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Grading and Homework

5

60% (

) 40%
Homework problems will be

assigned but not graded.
Selected problems will be
solved in class.




(lumped)

phasor, Fourier
transform, Laplace transform




Chapter 1: Circuit Variables and Laws




Chapter 1: Outline

Current, Voltage, Power: definitions, conventions

v-i characteristics  Active Passive

Ohm’s law (linear resistor) Source Load

’ KCL, KVL

Circuit Analysis (find v and i)

ad hoc approach (ss;stematic approach later)




Chapter 1: Circuit Variables and
Laws

e Quick review of (self reading):
— Definition of Current, Voltage, Polarity
— Definition of Energy, Power, Source and Load
— Ohm’s law and Resistors

e Kirchhoff's laws
— Current (KCL)
— Voltage (KVL)
 Elementary Circuit Analysis
— Series and Parallel




Fundamentals




Current: Formal Definition

e Current is the net flow of charges, per time,
past an arbitrary “plane” in some kind of
electrical device.

* We will only be concerned with the flow of
positive charges. A negative charge moving
to the right is conceptually the same as a

___positive charge moving to the left.

Charge, typically in

/ Coulombs [C]
Current, — dq

typically in Time, typically in
Amperes [A] dt/seconds [S]




The Ampere

e The unit of current is the Ampere, which is a
flow of 1 Coulomb of charge per second, 1.e.:

1[A] = 1[Coul/sec]

e Current is defined in terms of the flow of
positive charges.

One coulomb of positive charges per second
flowing from left to right

- IS equivalent to -

one coulomb of negative charges per second
flowing from right to left.




Voltage: Formal Definition

 \WWhen we move a charge in the presence
of other charges, energy Is transferred.
Voltage Is the change in potential energy
as we move between two points; it is a
potential difference.

Energy, typically in

Joules [J]
Voltage, dW /

typically in _
Volts [V] -V = Charge, typically in

dq / Coulombs [C]




Volt

e The unit of voltage is the Volt. A Voltis
defined as a Joule per Coulomb.

* Voltage Is defined In terms of the energy
gained or lost by the movement of positive
charges.

One Joule of energy is lost from an electric
system when a Coulomb of positive charges
moves from one potential to another potential
that is one Volt lower.




Hydraulic Analogy:Voltage and
Current




Hydraulic Analogy With Two

P

Water is flowing
through the pipes.

There Is a height
difference across these

pipes.

We can extend this analogy to
current through and voltage
across an electric device...

aths

ﬂ

Two Pipes Analogy @

o

This diagram is intended to
show a water pipe that
breaks into two parts and
then combines again. The
size of the blue arrows are
intended to reflect the
amount of water flow at

i~

|
|




Current Through...

Like flow rate,
If we have two Clggzne; idseﬂﬁth ﬂ
pipes connecting
two points, the flow f—/%
rate through one ﬂ ﬂ
pipe can be F';’lvarf‘éfé?ptehe
different from the slesthanitis
flow rate through ﬂ larger pipe. —- ﬂ

the other. The flow
rate depends on the W/
path.




...Voltage Across

I|_|I

Like height, voltage
IS path independent.

No matter which
path you follow, /—/R
the height is the ﬂ ﬂ

same across those etiten a0
two points. The ot

points does
asyou go

height does not ﬂ through the ﬂ

Height

two pipes.

depend on the

N
L




Polarities

Polarity: the sign, of the voltages and
currents we use.

Which way Is the current flowing?
Where Is the potential higher?

Two concepts are used:

— Reference polarities
— Actual polarities




Reference and Actual
Polarities

 The reference polarity Is a direction chosen
for the purposes of keeping track.

* Reference polarity must be assigned.

 The actual polarity Is the direction
something Is actually going.

— If the actual polarity is the same direction as
the reference polarity, we use a positive sign
for the value of that quantity.

— If the actual polarity is the opposite direction
from the reference polarity, we use a negative
sign for the value of that quantity.




Polarities for Currents

* For current, the reference polarity is given by an arrow.

 The actual polarity is indicated by a value that is
associated with that arrow.

(a) Current reference :
arrow for equivalent ?’47
positive charge transfer
from left to right %
l

—1
<
o i 47
(b) Actual current

direction when 7
is negative




Polarities for Voltages

* The reference polarity for voltage is given by a + symbol
and a — symbol.

 The actual polarity is indicated by a value that is placed
between the + and - symbols.

