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Analog Electronics

Objectives:

The objectives of this module are to:

u Become familiar with basic electrical concepts
u Understand series connections and parallel connections
u Test circuits using circuit simulation software

To accomplish the objectives, we will give you a short overview of electrical concepts. You will
then work with a partner to build circuits described later in the handout using the Electronic
Workbench simulation program

The simulation program we will be using is MultiSim 8 by Electronics Workbench.
www.electronicsworkbench.com. It is a user-friendly program which a user can create and test
circuits in a relatively short time. It has a variety of components listed in a series of menus. One
of the initial difficulties is finding the component you want.

How to Find Components

A list of component icons is shown along with the menu selections used to access them. The
order of presentation is the same as the order in which you will be constructing the circuits.

If your menu toolbar only shows icons without the text which identifies them, you need to turn
on the text so the toolbar is as shown below:

+ aan + 4 T i i dil (73
Place Source  Place Basic  Place Diode Place Place Analog  Place TTL Place Cmos  Place Misc  Place Mixed Place
Transistor Digital Indicator
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How to turn on the Toolbar text

Customize

Commands Toolbars lKe_l,lI:u:uard] b e ] Dptiu:uns]

Options  Window  Help Toalbars:
fi & Global Preferences. .. [ [130 Components *
[JAnalog Components
r Sheet Properties. .. | []B asic Reset Al |
s | Components
. Global Restrictions. .. ] [1Description Edit Bar Mew... |
= Circuit Restrictions. . . [1Diodes
[]Graphic Annotation 8 |
Simplified Yersion [wlInstruments
~ . . [w|Ladder Diagram |
Custon e User Intetface... wiMain
[ IMeasurement Compaonents
[w| M eru Bar w

W[%S howe best labels

Cloze

X

Theory

Ammeter
2

Ohm'’s Law give the relationship )
between voltage, current and —[

Voltmeter

resistance. The three ways it 3 DC 1e-0030
can be stated in an equation
are: a1
V=I'R, I=V/R, and R=V/I v 0

where V is volts, | is current in

o]
D 1 0M0

amps, and R is resistance in
Ohms.

o]
The circuit on the right is the J
first you will construct and
simulate.
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The following shows how to find the components you want for this circuit. On the left is
the desired component symbol. Next is the menu icon to click, and on the right is
window which opens. The entries which you select are shown greyed. On the first one,
the entry “POWER SOURCE” is selected and “DC_POWER” is selected. On the right is
the symbol which will be placed on your workspace.

1w +
12w Place Source

S

Place Basic

'gam

Use the virtual resistor so
you can specify any value
of resistance, not just the
standard values.
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%< Select a Component

Database: Component:

|Master Databaze | | AC_POWER
Group:

- DGHD

= Sources -

| J GROMD

F amily:

POWER_SOURE...
() SIGNAL_VOLTAG. .
(f) SIGNAL_CURRE..
IFL cONTROL_FUNC...
(K3 CONTROLLED V...
(kb CONTROLLED_C..

MNOM_IDEAL_BATTERY
THREE_PHASE_DELTA
THREE_PHASE wHE
VWCC

WO

YEE

W55

¥- Select a Component

D atabaze: Component;
\Master Database v | | 120W_AC_NC_REL&Y_Y
Group: 1200 _AC MO_RELAY N
| W B asic j 1200 _AC_NONC_REL&Y
Family 12y AC_NC_RELAY WIF
B essicovirTu. A 12V AL NO_RELAY M
12v_AC_MONC_RELAY.
BB RATED_VIAT... CAPACITOR_WIRTUAL
Bl :0_viRTUAL CORELESS_COIL_VIRTL
- RESISTOR INDUCTOR_VIRTUAL

g RPACK

I caPaciTOR
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e RESISTOR S,
S POTENTIOME...
J€ cap ELECTR..

I capaciToR_..
AE CAP ELECTR..

MAGMETIC_CORE_VIRT
MLT_WIRTLAL
FOTEMTIOMETER_YIRT
RELAY1A_WIRTLAL
RELAYIB_WIRTLIAL
RELAYIC_WIRTLAL
RESISTOR_YIRTUAL
SEMICONDUCTOR_CAF

Symbol [AMS]

=
T

Function:
DC YWaoltage Sounce

Symbol [AMSI)

Function:

todel bManut hD:
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%~ Select a Component

D atabaze: Companent; Symbal (AR S]]
\Master Database v | EORIMISEENE
Group: AMMETER_HA
| Indicators j AMMETER_Y
Famil AMMETER_VR

Ed vOLTMETER

Place || TBF AMMETER

D 4e-0090 Indicakar EF'FIEIBE

%~ Select a Component

D atabaze: Companent; Symbal [ARS]]
\Master Database v | |WOLTMETER_H
Group: YWOLTMETER_HR

| Indicatars j WOLTMETER_%

Famil VOLTMETER. WA
[ YOLTMETER —-
U1

DC 10MO  ppoce & &MMETER
Indicakar EPHDBE

#3 Select a Component

-
T

Database: Component: Syrnbol [&MHS51]
— Place Source
[Master Database = | [ AC_POWER
Group: DC_POWER
= DGMD
= Sources *
I J GROUND 1

Family:

MOM_IDEAL_BATTERY

“) POWER_SOLRE. .

