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Chapter 5 - Automotive Diagnostics & Applications

How and where you hook up to sensors and signals in the
vehicle is important. You should never pierce any wire
insulation, strip insulation away or break a weather pack
seal. The best way to view vehicle signals is to use a
recommended or approved breakout box. The next best
approach is to use an old wiring harness to make your own
breakout leads. Once you have made a good connection,
it is important to check that all leads and cables are away
from hot surfaces, belts, fans, moving parts and secondary
ignition wires. Remember that connections can move around
after the engine is started. A poor signal or one that
disappears, could be bad due to a poor connection.

Itis importantthat you only use probes that are recommended
as an option or supplied with your LS2000. Using probes
that are not recommended for use could seriously distort the
measurement you are making and may even damage the
LS2000 or the circuit or sensor that is connected. When
probing certain sensors, like an O, sensor, you should never
short the output of the O, sensor or load them down.

(5-1)

In this next section we will explore a number of common
waveform shapes from various vehicle manufacturers with
oscilloscope set-ups. These waveforms represent a__.Enm_
signals from actual automotive outputs.

Signals that you acquire from similar vehicles may appear
different. These waveform shapes and oscilloscope set-ups
will give you a quick working knowledge of how to set-up
your LS2000 for various automotive signal types you will
encounter.

The good news is that all of these waveforms and front panel
control settings are pre-programmed into the memory card
on the LS§2000. This makes the L52000 extremely easy to
use for diagnosing the most common driveability problems.

Onthe following pages youwill find an easy to follow format
for using these pre-programmed waveforms.

R 4
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ABS SENSOR

Wheel

1y~

Figure 5-A:

-

FACT

PREU

NERT

Speed Sensor RUN

1 1 1 1 1 1

Auto 1.8y 58ns

ABS Wheel Speed Sensor

(3-2)

Testing a Wheel Speed Sensor

iz |

—

. Turn on the LS2000,

2. Connect the Red test lead to the
channel 1 input.

3. Connect the Black test lead to the
common input.

4. Connect the Red and Black test leads
to the output of a wheel speed sensor.

5. Press the Recall Card button on the
LS2000.

6. Scroll through the stored waveforms
by pressing the Next button until you
find the ABS waveform.

7. Press the Run button and the LS2000

is ready to start displaying a signal.

(Note: You can road test the vehicle with
someone else driving while you observe the
scope display, or you can put the vehicle upon
a floor jack and spin the wheel by hand, with
out the engine running.)

Hlll‘
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DIGITAL MAF

Uy

Digital Mass Air Flow

x Sensor

1 | I 1 1 1 1 l J

Figure 5-B: Digital Mass Air Flow Sensor

(3-3)

PREU

NEXT

RUN

Auto o~ 2.5uv 28Bus

Testing a Digital Mass Air Flow Sensor

—

. Turn on the LS2000,

2. Connect the Red test lead to the
channel 1 input.

3. Connect the Black test lead to the
common input,

4. Connect the Red test lead to the
output of a mass air flow sensor.

5. Connect the Black test lead to a
good ground, close to the sensor.

6. Press the Recall Card button on the
LS2000.

7. Scroll through the stored waveforms
by pressing the Next button until you
find the digital MAF waveform.

8. Press the Run button and the LS2000
is ready to start displaying a signal.

9. Start the engine and observe the

display.
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Testing a Distributorless Ignition Output
DIS IGNITION1 —H
B 1. Turn on the LS2000.
2. Connect the optional capacitive probe
to the channel 1 and common inputs.
3. Connect the capacitive probe around
the output of any coil pack.

n PREV 4. Connect the Black test lead to a
ls}f good ground on the engine.
5. Press the Recall Card button on the

b4 NEXT LS2000.

= 6. Scroll through the stored waveforms

by pressing the Next button until you

find the Distributorless Ignition Power

Distributorless Ignition Spark waveform.

19 Power Spark RUN 7. Press the Run button and the LS2000

is ready to start displaying a signal.
8. Start the engine and observe the display.

£ 1 1 l | 1 1 1 1 1 1

2 v Auto «/~ &5_@y ims

(Note: To perform this test requires an
optional capacitive probe.)

