WRITING MOBILE APPS FOR
INVESTIGATIVE STUDY OF
PHYSICS

Session 1




Objectives

- This course aims to introduce how Cloud Computing can
be used to facilitate e-Learning in schools. After finishing
the course, participants should be able to:

- use common free-of-charge development tools or platforms, such
as the web-based Apps Inventor or other easily accessible
development tools, to develop Mobile Apps for smartphones or
tablet PCs so that these devices could be used as data loggers for
Physics experiments;

- acquire basic programming skills of writing simple Mobile Apps to
iInvoke the embedded sensors, record and export data for Physics
demonstrations / experiments by using free-of-charge Mobile Apps
development tools or platforms mentioned in (a);



Objectives

- Understand the properties of the many sensors embedded in
mobile devices such as GPS, compass, accelerometers, etc. and
master the basic techniques to program these sensors, activate
them for use in Physics experiments, and extract and export data
for in-depth analysis;

- design some investigative experiments with worksheets and
sample measurements for Physics by using the custom-made
Mobile Apps developed by the teachers;

- exploit the potential of students and develop their creativity by
guiding them to write Mobile Apps for investigative study of Physics
or applications of Physics to improve living; and

- appreciate how knowledge and skills related to science (in
particular Physics), technology and mathematics can be
appropriately integrated in learning and in applications in the real
world.



Rundown

- Introduction

- Physics and Mobile Applications

- Introduction to App Programming

- Programming your First Mobile Application
- Programming with Sensors

- Doing experiments with Mobile Apps

- Homework



Resources

- Most of the programming projects are available for
download from our course web page

- Online video tutorial are also available to guide teachers
on the programming examples step by step

- Please refer to the course web page on
- Schoology - http://www.schoology.com/

- pccess code: X | P3F-Z7J4T

- Moodle - http://caite.fed.cuhk.edu.hk/m

- Login as Guest
- Password: Caite!123




1.1 Brief Review of 2015 RTC Physics course

- Mobile free Apps to facilitate learning and teaching of
Physics

- Smartphone as a sensor for Physics experiments/ a data
logger with output in different formats — raw data, graphs,
etc.

- A camera / video motion analysis
- A microphone/ pressure sensor
- A speaker / signal generator




1.1 Brief Review of 2015 RTC Physics course

- An accelerometer sensor

- Magnetic field sensor/ Hall probe
- An ambient light sensor

- Gyroscope sensor

- GPS logger




1.1 Advantages of using Mobile Apps

- Almost everyone gets a smartphone nowadays

- Experiments outside the laboratory

- Easy to use

- Different kinds of sensors are available

- Carry out experiments anytime anywhere during daily life



1.1 Limitations on free Apps

- Most data on iPhone/ iPad cannot be easily exported

- All data are recorded even not of interests of users (e.g. 3
direction accelerations are recorded)

- Further analysis of data on Excel before getting
meaningful relationships

- Students get confused on handling accelerometer data:
pseudo gravity, 3-axial acceleration, direction of angular

velocity (polar vector)
- Not designed for specific tasks or experiments



1.1 Advantages of writing Mobile Apps

- Development tool of App Inventor

- Simple pre-coded blocks are relatively easy to use

- Tallor-made programs for specific tasks or experiments
- Necessary data can be obtained directly

- Data can be retrieved from mobile phone for processing
- Better clarity, less confusion

- Effective for investigative study

- An activity that showcases integration of application of
knowledge and skills across different subjects
discipline( a good means to promote STEM education in
schools)

- Students can learn coding or computer programming
through writing apps



1.2 Introduction to App Inventor

- App Inventor was introduced by Google's Mark Friedman
and MIT Professor Hal Abelson in 2009

- App Inventor runs as a web service administered by MIT

- In 2015, the MIT App Inventor community consists of
nearly 3 million users representing 195 countries.

