& SketchUp

FOR 2CHOOLS

Lesson Plan:
3D Modeling for Math Class

Beainner' Lesson - Time to Complete: 30 mins
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9 S+ep—b\/-9+eP Tutorial: 3D Modelin@

For Math Class

® Part | Measure the Heigh‘l- of a
Rocket

® Part 2. Measure the Length of a
Rood

Hi 'm Temple
Thanks For checking out another Ske+chuP For schools

lesson Plan! M be with you the whole way, 3iv‘lna you +ip9 ond
tricks For how to model like a pro in Ske-l-chuP For schools.

Don't Por‘ﬂet there's also a video For this lesson Plan!

HaPPy Ske+china,
Temple



https://edu.sketchup.com/app?lessonVideoId=aYTx-dEyDE4
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I_ear'ninﬂ Olojecﬁves

In this lesson, students will learn how to use the ?o\lowing SkeJrchuP tools:

(2 e &y oo pe,
9 fape measure protractor / line
:%EB move k select

Z00m

At the completion of this lesson, students should Feel comfortable with the

Pollowina on their own:

u;ing Ske+chuP For schools’ naviﬁaﬁon tools
+o move around the model

Addin@ ond resizing components using
5l<e+chuP’9 3D Warehouse

I_alaellinﬁ and dimensionina a 3D model

A A

Using Sketchup For schools’ drawin.ﬁ and
snapping tools to create 9eome+r‘y


https://help.sketchup.com/en/sketchup/viewing-model
https://help.sketchup.com/en/sketchup/viewing-model
https://help.sketchup.com/en/sketchup/viewing-model#zoom-model
https://help.sketchup.com/en/layout/selecting-things
https://help.sketchup.com/en/sketchup/introducing-drawing-basics-and-concepts#draw-line
https://help.sketchup.com/en/sketchup/measuring-angles-and-distances-model-precisely
https://help.sketchup.com/en/sketchup/measuring-angles-and-distances-model-precisely#measure-angle
https://help.sketchup.com/en/sketchup/moving-entities-around
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ISTE Standards for Educators

a Learner Educators continually improve their practice lay learning Lrom
and with others and exploring proven and promising practices
that leverage technology to improve student learning,

This lesson Fulfills la

a Leader‘ Educators seek out opportunities for leadership to support
student empowerment and success and to improve teaching
and learning,

This lesson Fulfils 20, 2b

a CO“QbOY‘Q‘l’OY’ Educators dedicate time to collaborate with both colleagues

ond students to improve practice, discover and share
resources and ideas, and solve problems.

This lesson fulfils 440, 4b

e Desianer' Educators design authentic, learner-driven activities and
environments that recognize and accommodate learner
variabi\Hy.

This lesson Fulfils 54,

e Facilitator Educators Facilitate learning with technology to support
student achieverment of the ISTE Standards for students.

This lesson £ulfills Ga, Gb, Gc, &d

Common Core Standards

C”ueomeJrry
>> Use +r'iﬁonome+ric ratios and the P\/+haaor'ear\ theorem in aPPIied ]
problems )
O CCSSMATHCONTENTBGBT
O CCSSMATHCONTENTHSGSRTC 8

Measurement & Data

>> Describe and compare measurable attributes
o CCSSMATHCONTENT KMDAI



http://www.corestandards.org/Math/Content/8/G/B/7/
http://www.corestandards.org/Math/Content/HSG/SRT/C/8/
http://www.corestandards.org/Math/Content/K/MD/A/1/
https://www.iste.org/standards/for-educators
https://www.iste.org/standards/for-educators
https://www.iste.org/standards/for-educators
https://www.iste.org/standards/for-educators
https://www.iste.org/standards/for-educators
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FOR SCHOOLS

Intro to 5I<e+chuP For schools

5 minutes

Before we get started, let's go through some of the basics together.

éreﬁing Access

| Go to https// eduske-l'chup,com/ app

2 Siﬂh in with the aooale or Microsoft email

address Provided by your school.

Note: & you have trouble logﬂinﬂ in, check with

your administrator that your school or district

has installed Sketchup Lor schools

(ihstructions for Google & Microsoft Admins)

Saving Fies

® ' ® /& wmyrive - Google Drive x Bl SketchUp for Scho(
C Y | @ Secure | https://drive.google.com/drive/u/2/my
L Drive Q_  search Drive
My Drive ~
o new
Quick Access
» g My Drive

» O Computers

2%  shared with me

Belore you build your First
model, go to your Google

Drive or Microsoft OneDrive

ond create a new folder.

