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Applied Physics In STEM

“Exploring guided inquiry-based learning”

www.sino-exchange.org 1 Presenter: Scott A. Campbell

Gooday, and thank you all for attending this | KZR1F, FRIREKEIAKFKSIN'STEM HBE
presentation of: “Applied Physics In STEM”, | dh gy IR AR, BT @EIL5| &

where we will explore the real-world IR S S T 2 SRR B R AR A
applications of math and science by using a TS0t 5 oh 4 7 A

< 7 MIA o
process of guided inquiry-based learning.
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Agenda

What is STEM education?
Educational pedagogy and best practices for STEM;
Applying math and physics in an authentic way;

Curriculum development that transcends time.

www.sino-exchange.org Presenter: Scott A. Campbell

In today's presentation we will explore 4 big | ES KAEHH, FHITERIT4NEE

ideas: 2L

e This will include a brief review or o IGEIEN STEM BB ABRHHE
exploration of the true nature of STEM RS
education. ) ’

o XY STEM HBMIRESLE#HT T —L&

e Some recondensation's for best - . . s
R, XELEREEENRFFHT

practices for STEM, and these practices

will be modeled throughout this 2R

presentation. i ﬁ]\?ﬁ?%ﬁﬂ]ﬁﬂﬁ LXE@QE"]??E&K‘AFH
e Anin-depth exploration of how we can I,

apply math and physics in an authentic | e /5, FK{TEIRHBF AL SN |E#

way. WHRENRE

¢ And we will conclude with the idea of
developing curriculums that withstand
the test of time.
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BIG IDEA #1

What is STEM education?

www.sino-exchange.org Presenter: Scott A. Campbell

So, let's start with BIG IDEA #1 - What is A, IEFATMAEIAE EH#L FFIE 1+
STEM education? B2 STEM B>
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32 Applied Physics In STEM

It’s widely accepted that the acronym STEM stands for:
“science, technology, engineering and mathematics.”

evaluaton
~ synthesis

application
understanding

knowledge

www.sino-exchange.org 4
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It’s widely accepted that STEM stands for:
“science, technology, engineering and
mathematics.” It seems that everybody
knows what STEM is, but there’s still a lot of
confusion and uncertainty surrounding
STEM and all its derivatives. So let me delve
into this a bit more.

Now | think most people are aware of
Blooms taxonomy, but for those of you who
don’t — Blooms taxonomy is a classification
of the different levels of thinking or
cognition -- where knowledge is at the
bottom, and as we develop our
understandings, we can start applying what
we know and eventually start synthesising
and evaluating the results of our own
thought process. And | think this is an
important thing for us to stop and think
about. Everybody seems to have
knowledge of what STEM is, but very few
people understand the true nature of
STEM education, but we as educators we

AMEBIAH STEM REFIZE. KA
TR . WESPABRETAR
STEM ... {BREISEE STEM BELT4 &
HREEBMAREM.. ILBNETRA
MR-

MEBRERZHALBBMEREWHI DX
&, BXYTARLRNMENARKGR, HE
WD KA BHSAFBARREER
M E—mRTERER, HB1%
RIAMVIERRN, ROTUIFBENBER
IR ENIEAY, ?é%ﬁﬂ?é%nmﬁﬁm
HCRAETEMER., WAAXE—D
Eﬁﬁﬂﬁﬁﬁku%ﬂ’ai%ﬂnﬂo R
BHNAEMEM4Z STEM, ERDHA
IR STEM BEMNEIEAR, EBENEA

BE, BMAEMRANERZEER
AKX 7. ME, HTESESTEM HER
JBEL, ZERINIZIEZRREL T IFSHETE

© Sino-Exchange {H9ME1ER D Page 6 of 143

Hua Quan Village {f£RZSURIRERFT)




Presenter Notes: Applied Physics in STEM E7REEEIC: STEM K F L5 HHYFES

know that there is a big difference between
knowledge and understanding. Now
because of the confusion surrounding STEM
education there has been numerous
criticisms made of the framework over the
years!
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%2 Applied Physics In STEM

There is a lot of confusion surrounding STEM education as there no
common perception or language of what STEM is anymore due to the
development of a number of STEM derivatives such as:

* STEM

* STEAM

e STEMS “countries with high English proficiency are more innovative
as they have access to a wider breadth of current research

* STEMMA material from the global community” (Tran, 2015).

* eSTEM + eSTEAM
* STREAM (adds “reading” or “research” and “arts”)
* STEMM founded by Dr. Steve Meyer, & Rev. Jon Gerdts

Tran, M., 2015. Countries with High English Proficiency Are More Innovative. [Online]
Available at: https://hbr.org/2015/11/countries-with-high-english-proficiency-are-more-innovative Page 1 of 6 [Accessed 5 2020].

www.sino-exchange.org 5 Presenter: Scott A. Campbell

BRXEMTZERN. MNIE2EN
TN, MEBELT BSENA
HERE, XEHFTSETIFSL STEM A1
KETER, XRSHBHEENEEES

REZHER!

Now while these criticisms are valid. They
only identified a problem without
understanding what caused the problem in
the first place, and these criticisms resulted
in a numberer of STEM derivatives which
have only created more confusion for
educators and administrators alike!

BA, LK EBEXERESE.

So, let’s look at some of these acronyms.

o F{1H STEM,
e We have STEM. o F{1thE STEAM, BITZARIENE)E
e And we also have STEAM which adds 7.

creativity through the arts.

But we also have STEMS which
recognizes the importance Social
Sciences by adding the S at the end of
the acronym.

STEMMA which adds Managerial Arts
and was first proposed by Harvard
University.

Next, we have eSTEAM which recognizes
the importance of developing English
literacy development. And this idea of
including an ESL curriculum into the

{BEH{DE stem, BITEEFZF4E
BRIE AR BRI S SRINRFI M SR 2
HEEM,

STEMMA IBINT EIEZ AR, =FHE
FHREFRYE,

HOR, BA1H eSTEAM, TAIREIARE
KIBEERNINEZ M. & ESLRE
AN STEM HERAEXTIERIBER
FRGREE, XHEFEFMITMUREE
ITZEMRAE, XEBEMhNIEE
FEH OB,
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STEM framework is important for none-
English speaking countries so that
students can access a wider range of
research materials which will help them
become more innovative.

e And this leads us to another derivate
know as STREAM with adds reading or
research.

e And finally, we have STEMM with a
double M which was created by Dr.
Steve Meyer and Revant Jon Gerdts who
add the values of Christin Missionary to
the mandate of STEM education. This
idea also ties in with the
recommendations that the World
Economic Forum had made, but from a
slightly religious standpoint, and it also
corresponds to the Chinese
interpretation of STEM + [su zhi jiao yul],
or moral education.

XFELSIH T A — LT 1E STREAM,
RN AN s W 52 9 STREAM,

&E, BINE—1TWM B STEM, &
72 Steve Meyer f&1-#1 Revant Jon
Gerdts BRIy, MM EBERZHL
FIMEILARINE] STEM HE TS
F, XMUEBSHREFeRET
HEINAEX, BMETRABENA
FXE, cSthFEHEXS STEM + (sU
zhi jiao YU R B B ) B EHE N #
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32 Applied Physics In STEM

“STEM education is an interdisciplinary approach to

learning where rigorous academic concepts are coupled with

real-world lessons as students apply science, technology,
engineering, and mathematics in contexts that make

connections between school, community, work, and the global
enterprise enabling the development of STEM literacy and
with it the ability to compete in the new economy.”

~National Science Teachers Association (NSTA)

www.sino-exchange.org

Presenter: Scott A. Campbell

So, this definition of STEM education
upholds the original ideology that Judith
Ramaley had for STEM when she
introduced the concept back in 2001.

Let’s take a moment to read through this
definition together...

“STEM education is an interdisciplinary
approach to learning where rigorous
academic concepts are coupled with real-
world lessons as students apply science,
technology, engineering, and mathematics
in contexts that make connections between
school, community, work, and the global
enterprise enabling the development of
STEM literacy and with it the ability to
compete in the new economy.”

WOW!

FREA, XA STEM BB RE X BIF7 ki
BHL D F 7 2001 FE3RH STEM HEE RS X
STEM BRI RIRFERS

LEFR A A A — R — TR AR

'STEM B —MBERNF I TTE,

FHEAEFR. X TEMEKLLZ
BREIKANTR THARZE. KA.
TEMES, BHENFAS SIS
HRRERE S, MRS STEM &
Fr, FLIRSEREFPRFAEE

Ho

EXMEXAKBGERT!
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This definition is very verbose!

So, I am going to highlight a few key words
here:

e interdisciplinary approach

e rigorous academic concepts

e real-world lessons

e apply science, technology, engineering,
and mathematics in contexts.

e to compete in the new economy

As we can see by this last statement, STEM
is linked to economic goals! To help
students compete in the new global
economy! therefore, we can’t really forget
about this connection because it’s really the
main driving force for STEM education at
the government level.

But let's try simplifying this definition
before moving on.

P, BHEAXERIELXEE:

o BERGA

o IEMFAED

o ST

o RARZE, FA,
XA

o EHAFHRES

TREMFEELT

MEREXEERBATIUEFL, STEM 5
A5 BirE XK FE AN EIREF
RS AL, BAAFERERNTICXME
A, RACHLEZBUNEE STEM HEH
ETEEF.

BERE2F, ILRMREBLXAE
.
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w2 Applied Physics |

n STEM

Our working Paradigm of STEM

o e

STEM solves real world problems using science,
technology, engineering, and mathematics!

e e—"—"

But we need to add more depth to our understanding of STEM

www.sino-exchange.org 7
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STEM solves real world problems using
science, technology, engineering, and
mathematics!

This is the simplest definition that | can
make to define STEM. However, this
perception of STEM education, which |
represented by a red box is incredibly
limited. Therefore, we need to add more
depth to our working paradigm.

So let’s expand the boundaries of our
understandings.

STEM MARIFE . BN, TEMEFEER
PS5 Y [a) -

INFIN = Ak

AEIRAELS STEM THRBEIEMNEN . &
M, FALERTFAIXFFIT STEM HEH
ELFREERRN. Fltt, BINEFER
B THESEIEME ZARE.

PRRPALEE AT REATE R FRER -
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%2 Applied Physics In STEM

STEM solves real world problems using science,
technology, engineering, and mathematics!

If our aim is to solve real-world problems, then:

* We must explore authentic problems;

* By developing authentic solutions;

* We must adopt a cross-curricular approach;

* While address legitimate NEEDS in society;

* And should lead innovation through creative problem solving.

***NOTE: (although skills are often learnt in STEM, the focus of STEM education is not to develop skills for a general labour market).

www.sino-exchange.org

Presenter: Scott A. Campbell

So, if our aim is to solve real world
problems then:

e Then the problems that we explore
should be authentic.

e By extension, the solutions to that
problem should also be authentic.

e And finally, the approach should
also be cross-curricular.

e But professionals in the fields of
STEM are also addressing real world
needs in our society.

e And these industry professionals are
leading innovation through creative
problem solving.

We now have a definition that is much
simpler to understand, and it still upholds
the ideology of the original definition that
we look at a moment ago. However, there is
still one last point that | should emphasize!
Although students will often learn numerus
skills in STEM, the focus of STEM education
is not to develop job skills for a general

PRI, ARIAIA B2 BRI SC 5T
AR, AA:

FRABATRR BB X R AL .

SEMSTZ, ZEBNBRTTEBNIZE
JEH,

lm, XMTTEBNIZZEFR.

o8 STEM SUE YT W A Tt ZEfR AR TRA]
HEHIEFE K,

IXEEFTW F W A B IS BIE M AR R (6]
AR S| BIH

BMNAERT N ERZERNEX,
BRI A BRI MY R E X8
BRI, AT, EEBE—ABAZ
B RAFEBE ST STEM REIIF
ZiifE, BSTEM HBEMNESIBER—
RSN min e TYERRE .
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labour market.
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w2 Applied Physics |

www.sino-exchange.org

n STEM

Piaget’s Theory of Cognitive Development

* Stage 1: Sensorimotor Stage
(children 0-2)

« Stage 2: Preoperational Stage
(2-7 years-old)

» Stage 3: Concrete Operational Stage
(7-11 years-old)

* Stage 4: Logic & Abstraction
(Age 12 though adulthood)

Presenter: Scott A. Campbell

| would like to share this graphic to show
you how all these different concepts are
interconnected.

From the various subjects that STEM is
comprised of.

The critical industry sectors that STEM is
related to.

The educational theory that intersects
with STEM education.

And the various stages of cognitive
development.

As you can see the core subjects Science
and Mathematics act as columns
supporting everything, and these core
subjects are supplemented by inter-
disciplinary subject areas. As such, STEM
acts as merging point for the core subjects
as we apply rigorous academic concepts in
real-world lessons that will help students
prepare for the new economy. However,
there are so many critical sectors that are
represented by STEM.

INE

BRDEXKE, ERMNRTXLERE
SR NEHE TR,

M STEM Fr B & BB ZERIH,
5 STEM 182 A9 BI TR,
5 STEM HEX XU BEEIL .
INRREEER

A8

N

IEMRATEZIR, OB BERZEMEE

EAZE-TNER, XERORER

BERFRGUEFRNTE. Bk, STEM fEX
OB BRIE R, BATEREZEAR

BN BTSSR RIRE, BIFEE
AFETT AR, R, BREZXE
GUFERE STEM R,

Ait, EHRMNEBFORENEHFZ

B, B{1tER STEM DX HFZ T,
XLEE AV ERE T STEM B9{RIF<. X
BT — R, HEMNFEIZ R
BE, EEMNRE—E, AEIEMNE

PRy

a1t
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STEM H B LI G EES

Therefore, after we see the merging of the
core subjects, we also see STEM branch out
into numerous specializations that all fall
under the STEM umbrella. This creates an
hourglass shape as we take multiple
subjects, bring them all together, and then
spread out again as we go on to specialize
in a specific field of study later in life.

And that brings me to Blooms Taxonym.

As you can see, we always start with
knowledge, and as we learn the basics, we
start to understand abstract concepts.

These concepts could include how to solve
an equation, or how molecular bonds
work... and these are all important concepts
to understand if we are going to start
applying theories in real-world lesson in a
STEM program.

AS you can see that the core subjects really
need to proceed STEM, because we cannot
apply math and science before first
understanding the basics. Then in STEM we
can start applying what we have learnt in
context to solve real-world problems and go
on to analyze the results, and finally, later in
life industry professionals are required to
synthesis seemingly unrelated concepts to
solve complex problems in the real-world --
and of course they will need to evaluate the
effectiveness of those solutions as well.

RREEPERENMFENT R
ﬁ BIEE28ITE.

XILHABE T HEEDEF.

EaRFFERIR, A2 E2MFIRTT
95, HJEMFIEMMAIRN, FHOF8E
BRI

REMSTEREMETRTE, HED
THREWETTEN, m%ﬁM%ﬁ%T
STEM I B fUSEFrIRIZ Y AEEIE, X
HERREBNERRS.

EaRFFERIR, ORI BHSEH R
% STEM, RAAERAE LT BERFIR
ZHl, BNEENRAEEMBE, R
&, £ STEM f, AT AFH R AP
FRIH AR T RIS 57 49[0]
A, FRENTER, &E, AMEN
HEER, FTUEVATREEEEMNL
KA SR AR B LA 5T A Y &2 2 (o)
—HR, It BRI EX LRSS
EMHRM,

ETR, BATTIUEFR(EAE STEM
RRERANTE, HTHHEELE. &
%ﬂﬁ 2 STEM B BEFEXEENH

, REEI STEM VRS FH R
ﬂ%h#i?kﬂgm XSS
BEIEARAANSARBIEREYERETALN
INEARRIBRIEH, "EBEFME "M 12
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Next, we can look at where we are going to
get the greatest impact in STEM. Since
critical thinking, math, and science are
crucial skill sets in STEM education, you will
find that STEM will have the greatest
impact when it is taught at middle and
high-school levels. And this notion also
corresponds well with what we know of
Piaget Theory of Cognitive Develop which
indicates that “logic and abstraction” only
starts at age 12 and continues through
adulthood.