- App Inventor provides a simplified model and visual
programming language for users to build mobile apps
for the Android Platform



1.2 Introduction to App Inventor

- App Inventor is completely web-based, no software
Installation is required

- URL: http://appinventor.mit.edu/explore/

- Any users with a
Google account
can login to the Ohares G for hange Show What s Pt et nvlved vih W 4pp nverir
online web system | g el
and starting % A
building Apps for
Android

Hii SalT A8 l0VEnion About ~ News & Stories ~ Resources +
w E q m App Inventor is now in Portuguese! Google™ Custom Sea) “

Celebrating International Girls in ICT day in Europe
Massachusetts Technaovation Piich Night a Great
ccccccc

MIT App Inventor and Hong Kong Jockey Club

| Announce Joint Project

MIT App Inventor
Summit

GIRLS FOR CHANGE
Youl - b d I8 June 22-24, 2016

Regisiration Open!

Help the girls rebuild after a devastating fire. Visit Generosity.com
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1.2 Introduction to App Inventor

- Drag and Drop Design Environment

MyFirst Screenl - I Add Screen ... lﬂemnve&:mm

Palette Viewer Components Properties
User Interface Ulpisplay hidden compenents in Viewer [l sereent Screent
@ Button @ Check to see Preview on Tablet size. AboutScreen
,._\d CheckBox @ P
DatePicker @ AlignHorizontal
| . Left ~
mage ®
Label & AlignVertical
Top ~
ListPicker Q)
— A ) Text foffRution1 fpphinms
= ListView @ MyFirst
Notifi @
A e z BackgroundColor
[53] PasswordTextBox @ [ white
Ol Slider & Backgroundlmage
Mone...
Spinner @
] TextBox @ CloseScreenAnimation
Default =
TimePicker &
lcon
WebViewer @ Nawa.
OpenScreenAnimation
Layout Default =
: Repame | Delete
Media ScreenOrientation

Drawing and Animation

Sensors

Unspecified ~

Seraliabl

Upload File ...

=



1.2 Introduction to App Inventor

- Visual Programming Language

Add Screen ...

Blocks Viewer
=2 Built-in

B control m . when EEIGELREES Click

A text string. P

| Logic do | call

. Math

. Text

ists e

. length

L] Colors

. Variables

. Procedures -
e | 2 ; compare texts i | 1

| Screen
.
rim

_TertToSpEE{:h'l

Any component =
starts at text
piece




1.2 Introduction to App Inventor

- Event Based Programming Model

When the button is
clicked, a event is
triggered

Program written by
the programmer
which handles the
corresponding event

when Click will be executed

B Ul TextToSpeecht - T

g Hello, Welcome to CUHK |



1.2 Introduction to App Inventor

- Steps to make an App using App Inventor

VR
— ~—

when Click
(NN TextToSpeech! » =13

- - 4
lﬁl
MIT
AlCompanion

app

Step 1: Step 2:

Design the User Interface Test the program (and debug the

and Create the Events program) but sending the program to a
Programs Android device through WiFi

(by using the free MIT AlICompanion
App)



1.2 Introduction to App Inventor

- Login to your App Inventor Programming Environment

Fi St About News & Stories ~ Resources -

ﬂ E E u App Inventor is now in Portuguese! Loogle™ Custam Seal “

Dharavi Girls for Change Show What is Possible Get Involved with MIT App Inventor

Glrls For Change ; Recent News
The Science Temple

Celebrating International Girls in ICT day in Europe
Massachusefts Technovation Pitch MNight a Great
Success

MIT App Inventor and Hong Kong Jockey Club

Announce Joint Project

- N ¥ i
J o - , N MIT App Inventor

GIRLS FOR CHANGE Summit
LA L] B June 22-24, 2016
Help the girls rebuild after a devastating fire. Visit Generosity.com egisiration Open:




To use App Inventor for Android, you must accept the following terms of service.

Terms of Service

MIT App Inventor Privacy Policy and Terms of Use

MIT Center for Mobile Learning

Welcome to MIT's Center for Mobile Learning's App Inventor website (the "Site"). The Site runs on Google's App Engine service, You must read and
agree to these Terms of Service and Privacy Policy (collectively, the "Terms”) prior to using any portion of this Site. These Terms are an agreement
between you and the Massachusetts Institute of Technology. If you do not understand or do not agree to be bound by these Terms, please
immediately exit this Site.

