Electronic Instrumentation
Experiment 1

* Part A: Circuit Basics, Equipment, Sound Waves
* Part B: Resistors, Circuit Analysis, VVoltage Dividers
* Part C: Capture/PSpice



Motivation

+ Modern Systems
* mechanical component
« electrical component
 (computer component)

« You will be able to communicate with EE’s
+ You will be able to take the electronics
sections of the FE exam

+ You will be using Engineering problem
solving skills.



Automobile Electronics

+ Previously all mechanical systems have
become increasingly electronic

+ Over the past few years, for example, the
automobile has begun to use more
computers (microcontrollers)

+ How many microcontrollers are typically

I found in a modern automobile?



Automobile Electronics

Wehicle
Type
L Ly
} Mid-range
‘ Lowi-end
- 1998 1999 2000 2001 2002

Typical Mumber of Microcontrollers



Part A

+ Circuit Basics
+ Equipment

\
§
P + Sound Waves
L



Physical Model for a DC circult
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pump = voltage source
water = flow of current
ocean = ground

pipe = wire

QCEAM
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Physical Model for Resistance

pebbles in pipe = resistance to flow of current

LOW RESISTAMCE HIGH RESISTAMNCE
................................................... R . _
RS ICIENEES. U SIS R -

......... ' .i ‘ . ............... ::-_:-_:l-:.::::_:. . .
Small drop in pressunes large drop in pressune

Large current flow through pipe Small current fl owr through pipe



¢
e
I

Symbols

symbol | units | analogy icon
+
voltage V volts | pressure | V1 —
flow of ‘
current I amps
water
resistance| R ohms pebbles _\/VV\_
(Q) 1n pipc R1
ground GND ocean —_—
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Physics vs. Electronics
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Ohm’sLaw: V =1IR

CIRCUITS COMPORENTS

t o | ----------- H+ AWE

VT __T ! HI"|' IFH """""""" +
V. o= Y — ¥
T Vo= I, R




Alternating Current Generators

A

T

Voltage

http://micro.magnet.fsu.edu/electromaqg/java/generator/ac.html



http://micro.magnet.fsu.edu/electromag/java/generator/ac.html

AC Circuits  v(t)=1(t)-R

i) ) v{t) = A sin(w t + )

+' : i) =i__sinfwt+)
vt ("L igﬂ A
T : Imml:_ R
N N /

0 Note symbol for AC
voltage source




Review of Sinusoids

2 _@u
T=15ms-05ms = 1ms

f=1"1ms = 1K Hz
w = 2xf = 2Kx radisec

gu
¢ =-wt,=-2Kx 05=-xradians

1 1 : : | : 1]
Voo | #=-2x (112 cycle) = -x radians
R L A=2V
-2 . 8U S e Vo =4V
i p-p
As o 1.8ms 2. 8ms Vaue= o\

Tine V= =1MV

A
vit) = A sin{w t +¢) ™Az
(ot +¢)=w(t—t,)
¢ =—at,



More on Phase Shift ‘' *? =%

¢ =—at,
Negative phase shift: “Lag in phase, lead in time”

1.0V

: B

oV '

Sty

-1.0V

Os 0.4ms
o V{(Vl:+)

t, =0.08ms w=27(1K) ¢="2(0.08m)(2K)(z)=-0.5rad

1.0v

Positive phase shift: “Lead In phase, lag in time”

ovl

L :

Os 0.4ms 0.8ms 1.7ms 1.06ms 2 .0ms
o V(V1:+)

t, =—-0.08ms w=27(1K) ¢=—(-0.08m)(2K)(rz)=+0.5rad

" |—H—k— —00—



Special Cases of Phase Shift

¢ =-wt, =-2xt, = _27[(:[[_0)
$=0rad _

1.0V

g=nrad _

-1.0V

0s 0.bms 1.0ms 0s 0.bms 1.0ms
o V(V1:+) o V(V1:+)
Time Time
— _T
¢ = +% rad ¢ =-"",rad
1.0Vree——— T ] L.OVr———771—
L]

-1.0V -1.0V
Os 0.bms 1.0ms Os 0.bms 1.0ms
o V{(V1:+) o V{(V1:+)
Time Time




Time

viti = Asin(wt+$) +V _

(0t +¢) = ot —1,)

¢ =—-at,

General form of the Sinusoid

=
2
I

T=175ms-.75ms=1ms

f=1"1ms = 1K Hz
w=2xf = 2K=x radisec

¢ =-wt,=-2Kx(-75) = xI2 radians
¢ =-2x(-1/dcycle) = xi2 radians

A=2V
pp— 4V
ave— Ypc= 5V

A
V = — =144V

rms= _‘J?

