is to consolidate passive analog linear 
circuitry before we move onto non-linear devices.



Comments on Lab TechniqueComments on Lab Technique
Lab books are improving.

Please keep only one lab book (not the scribble book and the 
pristine, do-at-home “lab book”).

Now that we have covered the basic concepts analog circuitry, we 
will be doing a lot more design. 

Techniques for improving lab speed and quality:

Air out your lab book:Air out your lab book: Leave plenty of blank 
space that you add to later … if you decide to add 
additional comments or analysis.

Division of labor:Division of labor: one person can be the circuit 
maker, while the other takes notes, does a quick 
analysis of data, eventually troubleshoots the circuit.

Invest in a good setInvest in a good set--up:up: With a good set-up, data 
taking becomes quick and reliable.

Do design exercisesdesign exercises before lab

Plan experimentsPlan experiments before lab. 
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RC integratorRC integrator
For frequencies above ω=1/RC, the RC low-pass filter integrates the 
current on the capacitor.
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RC integratorRC integrator
For frequencies above ω=1/RC, the RC low-pass filter integrates the 
current on the capacitor.
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Vout



HighHigh--Pass RC FilterPass RC Filter

VOUT

R

VIN

C

Log(ω)

Ph
as

e

1/RC

-π/2

0
Log(ω)

Ph
as

e

1/RC

-π/2

0

Log(ω)

Lo
g 

|V
ou

t/V
in
|

1/RC

0

Log(ω)

Lo
g 

|V
ou

t/V
in
|

1/RC

0

Log(ω)Log(ω)

Lo
g 

|V
ou

t/V
in
|

1/RC

0



RC DifferentiatorRC Differentiator
For frequencies below ω=1/RC, an RC high-pass filter differentiates 
the voltage on the resistor.
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Capacitors Capacitors ……

Capacitors perform better than inductors, and they’re 
cheaper to make.

Nevertheless, capacitors behave like inductors at high 
frequencies.

wire leads on capacitor have an inductance

Maxwell’s equations (dE/dt B)

Zinductor=iωL

Circuit diagram for a real capacitor:

R LC
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Capacitors Spec SheetCapacitors Spec Sheet

Capacitance
1/iωC

Inductance
iωL
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Inductors: equivalent circuit modelInductors: equivalent circuit model

Inductors generally deviate further from 
ideal performance than capacitors.
Inductors generally deviate further from 
ideal performance than capacitors.



RC Filter Combinations IRC Filter Combinations I
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RC Filter Combinations IIRC Filter Combinations II
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LC FiltersLC Filters

LC filters trade off smoothness and regularity (especially 
in the phase) for very sharp cut-offs.

They don’t have to change the effective source 
impedance of a signal.

They are used for high frequency applications.

They are much harder to design.



Butterworth FilterButterworth Filter
L1
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C4 C5 RLOAD

RTH

10 kHz
C1 = C5 = 0.6946 μF
C2 = C4 = 3.0642 μF
C3 = 4 μF

L1 = L4 = 5 mH
L2 = L3 = 9.397 mH

Butterworth filters have very 
flat pass-bands

Use Maple or another 
program to design

5th Order



ChebyshevChebyshev FilterFilter
L1

C1

L2

C2

L3
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C4 C5 RLOAD

RTH

C1 = C5 = 1.125 μF
C2 = C4 = 1.486 μF
C3 = 1.505 μF

L1 = L4 = 0.617 mH
L2 = L3 = 0.646 mH

Chebyshev filters have very 
flat sharp cut-off knees, but 
are not very flat in pass-band.

Use Maple or another 
program to design

10 kHz

5th Order



Transmission LinesTransmission Lines
They’re the wires you use to connect different components (resistors 
on a breadboard … function generator to oscilloscope).

3 Types: Wires:
Simple and Cheap.
Almost no interference suppression.
Radiate and receive like an antenna.
To be avoided.

Twisted Pairs:
Decent interference suppression.
do not radiate much.
Max analog ~ 250 kHz to 1 MHz.
Max digital ~ 100 MHz - 1 GHz (with care).
Easy to make.

Coaxial Cables
Excellent performance up to 1 GHz.
No external interference.
Do not radiate.
typical impedance 50 Ω.
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