Figure 5-C: DIS Power Spark

"_wmmmmmw
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~ DIS IGNITIONZ ST
FACT
_- PREU
— _ . NEXT
>

I Distributorless Ignition
1D} Power and Waste Spark RUN

1 I 1 1 1 1 | | | 1 ]
2 v Auto 5.8v 108ms

Figure 5-D: DIS Power and Waste Spark

(5-3)

Testing a Distributorless Ignition Qutput

1. Turn on the LS2000.

2. Connect the optional capacitive probe
to the channel 1 and common inputs.

3. Connect the capacitive probe around
the output of any coil pack.

4. Connect the Black test lead to a
good ground on the engine.

5. Press the Recall Card button on the
LS2000.

6. Scroll through the stored waveforms
by pressing the Next button until you
find the Distributorless Ignition Power
and Waste Spark.

7. Press the Run button and the LS2000
is ready to start displaying a signal.

8. Start the engine and observe the display.

(Note: To perform this test requires an
optional capacitive probe.)
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IDLE SPEED ———=H
i FACT
PREU
NEXT
¢ Idle Speed Control
Output RUN
“_,w o 1 | 1 | 1 1 | 1 1 ]
Swv Auto «~ 6.80 2ms

Figure 5-E: Idle Speed Control

.

Testing an Idle Speed Control Output

1. Turn on the LS2000.

2. Connect the Red test lead to the
channel 1 input.

3. Connect the Black test lead to the
common input.

4. Connect the Red test lead to the
output of the Idle Speed Control.

5. Connect the Black test lead to a
good ground, close to the sensor.

6. Press the Recall Card button on the

LS2000.

Scroll through the stored waveforms
by pressing the Next button until you
find the Idle Speed waveform.

. Press the Run button and the LS2000
is ready to start displaying a signal.

9. Start the engine and observe the

display.
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KNOCK SENSOR

Detonation Sensor

1 | 1 1 Il 1 1 1

Norm -~ 1.88u

Figure 5-F: Knock Sensor

———H
FACT

PREU

NEXT

RUN

ims

(5-7)

Testing a Knock Sensor Output

1. Turn on the LS2000.

2. Connect the Red test lead to the
channel | input.

3. Connect the Black test lead to the
common input.

4. Connect the Red test lead to the
output of a Knock Sensor.

5. Connect the Black test lead to a
good ground, close to the sensor.

6. Press the Recall Card button on the
L§2000.

7. Scroll through the stored waveforms
by pressing the Next button until you
find the Knock Sensor waveform.

8. Press the Run button and the LS2000
is ready to start displaying a signal.

9. Gently tap the engine with a tool near
the sensor and observe the display.
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MAG CRANK REF SRS

PREU
NEXT
b1
Magnetic Crankshaft RUN
Reference
1 1 1 1 | 1 1 1 1 ]
S v Auto «~ 5_6Gv 28ns

Figure 5-G: Magnetic Crankshaft Reference

(3-8)

Testing a Magnetic Crank Reference_

1.
2.

3.

4

Turn on the LS2000.

Connect the Red test lead to the
channel 1 input.

Connect the Black test lead to the
common input.

Connect the Red test lead to the
output of the Magnetic Crank
Reference.

. Connect the Black test lead to a

good ground, close to the sensor.
Press the Recall Card button on the
LS2000.

Scroll through the stored waveforms
by pressing the Next button until you
find the Mag Crank Ref waveform.

- Press the Run button and the L.S2000

is ready to start displaying a signal.

. Start the engine and observe the

display.




LS2000 USER'S GUIDE FOR AUTOMOTIVE SERVICE TECHNICIANS

_ MAG CRANK SENSOR .
FACT
PREU

W NEXT

1> | -
3 Magnetic Crankshaft RUN
Sensor Output
L 1 | 1 1 1 | 1 1 1 ]
5 u™ Auto «~ 1.68v 5B8Bus

Figure 5-H: Magnetic Crankshaft Sensor

(5-9)

Testing a Magnetic Crankshaft Sensor

1. Turn on the LS2000.

2. Connect the Red test lead to the
channel | input.

3. Connect the Black test lead to the
commeon input.

4. Connect the Red and Black test leads
to the output of a magnetic crank
Sensor.

5. Press the Recall Card button on the
LS2000.

6. Scroll through the stored waveforms
by pressing the Next button until you
find the MAG Crank Sensor waveform.

7. Press the Run button and the LS2000
is ready to start displaying a signal.

8. Start the engine and observe the
display.




1>

LS2000 USER'S GUIDE FOR AUTOMOTIVE SERVICE TECHNICIANS

MIZTURE CNTRL

= X

1 1 1 | | 1 1 | | 1

Mixture Contrel Solenoid

18 v Auto ~/~ 28.