 The voltages v, and v, are not defined until the + and —
symbols are shown.

Circuit j_
4() + - + - +

5Volts -5Volts vV, V

) - +-+_l_




Energy and Power
Source and Load (Polarity)




Overview

o Definitions of Energy and Power
e Sign Conventions for power direction

« \Which way do the energy and power go
(Active or Passive)?

 Hydraulic analogy




Joule Definition

he unit for energy Iis the Joule [J].
A Joule i1s a Newton-meter.

In everything that we do in this class,
energy will be conserved.

Supply vs. Absorb: Active vs. Passive.




Power

 Power Is the rate of change of the
energy. It is the rate at which the energy
IS absorbed or delivered.

o Supply vs. Absorb: Active vs. Passive.

Energy, typically in
Joules [J]

Power, — d
typically in ~P Time, typically in
Watts [W] dt/ seconds [s]




Power from Voltage and Current

Power can be found from the voltage and
current, as shown below. Note that if voltage is
given in [V], and current in [A], power will come

out in [W].

dw aw, dq
dt dq dt

P=




Sign Convention — Definition

The passive sign  « The active sign

convention is when convention is when the
the reference reference polarity for
polarity for the the current is in the
current is in the direction of the
direction of the reference voltage rise.

reference voltaoe

d ] T
v | | o | |

| |

(a) Passive polarity convention (b) Active polarity convention




Using Sign Conventions for
Power Direction — The Rules

When we use the passive sign convention
to assign reference polarities, vi gives the
power absorbed, and —vi gives the power
delivered.

When we use the active sign convention
to assign reference polarities, vi gives the
power delivered, and —vi gives the power
absorbed.




Example of Determining the

Power with Polarity

Passive Active
Convention Convention

Power
absorbed i

Power — _\/I — \/i

Sample
Circuit




Hydraulic Analogy

for Power Directions
* Imagine a waterfall.

Flow direction

Height

The waterflow isin the direction of the drop in height. Thus,

thisis analogous to the passive sign convention.

pabs = Vi




Another Hydraulic Analogy

* As Carlson puts it, “The pump (source) forces
water flow (current) through pipes (wires) to
drive the turbine (load). The water pressure
(potential) is higher at the inlet port of the

turbine than at the outlet.”

Source

(et d Source-tog

I-‘igurc 1.9

Laad

Cireuil

f
= ‘ ki e =
. .
N\ . Ilf\
| Pump | Turbine |
Y ,.f'.l — Ly
R g B8
{ n
'._\:'\:__ _‘_.,r"l J
Low pressure
(b Analogous hydraulic system

Note that the Source is
given with reference
polarities in the active
convention, and the Load
with reference polarities in
the passive convention. As
a result, in this case, since
all quantities are positive,
the Source delivers power,
and the Load absorbs
power.




Some Resistive Circuit Elements




Overview

* Independent voltage source and current
source

e Resistors and Ohm'’s Law

e How to describe “behavior” of a circuit:
— v(t), i(t)

— I-v curve (v-1 curve)




Voltage Sources

e A voltage source is a . ”
two-terminal circuit “y /O/\,\ /f |
element that maintains . (A
a voltage across its

terminals. S /\ /\ /\

* The voltage value is o - I \/ = \/ \'

the defining e
characteristic. | o

* Any value of the | "
current can go through | ° |
the voltage source

(includina zero).




Current Sources

e A current sourceis a
two-terminal circuit

element that
maintains a current
through its terminals.

l
]
e The current value Is
the defining
characteristic.
* Any voltage can be

+ O

O |

across the current
source (including

qf\lﬁf\\




|deal Sources

I l

iS

O Us () 0
(a) Voltage source (b) Current source

I-v curve (v-I curve)




Ohm’s Law and Resistors

* A (linear) resistoris a i
two terminal circuit
elementthathasa .
constant ratio of the L
voltage across its v SR
terminals to the
current through its o

terminals. (@) Symbol (b) i-v curve

e Passive sign
convention.

Ohm'slaw: ' R=—

IR




Lumped Circuits

 Lumped-parameter models: spatially distributed
property is lumped entirely at one point.

 EM wavelength is much larger than dimensions
of the circulit.

e Only lumped circuits are considered in this
course.

o)
L S~ Ideal
D|5ﬁr|buted Lqmped P conductors
resistance resistance /
o)
(a) Resistance distributed (h) Lumped-parameter model

between two terminals




Lumped vs. Distributed

e Lumped circuit:

— electromagnetic wavelength >> |argest
dimension of the circuit

— the respective locations of circuit elements
are not important

 Distributed circuits
—when the lumped approximation is not valid

— examples: transmission lines (will be covered
In the EM class)




1.4 Kirchhoff’'s Laws




Node

 Node: connection point of two or more circuit
elements.




