
Oscilloscop e trigger controls

This worksheet and all related ¯les are licensed under the Creative Commons Attribution License,
version 1.0. To view a copy of this license, visit http://creativ ecommons.org/licenses/by/1.0/, or send a
letter to Creative Commons, 559 Nathan Abbott Way, Stanford, California 94305, USA. The terms and
conditions of this licenseallow for free copying, distribution, and/or modi¯cation of all licensedworks by
the generalpublic.

Resourcesand methods for learning about these subjects (list a few here, in preparation for your
research):
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Questions

Question 1

A very useful tool for observingrotating objects is a strobe light. Basically, a strobe light is nothing more
than a very bright °ash bulb connectedto an electronic pulsegeneratingcircuit. The °ash bulb periodically
emits a bright, brief pulse of light according to the frequencyset by the pulse circuit. By setting the period
of a strobe light to the period of a rotating object (so the bulb °ashesonceper revolution of the object), the
object will appear to any human observer to be still rather than rotating:

Strobe light

Rotating fan

One problem with using a strobe light is that the frequency of the light pulses must exactly match
the frequency of the object's rotation, or elsethe object will not appear to stand still. If the °ash rate is
mismatched, even by the slightest amount, the object will appear to slowly rotate instead of stand still.

Analog (CRT-based) oscilloscopes are similar in principle. A repetitiv e waveform appears to "stand
still" on the screendespite the fact that the trace is made by a bright dot of light constantly moving across
the screen(moving up and down with voltage, and sweepingleft to right with time). Explain how the sweep
rate of an oscilloscope is analogousto the °ash rate of a strobe light.

If an analog oscilloscope is placed in the "free-run" mode, it will exhibit the samefrequency mismatch
problem as the strobe light: if the sweeprate is not precisely matched to the period of the waveform being
displayed (or someinteger multiple thereof), the waveform will appear to slowly scroll horizontally across
the oscilloscope screen.Explain why this happens.

¯le 01904

Question 2

Supposea metal-detecting sensorwere connectedto a strobe light, so that the light °ashed every time
a fan blade passedby the sensor. How would this setup di®er in operation from one where the strobe light
is free-running?

Strobe light

Rotating fan

Sensor

¯le 01918
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Question 3

The only way to consistently guaranteea repetitiv ewaveform will appear "still" on an analogoscilloscope
screenis for each left-to-righ t sweepof the CRT's electron beamto begin at the samepoint on the waveform.
Explain how the "trigger" system on an oscilloscope works to accomplishthis.

¯le 01905

Question 4

On this oscilloscope, identify the location of the trigger level control, and explain what it does:
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Question 5

Supposean oscilloscope has beenset up to display a triangle wave:
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The horizontal position knob is then turned clockwise until the left-hand edgeof the waveform is visible:
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Now, the point at which the waveform triggers is clearly visible, no longer hidden from view past the
left-hand side of the screen:
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Trigger point

What will happen now if the trigger level knob is turned clockwise? How will this a®ectthe positioning
of the waveform on the oscilloscope screen?

¯le 01907
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Question 6

Supposean oscilloscope has beenset up to display a triangle wave, with the horizontal position control
turned clockwise until the left-hand edgeof the waveform is visible:
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Then, the technician changesthe slope control, changing it from "increasing" to "decreasing":
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Changed slope control

Draw the waveform's new appearanceon the oscilloscope screen,with the slope control reversed.
¯le 01908
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Question 7

A student is experimenting with an oscilloscope, learning how to use the triggering control. While
turning the trigger level knob clockwise, the student seesthe e®ectit has on the waveform's position on the
screen. Then, with an additional twist of the level knob, the waveform completely disappears. Now there
is absolutely nothing shown on the screen! Turning the level knob the other way (counter-clockwise), the
waveform suddenly appearson the screenagain.

Based on the described behavior, does this student have the oscilloscope trigger control set on Auto
mode, or on Norm mode? What would the oscilloscope do if the other triggering mode were set?

¯le 01909

Question 8

How will the oscilloscope trigger if the control is set to Line sourcerather than A or B inputs:
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"Line" triggering
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Question 9

Large electric motors and other piecesof rotating machinery are often equipped with vibration sensorsto
detect imbalances.Thesesensorsare typically linked to an automatic shutdown systemso that the machine
will turn itself o® it the sensorsdetect excessive vibration.

Someof the more popular industrial-grade sensorsgeneratea DC voltage proportional to the physical
distance betweenthe end of the sensorand the nearestmetallic surface. A typical sensorinstallation might
look like this:

Steel shaft

(end view)

DC power
supply

Vout

Sensor

If the machine is running smoothly (or if it is shut down and not turning at all), the output voltage from
the sensorwill be pure DC, indicating a constant distance between the sensorend and the shaft surface.
On the other hand, if the shaft becomesimbalancedit will bend ever so slightly , causingthe distance to the
sensortip to periodically °uctuate as it rotates beneath the sensor.The result will be a sensoroutput signal
that is an AC "ripple" superimposedon a DC bias, the frequency of that ripple voltage being equal to the
frequencyof the shaft's rotation:

0 V

No vibration

0 V

Vibration

The vibration sensingcircuitry measuresthe amplitude of this ripple and initiates a shutdown if it
exceedsa pre-determined value.