PLEASE ENTER A MODEL NAME

My First Mode|

— “

Give your model a name,
then press ‘OK!

New folder X

[ My SketchUp Mode|s|

6 Give your Lolder a name.

Select a folder to save your model

Folders Team Drives

Folders

Folders

BB My SketchUp Model...

B3 EDUTeam

Next, youll be asked to save
your model to a Folder in

your 6[006\6 Drive or

Microsoft OneDrive. Click on
the Folder you just created,

then click 'select’

= Untitled 9 SAVE

@

Whenever you start a new
model, it's a good idea to
save your File First. Click on
the Folder icon on the top
left, then click 'save As!

= | My First Model &

Jo

\N®Q

? s you've done everything

correcﬂy, you‘ll see your
Fie nome in the top left
corner along with a
'Saved' message.


https://edu.sketchup.com/app
https://support.google.com/a/answer/172482?hl=en
https://docs.microsoft.com/en-us/education/windows/education-scenarios-store-for-business#acquire-apps
http://drive.google.com
http://drive.google.com
https://onedrive.live.com/about/signin/
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The Scale Flgure

Every time you open a new model in Sketchup For

Schools, you wil see Temple Grondin's scale Piﬂure.

Temple'g jolo is to ﬁive us a sense of the size of the

objects we draw in our model.

For example, Temple is 59" I we draw a 3 foot cube

hext to her, the cube wil be about half her height.

Dr'awina a Cube

Let's test it let's draw a 3 Foot cube hext to Temple.

Select the rec+an3|e
tool From the menu on
the left.

Select the push/Pull
tool From the menu
oh the left.

©

B SketchUp

PRO 115 &
Uhle;g
2 CThery;
Specif o Cvl\i/l';: .
S e+ CI’) C, in
eXch.I. P
rel reje, . Cliek

Click once on the
round near Temple's
Eee+ to set one corner

of your cube.

| ‘ Click

Click once on the face you
just drew. Without clicking
again, move your mouse to
moke your cube 3D.

C

Without clickinﬁ again, move
your mouse anywhere on
the screen, then +ype

‘3, 3", then hit ‘enter.

Type ‘3" then hit ‘enter’
to complete your cube.


https://blog.sketchup.com/article/temple-grandins-new-home-sketchup-schools

Bl SketchUp

FOR SCHOOLS

Y EJ Navigation Tool ot s A

E‘&B /C) ' One of the most important things to .

' p | learn in 3D modeling is how +o move

around in your model window. Click
/On the orbit tool From the menu on the

left o expand all the navigation tools.

Click on the Orbit too) then left click—hold—draa your mouse From side to

side in the model window.
orbit Mouse shortcut: hold down the scroll wheel to activate the Orbit tool, then

move your mouse in any direction to orbit.

gg The Orbit tool dllows you to rotate around your model

The Pan tool dlows you to move your model across your screen.
@ Click: on the Pan too|, then lef+ click-hold-drag your mouse From side to

side in the model window.

Mouse shortcut: hold down the scroll wheel then hold down the shift key

Pal"l at the same time. Move your mouse in any direction to pon.
The Zoom tool dlows you to look closer at the details in your model
p Click on the Zoom tool, then left click-hold-drag your mouse up and down
in +he model window.

zo0om Mouse shortcut: use the scroll wheel to zoom in and out.

The Zoom Window tool dllows you to select an area of your model to view

 d
zoom window

to highlight an area of your model.

w ﬂ The Zoom Extents tool dllows you to see all the geometry in your model
pﬁ Click- on the Zoom Extents tool and everything in your model wil come

into view.

zoom extents

closer. Click. oh the Zoom Window tool, then left click—hold—draa your mouse
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The Instructor Panel

Open the ‘Instructor’ From the SketchUp panels Lor help with uncler9+anding how to

use any of Sketchup's tools.

The way it works: click. on a tool with the instructor panel open and you wil see a

degcripﬁon of the tool and a 9+eP-loy-9+eP guide oh how to use it

Instructor 9 SAVE | | IS INSTRUCTOR

Instructor;

=

LINE TOOL

Draw edges or Line entities.
Tool Operation

1. Click at starting point of line.

2. Move cursor.

3. Click at ending point of line.

4. (optional) Move cursor.