= =
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Sinusoid Units

symbol units
amplitude A volts (V) or amps (A)
frequency f 1/sec = Hertz (Hz)
period T seconds (g)
phase ¢ radians (rad)
frai]gl]lleliy @ rad/s

Note: In physics, o 15 called angular velocity.




DC Source E3631A —
Only for section 2

ADJUST
VOLTAGE

»:r/ LEVEL

e s B -.-:I'-. -.J-.—;r. - ‘
R e TOGGLE
- OUTPUT
. - - ON/OFF
— T _:\
-2510 0 VOLTS

0to 6 VOLTS GROUND GROUND
0to 25 VOLTS
L
-

Note: The connection that looks like the ground symbol is the
ground for the building, not the return path for the circuit.




DC Source for section 1
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Function Generator 33120A — Only
avallable in JEC 4107

CHAMGE WALLE OF
CUTPUT WavE SHAPES CHOSEM PARAMETER
) kS Fhihe FUNCTION ! ARBITRARY W AYEFORM GENERATOR ~ g

| Do MOT USE THIS T
——————FUMETION RODULATION r WMERIL —
A Z : Burst  Zwecp Ak List | Ond OFF . PHz MG
|"|_. )n-ﬂ |Nn:-isc I:I.f-.rb -| H m Ypp
1z —5 1 KHz
m¥ms  QUTPUT F

Foer
] e
l' - B
Freq Lewel % Dty Internal  Etore Cancel a
= | i @
=N
[ s O
DIF TRIG  STATE LpCAL Reecall Mg
Fd i Fi | { Y .,
4 A [N S
AMPLITUDE D OFFSET O CINE TO SCOPE OR CIRCUIT
——
-

DUTY CYiCLE USE UPPER LIP CME DIGIT

i COMMAMND DIGIT
FREQUENCY (Shift)

Note: The SYNC connection will give you a signal,
but it will not be the one you have set the function
generator to display. Do not accidentally plug into it.



Function Generator
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UsB

+3V Power Supply

i

IV Power Supply
{:':'.'lll:l‘ll

Ground
¥

+2. 5V Power supply

2.5V Power Supply

Ao ADCH ADC2
- GMND o GINDY GND
.'-.D{ '- .-".D': 3 ADCS ADC2+ /
GND Y \GIND GND f f
E"' \ bl - | .
L
ONE £ OND T OuD S ONE ¥ one £ -Eél!l' -mg:IEI-
NI 907YNY
=
J2
-
E
i
u
h
g
..'II: 3 a 8 DIBITAL I/D an 12 i3 14 i85 is

Duagstal 1 theough 16 -

JADCI

GND
ADCI1+

%

=2.8+3,3

-
(=]

o
OHD o GHD

-]
H 2
BND o GHD T

=
E B
D N

GHD

RS

+2 5V Power Supply
2.5V Power Supply

Fune Gen 1 Output

Ground

Func Gen 2 Ul.ﬂ]:ll.l.l

Ground
Analog Cutput 1
Ground
Analog Ourput 2
Ground
Analag Ouput 3
Ground
Analog Outpur 4

':.i1 i'".l.'l]l\.l.
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Digital Multimeter 34401A — We will have

some hand held meters in section 1 for
resistance measurements

HP331204A -

HP324401A

+ WOLTAGE
/" + RESISTAMNCE

| e + CLIRREMT

244018,
Eﬂ EE.E*EEII;IFEI r'."lLlLTIr':":EI'EF:
R4'I.-.lj59n5e-ﬂ Inpv
000.011mv DC [eAgd]
7 7
200 1000V
man ma
FURCTION RATH LD .—JM—
" ooy AC a Feliod, # ' dB dEm | et
F oc ALY e, F S Cont @ fTin GO0vpk 34
awer ! '-.-’|. . - rf‘q k‘-:-n | ull Mz TerminaISm:” RS
L MENU ——4— "HQMGE&%WS | ) I
Ok OndCF Recall 4 5 E ButafHald :
an < > b I M r\\ =10 {uly Sinale a Front Fused aon
- flan q - Hear&ﬂear Fanel
I:i-\IIIII:ES ‘i LEWEL LyenTER- T LOCAL
) ! '|||L A" \ \
DEWOLTS  DC CURRENT  prgc ol Ts  RESISTANCE  FREQUENCY PERIOD SHIFTS TO UPPER
(=hift) . FLMCTION
[Shift)

Note: Always use the voltage plugs on the right as
Indicated.