An additional sensoroften provided on large rotating machines is a sync pulsesensor.This sensorworks
just like the other vibration sensors,except that it is intentionally placed in such a position that it "sees"
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a keyway or other irregularit y on the rotating shaft surface. Consequently , the "sync" sensoroutputs a
square-wave "notch" pulse, onceper shaft revolution:

Steel shaft

(end view)

DC power
supply

Vout

Keyway

Sync pulse
sensor

0 V

Normal "sync" output signal

The purposeof this "sync" pulse is to provide an angular referencepoint, so any vibration peaksseen
on any of the other sensorsignals may be located relative to the sync pulse. This allows a technician or
engineerto determine where in the shaft's rotation any peaksare originating.

Your question is this: explain how you would use the sync pulse output to trigger an oscilloscope, so
that every sweepof the electron beam acrossthe oscilloscope's screenbeginsat that point in time.

¯le 01912
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Question 10

A student is trying to measurean AC waveform superimposedon a DC voltage, output by the following
circuit:

+10 V

To channel "A"
on oscilloscope

Vsignal

DC bias adjustment

The problem is, every time the student moves the circuit's DC bias adjustment knob, the oscilloscope
losesits triggering and the waveform begins to wildly scroll acrossthe width of the screen. In order to get
the oscilloscope to trigger on the AC signal again, the student must likewisemove the trigger level knob on
the oscilloscope panel. Inspect the settings on the student's oscilloscope (shown here) and determine what
could be con¯gured di®erently to achieve consistent triggering so the student won't have to re-adjust the
trigger level every time shere-adjusts the circuit's DC bias voltage:
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Question 11

A student wants to measurethe "ripple" voltage from an AC-DC power supply. This is the small AC
voltage superimposedon the DC output of the power supply, that is a natural consequenceof AC-to-DC
conversion. In a well-designedpower supply, this "ripple" voltage is minimal, usually in the rangeof milliv olts
peak-to-peak even if the DC voltage is 20 volts or more. Displaying this "ripple" voltage on an oscilloscope
can be quite a challengeto the new student.

This particular student already knows about the AC/DC coupling controls on the oscilloscope's input.
Set to the "DC" coupling mode, the ripple is a barely-visible squiggleon an otherwise straight line:

After switching the input channel's coupling control to "A C", the student increasesthe vertical sensi-
tivit y (fewer volts per division) to magnify the ripple voltage. The problem is, the ripple waveform is not
engagingthe oscilloscope's triggering. Instead, all the student seesis a blur as the waveform quickly scrolls
horizontally on the screen:
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Explain what setting(s) the student can changeon the oscilloscope to properly trigger this waveform so
it will "hold still" on the screen.

¯le 01911
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Question 12

All electric motors exhibit a large "inrush" current when initially started, due to the complete lack of
counter-EMF when the rotor has not yet begun to turn. In someapplications it is very important to know
how large this transient current is. Shown here is a measurement setup for an oscilloscope to graph the
inrush current to a DC motor:

+ -
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0.1 W

Explain how this circuit con¯guration enablesthe oscilloscope to measuremotor current, when it plainly
is a voltage-measuringinstrument.

Also, explain how the oscilloscope may be set up to display only one "sweep" acrossthe screenwhen
the motor is started, and where the vertical and horizontal sensitivity knobs ought to be set to properly read
the inrush current.

¯le 01913
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Question 13

Supposeyou were looking at this waveform in an oscilloscope display:

This is a di±cult waveform to trigger, becausethere are so many identical leading and trailing edgesto
trigger from. No matter where the trigger level control is set, or whether it is set for rising- or falling-edge,
the waveform will tend to "jitter" back and forth horizontally on the screenbecausethese controls cannot
discriminate the ¯rst pulse from the other pulsesin each cluster of pulses. At the start of each "sweep," any
of thesepulsesare adequateto initiate triggering.

One triggering control that is helpful in stabilizing such a waveform is the trigger holdo®control. Explain
what this control does,and how it might work to make this waveform more stable on the screen.

¯le 01914

Question 14

A technician is measuring two waveforms of di®ering frequency at the sametime on a dual-trace oscil-
loscope. The waveform measuredby channel "A" seemsto be triggered just ¯ne, but the other waveform
(channel "B") appears to be untriggered: the waveshape slowly scrolls horizontally across the screenas
though the trace were free-running.