5. (optional) Click to create connected

Q

BR®ERAODD

$ o @ Select start point Length ‘

)

>X That's it For the intro.
You're ready to get started on modeling!
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9+eP—on—~;+eP tutorial:

3D Modelinﬂ For Math Class

Pre—?lithr checklist

You're Iogged in at eduske’rchupcom/app

You've gone +|nrough the Ske+chulp for Schools intro and
Leel comfortable navigating around in the model window.

You've setup at leost one Folder in Google Drive or
Microsoft OneDrive For your Ske+chuP models

i&&

@ SketchUp

Check out the companion video for this lesson Plan herel


http://edu.sketchup.com/app
https://edu.sketchup.com/app?lessonVideoId=aYTx-dEyDE4

The Py+hagor‘ean Theorem, Sine,
Cosine, and Tangent are useful
tools For calculaﬁna values in
math class, but they can also be
used in real life situations! In this
tutorial | will be showing you
tools that will help you brin
math From the digital world to
the Phyc,:ical worlj.

Gort 12)) Measure the height of

a rocket

Have you ever stood next to something really fall aond
+houah+ "How tall IS that +hing?"

Turns out, there’s a simple way you can Pizjur'e it out.
Toalay we're going to learn how to do that in Sketchup.
Read along with my First example, and then Il show you
how to do it step by <5+e|9!

) —_n
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To beain, we'll start with something a little
smaller, like the heiah+ ofF a wall in your
classroom. Could you calculate the height
of this wall i+ you were standing in Front
ofF it? Maybe '.Z you knew things like:

| 6'-0"
1

. tin this example we've done some of the

© work For you, but don't worry, well

- show you how to take these |
- measurements yourself in the next 9+age! :



B SketchUp

With these two numbers we can use what we
know about +anaen+c3 to help us calculate the

height of the wall.

o
Ton (x) =
a

6'-0"

I this case we're missing the o value and so
that's what we'll solve For in the next step.



Bl SketchUp

Let's do the math and solve For our wall

height (o)

GooglEd

). Calculator X

(-

Google Search I'm Feeling Lucky

0] tan(53.13) =

1.33332837108
rad_w| Deg | w ( ) % AC

Inv sin In 7 8 9 o

m cos log 4 5 6 X

Ans EXP X 0

@ 1.33332837108 x 6 =

7.99997022645

Rad Deg x! ( ) % AC

Inv sin In 7 8 9 G2

™ cos log 4 5 6 X

Ans EXP i 0

V

%

I'm searching in Google For a calculator
to use, but you can Leel free o use
your own

Belfore | enter in any numbers, 'm making
sure that Deﬂrees are selected on my
calculator. Otherwise, my calculations miﬁh-}
get a litte confusing

Now | have to calculate the Tangent of m
angle, so I'm going to select “ton' Followed by
‘533", which gives me the answer shown
here.

Now I'm goinﬁ to muH-iP|y my previous
answer by my distance away Lrom the
wall, or my ‘a" value, which in this case

ic GFt

My Final answer comes out to 79984,
or 8%t rounded up.

Time to check our math ucsinﬁ s|<e+chuP!
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Cur calculations gave us a wall heiahi'
of 85t and when | measure that wall in
5|<e+c|nuP it aives me the some answer!

| 6'-0"
1

Now it's your turn to try!
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k First things Lirst: save your Fiel

Now we can star+t b\/ adju;‘rinﬂ our unit
settings. Select the Model Info button
Lrom the menu on the right. This will open
the Model Info panel where we can
adjust our unit settings.

% MODEL INFO -
& T 7 Moke sure that all of your unit settings
Length Units 2 match those in the picture on the left This

wil set our units to Feet, and give us a few
Formak: extra decimal places of precision to help us

12 0.0" with our calculations.

Is you prefer to work in metric, that's
gr‘ea-f too. Just remember that your
answers will look a little different from

0.0mm 0.0cm 0.0m

Precision:

OU\"G!
° oo @
=
0.000 0.0000 0.00000 &
0.000000 5]
Length Snapping: 0
sapmenst ] B
00
Angle Units v a U”Gure ' Jous
Precision: e I"lﬂl—ﬂ- choice= CZ:ek
Precisic, i =
| n of
0.0 0.00 €9th me U

0 :i at the l:; "
= ST
Angle Snapping: Length

15° 30° 45° 5
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O Time to find a rocket! select the

Components icon From the right hand menu
to open up the Components ponel and
search 3D Warehouse.