Digital Multimeter

l ADCS ADC4 ADC2 JADCI
. GND .. GND {1 GND GND
ADC? | ADCS A3 ADCH+ /L ADC 14
L 10NN L]y b] GND f 'y
of | O e B ,
5 Rensselaer 2 o
owe £ awo @ awo S ows kowe £ -ONS+  -ONO+ b +2.5V Power Supply
€ i - 2.5 Power Supply
NI 079N Fal Fune Gen 1 Output
£ Ground
FE2 Func Gen 2 Ouarput
- g Ground
= Baci Amnalog Cutput 1
H Ground

L-1 =
» bl
aMD o BND L

ARTT-ATTEOEN PEW ATTE AT

L=
-

= Dagial 1 through 16~

The 10Board can read voltages but it isn’t an
Ohmmeter, We will use hand held meters for
resistance measurements

eE Analog Output
Ground
Jz Analog Ouput 3
+5%V Power Supply Groumd
+3.3V Power Supply k BACE Analog Cutpur 4
Ground E Grronmd
Ground
+2.5V Power Supply
2.5V Power Supply 5
s 2 3 a8 DIBGITAL I/70 a1 a2 13 1a 1% is
RERSELLACR
—
L
L



Oscilloscope 54600B - you
guessed It — JEC 4107

l WOLTAGE SCALE FACTOR TIME SCALE FACTOR

HP3312MA - HP54600B

1:50.0 ;,’-,-‘ s STORAGE e,

I—Meagure—l _ _ _ _
_ - _ - A

— Save ! Recall —, A HORIZOMT AL &, g TRIGGER m—

[ e o ]
) 2t | [oene]

HMAIN
" p— T |15, L — _ _
Walts f div Valts f div Tirme ¢ Oliw

DELAYED
T Holdoft
ZLOFE
COUFLIHG ﬁ

£ 000z 200ps Y4 {RUN

ERINT
UTILITY

< ir
CHAMGE Y OLTAGE SCALE External Trigger
PRI TS LRI LS
1% =13 pF @2 5213 pF
i 0y Mlax by —— 400 W May
SOFT HEYS
CHARGE
——
-_ POSITION

Note: Black lead of scope channel is ALWAY'S ground
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Protoboards

-+

\

- @
@

Note: Banana connectors are not connected internally to
the holes in the board.
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Reading Resistors

| ___n
012345675843

7 I Purple
8 [ ] Grey
9 [ ] white

+5% [ ] Gold
+10% [ ] Silver

Erown EEE
Red EFEEN
Gold [£53 ]

Silver |X10%|*

[3][3][<10000]
21000000
B EEIT]E0d
ElE][=100]Silver
El|E]

Color Codes

4 Band Resistors

Brown B
Red EEEN
Gold (55 ]«

Silver [X10#|*

Fivh

8 N BT
2|z]z|x 100
C1EIE
[8][2][3][<10000]
ElElEl[=10]Gold
BEAETDDsilver
7|77
El|El[E]

% Band Re=sistors

Bands: XYZT Resistance = XY x10% + T% O

http://www.dannyqg.com/javascript/res/resload.htm



http://www.dannyg.com/javascript/res/resload.htm

How Ears Work
.

4 Ossicles

P Cary f "~ Cochlea
dum % .

Pitch = frequency Amplitude = loudness
Some pitches sound louder to your ears.

http://members.aol.com/tonyjeffs/text/dia.htm



http://members.aol.com/tonyjeffs/text/dia.htm
http://members.aol.com/tonyjeffs/text/dia.htm

Part A — Do the lab now

+ Use your kit if you purchased one, purchase one if you
haven’t

+ Some of Part A can be done without the Kit, just with
the 10Board

+ If you don’t have a kit
« Make sure that you have the software loaded and that the
IOBoard is working
* We have some spare protoboards and speakers
« There will be time during the next 2 classes to catch up

+ Next class we start Part B of Experiment 1
+ Any questions?