This presents a problem for the technician, becausechannel B's waveform is the more important one to
have "lo cked" in place for viewing. What should the technician do to make channel B's display stable?

¯le 01917
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Question 15

Another challenging sort of waveform to "lo ck in" on an oscilloscope display is one where a high-
frequency waveform is superimposedon a low-frequency waveform. If the two frequenciesare not integer
multiples (harmonics) of each other, it will be impossibleto make both of them hold still on the oscilloscope
display.

However, most oscilloscopes have frequency-speci¯c rejection controls provided in the trigger circuitry
to help the user discriminate between mixed frequencies. Identify these controls on the oscilloscope panel,
and explain which would be usedfor what circumstances.
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Answ ers

Answer 1

The best "answer" I can give to this question is to get an analogoscilloscope and a signal generatorand
experiment to seehow "free-run" mode works. If your oscilloscope doesnot have a "free-run" mode, you may
emulate it by setting the trigger control to "EXTERNAL" (with no probe connectedto the "EXTERNAL
TRIGGER" input. You will have to adjust the sweep control very carefully to get any waveform "lo cked"
in place on the display. Set the signal generator to a low frequency (10 Hz is good) so that the left-to-righ t
sweepingof the dot is plainly visible, and usethe "v ernier" or "¯ne" timebaseadjustment knob to vary the
sweeprate as neededto get the waveform to stand still.

Answer 2

In this system, the fan would alwaysappear to "stand still" in a position where a fan blade is near the
sensor.

Follow-up question: how would the strobe light respond if the fan speed were changed? Explain your
answer in detail.

Answer 3

The "trigger" circuitry on an oscilloscope initiates each left-to-righ t sweep of the electron beam only
when certain conditions are met. Usually, theseconditions are that the input signal being measuredattains
a speci¯ed voltage level (set by the technician), in a speci¯ed direction (either increasing or decreasing).
Other conditions for triggering are possible,though.

Answer 4
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Answer 5

The waveform will shift to the left as the trigger level is raised:
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Answer 6

The waveform will begin at the samevoltage level, only on the "down" side instead of on the "up" side:
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Answer 7

This student's oscilloscope is set on the Norm mode. If it were set on the Auto mode, the trace would
default to "free-running" if ever the trigger level were set above or below the waveform's amplitude. Instead
of completely disappearing, the waveform would scroll horizontally and not "stand still" if the trigger level
were set too high or too low.

Answer 8

In this mode, the oscilloscope triggers o®the power-line waveform.

Follow-up question: what circumstancecan you think of that would require this triggering source?

Answer 9

Connect the "sync" pulse output to the "External Input" connector on the oscilloscope's front panel,
and set the trigger sourceaccordingly:
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Connect cable to
"sync" pulse sensor

Connect cable to
vibration sensor

of interest

Answer 10

Set the trigger coupling control from "DC" to "A C".

Answer 11

Perhapsthe easiestthing to do is set the trigger sourceto "Line" instead of "A", sothat the oscilloscope
has a larger signal to trigger from. However, this is not the only option the student has!
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Answer 12

The shunt resistor performs the current-to-v oltage conversion necessaryfor the oscilloscope to measure
current.

In order to display only one "sweep," the oscilloscope triggering needsto be set to single mode. By the
way, this works exceptionally well on digital-storage oscilloscopes,but not as well on analog oscilloscopes.

There are no "easy" answers for how to set the vertical and horizontal controls. Issuesto consider(and
discussin class!) include:

² Expected inrush current (several times full-load current)
² Scaling factor provided by resistive shunt
² Typical ramp-up time for motor, in seconds

Challenge question: the larger the shunt resistor value, the stronger the signal received by the oscil-
loscope. The smaller the shunt resistor value, the weaker the signal received by the oscilloscope, making
it di±cult to accurately trigger on and measurethe current's peak value. Based on this information, one
might be inclined to choosethe largest shunt resistor sizeavailable { but doing sowill causeother problems.
Explain what those other problems are.

Answer 13

The "holdo®" control setsan adjustable period of time after each trigger even where subsequent events
are ignored.

Answer 14

Switch the trigger sourcecontrol from "A" to "B".

Follow-up question: if the above advice is taken, channel B's waveform will become"lo cked" in place,
but channel A's waveform will now begin to scroll acrossthe screen.Is there any way to lock both waveforms
in place so neither one appears to scroll acrossthe screen?
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Answer 15

A B Alt Chop Add

Volts/Div A

Volts/Div B

DC Gnd AC

DC Gnd AC

Invert Intensity Focus

Position

Position

Position

Off

Beam find

Line
Ext.

A
B

AC
DC

Norm
Auto
Single

Slope

Level

Reset

X-Y

Holdoff

LF Rej
HF Rej

Triggering

Alt

Ext. input

Cal 1 V Gnd Trace rot.