Search for Rocket sus2020 to find the
model shown in the tutorial and click to

select it

Once selected, the rocket wil be
‘attached" to your mouse pointer. Zoom in
or out unti Temple is r‘eally small on the
screen, and you can see both Temple and

the rocket.

Set the rocket down a reasonable
distance away From Temple, similar to
what you see in the picture, b\/ clicking to
release it from your mouse. It can help to
use the orbit tool to change your Poin+ of
view and moke sure that the rocket is
sitting on the ﬁround.

Now move to the left toolbar and
select the Line tool. We're going to
use this to draw a line between
Temple and the rocket.

Once you've selected the line tool,
zoom in to Temple’s Feet.



©;
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On Blue Ais|

Lxenson ([ [ |

B SketchUp

Click. once next to Temple to start
drawing your line, and then click again
ot the base of the rocket to Finish the
line. You want your line to be close to
Temple and the rocket, but make sure
that it doesn't touch either of them

a Next we want to continue by adclina
a second line that is the some height
os the rocket. Still using the Line
tool, move your mouse upwar‘cls until
you see the note 'On Blue Axis', and
your line turns blue. This means that
your line is goinﬁ 9+r‘aigh+ up along
the blue axis.

Move your pencil to the top of the
rocket and click ohce to Finish the
line.



B SketchUp

N
=

\x To complete our trionge we're now
going to end our third line back where

we started next to Temple.

Move your mouse back. to the be inhing

and your cursor should 'shap' to the end

point of the first line. When you see the

word 'Endpoint' pop up youll know

Eou’r‘e in the right place. Click. ohce to
inishl

Lonea [ ([ [

It you've completed these steps, you
should how see a white triongle like the
image on the left. IF not, retrace 9+eP9
F - H and make sure that all of your
lines are connected and running along
the same plane.

==
-

Qe[0T

Once your +riangle is comple+e, select
the Tape Measure tool Lrom the lef+

hand toolbar-.
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¥~ With the tape measure tool selected,
click and release on the base of the
triongle near Temple and then click on
the corner of the triangle near the
base of the rocket.

The distance measurement will show in a
small box at the end of your mouse
pointer, as well as in the bottom right
corner of your SketchUp window.
Write this humber down as we'll need it
in our Formula later.

- Find the protractor tool in the left side
toolbar and click to select it.

Now you migh‘r notice that when you
move, the protractor tool wil dlign itsel&
to various faces or objects. IF placed
oh the ground it will dign to the ﬁround ,
and i placed on our triangle it wil align
to the +r'iangle,

M Place the protractor on the Face of
your +rianale until you see the On Face
textbox. Press and hold the SHIFT key
ond you will see the triangle ond the
protractor turn purple. This locks the
protractor on the face of the triangle

so it won't Jump around when we move
it.




Angle | 54.847 a

PRO 1p «

You m

n fhe Sﬂ ;Lnoﬁce the tide ~ s

This me <htp €asurer, ymbol
Founding -, Pt Sketepyy o POX
see rngﬁ Up the Numbe,- _[:P '
ch e or fe er de: °r you 1o

Age your CCimg,

B SketchUp

still holding the shift key, click the
bottom left corner of the triongle to
lock. the protractor in place. After
you've clicked, release the shift key.

Next, click anywhere along the bottom
edge of your triangle. Then click along
the upper edﬁe of the triangle that
conhects Temple to the top of the
rocket.

Once you've selected both edges, you
will see that sketchUp has measured the
angle For you in the bottom right
corner of the window. In this example,
our angle is 54.847 degr‘ees.

Write down your angle measurement to
use in your calculations in the next 9+ep.

20



GooglEH

), Calculator X

(-

Google Search I'm Feeling Lucky

o
Tan (x) = —
a

o 1.42006199956 x 247 =

350.755313892

Rad Deg x ( ) % AC
Inv sin In 7 8 9 T
™ cos log 4 5 6 3

e tan N 1 2 3 =

G

2

S

Bl SketchUp

Now that we have all of our
measurements, it's time to ge+ out your
caleulator! Before entering your
numbers, remember to check that your
calculator is in degr‘eef—;, otherwise the
calculations will be off.

To calcuate the height of your rocket (o),
we're goinﬁ to use the Formula For Tan@erﬁ
showh on the left

First we want to Find the tangent of the
angle, so select Tan on your caleulator and
enter the anﬁle that you wrote down earlier.
In this example that's 54.847, and it gives us
a +ar\aen+ of 142.