Part B

#’ + Resistors

+ Voltage Dividers

+ Impedance

+ Capacitors and Inductors
+ Equipment Impedances

+ Circuit Analysis

|+ Agilent Intuilink Software



Combining Resistors in Series

! , " . ;
P 1 " T §
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Combining Resistors in Parallel

V. — %m %RZ R1T
. RT =
-0

V. — %R*l %RE%RH
-0

1 1 1 1

—_— e b — e e —
RT R1 Rz Rn
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Measuring Voltage

MCODEL 1

Total Voltage: V1=V, +V;,

MODEL 2

R2

\Voltage across resistors: V. =V, -V, V., =V, -V,
Voltage at points wrt GND: V, =V1 V,=V,, V.=0
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Voltage Dividers

Vs

R1
Va
R2

-1 &V
1K 1K
vVa Va
K 4K
1K 4K
Va = =
ATIK+K Y VaTiak Y
Va = 25V Va = 4V

The voltage is divided up in a manner
that is proportional to the resistances of
the resistors in a series circuit.



More on Voltage Dividers

5V
. 3K +1K Always add up resistors

” 4N = 1K ) relative to ground to get
i\ 1K )K }’K+ the voltage at a point.

o WY /

1K av 4K

2V

4K

/ |
{ @)

\
§
T

8K N\
N # (8K) (5v) = (4v)
1K +8K 4K +4K
You cannot use a voltage You can use a voltage divider
divider on a non-series circuit. on a series portion of a circuit.




Impedance vs. Resistance

*
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Resistance Is a property of a material that causes a
reduction in the rate of flow of electrons.

Impedance is the reduction in the rate of flow of
electrons caused by the material (resistance) AND
other the properties of the component involved
(reactance).

Resistors have no reactance. So the impedance of
a resistor Is equal to its resistance only.

Reactance varies with the frequency of the input.
Resistance remains the same at all frequencies.

Both impedance and resistance are measured In
ohmes.



Impedance

*

*
*
*
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Definition: A general measure of how a component
or group of components pushes against the current
flowing through it.

Impedance = resistance + reactance

Impedance Is used to refer to the behavior of
circuits with resistors, capacitors and other
components.

When we consider components in a theoretical
circuit diagram, the impedance of inductors and
capacitors Is their reactance only. Any resistance Is
modeled separately as a resistor. So theoretical
capacitors and inductors have impedance, but no
resistance.
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Comparison of Components

resistor capacitor inductor
symbol R
equation V =IR
1COn —\\/—
series R, =R +R,
parallel R-'=R*+R;"
low freq R
high freq R




Capacitors

l Capacitors consist of two plates with a dielectric material

?/ In-between. When a potential difference is placed across
the plates, a charge builds up until it is large enough to
cause a discharge across the plates through the material.

]
-
+ -
) The charge is

I ) fhe sarme in

d ] both cases.

I

+ -
A parallel-plate capacitor with A parallel-plake capacitor with a dislechic.
no diglechic bebwesn the plates, The elechic figld is reduced bebaeen the
resulting ina largs elechic feld. plates because the dielechic makerial is

—3 polarized, producing an opposing field.



Reading Capacitors - towards ground

n
B g I8

SYMBOL p.oni JLF 0.01 j.LF 22 |LF 2.2 |LF
10%102x10°® 10%10%x107®

N

Larger capacitors have the number of microfarads
written on them directly. Smaller capacitors use a
code based on the number of picofarads. We
generally use microfarads, so...

XYZ = XY *104*10° uF

" |—H—k— —00—
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Capacitors 1n Series

——c1 et
v — v — . .
I o
__Cn
e e

1 .
1—=—+1— CT = C1-C2 1 =1 +1+--- 1_
CT C1 C2 C1+C2 CT C1 C2 on
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Capacitors in Parallel

C1

1~

Y oy

CT=C1+C2
C2 —_ _Cn
CT=C1+C2+--



Understanding Capacitor Behavior

d V-V,
I.=C

General Equation If voltage change
is linear.
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Capacitor Impedance

frequency | frequency | impedance | looks like | called
approaches | approaches

low ->0 -->infinity |---# e----| open

circuit

high -->Infinity >0 | - short

e

E

"

2

T

Cclrcult

loaw

frequencies

high fredquencies

Note: Real capacitors have effectively no resistance, so
Impedance is reactance for all capacitors.
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Comparison of Components

resistor capacitor inductor
symbol R C
equation V. =1.R lc=C d;/tc
1CON —\\V— _| |_
series R, =R, +R, [C; =C*+C;"
parallel Ri'=R*+R;*| C, =C, +C,
low freq R open circuit
high freq R short circuit




| Inductors

H‘\\!l'ﬂ'ﬁfgf

| l f’ﬁ'lnm\“

+ An inductor is a coil of wire through which
a current Is passed. The current can be
I either AC or DC.



