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Experimento

¢ COmo se mueve un cuerpo sobre un plano inclinado?

iINEWTON!

x: ma = mgsin 6
y: ma, =mgcosf@ —N =0

(hipbtesis?)
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¢, COmo se mueve un cuerpo sobre un plano inclinado? ;Qué esperamos?
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Experimento

¢, COmo se mueve un cuerpo sobre un plano inclinado? ;Qué esperamos?
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¢, Como podemos medir la posicion del carro?



Experimento

¢, COmo se mueve un cuerpo sobre un plano inclinado? ;Qué esperamos?
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¢, Como podemos medir la posicion del carro?

Hasta ahora: rendijas + photogate

¢ Podemos medirlo con mejor
resolucion espacial?

Posta es un MRUV?Y la aceleracion es g * sin(0)?



Un nuevo amigo

¢, Qué es? ;Qué mide? ; Como?

¢, Cual es el rango de medicién? 4 Y su resolucién? ;Qué
frecuencia de muestreo podemos usar? ¢ Sensibilidad?

¢ Hay que calibrarlo?

Teniendo todo esto en cuenta: ;como armamos el

experimento?
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; Qué es? ; Qué mide? ; Como?
é ¢ ¢




Un nuevo amigo

¢, Qué es? ;Qué mide? ; COmo?

O, motion detector vernier

Buscar con Google Voy a tener suerte



Motion Detector

B > t tect > Motion Detector

Motion Detector

$137.00 Ex Works Price

The Motion Detector is used to measure position, velocity, anc
acceleration of moving objects.

ORDER CODE: MD-BTD

S e o EEEm

Education Levels Subjects Categories

Description Specifications Experiments Requirements What's Included Accessories Support
Support
Resources Warranty Contact Us
User Manual S-year limited warranty * Recommended: Online Support
_— ®Shooting Tips See our warranty policy e Email: support( nier.com
* Connection Instructions for ¢ Toll-free: 1-888-837-6437
LabQuest Sensors Replacement Parts

* Digital Sensor Cable



Motion Detector 2
(Order Code MD-BTD)

The Motion Detector is used to collect position,
velocity, and acceleration data of moving objects.
Students can study a variety of motions with the
Motion Detector, including

Walking toward and away from the Motion
Detector
Dynamics carts moving on track

.
« Objects in simple harmonic motion, such as a mass hanging on a spring

« Pendulum motions

« Objects dropped or tossed upward

+ A bouncing object

Note: Vemier prod are designed for ed | use. Our prod are not
designed nor are they ded for any industrial dical, or ¢ ial
process such as life support, patient di is, control of a facturing
process, or industrial testing of any kind.

What's Included
« Motion Detector
« Digital Sensor Cable

Compatible Software and Interfaces
See www.vernler.com/manuals/md-btd for a list of interfaces and sofiw
with the Motion Detector.

Getting Started

1. Connect the sensor to the interface (LabQuest Mini, LabQuest 2, etc.).

2. Start the appropriate data-collection software (Logger Pro, Logger Lite,
LabQuest App) if not already running, and choose New from File menu.

The software will identify the sensor and load a default data-collection setup. You
are now ready to collect data,
If you are collecting data using a Chromebook™, mobile device such as iPad® or
Android™ tablet, or a Vemier wireless sensor or interface, please see the following
link for up-to-date connection information:

www.vernler.com/start/md-btd

Using the Product

Connect the sensor following the steps in the Getting Started section of this user
manual.

Note: Connect the Motion Detector to the interface using the included

Digital Sensor Cable. Connect the cable to the DIG/SONIC port on the side of the
Motion Detector. Connect the other end of the cable to a DIG port on the
interface.

Here are some suggestions for getting good results with the Motion Detector:

« The Motion Detector is capable of measuring objects as close as 0.15 m and as
far away as 6 m. The short minimum target distance allows objects to get close
to the detector, which reduces stray reflections.

The Motion Detector has a pivoting head, which helps you aim the sensor
accurately. For example, if you wanted to measure the motion of a small toy
car on an inclined plane, you can lay the Motion Detector on its back and
pivot the Motion Detector head so that it is perpendicular to the plane.

~

The Motion Detector has a Sensitivity Switch, which is located under the
pivoting Motion Detector head. To access it, simply rotate the detector head
away from the detector body.