ZITin, —EIEENE.

© Sino-Exchange {FIME1EATRD
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BIG IDEA #2

Educational pedagogy and best practices for STEM

www.sino-exchange.org

Presenter: Scott A. Campbell

| should state that STEM education is so
much more than just doing a project or
making something, which that is something
that is easy to forget in the excitement of
doing a hands-on project or program of
study.

And that brings us to BIG IDEA #2, where |
would like to briefly talk about best
practices for STEM education. Because
STEM is all about the authentic application
of rigorous Math and Science skills which
are generally applied through engineering
and technological practices that are
designed to solve real-world problems, and
that was the primary focus of STEM when it
was introduced by the National Science
Foundation in 2001 -- To develop critical
thinking skills in the core maths and
sciences to prepare students for a highly
competitive and sophisticated global
economy. However, many STEM programs
and projects have been losing sight of those

FR1Zii, STEM H B NN ZM— I
BEif—LRr, XEAEM— LR
B ZI TR RES SICHE

=
Bo

XEIEHAHE T ReIEmH2, BAEER
WK STEM HEMRESLEK. F A STEM
EBARTFENSRFNINERENRELNY
A, XEREBERE S ERRISHE
FEBN TREMBIASLERNEA, X2
STEM WEEE R, B 2001 FH%

EERBFEESRSIAN—FFZ0
MBI 1 BERRE, AFEE

RGBT E S EREF T A
%, R, EEXR, ZSTEMIEEE
AT XEBFR, WMRBABILFRIA
STEM IR ARMNBZEHNMA T Z 3
A AT EPEER, XER(H
ERRAHY ]
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objectives in recent years, and that is
something that we need to address if we
want our STEM curriculums to adequacy
prepare our student for the world that they
are going to be entering.
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w2 Applied Physics |

n STEM

Inquiry Based Learning

Guided V
S Unguided

Inquiry-Based Learning presents opportunities for students to acquire knowledge by asking questions to exercise

observation skills and deductive reasoning. Joseph Schwab, a
inquiry in laboratory instruction before being presented with

pioneer of this pedagogy, recommends that students practice
large amounts of facts through formal explanations.

0guz Unver, Ayse & Arabacioglu, Sertac. (2014). A comparison of inquiry-based learning (IBL), problem-based learning (PBL) and project-based learning (PJBL) in science education. Academia

Journal of Educational Research. 2. 120-128. 10.15413/ajer.2014.0129.

www.sino-exchange.org 1
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The first thing that | want to talk about is
Inquiry Based Learning. Now Inquiry Based
Learning has its proponents. however, there
are also lots of teachers out there that are
strongly opposed to this philosophy as well.

But | think biggest issue comes down to the
differences between guided or unguided
inquiry-based learning.

That is.... are we as teachers creating
authentic learning opportunities for our
students that will challenge them to ask
questions, while also giving them the
support and guidance they need to excel!

Or are we leaving them to their own
devices and hopping for the best?

| would argue that the opposition that
some teachers have towards Inquiry Based
Learning is directed towards “unguided”
practices.

BEABBRNEETRRANES. Wi
ETRANFEITENIFE. Am,
BHREEIHRIIR S XFEFE,

BIEINARKHOEBZEFHNIFES
MRRAFIZEHNER.

INRS

X EAZm, BREAFLERNE
TREMNZINS, PRSI
A, Rt TP S FHiE
SIS NS

ERILMNELEER, FHEFNER?

=

7/

AR, —EZIRNHRMF IR
X TIE S HIKE.

Y&, NABRELARNFEAELRE
BEPEIRR, RACHFERBET

B EERSMIANE. it £F
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Now Joseph Schwab recommends that
students practice inquiry in laboratory
instruction as it presents opportunities for
students to acquire knowledge by asking
guestions. Therefore, Inquiry Based
Learning isn’t about letting students do
whatever they want and seeing what they
come up with, it’s about helping our
students discover new things by asking
qguestions in a structed settings such as a
lab. However, we are not disseminating
information through formal explanations
but guiding our students through process of
practical inquiry.

RRMFEIAZULZEMANBIMNE

B BREMNBETHA mEBEIHE
KR X AR SRR PR ) [a) Sk
HEMFERAHEY. Rifn, TNLZE

B ERNRRREREEL, TRE
SERFMTERE| Sk
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%2 Applied Physics In STEM
Unguided Inquiry Based Learning

VAVAY,)\YN

“STEM education is only concerned about the project itself, while ignoring the
concern for the person” (Feng, 2017).

Feng, ., 2017. [Observation] STEAM teaching and learning, Beijing: s.n.

www.sino-exchange.org 12 Presenter: Scott A. Campbell

When we fail to provide structure, support, | LI ARELF A IRMLEM . X IFFiE
and guidance to our students. Our students | £, B{INFEBESN BHIIEL
will typically apply what they already know, MR, NEM(IBERTALE HiN=
or what they are c%JrrentIy capable of doing. . Bk AR B 54 E
As a result, they will seldomly go beyond a FE1R R B T AN 3 BB L AR
XE—ERE 2R ARG M
This is in-part because they won’t even IBAIERE TR, BUMBNEZRE
know what questions to ask unless we point ZEftAmE®E, Bk, TESHETR
them in the right direction. Therefore, REYZFEIME T = E XN E!
Unguided Inquiry Based Learning tends to

rudimentary understanding of the concepts
that are related to what they are exploring.

produce projects like this!
AXE, FHTIUBRIFZENAKER
BIE T — P EINEEY — R LY
Here we can see that the students have &, KA1, EXAMIFh L REEESR
used popsicle sticks to create an object that BRI EIE, ST S DIY T
resembles the general structure of a crane. S = - — g

& B, BRARLEFRHRELEEE, B
FAEMRBEMNXLERTFERZEKEZ R

Ay M :\ = S VA

the students may use DIY kits, and while 7, EAMRMNXENZRENT,
there is nothing wrong with the quality of AN ENEASHRER ., XER
these products, the students don’t really JB4E STEM B E™R TR EE, fla, B

learn much from these resources because | #t3F STEM 15 “STEM # B R &/ H A<
they focus on the act of building rather 5,

However, very few scientific principles have
been explored in this example. Alternately
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than the exploration of rigorous academic
concepts. And these kinds of resources
have been giving STEM education a bad
reputation. For instance, Feng criticizes
STEM saying that “STEM education is only
concerned about the project itself”.

Therefore, in summary, neither of these
examples had the students explore
scientific concepts beyond the rudimentary
function or shape of a crane, and that
negates the value of doing the project in
the first place.

Hitt, BmEz, XEFTFEXBILS
FRRBHEEVEARRE SRR

S, XERGE S MXDTE B
=08
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w2 Applied Physics |
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Based Learning

www.sino-exchange.org

Presenter: Scott A. Campbell

Now in this example you can see what this
project would look like using a “Guided
Inquiry Based Learning” methodology.

Now you can see by this example that the
students have conducted a much deeper
exploration, and the quality of their project
is infinity better. While the video does an
excellent job of showing the final project,
we didn’t get to see what happened behind
the scenes!

Therefore, for the remainder of this
presentation, | will be using this project to
model how math and physics can be
applied in authentic way.

REEZNBTF, RTUEEXDI
BERWEIER S SRALE I TIERN.

AN NG FRIRTINEE], FEA]
HITTERANNRR, WIHNIERE
MAKRS T . BAWARFHRRT
REMNME, BRMREEETRERE
T4l
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i XL E SRAR S A IR L4 1L
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n STEM

All teachers are
language teachers!

“countries with higher English proficiency are more innovative as they have access to a wider
breadth of current research material from the global community” (Tran, 2015).

Tran, M., 2015. Countries with High English Proficiency Are More Innovative. [Online] Available at: https:/hbr.org/2015/11

ive Page 1 of 6

[Accessed 5 2020].
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But before moving on | also want to
emphasis this point:

All teachers are language teachers!

We can’t just push off aspects of literacy
development just because we are teaching
STEM. We have our part in helping students
develop “Cognitive Academic Language
Proficiency Skills” to help prepare them for
the new economy.

As Tran indicates, “countries with higher
English proficiency are more innovative as
they have access to a wider breadth of
current research material from the global
community”. Therefore, it is imperative that
we help our students... especially if we are
teaching STEM in an international setting,
so that we help develop the literacy skills
that our students will need to excel.
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BERSZ ], FEERIFX—

FrE M Z I ER 2R S Z !

FANARRERIXE A E STEM FLIEFLSHE
MERHEE 1., INNIRREREF
FREFINNMFERNESES, FEIMBIIH
MAEF T ESE.
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52 Applied Physics In STEM

Vocabulary

Acceleration: Noun /ak sela'rexfan/

The rate of change in the velocity of an object with respect to time. The SI unit for acceleration is
metre per second squared (m-s2, m/s?, or ,ﬂz ). NOTE: Accelerations are vector quantities which
have both magnitude and direction.

Aside: The velocity of an object is the rate of change of its position with respect to a frame of
reference, and is a function of time [NOTE: Velocity is a physical vector quantity; both magnitude
and direction are needed to define it].

Atwood Machine: Noun /at wod ma'fi:n/
Invented in 1784 by the English mathematician George Atwood, and Atwood Machine is an
experiment that is used to verify the laws of motion that deal with constant acceleration.

Force: Noun /f:s/
Force is a measure of the interaction between an object and its surroundings. It takes on a number
of different forms including “electromagnetic”, and “gravitational forces”
+  Aforce can be thought of as a pushing or pulling action;
+  Aforce can cause an object with mass to change its velocity
(i.e begin moving from a state of rest, to accelerate);

* When unopposed a force will change the motion of an object.
NOTE: Force is a vector quantity, it has both direction and magnitude.

Friction: Noun /'frikfon/
The resistance that one surface or object encounters when moving over another

Gravity: Noun / 'graevity/

A natural phenomenon by which all things with mass or energy are attracted to one another. On
Earth, gravity is equal to 9.8ms2.

Load: Noun /laud/

Load is a term that is frequently used in engineering and can have several different meanings:

www.sino-exchange.org

*  In structural engineering a load means the force that is exerted on a surface.
Structural “loads” cause stresses, deformations, and displacements in structures

*  In electrical engineering a “load” is an electrical component or portion of a circuit
that consumes (active) electric power, such as: motor, LED light, etc.. The term may
also refer to the power consumed by a circuit.

Mass: Noun /maes/
Mass is a measure of the amount of material in an object. Mass is directly related to the number
and the type of atoms present in the composition of the object. Mass is often measured using
kilograms [NOTE: Mass never changes].

Tension: Noun /'tenfon/
The state of being stretched tight.

Pulley: Noun /'polt/
A wheel with a grooved rim around which a cord passes. It acts to change the direction of a force
applied to the cord and is typically used to raise heavy objects.

Aside: A chord is a thin flexible string or rope made from several twisted strands.

Weight: Noun /wert/
Weight has muiltiple meanings, so it is important to clearly identify what is meant by weight in each
particular context.
+  Context 1: In the trading of goods, weight is taken to mean the same as mass and is
measured in kilograms.

*  Context 2: Scientifically it is normal to state the weight of an object based on the
gravitational forces acting upon it, hence weight in this context it should be measured
in newtons (N).

«  Context 3: A weight can also be an artefact that has been made from a dense metal
and has a specific / calibrated mass.

Presenter: Scott A. Campbell

And to do this we need to make an effort to
reinforce and teach vocabulary skills.

For instance, these are all the vocabulary
words that | will using while modeling this
extended project. Now it’s important for
me to explain and model how to use these
words properly; However, | always go a step
further by providing my students with the
IPA pronunciation guides for each word.
This extra resource really helps our ESL
students as it provides them with a support
mechanism to sound out the word properly
on their own. Therefore, the use of IPA
empowers them to become autonomous
self-directed learners.

But | will also try to reduce how many
words | use. For example, | avoid using
unnecessary synonyms, and this helps me
to use select key words more often, which
helps the students learn though repetition.
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Moreover, this will also help reduce
confusion amongst ESL students.

And finally, | always highlight keywords in
my lessons to help draw my student's
attention to important vocabulary words.

=

BEx

=y

CRRAERIRERRHXE

7\, UEMEMNFEETRERMNIEL.
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%2 Applied Physics

In STEM

Abbreviations:
Mechanical Advantage M, Acceleration a
Anchor Force F, Gravity g
Effort Force Fg Kilograms kg
Load Force F; Mass m;, ...m,
Force Tension F, Meters m
Newtons N
# of Movable Pulleys n Seconds )
Tension Time t
W ino-exchange.org 16 Presenter: Scott A Campbell

Moreover, it is also important to be very
clear with any abbreviations that you use.

And to be consistent in how you use them.

For example, pre-made diagrams can be
labeled very differently depending on their
source, and these discrepancies can be very
confusing for your ESL students. Therefore,
it is best to ensure consistency throughout
your lessons. As such, | will be using these
exact abbreviations in today’s presentation.

toh, FEEBREEEANETESHR
BEE,

FERAEERENNTN EFREF -2

Bign, IR EER T IURIEE SRR
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How do we apply math and physics in an authentic way.... and
this will be model using a tower crane project as we explore the

real-world application of theory th

www.sino-exchange.org

roughout this presentation.

Presenter: Scott A. Campbell

In the following section we will look at how
we can apply math and physics in an
authentic way within the context of STEM
education, and to do this | will be modeling
a single project, which is the development
and testing of a tower crane.

Now | have already showed you examples
of what the end-product of both guided
and unguided inquiry-based learning will
look like. However, we haven’t seen what
we can do as teachers to guide and support
our students which is important if we want
to encourage an authentic process of
inquiry that will promote the development
of rigorous academic concepts.

HET—TH, BIPEEBMETE STEM
BHNER TUESHNITN BEZEMNY)
#, ATHEIX—R, BBEN—PIE
HITER, XEHENEEVMTLN
e

PAERELEIRMRT T 5ISMIESF
METRRANFEINRETBEMT AR
THBIT . i, BANEREEEITA]
PEAZD ] U ASRIE S M FHFI
MevEE, WRIUVEHR—PELER
RRERE, XBEAENFARSH
A&, XERREEMN.
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Understanding the Basics

The first thing students need to understand is trusses. What they are, how they’re
made, and how they’re used to assemble more complex structures such as a crane.

www.sino-exchange.org

Presenter: Scott A. Campbell

So, the first thing we need to do when
understanding a crane is to learn the basics.
Essentially, we want to activate prior
knowledge, draw on dormmate
observations of the real-world, or
potentially introduce new concepts for the
first time. At this stage we will be
introducing students to the idea of trusses.
What they are, how they’re made, and how
they’re used to create more complex
structures. And this is a transferable
concept that gets used in bridges, buildings,
and even spacecrafts.

| should say that projects within STEM are
only a means to an end. Things shouldn’t
really be about the project itself but should
be about the core concepts that the project
introduces. These concepts should really be
big transferable ideas that will transcend
the project, but more importantly will focus
on ideas and understandings that will
transcend the test of time!
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%2 Applied Physics In STEM

Design Challenge

Rear pendant \

To design, build and test
the strongest crane design.

