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1 Basic Quantities and Units

1.1 Charge

Number of electrons or units of electron charge

Units: Coulombs (C) = 6.022 - 10* electrons worth of charge

1.2 Voltage

Potential energy per unit charge
Common Symbol: V

Units: Volts (V) = Joules / Coulomb



1.3 Current

Flow rate of charge
Common Symbol: I

Units: Amperes (or Amps, A) = Coulombs / second

1.4 Power

Energy flow (same as in basic Newtonian mechanics)
Common Symbol: P
Units: Watts (W) = Joules / second
P =VI

Power = Voltage across element * Current through element

1.5 Resistance

Converts current into heat

Common Symbol: € (the Ohm)



Ohm’s Law: V =1 [I=V

this means —VI=V? — J?

2 Useful Circuit Analysis Tools and Laws

2.1 Power ources

Ideal Sources: eliver rated voltage or current regardless of load

Practical Sources: All sources have some internal resistance



3 Kirchoff’s Laws

Voltage Law:
>V =0 Conservative Potential Energy Field
Current Law:
I =0 Conservation of —atter (charge)

Voltage E ample:

V. —I —1 5=0 (currents must all be same)
I( 9) =V (Ohm’s Law)
So Resistors Add in Series

Vo =1 Vo=1 ,



this is called Voltage ivision

Voltage ivision gives rise to a very popular analog
interface sensor and device: he Potentiometer (or Pot )

Pots are nice because they’re cheap, and relatively low-noise
(but see below). Pots are not so nice because there’s scraping
involved with use, and they can wear out. Also cheap ones can
get dirty or wet and stop working pretty uickly.

Pot-related voltage division circuits:



Current E ample:

I —I —1 9=0 (sum of currents must =0) I —V

2 =20
I =——or
V=1 —— (Ohm’s Law)
e ne Conductance = = 1/R (inverse of Resistance)

SO =1 and o=1 >



meaning Conductances Add In Parallel, or currents divide
across parallel conductances his is the UAL of Resistances,
which add in series, with voltage dividing across series resistors.

A Combination Loop (Voltage) and Node (Current) Problem:

What’s VQ :V3

V-V -V, 3 =0

Vo= ——

Vo=V



4 Some More Circuit Elements

4.1 Ca acitors an Ca acitance

Units: Farads (F, after Faraday)

Voltage between plates is a function of charge di erence be-
tween plates. Energy is stored in an electric (potential) eld.
Constant current causes linearly rising (or falling) charge di er-
ence, and thus a steady linearly changing voltage.

=-/1()

= —1I (for initial voltage = 0 and constant current I)

if V(0)=0,thenV (0)=—-V



1/RC is often called the R C ime Constant

Capacitance is proportional to:

Sometimes the human body/ground is used as one plate, and
thus pro imity of you (or your hand) can be inferred by deter-
mining the capacitance between you and a metal plate.

Capacitors e hibit a form of comple resistance (1/conduc-
tance) called Impedance (1/admittance), e ual to 1/sC, where

— — /=1

Sigma is real, and describes the direct current ( C) behavior.
he omega term is imaginary, and describes the AC behavior.



Since capacitors are ust parallel plates, then add linearly
when connected in parallel (like resistances).

4.2 n uctors an n uctance

Units: enries ( , after enry)

Current in coil causes magnetic eld, which stores energy.

N
~—

Impedance of Inductor =

or

Inductors add in series (it’s ust a longer coil of wire)

If all elements, including resistors, capacitors, and induc-
tors are treated as comple resistances, with the appropriate



impedance values substituted in the basic circuit analysis e ua-
tions ( ircho ’s and Ohm’s Laws), everything works out in
the algebra. ou can ust write things out in the calculus form,
again applying Ohm’s and ircho ’s laws.

5 An Important Example Circuit

Let’s look at a special circuit ust using the fundamental laws
and relations of Ohm’s Law, ircho ’s Voltage and Current
Laws, and the calculus descriptions of the inductor and the ca-
pacitor.

Initlal values:  (0) =0, ero initial current in inductor
(0) =V, some initial charge on Capacitor
We could use the fact that all voltages must be e ual.

()= () (Ohm’s Law)
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ut circuit topology dictates a nodal e uation (sum of cur-
rents = 0), so we use the current law:

ut old It  hat’s the same form as our mass, spring, and
damper system from the Introductory Physics Lecture

So we know the answer. For e ample, the underdamped so-
lution is:

()=V ()

= 53— Neper Fre uency e ponential damping,

Units: 1/seconds

=/ 2— 2 actual damped oscillation fre uency
Units: radians/second
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where = — the undamped oscillation fre uency
Units: radians/second

6 Solid State Circuit Elements

.1 io es

allow current to flow in only one direction (a non-linear element)

Voltage across a diode is ~ 0.7 volts, Forward ias
V , Reverse ias

.2 ransistors

asic NPN ransistor Inverting Switch
eta is Current ain. If ase-Emitter pn unction is for-
ward biased, current flows through the Collector-Emitter unc-
tion with a ma imum gain of eta.



No load on V'
HIEV =0 V =V

2)IfvV 07 I 5 = the smaller of
I or —
so V=0 volts

Note: Add connected to base, and another input

1



and we get a NOR ate. From e organ’s heorem, NORs
plus Inverters yield NAN s, and thus we can do all combitorial
logic using only circuits like the above.

7 Operational Amplifiers (Op Amps)

.1 asic eal nal sis

2) = =0 no current flows into op amp ( = 0)

) output pin is ideal source (can supply any voltage at in -
nite current)

2 a le he on n erting u er

= = 00. Output has oo source capability

3 nother a le he n erting li er



= — — — 18 aln

Input impedance =

A4 nother a le he on n erting li er



Input impedance = oo

ain must be greater than or e ual to 1.0

5 inal houghts

Placing a component in the feedback path can duali e its be-
havior: C goes to L, L goes to C, etc.



Practical Op Amps cannot e actly obey ideal rules,

especially with low impedance loads, high gains, and increas-
ing fre uency input signals.

Op amps are cheap, and get better and cheaper every day.

8 References: Beginning Electronics

wo good introductory (hacker) electronics books:

ow to Read Schematics, errington, th Edition
IC Op-Amp Cookbook, Walter . Jung

both available on Sams Publications (www.mcp.com /sams)
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