MIT reserves the right to modify these Terms at any time and will publish notice of any such modifications online on this page for a reasonable
period of time following such modifications, and by changing the effective date of these Terms. By continuing to access the Site after notice of
such changes have been posted, you signify your agreement to be bound by them. Be sure to return to this page periodically to ensure familiarity
with the most current version of these Terms.

Description of MIT App Inventor

From this Site you can access MIT App Inventor, which lets you develop applications for Android devices using a web browser and either a
connected phone or emulator. You can also use the Site to store your work and keep track of your projects. App Inventor was originally developed
by Google. The Site also includes documentation and educational content, and this is being licensed to you under the Creative Commons
Attribution 4.0 International license (CC BY 4.0).

Account Required for Use of MIT App Inventor

In order to log in to MIT App Inventor, you need to use a Google account. Your use of that account is subject to Google's Terms of Service for -
1 b

| accept the terms of servicel




MIT App Inventor 2 Projects Connect Build Help My

Beta * . - . Projects

Report an English aijackyhui@gmail.com

Gallery Guide e %

MName Date Created Date Modified ¥ Published

Welcome to App Inventor 2!

You do not have any projects in App Inventor 2. To

learn how to use App Inventor, click the "Guide” link

N\, at the top of the window; or to start your first

' project, click the "Start New Project’ button at the
upper left of the window.

Happy Inventing!




1.2 Introduction to App Inventor

- To allow you to get familiar with the programming
environment, we have prepared three programs written in
App Inventor
- Unit Converter
- Location Aware GPS app
- Simple Measuring Tool — App to measure the frequency of a user

tapping on a button)

- You can download the program files from the course web
page
- converter.aia
- gps.aia
- buttonfreq.aia



1.2 Introduction to App Inventor

- You can import the program into your App Inventor

MIT App Inventor 2 Projects Connect s . My
H Beta = = Build Help Projects
s |
Start new project -
Blocks Import project (.aia) from my computer ... !
2 Builtin Import project (.aia) from a repository ...
ool Delete Project
O Logic Save project
B 11t Save project as ...
B e Checkpoint
B Lsts Export selected project (.aia) to my computer
M colors Export all projects

- Let's import the program converter.aia first



1.2 Introduction to App Inventor

- Once imported, you will see _

the interface of the App

- This Is the interface of the inch
App converter.aia
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1.2 Introduction to App Inventor

- Now, it is time to test the program
- On your Android Tablet, Look for the app MIT AICompanion 2

- Once found, we can connect the Android Tablet with the program we
have just written

9:45 [Ch 0 |
IT App Inventor 2 Companion
H MIT App In!u'en*l:‘t:Eu‘rrEt Ea f’rﬂiﬂﬂts ?DHHEDT fdv  Help- My

Projects : MIT App Inventor 2

¥ type in the 6-character code
MyFirst ol
scan the QR code
usB

Emulator

Palette

v Six Chardcter Code
User Interface

Reset Connection

':'Displa}' hi e
| @ Button : Checkto| Hard Reset
e ? Your IP Addressis: 192.168.1.105
[ [ NE—

Version: 2.27
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1.2 Introduction to App Inventor

- You can type the 6 character code or scan the QR code
and connect the MIT AlICompanion app with the program

| 9:45 Owsn
Connect to Companion MIT App Inventor 2 Companion
MIT App Inventor 2

Launch the MIT Al2 Companion on your device
and then scan the barcode or type in the code
to connect for live testing of your app.

Need help finding the Companion App? type in the 633[*_18"8019" code

scan the QR code

Six Chara‘cter Code

Your codV N
scan QR code

gktpmz

Your IP Addressis: 192.168.1.105
Version: 2.27

Cancel




1.2 Introduction to App Inventor

- You can now try out your program

- You can also following similar steps to try out other
programs now too.