Main winch, motors
and counterweights

NOTE: This project will include aspects of
structural engineering, mechanical
systems, and electronics.

www.sino-exchange.org

Counter-jib

Anatomy of a Tower Crane

| Jib |
! 1

/ Force Pendant

A
V\
TAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA' o
L1

D /‘ =
\ Trolley
Operators Cab

Hook Block

AANAVANANAY

e TOwer | Mast

£y ¢—— Climbing support collar

NENERERNRNN

v
==y 4= Hydraulic climbing section

Presenter: Scott A. Campbell

This is the challenge that | would give the
students:

To design, build, and test the strongest
crane possible.

This one project is going to cover aspects of
structural engineering, mechanical systems,
and electronics. Therefore, there are a lot
of things that a project like this can cover, if
we help guide our students through a
process of guided inquiry-based learning,
and this will give them an authentic
learning opportunity to explore the
application of math and science in context.

XERGFEMNIBEA:

®it, 2% HANXREEEE.
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%2 Applied Physics In STEM

Cranes are designed using different types of
trusses which are used to support the load.

A load will result in different forces
that act on the structure. These include:
compression (=2 | €), tension (< | =), or both.

www.sino-exchange.org
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Presenter: Scott A. Campbell

Now cranes are designed using trusses
which support the load, and these loads
will result in different forces that act upon
the structure of the crane.

As an aside, you can see how | have
highlighted the key words, and how | have
also added visuals such as symbols to help
my ESL students identify the big ideas.

PAEREEVERZ AR ETH
By, XEFHRSWESINNELTER
R8I,
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32 Applied Physics In STEM

LOAD (Force /)

/NN

‘compression’ (= | €)

www.sino-exchange.org

‘tension’ (< | 2)

Presenter: Scott A. Campbell

Moving on. If we look at our standard truss
and apply a load to the middle of that
structure, we can see how the different
forces which are exerted by that load
disfigures the structure. And different parts
of the structure will experience different
types of forces as parts of the structure are
compressed, while others are being ripped
apart by forces of tension.

EZH . MRBAVE—TIENZR, &
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w2 Applied Physics |

n STEM

Trusses are constructed by connecting triangular units
(nodes) to form a truss. This creates long, slender
and straight support that, is known as a truss.

Trusses are planner supports (A flat or 2D) that then gets inserted into a frame.

www.sino-exchange.org 22

Presenter: Scott A. Campbell

Now trusses are constructed using
triangular units which are known as nodes.
This creates a long planner support that is
known as a truss, and these planner
supports are then used to create a 3-
dimensional frame.

WZREZR=AERITMME, XEHT
BRAT R XEIRBT ML
B, BRAHIR, AEXER L ER
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w2 Applied Physics |

n STEM

Types of Trusses

There are many different types of

truss designs, and each has its own

advantages and disadvantages.

Parallel Chord Truss

llenge Overview:

ODIXIXIK] &
Use standard trusses to create an original

design for your crane’s mast and jib, while

also trying to optimizing the strength,
weight, and cost of your final crane design.

Parker Truss

Warren Truss

www.sino-exchange.org 23
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Now there are lots of different types of
trusses such as: The Baily, parallel chord,
Parker, and the Warren truss design just to
name a few, and this is where the student's
inquiry really comes into play. As we have
created a scenario for authentic inquiry-
based learning where we are guiding our
students to explore new concepts.
Therefore, the student’s challenge is to
design the best crane possible using
standard trusses. However, they will need
to ask themselves which truss will produce
the best results and why?

For instance, the bailey truss is incredibly
strong. however, it’s very heavy so the
crane is going to have to support extra
weight, and it’s also very difficult to
assemble a Bailey truss as well. Therefore,
we have various tradeoffs which our
students will need to evaluate and consider.
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Therefore, your students will need to think
about which design is going to be the
strongest, the lightest, and the cheapest.
Then they will also need to think about how
they balance these factors to achieve the
ideal strength to weight ratio while keeping
costs down, which is essentially the big idea
behind a feasibility study which the
students would learn about in an
economics class.

XA EE T
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n STEM

What type of truss will you
use to create the mast?

Think about why you would
select this type of truss?

Will this truss design make
your crane stronger? Why?

Will it make your crane easier
or more difficult to build?

Presenter: Scott A. Campbell

Therefore, as the students are designing
their cranes, they will want to think about:

What type of truss they will use to
create the mast.

Why they would select this kind of truss.
Will this truss make their crane
stronger?

And are they capable of building and
testing their own design.
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n STEM

What type of truss will you
use to create the jib?

Will you modify the truss
design (i.e., make it smaller at
one end to reduce weight)?

Will you make a truss that can
pivot? Why?

Will these design choices
make your crane better? Why?

Presenter: Scott A. Campbell

Students also need to think about how they
will design the jib as well and will they
modify the truss design here. For instance,
they may decide to taper the jib at one end
to reduce the weight, or they may add a
pivot point. Because a lot of cranes do have
a pivoting point. Regardless of the choices
the students choose to explore. They will
need to ask themselves the following
questions:

*  Will this make my crane better or worse.

* |s this design within my ability to make.

Now this pivoting truss idea is really cool;
however, it’s going to be too difficult for
your students to attempt. But here we have
this idea of providing the necessary
information to your students so they can
make informed decisions. To help guide
their process of inquiry, and differentiation
is inherently built into this methodology as
students will take on suitable challenges for
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themselves.
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N
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Then, students should design
their own crane design based on
what the students have learnt
about trusses so far.

At this point they should not be
concerned about scale, or other
technical requirements.

Their only objective right now is
to develop an overall idea which
they will then go on to modify

using maths and science.

www.sino-exchange.org
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So, the first thing that students will need to
do is design their own crane. Now at this
point they shouldn’t be concerned about
things like scale or other technical
requirements. Because we are going to
modify these designs latter on

Essentially, what we are going to do is
continually throw our students curve balls
as we guide them through a process of
inquiry-based learning

As such, every time the students think that
they are done the project we are going to
say, “hey did you think about this yet?”,
and that’s going to force them to go back
and modify their designs, and this is exactly
what engineers required to do when
working on large projects in the real-world.
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Calculating Pad Size

How can we determine how large the base of a crane needs to
be based on different load factors?

www.sino-exchange.org
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At this point students will have a rough
draft, and this really is just focusing on the
overall design, and what type of trusses
they are planning on using. However, we
haven't focused on other any of the other
requirements and that brings us to “Pad
Sizes”.

This is where we will determine how large
the base of the crane needs to be for it to
be stable, and this will require us to
consider different variables and how they
interact with one another.

ARX—mE, FEBE-MHEBNE
£, RENRZTETEERRIT, 4
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32 Applied Physics In STEM

The weight of a load will produce a
downward force {, due to gravity.

The downward force {, of this load may
be equally distributed across a large area,
or it may be focused on a single point.

www.sino-exchange.org 28 Presenter: Scott A. Campbell

The load will produce a downward force BB EE—PE TS, XTI

which can either be distributed across a DEE—NMRAHXE L, thof&Emh
large area or focused on a singular point. H—ANEEH b
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32 Applied Physics In STEM

Point Load

Point load is a load which acts over a small distance.
Because of its concentration over small distance this
load can / may be considered as acting on a single
point. A point load is denoted by P and the symbol of
point load is arrow heading downward (/).

P

—

Point Load

www.sino-exchange.org 29

Distributed Load

Distributed load is a load that acts over a

considerable length or “over a length which is

measurable”; therefore, Distributed load is

measured per unit of length.

P P P P P

I T S

Distributed Load

Presenter: Scott A. Campbell

And this brings us to the idea of “Point
Load”, and “Distributed Loads”. As we can
see a “Point Load” acts upon a single point,
whereas a “distributed load” applies that
same amount of force over a greater area.

RELSIH T R e T s A

o EMBARERIN, "SEE1ERT
BAR, Mo AR AR XE
AR A1
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32 Applied Physics In STEM

Stress Factors:

Distributed and point loads will result in the following
stresses factors in a standard object.

Distributed Load Point Load
P
I I
t
P

www.sino-exchange.org

Distributed Load Point Load

P
I | t |
P

Presenter: Scott A. Campbell

And this results in different “stress factors”
in a standard object.

As we can the distributed load applies the
force equally across the entire object which
reduces stress. However, the “point load”
focuses that force on a singular point which
creates a lot of pressure, or stress on the
object, and this results in the deformation
of the object.

Moreover, as we can see in the second
diagram without the pads, the “point load”
compresses the mid-point which causes the
sides of the object to flex outwards to relive
the stress, and eventually this could result
in catastrophic failure as the support
collapses due to structural stress.

RSB T —MrERE R AR ED

IEMBAVRA, DR EFERME L
BN, Kb TR A
m, “REEFHAERPE-NTGRLL,
R EFERRNEASES, N
mSFBEEEE.

BHh, ERBANER B EAE KA
FRFERIMANE, RBEERET PR,
SEW AR = 5N ES il IR 7T,
RAXJESEREMNKRE, FAX
EHRTEMN DTS,
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32 Applied Physics In STEM

, According to the World Economic Forum: “reforming education in the so-called STEM disciplines is needed” ...
| “we should also expand the scope of STEM education, to ensure that students learn to evaluate and respond to  §
the social, economic, and political consequences of their work” (Maker, 2018)

Maker, M., 2018. The way we teach STEM is out of date. Here's how we can update it. [Online] Available at: https:/www.weforum. da/2018/12/hacking-thy yllabus [Accessed 3 2020]).

www.sino-exchange.org 31 Presenter: Scott A. Campbell
Now you might ask “Why is this WMERTgE=[E) AT AXRER?”
important?”

KRR MR ICE I ERIRR —K R
So, this is a picture that | took while | was BB A S Al T X KT A th

still working as a photojournalist, and this IEAREL AR IR N
one photo really illustrates the need for

understanding math and physics in this kind
of project. - R N
XERMNBE—TEEN, BERLBILE
FITEEENNL2RIERS, XS
Here we have a crane where the operator EEYEIE, EAT RERHUR.

DID NOT properly calculate the safe SEEMEEEASS., R, BEAX
operational limits of the crane, and this ; A
P THES T,

resulted in the crane toppling over and
causing a significant amount of damage.

Luckily nobody was injured. however, things X FRABE| T HRESFIIEET STEM #
could have been much worse. BHEL. THRE:

And this brings me to a comment made by SR TERSZY K STEM HE MR, M

the world Economic Forum about STEM “ “ A~ . N
education indicating that: FRFEFZSTHE TN Xt (] TEAI%E
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“We should also expand the scope of STEM
education, to ensure that students learn to
evaluate and respond to the social,
economic, and political consequences of
their work.”

Therefore, we should also look at the
impacts of what we do and why we do it!

And if we look at this example, we can see
that these businesses are forced to close
which has an adverse effect on their
employees but also to their customers as
well. We also have the structural damage to
these buildings, and the time and money
that it will take to repair these damages.

As such, there are huge social and
economic impacts here, and that's part of
what we should be looking at in STEM
education.

And that brings us to why it’s important to
calculate “pad size”. Furthermore, you
probably never even though about this
issue until | gave you this example, and this
really illustrates the difference between
“guided”, and “unguided inquiry-based
learning”.

K \ ,I//I %”J—BC/III

Rt BAERIZBEERANF NSNS
R, MEBA AT AZZER

WRBNB—TREMIT, BAVTTUF
B WHFBXRE, XMINRT
MEPEEARFNZm. RMNBEXLERE

TN EBIIR, URIEE X EARIRRT
BENNEMEE.

Eitt, XEEEAHNESHAFRE,
XA STEM B F NIZ K< FRI—ER
ANy

7o

XS T it E pad RSFAIERM. It

s, R 1é1¢@%zm ROl 8E
MFKZH BT IXA BB, X MFFHL

W T SIS M ESISHNRRNFEI ' Z
B FI X 51
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%2 Applied Physics In STEM

Step 1: Determine the Weight of the Crane (Point Load)

The weight of the crane will include the combined weight of the mast, jib
and the counter-weight. These weights remain constant during operation and will
create a downward point force at the centre of the tower.

Weight of Crane (Tower + Jib) 75t

Weight of Counter Weight

50t

Point Load

www.sino-exchange.org
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125¢

Presenter: Scott A. Campbell

The first thing we need to dois to
determine the “Point Load” that is exerted
by the crane. To do this we will add up the
weight of the crane’s: tower, jib, and
counterweight. Therefore, in this standard
crane example we have a total mass of 125
tons.

BB EMNE—HEEREEENE

ey R EHE . BWEX—x, BTRE
EYNEENERER. BRMNEE.

Hitt, EXMREERENANGTFH, &K

MR RER 125 I,
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Step 2: Determine the Weight of Irregular Loads

The second value that needs to be calculated is the combined total of any irregular
weight that can change during operation. These weights include the load,
hook block, and a fly jib if it has been installed.

Weight of Load (variable) 12.5¢t
Hook Block / Tackle 1.0t
Fly Jib (if Fitted) 0.5t
13.0t
www.sino-exchange.org 33 Presenter: Scott A. Campbell

Next, we need to determine any “Irregular | T %, BB EHE AL N 7

Loads”. In this example we have “Irregular | " £ XANMEF5, HA1E“ATNZE
Load” that accounts for an additional 13 & HESMG 13 1,
tons.
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%2 Applied Physics In STEM

Step 3: Determine Ground Pressure

Once you have completed the calculations from steps 1 and 2, you can substitute
values into the Ground Pressure (GP) equation. To calculate GP you will use the
formula: Ground Pressure = (Point Load x 0.75 ) + (Irregular Loads)

GP=(PLx 0.75) + (IL)
GP = (125t x 0.75) + (131)
GP = 93.75t + 13t

GP = 106.75t

www.sino-exchange.org

Presenter: Scott A. Campbell

With our “Point Load” and “Irregular Load”
known, we are now able to determine the
amount of pressure that will be exerted by
the crane on ground beneath it. We use the
equation “Point Load” multiplied by a
“constant of 0.75” plus the “Irregular Load”
and in our working example, we get a
“Ground Pressure” of approximately 107
tons.

B mEE M AR EREE, BT
FE M EEEVETE T A EEN
MENE. BNER S=T3FkL0.75
BRI L ARNEE LI, A
T HETRBIF, FNEFEIKRL 107 IERY
“HEH",
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%2 Applied Physics In STEM

Step 4: Determine the “Ground Bearing Pressure”

Ground Bearing Pressure (GBP) is a mathematical constant that can be looked up
using the provided table. The value for GBP varies based on the different surface

conditions that your crane will encounter.

Example:
Soft Clays and Silts

www.sino-exchange.org

<7.6 t/m?

35

<75 kN/m?

Presenter: Scott A. Campbell

After that we need to determine the
“Ground Bearing Pressure”. Now these
values are based on constants that are
provided in a standard lookup table.
However, in this example | am going to use
the value for “Soft Clays’ which is equal to
75 Kilonewtons per square meter.

ZRBEMNFERE WEAEEN". B
, XEEETIEEHRRPIRENT
B, A, EXNEITH, BEERR
I'eE, EFTEFIAKT T4
.
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%2 Applied Physics In STEM

Step 5: Determine the Minimum Acceptable Pad Size

To determine the minimum acceptable pad size for your crane, you must simply
divide the Ground Pressure (GP) from Step 3 by the Ground Bearing Pressure
(GBP) that you looked up in Step 4. Then, use the following pad size equation:
Pad Size = Ground Pressure / Ground Bearing Pressure

PS =GP/ GBP
PS=106.75t/7.6 -7
PS = 13.95 m?
www.sino-exchange.org 36 Presenter: Scott A. Campbell

To determine our minimum “pad size” we HTHRER/NEYBEERT, B1EH
then divide the “Ground Pressure” by the BEEABRUHEEAEEN . —BFHA]

“Ground Bearing Pressure”. Once we WERAFRE. B, HOFTHE)N
substitute our values into this equation. TS a2 14 TFTK

Therefore, we are left with a minimum
acceptable “pad size” of approximately 14
square meters.
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32 Applied Physics In STEM

Step 6: Determine the Dimensions of the Pad

You may have a square or circular base, depending on the design of your crane.