KCL (Node)

 Charge Is conserved and does not accumulate at a
node.

 Kirchhoff's current law (KCL): The sum of the

currents leaving any node equals the sum of the
currents entering that node.

 Elements in series carry the same current. (Dual with
@" ) Node

- I - i3:i1+i2

—>
1

ir]

t3 or

L, +1

\ 17277

2713




KCL (Supernode)

e Supernode: any closed region contains two or
more nodes and the wires intersected by the
boundary are only intersected once (closed
surface).

 The algebraic sum of all currents into any
stinernnde IS 7ero.

’:147 Supernode
//, HH"“\. 1
4 B"\ 4
/ \ —> . . - A
(At ) I, +lA- 1. =00
\ —> / 1 2 X | L
~ iy - A OyID i, +i,-i,-i,=0
T ~—_ -~ Il -15-1,=U
X 3 4 p
. iz‘?? ”347 .
lg L5
<— <+




Loop

* Aloop is any path that goes from node to node,
returns to the staring node and passing only once

&

RC
+ L\M
_ +
VX
RE
Re
iB

through each node.

.
1 < +
x
é Py Py ;;U
m v) (¢}
Py
m




KVL (Loop)

Kirchoff's voltage law (KVL): the sum of voltage drop around a
loop is the sum of voltage rise.

The algebraic sum of all voltage drops around any loop
equals zero.

Elements in parallel have the same voltage across each one
of them. (Dual with KCL)

A + U] — B +VV3i- - b4t D , Node X
A e B e S I
I ;
//“\ + + + + +
A Loop | v2 Uy Sus v Z
\x.._,// - - J.
- \t




Example 1.7

« Determine the remaining unknown circuit

variables.
D +_|U4 i C
& | O
— +
- la 4710 mA
v2 C\D 6V
+ 2 mA +
+ B _
ov—"i, A — K UCE
N iB i _
+ .
v 3 1V
3 \JJ 4710.5 mA

"y
O




Elementary Circuit Analysis

e Series
— KCL: same loop current.
— KVL Is used for circuit analysis.

+ UVp - + VR —

v v
DO, O) i\
(a) (b)

V,=Vg-V, =0
:Ris- V, Vv, =0,v, =V,

+ VR -
Vi
Us1 Ug2
q O
(c)

Ve = Vg4 - Vg




Elementary Circuit Analysis

o Parallel
— KVL: same node voltage
— KCL is used for circuit analysis

Ly 1y iR
—> . . —> —>
Vg iRé n Ig g iRQ? + o) I +
< v <V v <R
R| - R| - o 1gD -
(a) (b) (c)
IX_IR-IS IR:O g =1g - ls

—Gv,- i =i, VEigR=(ig- iR




Example 1.8

X |v,=10V
i,=25A _

(a) Electronic device with series
voltage source and resistor

e Operate at v,=10V,
,=2.5A

o Supplied by 12V or 3A

e A resistor is required

* FInd Ry, and R,

ser

3 A ERJ;, +
<Ry | X |ve=10V

(b) Electronic device with parallel
current source and resistor

ser_(lz'
10)/2.5—0.8

+ R ,=10/0.5=20




Branch Variable Analysis

e Branch variable analysis: assign voltage or
current associated with individual
elements as immediate variables.




10 @
25V

Example 1.9

7Q

is +
" 8921)4:24\/

U]_ = 1011

(a)

v3=Tig=21V

+ +
e S Y
10Q _ 70
25V i N
(i1 9Q vy i4=%=3389204=24v
U2 B
i!2_947' _

Absorbing -50W

Supplying 450W

e Find I and the
power supplied
by the sources.

e |, =3+5+2=10A
e Total supplied

power = p,+p;=-
50+450 =400W




Example 1.10

 Device A> (4V, 20mA) + R,=3V/20mA=150W

* Device B> (5V, 16mA) « R;=5V/4mA=1.25kW
 Powered by a 12-V battery

va=R4x20mA  + 4V -

+’\/__l> A -47' - W?

Ry, 20 mA

12V = Rp <& B |5V

« More than one configuration.




Chapter 1: Problem Set

e 34, 37, 40, 47