« Slide the Sensitivity Switch to the right to set the switch to the

Ball/Walk setting. This setting is best used for experiments such as
studying the motion of a person walking back and forth in front of the
Motion Detector, a ball being tossed in the air, pendulum motion, and any
other motion involving relatively large distances or with objects that are
poor reflectors (e.g., coffee filters).
The Track sensitivity setting works well when studying motion of carts on
tracks like the Dynamics Cart and Track System, or motions in which you

Videos
View videos related to this product at www.vernler.com/md-btd
Calibration
You cannot perform a traditional two-point calibration of the Motion Detector.
But in most cases, calibration is unnecessary. You can make several adjustments to
the readings by zeroing and changing the di of the di system. You
can find details on how to adjust Motion Detector readings at
www.vemnler.comitili2872/
Specifications

Range 015to6m

Resolution 1 mm




How the Sensor Works

This Motion Detector emits short bursts of ultrasonic sound waves from the gold
foil of the transducer. These waves fill a cone-shaped area about 15 to 20° off the
axis of the centerline of the beam. The Motion Detector then “listens™ for the echo
of these ul ic waves ing to it. The equip how long it
takes for the ultrasonic waves to make the tnp from the Motion Detector to an
object and back. Using this time and the speed of sound in air, the distance to the
nearest object is determined.

Note that the Motion Detector will report the distance to the closest object that
produces a sufficiently strong echo. The Motion Detector can pick up objects such
as chairs and tables in the cone of ultrasound.

The sensitivity of the echo circuitry ically increases, in steps,
every few milliseconds as the ultrasound travels out and back. This is to allow for
echoes being weaker from distant objects.

Troubleshooting

The most frequently reported problems with a Motion Detector are that it does not

work beyond a certain distance or that the graph is very noisy. Try these

troubleshooting tips in such situations.

1. See if the Sensitivity Switch makes a difference. Set the Sensitivity Switch to
the other position and retry the experiment. This change may solve the
problem.

2. The Motion Detector does not work beyond a certain distance (e.g., it does not
detect anything beyond 1.2 m). Here are some things to check if you have this
problem:

o Check for movable objects (textbooks, ring stands, etc.) in the cone of the
ultrasound. If possible, move these objects out of the measurement cone. It
may not take a very large object to cause problems.

Check for a stationary object (chair, table, etc.) in the cone of the

ultrasound. This object may be detected when you are trying to study an

object farther away. It may not take a very large object to cause problems.

If you have trouble with a stationary object i d echoes, try

setting the equipment up so that the objects are not in the cone or placing

a cloth over the object. This minimizes the ultrasound reflection.

Also note that the cone of ultrasound extends downward from the center

line. This can cause problems if you are using the Motion Detector on a

hard, horizontal surface. In these cases, try pivoting the head of the

Motion Detector to aim it slightly upward.

3. Noisy or ematic data may have a number of causes. Here are some tips.
« Sometimes other sound sources can cause problems. If there is another
source of ultrasonic waves in the same frequency range, this will cause
di E ples include motors and fans, air track blowers,
the sound made by the air exiting the holes on an air track, ete. Try to
eliminate these sources of noise. If you are using an air track, try changing
the air flow volume.
Make sure that the Motion Detector is not placed close to a computer or
computer monitor.
If the room in which the Motion Detector is being used has a lot of hard,
sound-reflecting surfaces, you can get strange effects caused by the
ultrasound bouncing around the room. Standing waves can be set up
between the Motion Detector and a sound reflector. Try placing a cloth
horizontally just in front of and below the Motion Detector. This
i helps elimi I d that is “skipping” into the Motion

Detector.
« Try changing the data-collection rate. S s Motion Detectors work
better at one data rate than another. Rates above 30 Hz do not work well in
acoustically live rooms.
If you are studying people moving, have them hold a large, flat object (e.g.,
a large book or a pizza box) as a reflector. If you have an imegular
reflecting surface, sometimes the waves will be reflected back to the
transducer, and sometimes not. The results will seem ermatic.

An excellent discussion of motion detector theory and operation can be found in
“Physics and Technical Characteristics of Ultrasonic Sonar Systems”,

Dan Maclsaac and Ar Hamalainen, The Physics Teacher 40, 39-46 (January
2002).

For additional troubleshooting tips and FAQs, see www.vemier.com/tiv1374/

Repair Information

If you have watched the related product video(s), followed the troubleshooting
steps, and are still having trouble with your Motion Detector, contact Vemier
Technical Support at support@vemier.com or call 888-837-6437. Support
specialists will work with you to determine if the unit needs to be sent in for
repair. At that time, a Retum Merchandise Authorization (RMA) number will be
issued and instructions will be communicated on how to retumn the unit for repair.