Figure 5-I: Mixture Control Solenoid

Bu

(5-10)

PREU

NEXT

RUN

OCms

—

Testing the Mixture Control Output

. Turn on the LS2000.
. Connect the Red test lead to the

channel 1 input.

. Connect the Black test lead io the

common input.
Connect the Red test lead to the
output of the Mixture Control.

. Connect the Black test lead to a

good ground, close to the sensor.
Press the Recall Card button on the
LS2000.

. Scroll through the stored waveforms

by pressing the Next button until you
find the Mixture Control Solenoid
waveform.

Press the Run button and the LS2000
is ready to start displaying a signal.
Start the engine and observe the
display.
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02 SENSOR OUT

el
[ FACT
3 PREV
i NEXT
- b
Typical Oxygen Sensor
= Output RUN
g | 1 | 1 1 1 1 | 1 |
2 v Auto /~ _.48v 28Bns

Figure 5-J: O, Sensor Output

(5-11)

Testing an O, Sensor Output

[S—

. Turn on the L52000.

2. Connect the Red test lead to the
channel 1 input.

3. Connect the Black test lead to the
common input.

4. Connect the Red test lead to the
output of the O, Sensor.

5. Connect the Black test lead to a
good ground, close to the sensor.

6. Press the Recall Card button on the
LS2000.

7. Scroll through the stored waveforms
by pressing the Next button until you
find the O, Sensor waveform.

8. Press the Run button and the LS2000
is ready to start displaying a signal.

9. Start the engine and let it warm up.

The O, sensor must be warm to operate

properly then, observe the display.
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~ OPT CRANK REF ———H
FACT
i PREU
NEXT
B ¥ Optical Crankshaft
Sensop RUN
_J 1 1 | 1 1 1 1 | 1 i}

2 v Auto 2.4v 1686us

Figure 5-K: Optical Crankshaft Sensor

(5-12)

Testing an Optical Crank Reference _

1. Turn on the LS2000.

2. Connect the Red test lead to the
channel 1 input.

3. Connect the Black test lead to the
common input.

4, Connect the Red test lead to the
output of the Optical Crank Ref.

5. Connect the Black test lead to a
good ground, close to the sensor.

6. Press the Recall Card button on the
LS2000.

7. Scroll through the stored waveforms
by pressing the Next button until you
find the Optical Crank Reference
waveform.

8. Press the Run button and the LS2000
is ready to start displaying a signal.

9. Start the engine and observe the
display.
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PORT FUEL INJ e ]

PREU

NEXT

Typical Fuel Injector
™ RUN

“-.v | E— ] 1 1 1 L 1 | I 1 |
18 v Auto "\~ 6.8v 2ms

Figure 5-L: Port Fuel Injector

(5-13)

Testing a Port Fuel Injector

1. Turn on the LS2000.

2. Connect the Red test lead to the
channel | input.

3. Connect the Black test lead to the
common input. ;

4. Connect the Red test lead to the
output of the injector.

5. Connect the Black test lead to a
good ground, close to the injector.

6. Press the Recall Card button on the
LS2000.

7. Scroll through the stored waveforms
by pressing the Next button until you

find the Port Fuel Injector waveform.

8. Press the Run button and the LS2000
is ready to start displaying a signal.

9. Start the engine and observe the
display.
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Testing a Throttle Body Injector =
TBI . 1. T the LS2000

B . Turn on the :

FReT 2. Connect the Red test lead to the
channel 1 input.

3. Connect the Black test lead to the

common input.

| PREU 4. Connect the Red test lead to the
output of the injector.