Area of a Square: Area of a Circle:
Area = §? Area =mr?

Then, rewrite the equations to isolate “S” for side length or “r” for radius.

www.sino-exchange.org 37 Presenter: Scott A. Campbell

Now we will need to determine the MEBRMNBEREENRS, HIEH
dimensions of our pad and the method that | fy 7555 RE ARG, XBURFRKIIZEFT

we use will be slightly different depending HERARREERETE,
on whether we plan on using either a

square or circular pad.
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Rewrite the equation and then solve:

Square Pad: Round Pad:

Side = VPad Size Radius = \/Pad Size/n
Side = V13.95m? Radius = \/m
Side =3.73m Radius = V4.44m?

Radius =2.11m

www.sino-exchange.org 38 Presenter: Scott A. Campbell

So at this point we simply rewrite the IRHRMNAFTESAEFRASHE.
equation and substitute the known values.
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32 Applied Physics In STEM

Step 7: Rounding Final Pad Size (Always Round Up)

NOTE: Since rounding down could result in a pad size that would be below the
minimum safe requirements it is important that all values are rounded UP (1").

Square Pad: Circular Pad:
Side =3.73m Radius =2.11m
Side = 4m Radius = 3m
www.sino-exchange.org 39 Presenter: Scott A. Campbell

And finally, standard operating procedures | &f5, REBRIEREFEXRRZNEGFHREE
dictates that we round all values up for =N
good measure.
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%2 Applied Physics In STEM

Step 8: Determine the Outrigger Point Load

The final step is to determine the Outrigger Point Load (OPL) for the final design of
the crane. The OPL value takes into consideration the weight of the crane, the load,
pad size, and the stability of ground that the crane has been placed on. The
equation is: Outrigger Point Load = Ground Pressure / Final Pad Size.

OPL = GP/ FPS
OPL = 106.75t/ (4m x 4m)
OPL = 106.75t/ 16m?
OPL = 6.67t/m?

www.sino-exchange.org 40 Presenter: Scott A. Campbell
After that we determine the “Outrigger zhE, BifmE XBRasn, XE@BT

Point Load” which is determined by taking | F41H9 M E £ 117 FIBR IAFRA A9 B & 32
our “Ground Pressure” and dividing that by BRPEBTER AEESEENRER

our “Final Pad Size”, which is then SRS WMEREE D TS
compared to the “Ground Bearing o -

Pressure” in a final safety check.
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%2 Applied Physics In STEM

In conclusion, the final outrigger point load
for this crane scenario is 6.67t/m?2.

As long as the outrigger point load value is less than
ground bearing pressure, then the crane can safely be used.

www.sino-exchange.org 41 Presenter: Scott A. Campbell

Therefore, provided that the “Outrigger At REYRBRAEFF/NFHHEmAE

Point Load” is less than the “Ground Eh, EBENNTERELIEFT.
Bearing Pressure” the crane can be

operated safely.

FRrA X LRI TAZ X ERLMIREEDN
I, fbisd F 4 NiZRIT iR 6 kIR EX
AR BEXEERTE, BEUEES
Joseph Schwab, which indicated that MREFHRIZR T, HIRA. RN OH
students should acquire knowledge by RT BBIRAEIEHSTEM A R KEH
asking questions.... exercise observation HASHEENR, RN5ISFEFREM
skills and deductive reasoning and practice | BNt TERHESMEAFER, 1E40
inquiry though laboratory instruction. HREFRIRFTEE AR, MREA]

While also addressing concerns that Feng IHEAE BT, XHAEERMAN
had when indicating that “STEM education BT,

And all of this comes back to the
recommendations that were made by

is only concerned about the project itself”,
Whilst directing students towards
evaluating and responding to the social and

Fit, AX—=tE, KN IZEBEE
indicated by the World Economic Forum, SISHANF I, ERNRERL
and this isn’t something that would’ve been F XMAESBMNBEEFAMEF
naturally intuitive if we left students to their BEOMEMBNBE T ERRAR
own devices. B, AIESHNRANFZIR, BHN6E
RPMER BB TT7E" . XER(EREX

economic consequences of their work as
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Therefore, we should be able to see the
benefits that guided inquiry-based learning
at this point, and it’s important to
remember that this approach differs greatly
from the front-loading approach to
education that we typically see in academic
subjects. With guided inquiry-based
learning we use what's called a “just in
time approach”. Which is where we
introduce and model theory when its most
relevant, and this will help guide and shape
the nature of the student's inquiry by
encouraging them to ask the right type
questions.

ARSI ANFIZEIEIR Ty, XKE
W SR A 1R IE S B Y [B) SR B
FESMEBEFERTH MR,
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Extension Activity:

1. Calculate the pad size (PS) that would be needed if:
a) The crane has a point load (PL) of 125t, an irregular load (IL) of 50t, and the crane will be

installed on dense gravel.

b) The crane has a point load (PL) of 125t , an irregular load (IL) of 50t, and the crane will be

installed on soft clay or silts.

c) Then determine the outrigger point load (OPL) for both scenarios.

2. Determine the necessary pad size (PS) for your crane.

a) Can you operate your crane under a wide variety of scenarios? Why?

i. What is the required pad size (PS) that is needed for your crane to operate under all situations? NOTE: This will be
the the largest pad size that you calculated which will allow the crane to be used on unstable ground.

iil. What would the necessary pad size be for your model (scale is 1:500)?
b) What you could do if the pad size in your proposed crane design is not large enough. What

modifications could make your crane safer?

www.sino-exchange.org

Presenter: Scott A. Campbell

So now that we have introduced some new
concepts, and properly modeled the
application of this theory we can now give
the students an extension activity such as:
Asking them to calculate the pad size for
their crane if it was would to be placed on
either gravel or clay. Then with this
information in hand the students will be
able to evaluate their own crane designs.

And all of this was to help guide the
students towards asking themselves the
following question:

“Do I have a viable crane design?”

“Is my crane design meeting all of the
necessary safety requirements?”

“And if not, what can | do to improve the
design of my crane?”

PEBRMNEENAT —LEHIMS, 7
IEFARIL 7 X—IR RN A, B
Ao A =Y RIAS), L]
HEMNEENNER), WRER
WHEARAIELE L. BTXER
B, FEME T PIHEE CHEENIR
7.

P XEHRZA T 5ISFENBBEC I
T E)E:

BE—THRENEIHLY

"BHEENRITEAHERELENS
EEKY

MBEFR, RLEAMAEBARDE
BRI

XEFRATHEN STEM ZIH0 T HE
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And this is our job as a STEM teacher... LS| SEMNNFEBITIERREITERE,
st X g0 4er{sE AR B A AN S Sk AR IR

To help guide our students through a N A -
SCt SRV a) R EARAVIERR

process of inquiry, so that they will develop
a deeper understanding of how math and
science is used to solve real-world
problems.
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Redesign

At this point your students will be able to calculate the necessary pad size for their
crane if it were to be used in a commercial application in the real-world. Then using

scale conversions, your students should determine the appropriate size that their
model crane should be. This will allow them to redesign their crane appropriately.

www.sino-exchange.org

Presenter: Scott A. Campbell

At this point our student’s will have a
generic crane design, and we have also
introduced them to a number of equations
that place math into a real-world context.
Now we are going to have the students
apply that math so that they can effectively
redesign their crane.

To do this, they will need to determine the
acceptable “pad size” for a crane that
would be used in the real-world, and then
use those calculations to determine the
optimal size and portions of their model
crane which needs to be built at scale.

ARX—m b, BNNFEBFE—ES
AEREYIRT, RAIEEMEIINET —
LrEN, BRFEN ARSI ERS.
PAERNBULZA(Z AXLERFM

R, XA EE R S EINRIHERA]
AR E.

ATHEIX—=, NFEHEAIL
R P EANEEY RN TEZN WTER
T, REEAXETERBERERL
B2 SRR AR BN A RER T AR

T3o
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%2 Applied Physics In STEM

Tower (Mast) Requirements:

Minimum Length or Width of Base 2 5cm
Maximum Length or Width of Base <10cm
Minimum Height: 275cm
Maximum Height: <100cm
Lift Height (from the base to the cantilever arm): 2 50cm

Cantilever (Jib) Requirements:

Minimum Length: 275cm
Maximum Length: <100cm
2 50cm

—] Cantilever Extension (From central axis):
T

Scale Considerations:

Students will also need to be reminded that the size of their drawings will not be the same as their actual model crane. Therefore, they will need to do some

scale conversions to make sure their measurements are accurate.

NOTE: There are 3 sizes that your students will need to consider for this project:

Drawing Size:
Model Size:
Actual Size:

www.sino-exchange.org
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This is the size you will draw your schematic on paper
This is the size that you build your model crane
This is the size the crane would be in real life

Presenter: Scott A. Campbell

At this point | would give the students a
new design template, and a number of
reequipments for their project which will
really help to keep the students on track.

And these guidelines are helpful to give
your students because you’ll always have
students that will make computational
errors. Therefore, by providing these
requirements upfront students can quickly
self-assess their work and catch their own
errors early in the process. Now the
students are also going to have to keep 3
different scales in mind when working on
their project:

¢ The actual size of a real crane which
will be at a scale of 1:1

* The size of their prototype, or model,
which will be at a scale of 1:100

* And the size of their drawing, or
schematic, which will be at a scale of
1:500

FAX—m L, BERFE—NIHRT
Rk, FAMINNIMEERLEE L%
&, XBEHTREGFENE.

REESTEHNIRNFEREHE, E
ARBREEFERITEER. AL,
BT iR fX EE R, FA4 O] PURE
WEFBHEMRMNNIE FELENR
HEAMBCHEIR. WE, FENEM
I B B AR E=MAR A RE:

o —NHIEMEBENMIRRYT, ¥k
1:1 AYEE 1

o JREISREIAIA/N, LB 1:100

o PIRMMAEXRSFIEENK/N, Lt

151 3 1:500

BEER—T, XEFZFENIER
K. R, BEFARENROFER
WEBEEE, XEEMMNEETRY
R, MASHEBFNA TR, X
LM RFEFUEEITE.
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| should also mention that these are not
standard engineering scales. Instead, | have
selected scales that will greatly simply math
for my students, and this will help them
focus on big ideas and not get tied up with
trivial details which are better left for
another time.
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www.sino-exchange.org

At this point the students should be able to
determine the pad size of a real crane and
then use that information to ascertain the
ideal measurements to use for their model
crane.

Let’s assume that we found the optimal pad
size was 6x6 meters, we can then use that
information to effectively redesign the
schematic for our model crane.

For example, with a scale of 1:100, the base
of our crane would be 6 cm wide based on
the previous calculations. Moreover, with
6cm dimension for our nodes, we can
connect 16 nodes to create a mast that is
96cm tall, and all these dimensions are
within the specified project requirements.

As you can see, the real-world application

of math is really the most important aspect

AX—RE, FAENIZ
M— 1 EIERESYA

70

Sk ERTE B AVIE

o &&

#

70N

m

R

IEBAMRIRFAN TR T RAEENER T
2 6x6 K, RRBANTUEAXLEER
AN EIFRIHEREEN A RIE
&,

g0, 7E 1:100 BYEERIT, IRIBRIEAYIT
H, RIWEENHNESER 6 EX
o BbAh, HRMODSRTH 6ecm, F
70T U 16 D R BIE—A> 96em
S0, B XL RTEBES E HYIN
BEKRSEEA,

IEMRATEZIR, BFARLHT P
NAZXNNE BRI RERNTE. R
RERBTRETRE, HIfERHRRT
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of the project at this point. Then with all
the calculations completed, and a new
design schematic made. Students can then
move on to building the crane as you can
see in these project exemplars.

IR R, FENTUREREEE
Hl, IEAIRAEX LN B SEE T FEAIAR

o
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Mechanical Advantage

How do you calculate the mechanical advantage that is

created by a lever?

www.sino-exchange.org

Presenter: Scott A. Campbell

So once your students have finished
building their crane, they will likely think
that they’re done the project, which was
the case with the unguided inquiry-based
learning mythology. However, the reality of
the fact is that you students have just
started this project.

As a cranes main purpose is to create a
mechanical advantage, and it does this
though the combination of several simple
machines such as levers, and pullies.

R, —EfRMSFERLT RNHEE
B TSNS RINE SRR T X
MRE, RHETIE SRR S I
BN, R, BNERE, RILX
s34 o MR FFIGIX DA

ERHEETNEEBNZEIE— MM
L, m_fi)l/l\lsﬂié’\ﬂ‘)lﬁ%, AATAF
MBRNAERIAX—R.

R, BAMABEREMTE
%%mmww%OM%,ﬁm@%

Therefore, we still need to determine how | F{]] E’\JEEM&%%HEE—/N@%?\
calculate the mechanical advantage of .

these systems. Moreover, we still need to

design and build a pully system for our

crane.
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Levers are simple machines that are composed of just
a few parts which make performing a task easier by
one, or more, of the following four methods:

* Transferring where the force is applied compared to where it acts;
* Changing the distance over which the force is applied or the speed with which it is

applied;

* Changing the direction of the applied force to that of the acting force;
* Increasing the magnitude of the acting force over that of the applied force.

A lever consists of a rigid arm attached to a fixed point. This fixed
point is called a fulcrum. The force that is applied to on a lever is
called an input force, and this creates an output force.

www.sino-exchange.org

Presenter: Scott A. Campbell

Again, we need to think about how we
strategically introduce topics to help guide
and shape the nature of our student’s
inquiry. As such, the next idea we need out
students to think about is how levers are
used to create a mechanical advantage.

e Alever can change where a force is
applies.

e Change the distance or speed that a
force is applied.

e Change the direction of the applied
force.

e Orcanincrease the magnitude of the
force.

Furthermore, the relationship between the
fulcrum, the input force, and output force
are important concepts for students to
understand.

—R, BANFBER SRS 5]
NG, UHEY5|SMBEFERRH

Zlgrﬁo .”:I:: ?‘Zﬂ] g%ﬂi/b\%ﬂﬁ—r_
MEER, AR X SISV
TEH,

o AT UNEIEINNDNME,
o HEEMNHIEEEIEE.

o HEEMAMTIE,

o FETUREEINABIRN,

Beoh, R BASME L 2 ERK
ARFEREEBNEEMS,
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1st Class Lever

A first-class lever is a beam, with
the load at one end, the fulcrum
in the middle and the force
applied on the other end.

=] g

2" Class Lever

In second-class lever systems,
the load is positioned between
the fulcrum and the effort.

S

3rd Class Lever

Third-class levers has an input
force, a fulcrum and an output
force. The force is located
between the load and the

fulcrum.
a B

ﬂ Force Z witert

Examples include a crowbar and a
balance scale.

Effort bt
Load
Force!

Examples include a wheelbarrow.
The wheel acts as a fulcrum, the load

Force

Examples include hammers, shovels,
and catapults.

is placed inside the cart and effort is
applied on the handles.

www.sino-exchange.org

Presenter: Scott A. Campbell

Now there are 3 different classes of levers.
And they each work in a different way. An
example of a first-class lever would include
a crowbar. Whereas an example of a class 2
lever would include a wheelbarrow. And
finally, a shovel is a great example of a 3™
class lever.

Now | have gone through this incredibly
fast. However, my intention is not to teach
you these concepts, but to provide you with
a quick overview of what an authentic
application of theory would look like.