Sec/Div
0.5 0.2 0.1

1

10

5

2

20

50 m

20 m

10 m

5 m

2 m

0.5 0.2 0.1
1

10

5

2

20

50 m

20 m

10 m

5 m

2 m

1 m
5 m

25 m

100 m

500 m

2.5
1

250 m
50 m

10 m

2.5 m

0.5 m

0.1 m

0.025 m
off

Rejection controls

Follow-up question: identify the ¯lter circuits internal to the oscilloscope associated with each of these
"rejection" controls.
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Notes

Notes 1

Really, the bestway I'v e found for students to learn this principle is to experiment with a real oscilloscope
and signal generator. I highly recommendsetting up an oscilloscope and signal generator in the classroom
during discussiontime so that this may be demonstrated live.

Notes 2

This question previews the concept of oscilloscope triggering: waiting until an event occurs before
plotting the shape of a moving waveform. Often I ¯nd new students relate better to such mechanical
analogiesthan directly to electronic abstractions when ¯rst learning oscilloscope operation.

An important detail to note in this scenariois that the strobe will °ash four times per fan rotation!

Notes 3

Triggering is a complex feature for students to grasp in even simple analogoscilloscopes. Spend asmuch
time with students as you must to give them understanding in this area, as it will be very useful in their
labwork and eventually in their careers.

Notes 4

The location of the knob should be easy for students to determine. More di±cult perhaps is the
explanation of the knob's function.

Notes 5

There is nothing special about a triangle wave here. To be perfectly honest, it was the easiestwaveform
for me to draw which had a sloping edgeto trigger on!

By the way, for students to really understand how triggering works, it is important for them to spend
time "playing" with an oscilloscope and a signal generator trying things like this. There is only so much one
can learn about the operation of a machine by reading!

Notes 6

There is nothing special about a triangle wave here. To be perfectly honest, it was the easiestwaveform
for me to draw which had a sloping edgeto trigger on!

By the way, for students to really understand how triggering works, it is important for them to spend
time "playing" with an oscilloscope and a signal generator trying things like this. There is only so much one
can learn about the operation of a machine by reading!

Notes 7

Ask your students to explain which mode they think the oscilloscope should ordinarily be set in for
general-purposeuse.

Notes 8

"Line" triggering is a very useful feature, especially for working on line-powered and line-synchronized
circuits. SCR- and TRIA C-basedmotor control circuits come immediately to mind here, as do brute-force
(linear) power supply circuits!

Notes 9

There are many electronic (non-mechanical) examplesone could use to illustrate the use of external
triggering. I like to intro duce something like this oncein a while to broaden students' thoughts beyond the
world of tiny components and circuit boards. The practical applications of electronicsare legion!
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Notes 10

In order for students to successfullyanswer this question, they must grasp the function of the circuit
itself. Discuss with them why and how the rheostat is able to change the amount of DC "bias" voltage
imposedon the AC signal, then progressto discussingthe oscilloscope's triggering.

Notes 11

This is a very realistic scenario, one that your students will surely encounter when they build their
own AC-DC power supply circuits. Ripple voltage, being such a small AC quantit y superimposedon such
a (relativ ely) large DC bias, is quite a challenge for the new student to "lo ck in" on his or her oscilloscope
screen.

Be sure to discussoptions other than line triggering. Also be sure to discusswhy line triggering works in
this situation. It is not a panaceafor triggering all low-amplitude waveforms,by any means! It just happens
to work in this scenariobecausethe ripple voltage is a direct function of the AC line voltage, and as such is
harmonically related.

Notes 12

This question came from direct, personal experience. I was once working on the construction of a
servo motor control system for positioning rotary valves, and we were having problems with the motors
tripping the overcurrent limits upon start-up. I neededto measurethe typical inrush current magnitude and
duration. Fortunately, I had a digital storage oscilloscope at my disposal, and I set up this very circuit to
do the measurements. About a half-hour of work setting up all the components, and I had the information
I needed. The digital oscilloscope also provided me with digital "screenshot" imagesthat I could email to
engineersworking on the project with me, so they could seethe samedata I was seeing.

Notes 13

A purposefully minimal answer (as usual!) is shown in the answer sectionfor this question. Understand-
ing how holdo®works may very well require hands-onexperiencefor somestudents, so I highly recommend
setting up a demonstration in the classroom to usewhile discussingthis oscilloscope feature.

Notes 14

Like so many oscilloscope principles, this is perhapsbest understood through actually using an oscillo-
scope. Try to set up two signal generatorsand an oscilloscope in your classroom sothat you may demonstrate
thesecontrols while discussingthem with your students.

Notes 15

Finding the controls on the oscilloscope panel should present no di±cult y for most students, at least
once they realize what the controls are called. The key to answering this question is to research the words
"rejection" and "trigger" in the context of oscilloscope controls.
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