5. Connect the Black test lead to a
good ground, close to the injector.

6. Press the Recall Card button on the
L.S2000.

7. Scroll through the stored waveforms

Peak and Ho “_._w Throttle by pressing the Next button until you

» Body Injector RUN find the Throttle Body Injector
waveform,

8. Press the Run button and the LS2000
is ready to start displaying a signal.

9. Start the engine and observe the
display.

NEXT

1 | 1 | 1 1 1 1 1 | ]

18 v Auto ™\~ 6.8v 580us

Figure 5-M: Throttle Body Injector
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TPS OUTPUT —t4

Throttle Position Sensor
b Output
“—.V o I 1 1 1 1 1 1 1 1 1 ]

FACT

PREUV

NEXT

RUN

1w Norm -8v 288ns

Figure 5-N: Throttle Position Sensor

(5-15)

Testing a Throttle Position Sensor

[

. Turn on the LS2000.

2. Connect the Red test lead to the
channel 1 input.

3. Connect the Black test lead to the
common input.

4. Connect the Red test lead to the
output of the throttle position sensor.

5. Connect the Black test lead to a
good ground, close to the sensor.

6. Press the Recall Card button on the
LS2000.

7. Scroll through the stored waveforms
by pressing the Next button until you
find the TBS output waveform.

8. Press the Run button and the LS2000
is ready to start displaying a signal.

9. Do not start the engine, turn the key on.

10. Rotate the throttle open and closed and
observe the display.

I
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Chapter 6 - Safety Tips and Precautions

Oscilloscope Safety

Making measurements safely begins with following good
measurement procedures. Regularly check your scope for
correct operation and signs of wear. Be very careful in high
voltage or high current situations.

This is very important to remember - S4FETY IS YOUR
RESPONSIBILITY - none of us should depend on our
employer to provide a completely safe work environment.
You have much more control over your activities than
anyone else. You should always exercise caution around
electricity. You are encouraged to always use common
sense and follow general safety precautions. Always read
and follow instructions that are specific to the circuits or
equipment you will be working with. Listed below you will
find general safety guidelines.

Safety Guidelines:
Turn off power before working on electrical or electronic
circuits, except when it is absolutely necessary.

Always apply the emergency brake and block the drive
wheels, if the vehicle is running. The gear selection should
be set to neutral, in a standard transmission or park in an
automatic. If the vehicle has an automatic parking brake
release, disconnect the release mechanism before performing
any test.

Consider all wiring and terminals to be "live” until proven
otherwise by a safe test method.

When connecting power leads to avehicle's battery, connect
the positive lead (red) to the positive terminal and then the
negative lead (black) to the negative terminal. When
disconnecting, remove thenegative lead [first, then the positive
lead.

Keep cigarettes, sparks and open fames away from the
vehicle's battery at all times.

Testing should always be done in a well-ventilated area,

(6-1)
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Turn off power and unplug equipment before checking or
replacing fuses.

Be sure all electronic test equipment is operating properly
before you use it.

Be sure test leads are properly connected to the scope before
proceeding with a test.

Electrical shock from secondary ignition system
components can be very dangerous (especially from
electronic and distributorless ignition systems). Use
extreme care when working near these co mponents, and
observe the following:

Turn off the engine and attach the GROUND (black) lead
prior to connecting to capacitive Ppickup or adapter.

Never use any test lead, pickup or adapter, other than those
that are intended to be connected to the NO. ] PLUG or
SECONDARY lead for testing in the secondary ignition
circuit.

Always use extreme care when workin g around highvoltage
spark plug wires and coil terminals.

Never puncture an ignition wire in order 1o connect test
equipment.

It is a good practice to treat all circuits as if highvoltage or
high current is present.

Always remove metal Jewelry, watches, rings, chains, etc.,
before working on any electrical circuits or equipment.

Do not place test equipment on a vehicle Jfender or other
location from where it could slip or fall into electrical
circuitry or moving parts.

Avoid making accidental connections between battery
terminals through tools, jumper leads, or any other object
that will conduct electricity.

Before replacing afuse or resettin g alripped circuit breaker,
locate and correct the cause of the problem.
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Engine exhaust contains deadly carbon monoxide gas.
When performing a test with the engine running, test in a
well-ventilated area or route the exhaust out-of-doors.

Always replace defective wires and connectors that are
Jfrayed, cracked or loose. .

Always check the electrical ratings of the equipment you
are using, and never exceed those ratings.

Donotrelyon erratic, questionable, or obviously erroneous
test results or information. Misdiagnosis may lead to
incorrect or improper repair and/or adjustment. Improper
repair and/or adjustment may cause damage to the vehicle
or equipment, or make them unsafe to operate.