WEB =ZMARNATHF. EMNEHURE

HAREER. —RAATFHN— M7=
B, R, 82 KN —DBIFF

BRERRE. &R, FTEFEZXKIHT
H—MREFHBI T

PNERCLFFRBTM T XNIIE.
A, FAYE A REIRX LR,
EAREHR—DRENHL, —EIE
AUIETe N R = T AR TR,
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Do you know what type of level a crane uses?

A crane uses a class 1 lever to create a mechanical advantage,
and this advantage can be calculated using simple equations.

www.sino-exchange.org 49 Presenter: Scott A. Campbell

So before moving on, do you know what PRI 2 5y, {RFEIEEENERMT

type of level a crane uses? S KBV /K NG ?
A crane uses a “class 1 lever”. RENER —RIFT.

© Sino-Exchange {H9ME1ER D Page 73 of 143 Hua Quan Village (LR Z AN EEF)




Presenter Notes: Applied Physics in STEM

SEREEIT: STEM H B 4w FYIES

w2 Applied Physics |

n STEM

Use the following equation to calculate the mechanical advantage:

MA=EA/RA

Counterweight

M.
1200g balance point

1 a =4cm 1

b = 12cm |
1

" Resistance Arm '

You can use the following formula to

Effort / Force Arm

calculate the mass of the weight,

counterweights, or the distance from the fulcrum using the equation:

M, xa=

www.sino-exchange.org 50

M,xb

Presenter: Scott A. Campbell

Now we can use the following equation to
determine the mechanical advantage of this
system.

In this example we take the 12cm distance
of the Effort Arm and divide that by the
4cm distance of the resistance arm, and
this will give us a mechanical advantage of
3. As a result, this small 400-gram weight is
able to counterbalance a weight 3 times its
size. However, a slightly more sophisticated
version of this formula is needed for our
calculations.

REZRMNTUATENAERBEZ D
RGOS

AERXANM T, BABAER 12cm B3R
BERENEL 4cm T, XHEE
THRILE 3. EtL, XA 400 mAy/NE
BB TEIFTENEEZ. R, &

MATTERTEX N A RNHERER—RH
R .
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20m Fuicrum 20m 40m som 20m

Calculate the weight of the load at each position. Assume
that the counterweight weighs a total of 5 tons and the
hook block weighs 0.5 ton.

www.sino-exchange.org

Hook Block Position #1 Hook Block Position #2

Finpue X @ = Foutputx b Finput X @ = Foyrpue X b

5t x 20m = Foyppuex 20m 5t x 20m = Foyppye x 40m

5t x 20m S5tx 20m
20m = Foutput 20m = Foutput
100tm 100tm
m = Poutput 40m = Foutput
5.0t = Foutpur 2.5t= Foutput

Foutput IS 5.0t minus 0.5t for F
the hook block; therefore,
the max load equals 4.5t.

output 1S 2.5t minus 0.5t for
the hook block; therefore,
the max load equals 2.0t.

Presenter: Scott A. Campbell

Using the equation “Mi1 xa =Mz x b” we
are able to calculate the maximum safe
load that can be lifted by a crane at any
point along its jib. The first thing we do is
plug in our known values. Then we isolate
our unknown variable. Find the product of
the numerator, and then simply which will
leave us with a max load of 5 tons at
position 1. However, the hock block is equal
to 0.5 tons. Therefore, the actual maximum
weight of the load is equal to 4.5 tons at
position 1. Then we would repeat the
process for the remaining positions and as
we can see, the maximum weight at
position 2 is only 2.0 tons.

A Mixa=Mxb" AT, FABELET
BLHEENERE AR MIEARN
RAREHET. WNBEMNE—S
ERANEHE. REEMNITBAFE
B, Ko THIRR, REHEEHEE
ANE 1 NERAREES M. Af, ¢
TRET 051, Altt, HERE 14, f
HOLFRRAREESFT 45 M, REFHA]
BYNRTHMNEEEXMEE, ENRK
MMERN, NE2HNEAEEREF 20
M,
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nnections

How does art & design come together with mathematics in

the field of engineering?

www.sino-exchange.org

Presenter: Scott A. Campbell

So far, the math in the examples that | have
shown have not been overly complex.
However, the concepts that these ideas and
equations represent are.

For instance, many of these equations have
taken from a 68-page UK Ministry of Health
and Safety guidebook for safety auditors.
And it would be highly unlikely for our
students to take the time to do this on their
own. However, by modeling and guiding our
students the process of inquiry-based
learning becomes far more holistic as our
student's exploration becomes far more
rigorous than it would’ve been otherwise.

And that brings me to another big idea
which is making connections between
various subject disciplines, and then taking
the application of the rigorous academic
concepts and theories even further.

FEET AL, AR THBIFHa9EE
FREFTFESR, A, XLBEMA
%Eﬁﬁ{ti%ﬂﬁ#ﬂilu ~Eo

X

figan, XEFEAFNTZEHREEEREE
P A& 5Z%4ER(Ministry of Health and

Safety) AR & BT RRER 68 TIIEFE .
BATNFE AR KT EE B C R al A X
H=, A, BEREENESRNNE
ERAMFINSELTEENEE, F
ABANZEMRZTBREMN™E.

5

XiLFKER T B — /\Eiggﬂﬁu»ék %Kat
REANEZERNZ B EBIBKER,
TN AMERNZABSTIEL

I\\
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Designers:

Designers are normally tasked with the job
of developing an original idea that meets a
specific client’s needs.

M|

=D

m m This involves researching the client’s needs,
designing the object or structure, and
considering all the visual aspects of the

object being created.

www.sino-exchange.org 53 Presenter: Scott A. Campbell

To illustrate this idea, | have made a series | A 7 iHBIX/MEE, HiT —ZR 3 E
of graphics to show you. HUMRE

To start, a designer is primarily concerned ik RHIF T ESINERRE AW

with researching their clients’ needs and TN “E LS
° BRIFCLERIT

creating a design.
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Y
Engineers:
Engineers consider the design of an object
d 0 2d while also considering the math that is
= 7 needed to make the idea a reality.
— —— x(+)
ZEN ZEN
m m An engineer’s role is part designer and
part mathematician.
|
www.sino-exchange.org 54

Presenter: Scott A. Campbell

However, the engineer is more concerned | AT, TIRIFE X OEFEIR T AW
the math that’s needed to make the design | SCETSE £ (o) Bl
a reality!
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Y
Mathematicians:

Mathematicians and physicists are generally
less concerned with the design of an object

[0} 2d
" () or structure: They normally simplify designs
to focus on just the variables that are
present in a particular problem. They focus

on the math that is needed to solve real-
world problems, and less on the design of
that object.

As you can see there is more overlap between art & design and the math & sciences than you might have previously thought!

www.sino-exchange.org 55 Presenter: Scott A. Campbell

And finally, the mathematician... Now they | &5, #F3 - WEMIFAEIE L
don’t really care about the design. #it.

They only really care about representing AR LA T e R R,

the world though numbers and variables.
e BT EUETURBOEFAR, RE
o simplify to world to orderly equations = — s Al ,

PR yed BANERERRSE—KEERAN

that can be solved, and although this final
NI E'Aﬂ §£ C = N I Eﬁo
representation looks incredibly different AR, EEBARTE RIS

from the first diagram it still represents the
same problem.
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Taking The Math Even Further

While the math is necessary to attempt this project typically
covered in most grade 8 or 9 curriculums, there are still numerous
ways to extend these principles to grades 10 & and 11.

www.sino-exchange.org

Presenter: Scott A. Campbell

Therefore, | want to use this time to
illustrate how we can take the math even
further.

Now the method that | showed earlier
would be suitable if you were to do this
project in an intermediate grade level.
Therefore, | am going to model how we can
place what the students would be learning
in a senior physics class into a suitable
context.

R, FAEF X B ) k1 BRE 1140
et —2HF 8.

WMRIRBAPLKF EMXADTE, 3,
ZBRTHNITERREGE. A, &
RINBAV 2L ESRMIERE
FINABTWMANEENREF
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Simple calculations can be done with the equation:

M;xa=M,xb

However, more advanced calculations would require
angular momentum & torque to be taken into consideration.

t= |7||F|sin6

www.sino-exchange.org 57 Presenter: Scott A. Campbell
While the equitation “M1 x a = M; x b” MmER‘Mixa=Mx b l|&5&{LFE L H

would reinforce what students would have | g RIARIZ T2 94018 . BEEFH

learnt in an intermediate science program. | 45 gy IR T P BB S B TER 1

The equation for angular moment and A2 Sk R R B AL 1Y 5] S
torque would allow us to solve the same

problem using concepts form a senior level
physics curriculum.
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Sample Engineering Question:

o

d o

K.

2 x(+)

=D

www.sino-exchange.org 58

The figure to the left shows a crane (for simplicity we will
neglect its mass) whose arms have lengths d and 2d
respectively. A mass m is fixed to the left and another was
m can move horizontally along the arms of the crane.
Another mass Mis attached to the end of the right arm.
The system is in static equilibrium. Determine:

the distance xwith respect to the origin O to which
the moving mass must be situated if the mass

M= m/4

The value of m that is the moving mass m: the origin
of coordinates.

The maximum value of m that the crane can hold.

a

b)

c)

Presenter: Scott A. Campbell

Here is a question that | have taken directly
from a physics textbook.

And we can see how this question relates to
our crane project.

Now this is not the actual diagram that was
shown in the textbook. | actually made a
few modifications to the diagram to place
the theory into a suitable context.

So now that we understand what we are
trying to do. Let's look at the steps
necessary to solve this problem.

XEF—PEE, ZEEN—RYEL
BB LT R,

BT UAE R XA BB RAAEE
MBATAXRR.

XABRA LRTHESR. KhrE, 3
MERM T —EEs, WEFELET
FEMNETXH.

RAERMMERAMNBMATAT . 1EFA
B TRRRZNEBANBEDE,
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Step 1:
Simplify the diagram and label all the variables.

y+) 7

d i 2d 2
L i~ & 5 - = - il

0 X
m m M
o = — —
]
P P: P
www.sino-exchange.org 59 Presenter: Scott A. Campbell

The first thing we need to do is to simplify | I EMPNE—HEEEWILXNE, W@
the diagram if it hasn’t been done already. | BiR;% G XFEMAYIE

This is actually what the diagram looked like Xk 218 A 5T,
in the textbook example.

— B L T XHRIBAA I FR TR,
MRREFREBFHE, FRTRIIXF
TEFHESEMEEN,

A purely mathematical representation of
the problem with no context, and if you
look closely enough, you will notice that the
information in these two diagrams is
identical.
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Step 2:

n STEM

Write the equation for this problem.

¥#)

Jr
T TP

P

)

2d
x
m

2

|

,+TP,+TP=0

Note: This system does not rotate, so we can assume that there is a condition
of static equilibrium; therefore, the equation of rotation must be equal to:

2, ?ext =0

www.sino-exchange.org 60

Presenter: Scott A. Campbell

The next thing we need to do is to write the
equation that represents this system and
because we can assume that this system is
in a state of static equilibrium, the
summation of the cross products must be
equal to 0. That is how we arrived at this
equation.

ETRBEMNEMNBEHRTZNRS
A7 B A BAN o] UBRSR X DN R Geak T
RS, XEHH—ESFT 0. X
AERAMNEENZXNTENTTE.
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Step 3:

Determine the direction of the cross product of the torque.
Use the right-hand rule to help you determine the direction.

©

rxPy

| &
O ——
d

The cross product  p,
is outward (k).

www.sino-exchange.org

®

: X - ?XPZ

I_’: The cross product
' is inward (-k).

Presenter: Scott A. Campbell

Next, we will need to determine the cross
products, and if you teach physics, you
might be aware of the “right-hand rule”,
but essentially P1 will have an outward
cross product. Whereas P2 will have an
inward cross product, and these are
notated using the symbols and the variable
notations that are shown on the screen.

BETR, BABERESNR, WRIR
Y3E, fReJgEME A FEN", BERRL
PLE—ESMISMR. M1 P2 2 H—
RNk, XEZRTSMRS LETR
MEENSHKERRM.
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Step 4a: the Weight of P,

Calculate the torque for each step in the equation.

This equation represents both of the vectors that are shown in the figure.
Next we need to determine the magnitude which results in the equation:

7P, =rP,sin 90° = dmmg

www.sino-exchange.org 62 Presenter: Scott A. Campbell

At this point we will need to determine the | bR, BAIEERERKZETENTER
torque that each variable in the system will | =4 f9304E
produce.

FrIAanREBATBEXMIRE, HATTII
So if we work our way through this process, S5 P1 B dmg, IXAR FEEE d
we can simply “P1” to “dmg”, and what that ETEE m e jib’E’\]'fﬁ% CRIE S
8o

essentially means is that “d” indicates the
position of the mass “m” along the jib, and
that is multiplied by “g” which is the force
of gravity.
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Step 4b: the Weight of P,

Calculate the torque for each step in the equation.
-

This equation represents both of the vectors that are shown in the figure.
Next we need to determine the magnitude which results in the equation:

7P, =P, sin 90° = xmg

www.sino-exchange.org 63 Presenter: Scott A. Campbell

And we’ll do the same for P2 which gives us | FA{[1X} P2 B4R, BF] xmg &
the solution of xmg. iR,
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Step 4c: the Weight of P

Calculate the torque for each step in the equation.
e

T, =TXxP

This equation represents both of the vectors that are shown in the figure.
Next we need to determine the magnitude which results in the equation:

7P =rPsin90° = 2dMg

www.sino-exchange.org 64 Presenter: Scott A. Campbell

And finally, we’ll do the same for P which &E, BN P MEMALIE, FE
will give us 2dMg. 2dMg,
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Step 5:

Represent the torques of all the weights in three dimensions.
An accurate scale is optional for this diagram.

y(+)

x(+)

T,

www.sino-exchange.org

The projection of the equation of
the rotation on the z axis is then:
Z=?P1-?P2-?P=O
And after replacing the variables
with the magnitudes, we will be
able to obtain the follow equation:

dmg-xmg-2dMg = 0

Presenter: Scott A. Campbell

Next, we will plot all the weights in 3
dimensions which will give us a graph that
should look like this.

Based on the graph we should be able to
see that the net force will equal 0.
Therefore, we can substitute the values we
derived in step 4 into this equation, and
that will give us the equation “dmg—xmg-
2dMg =0".

BTk, BRIEEZ#=EHatmE
MINE, XESE—MRXENE.

RIEXKE, BIORIZTLNEREHE
Fo, Ak, BATTMEESE 4 THEEF
HERANZXNFE, BE)“dmg-xmg-2dMg
:O”O
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Step 6a:
Substitute the value for M into t

he equation

dmg-xmg-2dMg = 0. NOTE: The value for Mis provided.

dmg-xmg-2

Now simplify th

dm-xm-

www.sino-exchange.org 66

dg =0

e equation.

m
d?—O

Presenter: Scott A. Campbell

Then we can substitute the value that was
given for M in the original problem.

Since the force of gravity is common to all
the variables; therefore, we can divide all of
the variables by g to cancel it out which
leaves us with the following simplified
equation.