Next, multiply your previous answer b
the distance between Temple and the
base of the rocket. In our exarple,
E-ic:- gives us a rocket height of 35076

Time to check our math usinﬁ ske+chuP!

21
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To check your math, select the Tape
Measure tool From the left toolbar and
click once on the triangle at the top of
the rocket, and then once more at the
base of the rocket. You wil see a
measurement box appear that shows the
rocket height, and the value will also
appear in the box at the bottom right ofF
the modeling window.

In this example, our height is about 351 £y
just ke we calculated

Congr'ai'ulaﬁons! You've Finished part |

Now, | bet after all that you're asking your;el@, "Why didn't
we Ju~;+ use the measuring tool and 9kip al of those other
steps?', and that's a fair question The great thing about |
Ske+chuP is that it's PreHy easy to measure just adbout
an\/-l-hin@ but out in the rea world it can be a lot more 1
difFicult. Using techniques like Sine, Cosine and Tangent can
help us to solve readl world math Pr‘oblems in situations where
a measur‘iﬂg +ape Ju9+ isn't Pr‘acﬁcal

Thanks for 9+icl<ing with me through all of those steps. To
learn how we canh use the P\/+ha orean Theorem in
SketchUp, check out Part 2 of this tutorial

22



In Part | of this tutorial we used
the laws of sine, Cosine and
Tangen-l- to help calculate heigh‘r.
In this tutorial we're 3oinﬁ to
explore the link between the
physical and diﬁi+al worlds using
the Py+hagorean Theorem.

) Measure the length of

a rood

‘& COMRONENTS i k To start, open the Components panel

a e From the right side menu and search
For the model cadlled 'sus2020 triongle

sus2020 triangle road $28

“““““““ & road". You should see a model of three
Vi 5us2020 triangle road r‘oads that intersect in a +r‘ianaular‘

y | By Eric - .

l‘i s e shape. Click the model to select it.

@O

6 Once selected the model wil move
around with your cursor. To place the
model Flat on the ﬂround, click the origin
point in the modeling pane like I've shown
you on the left

O Now imaz_;]ine that this model rePresenJrs
an area in your neiﬂhborhood ot home. (£
you knew the distance between the
airport and your house on one side, and
the distance between your house and
school on the other, could you calculate
the distance between the airport and
school? You could if you imagined your
neiz_;]hborhood as a right angle triangle.

23



B SketchUp

v I we know the length of two sides of a
righ+ angle +riangle, we can use the
P\/+haﬁorean Theorem to calculate the
missing sidel

2 2 2
c =a +b

e To start, we heed to measure the length
of the a and b sides of our triangje.
Select the Tape Measure tool From the
lef+ toolbar.

? With the Tape Measure tool selected
measure side a and side b of the
triongle. We can do this by clicking once
at the top of side a (near the airport),
and again ot the bottom near the house.
Write down the measurement that you
see in the bottom right corner of the
moalelina window. You'll heed this number
later.

Repeat this step with side b of the
+r'iangle.
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Now that we khow the len3+h of our two roads,
it's time to P‘Uﬂ them into our Formula to
caleulate the distance From between the airPor"r
and the school.

I'm going to use a sample triongle that | drew in
SketchUp so that | don't give away all of the
answers, but you can use the numbers that you
wrote down earlier.

e Time to 3e+ your calculator ouf!

c?=500H

llsooH

223654

n

1

Using the a and b lengths that we've alreadz
cdlcdlated, | can complete the First part ok the
equation by multiplying a x a or 20x 20 which
equals 400+ Then b x b or 10 x 10 which equals
100+, Addinﬁ these together my equation now
shows that ¢ squared equals 5005+

Ih order to calculate the length of side ¢ of my
triongle | need to take the Square root of
500f which equadls 22305

? Check your math with Ske+chuP!

arab the Tape Measure tool from the left
toolbar and click once at each end of side
¢ on your triangle. IS your numbers match,
you got il 1 not, dont worry, just Follow
through this tutorial and try again.

25



B SketchUp

B SketchUp

Congratulations, you're donel

Thanks For practicing your math
and modeling skills with mel To
continue workiﬂg oh your
Sketchup skills check out our
other tutorials here.

Hoppy Modelina!
-Dr. Temple Grandin

26


https://www.sketchup.com/products/sketchup-for-schools