Inductors

V_Ld'_

P + This generates a magnetic field, which
Induces a voltage proportional to the rate of

change of the current.



Combining Inductors

» Inductances add like resistances
+ Series

L L1 L, L\

!
¢
L=L +L +..4+L,
. Parallel
P 1 1
I



Inductor Impedance

frequency | frequency | impedance | looks like | called
approaches | approaches
low -->0 ->0 - short
high —>infinity | -->infinity |- @-- :i'r’:u'}t
R R
— ANV

S

low frequencies

S

!

high frecquencies

circult

" |—H—k— —00—

Note: Real inductors always have a small resistance
(that i1s not shown in these circuits). The impedance of
the theoretical inductor shown is only its reactance.
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Comparison of Components

resistor capacitor inductor
symbol R C L

equation V. =1.R lc=C d;/tc V= Og—tL
1con —N\N\V/— —| |— NNNS
series R, =R +R,|C;'=C*+C,'| L, =L +L,
parallel |[Rr =R"+R,;’ | C; =C +C,| L =L "+L;
low freq R open circuit | short circuit
high freq R short circuit | open circuit




Equipment Impedances

+ Each meas

+ The imped
understano

uring device changes the circuit

when you use It.

ance of the device helps you
how much.

+ Device Im
* Function

- DMM (D

" |—H—k— —00—

nedances
Generator: 50 ohms

« ‘Scope: 1Meg ohms

C voltage): 10Meg ohms

« DMM (AC voltage): 1Meg ohms
« DMM (DC current): 5 ohms (negligible)



Effect of Impedance on Circuit

1.8U

Function

Generator Imp

L Vpp | —
&0 \.
EAPL = 14 \.

~ W
FREQ = 1k ,9 § RL

J_ ds 1. 8ms 2 . 8ms
= O W(RL:=2) < U{Imp:1}
Time

J_ S 1.08ms 2.08mns

‘1 BN oM{RLz2) < U{Imp:1}
Time

1-“” 1 1 1 1 1 1
uhction i il bl e
BHELATOr A A S
L Vp-p | e,
] a0 \ au I 1 I I
WEWEL = 1/ \.u IO U NN I N S -
FREQ = 1k %9 § RL NP SN -, IR R N
IMEG R e A TR R -
I - Ry -
L ]
L ]

Function generator thinks it

is putting out the same thing. Output Is clearly different.



Effect of Impedance on Circuit

l Cencrane -
Scas i V= Vv
?/ ‘*:’.:':zzr@\v ;:L * 50+50 V)
- S0 V
% | Vout = 7”]
Ginsr-atc-r " 1X106
P-p _a%naa, V _ V
:fa*szf,r@\w g\m “1x10° +5o( 2
. IMEG VOUt ~ Vin

<

l The 10Board function generator has an output impedance of
~ much less than 50€2, so we can ignore it. Our battery
however is a different story, as you will see in the experiment.



Kirchoff’s Laws

KVL KCL
l R1 R3
J' R4
-0
= junction: Im— IR2+ Im

loop2: Vo= Vpg- V= 0 also: 1= lp,

l00p3: VS - Vig- Vg - Vo= O o™ lra
I sum of currents entering a
— sum of voltages In

junction is the same as the sum of

any loop Is zero the currents leaving a junction
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Circuit Analysis (Combination Method)

1K

1. 1K va 4K Vb 2 va va
—AMA
— 5V _—
va 4K T 8K 8K
T = 0
Solution
3. 1K Va volt.div.(3.) volt.div (1.)
AK 4K
= EV = 4"\1" = Va = zv
a Va = keak Vb= akea
8 _— _
8K+8K v Y
R1 _ = M _
[E:HHEI{J = 7,07 1MA ra™ g = M
L?U Vi = Va = 4V V= Va-Vb =2V
|R2= 22 = p5mA Ip_3= |p,4 = 0.amA
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Useful Aside: SI Suffixes

pico |p 10-12
nano |n 10-°
micro | p (u) 106
milli |m 103
Kilo [k 103
Mega | M (Meg) 10°
Giga |G 10°
Tera |T 1012

