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Basic Electricity

Two Sections

« Electron Flow and Resistance

— 5 on-line sessions
— Lab

* Inductance and Capacitance

— 5 on-line sessions
— Lab

Mastery Test, Part 1
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Basic Electricity
(Continued)

« Text: “Electricity One-Seven,” Harry Mileaf,
Prentice-Hall, 1996, ISBN 0-13-889585-6
(Covers several Modules and more)

- References:

— “Digital Mini Test: Principles of Electricity Lessons One and
Two,” SNET Home Study Coordinator, (203) 771-5400

= (Thanks to Alex Pounds)

= (Thanks to Mark Sokos)

— (Thanks to George Mason University)
= (Thanks to California Polytec at

)
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Section 2:
AC, Inductors and Capacitors

« OBJECTIVES: This section introduces

AC voltage / current and additional circuit
components (inductors, transformers and
capacitors).
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Session 2a

Section 2 Schedule:

—03/27

Vector Math — 04/01

Session 2b  — 04/03
(Fr1i. Q&A session)

Session 2¢  — 04/08
Session 2d - 04/10

(1ab - 04/13, Sat.)

Session 2¢

Session 2f

4/10/2002

—04/15

—04/22

Alternating Current & Sine
Waves

Sine Waves, Magnitude, Phase
and Vectors

Inductors and Circuits
Transformers

Capacitors

More Capacitors

Review (Discuss Quiz 2)

Basic Electricity

Text 3.1 —3.41

Text4.1 —4.24

Text 3.42 —-3.73

Text 3.74 — 3.100

Text 3.101 —3.135

Text 3.135 -3.148



Transformer Session Review

 Two or more “Mutually Coupled” coils
e Coupling Coefficient (k)
— Perfect Coupling k=1 - M =k* /L *L,
— Read world k < 1 o
* Power 1s Conserved (Losses?ﬂ)lzk Ve
e Turns Ratio
e Purpose
— Change voltage /current ratios
— Adjust “Impedances”
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Capacitor Symbol
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Parallel Plate Capacitor

Plates

Insulating /

Material

=l

/

Any two conductor s, or plates, that
are separated by an insulating mate-
rial can form a capacitor
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Charge and Capacitance

» Capacitance — C = Charge / Voltage

Capacitance is Measured in Farads

C=0Q/E
o C =10.,05 Coulomb/1000 Volts
1000 — ) .
Volts —1- = 50 Microfarads
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Current Flow

Open Circuit

4/A

Volts

No
Current ~
Flow

I\

< O

Capacitor Charging

Electron flow!

( Charging Current

-

VOltS:_L Charging Current

3 0 =

Volts Volts=T—
)+ -+ +

oits

Capacitor Fully Charged

No

Current  ————

Flow

+ +

A capacitor charges until the voltage built up

across it equals the applied voltage.

two voltages are equal, the capacitor is fully

charged, and current stops
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When the

10

+ + Voits

For this reason, a capacitor can never be
charged to a higher voltage than the source

supplying the charging current

Basic Electricity
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RC Time Constant

e T=R*(C
e Similar to
Inductance

 role of voltage
and current
reversed

 Inductor and
Capacitor are

(44 29
Duals In each time constant, the voltage decreases to a value
63.2% closer to zero
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Capacitor: The Water Model

e Charge: fill the bucket (Q) >
* Discharge: empty the
bucket TN

* Voltage: pressure fighting
the filling current

. Capacity: how much Q> “urrent >

the bucket holds at a given

Voltage Voltage: pressure at bottom
* Breakdown: too much

pressure for the bucket
(it bursts)
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Capacitor Value

e Larger Area —
Larger C

» Larger distance —
Lower C

* Higher “Dielectric
Constant” —
Higher C
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Three Physical Characteristics
of a Capacitor Affect Its Capacity