1.3 Programming in App Inventor

- App Inventor is complete cloud-based, no installation is required

- Projects created in App Inventor can be exported and saved to local hard
disks. These files can be shared with others and imported back to App
Inventor environment again

- Let's learn programming in App Inventor by creating the converter app from
scratch

- First start a new project

p Inventor 2 Projects Connect Build Help My
BEtﬂ L L -

Projects Fadlleny

B

Start new project ‘b :

1 My projects

. . Project name: | MyCorvertal |
Import project (.aia) from my computer ...

Date Create Import project (.aia) from a repository ...

Delete Project

Save project Cancel OK

Save project as ...

Checkpoint

Export selected oroiect (.aial to mv computer



1.3 Programming in App Inventor

- The Programming environment is divided into two parts
- The designer part — for designing the user interface (Ul)
- The blocks part — for writing programs

m MIT App Invent%ret% Projects - Connect*  Build-  Help~ My Projects  Gallery  Guide  Reportanlssue  English -  aijackyhui@gmail.com ~
o EoD
Palette Viewer Components Properties
User Interface |:|Display hidden components in Viewer rj Se

‘ B Button = ‘ Check to see Preview on Tablet size.
[#  MherkR

Designer § Blocks



1.3 Programming in App Inventor

- Let's try to build the Unit _

Converter app

- First, we should design the inch
User Interface




1.3 Programming in App Inventor

Palette
- Step 1.
.. . User Interface
- Visit the App Inventor Website S i h
http://ai2.appinventor.mit.edu/ e ten
@ Step 2 DatePicker 6
- Login with your Google accounts and G Image @
say yes to the user agreement [A] Label -
° Step 3: '3 ListPicker 7)
- Drag and Drop the components to the = LatView ®
screen Ay Notifier @
- 1 Button [+s] PasswordTextBox @
- 2 Labels Il Slider @)
- 2 Textboxes e
. [I] TextBox -
. Step 4 ) TirmePicker 7
- Rename the components for easier s .
future reference =




1.3 Programming in App Inventor

- By changing the properties, we can arrange the
components as follows

8 [ sereent Eution!
|
L I TextBox1 BackgroundColl
AlLabel W osfaur
# Bution Enabled
I:ITe:»:tE!o 2 “
A | Labei2 FontBold
O
| n Ch “Te:tToSpeech‘I
Fentltalic
]
Press Me FontSize
FontTypeface
default -
Height
cm -
Automeats
Width
Auto
Imag
MNone...

Rename  Delete Shape

Media ShowFeedback
]




1.3 Programming in App Inventor

- Now it's time to Blocks Viewer
create the program ® Buitin _
: M control Whters AR ]
- The program will B do (§ &
perform calculation v
when the user click e :ﬂ“e“ TR Cotfocus
the button :j
- We will make use | [— when (TGRS LongClick
of the Events of ] m"’fﬂﬂfdm -
the button to . e
create an entry B Labei do
point to the ‘ _lgeuﬂnm
L TextBox2 when EFuGGYES  TouchDown
program [A] L abel2
¥ etToSpeech]
Any component T TouchUp




1.3 Programming in App Inventor

- Accessing and Modifying the properties of components
programmatically

- All properties can be accessed and modified using program
statements

- For example, the following statement change the Text of a button
btnB and add the word Hello at the end of the original value

do sci CED S bo | () join | CIEED . ACES

.h-

- You may try this sample by downloading the file
Properties_Demo.aia from the course web page



1.3 Programming in App Inventor

Now, it's time to add the logic to this event

To perform calculation, we have to perform mathematical operation and store
the result in a variable

A variable in a program is a named memory slot for storing values temporarily
To use a variable in a program, we must set it up by the following blocks first

Blocks  Viewer
B Built-in ‘

B control initialize global fo

B ists initialize glﬂbﬂl
M colors ‘o) initialize local

= Procedures i
= D Screenl L‘} initialize local
T TextBox1 i
(A Laben
E Button
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1.3 Programming in App Inventor

- Variables Initialization

initialize global : : \ /

initialize global variableA

J @&

variableB
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1.3 Programming in App Inventor