How the Sensor Works

This Motion Detector emits short bursts of ultrasonic sound waves from the gold
foil of the transducer. These waves fill a cone-shaped area about 15 to 20° off the
axis of the centerline of the beam. The Motion Detector then “listens™ for the echo
of these ultrasonic waves retuming to it. The equipment measures how long it
takes for the ultrasonic waves to make the tnp from the Motion Detector to an
object and back. Using this time and the speed of sound in air, the distance to the
nearest object is determined

Note that the Motion Detector will report the distance to the closest object that
produces a sufficiently strong echo. The Motion Detector can pick up objects such
as chairs and tables in the cone of ultrasound

The sensitivity of the echo detection circuitry automatically increases, in steps,
every few milliseconds as the ultrasound travels out and back. This is to allow for
echoes being weaker from distant objects

Troubleshooting

The most frequently reported problems with a Motion Detector are that it does not

work beyond a certain distance or that the graph is very noisy. Try these

troubleshooting tips in such situations.

1. See if the Sensitivity Switch makes a difference. Set the Sensitivity Switch to

the other position and retry the experiment. This change may solve the

problem

The Motion Detector does not work beyond a certain distance (e.g., it does not

detect anything beyond 1.2 m). Here are some things to check if you have this

problem

« Check for movable objects (textbooks, ring stands, etc.) in the cone of the
ultrasound. If possible, move these objects out of the measurement cone. It
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may not take a very large object to cause problems

Check for a stationary object (chair, table, etc.) in the cone of the
ultrasound. This object may be detected when you are trying to study an
object farther away. It may not take a very large object to cause problems.
If you have trouble with a stationary object causing unwanted echoes, try
setting the equipment up so that the objects are not in the cone or placing
a cloth over the object. This minimizes the ultrasound reflection

Also note that the cone of ultrasound extends downward from the center
line. This can cause problems if you are using the Motion Detector on a
hard, horizontal surface. In these cases, try pivoting the head of the

Es un SONAR!

Emite pulsos cortos de
ultrasonido.

Las ondas se propagan en un
cono de aprox 15-20° de
apertura.

El sensor “escucha” el eco de
los pulsos de ultrasonido que
vuelven.

El equipo mide el tiempo que
tardan los pulsos en ir a un
objeto y volver.

Usando la velocidad del sonido
en el aire, se determina la
distancia del objeto.

<+

i

4

Ojo






Sensor de posicion

¢, Qué es? ; Qué mide? ; ComMo?

¢, Cual es el rango de medicién? 4 Y su resolucién? ;Qué
frecuencia de muestreo podemos usar? ¢ Sensibilidad?




¢ Cual es el rango de medicidon?;Y su resolucion?

Specifications
Range 0.15to 6 m
Resolution I mm

Medirlo! (1 y 2)

¢ Qué frecuencia de muestreo podemos usar?

Ity changing the data-collection rate. Sometimes Motion Detectors work
better at one data rate than another. Rates above 30 Hz do not work well in

acoustically live rooms.

I . T
¢ Sensibilidad?
« The Track sensitivity setting works well when studying motion of carts on

tracks like the Dynamics Cart and Track System, or motions in which you
want to eliminate stray reflections from objects near to the sensor beam.

=D



Sensor de posicion

¢, Qué es? ; Qué mide? ; ComMo?

¢,Cual es el rango de medicién? Y su resolucidén? ;Qué
frecuencia de muestreo podemos usar? ; Sensibilidad?(1y 2)

¢ Hay que calibrarlo?




Calibracion

“PC”: distancia = m * voltaje + b



Calibracion

d1 =x1

d2 =x2

Ver Material Adicional.

Determinar el rango en el que van a
tener el movimiento. Que x1y x2
sean los extremos. Verifiquen
posiciones intermedias.



Sensor de posicion

¢, Qué es? ; Qué mide? ; CoOmMo?

¢;,Cual es el rango de medicidon? ;Y su resolucion? ;Qué
frecuencia de muestreo podemos usar? ¢ Sensibilidad? (1 y
2)

¢, Hay que calibrarlo? (3)

Teniendo todo esto en cuenta: ;como armamos el

experimento?
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Ya medimos.

¢, Como ponemos a prueba que es un MRUV?
¢, Como determinamos la aceleracion?
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Ya medimos.

¢, Como ponemos a prueba que es un MRUV?
¢, Como determinamos la aceleracion?

1.

2.

Ajustar una cuadratica

Linealizar



Entonces:

Familiarizarse con el sensor de posicion. Sensibilidad, calibracion, resolucion y rango.
Medir el movimiento para distintos angulos.

Es un MRUV? Cual es la aceleracion? Qué tratamiento de datos es mas conveniente para
determinarla?

Queé relacién encuentran entre la aceleracion y el angulo? La teoria coincide con lo que
observan? Como pueden evaluarlo?