DISTANCE

\\\ / BETWEEN PLATES

' SURFACE AREA
OF PLATES
\
L/
TYPE OF
DIELECTRIC
13



Dielectric Effect

effect of the dielectric

The positive end of
the dielectric and the
positive plate both
attract electrons to-
ward the negative
plate. So, effectively,
the positive charge
is closer to the nega-
tive plate

Positive
Plate

Negative
Plate

The negative end of
the dielectric and the
negative plate both
repel electrons from
the positive plate,
So, effectively, the
negative charge is
closer to the positive
plate

Polar molecules align with the electrostatic field, effectively

moving the charges on the plates closer together to increase

capacitance
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Contact Protection:

Current surge
kills contacts

Current 1n
Inductor keeps
going
Capacitor
allows
continuation

Need a
resistance to
avoid surge on
contact closure
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Inductive Load

Capacitors Can Provide Arcing Protection
For Switches In D-C Circuits

When the switch is open, the capacitor
is charged to the source voltage

If it was not for the capacitor, at the
instant the switch opened, the volt-
age across the switch contacts would
exceed the dielectric strength of the
small air mass between the open con-
tacts. Arcing would then result. The
capacitor, though, provides a low-
resistance path around the contacts.
The current, therefore, flows through
the capacitor instead of across the
air gap until the capacitor is charged

Basic Electricity

A o
Circuit Current r -
_______ - — - i

When the switch is closed, the capaci-
tor discharges through the switch con-
tacts. While the switch is closed, the
capacitor stays in the discharged con-
dition (both plates neutral), and has no
effect since it is shorted out of the

circuit Switch

~—Just Opening

U

l_—_'__
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AC and Phase

 ELI the ICE man

 Current
Leads
Voltage
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Capacitor Reactance

* Similar to Inductive Reactance: Voltage and
current are 90° out of phase

* Now Frequency and Capacitance make for a
lower reactance.

e Xc=1/2*n*{t*C)
* Again the magnitude of the reactance

determines the magnitude of the current that
flows for a given AC voltage
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Capacitors 1n Series

series capacitors

Putting Capacitors In Series Decreases Capacitance
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Series capacitors act as a single
capacitor with a separation be-
tween their plates equal to the
sum of the separations of the in-
dividual capacitors. The total
capacitance is, therefore, less
than that of any of the individual
capacitors

Basic Electricity

The total capacitance of series capaci-
tors is calculated the same as the total
resistance of parallel resistors. The re-
ciprocal method:

1

Cror = 7
— + — + —+ <+ +efc,,
G C G
or any of the shorter, special methods
can be used. The total capacitive
reactance, though, is simply the sum of
the individual reactances:

XcTor =Xc1 * Xgp * Xg3 *... tele
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Capacitors 1n Parallel

Actual Effective

Parallel capacitors act as a

The total capacitance is, there-

single capacitor with a plate fore, more than that of any of the
area equal to the sum of the individual capacitors
plate areas of the individual
capacitors

The total capacitance of parallel The total capacitive reactance,
capacitors is equal to the sum of though, is found by treating the
the capacitances of the individual individual reactances as parallel
capacitors: res)i(stances:_ 1

CTOT =Cy +Cp +C3 +.., +efc. cTot L+-1—+_1_+...+etc.
Xc1 *c2  Xc3
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Section 2 Schedule:

Session 2a — 03/27

Vector Math — 04/01

Session 2b  — 04/03
(Fri. Q&A session)
Session 2¢  — 04/08

Session 2d  — 04/10
(1ab - 04/13, Sat.)
Session 2e - 04/15

(Quiz, no Wed. session)

Session 2f —04/22
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Alternating Current & Sine

Waves

Sine Waves, Magnitude, Phase

and Vectors

Inductors and Circuits
Transformers
Capacitors

More Capacitors

Review (Discuss Quiz 2)

Basic Electricity

Text 3.1 —3.41

Text4.1 —4.24

Text 3.42 —-3.73

Text 3.74 — 3.100

Text 3.101 —3.135

Text 3.135 - 3.148
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