REBATT UEANREBHLHE M HY
(=8

RAENXFrE L ELEHFAYELL,
AT PUERr B R R E#ER I g KIH
=, XERMMER T TENELT

=
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Step 6b:
Simplify the equation further:

2(dm)-2(xm)-2(d§) = 2(0)
2dm-2x1h-2dm = 0
2d-2x-d =0

2 d
Solution: x = =

www.sino-exchange.org 67 Presenter: Scott A. Campbell

We will then need to simplify the equation | AEBR(IEEH—FEHIAHE, X
even further, and this will give us a final BEER x IR E.
value for “x”.
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Step 7:

If we assume that x = 0, then we can determine the value of
M using the same equation:

dmg-xmg-2dMg =0

Solution: M = %

www.sino-exchange.org 68 Presenter: Scott A. Campbell

Next, if we assume that x is equal to 0 we BET¥, MEERA1BIE xZEF 0 FH1
can simplify and find a value for M. DL B RE M 8918
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Step 8:

The crane will hold the maximum value of M when the
moving mass is at x = -d. Substitute and solve the equation:

dmg-(-d)mg-2dMg =0

Solution: M = m

www.sino-exchange.org

Presenter: Scott A. Campbell

And finally, we substitute all our values we
will find that large M is equal to small m
when the moving mass is equal to negative
d.

At this point most people’s heads are
probably spinning, but this example was
really meant to demonstrate how abstract
concepts can be given new meaning
through the authentic application of theory
in in STEM education.

&E, BIRAFRENERNESAIMY
EHREZF-dN, KMEF/)HM,

AX—mE, REHATRESLEE
iz, BXMIFERREZA T BRIHER
WL ANl @id 75 STEM & RV E SN
SRIEFHEIE o
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* At this point, students should be able to calculate the maximum safe
weight of a load at any point along the crane’s jib.

* Moreover, as the scale of the crane

is known, students should be able

to convert the actual weight to a suitable scale representation to
apply in the testing of their final crane model.

* That is, we know the point load (PL), and irregular loads (IL) of a real crane, and we know
that our model is being created at a scale of 1:100;

* Therefore, our mast should able able to support 1/100* of the actual
point load (PL) weigh of a real crane, while the jib should be able to support the equivalent
irregular loads (IL) at various point along the jib;

* Therefore; based on our earlier calculations, the mast should be able to support 50 kg, while
the jib should be able to 1kg at position 4, which is the the furthest point along the jib.

www.sino-exchange.org 70
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Therefore, at this point our students should
be able to:

Calculate the maximum safe weight.
Covert measurements between actual
size and the model size of our cranes for
testing.

Which implies that students can
calculate the point load and irregular
loads of a real crane.

And then use that information to
determine how much weight our model
crane should be able to support.

Based on this information we should be
able to conclude that the mast of our

b
e

R, AEX—
%

RE BRMNFENZ

TERARREEE,

BT NHASEFRR T RE R T Z (8]
AIBR RO £ .
XEREFETUTE— N REIEME
BN R EF ARG
REFHAXEFEEXRBERNNEE
EEVNIZEBESZVEE.

#E?EL_EWEU, BANNIZRE BT H 25
BANBRBEEY AT RIZRED

X §% 50kG MEE. M %E*}QW‘LZA"G]%EZ%

1AFRRZENR, X

===

EEXIL H |:|
model cra!ne ShO%J.|d be able to support S 1‘t$ﬂﬁ1ﬁ?}dl]ﬂ’]1‘%’*”
50KG. While the jib should be able to
support 1kg is the furthest point, and this e
will give us suitable parameters for testing
and evaluating our model crane.
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Understanding Pully Systems

Understanding the laws of physics and how they are applied to the study of the

6 classical machine types.
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At this point students will have a completed
the overall structure of their cranes.

At this stage the students will need to
design a pulley system. Moreover, this
system needs to be able to create a
noticeable mechanical advantage and this is
because a typical 5-volt DC motor will not
be able to handle a vertical lift for a 500g
load on its own. Moreover, at our current
working scale our ideal target weight is 1KG
for the pully system to be able to lift.
Therefore, we are not finished with the
laws of physics just yet!

Eit, 2EFF-IPZENEENNE
554,

XD, FAFTERRIT—1BRER
. S, ZRBRFEREBEE—H
SHVMILE, XERA—HREES
RERBYETELE - EERTTHY
500g Ti#. Lboh, FEIRAEBIEI TN
BT, ZMNEENEFEER 1 2T,
MR R GREBIRTT. Fib, AL
RETET RYEER!
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w2 Applied Physics |

Review:

A tower crane is made of 2 parts:
¢ The mast (tower), and a jib.

Mechanical systems are then used to lift a load:
* The trolley can move back and forth along the jib;
* Pulleys are used to raise / lower the hook block.

n STEM

l[m‘m K

Design Challenge: Design a pulley system for your tower crane project. Your pulley system must:

* Be able to lift a load using a motor (winch).

www.sino-exchange.org 72

Should produce a mechanical advantage of at least 2:1.
Use either a simple, compound, or pulley block system.
Not overly complex. It must be possible for your students to design, build, and test their own ideas.

Presenter: Scott A. Campbell

So far we’ve covered a lot of information.
So let’s do a quick review.

A crane is made of 2 parts, the mast,
and ajib.

And mechanical systems are used to
raise or lower the load a using a pulley
system.

Therefore, the next thing your students
need to do is design a pulley system for

SERNL, RNCETRTRER

Bo ERANREBFR—T.
o EEVIHMEDAEM, WITFMELR.
o NMMARFREMBERGRIZESSEMR

k=

Rt RNFEREMNT—HEEA
feMHEEVIRITT— MR AR, XF
BAAIX FERAGRITHITHIE . XS

their cranes, and this will require them to NH K —RINFTET R ITHE
retrofit their original designs. Which will % o

present them with a series of unique design

challenges to overcome.
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%2 Applied Physics In STEM

The pulley is one of the six simple machines
that was defined by Renaissance Scientists.

It consists of a wheel that is mounted on an axle.
A rope is then connected to a load and is partly
wrapped around the wheel. When enough force is
applied to one end of the rope, the load will be lifted.

www.sino-exchange.org 73 Presenter: Scott A. Campbell

Now a pulley is one of 6 classical machines | B 2 NFHAZHY M HN—F, ©H—

and consist of a rope that is partly wrapped | {R48F4HpL, @B F SR EEAER F Y
around a wheel to lift a load. BI R,
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%2 Applied Physics In STEM

Newton’s 3 Laws of Motion:

1. An object will remain at rest or in uniform motion in a
straight line unless acted upon by an external force

2. When a net force acts on an object, it will cause the object
to accelerate. This Law may be written as:
force = mass x acceleration or: F=m *a

3. For every action, there is an equal and opposite reaction.

www.sino-exchange.org
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Presenter: Scott A. Campbell

And this brings me to Newton’s 3 laws of
motion.

e First, an object will remain at rest unless
acted upon.

e An applied force will cause an object to
accelerate.

e And finally, for every action, there is an
equal and opposite reaction.

However, we’re interested in Newtown's
second law “force = mass x acceleration”.

XiLFABE T A= KiZsE

o B, — MR FREFRL BRIEX

2PEM.

o MBI EDEIE,

o« & NTEH-—MERA, #HE-
XIEE, TERBERORERT.

R, BANBNBNEFRE _EFE 1=
RExINEE",
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32 Applied Physics In STEM

Forces

Fy force effort is an upward
force that keeps the object
suspended in mid air.

F, force load is the downward
force that is produced by the
load.

7% Force Effort

Fixed Pulley

In this example the pulley wheel
is in a fixed position.

In a fixed pulley system, the
direction of Fy is inverted.

Force Effort Ilq

Movable Pulley

In this example the pulley wheel
moves with the load.

In a movable pulley system, the
direction of F remains the
same.

Force Effort Il]

l‘

|

'1. Force Load

In a simple pulley system, the direction of the
Jforce effort can be changed. Therefore, with no
pulley the Fy force effort is the same as the
F, force load, but in the opposite direction.

www.sino-exchange.org

l’ L Force Load

In a simple fixed pulley system, the direction
of the F force effort can be changed.
Therefore, this simple pulley system makes it
possible to pull down rather than to lift up.

75

J."), Force Load

In a movable pulley system, the direction of Fy
remains the same.With a single moveable pulley
the Fy force effort that is needed to lift the load
is cut in half. The equation is: Fp =% F,

Presenter: Scott A. Campbell

Without a pulley an object will experience 2
different forces. These are:

e The Effort that is needed to lift the
object, and the Force Load which is the
force created as a result of gravity.

e However, with a single Fixed Pully we
can change the direction of the Force
Effort which makes it possible for us to
pull down on a rope to lift an object.

e And with a Movable Pully we can cut
the amount of effort needed to life and
object in half.

o JREMEFRTER,

o A, EA—ITEEBLR,

o ERUBNELR,

KEFWMARN A,

UK BETENM
FENN,

BATTIA
HENMTIE, XESHAIT NS
TRIRTHE

AN ap
MR REN T EER D —*.
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%2 Applied Physics In STEM

Therefore, With a simple pulley system,
engineers can change the direction of F, or
create a M, that makes lifting the load easier.

www.sino-exchange.org 76 Presenter: Scott A. Campbell
Therefore, with a simple pulley system, Altt, FAREENBRRS, TR
engineers can change the direction of the MR EEMAAE, SEATT LA
applied force, or they can create a E—ANMRE FREAMSERS.

Mechanical Advantage that would make
lifting the load easier.
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Designhing A Pulley System

Students need to understand how simple machines such as levers and
pullies work if they are going to design a complex machine such as a
tower crane which can produce a significant mechanical advantage.

www.sino-exchange.org

Presenter: Scott A. Campbell

And that brings us to designing a pulley
system. The combination of multiple simple
machines such as pullies and levers create a
complex machine. And that’s our goal.... To
guide the students through the process of
creating a complex machine which is
capable of producing a mechanical
advantage.

XS T AN —MBR AR, £
MRV IBRFAIATNESENE T
—MEZMNYSR. XREINHNER....
5| SF 4 ST IS RE WS & VAL T HY
B2 ARSI IR
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%2 Applied Physics In STEM

Pulleys can be combined using a single continuous
rope to transmit force around multiple pulleys.

These pulley systems create a significant mechanical advantage (M ).

There are 2 types of pully systems: simple and compound systems.

www.sino-exchange.org

Presenter: Scott A. Campbell

So now that we understand Force Effort
and Force Load, students will need to
understand the differences between simple
and compound pulley systems so that they
can start asking themselves the following
types of questions:

“How much mechanical advantage must
my pully system produce to life the desired
load?”

“What type of pulley system will produce
the best results?”

“How can | go about retrofitting my crane
to accommodate the addition of this new
pulley system?”

“And do I need to modify my ideas to make

WERNTRT D, ©, HWEE, F
ENBETHRERBERARNESBER
Rz BX 5], XA XTTE
B 8 C AT je)

"BHVB R R R L RIS
7 REEPTEAE A AR

"HARBRRFRE T ERFOZER?

“BIZIE BIE AR EY E N X
HBR R G

“BREENRVRERIEBNRITER
17"

XMEBIRIL N AR BX—FRFRE]
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my design work?” BFEIERY, XERESHENETRSR
HFEIS B EE AN

And this type of application of theory is a
created by this line of questioning, which
has been created as a direct result of the
guided inquiry-based learning process.
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%2 Applied Physics In

STEM

Simple Pulley Systems (Horizontal configuration)

Simple Pulleys As more pulleys are added M, Calculations
continues to increase. The
The design of this simple pulley addition of each additional If there are four moving pulleys
system has: pulley will double the M, of the M, will be equal to 8:1.

the entire system.
2 fixed pulleys (grey)
2 movable pulleys (blue) This creates a pattern:

~ The equation is M, =2n

NOTE: The left most line is only

2,4,6,8, ... (2n) used to change the direction of Fy.

B

MA=4:1

www.sino-exchange.org 79

MA=6:1

Presenter: Scott A. Campbell

Now the first type of pulley systems that WE, ZEEEREZNE—FERR

students might want to explore for their x
crane is a “Simple Pulley System”.

e With a simple pulley system 2 fixed and
2 movable pullies are used to create a
“Mechanical Advantage” of 4 to 1.

e And an additional pully will increase the
“Mechanical Advantage” to a ratio of 6
to 1.

e And this pattern will continue which
gives us the formula “MA=2n", where n
is the number of movable pullies in the
system.

2 EBEBRERG .

ERERMNBRRSR, £A2 EE
B 2 NARBERENIE 4 tE 1 B
WAL

— M ESNY B BIE VML S =S
#Hetti,

XMRIFRET X, FHARX
‘MA=2n", Hf n ZRGHUZEE
HHBE.

© Sino-Exchange {H9ME1ER D Page 106 of 143

Hua Quan Village {fERZ KR ERF)




Presenter Notes: Applied Physics in STEM

SEREEIT: STEM H B 4w FYIES

%2 Applied Physics In STEM

Compound Pulley Systems (Vertical configuration)

Stacked Pulley Systems

Compound pulley systems can
also be stacked like in this

Calculations

The Mechanical Advantage of a
stacked pulley system is defined

In a compound system M,
increases exponentially:

2,4,8,16, ... (2"

example.

)
g g
MA v =2:1

NOTE: The M, mechanical advantage of
a stacked pulley system is the inverse of
standard compound pulley.

www.sino-exchange.org

MA wu=4:1

NOTE: This system has a M ; of “1:4".

by the equation: M, = 2®

3

MA v =8:1

NOTE: This makes compound systems

more efficient as the number of pulleys
and the total resistance being lower than
a simple systems.

Presenter: Scott A. Campbell

The second type of pulley systems is a
“Compound Pulley System”.

e Pullies are stacked in a vertical
configuration in a “Compound
Pulley System”. It may not be
particularly evident from the first
example. However, the benefits of
stacking pullies will become
increasingly more evident in the
following 2 examples.

e In this example there are only 2
movable pullies. However, we’re
able to create a “Mechanical
Advantage” of 4 to 1.

e And in this finally, example we have
created a “Mechanical Advantage”
of 8to 1.

Therefore, the resulting pattern is
represented by an exponential equation
where 2 is raised to the power of n.

B_MBRAZE BEABRARAS .

BRAESEERAR TUEERE
&, NE—1BITRE, XIER
ERAHE. R, EUATENEF
1, HEEIBR R TSR
ERXANEIFH, RB 2DUBHE
. M, FAEBEIE 4L 189N
WILE"

HRE—BITH, BANEET 8:1
R HAALE

By, SERRXBERITRERR, P2
BAREE n B9KT7.
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%2 Applied Physics In STEM

Finally, in a pulley block, one end of the
rope is attached to a fixed mounting point,
which can be on the anchor F or the load

F, and the other is pulled to lift the load.

www.sino-exchange.org 81 Present ter: Scott A. Campbell

And finally, compound pully systems can be | Ff5, E&B®H Ao DURIT 6B
simplified by creating what's known as a PEKE, R UERBREGEREE
pulley block, and you see examples of WERNET, EhAkSEHEEN LER

pulley blocks being use all the type at the I X AR T SR I8 S Ak TR A =
gym as most weight machines utilize this

design to improve efficacy and reliability.
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%2 Applied Physics In STEM

Pulley Blocks

Pulley blocks combine at least one fixed pulley and
one movable pulley into a single pulley system.

The number of pulleys can also be increased. This
will increase the Mechanical Advantage of the
system.

Pulley blocks produce the same Mechanical Advantage as c
pulley systems, while using fewer components in a more compact design.

www.sino-exchange.org 82

The M, of this system is defined by the equation
“M = 2"", where n is the # of moveable pulleys.

This example has 2 movable pulleys:
MA=2(n)
M4=212)
M,=4

F is the Force Anchor, F¢is the Force Effort, and F, is Force Load.

Presenter: Scott A. Campbell

So here you can see how multiple pullies
can be assembled to create a compact
pulley block. And again, as this is
representative of a compound pulley
system, the pattern is exponential.
Therefore, we use the equation MA equals
2 to the power of n, where n is the number
of movable pullies in the system.