= - THREE_PHASE_DELTA
W SIGNAL VOLTAG... | rhpe e pssr e
) SIGNAL_CURRE... |yco

IFL CONTROL_FUNC... [vDD

J CONTROLLED V.. |YEE Function:

0% CONTROLLED C.. | Y3
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Ohm;s :Law says the current in this circuit should be V/Rv12/1000 = 0.012 amps = 12
milliamps (ma)

Theory: Components in Series

Components are in series if the current in one component is the same as the current in
a component connected to it. In the first circuit, the battery and resistor are in series
because the same current flows through both components.

If two or more resistors are connected in series, the equivalent resistance is the sum of
the individual resistors. Construct and simulate the following circuit.

Ammeter Voltmeter
L2
. : R1 -
— A.000m B R ‘ o
1.0k0 A
D¢ 1e-0090 o
— 2w DC 100 DC 10MD

|

What is the total resistance?

From Ohm’s Law, what is the total current?

Knowing the current in R1 and R2 (since they are in series they have the same current),
what is the voltage across each resistor?

Theory: Kirchhoff’s Voltage Law.

The sum of voltage changes due to sources (batteries) equals the sum of voltage drops
due to resistors around any closed path.
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In the previous circuit, the voltage due to sources is 12 volts. What is the sum of
voltage drops due to resistors? . Does this follow Kirchhoff’s Voltage
Law? [

Theory: Power

Power in circuit components can be computed by P=V*| (voltage times current).
Typically, power is delivered by batteries and absorbed by resistors (and given off as
heat. By using Ohm’s Law and substituting in the power equation, we get several forms
of the power equation:

P=V*=VYR = I>”R

From the above circuit compute battery power by V*I
Compute resistor power by [*R

From conservation of energy power delivered should equal power dissipated. Does
it?

Theory: Components in Parallel

Two components are in parallel if two of their leads are connected to a common point
and their other two leads are connected to another common point.

If two or more resistors are in parallel, their equivalent resistance is given by:
1Rt =1/R1 + 1/R, +

Construct and simulate the following circuit
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Ammeter Ammeter

EE— J.000 +

|I.‘| I
DC 1e-0090 111 I3
DC 1e-0090 D 1 e-0090
Ammeter

=17y R1 Rz
T §12 0 §E ]
What is the total resistance? (4 ohms)
What is the current from the battery?
What is the voltage across each resistor? (12 V because both are

connected to the 12V battery)
Theory: Kirchhoff’'s Current Law

Kirchhoff's Current Law states that current entering a junction has to equal the current
leaving the junction. In the previous circuit there are 3 amps entering the junction of the
two resistors and 1 amp + 2 amps leaving through the two resistors.

Note that in all the above circuits if the battery orientation were reversed, the current
would flow the opposite direction but would have the same magnitude (value).

Sine Wave Sources

Construct the following circuit.
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W1

= 120V
- /60 Hz

0ODeg

X5C1

R1
1k

|||—-

120V
60 Hz
0Deg

X5C1

AW

‘9"

3
3

1
“instruments”

.
T

Flace Source

+
R
H

Qsrilloscope

NANNN

JV VY

ER| G
Time Channal_& Channzl_B
0 :+ 360.003 ms  -93.896 ¥ _Reverse | GND
T2-T_{1 . Save Bt (T
Timebaze 1 Channal A- — Channel B 1 Trigger - - 1
Scale [10 me/Div | seale] 100 WD | sale |5 WDiv Bige |F %|[F 8]
¥ position |D | ¥ pos'rtionID ¥ position ]D | Level |D | W

[W A:Id] B."Aﬂj ﬂ i] [oc <'-“_ Ac| D ||:|c J £ '_Type Sing;Nor.]Ano[None_

i~ Select a Component

[ratabaze:;

Component; Symbol [&H S]]

|Master D atabaze j

Group:

| = Sources A

F armily:
POWER_SOURC..
() SIGMAL_VOLTAG..