- Variables assignment

replaced and lost

=« global variableA - RG] : : \G/

variableA
=~ i global variableB - R

replaced and Iost

\ ’ Shekelele)

variableB
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1.3 Programming in App Inventor

- Accessing variables

replaced and lost

=2 global variabled, - Ei5 B : G
-~ =8 global variableB - RLEIEEL =8 global variableA - \_J

variableA
make a copy
Result replaced and lost and aSS|gned to
variableA vellakiek variableB variableA
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1.3 Programming in App Inventor

- Accumulation with variables

replaced and lost

l;:‘ s /\
agluhal variabieA - LI 1] G
—— global variableA - EEREREINMEST(oh o1 arableA - i (1]

variableA

Result replaced and lost +1

\"] U

variableA variableA variableA




1.3 Programming in App Inventor

- The values stored in the Ul (User Interface) components such as
Labels and Textboxes can be retrieved and changed using
programming statements

- To perform calculation, we can utilize the following logic
- Retrieve the text stored in the first Textbox and store the value to the variable result
- Perform calculation on the variable result and store the value back to the variable
- Change the Text of the second Textbox to the value of the variable result

& Built-in
.Eon‘trul when Click
B ogic + RN global result - RO TextBox1 - 8 Text +
:Math =-T global result - LMMOIES o=
Text :
B ists ~ set : [N = d global result -
.Cﬂlnrs
.‘l-"ariables

B Focedures  The blocks can be found according to their color



1.3 Programming in App Inventor

Blocks Viewer

- Other mathematical
operations © Builtin

- Many different types °°"ff°'
of mathematical Logic
B math

operations is possible
with Al2 b

- Related blocks are s

L -
placed inside the .solfr;
Math category ariables

B procedures
- Some examples of e
| Screenl

USing these Any component
mathematical

operations are

demonstrated on the

online video tutorial

session in the course

web page

ﬁﬁﬁﬁﬁﬁﬂgg

-"l
e | O
¥

[
%/
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1.3 Programming in App Inventor

- For more complicated logic, for example, the conversion
from inches to cm should only be performed when the
value input by the user is non-negative, we can make use

of simple conditional statements

Action-1 Action-2

Yes No




1.3 Programming in App Inventor

Blocks Viewer

Built-in
O control o
O Logic
*% If a value is true, then do some statements.

. Math
M rext

B Lists

O Colors

B variables
B procedures

) screent foreach ( in list
Any component o




How To Use the

If Else Block




1.3 Programming in App Inventor

Blocks Viewer

© Built-in

. Control

=)

- Variables
mi




1.3 Programming in App Inventor

when Click
-1 global resutt - L QI TextBoxt - J Text -

—_ global result - REREREINREST 0 ool result - I 254
to . + =1 global result ~

- The following is an updated program for the converter
table

o e global result - RENIE TextBox1 - B Text -
-1 global resuilt - RCEIBRCINRESE 0 0ha) result -~ TR

=Y TexBoxo - I Text - IO giobal resut -



1.3 Programming in App Inventor

- Programs written in Al2 can be packaged as APK files

- APK files are program package that can be installed
permanently on an Android Device

m MIT App lnventtlbaca‘t % Projects» Connect~ Buildv Help~

m I App ( provide QR code for .apk )
reen ...
App ( save .apk to my computer )

Palette Viewer

User Interface " Display hidden components in Viewer
Check to see Preview on Tablet size.

. Button ?

i] CheckBox ?)

DatePicker ?



APK Installation

- APK installation can be achieved by directly download the
generated APK file from App Inventor web site

H MIT App Inventi:é:f Projects - Connect - Build = Help -
a

App ( provide QR code for .apk )
App ( save .apk to my computer )

FreeFall

- Be aware of the restrictions on software installation on
your mobile device (usually only software from the Google
Play store is allowed)