If test information or results are erratic, questionable, or
obviously erroneous, make sure that lead connections are
correct, and the test procedure was performed correctly. If
test information or results are still suspicious, do not use
them for diagnosis; contact your Snap-on/Sun
representative,

The Effects of Electric Shock:

The importance of being cautious around electrical and
electronic circuits cannot be overemphasized. The following
is a list of things that could happen as a result of Electric
Shock. Please be careful !

Currentabove acertain current level canproduce involuntary
movement and cause a serious accident.

Continuous current levels, above a person's let-go current,
passing through the chest can produce collapse,
unconsciousness, asphyxia and death.

An alternating current of 20 mA can produce ventricular
fibrillation, if injected directly into the human heart.

When milliamps of current flow through the portion of the
nervous system which controls breathing, even after the
current has been turned off, respiratory arrest can continue
Jor an extended period of time.

(6-3)

I
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Cardiac arrest can be caused by even relatively low currents
Slowing in the region of the heart.

Amperes of current can produce  fatal damage to the central
nervous system. :

Electric currents can produce deep burns and raise one's
body temperature sufficiently to cause immediate death,

Delayed death can occur from serious burns or other This page has been left blank, intentionally.
complications.

REMEMBER: SAFETY IS YOUR RESPONSIBILITY
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LS2000 Specifications

Vertical Deflection
Sampling Rate
Bandwidth

Resolution
Deflection

Input Impedance
Accuracy

Coupling

Maximum Input Voltage
Input Surge Protection

Horizontal Deflection
Resolution
Sweep Rate

5 megasamples/second
DC: DC 1o 500 kHz
AC: 10 Hz to 500 kHz
8 bits

S0 mViDiv to 10 V/Div
(inal, 2, 5 sequence)
10 MQ + 2%, 25 pf + 5%
+ 5%

DC (defauit), AC
500V (DC + AC P-P)
30KV

8 Bits, 320 Pixels

5 pS/div to 60 S/div
(inal, 2, 5 sequence)
Scan Mode below
100 mS/div

Trigger System
Triggering Mode

Pre-Trigger Mode
Source
Slope

Acquisition
Mode
Frequency

Interface

Format

Display
Total Area

Auto DC (50% point) with

selectable AC, Normal and Single

Fixed at 2 divisions (20%)
Internal only, Channel |
+ or - (default to +)

Min/Max

4 digit resolution to 500 kHz

RS§232C, Talk/Listen with
optional adaptor

LCD 240 X 320 Marrix
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Memory 2
Capacity 4 Waveforms at 250 points each i
Format Plug-in Card
Content Each card contains up to
20 waveforms, character
descriptions and oscilloscope
settings .
Operation Scroll through
Power
Internal Source Lead acid sealed battery This page has been left blank, intentionally.

External Source 9volt DC, 500 mA
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Glossary

AC (Alternating Current)
A signal in which the current and voltage vary in a repeating
pattern over time.

ADC (Analog-to-Digital Converter)
A digital electronic component that converts an electrical
signal into discrete binary values.

Aliasing

Aliasing occurs when a digital oscilloscope does not take
enough samples onaparticular signal. Afterthe oscilloscope
reconstructs and displays the waveform you can be "fooled"
into seeing a false waveform. The LS2000 uses Min/Max
acquisition at all sweep speeds, this prevents the scope from
aliasing a waveform.

.FHE:E&.“

The magnitude of a quantity or strength of a signal. In
electronics, amplitude usually refers to either voltage or
current.

Attenuation
A decrease in signal voltage during its transmission from one
point to another.

Averaging
A processing technique used by digital oscilloscopes to
minimize noise in a signal.

Bandwidth
A frequency range.

CRT (Cathode-Ray Tube)

An electron-beam tube in which the beam can be focused on
aluminescent screen and varied in both positionand intensity
to produce a visible pattern. A television picture tube is a
CRT.

Circuit Loading
The unintentional interaction of the probe and oscilloscope
with the circuit being tested, distorting the signal.

(G-1)
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Coupling

The method of connecting two circuits together. Circuits
connected with a wire are directly coupled; circuits connected
through a capacitor or a transformer are indirectly (or AC)
coupled.

DC (Direct Current)
A signal with a constant voltage and current.

Display
The surface of the oscilloscope upon which the visible
pattern is produced in the display area.