If this is not on the menu, select “view

DC_POWER
DGHD
GROUND
MOM_IDEAL_BATTERY
THREE_PHASE_DELTA
THREE_PHASE _WwE

I,

toolbars”

To get the oscilloscope display, double click the symbol.

Set the oscilloscope display Timebase to 10ms/div and the Channel A Scale to 100

V/div.

Simulate. If the waveform is too fast or too slow, you can change the timebase. Note
that the sine wave is negative for half of the time and makes current go the opposite
direction (alternating current). Zero volts on the waveform is the center dark line.
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Add a diode to the circuit and simulate.

Oscilloscope-XSC1

xsc1 hid i
. = |
y Tl
& ¢ g |
? \ /\ /\ /\ /\ /\
V1 1N4004GP
120 V il
Cl’ 60 Hz Yied
0Deg
1 - P e
—; E'{j Sawve I Bai™
—_ﬁmebase +— Channel Channel B +— Trigger———— —
Soale [ 10 ma/Div | goale [ 100 WD | seale |6 WOw | Bdge |F R|[F 2/5
¥ position ID | ' positioniD *f position !D | Lewel !D i W
Y77 ud| beaf o] | | 0| [OC & | Ac] o JOC | © | Tupe Sing] tor.| Anoffione
= Select a Component
D atabaze: Component; Symbal [AHS1]
|Master Database = | | IN4OD1GP ~
Group: 1M 4002GF
I $F Diodes j TH4003GF
Family: 1M 4004 F
D' B oioEs_viRTusL | NAPSEP —p—
t m TN4006GP
1N4004GP FPlace Diode || # DIODE 1N4007GP
M FEHER P
Reverse the diode.
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]
Y1 1N4004GP e . e
120 V 53 _
(Dsowe e \/ \/ \/ \/ \/

0Deg

= =]

£l

Tima Channal_& Channal_B
l L =h=.<| YR 0.000 - _Rewerse | GND (7
T:
— Save
= | T2TI Bt
Timebaze Channel A Channel B Trigger
Scale | 10 ms/Div Scale | 100 WDiv | Scale |5 DI Eige | |[F
X position |0 ¥ position|l] ¥ position ||] Lewel ]IJ | W

[T 2dd axAﬂ Eﬂlﬁ " | Az| 0 |Dc;|f“ Type Sing] Har, A.rto'None

Theory: Capacitors

The basic capacitor is two parallel conduction plates which, when they have a voltage
applied, will store electrons (charge)

The defining equation for capacitance is C = Q/V where C is capacitance in farads, Q is
charge in coulombs, and V is voltage in volts.

The capacitance of parallel plates can be determined from their physical properties:

C = ¢ (A/d) where C is capacitance in farads, ¢ is the permittivity of the material between
the parallel plates, A is the area of the plates in square meters, and d is the separation
of the plates in meters.

A capacitor can be considered a storage tank for electrons. A battery forces the
electrons into the capacitor. This “charges” the capacitor. As more electrons are put in
the capacitor, its voltage increases. (V=Q/C) A resistor “resists” the flow of electrons so
the capacitor fills more slowly. If the battery is removed, the electrons leave the
capacitor and it discharges.

Add the capacitor to the previous circuit. Connect a wire from the B input of the scope
to the anode side of the diode as shown. Set the Channel B Scale to 100 V/Div.
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Oscilloscope-XSC1 X

td

4

4

O
1N4004GP EnEnk
W1 ' ' ' ' ' ' ' '
120V ko L arur-poL |
Cﬁ' 60 Hz T
0Deg |
i 4| [
= nEM ot Dy v _Revese | oND
E#ﬂ Save I Ext i
— Timeks Channel Channel B Trigger
Seale | 10 ms/Div Seale| 100 WD | soale [100 WO | Edge [+ 2| [F B]E]
¥ position IEI Y pos'n:ionID f position ID Lewel ID I W
[T edd|ees| e || ac| o |[oc | ac| o JOE - | | Type Sing]Hor.| AutafHone
3 e = Select a Component
= ATuUF-FOL Place Basic Database: Filter: Suvmbal [AMSI)
T IMasler D atabaze j I wF j
GEroup: Companent;
| Basic | [o1wFroL ]
F arnily: 015 pF-POL
BB casic_viTo.. [ |D22uFPOL -
BE rarep_viRT. | | [2EEWEPOL
Bl so_arTuaL D7 uEEOL
- 1 pF-POL
== RESISTOR 22 uF-POL
i RESISTOR_S... 3.3 pF-POL
$+F RPALCK, 4.7 uF-POL Function:
& POTENTIOME... | | | 1URFFOL
J} cepaciTOR 22 POl
— | |33 pF-POL =
J€ Cap ELECTR.. |~ 3
IF capaciTOR_.. %P
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= =
A
T |
1 R1 g ﬁ?‘
1k0 T + t t t t t t
—
o key = Space 1
e =1 0uF
l 3l I+]
= o I _Ravaze [ ono
TI dm ey
. s Save Ext ("
Timehase - — Channel & — Channel B — Trigger l
Scale [ 10 ms/Div | goate |5 WDiv Seale |5 WDiv Blge | 2|[7 5[5
r r | r _ —