PRIEX EIRETINEB R SN BRE M
AER—DERNBRAN. BXK,
AAXR—IEGRRRAFNREK, &
NEEHEN. Fik, FAEATTE MA
=2/ nK75, Hfn ZREPENER
MEE.
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32 Applied Physics In STEM

Then You can use simple CAD programs to create custom
parts for your crane’s pulley system with your students!

Pully Wheel

www.sino-exchange.org

Pully Block

Winch

Presenter: Scott A. Campbell

So, with all this theory at the student's
disposal, it is now time for them to start
designing a pulley system for their crane,
and this would be a good time for them to

incorporate technology in an authentic way.

For instance, in these examples the
students used Computer Aided Design
software to create parts that could be
manufactured using a 3D printer. They then
used these parts to create the pulley
system for their crane, and you might have
noticed some of these parts from the video
that | showed at the start of this
presentation.

BT REERMIR, FEMNR T TR
AHEENRITBRESG T . XK
MU —MESAT R EARARNET
ihE)]

B, EXEGT R, FENERTE
U B T AR SR U2 ] U A 3D $TEN
PIHE R AR, SR AT X LR 1
ETEENNBRARS, RMNUEESR
ERET AR I IR IR AL A
—LER .
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Calculations

How do you apply theory to real world scenarios?

www.sino-exchange.org

Presenter: Scott A. Campbell

While understanding how to create a
mechanical advantage using either simple
or compound pulley systems is critical to
this project, you may also want to take
science a little bit further. This will allow
you to continue to place scientific theories
into a real-world context for your students,
and in doing so you will continue to explore
rigorous academic concepts that will help
prepare your students for the real-word.

BRTRNAERAERENESRRAS
EVHMBE XN MEERER, B
RO BIENFEFTEEZ—R. X
FVFARRSIER L IR T S 5T
BR, XHERERERRTENFEAR

e, XBEIRYZE AT ST
Vi
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%2 Applied Physics In STEM

An Atwood machine consists of two objects (m, and m,)
which are connected by string in a simple pulley system.

In an Atwood Machine

both masses will experience uniform acceleration;

However, if both masses are equal (i.e., m; = m,) then
the machine will be in a state of neutral equilibrium
regardless of the position of the weights.

Aside: it is assumed that the pulley and string both have no mass or friction.

www.sino-exchange.org
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We often use an Atwood Machine when
teaching about forces in science. In this
simple contraption 2 masses are used.

HEHIRBZEFRNTN
FHAfE. A4
MRE.

B, BMNLEFEAR
EIRAKEREAT 2
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32 Applied Physics In STEM

Calculating Force Effort
(How much force is needed to lift an object)

If m; and m, are equal, then the downward force J,
that each weight produces will also be the same.

This means that this system is in a state of static
equilibrium; therefore, both weights will not move.

Fp=F, .- Amustequal 0

www.sino-exchange.org 86 Presenter: Scott A. Campbell
In this example, both masses are equal. EXMNMIFH, BN REEEEN.

Therefore, the system will be in a state of b, RZG4AATF M EEDRAS,
neutral equilibrium.
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%2 Applied Physics In STEM

However, m, will experience a downward | acceleration if m;<m,.

The net force of
the 2 masses is
the difference
in the weights:

“« o ”
Fnet =myg-m,g

The total mass is
accelerated by a

force that is equal

to the difference
in the 2 weights.

The masses will have the same numerical acceleration and can therefore be treated
as one system “m, +m,” when applying Newtown's second law “F = ma”.

www.sino-exchange.org
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However, if the two masses are not equal,
then both objects will experience an
acceleration in opposite directions.

In this example the total mass is
accelerated by a force that is equal to the
difference in the 2 masses. Therefore, the
net force of the 2 masses is the difference
between the two weights. However, the 2
masses will have the same numerical
acceleration and can therefore be treated
as one system when applying Newtown's
second law, and that brings us back to the
equation “Force = mass times
acceleration”.

Aif, MRBEIREAEE, BABAD
YRGB R T E E 2B INEE .

AEXNF TR, BREHE—NNINE,
EMNETHAIRENZ. Fit, &)
FREMNENERIMEEZE. KM, X
MAREREGHERNEEINERE,
B R A A BSE e R B AR —
PR, XBRATEE] S=FERUN
HBE TR,
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w2 Applied Physics |

n STEM

Calculating Force Effort
(How much force is needed to lift an object)

'N What if the weight m, is removed?

N?

www.sino-exchange.org 88

How much force is needed to lift m; if there is no
counterweight?

FLl You will need the follow equation to calculate Fp:

F=m%a

Presenter: Scott A. Campbell

So, what would happen if we removed the
second mass altogether?

How much force will be needed to lift the
first mass?

In-order to do preform this calculation we
will use the equation “Force = mass times
acceleration”.

Ba, WRBAVEEZNFREEAER
KREHA?

HEF-TWEBTEZKRNA?

AT THEMTE, BNEER H=FE
FeAIEE AT,
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32 Applied Physics In STEM

E, Assume that m; has a mass of 7.5kg,
and the force of gravity is 9.8m/s?.

S S F = 7.5kg x 9.8m/s*

FLl

_N? F = 73.5kg - m/s*>

NOTE: In this example the acceleration of the object would be the
same as the force of gravity since there is no counterweight.

www.sino-exchange.org 89 Presenter: Scott A. Campbell

Let’s Assume that m; has a mass of 7.5kg, BRI m B EEAHR 7.5kg, EHA
and the force of gravity is 9.8m/s2. We will 9.8m/s2. K IEEHERAFTRE, AE

substitute our known values into our R TTRRE . KR T T AR E
equations, and then we will solve the oha

system. This gives us the necessary force
that is required to lift the object.
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%2 Applied Physics In STEM

» With this acquired knowledge, students should be able to
mathematically calculate different scenarios that are applicable to
their crane.

* This would include how much force the crane’s winch would be
required to produce to lift a load off the ground;

* And to determine if an object would fall in the event of a power
failure and the crane’s safety mechanisms didn’t engage in time.

(i.e. if the resistance that is produced by the winch system 2 to force exerted by the load, then the object will stay in a state
of equilibrium and will not fall; however, if the resistance is < the force exerted by the load, then the object will fall)

* Moreover, students would be able to determine the speed,
acceleration, and how long it will take for an object to hit the ground.

www.sino-exchange.org 90 Presenter: Scott A. Campbell

Therefore, at this point students should be | EItt, EX—&5 F, F4NIZEBTH
able to complete the following calculations: | |} Tit+E:

e Apply different theories to make o EALREMERHTERENZITE
calculations relevant to the design of X HyHE
their cranes. . N
Including how much force the winch and © BERFMREARLGNERN
o udi w mu wi
AR REIEEHE.

pulley system must exert to lift a load off

o IS, FETRTURR-LESZEM

the ground.

e Moreover, students could also explore M EERXRNERER, XEHE
some of the worst-case scenarios HREFRIRNER, ZEKRKH
pertaining to safety and risk STEM B NiZ:- R FEZS TGN
management, and this would satisfy the NN E T RS &5,
mandates from the World Economic o MBI R BRIIERIFRELY
rorum which indicated that STEML TR SKIGEIE— AP0, fBTLO
Ieeaur(r:mattloogv:h:)abjce ;nzs:ler:pz:s ::)utheents FHE IR R Ao E/\]'%;RT’ -

ABZZ DI E T BEIARNREEE

social and economic impacts to their
)
work. °
e And they can do this by applying the
theories that we have covered so far!
For instance, they could calculate how
much time workers would have to reach

a minimum safe distance in the event of
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a cataphoric system failure.
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Electrical

Control Systems

Electrical engineering relies heavily on the real-world application

of maths and physics; Moreover, e

ectrical control systems are key

aspects of robotics, and by extension, the real-world application of

computer science.

www.sino-exchange.org

Presenter: Scott A. Campbell

We have covered a lot in this one project
already. However, we have only covered the
math and science behind the development
of a crane, and we haven’t even looked at
the engineering practices that would be
necessary to design and build the electrical
control systems for our crane.

Moreover, these concepts are highly
transferable as they lay the foundation for
mechanical and robotic systems alike. So,
the importance of this last component
cannot be understated, and that will be our
last major topic of the day. Looking at the
application of the electromagnetism
components of most physics curriculums to
design, build, and test various electrical
control systems that can be used to solve a
variety of real-world problems that must be
addressed to complete our current project.

BNELAERX I EFRETREA
B, R, BORSRTEENARE
FHEEMRBE, BRNEEZXFEHIER
THHEEEENESERNRETLFN
TRk,

o, XEBSESEIELHN, A
ANV RARREE T &,
T, RE—TERNERHAEMR
i, REERNSRNEE—NEEE
A, BEAZEYIBREREBRAMH
KA, ROt M MESE
HRG, XLERZDHTRRIMIASL
HSRAYE)E, XL R BAINRIR A BESE
PREATE BT AYIRE o
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Electrical Requirements:

* A circuit that can convert the AC power supply from an electric generator to DC;
* A circuit that can stabilize the irregular output from a converted power source;

* A DC motor control circuit to control the crane’s winch and pully system;

* And a timing signal generator to control the crane’s safety light system.

www.sino-exchange.org

Presenter: Scott A. Campbell

In order for our students to create a
compressive control system they will need
to:

e Create a circuit that can convert the
power from an electric generator.

e And then make a circuit that can
stabilize the irregular output from a
generator.

e So that we use a DC motor control
circuit to control the crane’s winch.

e And a timing signal generator to control
the crane’s safety light system.

It’s a pretty comprehensive list, but you can
see in this example what all of it will look
like once everything is all said and done.

ATIERMNNFE R RS ES R
g, fN®:

o BUE—HEE, TNERBREKBRB

R

o ABEHFIE—DEE, TRRERB
RS IWE g

o XHAERBYIEHBEIEENRE
BT

s EHE—IMEMNESRERKEFEE
PHNREK RS,

XE—NEEEEMNIER, BERTIL
HERXMIFHER, —BERrAENEIEER
WY, FTAMEIBETMT .
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Therefore, the first circuit must be able to change...

...............................................

this AC w;ve form

www.sino-exchange.org

93

...............................................

to this DC output.

Presenter: Scott A. Campbell

Therefore, the first circuit needs to change
an Alternating Current from an electric
generator to a Direct Current which can be
used to power our crane’s motor and winch
system.

Fitt, F—PEEFEELXBYTERN
MBI EIRE, AmAEEYH
DA MR ERFIRBEN N
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which needs to be rectified (converted to DC).

gl * An electric generator, such as those found on a
v /\/\/ jobsite will produce an Alternating Current (AC)

* And the addition of a power stabilizer circuit
results in a near perfect DC output which can be
used to power equipment on the work site.

www.sino-exchange.org

* A half wave rectifier is capable of eliminating the
negative duty cycle; however, it is unable to
provide a stable Direct Current (DC) output.

/\/‘W\/ * Whereas a full wave rectifier is capable of
W\/\/\/

\

|

inverting the negative duty cycle; which
produces a more stable power output.

Presenter: Scott A. Campbell

Now | am not going to spend a lot of time
explaining how or why this circuit works,
but for reference, this concept is covered in
depth in the electromagnetism unit of the
iGCSE physics curriculum.

e We can use a half wave rectifier to
eliminate the negative duty cycle.

e However, this doesn't provide us with a
stable output.

e Therefore, we can use a full wave
rectifier to invert the negative duty
cycle.

e However, a power stabilizer is still
needed to provide us with a suitable
power output.

e And this is what a full wave rectifier and
a 5-volt power stabilizer would look like
in practice.

MABRATERR S I B BRX BT
EWMETTIER, HEATALIE ER
YERB . XA TE IGCSE HIRIRREHY
B#FRETHFHERANN B,

o FATHTRUEAFREEBRIFRIBRM A

=tk
o AT, XFAFREANTAVRHERENH
Ho

o Rit, FAMTUEAEERERTZRKR
=L,

o A, MAFTE-NIERRBERRKNL
BRHEENR AL

o XR—NMEHKEBRKFN— S REBIR
TRERRESRE P T .
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See firsthand how a full wave rectifier works.

Full Wave Rectifier

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

www.sino-exchange.org

Presenter: Scott A. Campbell

Now if you are not sure how a full wave
rectifier works, don’t worry, because we are
going to watch a simulation of this circuit
together.

So right now, you can see the flow of
electrons flowing through the circuit, and
we can see the values entering and exiting
the capacitor changing rapidly. This is
because the capacitor is charging and
discharging as the potential difference in
circuit changes. Therefore, when the power
cycle is high the capacitor will start charging
and storing power, and when the power
cycle is low the capacitor will the start
discharging that power to the rest of the
circuit.

Now if you are interested in learning more
about these ideas, then you may be
interested in watching this related webinar
that we have posted online.

U, MRRTHES KBRS
TR, AEEL, BARMNE—ENR
BXA IR

WE, RYUER BT AEBETRED,
BT UEZHAN BRI E R R ER
BEL. RERNBARBEEERPE
NENTAMTBINE. Fi, HIh
REHSN, BRB[ETBREIFFMHE
K, SMRFERE, EREITH
BIZN RN BB BN H RS

D, MRIRBEXBTBESZRTXLE

%, AR BER BB A EM
FRABOAXMNETIN S
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DC Motor Control Circuits

+5V +5V

DC Motor DC Motor

-~

s

www.sino-exchange.org 96 Presenter: Scott A. Campbell

%J

Next, we need to create a DC motor control | £ Tk, HRIIEEQIZERBEYITGHE

circuit. Now the simplest design uses a %, MESREEMEITEFERA—ZSIF
series of switches to control the direction skl T BR B A E
in-which electrons flow through a DC REBRATE T S B A A E 5.

motor, and this allows us to control which
direction the motor will turn.

REER T — 1 BERE RS H'HE
B At XEHEBEHERAD T

This creates a circuit that looks like a
“capital H”. Therefore, these circuits are
commonly referred to as an “H-Bridge”.
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DC Motor Control Circuits
Il

* Simple DC Motor Control Circuits, also known as an H-Bridge, are circuits that can be created using a
series of simple switches to control the direction that electricity flows through a DC motor;

* This allows the operator to control the direction that the motor turns and is the foundation of
electronically controlled mechanical systems and robotics.

* However, these basic designs are inefficient; therefore, more advanced designs such as these diode-
based control circuits are typically used because they can be controlled using a digital microcontroller.

* Moreover, various designs will provide different functionality. While some DC motor control circuits
only provide 2 states: forwards & backwards, other designs also provide a third neutral state.

www.sino-exchange.org

Presenter: Scott A. Campbell

Now there are numerous H-bridge designs,
and these designs range significantly in
their sophistication.

For instance, basic H-Bridge designs can be
created using simple switches, and these
rudimentary designs allow an operator to
change the direction a motor turns.
However, more advanced designs such as
the diode-based H-bridge designs which
are shown to the right can be controlled by

WAEFTS h Hixit,
EEZIRK.

X RIS 2

40, %ZIKE’Jh’f"F St o] A el 2 A9
FRREIE, XEEARMSITRFERE
R BYBGE R FTE. AT, Bt
FIEIT, METFZRER h FR&IT, iZEI
EFrw, o IXAEF TGRS,

5b, &FH H-Bridge IRITIGIR Tﬂfﬁw
HIThEE. BAR— EBE/M H R B R ER

a digital microcontroller. Moreover, various | BFUAZS(BI@BIFEE), BHABEEEIX
H-Bridge designs will provide different TG IR R IR TS,

levels of functionality. While some DC

control circuits only provide 2 states (i.e.,

forwards & backwards), other circuit

designs will also provide a neutral state.
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.f.

x

=

glis
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98 Presenter: Scott A. Campbell

Here is a short animation that shows how a
diode-based H-bridge operates. You can see
how the flow of electron changes direction
in the circuit when the toggle switch is
changed, and you can even have your
students create these kinds of computer
simulations for themselves using
inexpensive CAD programs.