APK Installation

ot EDOS ' Bo45 ¥ MO

=) Settings (=) Security

PERSONAL Make passwords visible

@ Location access DEVICE ADMINISTRATION

& Security Device administrators
View or deactivate device administrators

B Language & input Unknown sources
Allow installation of apps from sources

D) Backup & reset other than the Play Store

Verify apps
Disallow or warn before installation of
apps that may cause harm

v

ACCOUNTS

& Google
CREDENTIAL STORAGE

= Add account Trusted credentials
Display trusted CA certificates

SYSTEM

Install from storage
Install certificates from storage

®© Date &time

W Accessibility

L N P N




1.4 Sensors programming

- There are many sensors

. . Sen
available on mobile phones, o
some of them are accessible @ AccelerometerSensor
programmatically through App B9 BarcodeScanner 0
Inventor T Clock @)
- In this session, we will cover the
:& GyroscopeSensor (7
use of AcceleometerSensor, e | . ;.
ocationsensor {7
GyroscopeSensor and the Clock v
. NearField 7
- Other sensors work similarly B Neorfe :
|| OrientationSensor 7)
®  ProximitySensor Q)




1.4 Sensors programming

- Timer

- Timer is a non-visible component which
continuously generate an event every
fixed interval

- There are 3 properties that we can set to
control its operations
- TimerEnabled — Controls whether the timer

IS running or not

v true D@‘

false

when Timer

- Timerinterval — Controls how frequent the
timer will trigger a Timer event



1.4 Sensors programming

|:|Di5p|a1,' hidden components in Viewer

Check to see Preview on Tablet size

- Let's try out a project with

a timer
- Download the sample -
project Timer_Sample.aia o]
from the course website
e a5
Nun—wsmlef;nmpunents

Clock



1.4 Sensors programming

initialize global to | [

when Initialize The first event when the apps
do - : starts

- set _ Setup the properties of the
o Clock component

when Timer The Timer event of the
Clock component

This event will take
get place every 100 ms

L R 8 global count ~ R o “=1 global count -~ IS 1

The buttons events to
enable / disable the
Timer




1.4 Accelerometer

- Non-visible component that can detect shaking and
measure acceleration approximately in three dimensions
using Sl units (m/s2). The components are:

- XAccel: 0 when the phone is at rest on a flat surface, positive when the
phone is tilted to the right (i.e., its left side is raised), and negative when
the phone is tilted to the left (i.e., its right size is raised).

- yAccel: 0 when the phone is at rest on a flat surface, positive when its
bottom is raised, and negative when its top is raised.

- zAccel: Equal to -9.8 (earth's gravity in meters per second per second
when the device is at rest parallel to the ground with the display facing up,
0 when perpendicular to the ground, and +9.8 when facing down. The
value can also be affected by accelerating it with or against gravity.



1.4 Accelerometer

- Properties

- Sensitivity - A number that
encodes how sensitive the
accelerometer is. The
choices are: 1 = weak, 2 =
moderate, 3 = strong.

- Available — Whether
Accelerometer is available on
the device or not

- Enabled — Whether the
accelerometer is enabled or
not




L_Display hidden components in Viewer
1 4 ACCG e ro I I l ete r Check to see Preview on Tablet size.
"

Accelerometer

- Let's try out a project with a St
Accelerometer Stop

- Download the sample X
project Y

. Z
Accelerometer _Sample.aia

from the course website

- This project make use of
the Clock component and
the Accelerometer
component to monitor the
X, Y, Z acceleration of the
mobile phone in 100 ms

intervals Lo o =

MNon-visible components
.F. .?I. =Y

-

Clockl AccelerometerSensor]




1.4 Accelerometer

when Initialize
do set |




1.4 Gyroscope

Non-visible component that can measure angular velocity in three
dimensions in units of degrees per second.

In order to function, the component must have its Enabled property
set to True, and the device must have a gyroscope sensor.

Properties
- Available
- Indicates whether a gyroscope sensor is available.

Enabled

- If enabled, then sensor events will be generated and XAngularVelocity,
YAngularVelocity, and ZAngularVelocity properties will have meaningful values.

XAngularVelocity

- The angular velocity around the X axis, in degrees per second.
YAngularVelocity

- The angular velocity around the Y axis, in degrees per second.
ZAngularVelocity

- The angular velocity around the Z axis, in degrees per second.