10 k



Part C

+ Capture

 Create circuits visually

 Set up simulation parameters
+ PSpice
« Analyzes circuit

 Displays results



Capture

5

) N i | " N
create ;ﬂﬁ tun wolmie current diferertial — voltage  currert
SIMAULATICN MARKERS [z BI8S

=

/

WOFF = 54 W'
FREQ =1k F1
WEhiPL = 1 ﬁ"'} §
1k
L I
B

place parts

place wires

place ground (0] ="




Simulations runtotime~ *Y gep sie ~ runtotime

g

Simulation Settings - AC

—

Time Doman [Transzient)

General Sethings
[ TMonte CarloMorst Caze
[ 1Parametric Sweep
[]Temperature [Sweep]
[15ave Biaz Point
[ TLoad Biaz Point




PS p | Ce Note: To get copy of trace into word use Window

menu - “copy to clipboard”
" SCHEMATIC1-AC - DiCAD PSpice A/D Demo - [ac-SCHEMAT:C1-AC.d.. [5[= [3

||% File Edit “iew Simulation Trace Plot Tools Window Help S = 7] x|
JJ SR SR JJ| SCHEMATICT-ALC b

[® @ @a|mises |2 e o |||k ¥

—

I |TF— N
2 W A

& ac-SCHEMA..
For Help, press F1 Time= 2. 000E 03 [100x [AANENNEEEN 228




cursors
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CUFEOLE togale cursar

arfoff CUFEQF Commands 1ar 2
I

R ok | AR 4

C o

‘:-
1

'—'I-Il-l.':l_l-- - e b e e L L L L L
&

A1 = 994 _583u, 6.9988
A2 = A.08848, 7 .8888
dif= 994 _583u, -1.1582m

&= . O00E-03 T EEROEONEET wkds

nl

Note: You can drag the left mouse button to move one
cursor and the right mouse button to move the other.

rrark
/

location

CUrsar

\ -
dizplay
wlifid o

s



Note: To add a trace use Trace menu =

Adding Traces -addrace

Add Traces

Analog Operatorz and Funchions |_

I= | Dt
= e (e
= SubcietitiEdes

AT — T =



Part D

+ Oscllloscopes
+ LIssajous Figures
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| Cathode Ray Tubes

Vertical
Focusing Deflection
Plates

Phosphor-
Coated
Screen

Electrorn

Cnnr:]ectcrr Electron Haorizontal Beam
Pins Gun Deflection
Plates
X Input

Variation in potential difference (voltage) placed on
plates causes electron beam to bend different amounts.

“Sweep” refers to refreshing repeatedly at a fixed rate.

http://www.chem.uiuc.edu/clcwebsite/video/Cath.avi



http://www.chem.uiuc.edu/clcwebsite/video/Cath.avi

| Cathode Ray Tube Animation

307

\&/

:l: http://webclass.cqu.edu.au/Units/81120 FOCT_ Har
dware/Study Material/Study Guide/chap2/toc.html



http://webclass.cqu.edu.au/Units/81120_FOCT_Hardware/Study_Material/Study_Guide/chap2/toc.html
http://webclass.cqu.edu.au/Units/81120_FOCT_Hardware/Study_Material/Study_Guide/chap2/toc.html

Oscilloscopes

#x
L
L

Vertical O———d{ VYertical

. e
: amplifier
input D {1 h crr
1 -
External 00 Wo— Sweep Horizontal
; generator —ON_ :
trigger 0Q o) amplifier
Sweep
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Horizontal sweeps at a constant rate. Vertical plates are
attached to an external voltage, the signal you attach to

the scope.

http://boson.physics.sc.edu/~hoskins/Demos/Cath

odeRay.html
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Lissajous Figures
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http://encyclozine.com/Science/Mathematics/Graphs/Lissajous/
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Lissajous Figures
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Normally the scope will plot a voltage signal with respect to time. In
a Lissajous figure, two voltage signals are plotted against each other.



Lissajous Example 1
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Lissajous Example 2
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Lissajous Example 3
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