Division
Measurement markings on the display graticule of the
oscilloscope.

Earth Ground

A conductor that will dissipate large electrical currents into
the Earth,

- 2

Focus
The oscilloscope control that adjusts the CRT electron
beams to control the sharpness of the display.

Frequency
Thenumber oftimes a signal repeatsin one second, measured
inHertz (cycles per second). The frequency equals 1/period.

Glitch
An intermittent error in a circuit.

Graticule
The grid lines on adisplay formeasuring oscilloscope traces.

Ground
1. A conducting connection by which an electric circuit or
equipment is connected to the earth to establish and
maintain a reference voltage level.

2. The voltage reference point in a circuit.
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Hertz (Hz)
One cycle per second; the unit of frequency.

Kilohertz (kHz)
1000 Hertz; a unit of frequency.

Megahertz (MHz)
1,000,000 Hertz; a unit of frequency.

Megasamples per second (IMS/s)

A sample rate unit equal to 1,000,000 samples every second.

Microsecond (us)
A unit of time equivalent to 0.000001 seconds.

Millisecond (ms)
A unit of time equivalent to 0.001 seconds.

Noise
An unwanted voltage or current in an electrical circuit.

Oscilloscope

An instrument used to make voltage changes visible over
time. The word oscilloscope comes from "oscillate," since
oscilloscopesare often used to measure oscillating voltages.

Peak (Vp)
The maximum voltage level measured from a zero reference

point.

Peak-to-peak (Vp-p)
The voltage measured from the maximum point of a signal
to its minimum point, usually twice the Vp level.

Period
The amount of time it takes a wave to complete one cycle.
The period equals 1/frequency.

Phase

The amount of time that passes from the beginning of a cycle
to the beginning of the next cycle, measured in degrees. One
complete cycle represents 360°.

(G-3)
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Probe

Anoscilloscope input device, usually having a pointed metal
tip for making electrical contact with a circuit element and a
flexible cable for transmitting the signal to the oscilloscope.

Pulse
A common waveform shape that has a fast rising edge, a
width, and a fast falling edge.

RMS (Root Mean Square)

Forasine wave, RMS is the peak voltage multiplied by 0.707
this gives the equivalent DC voltage value that would be
required to produce the same amount of power through a
fixed resistor.

Real-time Sampling
A sampling mode in which the oscilloscope collects as many
samples as it can as the signal occurs.

Record Length
The number of waveform points used to create a record of a
signal.

Rise Time s

The time taken for the leading edge of a pulse torise from its
minimum to its maximum values (typically measured from
10% to 90% of these values).

Sample Point
The raw data from an ADC used to calculate waveform
points.

Screen
The surface of the oscilloscope upon which the visible
pattern is produced in the display area.

Signal Generator
A test device for injecting a signal into a circuit input; the
circuit's output is then read by an oscilloscope.

Sine Wave
Acommon curved wave shape that ismathematically defined.

G4
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Single Shot
A signal measured by an oscilloscope that only occurs once
(also called a transient event).

Slope

On an oscilloscope display, the ratio of a vertical distance to
ahorizontal distance. A positive slope increases from left to
right, while a negative slope decreases from left to right.

Square Wave
A common wave shape consisting of repeating square pulses.

Sweep
One horizontal pass of an oscilloscope's trace from left to
right across the display.

Sweep Speed
Same as the time base.

Time Base
Oscilloscope circuitry that controls the timing of the sweep.
The time base is set by the seconds/division control,

Trace
The visible shapes drawn on an oscilloscope display.

Transducer
A device that converts a specific physical quantity such as
sound, pressure or light intensity into an electrical signal.

Transient
A signal measured by an oscilloscope that only occurs once
(also called a single-shot event).

Trigger
Thecircuitthat initiates a horizontal sweep onanoscilloscope
and determines the beginning point of the waveform.

Trigger Level
The voltage level that a trigger source signal must reach
before the trigger circuit initiates a sweep.

Volt
The unit of electric potential difference.

(G-5)
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Voltage
The difference in electric potential, expressed in volts,
between two points.

Waveform .
A graphic representation of a voltage varying over time.

Waveform Point

A digital value that represents the voltage of a signal at a
specific point in time. Waveform points are calculated from
sample points and stored in memory.

This page is left blank, intentionally.
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