1.4 Gyroscope

- The unit returned from the
Gyroscope is degree per
second

- The value can be easily
turned into radian per
second by the following
Math block

ml radians to degrees - I

v radians to degrees ‘

degrees to radians




14 GerSCO pe Bheck t see Previe o Tablet sz
- Let's try out a project with a St

Gyroscope stop
- Download the sample X

project ;Z'

Gyroscope Sample.aia
from the course website

- This project make use of
the Clock component and
the Gyroscope component
to monitor the X, Y, Z
angular velocity of the
mobile phone in 100 ms

intervals o o =

Mon-visible components

(] @ B

Clockl AccelerometerSensor] GyroscopeSensor]




1.4 Gyroscope

when Initialize

convert &

=
-
nbeat!=




1.4 Putting things together

Sensors and the Clock component can be put together
and create a unique app for a specific experiment

To help teachers make good use of the programming
environment, a template app is written for you
CAITE_Physics_Templatel.aia

This template provides a easier to use interface and
graphing capabilities ET 9 0= B il #1055




1.4 Putting things together

taor o

nduze global

sz ot

ke global

o Draw cavas sie
o a3
e ghobal ©

System pre-written

procedures

DON'T TOUCH Programs to be
but welcome to study if manipulated by
you want teachers

The program comes with many pre-written procedures that you

may use directly for manipulating graphs output and later export to
CSV or sharing data with email



1.4 Putting things together

Event handler for the
button btnReset,
btnPause, btnStart
and
Screenl.Initialize




The Procedure

- - SetupSystem is used
1.4 Putting things together e
parameters for
graphing and the
properties for the
sensors

Setup the properties of the Accelerometer
and the Timer

ResetData will clear all the recorded data

InititializeGraph setups the parameters for

graphing

» graph — which Canvas component will
be used for graphing

e minX — the minimum value on the X-axis

* maxX — the maximum value on the X-
axis

* minY — the minimum value of the Y-axis

* maxY — the maximum value of the Y-
axis

* show_Y_Axis — whether to draw the Y-
AXxis

* Y_stepsize — the step size between
marking on the Y-Axis



The Timer Event is the
- - main event for collecting
1.4 Putting things together . iwirdspay e
data on the Labels and
also add the data items to
when [IUEES Timer the memory for future
LR giobal tmestamp - ECRMCINEIPT ojobal timestamp - JRalN 1 processing

== 4l IbTimeStamp - B Text - JGRES =1 global timestamp -
2l 1D ax - J Text - IGERE- N NumberToString - |
LTS objAccelerometerSensor - Bl XAccel -
places
-S4 Ib_aY - [ Text - GBI NumberToString - |
LTS objAccelerometerSensor - B YAccel -
places
=4 1D aZ - i Text - IGIERC N NumberToString - |
\CIEE objAccelerometerSensor - B ZAccel -

places

call AddNewDatum is used to store the
XAccel captured data to memory for future

A :
M objAccelerometerSensor - | YAcce processing _
o obiAccelerometerSensor - 1 ZAccel - By default, the time stamp and three set of

data will be recorded (A, B and C)




1.4 Putting things together

Modifying the program

For example, you may want to
deduct the static gravitational g from
your measurement for a specific
experimental setup, you may modify
how data items are presented and

=¥ [bTimeStamp - P S . -| global timestamp - | stored in memory
set [LIENSS - to [ call
value -
places
set : to [ call
value :
places
set [CIEYAS - to | call
value -
places

when QIUEES -Timer
do | set EIEEIINSENE o | (o (o pmEin | ¢ (B

=N AddNewDatum -
L objAccelerometerSensor - B XAccel -
SRS objAccelerometerSensor - B YAccel -
2L objAccelerometerSensor - B ZAccel -