For instance, this simulation has been
created using iCircuit. However, you could
also use circuitlab.com as to do this kind of
activity as well.

XE—NEENE, RRT—1PET
ZIRE h RWFIEN. RTUF
FHEHITFRNER, EFEBHER
AR ETIEE, REETRIL
RINFEREER CAD EFHECEE
X LR AR T AR

fBlgn, XAIELEH icircuit B/, A
M, YRt oT 4E A circuitlab.com SEAIX
AR
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There are numerus possibilities when creating an H-Bridge

L | B | |

1
piml o B T

! oo ! L_:_&%I !:%‘
B B

| ssses ssssas SEEH | e

(s [ B2
sibzl e T
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Presenter: Scott A. Campbell

And there are so many different ways that
you can design an H-Bridge, and each
design method will have its own advantages
and disadvantages. Therefore, | like to do is
have every student in a group build their
own H-Bridge. Afterwards they will do a
comparative analysis of all their circuits and
select the best design for their cranes.

Moreover, each student can select a design
that is suitably challenging for themselves
which means that differentiation is
inherently built into this kind of activity.
Furthermore, we are still requiring all our
students to engage with the same learning
outcomes, and that is what we really want
to see from our differentiation methods.

Bt h I REARNITE, BMRIT
&%ﬁﬁa%%ﬁﬂﬁuol%,ﬁ

EXRMHOR2ILE—T

FHEHE—NNEF

BEYHCHh . RE, WSS

B BR 1T

EFERERTT

EE AT, F AR E

tas, gz _i._%ﬁ—ﬂ/,ll_hl_ HCH

HE BRI,

X BRE XA

BENERML. s, BANMDRERR
BNFESSHEENFEINR, XX
MEEHRZENRMNOERUTTIETEE

A9,
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32 Applied Physics In STEM
Developing A Safety Light Control System

Real cranes will have complex electrical circuits that include microcontrollers, surge protectors, and
relays circuits to control large high-powered lighting systems; however, a scaled down version of the
control circuit can be created using a 555 timer. In “Mode 1 - Astable” the 555 timer can create an
oscillating square wave pulse. This configuration is very useful when creating a wide variety of
digital circuits, but more importantly it can provide a consistent output that can control the rate that
safety lights on a crane will flash. Since the pulse rate of the circuit can be calculated in advance
an electoral engineer can create a very specific interval for the flashing of the lights. That is how long
the lights are ON (Time High) and OFF (Time Low).

Parameter Formula Unit

T1 (Time High)

0.693 x (R1 + R2) X C1

Seconds (s)

T2 (Time Low )

0.693 x R2 x C1

Seconds (s)

T (Timer Period)

0.693 x (R1+ 2 x R2) x C1

Seconds (s)

F (Frequency)

1.44/(R1+2xR2)x C1

Hetz (Hz)

DC (Duty Cycle )

(T1/T)x 100%

Percentage (%)

www.sino-exchange.org

Presenter: Scott A. Campbell

And finally, the last circuit that is need is a
Timing Signal Generator which is a circuit
that will be used to control the safety light
system in our model crane.

Now one of the best ways to build this
circuit is to use a 555 timer. Designed in
1971 by Hans Camenzind, the 555 timer is
one of the most versatile and widely used
integrated circuits ever made with over 1
billion units being sold annually as of 2017.

Now the 555 timer can be used in in 4
configurations. However, “Mode 1 Astable”
is suitable for our needs as it will create a
regular pulse that will cause our LED lights
to flash. Furthermore, numerous formulas
are used to calculate the necessary
variables.

xa, BNTENRE— BB F
ESRERX DB BT =6 HE
HEEINNRENTRER,

w=hE
—
=
+

REMBEXNEBNETFHEZ—2F
F3 555 ERYES, H Hans Camenzind F-
1971 F1511RY 555 AT s8 = H £ LIk &
BANR ZEANERBREz—, &
F 2017 F, HEHEEEIS 10 2.

ILFE 555 TERT =R o IAFE 4 TECE fE
H. &, "B 1 REZEGHNNTE
B, BAESFE—THRNER, ¥
SEFAY LED £TiALk. Lo, EfEMA
THEAARITELENTE.
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%2 Applied Physics In STEM
Timing Signal Generators (TSG)

Crane Safety Light Circuit

Name:_[Wacto 1 Date:

1. Determine T1 (Time High), T (Time Period), and F (frequency) if the sefting
the variable resistor at location R2 is adjusted to ote m’;gwmgm values: =
5000 0000

7,500

www.sino-exchange.org

This simple 555 timer circuit can be used to produce a square
wave in which the T1 (High Time) and the T2 (Low Time)
can be calculated. This method of determining specific values
ahead of time is used by electrical engineers to control the
rate that an LED will blink.

This graph shows what is happening in this simple 555 timer
circuit. In very simple terms the capacitor (C1) is constantly
charging and discharging. This causes Pin 6 (the trigger) to
be tripped. This then turns PIN 3 (the output) ON and then
OFF again. This process of turning Pin 3 ON and OFF will
happen as long as power is supplied to the circuit. This
causes the LED light to blink.

101 Presenter: Scott A. Campbell

Here we can see what this circuit would XEFN O] AR XN E R A

look like, and there are a lot of things

B, EXANERPEETRZEBEN

happening in this circuit as illustrate by this XKE R, B2 MBHRIIGEERS
graph. But the concepts are not too hard to E}T}Eﬁﬁiﬁzﬁﬁﬁﬁﬁﬁiﬁ% A

grasp if we properly model the theory
before asking our students to apply it.

So here you can see the calculations that
the students used determine what

REMSHAZKEFEE.

AXBRTNERZENATERRE
ﬂﬂﬂ] s RT ABFRGEMAAVERS,

components they needed to build their XL B IR R AT B R E AT IRLR

circuit, and these choices would have a HNEE.

direct effect on rate in-which their safety

lights would flash.
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210m Level 4: Top Level

Wedium intensity

Level 3: 1st

150m.
Medium intensity

Level 2: 2nd intermediate
Medium intensity

45 Low intensity
o % Ground Level
]

www.sino-exchange.org 102 Presenter: Scott A. Campbell

Moreover, there are standard regulations L5, EHEFLE(THHEIREDR
about the placement of safety lights that T, FHEMNIZERE.

the students should take into consideration
as well.
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* At this point students should have a strong working knowledge of
how control systems work, and how different systems interconnect;

* This would include how a full wave rectifier works, the purpose of a
power stabilizer, the advantages of different DC motor control
circuits, and the use of a timing signal generator (TSG).

* Moreover, students should have built and tested these circuits and
have installed them as part of their final crane design.

* Additional tasks such as running cables through the mast and jib
should have also been completed so that the lights and mechanical
winch can be properly utilized at this point as well.

www.sino-exchange.org 103 Presenter: Scott A. Campbell
At this point we would have guided EX—a=F, B s|Sx24@ids| S
students though a compressive process of | IRFIMLASIEFHEITIE, EXMTIE

guided inquiry-based learning, and in this h S E R
process, they would have developed:

e A working knowledge of a number of f?ﬁﬂﬂiﬁﬁﬁﬁzz
T n]

different control systems and how
>y _ . RERGHOELEERS
these systems interconnect with one

o TRFZARMEHRGINLXLE

ES

K

E_EEE%, ERBAIZ B B E B (5

another.
e These systems would include: a full SRER.
wave rectifier, power stabilizer circuits, | ® It 4 NIZE S FUNI A X L
DC motor control circuits, and a timing BB .
signal generator. o FTpR T i FN{E AIX L BREF 1Y
e Moreover, students should have built FrE fMES .

and tested all these circuits.

e And completed all the additional tasks
necessary to install and make use of
these circuits.
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Safe Operational Limits

With a fully functional crane, students should be ready to conduct a series of tests;
however, they should also be aware of operational limits that would prohibit the
use of their crane within various real-world settings.

www.sino-exchange.org
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At this point your students should have a
fully functional crane design. Therefore,
they should be ready to start conducting a
series of tests, and these tests should help
them to evaluate the effectiveness of their
crane designs. however, they should be
aware of operational limits that would
prohibit the use of their crane in a real-
world setting. Therefore, there are still
more teachable opportunities left in this
project.

AX—RE, RIFENIZE 1T
FEMEEVRIT. A, MIINIZE
EITEHT RN, XENI K
ZHE B ITHE MR EEYLRTTHE
M. R, MARIZEIREHRIER

H, BRI ERAINEET AT
FORE. Ak, XMNEEEEZH
JHIYS .
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Drag Factor Look Up Table

Introduction To Operational Limits

Engineers also need to determine environmental limits for the safe
operation of a crane, in addition to determining other variables such as the
size of the crane, how large the pad needs to be, and the maximum load
that crane can lift. Therefore, in this final activity we will look at how to use

Image Shape Wind Resistance Coefficient
Q Sphere 047
G Half Sphere 0.42 2
wind
Q Cone 0.50
Cube 105
@ Angled Cube 080
There
{4—) Long Cylinder 0.82 Ve
Venant
D T,
M
. Hollow Cylinder 120 As
Cw

www.sino-exchange.org

resistance coefficients to determine the maximum wind-speed

which the crane can safely be operated. The equation is:

|TsxM

Vitax =V, Pt et
Max Eh‘ut\Achw

Variables

are 6 variables in this equation. While some variables need to be calculated,

other variables can be looked up in the provided chart.

=Maximum Permitted Windspeed

= Maximum Wind Speed For Crane

= 1.2 (Manufacture Test Standards: EN 13000 — 2010 / ISO 4306-2:2012 )
= Maximum Gross Weight

= Sail Area of Load

= Resistance Coefficient

105 Presenter: Scott A. Campbell

This formula will take environmental factors
such as wind-speed and its effect on a load
into consideration. Using standard wind
resistance coefficients, an operator can
determine at what point will it no longer be
safe for the crane to be operated.

AT BN EEIERE R R AN &
BT, ERRENBERE, BRIEA
R UPEEFABATHREEENA
BRE.
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Practice Problems: Determine “V,,,,” for the following scenarios:

9 2

TosxM

Vmax = Vchart APT

www.sino-exchange.org

Presenter: Scott A. Campbell

The first thing an operator will need to do is
to evaluate the shape of the object that is
going to be lifted. From there they will need
to properly sling the load.

Now there are government regulations as
to the number of slings, the minimum and
maximum angles of the slings, and how the
slings are attached to the load. Moreover,
there are additional formulas to calculate
the tension of each sling and these values
are then compared against the tensile
strength of cable.

However, | am going to skip over sling loads
and go straight into window coefficients.

¢¢% S ERHE— BRI ERER
REMKETIR. MBE, 115
ﬁéiﬁ"%k_)\

REBRNMENYEE, HERMK/N
BAAE, URBERMNEIREERH L
%Bﬁﬂ.ﬂio b5, EHFIMNIATEKIT
F M ?E’\Jé’&j] RERXEESER
,mE’J?}Lh%iFF FTELES

A, BB ARFTEEHEANETO
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Step 1:

TexM
Vuax = Venart APT

Step 2:

calculated first (i.e. “length x width”).

12x8

Vitax = '2"'/5\ 352105

%
"

www.sino-exchange.org

Always start by writing the equation so you know what variables
you need to find or calculate before substituting values.

Substitute all of the known values. For this example, we assume a
load that it has a shape similar to a cube or rectangle, has a mass
of 8 tons, and has a side area equal to 45m?. If any of these
values are unknown (i.e. sail area of the load) then they need to be

In STEM

Step 3:

Use standard mathematical conventions, simplify and solve the
equation. It is always best to show all of your work. This makes it
much easier for someone to check your work if you make a
mistake. This will also likely be a requirement by safety inspectors
as well so get used to taking the time to do the math properly.

9.6
VMax = 12m/s\jm
Viax = 12m/s v0.20

Viax = 12m/s x 0.45

Step 4:
The final V,, value is the revised safe limit for lifting the load. It
should be stated in terms of __ m/s.

Viax = 6.0m/s

Therefore, in this example we have determined that the maximum
windspeed for this particular load cannot exceed 6.0m/s.

107 Presenter: Scott A. Campbell

In our first example we have a relatively
simple shape. We can start with the wind
coefficient for a cube.

Now the first step is to write the full
equation and determine what our variables
are. Next, we will substitute all the values
into the equation. Then solve the equation,
and we should always show every step in
the process for good measure. And finally,
state your final answer with the appropriate
units.

In this example the maximum wind speed
was equal to 6 meters per second.

EE—NFFH, BNE—HETEE
IR FATET A R R AR E0FF

Elo

NEF—PREHZENAERFREE
Exft4. BTk BIEERBENE
RANFRE. REBXANAE, RINIZ
EBXNMEEFNE—TEBRRL K,
&, BEISMNREMFERIRHAREEER.

=

BEx

HERXNMBITFH, RAREEFTED 6

Nz
o
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BIG IDEA #4

Curriculum development that transcends time

www.sino-exchange.org Presenter: Scott A. Campbell

And that brings us to BIG IDEA #4, whichis | iIXBt3|H T 5 4 KBS, BIFLA—FhEE
looking at developing a curriculum that can | 42384 i (8] 215 AYIRTE
transcend the test of time.

=}
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www.sino-exchange.org

In essence, the application of the scientific theory
related to simple machines such as pullies and
levers are concepts that can transcend time.

Therefore, the ideas presented in the development
of a crane were relevant during medieval times and
will continue to be relevant well into the future.

Presenter: Scott A. Campbell

Cranes are not a new invention by any
stretch of the imaginations. From the
Roman Coliseums to medieval castles,
levers, pullies, and complex machines like
the crane have always been at the heart of
innovation.

Moreover, Renaissance scientist really
advanced our understanding of these
simple machines, and even to this day
recreations of these ancient devices remain
an academic curiosity for researchers. As
you can see by this medieval crane in
Prague outside of an old cathedral.

AEELE
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But fast forward to modern day and we can
see the importance that cranes have to our
society, and it might be evident that the use
of the crane is actually more important
today than it was a thousand years ago. Yet
the underlying principals remain the same.

Therefore, | could easily go back in time 30
years and teach this same project and it
would be completely relevant, and doable
for that matter. As this project wasn’t
defined by the use of technology.
Moreover, | can say with confidence that
this project would be equally as relevant in
30 years from now as it is today, and in all
honesty this project will continue to be
relevant until such a point as we can refine
the laws of physics with a breakthrough
discovery that would be considered science
fiction by today’s standards.

BERAZIL, FNTUABZEENX
BN HERYE, WARRAR, E£F
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Great curriculum focuses on ideas and
concepts that can transcend the test of time.

www.sino-exchange.org

Presenter: Scott A. Campbell

Therefore, in summary, great curriculum
focuses on ideas and concepts that can
transcend the test of time and should not
be driven by new technologies or fads.

Yes, STEM will make use of technology.

However, the use of technology must
support the desired learning outcomes in
an authentic way! We should not let the
use of technology become the driving force
in the development of our curriculum.
Otherwise, we will likely make short sighted
decision that will lead to unsustainable
educational model.

Hit, Bz, AFNREXINZ
RESIB LY B F WM B RS, A
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Thank you for attending this presentation of

Applied Physics In STEM

“Exploring guided inquiry-based learning”

Presenter: Scott A. Campbell

So that brings us to the end of this
presentation.

In closing | would like to thank all of you for
attending this presentation of Applied
Physics In STEM. Moreover, | hope that you
found this presentation informative, and |
encourage you to consider attending our
future in-service programs in the near
future.
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