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Overview

= Circuits Review

= Resistance and Resistors
= Ohms Law

= Breadboards

= Capacitance

= EXperiments

= Resistive Circuit
= Voltage Divider
= RC Circuit
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Recap - What is a Circuit?

= |n a circuit, how are the start and end related?
= They're the same!

= What happens if there isn’t a continuous path?

= Open Circuit — No flow of charge (or electrons)

= What happens when a conduit connects two points?

= Charge (and electrons) can flow between the points
= Short Circuit — Directly connecting two points of different voltage

= Switch

= Device that can open or close a circuit ;
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Resistance

= As charge flows from high to low V, energy is released
= Where does it go??

= As electrons flow, they encounter resistance

= Friction from electrons moving against the resistance generates heat
= Resistance is a function of material, length, and cross-sectional area
= Resistance is measured in Ohms [(]

= Wires have resistance, but it is minimal and a direct
connection between different voltage levels is a short

electron flow

= The filament in an incandescent -

light introduces resistance _ \ 1
= The heat energy causes the filament to  Batery — ‘,CDC mcarﬂ?geﬁtcem
“glow” white-hot and produce light ' 1
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Module 3: Basic Circuits

Resistors

Resistor Color Code

| 27?7
l 27?7
6-band color code ] | B 7
ln_
. LR |

4-band color code

5-band color code

Multiplier Tolerance

SLV 0.01 SLV x 10%
First Digit Second Digit Third Digit GLD 0.1 GLD + 5% Temperature
Coefficient

B s BRN + 1% BRN-100ppm
RED-100 RED + 2% RED-50ppm
YEL-10K

R JU GRN £ 0.5%
= BLU-*0.25%

O-10 VIO £0.1%
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Module 3: Basic Circuits

7?7 | Law

=  What happens in the case of an open circuit (i.e., R = )?

=  What happens in the case of a short circuit (i.e., R = 0)?
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Module 3: Basic Circuits

Series vs Parallel
V.=V, +V, = IR + IR,

= Series Resistance _ (R1+R )
2
= IR,
R, =R +R,
+ v :V( L + . j :i
RZ Rl R2 Rp

1+ 1 = Rp= RR,
R R, R +R,

L
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Module 3: Basic Circuits

Breadboards

= Why do we use breadboards?
= Temporary Circuits
= Prototyping
= No Soldering
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Module 3: Basic Circuits

Anatomy of a Breadboard
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Module 3: Basic Circuits

Schematics and Breadboards

= Connect nodes of a schematic to a connected row of the breadboard
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Module 3: Basic Circuits

Schematics and Breadboards

= Connect nodes of a schematic to a connected row of the breadboard
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Module 3: Basic Circuits

SHORT EXERCISE

1. Copy the schematic.
2. Label where each of the
numbers are.
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Module 3: BasicCircuits ..
Voltage Divider Circuit

f
Rl V1 | = VO — V0
‘ R, R+R,
A
+ T V
[— R V = = 0
v, — > r V, mz(&+%fg
: R R,
Also V. = \Y; V, = V
SO1(R1+RZ)0 * (R+R,)) "
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Experiment |

= Voltage Divider
= Resistive Circuits
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Module 3: Basic Circuits

Capacitance

= A capacitor has capacity to store energy in the form of
electrical charge producing a voltage across plates

= Storage of energy leads to time dependency

= This was NOT the case in purely resistive circuits.

= Capacitance is measured in Farads [F]

Conductive , dv i = Instantaneous Current
Parallel Plates EC';C‘"GE" [ = C— q
i arge —
‘3“; v\ “ - dt d—: = Instantaneous rate of
N : voltage change
: S | . .
- IT - T T Capacitors are sometimes polarized
Dielectric T . .
Symbol A ¢ = Permittivity of dielectric
1C €
| C =— A = Area of plate overlap
Voltage Vi d

d = distance between plates

NOTE: Directly connecting a capacitor to a voltage supply isn 't practical




RC Circuits

= RC circuits consist of a resistor and capacitor in series

= How do capacitors react to a sudden change in voltage?

R C Switch R
e E—
-
— —_— - t/T I charging e
=V(l1—e = |
++ |++
, Velt c== | @
Steady State i= Es o El-
Transient Period ‘ Period -
A : -

| =

|

|

Capacitor Charging I E
Voltage I £ : :
O oEi Lo Capacitor Charging
| l e Current
| I G
| I o Vo
| | o
[ |
| |
| |
: - - . — — : - -
0 17T 2T 3T 4T 5T 6T Time, t 0 1T 2T 3T 4T 5T 6T Time, t
0.77 Time Constant, (T) 0.77 Time Constant, (T)
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Module 3: Basic Circuits

Switch R
RC Circults
v In:h.ar;in;
j=v8 -
Steady State =T Vs
Transient Period Period ——+ C =
= Ch : —
arge s F———— .
I
g |
s i Capa{ii/toliaCharging [ ‘g
5 ; oltage = . .
= l 2 ' S s b Capacitor Charging
= 05Vs | I 5 Current
8 | I g 370
| I g U
I | O
| |
| |
[ |
; + + - —t— @ —
0 17 2T 3T 47 5T 6T Time.t 5T 6T Time.t
077 Time Constant, (T) 07T Time Constant, ()
0.7T i Time Constant, (T) Time, t
I 2T 3T 47 5T 6T
= Discharge SIS T
Vs |
|
@ = |
o L8
m = . . .
° 3 037 Capacitor Discharging
:g B Current
5 o 05
2 o
3 D5Vs 3
R Capacitor Discharging
U3 iVs
| Voltage
|
l _ Vs
| R
0 : : ;
1T 27 aT 47 5T BT

0.7T | Time Constant, (T) Time, t
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Experiment Il

= Resistor — Capacitor (RC) Circuits
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Module 3: Basic Circuits

Recap
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