T
1.4 Putting things together

The btnGraph.Click Event is used to plot

— the graph from the stored data in memory.
Bl plotGraph - (Live plot is only possible if the sampling
x_col rate is low e.g. 10Hz, a big limit for App
y_col Inventor)
color
plotGraph is used to plot the graph
=}l plotGraph - of two data series from the data
x_col stored in memory. You may specify
the column and color used for
y_col ploting.
color Column 1 — time stamp
S— Column 2 — Data series A
sl plotGraph - Column 3 — Data series B
x_col Column 4 — Data series C

y col

color




1.4 Putting things together

Modifying the program

If you just want to plot the XAccel of
the records, you can simply disable
or even remove the block plotGraph

when Click

Duplicate
Add Comment

Inline Inputs

Collapse Block

Disable Block I}
Add to Backpack (0)

Delete 4 Blocks

Help

Do It

Highlight Procedure




T
1.4 Putting things together

. - Modifying the program
when Click Additional button btnOther for other

do purposes




1.5.1 Pedagogical Design, Rationale and

Implementation

- Two sensors on App Inventor: accelerometer and
gyroscope

- Facilitate students to learn Physics
- Help students to verify the physics laws

- Enhance experiment practical skills and data-handling
skills

- Promote investigative study and Inquiry-based Learning



1.5.2 ACCELEROMETER
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2.5 acceleration sensor

» Acceleration sensor
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Video of Accelerometer https://www.youtube.com/watch?v




Experiment 1. Measurement of apparent
weight

- Program can be simplified to obtain data only in one
direction of acceleration

- Program to eliminate pseudo g

apparent weight

weight (= mgq)
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Experiment 1. Measurement of apparent
weight

- Pseudo gravity

- Give the value g even at ‘
rest ~

- Eliminate the pseudo g on
the program

- Reduce confusion s
- Further verification from

the data : g = 2s/t2 O

Analyzing free fall with a smartphone acceleration sensor
Phys. Teach. 50, 182 (2012); 10.1119/1.3685123




Experiment 1. Measurement of apparent

weight

- Amusement park
measurement

- Lift, Roller Coaster

- Relate to dalily life
experience

Analyzing elevator oscillation with the smartphone acceleration sensors
Phys. Teach. 52, 55 (2014); 10.1119/1.4849161




Experiment 2: Measurement of “diluted
gravity” (g sing)

- Measurement of

acceleration along a
slope

- Relationship between
acceleration with
different angle of
inclination is verified

- Friction
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Experiment 3:Newton’s 3rd law

- Use accelerometer data to verify Newton’s 3rd
law

- Net forces on different masses by measuring their
accelerations




Experiment 4: Atwood machine

- Verify the relationship
of accelerations of
different masses

- Acceleration along one
axis




Experiment 5: acceleration of pendulum

- To determine the period of oscillation from
the acceleration-time graph

- Verify the relationship between the period
and the length of the pendulum

A physical pendulum

Analyzing simple pendulum phenomena with a smartphone acceleration sensor
Phys. Teach. 50, 439 (2012); 10.1119/1.4752056



Experiment 6: acceleration of oscillations

- Damped SHM
- Measure acceleration along one axis

(U I

Using a mobile phone acceleration sensor in physics experiments on free and damped harmonic oscillations
Am. J. Phys. 81, 472 (2013); 10.1119/1.4793438



1.5.2 GYROSCOPE




Gyroscope

- Angular velocity o with rotational axis along z direciton
- Centripetal acceleration a on xy-plane
- Verify the relationship between a and ®?
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Gyroscope

- Program is set to
record angular speed
along z axis and
acceleration on Xxy-
plane

Analyzing radial acceleration with a smartphone acceleration sensor
Phys. Teach. 51, 182 (2013); 10.1119/1.4792021



Non-uniform circular motion

- Further investigation

- Verify the relationship

2 — 2 '
@ “pottom — W top IS a

constant




Homework

- Complete the assignment before attending
Session 2

- A brief lesson plan

- Describe how to use mobile apps for investigative
study of Physics or Science subjects



Homework

- Some participants might be invited to share their
plan in Session 2

- A proposal template (worksheet) will be given
- Emall: phyteacher2015@gmail.com

- Title: C2_AA_Physics

- File:C2_AA (Your Name).docx

- Submit through Schoology Assignment
Collection Box or email



