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Previous Lesson
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Ohm’s Law
* V=R*I
Kirchoft’s Voltage Law

* The algebraic sum of voltage around a closed loop is zero.

Kirchoft’s Current Law

* The algebraic sum of all currents entering and leaving a node is zero.

Voltage/current division
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Sources (Generators)
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Voltage and current sources

* Active circuit elements —they ‘create’ something

* Representation varies

Voltage sources Current sources




Sources (Generators)
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How do you work with them
Superposition Theorem:

* Total current through or voltage across a resistor or branch is the algebraic
sum of the responses caused by each independent source acting alone.

* Keep one source — —e
* Replace all other sources vs (20) == ]
* Resultant responses are added together ‘ ‘
Is (T) — = :
S | @ ]
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DC

* The electric charge (current) only flows in one direction.

AC

* Electronic charge changes direction periodically (in time).

* Voltage also reverses because of current changes direction.
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Generating AC

Is produced using an alternator.

* Special type of generator designed to produce AC
* Aloop of wire is spun inside of a magnetic field,
* 'This induces a current along the wire.

* As the wire spins and enters a different magnetic polarity periodically, the voltage
and current alternates on the wire.

Video link
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https://youtu.be/i-j-1j2gD28

AC/DC(3)
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WaVe fOl'mS Sine Wave

AWAWAW,

time

amplitude

Square Wave
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Umer= time >
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How do we use AC circuit elements
* Ohm’s and Kirchott’s laws still apply

* Vectorial representation on the complex plane
* Rotating vector
* Vector length (peak value)
* Vector angle (phase)
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Capacitors

Budapest University of Technology and Economics
Faculty of Transportation Engineering and Vehicle Engineering
Department of Control for Transportation and Vehicle Systems

* A capacitor 1s an energy storage element.

* It can store electrical pressure (voltage) for periods of time.

* -When a capacitor has a difference in voltage (electrical pressure) across its plate, it is

said to be charged.

* -A capacitor is charged by having a one-way current flow through it for a period of
time.

* -It can be discharged by letting a current flow in the opposite direction out of the
capacitot.
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Capacitors(2)

Budapest University of Technology and Economics
Faculty of Transportation Engineering and Vehicle Engineering
Department of Control for Transportation and Vehicle Systems

On an ideal capacitor:

C is the ability of a body to store an electric charge (unit: FF - Farad)

The the V-I characteristic of a capacitor is:
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Capacitors (3)
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+Q: positive charge gain due to
electrons lost

* A capacitor is constructed using a pair of parallel Direction of electron
conducting plates separated by an insulating material o—displacergent
(dielectric).

* When the two plates of a capacitor are connected to
a voltage source as shown, charges are displaced from gpag : —
one side of the capacitor to the other side, thereby ki plate "=

establishing an electric field.

* The charges continue to be displaced in this manner
until the potential difference across the two plates 1s
equal to the potential of voltage source.

-q: negative charge gained due to electrons
gained

2018.10.29. 12



Capacitor symbols
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Fixed Polarized Variable
capacitor capacitor capacitor
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Capacitor Reading Example
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1st figure of value

2nd figure of value

number of zeros/multiplier

Tolerance (+%) See below

Tolerance code: M=20%; K=10%;
J=5%; C=x20.25pF

Maximum working voltage

10x10*pF=10" x10"**F=10""F=0.1x10"°F=0.1pF

*Thus, we have a 0.1uF capacitor with £10% tolerance.
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Capacitor Variatons
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Inductors
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* Inductor is a passive energy storage element that stores energy in the
form of magnetic field.

* Inductor characteristic is governed by Faraday’s law:

dA
dt

V() =

V = voltage induced across an inductor

A = magnetic flux (unit: Webers, Wb) through the coil windings (a coil
made using resistance-less wires) due to current tlowing through inductor.
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For an 1deal coil, magnetic flux is proportional to current, so

A ~1 or A=LI

L is constant of proportionality, called inductance (unit: Henry, Wb/Amp).

So, now, the V-I characteristic of an inductor is:

d d dl B 1 et
V()= (D) = (L) = L | (t) —IIOV(r)dT

The above V-1 characteristics demonstrate that the current through an
inductor can not be altered instantaneously.
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Inductor symbols
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— — — cm—
— — — —

Air core Iron core Powered-iron Variable
core core
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Inductor variatons

Eesssssssssssssssessssssm—e Budapest University of Technology and Economics
e Faculty of Transportation Engineering and Vehicle Engineering
Department of Control for Transportation and Vehicle Systems

S

ll'?'*_-:. QAL i N
(N A
Il l fﬁlnm‘mﬁ 1

2018.10.29.

19



Measuring AC Voltage
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RV | A
* Vpeak — peak to 0 voltage v AC Vottage pioy | OCVoliage
(240V) -
*  Vpp — peak to peak voltage 4 A
* Vaverage ’ ime

*  VRMS-Root Mean Square voltage v

One Full Cycle

* VRMS - amount of AC power that produces the same heating effect as an equivalent
DC power

* This 1s what gets measured on voltmeters (and ampmeters)
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Measuring AC Voltage(2)
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e Vrums calculation

1 T
Vrms = —j v(t)?dt
T J

1
* For sine waves only: Vrms = Vpeak * NG = Vpeak x 0.7071
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Impedance
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* Is defined as the frequency domain ratio of the voltage to the current.

* In other words, it 1s the voltage—current ratio for a single complex exponential at
a particular frequency w.

* Polar form:
Z = |Z| eJ*arg (Z)
* the magnitude |Z| represents the ratio of the voltage difference amplitude to the
current amplitude

* the argument arg(Z) (commonly given the symbol theta) gives the phase
difference between voltage and current.
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Impedance(2)
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e (Cartesian form:

7 =R+ jX

* the real part of impedance 1s the resistance R
* the imaginary part is the reactance X.

e Ohm’ Law

V =1%Z=1x%|Z|e/*a9 %)
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Impedance and Phasors
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Resistor
/Z =R
Voltage — current are in
phase
Pure resistive — no
complex part

2018.10.29.
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Capacitor

1

/[ = ——

JwcC

Capacitive reactance

1

Xc=—

wC

Current leads voltage by 90°

+]
I=
"\m
Q0" Ve
- - 1+

Inductance
Z, = jwL
Inductive reactance
XL=wL
Voltage leads current by 90°

+]

Vi ‘\m

90° I,
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