You change the switch position by pressing the space bar on the keyboard. You must
have Electronic Workbench window active, not the Oscilloscope window to do this.

i~ Select a Component

[ratabaze:;

Component; Symbol [AMHSI]

| b azter 0 atabaze

Group:

=
| N Bazic j
F armily:

- RESISTOR_S... #
$+E RPACK

sk POTEMTIOME ..
{} cepsciTOR
JE CaP ELECTR..
I cepaciTOR_.
JE CAP_ELECTR..
JF waRIABLE_Ca...
= |NDUCTOR

-~ INDUCTOR_S...
- VARIABLE_IN...
-~ SwITCH

BE TRANSFORM

Key = Space Place Basic

CURREMT_COMTROLLE

DIPSWA

DIPSwA0

DIPSWw2

DIPSWw3

DIPSwa

DIPSWwWS

DIPSWwWE

DIPSWwW 7

DIPSwa

LIPS

FE_DPST

SPOT

SPST

TD_Sw

VOLTAGE_COMTROLLE
odel ka4 D:

e

Furnctian:
SPOT Switch

Genench LLUMINATED

Note that you will have to rotate the switch to get the correct orientation.
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- Select a Component

D atabaze: Filker: Symbal [ARS]]
IMaster Catabasze ;I I pF j
[aroup: Companent;
E
F arnily: 1.1 pF
s RESISTOR_S... & |120F '—l P
| $+E RPACK 1.3
ans 1.5uF
J_'31 | 4k POTENTIOME..
1.0uF Place Basic 1.6pF
'|_  cepaciToR 18 F

Construct the circuit which has a square wave input.

Oscilloscope-XSC1

R1
1R
1
1
S0 Hz == 20uF
104
i = 2
= T1 "ﬂ D.E-:-II::'I'SIES CI'J-T]TJI-EIELFA Ehannel_B Rewverse I GND
Ti 4=
_TE_TI Save I Ext {
— Timebase Charninel A Channsl B Trigger
Seale [ & mafliv Seala |5 WiDH Seale |8 WO Bdge |F E|[7 8 [Ed]
¥ position iD i posilionII] ¥ position !D Lewal iEI ! W
[V add| mea avm || Ac| 0 |[OF & Ap| o fOT - | € | Type Sing/Mor.|AnafHone
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1

S0 Hz
104

Place Source

¥ Select a Component

-
=

POWER_SOURC...

() SIGNAL_VOLTAG. .
A s

D atabase: Component;

\Master Database v | |AC_WOLTAGE

Group: Ak _NMOLTAGE

|-+- S ources j CLOCK_WOLTAGE
Family: EXPOMEMTIAL WOLTAL

FM_WVOLTAGE
FIECEWISE_LINEAR_WT
PULSE_WOLTAGE

Symbiol [ANS]

The square wave source works just like the switch in the previous circuit.

When you have the desired waveform, press the “OFF” switch to stop simulation. Move
the cursors so the left is where the voltage starts to rise and the left is where the voltage
is 5 volts. You can change the time base to expand the waveform if you desire.

X]

Oscilloscope-X5C1

/

— . .
(4 | | 3
Time Chanrel_A Channel _B
E % 0030 ms 21554 m _Reverse | GND (T
21.387 ms= 5.035 W
— Sawe

Tz-T1 1.3587 m= 4820 W Q =N

Timebaze Channel A Channel B Trigger

Seale |2 msiDiv —| Geale |5 WDiv Scale |5 WDiv Eige |F E|[F

Level |0 | v

¥ position |0 ' position| O ¥ position ||II
[ Add B.-'Aﬂ ﬁﬂlﬁ | ac| o ||:|ch“ Type Sing)Mor. Put-:-IN-:-ne

Note on the digital readout the Channel A voltage at T2 is 5.035V. The time it took to
reach that value is T2-T1 = 1.357 ms.
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References:

Simulation Software:
Electronics Workbench USA
60 Industrial Park, #068
Cheektowaga, NY 14227

www.electronicsworkbench.com
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